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CATALYTIC COMBUSTION IN SOLVING ТНЕ ENVIRONMENTAL 
AND ENERGY PROBLEMS 

V"N" Parmon, Z.R. Ismagilov, V.A. Kirillov, A.D. S.imonov 

Boreskov lnstitute of Catalysis, Novosiblrsk 630090, Russia 
e-mail: parmon@catalysis.nsk.su

PL-1 

The presentation is devoted to the recent developments of the Boreskov Institute of Ca

talysis in the field of small and medium autonomous energetics. Under discussion are com

mercial boilers and heat producing installations which are operating on the basis of 

environmentally benign catalytic combustion of various gaseous, liquid and solid fuels. 

An important advantage of these systems is their enviroнmental purity, small geometric 

size as well as high energy converting efficiency. In addition, the heat generating installations 

which are based on the reactors with the fluidized catalyst bed have appeared to Ье аЫе to 

utilize practically any kinds of availaЫe fuels, like natural gas, diesel fuel, crude oil, low 

quality coals and even wet sludges and sewages as well as Ьiomass (wood chips, peat, rice 

husk, etc.). 
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САТ ALYTIC MICROREACTORS 

Albert.Renken 

Laboratory of Chemical f(.eaction Engineering (LGRC) 
Swiss Federal Institute o/Technology (EPFL), СН-1015, Lausanne, Switzerland 

Phone: +41-21-693 31 81; Fax:+41-21-.�93 31 81; e-mail: albert.renken@epjl.ch 

New process routes must consider а high efficient use of materials and energy. Chemicals 

have to Ье produced with high selectivity thus minimizing the formation of by-products. Fur

thermore, the reactor volumes should Ье small and the whole process should Ье inherently 

safe. Such processes require new types of chemical reactors. The solution to some of the 

mentioned challenges might lie in the use of microreactors [1]. The majority of today's micro

reactor/heat exchanger consists of many parallel channels with typical width of 50 to 500 µm. 

The wall-thickness of the microchannels can Ье kept very thin and lies in the range of 20 to 

200 �1m· depending on the material used. As а result of the small dimensions heat transfer co

efficient in the order of 25 kW/(m2·K) can Ье obtained [2), exceeding those of conventional 

devices Ьу more than one order of magnitude. As а consequence of the small channel dimen

sions extremely high surface to volшne ratios in the order of 10'000 to 50'000 m2/m3 can Ье 

realized. The high exchange capacity guarantees isotheпnal reactor operation even f or fast 

exothermic or endothennic reactions. 

А further advantage of the microchannels concems the short radial diffusion time leading 

to high radial mass transfer. Although the flow in the channels is laminar, а uniform radial 

concentration profile and consequently а nan·ow reside11ce time distribution is obtained [3]. 

This allows to optimise the contact time in the reactor and to avoid consecutive reactions. 

Naпow residence time distribution and low inventory allow to operate microreactors under 

forced periodic concentration variations at high frequencies of up to 1 Hz [3], thus adding 

another possiЬility for process optimisation [ 4, 5]. 

The fast heating and cooling capacity of microreactors and the isothennal behaviour pre

sent further advantages f or process optimisation [ 6, 7]. This was demonstrated f or the cata

lytic dehydration of methanol to formaldehyde, · where temperature gradients of up to 6' 400 

К/s could Ье realized, leading to an efficient freezing of consecutive decomposition reactions 

[8]. 

Microsystems f or the use in chemical reaction engineering was mainly developed within 

the last 5-6 years. In consequence, the potential benefits of this new technology is Ьу far not 

known. It is evident that catalytic microreactor are а powerful tool for studying the kinetics of 
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fast complex reactions. In addition, the microreactor concept allows to extend significantly 

the temperature and concentration range compared to conventional reactors. Therefore, micro

reactors are beneficial for an efficient process ·intensification and shotild b~ considered for the 

design of flexible, inherently safe small-scale reaction units. 
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FLOW MAPING AND MODELING OF LIQUID-SOLID RISERS 

М"Р. Dudukovic, Shantanu Roy* and М.Н. Al-Dahhan 

Chemical Reaction Engineering Laborat01"y Washington University St. Louis, 
МО63130, USA 

*Current Address: Process Engineering and Modeling, Corning Incorporated,
SP TD 01 2" Corning, NY 14831

] 
USA. 

Multiphase reactors are prevalent in the chemical, petroleum and associated process in

dustries. Proper reactor selection determines the features and costs of the whole plant. Envi

ronmental considerations play an ever increasing role in selection of process chemistry which 

in tum шust Ье matched Ьу ап appropriate reactor type. The old fashioned approach of con

ducting the reaction on а multitude of reactor scales is increasingly replaced Ьу а more sys

tematic systems approach. In it one attempts to develop reactor models that isolate the key 

features of the multiphase flow pattem, шeasure the relevant physical quantities, and model 

them with suitaЫe accuracy. Only with well-understood flow field information can an accu

rate kinetic model descriЬing the reaction chemistry produce meaningful predictions of reac

tor performance. (Villermaux, 1993; Кrishna and Sie, 1994; Lerou and Ng, 1996; Dudukovic 

et al., 1999). 

It should Ье noted that it is the desire to estaЫish clean and safe, environmentally ассерt

аЫе process that leads us to novel chemistries and reactors. F or example, the push f or re

placement of liquid catalysts like HF and sulfuric acid in alkylation processes has resulted in 

the development of solid acid catalysts which in tum require noyel multiphase reactors. In this 

contribution, we present the case of the riser in а liquid-solid circulating fluidized bed system. 

These systems are rapidly gaining popularity as reactors of choice in а variety of industrial 

processes like alkylation reactions, synthesis of fine chemicals, petrochemicals and in petro

lt?um refining (GiЬilaro et al., 1988; Liang et al., 1995). The process requirements that moti

vate the use of such reactors is the presence of а liquid phase reactant, which is typically а 

hydrocarbon under high pressure and low temperature (Thoшas, 1970), and а solid plшse 

catalyst which gets deactivated rapidly (Corma and Martinez, 1993). The principal reaction is 

accomplished in а vertical riser column of high L/D ratio (in which the solids are fluidized 

and transported Ьу the liquid phase ). Regeneration of the deactivated catalyst is done in а 

separate vessel, which is coupled to the principal reaction in the riser Ьу circulating the solids 

continuously in а closed Ioop. V ery little is known about the flow pattems in the riser, which 

are highly turbulent, chaotic and contain а high volume fraction of solids. А detailed experi-
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mental and theoretical study of their behavior, as well as an assessmen~ of their performance 

as reactors, is clearly of prime importance. 

This contribution describes three areas of importance in reaction engineering of liquid

solid risers. First, the principal results from a extensive experimental program dedicated to 

studies of the flow pattern in a laboratory scale cold-flow unit are presented. The unit was a 6-

inch diameter, 7 feet tall cylindrical liquid-solid riser. The solid phase inventory was around 

100 lbs. of 2.5-mm glass particles, and liquid flow rates from 44 gpm to 67 gpm were studied 

under varying solids-to-liquid flow ratios (variable inventory operation). All experiments 

were performed using non-invasive gamma radiation based techniques, since it is impossible 

to use other means to noninvasively probe into these dense systems. 

As part of the experimental program, a method was developed for accurate in situ meas

urement of the solids flow rates, which enabled accurate experimental investigation at vari

able solids and liquid flow rates. Gamma radiation based transmission computed tomography 

(CT) was used to measure the time-averaged cross-sectional solids volume fraction distribu

tion at various riser elevations as a function of operating conditions. The solids velocity field 

was studied using the Computer Automated Radioactive Particle Tracking (CARPT) tech

nique, by labeling a single solid particle with radioactive Sc-46 and monitoring its motion in 

the riser over a long time. Ensemble averaging of the collected Lagrangian data provided in

formation on mean velocity fields, RMS velocities and iturbulencei in the particle assembly, 

as a function of operating conditions. Lagrangian analysis of the data provided information 

about the eddy diffusivities, the residence time distribution of the solids in the riser section, 

trajectory length distributions, mixing indices, the degree of randomness in the solids motion 

(Hurst exponents) and information on internal circulation patterns (return length and circula

tion time distributions). 

In parallel with the experimental effort, numerical simulation of the flow pattern in the 

laboratory riser was attempted using computational fluid dynamics (CFD) techniques. A 

"twofluid" approach (Sinclair and Jackson, 1989; D_ing and Gidaspow, 1990) was adopted, 

and both solid and liquid phases were modeled as interpenetrating continua. The coupling 

between the mean velocity fields of the solid and liquid phases is affected through a drag co

efficient, modified for presence of finite volume fractions. Momentum transfer through solid

solid collisions is modeled by writing a balance equation for the pseudo-thermal granular 

temperature of the solid phase, accounting for presence of the continuous liquid phase. 

The boundary condition for the solids at the wall is obtained via a modified Johnson

Jackson ( 1987) approach. Continuum liquid phase turbulence is modeled using a 

11 



PL-3 

k-(formulation, modified for presence of the dispersed solid phase (Elgobashi and Abou-Arab, 

1983). The simulations are performed in two-dimensioшil axisymmetric and three

dimensional geometries, using the FLUENT library of codes. The predictions were compared 

against the results from the experiments on the laboratory scale riser. The flow pattem simu

lations were utilized to predict residence time distributions of the phases Ьу simulating the 

transport of an inert tracer tagging the phases. 

Finally, the key findings from the detailed experimental and numerical fluid dynamics ef

forts were used as inputs in phenomenological reaction engineering models, of varying leve1s 

of sophistication, for reactor perf ormance prediction. It is shown that these models are com

putationally less involved as compared to transient CFD methods, but when provided with ac

curate parameters they can Ье used f or making optimal choices of feed ratios, location of feed 

points, and other variaЫes of interest to the practicing engineer. 
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Biomass and wastes offer significant potential for gr�enhouse gas mitigation through 
conversion to electricity, heat ilnd chemicals and avoiding use of fossil

. 
fuels. Conversion can

Ье achieved. Ьу thermal. and Ьiological routes to • give а range of gaseous, .. liquid. and solid 
products. This paper reviews the processes and products, and focuses on thennal processes as

cost effective and energetically e.fficient routes to · me�ting thejncreasing. demands for more 
eri.vironmentally ·а.ссерtаЫе products. 

Gasifi(.шtion, pyrolysis• •. · and ••.. Hquefaction .·•ate>thermochemicEJ.1. processes< that .can· convert 
�олd .ьiomass··•an4 WЗ$tфs.jnto gasC()US •orjiquid pп14ucts,<Biomзss··gasifica1i()n•i$.the• fuore
estaЫished technology�.· Cornmercia1•reactors<arenow.availaЫe. and<development effort is 
concentratedon .... ·integrationi11to systems•·•that.can generate.electricity from wcюd.<Several 
substantial· .projectsi 

.
. цrе.·· Ui1derway•• · to·•· Цemon�te ···c.

leetricity.·· geдeration jnE�ope·· :jfid •••the
tJSA. Нigh temperatцre pyrolysis ,has. been extensiyely dev�Joped. for waste pr()cessing Ьut 
there are currently few commerciцl applications� 

Fast pyrolysis for production of1iquids from ·ыomassis.>alower tempeщture process ·that 
has ••been in .•.•devel0:pment since >19.80 ..... ·•·Ыquid yieldsof Я 5% are ·• typieaПy·.··achieved i•frotn 
wood.iThis• process ·has ф.е unique advantage Qf deliveringHquid product that саn· .• Ъе stored 
and .transported. Оµе .process Ъаs now· achieved comrnercialisatiori forspeciality• chetnicals 
and several · more are at pilot and · demonstration stage. Commercial · operation is anticipated in 
severa1years time. 

AlthoughJiquefaction·.···was•· one.··of the earliest.processesJ6, Ъe. derrio11stratedj11 the early
1980s,>te.chriical;andeconomic pr9ЬlenisiriliiЫted.·•further development .. ·.··тhereis·nowa<re
newedi11tetest< in thi$.·process.•.as arnearis чfutilising wet materia1 and delivering• aliquid 
product. 
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CONCENTRATIQN PJ�QFILE�IN CДF:М:I(JALJШACTOR.S 

pepgrtl1}ent CJfC}e.rnica,li§rzgirleering} (!niyers}tJ.of}portn1und
gтi[-F'igge-Str. 69, .. 4472?Porf1nund, Germany 

Те!.: +49 23 I 755 2697, Рах: +4923 ]7552698, E-mail: agar@<:t.uni-dortmundde 

Тhе perfotтnanc� of chernicalreactQrs dictated·•• Ьу the cшnulativ� jn1pact •. of .the<Jo�al 

ccщЩtions• of concentratio11, Ieщperature• and catalytic activity under which·••the reactiori. takes 

plac�.Iдthe $iщpkstcase ofaдadiabaticfixed-bed reactorone.·.is dealingyvitha1шifor
щ
ac� 

tivity·. profile ... and rigidly ёoupled teщperature and · concentratio11s. lteactor output са11 •. thus 

only Ъе adjusted using .the residence time. Appropriate>Structuring of>the ca.talytic activity 

along the. reactoris apowerful Ъut inflexiЫe mearis of cohtroШng the course of the reaction 

process. Manipulatioдof temperature and concentratioдprofilesby theintroductiori /removal 

Qf.heaJ/cornpoцents pf the .. reactiщ1system•is thus. usuaHy Jhepf techn,queof choice. The 

processes employed can. Ье classified as being either: 

1. icoц-vective.(Фreёt•. additioд·•or "Withdrawa1••.viasidestream(s))

2 ... recupeщtiye (spatia1 segregatio11of reactor.volumeJrom tnat�rial/heat. sinkJsoшce)

3. regenerative (chronological. $egregation·.•.··· or• •. ·reaction. voiume> from matetial/he�t

sink/source)

4 .. reactive (supp1ementary reaction system serves as material/heat source/sink) 

'I'he firs( twQ altematjves. are much щще commonly encountere4 · in industrial >practice, 

for examp1e in the imposition of an ••expedientteщperatцre pюfile bymeans of 'cold,shot' Or 

hiultitubulflr тeactors, than ще the.regenerative. щ. reactive/options. It is ·. illuщiцating Ъoth to

<:Qnsidcr>why tliisis ... the.·••case· m1dtQ eX-atnine the particularщeritsof the.neglected variants.

The •consideration ofthree endothermic, heterogeneoцsly. catalyseq, high··.teщpeп1turefe

action systems - the dehydrogenation of ethylbenzene ataround 600°С, steam refoпning of 

hydrocarbons at>800�C and the synthesis of hydroge11cyan.ide froшmethane and ammonia ·at 

1200°С·•- sцggestithat Фе <iecision as• t6·wmchiof.the four JJrQcessesЪe.··. used•··to<supply the 

heat requiredisiby .no means straightforward./For .example, most hydrogen cyanide is.·manu

factured using thereactive altemative in the Andrussow process,. but а recuperative process -

the ВМА techno1ogy -is also still industriallyтelevant. 

14 
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An•··aria.Iysis 6fth:e HCNsynthesis••shggests•thaJ thefege11ёrative> opйon ···•qeserves•···further 

attention, since itincotporatesJhe benefit{ot the ali�ЩativeS withotit'their IllЩor. t\rawbacks 
[1). тhе direct reactive .�mbination of theactu� end9thermif synth�is reaction f cщ+Nflз 
➔ НСN+ЗН2 ЛНк = +256 lcJ). with фе exothermic coщbustion qf the hydrogeнЪy-product 

(3 Н2 • + 1.5 ·•·02·· ➔ ЗН2О ЛНR == · :.12б J.<J) as practised in the Andфss()w process Jeads to •·а 
simple reacto;rwithhigh ther111al efficieдcies,·Ъut suffers•·frшn poor·.·yields•.owing to the •loss.·of 
feedstoc�s in .unWanted щidative Side-react

.
io;s,The Ыgh tem�r�t�re reqllpeiative· heat

change of the • ВМА process. utilises only about half of the energy in the heating щedium and 
ne.cessi�tes •.а �gil6cerfli� reaCtot conЩUction.\Vith s!)eciaJ cataj)'!i� 

.•. stuf ac
e
f·it regenera

tive coupling of the two reactions, in which а catalyst Ъеd is periodically heated .with com-
bustion gases to gtore the heat

. 
required · in а subsequent · synthCSis · phase pef11lits one, 

. 
in

priш;iple, to achieve the high yields and hydrogen cyanide concentrations of the ВМА process 
iпa.much simpler and niote тobust reactor. 

Numerical simulatioп of the regenerative reactor. for hydюgen cyanide. synthesis demon
stratedJhat it would Ъе necessarY to use. monolithic ·. catalysts to deal with. the. high • heating gas 
throughputs needed for reasonaЫe cycle times. so, the Hmited heat storage capacityof 
the catalyst tqgeth�r vVith ф.е inefficient uti1isation of. theheat stored due .· to .. · fornщtion of а 
pronounced·'co1d spot',meщ1that the cycle·timesOfarouild4.minutes are at•the1ower endof 
what wcшld Ье considered industrially feasible. 

The. exploitation of regenerative heat exchange iн chemical теа9tщs is, of coiirse, • hardly 
new. тhе pio11e1ri11g work of Мац-оs and coworkers on the use of reverse До\\' reactors 
exothermic reactions with 'cold' lean feeds together with the industrial appHcation of such re

!lctqrs .f1Jr catalytic waste gas U-eatment ЩuStfate the potential avai lаЫе. 1Ъе e1<tension .t0en� 
dothermic .reactions has provedillusive .however[2] with the. temperature profileneeded Jor 
efficient heatтecovery often resulting in undesirable side-rt:щctions, such as polymerisation, 
CokeTom1atio11orthe reverse reactioniri equiliЬriurnsyste111s. 

The erihanceщent o:f the heat storage capacity. tб extend cycle duration. would greatly ex
parid the h�.

rizbnsor�egeh�rative Pro5esses.111: llse of fusi?n 1ate;tJiea� e�ec.
ts •has already

been .proposed for .this purpose. Afutther possibllityis to utШse the .heat effects associated
the with adsoфtioil,!JY usщg te. he!lt Ji�eratei{by

. �
SOфtiori df а re!lctiori prOduct to

heat demands of а dehydrogehation,Ior example [3]. 
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Jivt?. �o◊ling'. at differ�nt tiry.�s .for ац illiti�lly· unifonnly .lo'1gerl adsoф�nt.•

0.15 .. 0:2 

:·: · ... _ .. ·•· .. _.·:-··._.· · .. i: ... _:.>:-, ·_,. · . :;.: - .. -.-·._ .. -:-_-.:-
-
.· -_ - -.- >-..... . •.':.-, ._-.:-. · ... -.. :·.: :� ::.-.. · :·,. ·-:·. : .. :-: .

· ._:-·-= . . -· ___ �- -:,;: -�_-. :
.
�. - .-.:··-::" ... ::, :- ·;._.-:::_:·.-::•,::;.:.,•,:·. ·::.·-_, 

. '' . The desorption �f previ�uslyad;orЬ�4 i11ert, material from а щixed fixed bed of.adsorbent
and catalyst can give rise to uniforl11 temte;ature �rofilesov�f considerable p�riods for ехо-

' .. :.\·. : - _- .-, · .- · . .. . . . . - _·· .-.. : ' ·_.·.· .-.- - .. ' 

thermii; reactions U). Ш1; otherwise. adiab;rtically Qperated reaфr. Тhе. heat of reaction can re-
. m.-.· ov··.····.ed ;ery effectively and in а l�gely �t:lf-regulati,цg proces:; Ьу sµch 'desprptive .со·.· o.· 

ling'
t. е. chn.i : ... q�,: as illustrated in figure · 1 with expt:riment�ll; based mpd�i c:ilc�tio� foi'. CO
()Xi. datio� ��а fixed ьеd co;;rising Palladium qatalyst and зА �olite loaded \ЧiФ wate� [4].

. - '•••• •
' '•' • ' • • •)-�.:>•: :•; •, .:. • • С •• • -•• •, • .

, 

.

. 
• ' ,• • •• :• :: • "- • -_ r :-, • • • - •• ·,• - -·:,м• -'• '' ;• ; • : • '', ••• • ,: ,: • • .; ••, • ; •, •• • .. :,. •., >, • : •• • • • ' - • • • ,•,,_• С •, •- ••• • •• • •• • ", • ' . ' , •••• '" ' • , t ,  • • •' • : • ••• •""• 

· 111 tbis p�i��iщ- instimce, the �y�l� duration cщi,ld;bejцcreased Ьу _а factщ 6f tё11 fr.oiµ 100 to
1 ООО s with respect to the ршеlу regenerative Ъаsе 9ase�
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Introduction 
Heterogerieous catalytic reactions • constitute around 90% of а11 processes .in cheщical in

dustry. Physico-cherriicaI· ·.tindefstandirig• of catalytic processesis thus)essential· for the•• proper 
reactorfu_odeШng. According to the very defiriition Of catalysis it··is а kinetic prdcёss, and· tlius 
reliable kirietic models, which describe the• rate of catalytic reactions,\ are of vital i111portance 
fori�olvirig applied pr()Ыe111s in 11l�then1atical ·modelling, design·.·and. intensification of chemi-
c� pro(;esses. тhе ··nec.essit)' of .kinetic Ulvestigations 

·.
in•.hetcrogcneoUs catalysis is closel у

connected t9 .·tlie·.tasks�•whicll aphemical engineer has t<> .deal "W'ith, .. e;g. 
• Gatalyst selection, coщparison of activity and selecЦvity as wеЦ as · 1ong-term stablHty

in the conditions which are optimal f or each catalyst
• Estiщatio11of the requiredanюurit of catalyst tomeet·.·specified conversion and·. se1ec

tivity
• Determinationof аН the possibleЬy--prodµcts
• Calculation of the needed am<>unt of heat to Ъе provided to the catalytic reactor (or

withdrawn. frorn it) in orderto. have arioptima1 regime dependi11g Qil conversion.
• Investigationof theifupact.of heat and rnass transfer processes.()11 catalytic reaction,

andЪased on it selection ofthe optimal .роге structure, geometrical вhаре and size of
cat'1.lysts

• Selection of the reactor type and the structure of reaction unit, which Provides the
"' . .  - -. ,._, . -, . ..• · ., ..... . , ..• · ·  .. ·< 

closest approach to the. Optimum conditions

• Constructioц of Ьifщctltiori pi�grщns <Щd determiщttion of ф.е steady-stat� muЩplicity
and stability, as iweПa� parametric sensitivity and theiщpact qf J1цctuatio11s on the
steady-state regime

•· llivestigation of. the Jeasibility of тunning а process< in dynaщic · non-stationary condi
tions

• Deteпnination of start-up/ shut down and transient regimes of catalyticтeactors
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• Characterization of dцtalyst deactivation

• Conibinatiori <of<ca.talytic .. •.··pro9esses ·•· with··· •separation process,• eig. tea.ctive··• ( catalytic)

distillatio11, multifuncti◊nal reactors, etc�

Analysis·· of qa.talyticтeactions,proc�sses,i-eactors .arid reactorunits Ъase&on llon�

linear dynamics

Plly$ic.o--�heщica11:щsis.for kinetic.·studie�Jn•��falysi� 

J\.nyтeactor gesig11is thus start$Jroщtea,ctions kinetics and,фereforeJroшthereaction 

mecЩЩi�!l1,. ��if!1. щe.ans undershщdi�g оfф� r()itCtionoдJlie••1110I.ecuJarJevel ... 
'Гhе щostoften U$ed"approachjn.фe present day 1Ф1eticтesearchjп heterogeneouscataly7 

sis is Ъу no • means· the Larigmuir model. of uniform surfaces .. This. concept цррНеs, that· а11 фе

surface .sites ·. are. ideritical · and Ъinding energies of .the reactants are. the. same independent 

thesurface coverage. However, the mode1 of an ideal. adsorbed · 1ayer disagrees with а number 

of e:kperimental data; Thus, 
.. differehtial heai. of adsorptiori is not .· .coristant as а rule Ъut de

creases with surface ••coverage;. and rate ofadsorption and adsorptiori eqtiilib:rium afe···notde

scribedЪy the. Ea.ngmuir equation ot theiLarigrnuir·isotnerm corresporidingly .. In several

the kirietics · of catalytic reactions disagrees With the equation.s obtairied on theiЪasis of the 

mode1 of ideal adsorbedlayers. For example, kirietics of anшюn.ia syrithesis obeys well

kriown Terrikщ-Pyzhev equation ( e�g. lcinetics Jor nonunifotm surfaces ). Adsorbed molecцles 

11oi only.participate.i11the.surface reactions, Ъut also change the<structure arid
. 
catalytic prop ... 

erties .of thesolids{therefore, the rates••··of elemeritatyreactions depend
.
ori the s:patial·• arтange-

rnent of atoms and moiecules···on the surface,·· tbl:ir rieighborirs• an.d the·spatial•• aпarigernentof 

catalyst atoms .. . ·нence;.iiisлot ЪnoughJo studyhetёrogerieous catalyticteactioris Ъnly Ьу .ki�

netic . methods, Ъut various. physico-chemicaT щeth6ds i(TPD, FТIR, LEED, HREELS, etc�) 

shouldiЪe.a.pplied as weH, providing·thepossibПity.·to· extract · infonnation about the· eleщen

tary steps, which constitute а reaction mechariisfu. 

N onstationary kinetics 

In chemical· · .industry ·.фе majority .. of processes are conducted in stationary conditions.

Therefore, it is notsщ1л·ising that thesteaдy-state.1Ф1etics is· mainlystцdied. Inthe .steady-

state the surface concentration of reactants is time indepeщient. 1nvestigation Qf reaption ki� 

netics in. gradientless reactors. further simp1ifies the experimental routine. . The main drawback 

of kinetic models, based only onsteady-state data, is associated with the fact, that start-up and 

transient regimes cannot Ье reliably modelled. Kinetic models for nonstationary. conditions 
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are appli�d • also Jor· the .•. processes.·•in · fluidised · beds, r:eactio11s,i11 ris.er (rettctor} 7 :r�generator 
щnts wi!}icatщyst cirf ula�on, .. as

.•·.
wy!lias f or .. y,u-jous"enviщшnentщ .1ppliщitioцsof .. hyterQge�

neous catalysis, when the coщposition of the gas tQ Ъе treated. cllщig�s. peпцщiently. 
Understaцcling .•..... of ·.·· .. 1,19nlin.ear·· .. · Ъehaviour• .. ·.··•·in.· illOnideal.·.·••···•· adsoфed \ •. •layers ..• .... (QscЩatipns,

,. : .... . ·,: .', . ' ' ·.' '-.. ·. 
. : 

. 
. . .. . :·_ .· .

' . . ...... :·: .-·, . . . ' ·
... . < ; . ;�-

a u to w a v e �, Iorrnation.· .. of dissipative • structщes and •deterministic ·. chaos) cari Ье �cliieved. only 
on. the basis оГkiщЩс models •for дonstationaryconditions. 

Itisimportant.to mentioпthat•deactivati<>riisalso an rionstationary process; howeyer, in 
many ёa.ses dynamic·· kinetic 111odels, which. include deactivatiori ·. as welГ are nonex:istent. ·. In
fact.reactщdesignsliouldЪearrangediri a·.·way,that ptpvides· .. the optimum of pr�defined pa
rarriet�ts (accumulated.yield,.etc.) during the whole catalystJife;.time, thus iricludirig mddel
lifig ofdeactivatio11. 

Complex· reactio�s 
Historically the.theory of catalytic kineticswas d�veloped based on largeёscale processes, 

likc ammonia and mcthanol synthesis, production of sulphuric acid. More recently heteroge
neous catalysis started to Ье widely used in the J:ield of SOёcalled classical organic chemistry, 
e.g. for the productio11 of .fine cheщicals. However, in the fine chemicals applications, despite
the incrcasing.gignificanc� of heterogeneous .catalysis.i11 this·.area, kinetic studies are rather 
sparse. It can Ъе u11derstood, bearing in mind, that research in fше chemicals synthesis was 
and _stШ • is d01ninated (in major part) Ьу :pure organic. chemists� О11е. of the most important re
quirements for heterogeneous catalytic reactions in fine chemicals applications is pxoper se
ltct�vity, .wlrich iнbroad s�nse should. �е understQod as chemQ-,. regio- and enantioselectivity. 
Кinetic analysis of complex reaction schemes, where the proper selectivity dependence is the 
key point of analysis, is stЩ mще, �n exception, than а rule� 

� .- ' ' . ._ . 
' . .  ' . ' ' .• 

The.щai11 .• objectiy�isto .•.. Ъridge tlleJmowledge .•. of·chemJcal.·r�aqtion.�ngiдeering ofliet--
erogeneous · catalytic reactiohs . to organic. chщµistry ,in particular stereoche111ica1 a11d e11antio" 
selective reactions. 

Case studies 

Inthe··1ecture th_e concept flfrom teaction mechanism aridkirteticstoreaЬtor design'' will 
Ье iHustrated ьу several examples� 
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Abstract 
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Fine•· ..... chemicals are· .. <an. iщpфtant···. ·. ··
group·\·•of••·••·•pщducts} .co11sisting> .... •.•of.·pharщaceutica1s,

agrochemicals,·.•·dyes, .. ·P. .ogr�phic .. ·.cheщical.s .• ·.and.· ·•·intermediates.·••of ... all·.these •.... ·groups•·•·a�•·\Vell• .. ·as
cliemicals ..••... f or· · .

·· the\ •. textile••·•.•.indu§trY:·•·
· .... They· · ··•·•ще •. ·.· .··.typica1ly.••high va1ue-added••• ftoducts .. <Jhe 

proce�ses ..•. ··f()r .• · .. •r11anцfacturing•·•·· ·•these ... •.·Pr�ducts···
·
··
are •. • ... m9·stly···.•Ьatch·.•

·and .. ·.semibatch•••·pro5.esses�· . .•• crhe
develo�ment ···of •... kinetic ••. 111ode.ls• ... for•·•· c().mplex.•· .. chemical ... reactions •... occuring .. ·.•in•·the.·.•fi.11e.·•··•cЬ.€.1Щical
processe$

·•
•· ·. ·a�d••··•·inc.1uding•.•·the§e

·••·
·InOdels•jnto .•.. batch .. · . . arid··.seщibatcl1 .. ·.teactor·•.·

·m�gels•.•·for.·••·sc�e-up
ctre· .•. prese11te9.•.•.·A·.•methQ(1Qlogical.• ... ·approfCh .. to•·the.modelling··.•·of .• these ..• c·omp1ex··•systems·. aцd .• ··the
estimatioц pf .111ode1••• par�eters/is. proposed. · . Jhe .. ·. n1ethodol?gies• were\app1iecl•.· to t�o- case
stц�ie.s:• .••.

.• reductiveN--alky1ation of ...• aд.· .• •ar9nшtic• ... •.·a111ine with homogeneous.
· .• rea9tions•

·
··
·· a11d···

•·a
heterogene9usly catalyzed· .reactions.· and ClaЬ;en co11de11sation•as organic·•·Jiquid--solid 
reaction. 

l(eyw�rds:. Process development, Dynamic models, Kinetics, . Reduetive alkylation, Claisen 
condensation 

1. lntroduction

: ... .. _ · .. _- .. 
· .. · .·. . 

· .) ·. ·.· .·.:-:_ .:·.<•···· . .·:::··:: . . •.:· _ _' .. - .... · . . ·.. . ..... :_ . . -· :· .·-,.-·- _ ._· _.:-:.. . •. · ..... · . . •.• . . :· ..
. .. ... •·. :In today's competitive environment, one of the key issues for fine chemicaJcompanies is to 

reach the market with new products as quickly as possiЫe to guarantee :а_ competitive, edge 
over the other players in thefield. · . This means that the whole ·chain цоm_ the idea. via R&D
activity to.the.commercialization and marketinghas to foпn а fluent workflow tcJщeet·the
project targets according to the pre�d�termined timescale. ··. 

-Gh&1Т11stry �tlon . 
• syn!hetк; rQUtes goneratioo 
� pre!lmlnary;axp!Эrimenb 
• �imfnary proce$3 scheme 

_: J)f&liminary CQ!1 e�tJmation 

- mau ьа1аnсе, 

, . � j)mminary he&t balances 
- implementation 
- basic cecipes 
- pr•liminary Ыосk diagram 
- pr,i:liminary towshset 
-Ganttchartt 
- production capacity 
• coal estimalion 
- preliminary safety. evaluation 

-.dynamic. rsactor mode! generat�n 
� qynamic separaion modelgeneration . 
- acale-up (process an,;I equipment) • - operetor tra!ning' 
- mass and energy b11lance11 • trouЬle:shooting 
- dynamic raadlon calculation 
- dynamic separation ca1culation 
- control design 
• dynamic utШties calculation 
- dynamic emissions calculation 
- dynamic wa•te• ca1culalion 
- recycling (r&agentslsolvents) 
- recipe generation 
- Ыосk diagram 
�flowsh•et 
- scheduling, 
- Ganttcharts 
- safety evaluation 
1. · .thermal decomposition of 

streams 
2. runaway scenarios , 
з: Hazop 
-4. crosв i.actions 
б. health and_envlronmen1a1 risks 
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Figure ••1. Work:flowand tasksfoгthe developnient·of a.·fineЪhemical manufa.�turirig process. 

The. tasksiпthe.•proc�ss.deyelopmentare@xecutedrnPre.orless in,paraHe1indifferent .. parts.·of
thedevelopment orga11isati?n .and efficient·i11fonnation generation and.·exchange tmd techhol
pgy transf er are of tlle greatest i111pQrtan�e. 

The ·• main • a.ctivitieS.· •. iпthe . concept�al.>clie,n.iC:al
i
phase·• ate . the identifica.tion .• ·.··of·diff erent

chemica1•• юutes .and.•·the ··••generati911 .. of a1ternative· . . • chemical •.. synthesis . .. pathways .. and ··.process
schemes.< ·Rel�yant routes are evaluated. expei-imentally •. aщi preliminary. cost estimations are 
perf ormed to select ,the Ъest altemative · for further development 

Inthe conceptualproc�ss· .. developm.entp�ase, whichiis.itera.tively 1in](ed •• to.•
·the<chen1ical·.• de

yelopmentphase, .. �heprocess
·
•
·
·conceptfor the .•. selectedche111i��Ir9ute·

·•·
is .

. ··eva.luated,· .. mas.s.ьaz
an.ces,···

preliminary/heat �alances/and .... 
ьasic .... . reciJ)es .. areige.neratedi•fqr. ·.the . .• proc�ss .•... •Вlock

diagraщsand pre1imi11aryflowsheets·
•·•.a�e.prod�ced.and.the.processis · · .implernentedto.tre• e�

i�ting ... • prodµction•Jacility or .•. ·a•new 
.
. pro.duction•·• liцe••··•is·· designed.•.·••In·.·this•·

·
···Proced11re,?short-cut

mode.ls for···thereщ:tions··•and separations . areнsed ..•. This phase also. involves. an
·
•.introductory

sajety •·evaluation of the. process. ·. А·• pr�liminary ... scheduling of .the operati911stepsis.··perf onned
and.Gantt•·•·

charts.··are••>generated.•to ...• charftcterize.interreiate�.·ti111e•·•dependent .• operations.�d•·to
identifypr9ce?s' s Ьottleцecks.··тhe production capacityis. calculated an�.Ъasic. cost estimation

.i5:perfom1edto obtain,the JeasiЫlity .of the• process .• _This is the ... шaj or.deci.sion pointin.Jhe 
continuation of the developme11t of the process. 

The.·•·•.ch·emical··дeveltJpment,·•··P'Ocess.··д�velopment·••·.and•
·
·process•·••·rnginel!ring.···phases .. pr�ceed

bothiconsecutiyely·.·and .. paraПe1 ... ·ln· the .. unit .. ·process .•and •. equipment .• 1eyels,.· .. the.•·•reactio11s• and
sepa�ations·.ofthc;.process .. are·studiegшore· thoroughly.·

.in ..• 1aboratory.•and .... bench-.scale .. by .. the
chemists. · Reactioµ··. enthalpies •.. are. estimated or. measurщl \Vith •. тeaction .. calorimetr�•·i·The ther-
111al ·••• stabiHties ofтa\V··•·· . materials,products .. and···

other .. ... proce.ss ••.streams,.··especiaHy •.. distillation
residues•are .. determined� .. Dynamic.mechanisticreactormodels and.dynamic·.яeparations.mod
�ls.(i.e .. ··Ьatch··distШation .models}.are .. ·deye1oped· for·.·.scale.-upijn .. co�operati()n••··•withchemist.s 
and cheщical•· ·engine.er s .·1Ci11etic models areдeriyed or extracted ..• fromexisting·.•model 1ibrary.
Mass� c,пd.•heat 1щlqnces.for. the react�r cQnfigцrations. ·•are generated and reaction kinetics.isincluded.•iц.the·Ъal

'1ll
c�.·model

s 
.. Massira�sferandheat>trcmsfer•.C01Telationsareintroduced

into the. тeactor models as needed. Bystematic experimental planning iis utШzed jn · .. experi�
шentation t() impr()Ve · the identifiabШty of thekinetic ·qnd tra,nsferpRrqmeters. ·.Dynamic mass
and heat balances .. ofthe ·whole.pюcessi�nd

.g
i�gl� process units ar�scal�d�11p.·.to designed

plant capacity ..•.. Pro�t1qtiQ11 .. •. ··{ecipes··.ar� updat�d and. sch
r
duling ... of theop�r�tion ..•. steps and

equiprnent •• utШzation. wit1:in• oper�ti011 steps are carried out ..... Control .
. systerns are.iпip1emented

into .. ·. dyna111ie re�ctQr models.··•· Co11troП�biHty. stцdies . .•. ще . .  ·. peifQЛ11ed. · . and\rneas�res .... to avoid
runaway situatioцs are implement�d. Th.e wllple SHE (Safety-Health-Environme:nt}area of the 

process is evaluated. 

In th.e .commissioningattd start--иpJ,Jiase,dynamic·.models•·are· used in· .the .··plant Jor ·the op
erator. trairung •. and. to •. assist . the ... ·decisi9�щaking .. in ·What/if situations . . (malfunctioning·. of
feeding system·. causing. imprQper тeactant .. r::itios, . overdosing . active reactant, · reduced heat
and/prmass transfer, collapsingof mixing or cooling systern, etc.). 

In the validation and optimization phas�; models are vaHdated using relevant · plant data. In
formation is fedЪack to theR&DJu.riction tofefinethe models andimprovethe processfor 
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future production campaigns~ Single operation steps>and process units are optunized after 
validation and the optimal conditions are linked to overall process and plant • optimization. 
Evolutionary process improvements should be. carried outthrough the· wholeJife cycle ofthe 
process. 

In the presented fine chemical process development work flow this contribution is focused on 
the methodologies in the development ofdynamic mechanistic kinetic and reactormodels, on 
the methods for. generating reliable · and consistent data for modelling purposes and on the 
tasks required in the estimation of parameters for those models. 0The procedures and nfodulru; 
tools fortlynamic modelling /are presented in Fig, 2. The appHcation of these procedures. is 
illustrated with hvo qase studies; reductive N-alkylation of an aromatic amine and a Claisen 
condensation reaction. · 

Dynamic reactor mode! 
generation 

- stoic\1iom~try 
• i<ineti<::s 
- thermodynamics (equilibria) 

·,calalyst 
• multiphase •~ste,,, 
, ma,;s. and heat tra~sf~, fqr phase 
boundaries antj catalyst parU~es 

- ma¥:, heat~ mdmentum 
balance 

- flow modelling 
- control· 

Design of experiments 

Parameter e-Stirilation 
- identi:fiab-ihty of parameters_ 
•. ~rrors .of th~ parafT!eters 
- sensitivity of parameter~ 
- correlation between parameters 

Model validation an<l model 
discrimination 

Optimization 
- otJieciive fvnction 

• temperature ·profiles 
- feed profiles 
- distillation profiles 
w·cost etc .. 

Figure 2. Procedures and tools for dynamic modelling. 

2. Kinetic and reactor models. 

Usier model platform 

l<.inetics and equilibrium 
modufes 

Mass an<f heat transfer 
correlation module 

·Presswe dmp correlation 
module 

Reactor conf111uratlon module 
;-,e.quipm~:mt data bank 

Computational Fluid 
pynamics {CFD) module 
·~ fluid dynamics 
~ reaction kina'tics 

ExpeJimen!al design module 

Numerical recipes mµdu!e 

OptimiU!lion module 

Contr<>l design module 

Relief system modula 

The reactions in the fine chemicals manufacturing are often very complex involving 
consecutive and parallel reaction step~,which takeplace simultaneously. This leads as sucht{) 
complex and.detailed kinetic rate equations with numerous aqjustable p~rameters, which are 



; . 'tlje~tlµlp¢rQf :p~~te# t,,fJµµipJijgthem'tht<:> siµgt¢ eptitii~~ ... :.•·.··. 

·t~;t,tlf&Rl~l4\i~(~ttllI··• 
·•·······'.;i~~-~~ttl~~~l¥~~~~i~~~~~i~lt~E!1ioti~~a.s~ .. r~~trgn~~opi}lif'ih•··tlies~kin4·.bf · · 

•··. • ttlfU«P~e :.•·.••·.••· ···; •l~;~j~;•'}iiri,1•:~ti•l 
. ··. ~1-~~[~#.ioH.Wi,.f ~./ . 

Tf~iilts 9ffud~pet1d~nt¢xperiitt;¢iits pi;ef~~blyp~t?A9lltupci~rl114~trial c911.4itio31~.• ·.·. 
, ...... , ':.·::-:·,.,·<:;-:~: -.·;.-:--~,.-: >:· · ·~ -, ,-:- -:- ''> ·:;l··i:-:·'.,'f·:::.', •· 

. ftllt~~~l1t~1~l~l~t'~~i-~t,i~i . 
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' '. '. 

reaqtio11~.111~ rea~tors .areHsua,11y.·op~rate.d ..• ~::ttch9r .• s.~rni?~tch?(ise .• Jhe .extentofthe xeaq}ign. 
is typically·. monitored <using high pre$sur<; ·••·••· liquid chromatography {I-IPLG) . · and >gas 
cllr<>rn,top-~phy· {OC).i .• ·Moder:p. ••..• i11-~i1u·.·UY~•·•···.Nffl.., .·•.•FJIRiand>Ram~n.ite~lltiiq~e.s enalllin~ 
cot1ti11uoµs rnpnitpring of.tFe .• spectral i11formation from·the reaction mixture, are·the fµtµre 
trend in. experiment.1I reaction .engineering. 

~ii;erila1 met;i~la:Jp~;~~ete;esJi~ati~n ~J.ric~dure 

.· _' _.·, '. _-_-., 

-with the initi~l . conditjonsy = Yoat l . . . wh~re tis t)1picagy reaction fimeanf y repre~ents 
concentrations of chemical species. Software tools such as the MODEST ·software {Haario 
1994) can be used. in solving the OI> E:s (Hindmarsh, 19~3, Marquarqt, 1963). 

'._\'_--_, ·._'. ... <--·-· . 

The practical· procedure for I11odeL building, experimental desjgn, ·. data 
parameterestimation is summariz~9-i11Fig: 

Figure 3. Practicalprocedure for modelling. 



. ·.•soli~m~ .. t.:t~~tfoif~21i¢lll~.r()tthe•r~4~~iive.ajlcy1~ti~J()f*Q$aticiittiiih~.~t 

···•·.·•.•···.•···•~~.•···i(·I··•) Iv ~1~/(S)/:M••·•··(j)+ti~····•. · ~ . ; . ·.... (3) tk:J.r ·. . ·. ·. ·.··.•··.·· > . . .Jk2J > < . 

"· . 

' ·.: :::_--·,,. :/_/·.·~:-(_ .. -:(· .. 

......... t\f"t 
.· .(II)·. 

r, :,},,,~ ~1,,1,~6/K1KX ... 
· •··· · .. ···. ··•·.••·· ·• • .. cnciiia •. 

• 'W~ere 'i(1K2 · .. •.··•·cAcR'CliO 

·.•For.the •... sµrface.··•rea,ction .. thatFtake pla~ .. op.Jhe•.·P{/2aJiyst;·;,i~*?•··4issoci4ti~e·.••hydrogen.; · .. 
. adSQrptjo11, co11~epµtiye hy(h-9gep,. i1dditio1l ~d prodµqfdesqrptio:n, fl1¢;f61lowip.g mechanis111 .•. >C® ~~ ~xpressecl to<l~scribethe reactitjns:./ . . ... . ·.. ·. . . . . . . . . . . . . · . 

. · 12* 

. IfH• 
: __ -.. ' • > .... '. ••••• • • ··<.· :._ .. -: , . . '._. 

:wh~re12 c~ l,e M2,· ~4;N~; N4, 02, 04.·9rQl 'W~;:~~thlJ:~r~te .equation for the ,surface 
reaction:. 

· .. (6) 

. ,· '• ·.··. 

where. k;· = k3K 12 K H. 

. '2(1 



Jhe(rateoffonnati?n9r·col'l.~.umrtion9facdlllponent i.is .. the·.su111pfthe homogeneous non.;• 
catalytic reaction and heterogeneous catalytic reaction: · · · 

re = -,-Rn +- R1PBCM 

. rD .--R2 + R12PBCM 

.r1, == ..:.R6 .+ (R4+ R13)pBcM 

rF•==(Rg +R14)p13i::,a.,1 

ru2 ::2.i_(~ RiPilM 

·ru4 == Rs -,..R1PBCM 

rN2 =R2 -}<4PBC.M 

rN4 =R.6 - RgpBcM 

,.02 ==R9 -R12PBCM 

ro4 = Rio -R:13PBCM 

ro6 = Ru -R14PscM 

(8) 
(9) 
(10) 

(ll) 
(12) 
(13) 
(14) 
(15) 
'16) (. 

(17) 

(18) 

(19) 

(20) 

The reaction scheme Was further simplified and the number of rate equations was reduced 
base<i on tl1e e~periwental fi11dingthat the ring aikrlation. reactions. are. minor ~d .so t~qse re-
actions could be omitted in the final kinetictreatment. · · · 

1?-11_.exf!.mpk ofthe.JitofJ;he ~inetj~mqdeltp.e*perirnental 4~ta.is._pre?entedin.J<'ig ... 1• 

Figure 4. A comparison of experin1ental data and model simulation for reductive N-alkylation 
of aromatic amine with aldehyde. 
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ca~e• .. ~. IQii~ijfSJl9~· m~ss·.• transfer ()f organi~· .. !iq11id7phas¢.·.reactions lllthe.prt!senee·•of .. ~.· 
sparingly soluble solid phase 

. ',; '. -._- :_' . :," . ' ,'. _·. .-:_. : 

Claisen .. · condensation.•is.··presented.>as ..• an.· example·. of .an .. orgailic .•. liquid .• ph~se feactiqn, vVhich 
takes placein the presence ofa reactive, but sparingly soh1ble soHd compound, in this case a 
methoxide {Tip:qnen, et,f:l.L, .·2QQ0). 

. . 

Based ·.on th.e sim_piifiecl treatmenfof the teaction path'wa.y, the.·dernentatyStepsleading to the 
formation· ofthe final prnduct (D) and lllethanql (E) can b,e conipr~ssestto •. 

Al+E 
A2 
A3+B 

Where A, B, C, D and E are analyticaUy detectable corripounds and Al (carbanion), A2 and 
A.3. are the. reactfon intermediates. Applying the qm1si.cst~'dystate hypothes.is outhe· reactive 
interme.diat~s (Al, A2 and A3) ena?les/the elimination·• of ths concentrations of· the 
intermediates and anarialytical expression is obtained for the reaction rate: 
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·,\~-;,,, . 

. ?~~~:t~' 
·•••·•!he}ate .• yqukiic,~ ~ere,,:c~;pledt4·ihe.m~ssbal~ces·•oftl1¢.~0J11p6liXlcf~.fiiitj?f.e~ttor.· 

,-;:; 

• .. ·•··.~~t,1~1!~tf!tt!r!!8~f~l19~··•·· 
. ·•. 'iri¢xajnple 6fthe fit C>ftllf IIl()d61t6 eiperiinenfully rile~ured.con~ntt~tigµ~_;!ipt~se~t¢.c{jµ 
· fjglire5. ·• · · ·• 

. - ::_ ·. .. ·.·: 
. . _._: ,; 

7. Notation · 
• ... : 

;,J 



p 

. tw1~t~~f =~~~: 
>G gtis phase . . .. 
·, i con1pqp~nt index. 

j . reaction.index ;. =,~· 
s 
0 
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Introduction 
. .·· . .'· .. ..:: .. · · ... ··.·.:: ..... :--··.'.•.·:.:<.•.\.·.:!.i.•·.::: ... ·i:.·.··:-.... ···.'.· ... ·••·.·•·· .. ' 

Catalytic· hydrogenation of aromatics is used in oil refining industry to lower the amount 

qf undesired crromatic llydrpcarbon in di~sef fuels. 
.. ·, ··;,,: ... ·: .::'·- -··: :.:--•,:,.·-_.·· ·._.·:, 

rate·•· .of aromatic .llydr()genatio11 js 

strongly affected by steric factors asthe hydrogenation rnte decreases by substitutiQn of alkyl 
· ... · ... ··}· .. :· .-:· .... · '.··· .. ··. ·.··.•.. . ·- . .-·.·.··.·.-:-::-, -••... :· ..... · •. ;--:: ... ::.• •.. :-. ··.·•.·.· .... ·.·.·.··: .·.· ... · ... / .. ··.·_,-'.·.•. · .... ·::.·.,··-, ... ·.·.···· ... · . :·;:,·:: .. ·.·.· .. · ... · .. • ... \·.'.·· .. _-.· ·.·.·.·.·. . · ... '->:···.:.-.. ·. '·._''.'.=,'.· .. ·· ...• · ... ··· .. ·.• 

groups to the aromatic ring~ The kinetics .. of gas-phase catalytic .hydrogenaticm ofxylenes has 
;:_•-.·:· .. ·.·_.,··._·.··,.: __ .:·. ·: ,.,-_:: .. } :·._ .. :· ... ·---:-.:_ ._:_:--> ·:'/.·:'···----,-... _·.,· ·..... ·.--·-- · __ .,-· "' .. :._.., .. ·,.·, -.. ·._ .. -·.<·· .. ... ·,..:··.-·--' :.·.·:·_· __ ··<·<·_,. 

been investigated oyer supported Ni,· Pd a11d Rh cat~lysts [ 1-4], ·. H~vve:ver, there are no data on 

xylene hydrogerwtionover suppqrted platinum catalysts, The aim ofthe presentsWdy wasto 

investigate .. the kinetics of .... gas .phase .. hydrogenation .·.·of ... ·o-xylene.••();~r··· .. ·i1ighly<Jisie;.~~d 
'.··i-.. ·.· .. ..- .• ·· -·> ·.'·.-:.:_, .. _.. -. :·, .. , .. :=.- :-,. ·.:.:.'..'.·.··:·:, ''.::··:.·,·· ,·.:·.;::.·.. ..-: .,·,- . •.· .... ·-., : "•,,·,.':•, -· .. -.... >.' 

Pt/ al.llmin~· .. catalysts·•.•as····:elI··.·•as····st~reoJdictivity' .• ofthe.· ~naiproducts •.. at .te:11p~iatu.ie·.··•ranges.?f 

430-520 K.. Different .characterizatio~ techniques \V~re ~e~to correlate the catalytic activity 

and s6lectitity ris weH 

Alumina Supportecf platinum .catalystswere prepared byimpregnati(m ofy-alttmiml sup

port (LaRoche) having sur[acearea or'.220 m2/~ iith s6l11tions 6fH2PtC16. "the c~t.1,lysts 
.· ·.·. ·.··.. ,·, .. ,- ,•,' •'-'.' -. "., .. ,. -·· ' . .-.. . _.. ,·. , ... , '•-.·-.. • ... ,_ .. _ ..... 

were \Vashed .• ~n~dried •• at.·.353 ..•. K.··.·Theactivitr of the· .~afulrs: ... were.test~d··.•in·•·a··.bontinuous .flow 

tube reactor atWHSVof 116 Hland partial pressures oflh and o--xylene 19-0.38 bar 

and 0'.04-0.lObar;Tespectiveiy. Argon .. was usedas make.:up. gas. Special experi111ents w;re 

carried out to ensure that the kinetics is measuredin the absence of external and internal dif

fusio:n limitations. Prior to the e~periments the .dried cata}ysts (125-150 µm, 6() mg) werere~ 

duced in s.itu in Hi-flow at the pre-set temperature, followed by cooling to the reaction 

temperatureat Vvhich pointt~ereacta11tswereintroduced to the catalyst .. The experimental Set

up for the catalyst testing is illustrated in Figure 1. 
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3~,way.vatvf,! 
Valve 
Fnter, .Check Valve 

>111e then.n6dynamic calctilation · •f9fthe· gas·co111positi9n and the·. bperation te111peratures 

usedisgiveil in Figure 2. Afyp1e~l kinetic runis presented•.·in. Figure3.iAs shown Catalyst 
,. '' ·-- ... · ._-

. ·. deactivation t~6k E1ac; duri~g· the .first •20 .·minµtes ru1d. steady-state operation ..vas.• reached. 

Cisand trans t;2-dimet11yl .. cyc1oheiane (l,2-DMCH)were.the·onlf hydrogenation products .. 

. . (i.e .. no alkylcydohexene was detected) mid their ratio did not change during the. initiaLcata-
; ·, :, ·- ., .' ·,_ .· ·_,· ,' . ,· '·_· _·.···-:-> .. ".,· 

lyst.deactiv,tion .•••. Table ..... 1 .. pres~nts •.. t~~ ...• hydroge11atio~.rat~ •• at· ...• diff'ere11,t .. ··.Cataix.st .• re~uctig1lJem~ 

perature, The highest rat~ w;;is obtained witll the cat&lyst reduced at 673 K. Jhe amou.nt ofH2-

d~sorbeci •··fr~m .the critalyst.·suifac;·from·.thef PDexperime~ts··;as iorrel<1tedto.th~h;dr~
genation ·rat: .•.•• (Table<l·). •1;e· .. r¢uttion•.••.~f ~e·.·.catalyst at. 673 ... 1( .... w~ .. ·•th:ref ore .... ·s~lected ·.in .• kc·· 
n~tics exp#iII1ents. 

. "<.' "' •''· .-- ' .. -, "' -_. -- .. ,-:·:, 

Fi~ure 4 represents the hydrogenatioq T~tes~sa functi011()fte111perature. Th~ rate·s··.p·a .... sses.' 
thro11gh a rriaxirimm at•.~a .. 460.k. Jherm6clynarilic ~alciilati611si(Figµre .· 2).indicat;~that the 

:·i\(/ ·:' .. -._--/- ... ·;-:.:_: .. \/ -_ ;_<_.:.·'.°·-·.·._ _' :_:_,- '_,._ · _ _,:-:,; -:·,:: :-_ <.·;' :"' i'; _---'-\· :-.'.·-:·. . . :·_:.·:::_: . :·:_",:_:. :;.-: .-.,: ___ .:-. .. _ ' .·' ·:._ -_ .. ,_._-__ .·,-:·: --~·:_· . .--> 

experimental data·.are obtained in the regio~·veryfar fro111 ·the eq11Hibrium,.therefore,.·the .. de-

crease ·in the hydrogenaticm riite •above 460 kcan be sol~IJ a1:t11b~teclt6the hydiri~eri~ti()nki-
netics. 
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.,.· ·:'.·, ·· ... 

ta~le 1: Qo111pfil-i~oit:iiihe catalysis a¢tivit}' ltt460 ·.K•PH2:;;0.,3.~/qar ' l'ixyi~).06:~i,,, ' 
wEisv::}16 k1• , , . 

. 1% Jlt/Alufui~~ , 
1~Pt/ Ah1~i~a · . 
,• .. · .. ·: ·:.-, ...... ·.·: · . 

. ·. l%Pt/11~~ina 

.·· *- Firsi H2-d;sorption peak correspo11ding to H2-d~sorbedfr<)lll platiriJmr 5]. . 
. '· • .. ·.·.·.; ·. ··-·.·. . . ·- : .... ·,', · .. · .. :·. · .. · _'._. ':• .· '. ·- . ··' .. ··. 

~e. ~o~ orders m hydrogen ~do-xyl- partialpressu;es wew de!e~ned .m ~-.. 
·.pera~e·r~g~s·of:430-520 Kwith.intervals·or 10 •. K.The•orders ino-xylene was found .. tobe 



. . 

Q~~lfl .. ,· .·.• .. · ... ·· . . . . ·.·· · ..... · .. ·. . .• ·.· .· ·· ... ·· .... ·.·. . .. 
. ·.···• cl6$¢ .to,zer°, a(all the•. te,iipt:ratµres. ;imr~s.tigc1ted .. Theiofderi~. hydro~en p~alpressurejn- · · · 

··.· .. · .... : .. c~ed ·with.Jem,pefat11re •. fi:oiµ•9.9.Jlf41Q•i'~j~1;,at:?20•·••~:sµggestitigia.d¢cre~edl1ydrogen . 
•... c&verlge.by.incr~~edt~II1p~i~ture'.·1~~J~]~i'pic1i6at:d· .. •~·•·Ll<;re;~gd:fiSltrci:is.·1,2-I>M¢II•.ra
. ·. ti<> .by .•. i11creas#·hY#?~¢ll···&>u~~~# ;tl~#)•io~Jhe .. ()ther .haiid, th~•c.is(fr,µ~sratio· decreased.·•l,y • .. 

··~4:t:t~.t•l~)fA./e./i~!/f .. ~~\W!.•·~· <!J'~~~. re;i#ti~µ. 

• > ''l'elliperatn,r~, I{.·· > . 

.. 1figurJ .. 4:·.·•.~. ;a.rig.en .... atid11·~t.e\as···.·•··• ... •~·•·fun.ctio.hdf·.:.·.• \Pigurl J•··<rhe: cisl#dns ·1'2 DMh~ as a·.·. 

temperat re t . ♦ 0 38 :. 0 31 & 0 25 .•.. •·.· .. ·.•.··Pfu ... ~.n.x_.cy.··.· .. lt .... ·=l·;•·•o .. •····.no•··· .. •.•··.o.Oi6·fr······b·~.·.•.·· .••. a.ac .. ·•· •. ···r .. ·•· .. ·· •. ·.·.t.·.· ..•.••.•.• •.1WH···.·.·.o.·.··.•··n···.·.· •. • .• ·•··.·• .• ·.·.t •.. · .• s· •. e.·.· .. ·.·.·•.·.•vm.· .• •.···.·•·.·.pe.·.·=.· .• ····•··.r .. ···.a.·1:·t .. l·u···6·. ~.'·.·e··•····h;.··· .• ·_P.· ... 1·.H.··.··.2 .. ·. ~ 0.3.l~ar. ·.• . ~.~o.196~ti:1 :-{06:baiT•, ' · ~ .. -·' , ' ~. ., 
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OP-J:.2 
THE···NEW.·PHVSICO-CIIEMICAEA.PPROA.CIIES··•TbRtGULATE. 

T.HESURFAGE QFCAT){LYSTCARRIERS 

As known from modem catalytic surface science the nature and quality ofthe carrier 
. ' : . :·, '_',. ' . ·.<<· .·.:· .. -· '" •,.,··:._,.-, -. . _.·,'. ,·, ·/-

material is a key part ofc~talysis.Defined p~operfies and~onsistenL()ualityofthe carrier.ma-
.. 

terial ··are key-requisites·.for .• asuccessfuI···catalyst .•... This ·.paper .•• will.•.·demon$trate.·.th~·possi.b~liHes 

and flexibilityofCQNDEA'$a1koxide technology in termsofmrumfacturing aluminas, silica-

aluminas, hydrotalcites .andother mixed oxides .as raw materials for the catalytic industry. 

'','•,::"_:,_ ':: ·:·· .. :--·:, _-:. 

The CONDEA group bperafe$ two differenftypes of processes for the manufacture of 

alkoxide derived aluminas and related.products: theZiegler-ALFOLprocess filld CONI)EA's 

On-Purpose Process. The Ziegler process is a co-,production process of linear fatty alkohols 

arid alun1ina, using . alumo~ .· organic compounds as intermediates, CONDEA' s own· On

Purpqse technology. is based on the formc1tion .of.aluminµm alkoxid.e. from . ajU111inum . metal 

and alcohol. In, both processes the formation of alumina is achieved by hydrolysis.of alumi

num alcoholates with water. 

Al(OR)3 2 }hO AlOOH + 3ROH 

i\.lumina fi:om the hydrqlysis of alcollolates is typically obtainedin the form of boehmite 

or pseudoboebmite, It is important to mention that both processes give products ofequivale11t 

quality. Subsequent processing steps lead to a variety of different alumina products of high 

purityand defined physical properties such as 
. . 

• boehmite aluminas of different crystallite size, porosity, particle size and peptisation 

or dispersion behaviour 

• calcined aluminas of different phase compositions (gamma, delta/theta, alpha), poro

. sities, surface areas, particle sizes and attrition resistance 

• shaped carriers (spheres, extrudates, and tablets). 

1 Author for correspondence: thomas.rappert@condea.de; td. ++49 40 63751236; fax ++49 40 6375 3626 
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. . .. ' . . ·,· _., . 
. ,/·'-,_'::i· .-,:-._,-:.·--. __ ·.:-;::--'·.':>:: / .. _<.:.-:.,,_•:,__ -<_--:(_':.·. . 

.· .. ' .Ollf SCit?1,1tifiFint~rest~JieiJ.1rthespl}.er~pftl;te I1yten>gy11~9us c~t11lysis.f/the appJied.~lec-
. trochen1istry, .. the inorganic synt~esisa1141hc solid state pl1ysic~: .,ve .• stµ<lYc?nditionsifor de
veloping new. catajysts.an.d .. supports. forJhe ... petrochemical. and organic ..•. •synthesis. Anovel. 

·Y-Al2Q3 Jechn<J1Ql$Y· wi,th · the use of Lhe elements,.9f th.e ·. applieclelectrofh.emistryhas beende-
veI? ped in ?urJabqratory, whkh seen1s.Jo .be ofsignificance, The~plicatir11. opoµrt~chnol
ogy for the producti~nyf the dehydrating and desulfurization catalysts of l.iiesel fuel has 
shown a number of advantages. 

'fhejndµstrial•·.dehydrating••()f .phenylet~yl·. alcohol •... in styrene.has been carried out .. uncler 

250.,390 cc. on ••thr y-AhOJ. in tlle. presence of steam. Th~ re~mw-ch of the authors JlJ.· showed, 
., :·_ .·' ____ _,_,.,,. ·_· .- -·,:"_.:;-.._ .. :: .. :::/·-,:- ·::. _:_ ... -·:•"'_•:,'_:··.·:--:·_:-·-_':'· ; _·: -·>-::: ·_ -.... ·_'; -: ·: __ -_·. __ .. _ _.,_.-_. ,-'_··."_!_?' 

thatthe electrical conductivity of y-AhO3 increases in the presence of steam: The dehydrating 
of phenylethyl alcohol by means of the electric field increases .the reactions speed as a result 

of increasing Fem1i level in the catalyst [2, 3}. Both y-Al:z03 and ZnO are known to be then

type semiconductors; hence it was. of great interests for us to study the dehydration of phen-
ylethyl alcohol in the electric field. The installation used. is in th~ Figure l. · · 
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We. have used·.•0.16-0:20··mrn.fraction ofy~AhO1··asia. catalysLit fan•heseen··that·Pt
electrode.was .incepted intoithe.centerofthe reactor. 'fhe reactor. wall was u.sed JlS a second 
electrode ... The electric curr~nt iirto l? t run through the .electrodes after the .. loading. of .the 
catalyst and the polarization oftheelectrodes. The .electric current v.alue greatly increases 

when the steam is passed thmughthe catalyst. .The.·. introduction. of the phenylethy l alcohol 

vaporousialso. inci-eGtse~ th~/el~ftric. fUl"l"~nty~lue,. b~tat AJass extent The electdc ·. (:Urrent 
value increases. by 20 times •. when the st.earn and the pl1enylethyl alcohol. vaporous arejointly 
passedin 1 : . 1 relatively. The electric currentvalue has been. found to be constants upon the 
re~ctpr qperating. Jn •.. the. beginniµgofthe polarization of •the catalyst tlle co11versi.on.of phen., 
ylethrl alcohoLincrease.s by.260%, ~nd ·~·~· thecourseorfr~oms it{fropped··.toJ8.!l;o.The··4e
p~nde11ce o[the conversion.of the .phenylethyJ· alcohol.on the· voltage is· nf the extreme 
character. rhere were foundno changesinthe compositionofthe.·reacti(}npro(J.uctsduring the 
polariz:ation. The I'esµhs optained are presented in the 'fable L 

•.·•.·.• ..... · ... ·.• .. • .. ·.·.•·····,-.· .... · .. • .. ··.· ... ··.··· ...... ·.···.······ ....•. · ... · .. ·.··.• ... ·.·· .. · .. ·· ...... ·· .... ·· ·.·· .. ·-·,:· .. ·.· ... •.·.:: .. · · ... ··•·.·· •.· .. 

Ta,ble 1.Jheresuits ·of catalytic rese~rch ofy~J\li03 ··(T~fso. ~q;porrelati9n BAt11Yl(;tlly1 
· alfOho.l:I-faO ~1 : n~ 
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Figure 2. Dependence of the conversion of the phenyletbyl alcohol on the reacti.on time. 
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A NEW TIMKUE:PJDJ\4'DENT MON"TE CAIU,O ~G()R.ITlU\1 
FOR··STUDYING THREE-PHASEBATCH REACTO:R PROCESSES 

Giampaolo Barone and Dario puca 

Atime dbpendent Monte···carloi(tdM:C) algotithln>[I ,2f1:ofSfuctying·. catalytic procesJes 
•• •, '. ',. '. _,,',,, , ,·,,- • , ': ,·, ,' C ; • ,· , , , ' 

occU111ng·.••in ..• three?~ase •. ·.batc~···•·reactor·.·h!s .• heen.aev~loled ... a11d····1inpiemente.d.ii~··•· y ortrru1 •. lan~ 
gµage, Thistd:rvtGcode has been employed to mirnic experimentaLres1dts • [3] ofthe .industri-

allYrelevant.· .. ·[4] •isobar·.a.nd··•1sothe1mhydrogeriation• .. or·2,4-dinitfo-toluel1C.·<iri··•ethanol solution 

inpresencepfPd catalysts [5]. 

Ith.as been foimdJ5] that the latter reaction occurred 
.... · ... 

·· product distributions ·int1u~nced by. s~veraLfactors: teinperatµre andp{essure of the rec1ction 

sYsteni, concentration of reagents intermediates <and pr6d11cts, morphOfogy Of the cafrilyst. 
. '' ·- . ''' ' ' .. _.. ; _"_,,. ' ' . ·' '. -<· ',, .. :,,. ' ' ': ._ .. 

Iio~ever, due to. theintrinsic.co1nplekity of the reaction,. in 6tir opini9nth~ micr6Sqop.ic as-
•' ' . . . . 

·pect~ of the title .reactionwere•11otachieved hythe ·experimental. approaches, interpreted. by 
.·.·.·· ... · .. •.' ....•. ·• .. · .•. ·.· .... · ·.· •. • .. ·.·. .·· .. ·· .· .. · .. •· ...•... ->· .. · •... ··· .. ·· .. ·. · .. ·· •. · . .. ·.·' .,,_. ·. ·-..... ·.· ... ::.:· ... ·.· .. ··:·.':·.•:...···· .·• .. ·• .. ·· .. --·-.• ... ·•.· .. · ... ·.·•.· .. •.·• .. ·.··.• .. .: .. • .. ··.·.:: .. · .. ···.· .... •·•·.·.•.·.·.·.··.•.•.·>-: .. :·.·.:_, .• ··.··· ..• · .• 

ordinary•·differential equation sYste111s.Therefore,. we trie4 tg g~trwcrpsc<mic µetails. on the 
. --- , . ... ___ --: · _ · · · -,..,, · - ·_, . .--. .:::-,-::.------:-'.-:·-<····:-.:->.·'-<->-.. <,.::.:--._·.·._.:,_·;:_::_-_r_- __ -_ , .. 

three.phases2,4-dihitro~tolufnbhydfogenation on.·Pdsurfaces'etnployingthetdM@algorithm 

lbove. Exp~rimental fi11dillgs. were reproduced, modellirig th~ acti;ity-~¢J~ptitity p~tt~m of 
·-'.-.-_'c-. --_<·,. _=. ______ ;, \' .-:-.:.- _·. ·:;,_:._:__ ,::-:,·- . _:_":'\.:" -.-::,'' ·:/ 

the reaction ·on a.·.givenPd catalyst; by employing as fitting param,etBrsthe pfob~biHty ·ofoc-
.. -,- ·- .· .. ,- .. .•·.· 

~urr¢11ce of the . si1nple ~vent~ i11Vbl v6d in the same re~ctiOn)nd using qutajtlh~:¢e~hanical 
,: ··-.· .. · .. · .. ··.· .. ·.· ... · .. ··.-, ' --.·:· ... · •... . ' '.,'. ·-:·--: ··'-·•:' -_. ·.·· .. '-''" : ----. ;;· .. ··.· ·.·.·.· .. ·•.· .. •· ..•.••.•. ·· ... ·•·.· .. ·.·•····.·.· ... · •. ··•.··'·•····.·.· .. ·•·· ..•.. ··· .. ·•· ..••. · .... ··· .• · .. ··.·•····· .... ·•••.···.· •.. • .•. :-.. : .. •.·.· .. ·.· •.. · ••.... ··•· ...•. •.·.· .•. •·· .. · •.... • ... --'.·•.··.•.· .. ··.·.--o.·•···. 

preli·m·· ·.···· .. 1.·.11 ... · .. ··•.ary ... · .•...... ··.· .. ·.·.·· ... •.·.1.·.n .. fi .. ··.·.•·o··. rm •..... ···.··.··.·· .. · .. ·.·a ........ t.••·•.i.·· •.. o .. n··.·.·.·.··.··.· .. ··•··.··•.· .. ···. ···.·.·. ··•···.•··· ...... ·. ·.•·•.······.·· .· ·. . . . . ·. · ... ··.·· .. •.•.• .. ·•.··.· .•. · ... •·• ... •.•··.·,··.•·· .• ·.• .. ·.· .. •· .. ·· ......•. ·•.·.··.· ... •.·.·.•.··.·.··.· .. ··.•.· .. •.·.•• .. ·.·.·.• .. ·.·.·.•.· .. •.•.·••.··••••.·.· .. ·.· .. •.· ... ·.•.·.·.·.:.· .• ••.•·.·• ... •.· .. · .. •· .. ·.····•·i·•··· ..•.. •·.· .. ·.·.·.•.·.··.•.·.·•·····•···.·.·•.•· .. ··.•.·,··.·· .. · .. ·· .. ·.·•··.·· .• ·• 

Our tdMCcode allowed us to state the role .of aU the intennediatesPresent in the catalytic 
'' . ·, -.-:_- .. --. ·,:., .. ·;:. :_>,_::·-:--·-:,, ·_._/-<· _.,·_-;·_> _· . -: ' ' .· -·._:-.··- .. ,_·-.,/ ._·:-.::;·-::-.-:,.:::':_<·:· :_::':_-_·_'·· 

2A-dinitro-tolµet1e hydrogenation, some of which not yet isolated by experimental proce-

dures·.iFurtherinore,.the· ·~odd··.··pr;dicted·.··•aspects· .. not.· experimentally .···investigated. ···an1, repro
duced the inmost physical and chemical characteristics· of the same. reaction system [3]. 

The simulations showedthat the surf ace popufatioh occurring8kmg with the hydrogena

tion, contrarily to what already daimed[S], ca1111ot be explained bycorisiderihg s1rt1piy rnetal 

dispersion effects ora<bi ... diniensiohal analogous of the well-known'raudom parking model'. 

· dohvcrs~ly, ho.th the effects above furve to ·be contertiporan~oµsiypresent, becdming niore or 
. . . . ' 

less important depending on the particle morphology· and 011 the ifrvolved surface reaction 

species. 
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Here,. we report the reley'1nt teehnicaJ details· ofthe .model and the sirnulation procedures. 

. ' . . ' ' . ' ' ' ' . ' . ' ' . ' . 

The 36·· ~iff¢rent spt~~ies We qonsicler~din<the sirnµlatio1}yver~: 

e in .. ;oluti~~.····i,4-clinitro-t.oluene, &,d-diamino-t~l.l1ene·••a;1dthe.·seven • possible .. intent1ediates, 

• cm the smface,. three di:fferent afrangefoentsfor anfofthe)adsorbed species above. 

•··Fig>l shows,Jofthe 2,4-diniti-o~toluene molecule,JheJhreepossil:>learrangement··of the 

. surface species: fat 6~ristellatioH, FC,with th6benz~n~t"ing paraner ·to the catalyst· surface, 
. . . . . . . 

and hindered-flag and free-flag constellation, HFC and FFC respectively, with the toluene 
', ' ,":,i'. :_:-:_.· -_. _____ ,.: -.; , -.< ·_.,_--.,__ . ·'' ,· ::__:··•· --,--<-, ___ / . _·_:-'_ .. -· ';,_.-:::_.:. ...-·.-··, .... ,:'.:.·' ' 

derivatives interacting vertically to the Pd surface through the nitro, hydroxyamine or amine 

group in positio~ 2 and 4, respectively. Incidentally, we have to stress ti1at by the analysis of 

our.findings, the role of the 2.4-dinitro-toluene FC species is generally shrunk with respect to 

the original interpretations [5J . 
. : ",<_ .. _- . : __ ;·.__,.-;.-_ -._ ·--<:-·,· . . '. .. -:_-:_ .,_-_.:- ;·:_•:,:":-.:_:·<\•·:::_·:·:·->t __ ._.,. ·.:-·).>·--·\-'.:-;·" ------ i 

The volume occupied by the species in water~ethanol solution, calculated using optimised 

geometries, by quantum mechanical calculations at HF level, was used to detennirie [3] the 
. ,· _· '·_"· ... -_.... ' ·-:-_-; ' >----- . '_-_----: . _. .. --. ··:,; .,- ·-·, _' . --::--·- __ i·,_ . _·,_·_ '.: 

hitting probabilities of the.•solvated speCies. The .. hiuing of the water·molecules ·.was usedto 
_: _.··:_':-'.-. .. ·:':'_:- _-_.:.:::· , .. '<"·-·_': '; '_ . ,-:, '.;.,::· ·-· .. :>:-:. . . ___ ·::- .. "":.<··· <:.. -::->- --: ·:-:··--.·-- ', --:·-/.','' ""·:,-.:>.-, ·. _;- .. :----:-. 

synchroni~e theinternal•ck>ck tl-3] employed .in· the tdM C simlllations. The •production. nf 

. . 

2:,4-di-11itro toluene molecules adsorbed in the 
. fat free flag. and hindered flag constcHation 
(FC, FFC and HFC) on a . { 100} plane of a Pd 

cfoster. Legend: Pd. atoms, Hght grey bigger . 
spheres: C atoms, dark grey rnedium sized 

.. spheres, NO2 fragments, light grey medium 
sized spheres. H atoms, hlack spheres: Dim~n
sio1:is of the spheres are normalised to the vdW 
radii ofthe atoms. Sites labelled by x are hin
dered, following the adsorptiorJ as mimicked in 

water occurring along the. reaction did not affect the timing progression. This evidence in

duced us to allow the ~lgorithm to change the sizes of the time unit when, due to the surface 

species ~istribution, the ~nly possible events became the hitting of the. solvated species. This . 

procedure dramatically shmtened the simulation time. 

Ibe molecular volumes were also employed to determine the sp.rface sites hindered by 

the different species. Following the adsorption in the three different modes, the hindered sites 
. . . . ... -· - . . ',. ' . ' ' . ' ' . '··.· . 

were: 3 for.F:F'C:,4. for lJF(; ~d J 2 fo(.Fc (see Fig. J).Th~ steric.hin(irance of the hydrogen 

surface species, as usual, was considered null [6].Quantum lllechanical calculations per-, 

formed on Pd4 and Pd6 clusters interacfoig with C6H6 or other model molecul.es composed by 
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.thy fra.grnerits -C6ij5f -,N 02? ,;r-JHOHand .. NH2, gave ;m estimate of the. energy n~eded forthe. 

desorption pn.,cesses· inyoiyingt.he sarnespecies . 
., . --·" -·: ,-: ,,· :·. ' 

Adsorption (hitting followed by sticking), desorption and reaction events of the different 
. -. . . ' '. 

species were taken into account. To eal;h of these steps, an occurrence probability was as-

signed for given reference time and number of metal smface sites. The tdMC code automati-
. ·-· .. -. ·- ,', --· .. ,. .• 

cally updated · solution and surface. population, dynamically changing along the simulated 
.. ., _,. . •' ' . ' . .. -

reaction. The catalytic system was fuUy rnproduced by normalising tlievalues of the experi-
•, :·- ·_ . :-·_ . . . __ ·:·-·:· -. '· <,''. _._: : . . .. _--,, .. ·_ ', _:·_-_-::--: ',_. -.. _- ,: 

mental extensive variabies to the number•ofthe surface sites considered. Actually, the reac-
.·, ··:,_ '.· ::, . 

tion system was modelled as represented in Fig. 2. From the whole solution we isolated a 
. ·.' . ·., .,.· ·,,•, ·. _ _- _.·: . ._ .. : ·. 

micro-portion constituted by a metal particle of t 0000 sites centred in a drop of solution: The 
. . 

volume of the drop was normalised to the area of the metal particle sites, knowing the ex-

perimental total exposed metal surface area and the whole solutfon volume. 

and C, micro-portions of solution, cen

trally including one grain of catalyst 
. : . ' . . ' ' ' ' . . . 

(e.g. b sphere); D, gas phase. Rays of 

· .the . spherical regions are 0not. scaled 
down. Metal surfaces can be considered 
spherical due to the periodic boundary 
conditions introduced.· 

. ' . . ' ' _ _._··:.'\·"< ·.,_:·.:-_·_:.:_>_::-.··, -_ _,:_· __ ··.": __ ,' >_--- ... : .,:,:"_.··=:._,,_'. __ _.;}.·---:-:-:,-:' •.·.·.'-.'-..'>i.\ ... ·:·./:_;:. ·, -::, 

This model assurnes chemical regime conditions, which indeed were verified both in ex-

perimental [5] and simulative [3] sessions. Besides the H2 concentration, fi~ed in the solution 
," ·-·:·: ·'· ' ' _.: .. " .:: .. .. __ , . "' >"; ". 

•phase, the .. chetnical ..•. characteristic.s .of the .•.. drop · changed 4ynami9ally "11011g ....• the••• reaction 

whereas its temperature was maintained constant 
. . -· .. ·.· ... : '. : . •.·-'· .··.•. ' ' -:.•.·.·. ·.·. . 

The tdMC took account of all these characteristics. -The metal particle/reproduced by 
. : ' . . ·. . . _- '•'' _', . 

106'~100sqtiare<ltnMrice?mifuickihgimixingofJdequ~telybala.t1ced{.lO()}•iind{111}fcc . 
. ',' . ' '' : ,<· '. ',' . ' 

Pd faces, ·was chJfad~riseclby·periqdic boundary conditions. Different.metal ciispersion ·val-
-:··, -..:-:._,:,·.· :-.::: _._, :_ ·:_:_:;.-· . ·.- ' .... :.:' _·· .. :• .. -: .''··:·_ ' -': ... -:- ' .':-._: ,'.:: .. ' .', ··::·. :-. -<'.-- .. --.. : ·_ ',•, -_~: .. __ :._- .. , ':_ .--.-__ -::. : : •, ," ,· 

Ues were also modelled, introducing a proper.number of gaps on the surface (matrix) (2]. 

Available. surface energy, ASE, distri.butions[2] .\verenot explicitly taken into consideration.· 

However/the necessity to.consideiASE distributions stood out, as expected, analysing ·the 

simulation results,iand this will• be- the st1bject of next tdMC studies. The pres~11t algQrithm. 

allows one to. calculate irlJwodifferentways the JOFvalues,<considering eithefthe transfor-
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· mations.ofJhe smface species. or •directly the conce11tration changes of•the solution reagent 

and.interm.ediate. species. The program pouldJ1.lso accountc{tliewate.r and ethanol sticking 

and of thesµrface deposit form{lti()h. 

In prder to .. ryduce the .nwnber pfpar;;ut1.eter:sJqbe considered.in.reproducing experirµental 

results thy code can· group· together .• homologous ··actions hence their occurrence probabiHties 

. (e.g. probabilities of reaction·o(-NQ2.fragnients ill different positions or different surface spe

cies). Moreover; the desorption probabilities of the differenLtoluene species can be .obtained 

assu111ing.i11depender1t probabilitie.s ()f desorption Q.f.siugleifragments•icomposi11g the whole 

n1olecule. Since surface. hydrQgen atoms.are considered as ghost species·.·[2,3,6]> events ofH 

... species were not e){plicitly. C(msidered.in the moqel. Diflusiori. Of toluene derivatives. did hot 

infl11ence ... the.computatigr1alr(;$Ults. pr1·.·the>whole· •.. reactio.n, hence, •after preliminarystudies, 

they were ·not consj.deI'ed. InitiaUy,the events occurrence probabilities were take11···.fron1 the 

"ceiling". Subsequently, a fit procedure was Used to refine these parameter values. To obtain. 

fit parameters the following function wasminimised: 

' ·' . :,· '._ ·, .; 

where &p .and Ep are the diffe:rences found he tween simulate<i and experirnerital results and the 

experimental error ofthe ith.point, ·respectively, Valµes··ofF close .. •to l validated the fitting 

m9del. Fitted ppints ;vve.re telatedJo the experimental activity-selectivity pattern. 
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"Matrices areforever" was a.title of review on appHed mathematics in chemical engi-
. . 

neering. Engineers Jend tothink in tenus of matrices when deaiing "\'.\-'ith 1inear or linearized 
. ' ' ... 

problems. We will also discuss thisconventional domain: sparse eliinination methods in flow

sheet simulation and Qptimization. The second part of presentation deals with more intriguing 
. :·-·,:·. ; ' ·, .- . . 

subject: matrix elimination 111ethodsinnonc.linear situation, This technique allows effectively 

solve non-li11ear steady-state problen1s. 

1. Simultan(!ous approtu;ht~ real tiwe optini.ization 

The flowsheet is a •setofinterconnected unit. operatioIJS and process stre<1mS. Flmysheet 

optimization requires the solution ofnon-linear programming problems. Recent developnients 

in process simulator architecture resulted insimultaneous tn9dularoptimizatiorfproceaure. 

The flowsheet is subdivided into discon.nected bloc~s .• ;t\dditio~~l con~tl'aints and vari

ables represent their connectivity conditions. HYSYSTM flowsheet simulator supports this de

composition. Speed and reliability optimization str~ngly cl~pend ori efficiency ofderivative . 
. .·, ··.· .·, . . :~1· 

esti1nation. The efficiency .. pr9blem becomes crit.ical fi.orcom. plicated unit operations like dis-
. . . . 

. . 

tillation columns that require intensive iterative.calculations. Slo~v calculation ofcolUU1n par-

tiaL<leriytitiyes may .climjl)i* peµefits of mociular. solution, Column should be solved at leastn 

Jimes t()estii::t1ate. the d~ri vatives bYripa.rameten,. eyeµ ir1. c~e of simplest forwm:d difference 

geri:yatiye ... approximatiqll.·Calc\liatiqn. 9f nm:r1etical · deriyatives requires.·· tight column·. toler~ 

tlllC:yS. ]'his resµItsin ... slower .. anclless .. stable indiyidua}cal<::ulation. Cost of repetitive .runs 

makes prqhibitive calc1.1latiop_.◊f qpti,:11al .• t1nite diff ere11cei11tervaj_. 

Application of analytic differentiation addresses all these issues. It is sufficientto solve 

column once to find n derivatives. HYSYSTM allows different methods of simulation and so-: 

lution of column balances including simultaneous method. Sparse Cqntin,uation Solver com

bines. homotopy continuation with Newton type algorithm based on Sparse linear elimination 

technique applied to the block diagonal type linear problem (fig 1 ). 
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l?ig.1.Jacobi matrix ofCo!ftnfniriodel 

· Simultaneous solver aHows the analytic derivatives. Implementation of analytic deriva

tives . .reduces calculation time. Furthern1ore, deri~ative calc~Iatorproduces acceptable.deriva

ti'\'es applying Standard tolerances. 

''-Where cis .·vector of components.concentrations; Tis stoichionietric matrix, and .• u is ·•normal

. ···izedyectorofrcactioffStage rates. Classic kinetics assumes Mass Actio1iTaw(MA:L)foffate 

·· ofreacti9n stage .. Corrmmn method of reactio11 nite eqttatfon derivation is 'based ofr Quasi 
Steady State Approximation {QSSAt QSSA is.·oased oflZefo. order".ap"proxiniation··of integral 

manifold of the. fast processes. Cerrespondent differential equations. are simply replaced .with 

algebraic equations 

I'u=O, 

Matrix Tacco"ttrits n6w for the fast cofopririerits Only. 
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sx·Jmatrix(SisitheiiilinberBf·rb~Ctior1s,Jistn~·•.numrer.·of'mtbrniediates).· 

Equation(2}canbepresentedin the equivalent form 

where matrix N is composed of.P = 
··-:.- -_. -_ . ·., :-. ' . ·- .:·, -__ . . '"'.. -._ '•. -_ _- _ _._._ ,' .. -: <."- ,_,_- : .. -·<·· .. -..--.. _-;:• 

L(zJrepresents B]inear balances of. catalysfactive sites. Each vvector correspondsto the re-

actio11•patb.••Vectpr.·JJ!is•.·com.posecl··of P reaction·pathrates. 

Exp1icitsolutionsofsystem{3}in•·tem).s(if.reactiongtaphwere.·•obtainid·forlinear.reac-

The breakthrough in understanding of n~m-linear case happene4 in early 80', We applied 

polynomial elimination theory to (3). New invariant of system (3) was discovered. It is a 

po1ynomial in tem1s of reaction rate w - kinetic polynomial [1 J. Kinetic polynomial· is resul

tant of system (3) in w, Vanishingofresu1tant isl1ccessary and·sufiicient fonciiticm ofsystcm 

(3) solvability. 

However, solution ofma11yimportant problems including uun1ericaI· calculati011 of zeroes 
.. ·._ .:-:·.. . .... --. •.··. .·.· ·.· ·.· 

does pot require the explicitexpression of resultant. The.matrix can be built.instead.Thevan.-

ishing ofits detenninantis condition of system (3) solvability. 

Matrtxfo:rm ·.of kinetic polynomial 

Vanishing qf the detenni11ant of the· following matrix is necess'1.ry·.and·•Sl.ifficient condi

the steady state rate oftwo-stage impact mechanism. 

r2 -f2 2fl 0 -2rl 

.,.J 1 1 0 0 0 

0 .;,J 0 1 1 0 

det 0 0 -1 0 1 I =O 

2w r2 -f2 0 0 0 

0 2w 0 rl -fi 0 

or 

2 (4(rl -fl) w"2 + ((!2+r2)A2 + 4(flj2 +rlr1)) w+ rlr2A2 -/1/2"2) = O, 

whereflJ'2,rl,r2 are kinetic parameters (reaction weights) ofstages. 
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Equation.($) is equivalent to the kinetic po1ynomialexpressionfron1[1] to multiplier in-· 

dependentof w. 

We willdiscuss the properties [2] of fami!yof matrices similar to matdx(4) as weHas 

methods.of their generation. 

[1] M.Z. Lazm~, G.S. Yablonskii.. K,inetic PolyµopiiaJ: a new concept of chemical ki11etics, 

:[>attems .flitdDy11amics ir1Re£1,ctive.1'1edia, Springer .. Verlag .. 199 J,. p~ 117 
. . 

[2J·M. Lazman. Effective Process Simulation: Analytical Methods. 16th IMACS World con..: 

gress2.000 on Scientific Computation,Applied Mathematics and. SiI11t1lfition:,Lausanne, 

· Switzerland, August 21-25, 2000. M. Deville,R Owens, eds. 
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INTENSIFICATION OF. J>ROCE&.~ES.OF J'ECHNOLO{;YOF.Zli:()LITES WITH: 
THKHELP PULSATIONSTRING TYPE· REACTORS 

In •master· schedules of production of zeoHtes · .. the agitato-rs. with a n1echanical agitation 
- ' _.,·:.·.··" •'. ·. '.: ·. .:· .·' ' 

with Iacks •.. ·inherent inthe1t1.,. - nonunifoiwitymass- and ~eat lllterchangeonvolu+11e basisof 

reactionary bulk are. widely lpplied, that largely. influences quality o( termination products, 

Jhe authors carried •. oufjob;nntedmology •• ofzeolites with ·us; on operations of Crystal-
·•,·. . .· .'·.: ·.:.. . ' --·· . . ' ·' . . . •',: ,_._. 

liza.tion Md IleutraJization string type pulsation reactors. The tests in. contjitiops of a pilot 
.;,-.. ·• .. · .. ·.··= .. ·.: ..... ·.· .. ·· .. · :.:· .. •• ·,·.-.. • .... ·.·.• .. ··. ·._:·, .. ·.·.·.•:/· .. :-- .... ·.··· .. :=.·.· ... •· .• ·.·.: ....... ·.·.•.·.·.· .. · ... ·.\··.:·.::-.<:· . .'.' .·.-. •· .. ·.· .. ·.•.·· ... · .. •.··.·-·: .. =···,_ .. ·.· .. ·•.·.· .. ···· .. ·•.·.. . .·.·•.· •. ·:-.. - ---.· .. ·.· .. · .. · .. =·'.. .····.:·:: .. ·. 

planthave shown their high performance.It has.allowed at making industrial technologies of 
·' 

productions nf zeolite suchas ·and. £of operations of crystallization and neutralization. of sus-

pension of zeolhe tb develop ahdio i11troduce pulsation string type·· reactors. 
·• ... · .· .. · ... · ... · ..... ·.· .. •·.·.· .. ·... • .. ·•·•····· . ·. · .. ·.... .· .. ·.. .. . . . . ·.·• · .. · •. · .. ·.. ·.·.· ·. .·.· .· .. · .......... ···.···•···· .. · ... · ... ··•·.·.·.·.· ... ·.· .. · . .. •.·.· •. . . .·· .. •·.·.··. 

In pulsc:ttion string type reactor being· a means ofthcoretical replacement, the reciproca-
,_, .... - _.' '-·.. •, ,·. 

tionof·hydrngel·.·.·on .. cµt •• is conv7rted.•in·.rot!tipn~, • and .•• the•sign••of ... rntadoll .•• ·o[a··rned.ium·•··on 
each nextplatt'! is opposite. Itpm111otes shaping of conditions ofits homogeneity on chemi1,;al 

composition.and temperatureinaH reactionary volume. The ho111ogeneity ofallledium onjt, 
:··-- _ _.·_, ·.:."•.:>:_.- ... _,, ... ..::: ;'-'_:·._;. -... :./':·'.. -·.:.:· ..... ·.. . -:;i_....:.... ;._.- .. , .... ," ' ·. ;,. -·._.-.·,, -.-., \ ... ' ..-.:·.:· ... ', ,_·_·-,_· __ :·,-:--,_:_-.c...,::• .. :,_ . ·. 

defin.ing arg11n1fr1ts of ccystaHi~tio;t of zeolites, causes also unifonn internal diffusive 

masstrMsfer,resutting. in tQ shaping bf chips,. r<lther cl()SC 
.,· ... , ' .. :: ': ,,,:, ·, , .. ,'. . i·.·····•.·.··.· .. · ..... · .• · .. ··.· ..... · .. ·· .. ·•: .. · .• · ... ··.· ..•... ···· .. · .... •··· .. ·.·•.•.· .... ·.····•··•.·•.· .. ·'·.···· .. ·.· .. ·.· .. ·.·.·.· ..... ···.····.· 

tents of fragl!lents frmn 1 up to 5 microns wilLincrease up to> as contrasted 
.'.·.•· .. i..•.··· ..•.... ····.•. ·_"_.·:·> ..• •··' .. •.·.··.···.··•.•.·.'· ... C··:·.·.• .•.. ---:·,,· 

czyst····.··.al.··.·.··.· ....•. • .. ·.·.·.1 .. iz.· .. ·.·.·.·.a.· ...• ·.·.· ..• ti·•.··· ......•. o .. n·.·· ... · ... ·····.··.• ... ·.•·· .... 1.'.· .. ·.n.·.·.·.·· ·•.a m.·.·.••·.· .. e.·.·.··.···a···.· .. · .. ··.n.· ...• ···. s·•.•.··.·.·•··.w·· ..... ······•·· .. i.·.··t.· •. ·.·.h .. · .. ··· .ru· .. ·· 1 .. a .. ··g···.·· ... ·.·.l.· •.•. t .. · .. ·•.a.· .... ·.··· .. t· .. o.•·•···l····•·.·.· .. · ... ··•.·· ... ·.. .··.•.·.·.·.· ..... ··.· .. · ... ··•.··.·.. .• .·•.· .. ·.·. ·.·· .. ·•··· .•... ···· 

The kinetics of ccystalHzationof0ze~litesisiimited by i~terrial diffusibn/;nd the i~tensity 
. .·.·.···.····.·.•······ .. ··.·•· •.·· ... · ..•.. ·.• .. ··.·• ·.·.• .. ·.·•··· .•.. · ... ·.···· .. ·•··.···.·· ... ·· ....... ······.·· · ...... · .. • .... · .. ·.•.·. ·.·.·.·· .. •.· .... ·· ..... ··.· .. ··· .. · .. ···.·.·.··· .. ·· .. ···.•·· .. ·.· .. · .·· .· .. ·.··•·.·.· .. ·.··• ... ·· ... ··.·.• .•.. ·•·.·.·· .·.··.·•.··.·•···.·.··. ·.·•·.·.· .. ·· .... ·.· ..•... ·.•.·.· .. ·.·.· .. ·.··.·•·····.··• 

of stirring renders. influence only on repre;sing ofinflu~nc~ internal diffrisive fattor,. close to 
. . . ' . . . . . ' ' . ' . . ' ' . ' . . ' . . . . 

non;adi~nt ... thetJ111p6tatt~fe schedt1le of' pul;ati()h crystallii;ti~ll r;sults also inabceleration 

of process ofniass tr®sferand propagation of chips Md, tllerehy, to a diminution of duration 
' ' . . . 

of process. The received outcomes have shown, that the time of crystaHization of zeolite can 

be reduced till 1,0-1.5 hours. 

The effect of homogenization mass- and heattransfer atccystallization of zeolites in a 

pulsation reactor revealed in the present job, allows to recommend it as the equipment, most 

applicable for accomplishment of master schedules of receiving of zeolites. 

The use conditions of zeolites as adsorbents, catalyzators or ionexcMgers require their 

express preparation after a stage of hydrothermal crystallization; separationof zeolite from 
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exub¢rruit alk~li an.d scrupbing actiqn. Asa rule, it is considered acceptable, ff the· hydrogen 

io~ el<fflnertt <>i~ aJ1n¢Rl1f ~~~i, ~f.zf~l!.l~~er ~is i~i\'.11;i,iJ 1Jri 11; tluti coite- .. 
sponds to percentage by weightNaOH 0,3-0.6g/L 

The m.ost•widespread.rn_ethod of separation of.zerilite from alkali is the.decantation, fil-
· · - - · · ;.· __ : .. __ .: ,_·:_---.-- __ ---_-_ ·-;--·-' _ __.,,::·-· ·:. _ __ -. <:_ .. __ -_ · :•:i . ._ :: . /_-_- __ - _. __ _ __ ::' _< _ _ .. __ <:·_ - . 

trating · and scrulJbing. /lCtion: The experience #ispl,,iys, .thatJor achievement of demancled 

completeness of scrubbing actioff it js ~ecessary Jo 11tiHize rather fair quantities of water: at 
.\'_:: _:_._--. _-- . ' :_--·,:_ : ·': :_ '• 

scrubbing action on the packe4. bed not less than6 .. 8 volumes is per unit mass ofzeoHte, at 

de~ti11tatio11 '10-12 •.. and m6re.· In o~tcon:1~ th~ n1aj6r volumes an illcalibo~ ~aste· C()de con-
-: '. ·-·. ·; ,., --.---. ·,, ._-. - . ; ./ ,: ',- ' . ,· -: -·;·,' " . -_- ' ·.-__ -_- _·_' · ___ . ' ' ,· •,. -_·--- _._ ·-. ,,,_' ,. ·--:' -,, . 

taini1g allltllinimri •·andsilicimri i11 the .. dilµted.kirid are.·· forined.··· .. The· professing Jnd s;ly~~ing .. 
of such····outlJt xeqtiires essentirtl. cipitil i~JJsthi;nt;;Inore e11~igy ·. consum~tioni ~d isJi:~l

ogidiiHy ll11Safe . 

.. The iutll8rs.liave .. ap~lied p11lsati~n· ?trin~with .. a.•clistributiy~ nozillto iealikatiob pf 
pro6~SS(>f J:~traiii~ti()tl ··of.~uspenlion•··1r.z~()lite····sucll··•as····~~d•·11J~ .• ~:ses. corit~iJirig. rii()xiJ; ... ;f 

- .- •. -.--,., -... -,_._.,' ---·,,.·. ', -,· . ,_ 

carbon .. ih~•iiss;ge•·11;0Gg1i·s~spe~~i~~•·of ·fl~e···.·gases.containi;g .. •·10.% ab~~;·.~v~· e~tibli~hed, 
,. ·, '. . '.' "·•. ',,,_•·_ .. -, -· ·-· ·- '. '. •·' " ->-,-· ' -, . ·- '" ' .. ". -..... . ,,, '.,• .·'. .._, .,_,,--.. -- .. ·--··- . :-·--· . .. - . ··-·i, -.,- ,·' "· ,' •'·" : . . , 

that. iC92, ·is .. not· acc~fu~aJied by alittl; 11otiGeable ·e;oth~rmi~ effebt, inoutc~~le pl-Iw<1s re~ 

. du~~du; t(Jii'o .2:1·.1.o:···•Fof .de0;1oph~ent ·.of irid11;trial tf~tlllbl6~y. ·this.···alt6~ative.·.as .• rri6st· eco
no~icaliy> f a~orirJb1~· anilsi111t,lif);ing>·i~stfilrng11t/decor. of<the .Site . of• Ileµtrillization· was 

elerited. .. ' . 

1'h6;coriii1~i()fth~ c;rried out explorati~nsl1as allO\\Tedtoicr(;ate Onshebekinri .. chen,i
· cal· fact6fy .·the.plant On ·pr()duttion. ofze6lit¢•·•NaA··.•-·.cornpon~11t.s;rithetic .• ·deterge~ts, .starl-up 
a11cii~ssifuifati<J~ by Whicl1one 11a~e c~~fihridd sei;idea6iih; ()f ptils'1ti6n 111ea11ses, The1ie\V 
production f~chtlology ()f~eolite Na.A differs by the· i4duced spepific cbnsurnption of materi

als, diminution energy and expenditures of la.hour,·· possihility.·of orgap.ization ·ofa continuous 

proce;s, .• sh.fil1J inten~ifi~ation ofthe)basi~ is~ages•.iof. p;ocess.\She pr~yiqes. receiying zeo\ite 

NaA.,· pro;6rty: havin& •.• a complex indispe~s~ble Jor use.· itin quality··a component of deter- · 
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Institute of Chemical Physics,. Russign A~pde112y ofSrience1Moscow) 17 334, Russia, 
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The investigation of chaotic reaction rate oscillations can provide additional information 
. . ·. ,. •_;,-,, ·. ,·. . ' ' ' -· 

about· ... the·. reaction ... wecwiifn1 .. 'f he·. identificatiqn. pf .thF···tnlllSition .. ff91I1 ... ry.gttlar•·to .•chaotic ·.·os
cillations. is one of the most significant Jlroblems in this Jield. Wllile aU three .well-known 

routes to chaos were successfully detected inthehomegeneous catalytic Belousov-Zliabotin

·· skii .reaction, it·is moredifficult.to observe andexaminethetra11sitionto chaos in heterogene-

ous catalytic syster11s, The main reason is. the <!rift of the catalyst activity w-I-1ich makes it 

difficult••tO follow ilildanaljrse theJJhenofoen.6n .tfuambigu6tisly: Anothetfeci.s6ncoulct be the 

very.•small .region of.experimental para:meters···in whichthetrarisitiqn.to •·chaoiicibehaviour .can 

take place. The. first .. cind upto. imw .. theorily identification of ;itransition t{) cliaos via period . 

doublings .· has .b¢e11\demo.11strated.·· fox .••.• kinetic.··••oscillatioris .• in •··the .• · .. catal.ytic· .• c() ·.•.oxidation ·on a 

well-:d.efined Pt( 110) surface under UHV .conditions [l]. The present \\fork is devoted to the 
. . : : ,·. ·._·-: ·:• . ·:·.·-- . . ' --.·_._. : . 

study of the transition to ch;los during CQpxid.ationon a supported Pd catalyst at atmospheric 

pressure. 

Experim~ntal Results;,tnd.•Discussion 

The dynamic ~ehav~pur of the system has. been studiedjna contitmous. flow glass reactor 

under conditio.ns of good mixing. The·catalyst was applied under shallow bed con4itions on a 

glass fi:itinthereactor. The reaction mixture was fed intothe reactor with a flow.rate of 150 

cm3/min, The outlet CO, CO2 concentrations were measured by IR analyserURAS lOE. The 

data obtained forCO, COi concentrations and catalysttemperatrire were digitised with a sam

pling time Q.ls. 

The catalyst ·consisted of·.palladiuni dispersed· within.•··the cavities of aFaujasite·.X.··type 

zeolite: The average· diameter ofthe Pd particles was J.O·mn>The Pd loading was .0.05 wt%. 

Details of the experimental procedure can be found in• reference 2. 

Regular oscillations have been observed at 503 K inthe case of an oxidised catalyst, 

wheri the reaction mixture contained 0.3. voL% CO, 20 % of 02and N2 as a balance. The CO. 
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IN-1 
C011c't!htration played the. role o(a bifurcation parameter and increasinglycornplex os,cillatory 

behaviourJ1asbeen dytected .,,.,, ... ,,.,.,""' gfJhe §0 inlet conce11tratfofr · \\1th very 

.. small ·steps ·.(0.02-Q.04%). 

·I I·. 

0.4% 

l 
0.42% 

Fig~e 1. J11cr~sing <.:ornplexity oftlle rellctiop rate Qs'?illations \1/ithiricre~singCQ c:onc:e11tration .. 

Fig ... 1 · demonstrates • that the · system undergoes a sequence. of transitions from regulru- to 
. . . 

more comple~Jempon1l behavi9ur. Theregulflf oscillations destabilize at Ceo=:= 0.34%; When 

the periodicstate .seems to be randomly. disrupted by>short "burst'\ .It can he see11, tl1at· with 
·.. ' ' ' "- .. ,_' ----:- . - . . 

increasing CO concentration the. in;e~ulqr bu,rsts pecowe more and more freque11tu~til fully · 
deyelqped aperiqdic.·· behaviour. is eventually rea¢hed. at CO concentration equ.al to .0 .4 %;The 

calculations ofthe lru-gesfLyapuno:v exponent A by the Rosenstein methodforthe time series, 
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cortesponding·t00.4%COprotluce a va!ueAe=;0.08 bit/srThepositive:valueofl.indibates art' .. 
exponential diverge11ce • of nearby,trajectories·•onthe· attractor, which. is'thecmain Characteristic . 

ofcliaos.No sign:s of the torus destruction or the period d.oublirig. ¢an;be detected by visuaLin .. 

specti9n (jfthe time series,. presentedjn Figure l. This .sugg~sts·.•i11tenniitencYas• a candidate. 

for the roiiteJd chaos. Jheintenriittency sQenario is·•·chal'acterised bf the existence of regular 

(laminar) phases along the. eyolution of a. system variable, interrupted by bursts of irregular 

hehaviour. Figure 2 shQws Fourier 
. ' .. 

soec1:ra. cqrresponding to the time series, presented 

inFig.·.1. 

Figure 2. Fourier power spectra, corresponding to the time series, presented inFig. 1. 

Figure 2 shows that. during the transition from· regular to chaoti.c oscillations With in .. 

creasi11g the inlet CO concentration no ne\\7 peaks hppearin the spectrum.This is a.ii identifi-
. . . . . . ' . 

cation of. the transition to. t)'pe .I intermiHency .· chaos, during. \Vhich ·. the power spectrum 

changes continuously from a delta function to a broadened peak [3]. AH types of anint~rmit" 

tency route to chaos can also be distinquished by the analysis of a one-dimensional reduced 



IN;.1 
Poiricare map. The. mainchwacteristic ofan intennittencyJypeJ ro.t1te to c;ba9sis the tangent 

bifµrcationdµe t9 whjc;h tlie · $Ystem switches bac;k.. ag.g JQrth petweep.a\'ghost'' periodic orbjt•·. 
. . . . ' ' . ·- ' . '. . . . .. ' . 

and sudden l:>Ur$t$ ofc;haotic .behayiour. Tile retu,m tnap f qr Qljs CZl,Se. C~lbe. approxirnateg lJy 
a qti~draticJ19lyn()rn.Figure·3•ge111on$trat<;s~that.the.overall•sliapt\ofJhe··.•r~c;oll$truct.ed .• riext~ 

mi11ini~J11 ll1apfqrthe O .4 %.·.cp thµe se,ries .is alrno$tthe same• as .• tlie.JlleoreticaL mqdel map .. 

foctype J intermittency .. 

0.40%CO 

1.6 

1.4 

+ c:: z 1.2 
~ 

1.0 

2.0 

Figure 3. The nex,t minimum maps for thetime series OA%. 

The dashed line depicts the fitting polynom. 

Conclusions 

The intermittency I type route to chaos has been ldenti.fied in the case of the CO oxida- · 

tion. over a Pd zeolite catalyst by analysing the variation of the Fourier power spectra and the 

Poincare, section with the CO concentration. 
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Fig. 3. The local intensity of CO2 formation at the 9750 MCs 
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' The synchronization leads, first, to the decreasing· by. l,5-ttimes of the period ofOsciHa-
.. · '- .· ,· •', .·,,--

tions {Fig. 1 ), and second, to the appearing Ofspiralwavt!s over the ;whole'Sw-face (Figs. 2 and 

3).It .. shotildhe emphasized that this is exclusivelythe consequence ofoursimulation strategy 

· described•abqye. Iffromthe.ye;ry beginning··we.startedthe.simtilatfon.on the whole .. surfa9e 
•.. ·_·:·.· .. · .·.,·- .. :· ._, . . ·.-. _:-'c.-,. , .. · .. ·•·.· ·:· .::·.· .. ,- ,·,' -".·.·. : .• ... _..- ·.-- .... •·.·· ... ·.·· •··.· .. ·· ... •. · .. ·.- ..... · .. -.'-,'.·.··.--' .. ··.... . ·.. . ,' -

without.·boundaries betweeh different parts,•.we should. obtaintheiynchronous oscillations 
·.··.·.·.· .. • .. ·.· .. ·.· ...... ·.••·•··· ..... •.·.·· ·.•.·· .. ·•··.·· ... ·.·.··· .. · ...... ·· .. ·· ...•.... ••·.·.··•· ... · .. ·.· ..•.... ···:-..• ·.··•• .. ·.· .... ·.·.• .. .. .· .· ... ·· ... · .· ,' _,·,. ·:-_--.. ,·:., -. 

w.it. h. the .. sam·· ... ·.·.· .. · ... e···.·.··.••·.·. p .. ·.·.·e·r•···•.iod .. ·• .. • ... ··~ .•.... ·.·· .. 5.• ..... ·.0·•·.·.0·· .... •.•.····.M .... · ..... ·.C.· .. s ... ·.•·.···.a ... ·. c·,•··•·.·c ....•. ·o.·•.·.·.m.··•·· .. •.P .. ·.··.a.ru .... •· ... ·.e. d ...• ·w·i···.t.h. a.u .. to .. w ... · .c1ve·•···P.·•··· r.·•.··o ... · •. ·.·•c··• e.··. s. s•··e···••··s·••··•····•.···• .. ·•.Q.· .. t.v .. e.r. the.wh .. o.le.sur~ . . ,, .... ,' ,_'' ,·- .. · ' .•, ._._ '' .. '., '. ·,,· ',', . . . ,- ' -.. 

face (propagating Dads islands altering .by CO ads blocking). The spiral motion arises in our 
',' . •'. ,-,: ' ' ', _._._ ,,' 

model.from the ti1¾e ~hift in the periodbetw~en different partSof()scilfating .catalytic• surface 
· .. -. .-,.:'.-_·.___ . -_. -_-- ,•___ ·_--_-- ., ·. '_-:_. < __ : _-_---::-· ', :'. _._. -.· '.--. ,•, 

when ··.to·.·the m:ment~f·thecom~uni•cation.·.·vi•a.•COadsdiffusion···the .. •.n•eigh.~oring···•sections•···have. 

differing con,1positio11 ofthe adsorbed ·layer. The co Hiding. oxygeri isl@ds .propagating .. from 

one section tQ ar1oiherf6rm th; s~fral waves.onthesurface . 

. The shape6fthe~piral wfivesjs·representedin Figs.2 and•3.The1ocal·distril1iition of the 
. . . 

intensity• of CO:{ formation is depi~ted in···these!igures {the\rate•.interisity is ·teflected ·by the 
. ·.· .. ·.· ··· ... ··... ·.·.···.·.·.·.·•··· .... · .. ··•···.· .... · .. · ... · ..... ···.·.···•···.·.· ...•.... ···.· .... ···.· ... · ..... · ... ··•.· ... ·· ... ••.···.·.· .. ··.·· .. ·· .. ·· ....... ···.· .. ·.··· .. ··. .·.· .. · .•. · .. ·.·.··· ·.· ... ·.· .. ·.· .. ·· ... ·.···• .. ···.•· .· .. ·.• ... · ... · ... ·.···.·.• .... ··. 

greyscale), •but.it coulg .iJnrJ.gi11e the co111positio~ oftlle ~qsorbedlayer corr~sponding to. these 
.: ---:.--... _-_-·· .-,-., . _ _. ___ -- ._· .. _ .. · ... -;· -· .. :.:-.' .. _·., ·:_ ·_- -- . .-· .. :_-

figures.The Cf)2 formation rate is minim.al within· the. COaa.~ adlayer/itis intermediate within 

0 ads adlayer, and the l11axin1afintensity of CO2 production exists rightin the ··«reaction zone» •. -
. :, .. ·- __ .' -.:-- ; '• .· ., ' . ' ' ... _·_-, 

on the• boundaries of the propagating .oxygen islani;is •.where the·••local co1wenJratio11 of· •. the/free 

existence· of «reaction zone»wasfound ~xperfrnenta11y 
: '. _:····. ·---:-· :·· .·-::·-·"i· ' . .-._.:_·_.-:·_: .. _ . .":···-:-. -,_.. : --.- . . ·-:- ... ',• 

(field ion probe-hole rriicroscnpytechnique with 5 A resolution) in{ 5]. · 
. -· . . 

In this wo.rk a c9rnparison of nori~Hnear phenomena. i11 CO oxidation. on 
,·,: .. -.,,· _ ..... ------- .·." -.. ,-_ .. ,' .. -: . ' '· _-. ' .-: : . 

surface ·•and severaljndependent ~arts of Pd(llO)surface coupled by Co adsdiffusion has. been 

. ·presented in attempttdbridgethe gap betwee11single crystals and supported metals.· 
·•· ·.·. . .. · •. ·.··.·.···••···· .. ·· ..... · .•... ·.·.· ... · .. · .. ··.•;_·• .. ··.···•··.····.·.·.· .... ·· .. · .. · .. ·· .. ·· ··.··.····· .. ·.·.·.·.· ... ·.· .. ·.•··.··.···· ... ···.·•.··.·· ... ··· .. · .. ··.·• 

· The••.·presen~tion wilLhe accorµp,mied by.the .. experi111e11tal·.and .. computer movies illus-
.. . . .- -· .. 

trating.the non-linear dynainics.dn the catalytic surfaces. 
. .. - . , . . 
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LOW-TEMPERAitJRt Rtl)IJCTIONbF Pci-bOPtD 'fRANSITION 
OXIDES SURFAQKWITHHYDROGEN 

Eft~ctive µydi-ogen •. abs()rbers, openi#ng under .. va,cuurn and low-te111peratµreicon<litions, 

are necessaryjn cryogenic technc)logy .. 1\t1ainly systems using Ag/Pd. orPrpxides'are•· ~µg-
. '• " . ' ' ' ' . . . ' ' . 

gestedas such getters.Jhe use oftrahsitionmetal pxidesis promising for the$e pµrpoSes. Tne 
maininteresrto the metal Oxided9pirigwith noble.·.metaLis due to its effection·a,Ctivity··•·@d 

selec:tivityjnhete~-pgeneous.catajytic reaction. 

In.tht.pres~ntipaperthe•··e:fect····of•Pd·has·beeli···show.n over.a•.•numb~r·•···oftra11sition·.metal 

oxidesin·.hydrogenreduction in the temperature range of77--J30· K.Hydrogen·absorption·was 

studied i11. a smticvacuµm appar1ttus fromthe pressute 4rop n1.1 knownvolllille with rem.oval 

oftherea¢tim1product(H20)byfi~zing·.~·trapat77I<2; 

'fhefole .pf Pd has ~eelliriv~stigated •. with.te:s.P¢ct.tothe. oxi4es char.1cteri~ed by weak.··and 

rathe:f >strong•··.oxygeI1-l~ttice ... bond·1:11ik:e.1VloQ3, WO:,, .CriQ3, F e203, CuQ, V2()s,••Mn02 have 
,. . -· ·. "··:· ' ... _ ...... ,-, ".,_.,_.. __ ,-.:· .. :· :_,_' .,:,-· ' .. ::- ' . ..-, ·,_: ·.:-:-· :·. . . ,· _._-· .. _-."_,:' :- ·-·.·, 

hten.phos¢n.·•··Pilie·()Xides,•• Feio; aricl .Cr2.03,CIJID1l1ence. getting· reduced at•·•4 70K, 1\11003, W03 

As follows .from Table 1/pr:omotiou of o.3~0.5 Wt,% J>dresults in• the 

9xides initial }lydrogen reduction temperature plumrneting 'by hundreds degrees,•. an.d they be~ 
•· _·• :•.-< ', •• •,,·,:, • .. _• •,• . ... . ,·.'•,•:: ,_•,_.• ,· ;••:•,· _:_• '. -.· -,-.•,,', ·•, C •• '.. ' • o • •• 

came capable to reactwithhydrogen at.temperatures 293 K(Table 1), intro<!uction of0.5.wt. 
·: :· :":\·-:_.,.· ---·,:_.·-_:-,:,_:_-.\·-::.··:: __ -:_., ._..·:.·<·-·:' _ _.::.i:··.- ·_ -·::__·\··· 

% Pdl¢a~sto .• growofcapacity inl5-100time. 

The stilte of Pd on the surface ofC0304.has been.investigatedby X'-ray pllofoelectron 

Spectroscopy {XPS)•.· lechniqu.e and• electron midroscopffo conjunction·· withan ·energy-
< ' ·________ • ". --:. ' ·: • ' ·-_ ' •• •••• ',• -_ • ',-_., • •• ' .' •• • •• ••••• ••• '-:-•• •• • 

dispersive spectrosqopy'.Pd• on the surface ofthe oxides .has.· beeri found .to be uniformly dis:. 
. . ' ' ' . '', . . 

tributed .as dµsters no Jarg~r th@ 40 A. in siz~. · .. Using X.PS techniqu.eithas been shovm, that 

itiitialstate·ofthe '.Pd.isPd02·(binding·energy 337'4·.•ev}. Updn·. exposuret6· Jiydrogen the 

binding e,iergy fof J>d)(3d sri) is 335~7 eV, which is higher than thatf or the metallic Pd but 

lower tharrthatfor Pd"h. Ori the data obtained the. conclusioil 1s··drawri that· cafalyti~~lly active 

form··is .an oxide·clustefincorpqratirig partiallyfeduced Pd:chemica.Uy bonded·to\the··oxide. 

During .the initial interaction of Pd-doped .oxides and llydrogeri .a partial reductfon.·of Pd oc:. 
curs.Jn.thisformanoxidePdclustern1akesacat.1lyst:Measurem.entsofthereductio11rates.of 

oxides containing oxidised or reduced Pd dusters bears out the conclusion. Hydrogenadsorp--
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qufr;d fo.iJputthe ele~ertts•ofthe rna,tri;f~;a)tor the sttid;~g of st~~ilitt of :~to110111ous 

system stationarysolutions.·· .. 
'- -,-:; ___ .,::c:·.-.-:·-'· -_·;-•_',:.,· ::. -. .'.;. -· . _•:· . 
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·Irttf~d~aiori. 1~y~.~#iiio11!~f:r~l~~ti9n}@<l>1~a}it1c••·9scill~ti~11s/ir1.J.lift"¢r.enf\.~a@r#c 
· .·Sy~te~~'.·~~•··~~.~~·••·µe~el()I>¢d•··•"ery}~pfajY 4~~Ct~be#t•••·Y~.~··.••t),gJ~ 8Ji..r~11~~ ;~ 41t~r.~~t:i#. · 
.. · relaj{atio11 (>itilfatio11s [3] arC>Ste fro111 the intr64ilctiori *rid :t.i~e ~fNon.-~tatidafa' Ah~i~is. j~ .. 

:·tlie\studf··•Jfsiiig11Ia(·p~r.tu.rkations··a~d·.•··irii;plie4·p~obleI11s .•. A·inaj()r:¢1~1rf'~b'..rmruf.f6{Non-.•·· · 
. :s~dfu-d l\halysif is ,ful dis¢ovefy' bfa.·new .. ~hJrtofue#9ri<}~' r~ltlXitiJn·. ()~~ilJatjoris·•. \1/hith.•.·a 

~ ·.~:, 

· ..• g,;oµp()t~en¢h inatheiµatici~~ h~ve ~~11Ja .~·(~;Cajla,:ds~' ()}'\'J)uf~s'.'. :·•··· >···•·• .·.·• .• 

.•.•. I~)purp~per.the E~el,),~h·l).11c~s wiUJ,efoJ:iaseci ili.i◊ti;••Srilie)nathel'l{#ti¢hl;~ilio'1¢ls ~fh~- . 
· .. ··••.¢iH~t~ghet¢r()g~ri~QUS c~talyticCs§st~ni ... Tf\tf~b~~tiie11iijf.clia&tiri'~~ha\'i()t·~fi~el\~tethgei'..:·· .... · ... •· 

',. ' 

·• ·. tbi.rilo$t.imprirtflllt.prowtiesiQf}he/fletermiµi~tic/¢hapsCis•l'~••s¢h;.itive•'.de~pdin~e·•~,4ii~ial · 
··conditit>hsI·'•f •<··: \ ·.•· 

.· .• , ::: .iet·•us;eol1Si4er.ftpe·•.•.•;~chatiistn. .gfJhe\lieteroge11eoJ .• re~ctioJ1rlifi~ydtogeµ.oxidatior1••~n·•··· ·· 
·. me;llicc~~ajysts[S,~]; .• · .. ·•·. > .·•· .. ·.·.· ... ·•·· ·.·· ...... •.·. ·.· ... ·.· .... ••···.·•. ·~ ·' ··•····· .. •··.·'.· .• ·. 

··.• .. · .. th +2I~e] ~ 2[H Me] 

' . < 0~ +2Ttiii~].:J 2i6 M~t 
"·/f[l-IM~j +1o·M(!1 

... Hif.Tg~l'.f'~ilf~i!, < < ,.··. 

[Mev] +IHMel H'IMevHf+tMer>··· .· 
lMev]+[OMel~TMevO]tIMel .· · 

Here [Me]at1d [Mev] are avacantactive site on the ~atalyst.~surfafe .an1 an.at;~ in pie 
. sµbstrrfa~ 1ayer, te~pectively,[H Nie],. [O Me] .and [Mev fl], [Mev O] ~e'hylk6g~~ aka,~J~ 
. gen ·at{jIIls adsqi-b~a op !4~ sur(ace ancl di;·;<>lv~ iritci\t~ ~utJiurf~el~;~r ;rw~ .Ja~yst, W.e 

,:.\·~·!' ,._.._.·f::"·_'·:·<·i('.'.:\:·:'.}': >.:·. :<< .. > ·:,···.:::·: >·, .\':' .. ' '·_,,., ·.-) .. ·:.:".:'/i:•/:,.: ;::,:::,:\.:"' ... : .. ,: ·:·<;;.-·:-;.,::·::::·:·::.·.;::_>:;:;:::·: ::::-::- ... :_,,.}.: ·:>:_ .->·: <<>-.-;,.:.._ .. _..':.:·_:::,.-::.._·:.::_: :"·:~- ·;_-·-':,:-:) _:_;" _ _: ,_-:_.- :;>_;". :> --:?: :···i: :·:·:·- . 
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.•. ·.·•••·•.··/t!!!f W !t?l~I~tfhl~~lf ti~rti~~~rii~~~;;;;:~t .... ······• ·. 
•·· .. ···•• of @:'.pi-4~<1iffyr~~#~{eciti~~~a~i,pfJ§~li~~gt11i·~.~11J~,tr~~~1is~~ijyc1t~geh.;iii4·.s~9~~·~4~:•·•·····•·. 

· ... ~~e g~ ~h~X1s:~4 xt): 

•·.··· ......... ·i.1 •.• 4["1;:5(;II:.:x2).2·•+11}; .. ,·tr¢f~(~)'.\;2x;j';J{i~f·•··;·••·: 

····;· .. ; .. ·.•··•4J~,,:~ ___ ~,ri2~~<J ... 7;J.+ ,~2>f.t k~d~i1,+~60.;:~~•·••• 
... , ... ·•.Mqi~y~rf,MitM~i¢()µ~taijt,~:~vth¢·'3f4,$J.di4$}).,${¢p,siµ"~;~/o'tI.p~~ .. •xJ• 

.. ·. ··•1.,;i,{~3(~)~{{3~·.&~f>·iJLj~::ijf+i~~g\~iH-,:µ34-:~)~}··j,;.~(JX)E#l<4~.~~p:(M,Ji(~i-i.i~S;X~,-h.~~~,f )., • 
. ·.·.·~ij~re'~~;~~~/¢#{2~30;)~~t~f! j,ti~ttv~\'an4 •11.tit-~¢;•t¢i1 t1~~iit,iµt#.it11~ti·~~'.gr:a.~¢11ij}·.···•·•,•··•·••• · .. 

· .'~=t,,~;:~=l,seYefa!.,1e41lC~,~~~1s~in~~~4~ 
.. an,t tli~ajjcal s~ii~~ of:the: c~ytic.·•iysi~111\l~i~f ah(l <~CMliilriti~s beirtg b{higtriMt,or~ / •.•.. · ·.·· • :Wltf i'lt~~ofJ}iXitl,;\t~tig,/~~,sili'l\~,~ni,tic;&!~ .·. · 

'·,(' . ,.,_-: 

·-: -~r•::·::,_-.··-·._·_ :-.< :·-.-.. _-, __ -.. ·== .. 

·•. ,, ~ = .¢J;i(i;,:y~i) ; ·•. 

~ ~~~····· 
~-·. . 

· µx':=f(x,y), . 
_:_.~:_/i)-\.{'.~_:;..·;:}ff\.{_{~:>),:: .. ,: _·,,;.:•'-':: ::·: . 

.. wi,ththe p~ete(~, 
. ''. , .. :< '•'\~{<:::){)i:·\('.\\.'·'·,,:-.:-'•' •' a··-•·;.; ., · ' · / ..... · :.:,,:. ·/: • · 

(4) 

zc= .· 0. 4452JJ!2!.77J and w.~ ... shalt give ~ ~yn:iptotic e:,c_p?UsfonJor tlt~ trajectories Jllat 11m · 
. ·:<-,S·;_:.< .. ;·.\ ii(:._:·:~::::-··.: .. _'... .. -:-··::· ... <·-· :•? . .\'.(/ \ .... /~ -i·: ;_:.·, '.' .. ,'.:\'::~t :-_· .. _·:.:·\/: ,:. __ .... · ·:::,·.)<~}! '.: ........ __ ,::- :· .>·.-i; -:.·-.,-,.--<.','.: .. :· ~/r·/:'.)Jf\ :;:j1)''.;~t('-)?,i . .");·<-}::_:_:.;· .. ~-~ ... :> .. _< )>;_~: .. /(-., _.::; .:·/,-~ .. 
alo,tig th~ stable. and unstable manifolds, It turns out ihat there are two breeds of canards. · 
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Figure 2. Phase-portrait of the chaotic behavior in the system (3). 
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The.noit--linear· prOcesses were .•. followed hoth··.·by. gas·. phaseanalysis (MS) and. surface 

<U1alysis.Fast XPS .. experimentsusingthe synchrotron'facilitie~acrriegte.were ·used to n1eas

ure the nature and concentration of the relevant species oUthe surface during non:.Jinear proc

esses ion Ir,· Rh.and, very recently, on··Pt surfaces. This part of the project was done ·in 

collaboration with A.Baraldi,S.Lizzit and M.Kiskinova (Trieste). 

· In addition to experimental studies using various techniques, mathematical modeling 

have .been applied to elucidate the mec11anisms of the non-linear processes. Up to 1ww the 

non'.'linear prncet.ses. have been studied on Pt(l 00), various single crystal surfaces of Rh and 

Ir, Ru(OOOl), supported Pt-ceria catalysts and,in addition, ·on Rh,Ir, Pt and Pd field emitters. 

In the present lecture the emphasis will be on: 

a) the spiitiotemporal pattern formation observed with almost atomic resolution by field 

electron and ion microscopy (FEM and FIM); 

b) the differences observed in non-linear behaviour on Rh, Ir and Pt surfaces, differences 

in experimentalconditions at which rate synchronized oscillations occur, differences 

in oscillations in selectivity (N2, NH3 and N20) and; 

c) in particular, the differences in mechanisms, which have come to light directly as a re

sult of studying this non-linearbehaviour. 
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PROCESSES IN CHEMICAL REACTORS 





Ii~~ ~#!i~J¾t~~~:tJ;i~.,:~~~~~~;f{i\: 
· .. ··.··•··•·•,si~tf(rio~.~o}la.wWr~;:,t1H~~t:lt~,·qij~~;,a~.~ifJJit·i1lt.~i,J¥J:~t/,w,l1ff~~klf;~•:1J~sj~pi.:i·.······· 

·.··\·•·· .... ·.<•r:.:::/1~1 tl~,r~~#i.#)!6/iktgq@f.q d!t;t·cn.~~;iifiiAr:~1,~~t\li~Mfi/~~1.~!; f ;,i.,i :'s ·. 

#;tmJ~~:,11::rt1mf f 1itijii,:&~~i~ < 

.. ·JJ~l~ltlJl:Jttf:i, ~ib~f ~rir~itl!!· . 
• , .. ~orl{ 011iHhesapproacl}~SJ()'t1it·~iiajitJti✓¢lfes¢ii~tW11 •~rfa~ia•~&~talli~ti~ij.f••·· 

· .... ;.-rtir~tt£~~r~,mi11~!i"lt~1~t~ 
~}~t:~:¼tillJt:11tl~~liffl~!litl:i~~tfie41i 

••.•• · ···th:.:~rqp~rtif~:8f ~¥ 't,p;d~llffi {~j.};>~k:(xJ.•tJ~.•f •P~~/~t'·.·~p•··•{~ii;;;.,~;•.J~ ·~~:n.~~~i,.9f .. 
,i I.•;..;; " • •,,;•.•: •.'. •••••. • .•q.";' •'. 

' Bi~ii~:sti11rwt1ti~1~t~·.f~~~ti!~.~9~~~1rfJb~ .. {f411;t~i1:x{)J1ime ~\;tipi~t,;.~· •.. 1~ Jh~. · . 
. ·•nuni~~r•.()ri>erriian~~tiyVarying•~tateJ>#ama.ers··un<1er~8})pt~i~ti<>#.•.·,;·:.:,1•, •••.•••. 

. ·••.\Vitllout ·~p;io,!·1in:lifatiofu;.··it . .shoµlcl b~,tie\1··.that··.·;J,~J1~· tan,.:With\a .• yertain',pi~b~bir 
·. ity, pasi troni'fuly on~ state to :atl; otl)~r.s~~-·•11i¢J i .... , .. 

. ,:.r. ,, ..... 

. ··•-~· ~tat[a;,~•-lo!;IiJ,~k ~--·)}+q.(x,'.;a, ... 
·. ~ . . . .. 

. ·(··1··, ...... i 
.' ·- ._-.,:·· 

. wh~rlG11 is the rate pf'the )(j parameter chknge, 0]2 is 'fu~ flii~tuati6n coeffi~ie11t(Q~( Xj;~) is 

· .ffie•••Piti·~rifu~•·muiJrdiili~tiddJ:rifuti~1&~·•·.6r.·:Ji1d·t1J1J::hlibthefil<liia·~r•paii1i1;;~w1iliiri.ie ·. · . . .. ::!~iJ~~~~t~~,,~~,a:f ii;sifli' iife\i'fil&r~ if~lf~ at til~foW~ .. 



,_, _ ....... _,: __ ._. ._----_,· -_-'_;· ·:-:. . -: . ·.·.; ------- '_ .. - .. 

the kinetic order of nucleation, 1:: is the volume fraction occupied by the medium, Li= 0 at 

C <C:oo and Li= 1 ~t C >Coo, No is the number of foreign moJecules that can serve a,s n~lei, Wk 

.is.the nucleation rate for particles ofkiqd k. . · . . . . . 

Relations (1)~4) should be .supplemented with equations describing th~ variations of {uA . 
: <·;==-- - >,<<::·---.: __ ::<_·::::_?\'> .. :::·:",- :_,·._ --:_---_., -:---:- :::_·-::::--·,~: .. _ _. ___ :-_-,,.,.-.. :-:__ ,·.;>\:·-:/:_'.-- :r_:r:'> __ ,_ -_··>:-'- ·. __ - _-:::::- --·:·,'·_\,· , .. _ :_ . _ _._:·_-- - --: :·_,.._- --: .:_ .- -:·- - -. -: _. .. ,_.--.: ___ :- - .-_, __ , __ -_- .· _______ .. 

( conceutration C~ temperature 1~, and Vt;i}opity V ) and the intensities of external fields. For 

concentration, we have 

. · r crv ·J 
7 C'°e~kT{f}1~) 

where cr is the average surface energy, Vo is the molecular volume, k is the Boltzmann con

stant~ and l{is 'the Tolman length. The growth rate, and the fluctuation coefficient for the size 
.. _ ,', -·-. 

ofapartide can bewritten in tlieforin 
3{ -,- ... ·12 

"'""·· 12•; V0q Gi1 - "~-·-.-.... ·•.· .··--,--., 
1 +6l2 ~/(q/f)2 

f .= fo[(q/91) - IJ 
... .. : , .. ,.' - . ' . . . . . .-:~.----.-:. 

3/~~~t 40 ~nd fo .~~ !he p\1~~9tyri~tiC. rntes oftyvo-tjip1et:1siot1{ll µµpleation and,.J.ateral. I.ayer 
propagati~n, m1. isthe·ki~etic9rder oft~o-dil11ensional· nu9leation. 

_.: . .>'_::<<;- :_::,' --:·:-.-:·:> .. ·_·_ ,_c-··-,:":'<: : ":•,:_ ... -.--: _______ ,.i:-_<· '. _:: :·' . . ;}\>: ' ·\.:'. ·::'·;·_··,/' _:_,:/·:_:'.·- . :i;.::.- . .::··/__::-,' ·,:::·:··--': 

The G11 andG12 ofaggregates and Qk(Xj,Uj) are given. b}' th,y.freque)1c>7ofp~tr.c9llisions .. 

By solving ~quations (1 )--(7), we find, that, if crystallization occurs in a homogeneous 
. ' .,_·_ . . ·-:_·._ ·, 

suspension, only one solid phase isformed, aggre?ates are loose ~not1.gh forthe cfystalHtes to 
1/3 . · . •·· . .. .. • . . ·. • .. ···. · 

grow further, and(q!f) >> 1 at all lj then, after a 95% decrease in supersaturation, the aver-

age crystallite size is 
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The•·•iliathematical modelidesc;ribingthis tecbri()logical process .inyol ves tlleiincdnipressi-
- ·:- ',_-:_:·-·_/·-,-__ i..:.i·-· .. · .,.'·, -.\_--:,--.. -_,-:' ',\/:'-· .. _-·.::.·:-·:/:···. '<-: _.--__ ----.'<·-·_":-::-_:_·-_-:_,_;.·:··: -_;·-·,._.,'_;' -------<: :·· i.:_.·_,·:_ .· -\"::: 

ble Navier .. Stokes.····equations for the·sµspeilsion.flow···.as wen· as C{l!l½entratfon traµspQrt .ind 

depositionJ[!w,So,.iLis·.necessaryto·•·CQllSid.erjnJhe.·corijugatefonnufationthe••·.$troI;1glycqu-
·.-·:, ·-.·.· .. · .. · .. • .... ··.···.·.•.··.... ····.··. . · ... ·.· .. ··.· .. · ... ·····.·._: .. · .. ·.· ... ·.· ... ·.··.·.•.·· ...... · .... ·.•·.··.··.·.·.·_-,, · ... ·.·.• .. · .. •·.·•.-... ·.· .. ··· ··.· .... ···.···.····. ---,:· ... -·· ... ·.· .. · .. ··.· .. ·•·.·.·.· .. ·.· .. •·.··· .. · ... ----.· .... :: ... : .. ···. :-.. · ... -----.· .. ··.• .. . 

·pledprocessin: the suspension·fiow; solid walls oftl1e•reactor.ofco111plicated fornJ; .incrµsta-

tions depositing· on the internal surfaces • 
. _.,_ .::_· ._:,-. . .'-,-, _.-__ ,_-. '· '._-__ . 

MathematfoafmJd~Lfhemathem.1ticafmod;fdescribingthis·technolog;kal·process•·in-
. . . 

volves the incompressible Navier-Stokes equations for the suspension flow as well as con-
·.'. . '.' ·,_ .··,::·.··_ :···_,_.- -. ' -_ : _-_ ; _.- :·_" 

cenfration transport and deposiiioh la'w; so: it is riecess,~Y to consider in the conjugate 

fomfolation th.e···strongly·co11pled proc¢sSin:· the·SuspeiisfoiifloW; sblid\vallsbfthe··react6r of 
Complicated forn1;incrustatiOnSdepositing on tlle'ihternal§urfaces··and11.eaving phrousmedia 

properties. 

· Heat&· Mass•··•Transfer.The processes of convective mass trarisfeiareconsideted here 

in the .framew.ork qfthe followingassumption.s. Analysis of cop:jµgate h~at and m~s.transfi::r 

is. conducteddn2D formulation· onithe pasis ·.·of riimensionless .in,con:i.pre$$ible Nayier-Stokes 

equations coupled. with equations ofconvectivet.ranspgrt .for temperature. @d. cpn~entration: 

or+ t~ + 1t:,) = :;;[f (t~~~ t dxJ0t: J]~l} ~ 
;;;it1+~1tlfe(¾i{Ht)+.:X,hfJF:c, -f~e.-1,x, C2J 

"~#+ o(~:) + o (:;::~)=R:r~[Jx,(,t:)+a';,{x:t)]+Qe C3l 

t + t~ + 1~;) = R}s;{g;;(i!;~)+ /x1(1J:~ J]+ qc C4l 
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where fisthe time, XJ,Xr Cartesian coordinates,y J,V]•" vel()city components,µ - (jy11aniic.vis ... 

. ·,. . . '' ' ·.,·,. ,· :- '·,"- .· .... ·, -,-,_, ·:., -::,_ >-- ,'. ''.''.',. ,,,_ •, -"'',·;.·,. '_,' ,'.,;, ·.·,--• : . ·--•,;,_ ·: ·, ·_,.-:: ·., -~- ,.• ,:;.::~·-::,;: ·, .. ' .-, ',','·· . : ·-·:-- -- __ .. : ' ·: " _. '_., ,,;_,' .,.;~: ', . '· >·' ','., .- ' \ 

heatconductiVity,.JJ·.- diffµsivity Cp--heatc&pacity atJixe<i prt;ssur~, Qe and·.qc~ .•.. ~ource.s. of 

heJt ····~cl·rtl~ss ....... ~ete······J?t••i;,.,}c ... ~ .•.•. R.e;nrildt /piandtl·•·.•.·J1iJ•••···s6hriridt·•··~~b~rf ·•iies~~ctiv~ly' 
~-'i\:_:·::.-- .'.:/_:.··_:: __ --·:_:.·: .. ----;:·-<_·-::_:~--:: :. /':_-:·•, ', .. :\ . _::-::i.::->·-: .·_ ·::'-'.,:_'-"-:_. · .. -:_ .. _-_· ·:i<--:".>.i_.~- '.~;-/:,---..--::. /(·:· .\ __ ·. i:_,_.._,, __ ::,-_: ' ' '::'\:.·. -_ ::\>,·' ___ -,'.- .-''.:::i'::_·:::·, .:-···;:··<:·i:' ·_:-· -_•.:·-·.·t >-:·:, '·.:-:.':i:/·: ,"- _: .. ··_,·, __ ._-_.i:·: _.· :'-:·.:'. 

whereasJtdditionalteJ:'lllsigmome11tumequation;,(1},(2)•.describing.hydroclynamicaldragare 

iij~9du¢fd.;.pra~iJo i()µ~iru%t1i~~gg~11~9h~ cJi±1p11tati011i1 aj~oiitl~f orC6lllple~ dom:ins 

usi11g th!poro~s£odrjno~~l .. ··•·····••·i.·· ., ......... ·.· ... •·· ..... \ ......... ·.·•······••···· . 

. :Model ·growth.·The .... pro()ess.of deposition involvesJhi 111ec:.h~islll·t>f'layer-by-layer 
growth With2~dhneri;iorn1I mici1eation. NucleationrJte clepe~den6e. ispropo1tiona1· tothe . 

:- ·-:-:. ,·' -.. · ,_-.:. ·" ·-,:·· ',_--_' '_:_-. 

pow.er of ·1oc£tofersaturaion andjtsdeperide1foy· oh hwerse.· temperature· is exphhential. The 

shape•··of th()l10Ciystals changes beJ~use ofn1kterial·depolition·•·•on their surface, \Vhithis de~ 
·., ·." ,_- ' ·-.-· . -.-· . ·, ,· .. · -... · 

sctibedbYthe•.fu~ss· •. now•density.17rieproblem·•·i~co11siderecFinanelen1ent··(itperiodic 
· tureiincludinghalfa oftwo.11eigh~or.domain: 

:· ,.,-_,.' ',·. ,•,. ."-·,-.',,' .. __ .-... , .... 

acteristicallyilt1.Cl¢atior1rate .• am:i•.tangenJia.lccystaJ·•growthrate;· .... m·.;.C.••¾.ineticaLp:i:-derof·nudea,, 
_.·.· .. , ·_:, .. :· '","', . ,_,.,-_:.'·-·· ' ·,·-, ,', , __ ·_-, : ··.,- ·-:·· ... -... :··,:_.· ,' '.' . ''· ... ,---.:':· ;,. . .-. '", ..... ,_·;"· ,-·.-· .. •-.-·" ,'·::·--··_-, _: : ','-."·, _., -_--._··-:::- ,_ .. , .. '. ·.-- :.'>' " ... 

tion, Ut, UJ.energies ofactivationarid gfowth,Jocalsolubilityinthe.curved site·ofthefacetis ·. 

gi.Yenit,y .. :C8 =C"'·ex.p[(cr.·•·•YoK)/(k0)],whei-e1~•-19calsurfaceicµrvature,.s·.,~.sutface·.en

ergy;'vo Volume.··of a mol~cule ihsolid phase, k .:.0. Boltsman. constant. The iemperatufe .equa,; 

tiolliis·· sqlved ·•··•iifthe. c.orijugate••.··.fommlatio.n ·simultaneously in ...• the> whole, problem domain 
. . . 

involvitJg the moving solution arid •rigid bodies· ofvariable geon1etry;. 
. ,· . -_ . : '. .· . 

Numerical algc,ri~h1J1.to.solve equati9ns (1)-(4)~ aneffidenthomogeneoµs numerical 

algorithm has been developed.The algorithm. allows to Solve·the.above conjugate problem in 
. -, '' ' . . . 

. the whole domain.under ci;:in.siderafion varying its fonn intime clue Jo tlie deposition process. 

It is·.based onthefictitiou~ 4omain ~ethod in the variant with continuation <>f eq~~tion foeffi-
. ... . . . ' . -- ' ., . " ,:··. 

. . . 

dents at lo\V"er· deriyatives where drag tenns ar~ introduced into hydrodynamics equations 

similartq pomlilib<>dymodel [1-J] .. 
. . 

Numeric~l0results. t::omputationshavebeen conduct~d in the element of periodic struc-

ture.including inco111ingsolutionand halfs oftwo neighbouring crystal::; changingJheir forms 

d~e to materi~l dJiositfon ;rocess frorrrthe solution. 
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. fig.~.; Cpn¢ent.ration field af~ l i(bftt'1i(t~5) ·> 'f'ig:4::G~~f foriri:ttt ~f:7'(bi~¥6:b5) 
',/.;c;:,:,\.· ':/Y.,.·,, •. ,r.r<· .:;ii\/>,,,.,. , .. ·: ..... .::,,.;, .. ,, ... , ,. ,· .. ,, , .. , i ,,:, .. ,::::,.:> . ,: .. , .. ,.,,.,.,, • .,,,,.,,,,, ,,i .',:,:: · , : .. :·,, :·s., . <.,\ .. ., ,,.,:v·,:::?\<·· ,·.. .. ••••·•·)··t~ )~~t ,tow~ 0 Of thi~p~ ~J!lQl!"llttin,• taal.Yf%1!---l),Q5,t~ J!!e ·.:· ;;J.~4~::~~:::~~;¥t.,,8Q½.•~;;i~f,~ti~l··Y,!l!e:·."ir~~····;~;!.·~#i;iJ,.';~:/.f.\l;'.:~i:;t;;1ture 
(Fig3) demo11s1rates th~ conqentl-Jti~n field '¥hert$in th~ se¢oncl ,Qll~ {Fig; 4) th~e''i$de-

', ··•i,ict&f f orttls:i6f':th~·:;ry~tals.'·•At'tbis·f~t·fegiinix,fa¢p9~itioxr:fll~;•gt<>wtli'·tJe~·pl~6;'irl:·•racl 
.fa,·thliriciiilty''{,r·iw~i~1·tiiri~~.aridyi~l~~··•:aipf;~iiig'~r $~',:ifii~@fr.~oiJ~iitf~tlJ~'iii·:·the 

~-,._, '.: .~. ·,,: ,·-:: :,:. ~ ~ , .. ::,.:_;,, :· ·. 
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·nql~j~f ittait:~tt·tt~!~te~!ttfu~tt:: 
111ahy ycits for ~ffi~i~µt n1odeling __ 6f. C<)ll1~lex transonic. ancl •SuperspflicJ1oWs Tl] .. This system. 
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-· .• uses tJieicla$sic l3olt1riann equation ~r .tile_. Bcliatiiagar_Jh-os~-&-4ck··_moqel: {o ·d6~~ribe. the 

-·•qistribµtion_ftinctjrinfor•._g~s .~olecµJes ... It ·•is· CQ_rrect enough·fortlle•:· g~ses/ofl1~ually .. a11d ;eak .· .. 

111fefjed (lerisity. It seems to b~ more successful to U$e ano4ier assuriiptitjilS lll the .case of 
· 4~nse~~ek .. •- >: .• ·_-·. . > . . . ·-_.· · ·. < >; · •.. •· ___ -_-_ ---- -. < ·. ___ -·._· _· _-. _· ._-_· ·-.. < :_-. 

. ·.· .. ·Tbispaper deals witli the silllihirquasy-,gas-4ymunic system based ontheBnskogkinetic 
. model fofd~nse gases. [2].. The Enskog ~qlllltiO~ for the disJibutio~ fugction \\'as used instead · . 

of Boltzmann equation. The finite-difference sch~me w~s used fgr COillputer•~imulaiion ()f gas 
.. flows in the .horizontal chemical reactor. Predictions have been irerforrnedi11 the 2D Cartesian 

' '. . '. : :; ' . . . . - . . . . . . . ' ' . . : : . : . . ' . . . ~· . .. . ' . . . . . . . . . . , . . . . . , . •, 

. formul~iionon.the basis of the din1en$i~nles~ QGQS-,eqmltio11s, The computaticmal domain is . 
tlie rectangµlar, 0: ._ . ; ·.. .. ·.•· .· ·•·· · -. • · · · • -. __ ·. ·- · • · . . .· · · · ·. . • · •-· · · . -• · .. · ..... · _ . 
· ... --- The leftboundary of the compt1tational domain is t4e Wet· with ~e .Poisseilue velocity •. 

• profile ~d fixed teinperature,the right boundary is the outlet .with the op~11 boundary condi-
. •, -: .· -·': .. ·. . . ,·. ·. . . .. . ·. . .. · .. · · ... 

. tions (zerononntilderivativ~s forveloci.ty 'componerit$ and temperature), tlle µpper and lower 

boundari.es ar~thenmtlly-insulatedrigid walls (no-slip, no-permeabiiifyvelocity conditi~ns) 
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of 5 equatio11s of~e poprdaticn1 balance, Eq. (3) 

: ... , .. WYI~1-±rtr:~(%]"Rj1 •+J~;,q. 
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the m3. moinent and the cry~t~l sha~e factor ofkv=kaf6=348 ·. (Baldyga et aL, 1995), res~te~ in 

tile values from i03% (200rpm) tol 14% (950rpm) ofthe sum of the inlet.Jna~silllX,,qfij~;ml(j 

~04,~·.Thetol1lttl~ average4···crystal;size:(L43)in the •. ¢xitstream tonvergedin,thei"Jm.g¢Jroxn J 1 . 

,··to 18rnicrons. The simul~tion results suggest that'.th~meanccystabsiz~,slo~Jyjrict~ase~\\Jith 
. . inc~e~it1g impeller speed. ilowever, the c~lculated values depend ~ery much. on tlle crystal 

: . . - .. ' . , . ·. ' . .' . . , . . . . ·. 

· shape fa,ctors used .. 

3.2 Short residence time 

.. The samesi~ulationprogramme was repeated for~e mean residencetime ,ofloo.s~
' onds, as used in Wei's (1997) study. About 1% lower conversion,w~ obtainedcomparedto 



. lheloug t~sidenQe tirrie .. cMeS, ijut stillfuu¢h higher•• tharlt:hat .found t,y WeL. Tl1e·•coriv.ersion 
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· barium sulphate.• Other characteristics were also similar to those for the long residence. time. . . 

4. Concluding remarks 

A continuous precipitation process of barium sulphate was successfully simulated in a . 
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model stirred tank. Th~ calculated level of conversion into solid barium: sulphate was signifi~ 

candy higher than in the previous work of \Vei, which may be due to a substantially lower 

levef of residuals being used to satisfy the convergence requirements of the iteration process 
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st~p§ .. tlnd 38.0.sm:~ies, .The,s~mµlati9I1 of.tte.pr:~ignition an4••.PO§Jignitiqp, prgi;e::.se1:>· ... \YJ:,tS•U1f.lde 

f Qr .. lwmogeneoµs·fuel ••. leani<) st~ichi9U1e~ic. rea'°iing •. llli~tures.··yVithin .• ext~ril~llyileat;(i•·ste.ady 

fl9; tubµla; •reactor µndet. ,9011stan(.pre;s~~ c.onditicms. A ;¢puce~ yersion of the 1'i~etic 
schewe. WfJS.•. alsQ .··.for11wlat;d .•• an~ttrieg .•. Jl1e sirriulatioil CQU!d ~ispli;tY ... inq.et~il.tl:ie•·.·majqr .... tea ...... 
tures,oftije ccm1busfion·.· prpcess incJµdi11gtl)~ assqciat¢4. ·singl~:an~tmutti,.s4lge••.ifs11itio11·. reac-

·.· .·.·. ·.· ... ·· .... ··.· .. · .. ·.· .. ··.· .. • •.• ··.•··.·.·.·· .. · .... ·.·.··.··,".:: ... · .· .• ·.•.··. · .. ·· ... ···.·.·· .. ' ... :_.··.· .. ·•·· .. · •·.·.·.•.·.·· . . ' ...... ·.'. _·.: :·.· ... ·;.<:···· .·. -: .. · .·· ... ·.-: ;::•·· ·.· .. : .•_• .. : .. _· ... . . . ;_. .. ,:.:: ... --... · ... ·:·.·'' '.·. ',·. • .. • .. ··.· :_,,_ 

rele~seirates• ~11d.the temp91Jtl.vru:iatiqns.{¥1.·th1;; .c9mpo$itill11of tJ+e.•rea.ctill.g flo.w . 
.. .. :·::-.... " .. ,:·:· . .-.·.,_-.·_- ·:"·•·-.· ····:_-::·-- ·._:--,:.- -.·:.· .·.-·.~. _·::·.··:· ,--·,:.',•:.· .. _•,,·_- ··:-.-<·.·.·:· ":-,":·--.::·· .. · 

C::omparison. qfthe.simufation res11lts with g,rresp9ndi11gexpyrimental data Qbtained. jna 
.·.,. ·.· ,·, ,· 

laboratoryse,t-up, was made shqwing good quaHtativeagreement; however, some qu@titcitiye .. 
,.. . : ,-_. ,·. ·:.-- '.·: --. ' . .._.. ...- :.:· .·•,:._.·. ' '·:-"·.:- ,_.,-

differences cot1ld be. observed. The possible reasons·for such.deviations are to be discussed, It 

is to be shown3Jso that the emJ)lOyment Or it[ reduced sch.eme in the modeling procdss cOuJ d 

produce excellent agreement in the behavior .of the key .. ope;ationaJ variables and theJemporal 

. changes in the major reactive species, with the corr¢spondipg values obtained ~sing the full 
. . . . . . 

kjpe,ticschemeinthe·modelingwhileeffecting·significantreductionsincomputingtime. 

The imp. · ucation of thes.e findings to improving the cor1tro}of the combustior1 propess and 
, ' .;- '. ' " • .. _,·:., · .. -·.-·· -, '', .... , .. _ .. _ ... ,· ,' ,' - ' 

requ~ing exhaust gas emissions in industrial appJications will .. be highlighted; 

100 



r i:·• 
! ·. 
1-: 

. 1· 
'-,_·:_ 

r 
I 



.·••.· · .. ··•··.····.··· .. ··•··.•·····•.•···•····> · .. ·tJJii)~;ieJ,.l\Iidi'Milt5Jiawji~~.kl\'.~l~~ifdt•A.v. I(o~i;; .. ··•·····.•··•··•·•···•······· 
· ~Jr~x~*\- fia~~: 

~f~·~,;~99~~~~.~~1?2~R\~~¥H~~~;;~;,.~.w-~fi•',' 
~i\~J~n;jf t~l~;tJ,~e~jiitjI~i~f i~~;1;"&,;Il~atfli~•~n 

. . ' . ·•·:p~~,~~hef J20Pi:~r9ce~~\vitliirioughJiigl{sp¢;4wjtlielitany~ci1;,sti. 'f1lf11G*{#ft•• 
;. ;.,,c:,·:· "·:,·.:·,;.:.::·,: f/.:: .... ,,,,.;.: .... >.,·; • ·,~:. :-_-:, .. ': .·::. ·:•\"•j ·:"->>,··.,.,-c; :··.: .... ·, .... ,:_;:·(i":.::- ,. .;: .. ·.·-; \:·.;,,:., ,··.· .. , ... 

···;t~litiitt~ltt~l!~~~t~ttel~tltl~t.· .. 
· · t~Dyi!0t~!~t~tJil1il~!l)i~~-!iil9!::t> 
· ·. Sli;j~li.~!i~ ~~f I 1~~&!t~~lttl~t~iiffl~jr~fgil~i•· · 

. ; pxi4lif 11~uajl)'~id. 'If}~iult{in c~Iitid¢ra~i~J,dwff eipfu,~.s ·.~tJiie ~~ge·Qr flll~t:~fgdiipts •··.· . . 
~~- .. , . ._. . ··~:·· . ··:::(. . . ~ : . ~-.:/\· .. : .:· j;ci}~ti6ft. c , • ·••· ...• \ ,.·.·•.i' .. . 

. · .. ·.·•·····.~e otth~ ~~y~··.'to··iiii;;~~··th~•.;~1e~tN1tY ~f ¢thyIJ~~·.iily~i f6priati~if~~,,··ili~r~fdr~,· t◊ . 

. · ·~~b~j{t}~~ll;~i!~;~;J~~;J~g~f~t,t~r;· 
·[3].'Qthei.pub,It~att()~·~~ihis.'.$~bJedti~~e;hht~ap~~ecl:•:[4-8]'.·A·.ki11~iic~~d.·;echajli;;t~r-·. 
oxides hydration 'at a hon1ogeneo~s: ~ataly~isby' ;alts are ~t1:di~dhy ~ in~etail ci,9, 10]. The 
obtain~ kinetic datahave shown; that at conceri.fra.tfiih''.b"t ~~rii~·~~its ;b~tit lS',hl<>lll di~trH:>u.~ 
ti<ln f3CIQ( b'-k,iko ls reciuced jn IQ an<! more 1Jme {till 0.1-o ,nit enable~ ~ ~i~; t,/hylene 

. glycol ~th hig~ selectivity at molarratiowater ··~ ethylene oxide of clo$e to unit. The f<>.unq . 

properties of the mer.itfo~ed abpve homogeneous n~clt!ophilic catalysts we have µsed ,herein- . 

. ··• afte; fo~ c~ation of h1dustrial.heterogeneous .cauilysts of selectiye hydnrtiQn .ofethylene .and 
. prQpylene oxides byan inunobilization .of anions ori heterQgenO\lS carriers[l t,;16]. The main·. 
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i · i .. ?.: /c . · · . 

... ·.;;.iJ~; .••... 

/ ·.·._:::: ·_:_:"_:·_: ::_:·_ : .. 

•. . ·. . . wijefe\+' ~~exp(43/65(},-97,20/'fy <1i1n161~;~e~//.2\+·ij&nbata1)1ic. :.:r~aftioij'P\;;rai:;•·••. c6nstijtit;•···. . 
'fGa1#~p('f:::4~~}()$68IT)li/itlql;;~f ·g'.}afe ¢~~tarit/~tilie~ire~ith·c;~ta}~~~·,J~is~foarb9rlate· 

·. · • :i~Il, ~~.:~1"i{);·c,~Yp-,tQ4il gly~61'Cgfic;~nft~ptjp.iu.·tll~.w,~~-:.<}'••··. · · .. ······· ···•• >) :.. ,:;tt: 
'•i .. >/i::tfhe)t,~nnXiqrcgt~t<?gl)'.:i~:,~e:~tNati9ft(~);;i~c~\1$~4:,~y;~¢:c~Xyatati9~:9;r1¥~,MiWw+tt~r·•·•·····• 

· .• ili¢ho~oge11,J•:x~a¢dori.~()deLwaS: •¢at1~fo~~:for904tint>,µs pl~ ~oW,r:e~~tpr,.fiJled 

· ~:tx:~~~:t=:i:!~:!~it:::i:: 
:~(t~fuperatwfo>~lpµgJ4bi.Jength;J1e~9~e)f>(:;~~Qt4~W1~·:PrQc~~s,.~~~l,~:-~~gle¢te~t.:;Jr~s-: 
: fotriliilg\f qr thes~\:fQ1lgitiC,ij~ 9!;'.tpe,;t;Qiµ\tjO~.(~)(orspJµg.'flOWf~tor:,)we ,.~µgg~$tep,·;~t,jl}. 

the··.·1iq~id ·.;hase ... the .()nly .non9atal~ic··re~ction··.Jroc~ds,. ari9;i*J\~j9n~t~.·pb,ase,th~;n<wc;~7. 
lytic ~~ottQnjs ~C,0Illpani,e4 l,y,.9at~~i£::QJ}¢~14~tJs,cQp,si4~~l,ly·{8%teI •. ··••::>,., .. · ... ·. 

·. Jn theequ~tionsof the.matllemati~almodel for plug fl<>;)re,~t91" iµ<it:)(J!(~fers•tQj()p!~,.··. 

· .ina~x';f re,fers·t.~.··li.qqid plias~; <J;~V}tir7~.iQ11it .• pMtiµto~Jµl,~.yoluw~;.{}i .•• ~ ~OtiQeJtratiQ~ :bt·i~ 
: . ' ... :. ·.:'··· 

.•.. coµ1p911crit, mo,I/kg,: 

·~~;r~:~!t:E£t:E~££SS~t!:Q!S1::!· 



only noncatalytic reaction take place; therefore 
... ·.·,__ ·--,. ,, " :· ·- .. ,• 

· lox=cEo ~. {cH20 + i .s4 *cs'Y). *KH .. *(cH20 :.I( +b*ci'Y )K) 

t20 :.c= eEo :.:*(CH20+ LB4*cg1y):«*K~,:*CH20 )f; .· · · 

lGllt= c00 lll: *(CH2°+l ;84*Cgly) ll'. •KHIC *(C"20iii:.'..b*CEO ;«) . 

,;?EC.:.= cEO::I[ •ccH20+L84*Cgll) .. •Kii .. *{CEG ,a."'.b*GDEG a) 
·- .-· ---··· ',: 

For ionite pnase the equation is more complex: ·. . · ·• · 

.r!5°R=cE°K•(cH20+L84*Cglyh*(KHK*(C820H+b•c&1\,)+&t*{HC03"]) 

c2011= cE0H•(ctt20~c1.&4*Cg1y) ff *(KIIX•cH201ftKkt(HC03·]) 
, .. _._,.: _·,• - ·''. ,' ·:··_."< ,,_•,_._ •,·, -:- .,_. .. ' . 

l 0 "= cE0u •<cH20+1.s4•cg'y)" *(KH/(cm0"-b*crn")+Kkt*[Hco3]) •. 

r"EG .~ cE0• •( c"1°H ,114 • c''') • * K,. '"( c"0 .-b•c°F"' .) , 
· We approximated the solvationtenn by sum C820+I.84*Cg1y. but it is possible that in the· 

ionit phase the composition and solvation ability of the. reaction mixture can differ· from that. 
, ' . -·· -•, _-- --, ., . __ , __ -·. :.· '·.·. . -_,, . ·- ' 

pf the liquid phase.·Itseems e'Videiitthatwe rrrustinclude the c9i'rection·factor, Notifying· .. that 

in·· tlw.kinetic equ.ation:;tl\ere·.ar~·· ma~ing· .. cE.?*((:,H29 -+J ,84*Cglt')tthat··.iswh}' w~ 9a,niinclude, 
.. firstpl:lfainet¢r 61f"(CtB*(q;J2° +1.84fi'C~1?))/ •. ccE<).t(O!f O fl.84tC~1~))1•··tail:ing;'jnt(>;accqµnt •¢e 

-,_ ._-_ _' ;,, ,'', ,_ -·--:'. _•_, · __ - ·._ · .. ·_-.,, -.· ' .. ::. '·,' ,' ,- _-.. -·.·-._ _-·-.--· ,. ·,· .· :: .--.:·· 

differenqe in the •.. reaction ·.mixtµre · ... i11twq phases~·••.Let io2'fGI-£8i1'¢!:2?1, 63c=Cg1yVQg1y1,.~ndiwe 
·-·.. . ' ' . 

make .. ·.a.rather prppable·suggestiqn 1:hatthe.••·Parameters .. ·for l\1f::G·.··aiid. J,plyglycpJs .•. are.··eqµal.•. 
•, :· ,· --_ -- . ·.·- ·. . ; ' .. ' _· ' .. 

The intetpretatio11 of this•.assumption maybe oftlie. two kinds. Tnthefirst case, ifwe f\SSUille 

complet1;; equilibria between liquid phase .. andjonite, these parainet~rS.are equili1Jria·•cqnstants 
·,·- .. : -- -. :- -. 

{or\the substance~: AlternativeJs the quasfoquilit>ria becaus9 of. equality.ofJ.he.rates>of diffu-
---- ., ·, ' . :, ·. : ' ' ·-_.· __ -·: ·. : ''' :_- ·.,:_·:_· ·;_-._,' ' -··. ',_,.:-: : ·; ' ' _:.· : . _·. ,:· '-.,- __ · 

sion.•a~d·chemical•.•.reactio11.·••.It •.. ·fo1lows·ftorn .. both·.aSsmnptiorts•·that··•·parameters•ol-63.CfilmQt· ... ·be 

· >• 1· and. only slightly depends on temperature (for. solubility<heats fqr·· substancesinthe phase 
.· :· __ ·- . ·_-. ' . ,.' ·, · .. ..-·.:_· ,' '. -._ ·-,_- ·, ' . _,_-_ ·-·,,' ... . ---'. ' -:_,··_· ;: .... 

are similar and diffusion rates also slightly··depends on temperature)) It .is impossible to.• dis-
. - . ' : 

tihguish these· .. two· assumption without special .physicochemical investigations, nevertheless 

this model can. be used<sµcb(€ssfully. 

Thus this systemofequati6hs isthe fu1lmathematical1nodel·forEOhydratio1finthe tube 

reacfor·•inthe presence•ofiohite'. 

The expefimentah·esults on checking the'model.···are .represented·in the.table 1. Jn·. this ta,. 

ble there are also the results of cakulations of the composition of the reactiohmixture in the 

drttlet of the reacfotaccording to the Suggested model and known initial conditions. The part 

bf i◊.nit iScalculat.ed aStatio offonit·volumeand tuhe•volurne, multiplied ontheinfilled co~f:. 

fidentQ.7.Forfittingexpel"imentaldatawech:angemostlyparameteror.·· 
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.······Th~·arnllysi§)Oe:fhe4ata,,i,t:~bli).•.~h()1\fS,.wbatiitfi~::~rfei~q:m&4el.~etj~tii;;4;~c~;s;. 
th¢ ¢ip·erltrie11tit(Jijtfl:'¥tiich\haV~ ~~n•._~tttri#' 9uf 1~ :a:Wi4e\~nhligll/ffltig¢:,qf th~'.ciJlitiij eci11~\ 

.:ditfo11s,.•·a11dparajh,~tef.··~1~;1iptactic~ll)'i•~•·,~{)risfarit:iot .. all·~,cp~nill~n~(·he#$riJt~•~~ti;'th~fthf•··.· .. ·. 

•. !~~2:!!i!f~:::~~!~!ii~tt■t: •.·.· 
.thb~}'tiie •B~i¢:fe1fti~Ii•s6eJip th~1;~Jhi.t'.~h~d,:tti?t·if6~i4¢s.•}ijgb•i~1¢¢tifif if~~~~;J. 
· .•.•... ¼Jhe •• ·c9~clusi()p,it. i~ ..• P~~s~~!e .. to• ... ·s~i, .. tl1.at •. the·.•t11~theµ1atical •Illo~t1'.rir••#9'_~y4~ii9~ ··i~ .. 

~-- ,; . . ,' ,_ ' .,·, ··•·. 

the Wbe reactor fu the pr~s~~ce of 10nit is. bµilt ax{d may ~ i:ised io des,jgJJ_Jlµd bpe;ate thei~-
.·,.- ,'. 

1. No~~io~g~, l'Jtiilili~.·r~sti~g -Time/tor EthYle~e· 01.ycoi'M~ers, (;h~~ital··•·we~k. March 3, 

·, ··• 1999,p.32.: 
. '·",':.ii".,· .. ,. 

2. I>yrnent O.N., Kazansky K.S., Miroslinikov A,.M., Glycols and other derivatives of ethylene and 

.· p~pyl~neoxides .. rvfoscow, 1976'. 
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... •·•····;~~~~ijSE~Strrntl~~\:(,JF!rtfijjfMi~6E{ti~j-ji~6~:j~i~~ss'.~1••···/•·· 
:~pf~19Ni~y~~~jj#ir,~~¥NJ~§;!l2!1:~~M.:~:r!,;~tt~~~Rr.,i: 

........ · .. · ,: . .AliatiW>12M~avJlt6~.,~~~ N~~»~ ~- PbW~~~()"~ < . / .·, · .. 
·.;, -;.i ·:-.--.-' .. °'· ...... ;.·.·. . ... -':· ,.: ·'· ., .t::;"_:'' '. ~ 

;:Boreskov Institute ·of}Catalysis, Pr. Akad Lwentieva; 5, Novosibirsk 630090, Russia 
·.'' " phone: 3832 B'if 12.78· ·yax:'383 'i34Ii78 .·E-maU: chum@catalysis.nsi.su 

· • .~emf •.·~ns,tiyity•~tµif.i~~·.··?f .• ~ ¢~@Y#~· fi}{~4 .. ~4 9~f~tjor1J~,.~J.. Jms ~PPr98RP ~µ9o/f ~~~k·.•··'···.• ... · · 
m;!~~~ ,~~·:!il!~#q~ij,f ~r~~~tnR#~~toffit,~9#:q(#ppiP#tf~~()J§si~ J?~9:9~~--$~~cty;i~tiisiJ . 
ijt~~·#~~Ggi4if4gtJfR¥:·ffi~~~.gfin!,~#x§1r2~~J):1~ w~w,~~~t11¢B~l9~:wp4~t :r?~l9:~~ti9~ . 

.. . l~M:nthk~11tiea•l•.n16~er ,• 
· · i"½ji ~~lfA~W&9. ,~J~~;,,f ~,i~~;l\J,k··•· i~v,~)61~(!dxJ,~it}t~P,i~l 
•·•·.··n1e~anol •. t>ii(hltiQn.1;eactioncifA➔B➔Ctype;·w~er~;A#~,ine~ol,•:JJis;f6rinai4ehf~fo]:>~ipg··· 

Here X ={xl, X2, Pi' 'iife concentr~tion~ '()f the sub~tan~e~ A and B, and pressttre drop, ~'is the . 
, gas flowvelqcity,· ~.isthe por()dl~ hf;11Jbed, Le: .. void vciii@~fractionin,the reactor yolume . 

. (its .effecfi~'df pra~ticim~fest,•·pec~rise·J lib• teinperafurl! prrifile•along·ttie··•becf l~ng{h de~rids . ·, 
str6ri~1y of t:r ~'hithi{difoe~i~11l~sS":iixia1\cbBr<i~ate/ Iii ·tfuditi()ttal ~at~merifs:,C3] thi gas 

· · · V¢16~tty ·~ iScbnsid~ri&·"~s•a kiioWil yhlu~ and'tlitHnitl~l irali.1~ prohlew (fyp) is t,osea ftif the · · 

•.·.· ..... ·. X(O) ~.Xo,~Jx-lo,·Xi(},iot ·. 

rile'pclla.rii~ter<v M'(t) pfeseri~ an~\l~rag~d vaiue of the gas·✓etndty'thiough thlfixed bea}·, 
•.··. ····· .\ In ahother 111odel'Tl i2] · \til ilri. uriltnd~J~~metcir rmci'the · phissirrf drop drt the' bed'i~ 
supposed to be kn6tvfi~/Le::J:,l)burid~ry'-vitlu~problelll''(BVP)ilto-n§itlerJa with ~ic6rldl~ • 

. tions at the left bound ; = 0 and one aLthe right bounq ~ =c,·l,,EtSfoU~ws:• ; . 
. ; . . . . . . . 

X(O)~Xo/) 

. In such case the parameter V correspohds toi loc~l.gas flow yt,l()dtyin the'.cataly$t bed; . ; \ j ... 

JQ7. 



d.X·'. ·.· .. · . 
. d<; =P(X, v, 0),. 

J.'he pbjecthre ofout·workwas·•toi•develop.·an algdrithm for the nuffiericalconsthfotion·.•·of 

the.BVP solationand··. the.·.sensitivityfunctions· oftliis solution to ilie.·•model· paraineter 0, .For 

the 111ethanol to formaldehyde oxidation·process as•an exa111ple,·the prdcesssensitiyity'tothe 

·structure parametJr twas sthciied and Comparative sensitiVity analysis of solutions ofthe BVP 

(I);{3)~11ddieIVPJ1).]{2)wa1fcarriedotif. 

2. Algorithm 

To solve rheBVP (4)-(5) with the parameter v we Use Newton's method, and on each it-
:· __ ,:< ', ' . _- -· . . :,. .. ,.:_-,_-.:: ' ·. __ --:_'-:/·_ '::_\ __ _::: ·._\\-\·.· __ : ':_'..·/::·_ i::· ·_:_:i'' . ' -_~:.//_ . ': __ :··.\i:>··:\--:. .. ~---, ·. -.:···:'._:,-•-: __ :._/ 

eration the linearized BVP for function X{~ =XO,,..~ anq par'1!l1eter Varise~: 

! -~FxJ. }(", 1l0) X - [F( X ', v0) - F x<.l0, v')· X !] -F.(,¥ 0, v0)-( v - v0), 

wher~ · X 0and · v0 are . .tlle.previom~ly,,frnmd .. app,roximations. for vector .. x •. an4pararrieter v. 
•.•. ,•' ' ' .•_·_,•_, •,"' ' ' •--'. _-.: _•._. _",, ,._" • .. '.',•_', .c_··. ,·_.__-_,-.,- ...... ,•:_,_,_• ,.·'.',,_", .'.·•·,"' •:o', ;•"',')·_: 

~t· is,.·suggestedJo solve .the Jinearized problem.(6} nutllericajly with the Godunov ortbpgo" 
.:·. -. -_---· .. •·' . ·. _- _._ ·.·: :·.-·--.•--. ,' ·,-__ ·: --; : ·,_•.- ·_"•' •,,,. -----·:·-.·: --.·-: -:· ··-:•, _-. __ , 

rial · .. f actprizatign .• method ... [4.].,··•,appliccrtion.·. of .. ,vhich.ito• ·.a· .·B\/p .... wjth•••a··•·parcllllefer.•.WciS .stmJie4.•in 
detail in [ 5]. The main idea of the algorithm is · as following .. The interval [O, 1] is .divided iP-to 

.several subintervals by a proper way, an orthogonal basis of the subspace satisfied the left 

boundary condition isdetermi11ed and after the numerical. integration along each subinterval this 

. basis is ortllogo~ized .. again at the .subinterval right eri4 ... ·1t allows avQiding an .effect of basis 

':squashing'' and fin,,dingthe.solution·.more a:ccurate in regions of high gradients. 

3. Parametric sensitivity functions 

To analyze the sensitivity of the BVP (4)-(5) solutionXand v with respect to the selected 

parameter·B, we introduce para.metric sensitivity functions;· 
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<'- ·.-:·-,.· . __ ._,-\.,:: <:· .-- . 

sub;titution Z ( i;). = Z( l 

apply the orthogonal factorization method too . .. 

,. ' . ·-- ,' ··--· - ' _, 

theiSOl11tio11:.sensitivity.•functio11s·•to some Il10del .parameter. Using•·tliiscode, the.··co11c.el1tra-
• ,-·-<_· . ·-., -:/.'· , _-:_-. :_:_: -·_:_' __ ·_:_ .. ·:--:.:_·-: '_--_ ,' ' · :·",_ .. _ .. o .-:.<;' ,'0 

_:,_.--._ ,·•_: :'.- ',' _._ .... _-._. :<·:, ::_ ':.:_ >: __ _' :_._/- :•' -__ -_: _:. _____ . _·; _: __ :--·:,( -,,-_---,:··_:.:-_;:· ":-·.:-:.:- _;_._-._:··. --_i.·-··_:- _ '::,: .·: · .' ._::·-~- ._::: 

tio11s,temperatt1reand. pressure .Josses ·profjles and the sensitivity .functionsJo .··the porosity .& 

~ere •.• obtained ·ror Jhe •problem.fl), .(3).iFig .•. 1.···shows·A··•·ana •..• Bco.ncentrations·•··~r, .. ·x2•·.·versllS.the 

axial coordinate.as·.the.BVP(l),{3) solution.for different porosity. vah1es, 

0 ...i-~::::=;==-~-.---,--,~::.,.,_-,---,--, 

0,0 

F'ig . .t~ MetlIBµol ~d. f ?pnal~~hyd~ .c9pfentr~tions .... 
· along the axfal coordinate q. liP=0,0 179 atm, 

t,=.().45 (!), 0.4 (2), 0.35 (3). Solid lines -:Xi, 
dash lines a- Xz 

li'ig. 2. Conct:!ntratiQ11s se11sitivityfuncti()riszi,;r2to e 
in the BVP at l\P=0.0179 atm (solid lines), and 
in the IVP at v == 1 .112 1n! s ( da~h line.s ); 
e== 0.45. 

In orderto compare the parametric sensitivity functions of BVP and JVP solutions in a 

correct way it is necessary in the BVP to take AP value in (3)as one corresponded to the gas 
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·. ·,re~ons. of ileyiatiqns :rronf sta~le c9ndittons :a.I?P~8!7i:AA&Jhen aft:ef sµi~ll pertm;l?}JJiqt1,• 4i~tlli-• 
l?~fe ~~s/pl~¢e,,It4ev~l~t#3i:kJc()t~~¢ ~fuits i11#;~1~;J~/whf ~liJl~ ~b{{IJp~i~rGA'.;;{ 

· ·•~R~:itti1~!~~if~l~1it1t;~~;Ri~.~i§l'~tii¾;J~\f.· 
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· . · .,•·.:•:•·• ..... P~~~i.f·r~M~9:rs,:tw:,~#~~~· F ~:?~x~~-_.r.~~nti0#~t~~~1.¥; ~i~1m.f:9F.~if*! ~n~~~r·-~re . ·. 
· .. -;typical i>p~n <iyil~~µortliµe#'~Ystem,. fpi:¢){~P1e, et4yl~1+e .. o~i4e rea.gtoi 4~,·•µpJq ... •J JQOQ 
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··•l=F~it]t~;f2~il!S!~ll11; 
reaction gasmixture, All .th~se ,fact(}fS stipulate ethyl~n~.H?'iAAti()AJ~~c!iqpl~!~ ari4.~~i~qtµ-

. EE~,IEt!lv~!Et~;~i:;~;~;f ~ 
·~p,~ctively); .• ll~side.s·:thllt,: .vvlµle,•._ihe.te111~e~at,w:~ .·.is, •• i,Ilfre~irg,., int~maj diffµsiQll_.hraijng•takes 

'pl~~,;}Vh\C~,•i~irs.~~;~\~e,;te~p~ratmr .:~f.W~"~~~.·~~ .. s~:.~iire~.~r~,.t4~ .. ~iI·~~t;ty .. -~4•J~~ 
creasing heatofreaction: .··. · . 

~!JtJJji7~~fj:~~;~i&t,~iff~t:t~ti 
h.~tsamer. .. ~Qt1S.i,At~rtµb,e,.~P,~9i~J~itjw.~~1Y,~1:'s9t~yity,~ispei:~~91:1;p:14}~;4~itrip#ti~paj9pi 
the ~eactor ruid. s~ <>n. High h~at strain of thej,~ocess at1d discov~red 'parametrical' sensivity of 
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OP-JI.;;l0 
point (oxygen was fully consumed) with formation of propylene (up to 500--750 ppm) and 

2-methylpropylene (up to 200 ppm). 

The results ofthese tests are giveµ as an e2'ample in table and in the figure L After crea-

. tion of stationary conditions of reactor operation thermal runaway was initiated by step-by~ 

step heat carrier temperature increasing (figure 1 and table, exp¢riment A)or bystopping·.Of. 

heat carrier circulation (table, experimentB). 

Expirement A. \Vhen increasing the temperature from 234 to 236 °C thermal runaway 

occuted, and the temperature at the hei.ght of catalyst bed of 2 m incre~sed up to 3 50 °t .. And 

then it mdved gradually alongthe 15as flqw·and .reached.·the maximum rnore than600 °c on 

.the lengthof4 m{55 min)and on the level of 5m it was380 °C (230 min). At that pr9pylene 

and also 2-methylpropylene, which usually appear in the hot area, formed in the reaction 

products. 

CJ Cc,lf; 
fll/11 

f;(. 8 

{'I :;. 

1,2. t 

1,<l s 

/),I I./ 

0,6 :, 

~.~ 2 

O;Z f. 

Figure 1. Beginning ani:i. development ofthe~mal runaway in test tube (heat carrier temperature was 

increasing step-by-step from 230 °C, initial ethylene concentration was 15%, arid. oxygen -

5,5%vot. 

Txo - temperature of heat carrier, °C; TR - temperature of bed at H:ef.::2 m, 4 m; 5 m. 

Cw- concentration of ethylene oxide;'¾voL, Cc3H6 '"'"concentration of propylene, ppm, 

S- selectivity,%. 
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Exp·e. r.ime. n .. t B ... ·'.· ... Aft ... e ... r ..... st. op. P .. ·.i.ng. o .. f heat carrier. supply. tq ... re ...... a,c.'to. r, . b .... Y. th ... at I .. · n.1.ax. beg·7···an·.··.· . ' . ._.., . ·: ,·'· -_ ,' ·. ,' .. _, . ,, . ·' ', •,• ', . . -· '' ,·,-. 

qukkly increasing a11d in l p millutes it rea,phed 5 30 °C and c:ontinued toi11crease, . 

During experiments it was determined that hot spot either moved along the gas flow mo

tion at rate. up to 5-10 cm/min. or met it atrate up to 50 cm/min. \Vhen stopping heat carrier 

supply tfhot" front always met the gas flow. towards inlet to the reactor. When heat carrier 

temperature increasing - the. direction of motion depended on several factors such· as heat re

moval surface state (for example, tubes coked in the place of hot spot) and catalyst activity. 
. . . 

As a rule, in the tube with fresh, more active catalyst hot spot met the gas flow. This is more 

dangerous case, because it moves into the side of gas mixture with more high concentration of 

oxygen and ethylene. In any case temperature difference between gas at the outlet from the 
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··•·~llow•··l,l9ck• systeI11s.·.·qp~r~tjb#(i~~:,{~~111~rAA~• rµpti:itf / 
.• · ·\•rvtatlieinatical .. 11104Jling·.•·~f th~'f€,~t&f·~;i~~·'.J_1µg:f'low)n(}(i~l·. ~t1{'.~9@l~itatioil kt in~~r- · . 

. · .• :!Ztci/in~[i1t1itttt!~Wlt;~ortt~tttti~r=:. 
1;1;;;;11;t{~l~~~~~Elra~tlif •t 
· t~µjp~r~t.ur~f,(41'F·Jtu11cj.'rn.9aji},:j{QI";;O.◊fllial.·tlleriwi1.9911(litiQp,,i,q~lc~at~4 iin:;p~¢}(jf¢o1Il-

. =t=:o::i:t~::::~!t::=.~ttf !7J:ittz:;n:~ 
-:·-~ ; .'i-_: -.,· :•.. '·:-, ,.. .,·:··-.::i<:'·,\;•_/·<,:,· ;.."(.;, ,· .. ,,_.,.,.: 

et~yle1~•.oxide .. ·;r?gether .. -wi~/fifin~;fgeti~rany•.use~ •• t~cMologi~fll).parameie,r .. gf.·rea?t.or 
~fer¥tii~:,;~;r;ti;e·•}~~;t._;;11~;itor':~;p~;;c~ .. ~i,~~:~~;~t{,~i~~;i~;~:.f9i.;ti~~Ii).~•let, .. 

. ·.·~·•·.:ti~;\Y.iP:~iy~~t .. ,f~~~ .. ·~f '.t~.~~ ~,~~y:.,~f::~~~!~~ .. ·.iµcl~~m& .. r;,ff~rs.·\1/1?~~-·•PP11~ 
·· uniformity appearing: arid devel()ping i~ cat~}7~,!-p~rf'oqll8Jlf~~, . .pi-~~t.~>?f t~~ :t~ct9r,~nd)ts, · · 
heat reII1ovJ surfaces. 

· · · · ln th; figures you can ·see as an exrunple, tlie . .t~§ults ()fsoIU(! cq111puting ex~(itnents on 

organization of conventional thermal rµnawayin h1dustrial ,etliylen~ oxide ieactor by Btep~by~ . 

stepheat carrier temperature increasing as dependence of catalyst bed 'te111petature ,upon the 
lengthes of the bed for different lleat carrier temperatures (fig.2J~d'as'd~pehderihlofspe-.·. 

. cific heat of catalyst volume unit for thesame heat c~er temJ;)etattlr~s{:fig.3f 
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Fig .• ·2 .·Appearance ah~• devel{,)pn:ier1t of thennal 

~~na\Vay: ifeP.~n~ encetof temper;tur~•·.in 
catalyst bed .overthe length of the bed ·of 
(:atalyst····.for····.•.aiffereHtheaf·•.carrier.·te1ri-
p~ratures (from :!4 l,7°0 t9 249,q°C) 

·.~atalyst•for······<liffere.11t·beat carrier 
p.i;ratures (from 241,7 !)Gto249,5()C) · 

... ·_,, ,,·_.-,;· 

By analogy thermal runaway developsin the reactor not only when heat carrier tempera-

t~re···.increasing, .. hut••.·at··•·•a11y····parain=ters.·deviations,···1ea.dirg·.•.t? .·•·~ed.tet11~eratt~=··•·.increasiI1g,.·se
lcctivity decreasing .and heat of the reaction (heat release) intensification. When some value 

increasing, called ''parameter reserve resistance for runaway'\ the thermal runaway wm Sure 

takeplace.iThe·•possibleparameters .are its follows: 

oxygen concentration in initial mixture 

ethylene concentration ininitial mixture 

promoter concentration in initial mixture 

heat .carrier temp~rature 

... · •inlet gas.temperatµre 

gas mixtur~ gupn,lyrat1; 

heat carrier supply rate 

appearance of different nature unhomogeneities 

Deviations from some of these parameters are more dangerous,. but all of them can be 

controlled and monitored, excluding the last one. In this case there is "vulnerability window!!, 
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when··•·• weak p¢rturb~tiorts antlS1tthllde-viatib11s sh9t1ld11of .·lea.dtq the'runaway~ h8Wefvi-F 
sjtiorito•.ctitical corid1ti9ns isfotniin~•dutitig tli~ e~O~utiort ofthf••catalytic systen1ifaelf,··This 

. . 

ph.eno111eI1911•·ot'>appeariµg s~tf~priti~alify isd~;velopi11g llS· .. chain l>rl3llchingpmc¢$s; .. · when.·•the 
::::>_ .. ' _"·•_. _· .. ·-: :·:·_ ':.,t ' :_·_: .. ' ': ' ""i>,\_ '. ·:_ :·· .. ;::_.,'._·/ .. ·:-~:--. __ ,:: .. .,_: -----_·-_,-::<·-:·:::-:: -'-_:.·:··",:··\' __ "·,·, -,:: 

deviati9u.·1eadsto .. •sertairi··ten1peratut~ir1creasir1g,· cau.-;ing .·.• /Sp~d ·up.· .. ofthe. teactiqn, :heat·. of 

tli.e.· reacti(}n int~nsific~tig;, $electivitY dep1-sx~s,i,Jlg·••ajid, Jri9µe'~ttun~ to the greater teropera

tµre. focre~sing, .• se1~stivit;• a,~re8§ing, ternp;rat~·e·•·iricrea§ing wit11s\Virr1ntensification .. orre--
·.·.·.·.·.·•.··•· .•. ·· .• ·.•·.···.·· .· .. ··.= ... -.. -.. ·.·. · .. ··.·.·· .. · ... · ·.• .. · ... •·· ... ·.··.· .. · ... '-.-.. · ..•.. · •...• ·.·.·· .• · .. •.·.'··'·.· ..... ··.·.-.-,.• .. ·• ·. · ... ,-.... ·· .. ·.· ... · .. _ -.• · .. · .... ···· .. · •. · .. ··•···.· .··.· ... · .. ··.·.·.· .. •.· ·. ·.·.·.·· ' ''. 

tenmerature increasing. up.· to thermal .runawayandemergen9y sh~t down of 

:_·'.·: . <·-:.-. ': -. : _ _>_ .. : ... (:_ · .. _ .. :.· ;: •· __ ·.- .· _·/::_·:_·.--:_.- ::_: .. · .. _':; ' ·. ,>-·--:- :·-i-:(, _ _.__.-:\:'-:'; __ .___ ----->·:,: ._· -:· :::..., .·_, _::;,,: _ _.:< .. -·:-)_:_> . .:" -_ --·:)._\" ... __ ,- _\-(' 
At·.existing.ethylene oxide·.plants ·some·· cases·t()ok place,when·the process\1/tts conducted 

afsrnall, but Ininirna1lysufficientf eserve resistance of technological tarame.ters fof ruria~~r
In spite .of this; withoutanyreasons, thennaJ •nwaway appeared a:nddeyeioped .rapidly. Fol--

. -· ,' ,• 

Iowingexaminatioris•··Showed,that,·•ror examplei,srnaH.active mass•( dust)iloss Iromlhe: surface 

ctf ·. catalyst •• led··.·•fo·•·certaiiiiindfga;ihg•··of·.•catalyst bediesista11ce AP···.andid;dreasih~iir•·•~ai·•f1&W 
rate in. on~ tube, which,··111·one1s ·tum,Jecl iCltehlperaiure increasing, s~lectivity and heattrarrs-
fer coefficientdecreasing·and·•·so·on••up··10fhermal· funaway,having J cha.r:act~r•of chairltea.c-

CQn1pajfag.th~ tesults of iiitutiti and.cotnpµting··experiU1ents,· niathernatical····roo4el•.of the 

proce;;s.was. corrected•Jmd ... tµ~ co11ditions,.whicµ canJe~d to··tllermaJnwiwaY,·were .founq 
-:. --_._,, -.· _-- ---:-.· _.·· 
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d=15mm, h=7mm,8wan=1 mm 

Experimental setup had an inner diameter.of testsection of 84 mm. Range ofsupfrficial 

air velocities studieci is 0,2+ 2,0 mis. '"fempyrature field was measured in 12 points l:>y radius 

and in 12 angle positions with 30.0 step for different pedheight. The program utili~ing a . 

sq:uar~ deviation minimization method tc)fit heat transferparameters ofstandard.lieat disper

sion model to measured.temperature field was used. 

For particles of regular shape - spheres· of differentdiameters and cylinders vvith diameter 

equal to height, correlations of effe<;:tive ;radial .l:ieat conductivity and walLheattransfer .coeffi

cient on gas velocity have been obtained and compared withliterature data . 
. , .• . . 

The waUNusselt number was defined according to formula: 

(1) 

where dp - diameter of sphere yvitbvolume equal to the.volume ofthe grain, Ag.~ heat 

conductivity ofgas,·• Uw 3waU heat transfer coefficient, defined froin the relati611: 
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Fig.1. D~pendence of MTllll Nuss~l.tt1umber on -~*Pr for different p~rticles of reglllar shape in com
.... parison with formula (5). l - S•nµmbers of particles according to Table L6 - formula (5) (pa-

ramet~rs valu~s: A=0.54, K=0,11; ;i,;ed = 10; PF0,7) · . . .. . . . 

·. Fig.2 sh6wsa gi>rid ~gi-eetnent of formula{ 5) with ~QSt ieliabl~:,Uteratllr~ dat~. 
. . . . . . . . . . . . ,, ·. \ .. _· .. : \ :, .. ·.· '-~---: ·-:· .. ··: :·- "·-':, ·:"t'.:. ···.·' .. ~-. :· ·:•:· '· .. 

U.9 .. 

I 
.L r.: 



Fig.2.·•Dependen¢e,df ~al.lNusselt··numbet •◊n··.Reynolosnumber.·. ··1 .. -fonnufa.(5}(parameters.•values: 
..4=054, K=O, u; ¾ea =10 ; Pr=0;7}, 2 -Nu,.,==0,24 Re0,75 Pr113 , KuniiD., Suzuki M.[1], 3 -:-

MartinH.,.:Nil~sM.f2].•.4-Sp~cciaV .,•ijaldi<i·.•rnJ,··•.S--Yagi s.,Kunii o .. [4J,i6- Q.ixon A.O. 
[5], 7 -Li C.H., Finlayson B.A. (6J, 8- Chalbi M.[7J. . . 

For b~ds packed.by.· shaped particle;, the,dept:ndencies. of heat transfer,. parameters on 

Reynolds number have been .obtaim:d <l1i welL As.sh£J,pedparticles tliere were used. cylindrical 

particles with different channek 

Fig .. J ~ndA prese11t depend<;:ncies of effective radial heat c<mdµctivit)'andwall Nusselt 

number on Reynolds munber for shaped and regularparticles. Reynolds number in this case is 

based on an effective particle diametbr dp defined from an external parti~le volume without 

excluding hollows~ 

' 

l --------·~~~~ 

01,2,3 

04 

♦ 6 
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Fig.3. Dependence of effoctivr radi'l he~t coBductivitypn llePr for diffen~tlt particles. 1 ·:- 4, 6- 9 :-
numbers of particles accordingtoTable L · · · · 
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;\~ one sanB~e, shaped partiples with channels h~ve.muchllighefyalues ofr~dial.·.heat 

tm.ns(er p;:iran:i~ters tll~i bulk,partjcles. It.9pr,re5pQn<isto. resµlts .of.B'1.µer a;t1<i:.Shl'!p.de:r[8] tpr 
Rashigtings.• I~ ou;underst~uding, this fact .• is·• ~xplained by ·higher.effective mixing ·1ength for 
sha:ped particles. Generalized .correlations .forsuch particles .. areto/bedevelopeu in order· to 

model. tubular·catalytic reactors . 

. The.work i~ perfo1:1ned undersupportof the NA T(J gra11t SfP 9725 57., 

1. Kuni.i D., Suzuki M,, Prnc. Symposium on heata,1d mass transfer, Minsk, 1968.( 

2. Martin.H.,Nifes M, Chem. Ing. Tech. 65(1993)l468,c1477, 
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. ELEVATION OF PERFORMANCE OF GAS~I.;JQUID REACTORS ON SOLID 
~ATALYST 

'_" '", '," ·•,•_, : .,'.•', ' .. 
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E.F. Stefoglo,V.L. Drobyshevich.*, V'.A .. Semikol~noy~*,J.y .. K:uchin,() . .P. Zh~lwv~ 
: ... _-:.·:: '\> __ ·:.:,:_._:_-_::.-,_'·_'.·,·-· ·:.::,, .. -... ··,:".,:,,:-:· <")/:-":.,. :··_;··--'----·i:·i:i-;-·.<i·\:'·_:·.,··.·<<·-·:_ -'<· .-·---i----_:_-::_;:_,.,-.,.-·., ·.:\·.·-: .. ,-, ·-'.-'__:: ·,:: __ -·,,, _ _._,._:_\i\-·' ·-,_·-·_:..:'"'·.' ·,'.:_ .. -":' ::: __ .-').·.:;,-:_. _·//·----, ___ ., 

1nstitut(: ofCoalandCoalChernistry, RukavishnikCJv, 21, 15emerovo, 650R1(), 11.ts~ia 
*Jn:;tit1,!te ef (Jo.ntpfi(af.i.qna/)1athem.atig/i arrrJ Nf ath., (]~gph:··.·N9,;yo~ibirsk, .·· 6l0QQ.Q, •lJ.US!i{Q 

**Bon.!skov Institute ofCqt~lysis,Pr .. Lavrrntieya,5,.Nqv()sibirfk, 630090, Russia . 
Fax:13842 .. 281838, E-mail: chem@ke,nnet.ru 

The•.··be~viotµ"·•··Bf·.the gas-H.qlli(i •.. pmces.~····.on .. ll ··Sglid •.. c.at~lyst.was ...... s~died .. usi~g .. ••·different 
n101e.s <>fthe··reactor.oper~tio~.···'l'he p:acticlllimportanc~is tostudytheinfl1:1ence ofthe initial 
.conditions.on .. theperformc1nce••oftheteactionsystem:theprelin1in13,ry·••satur?.ttioniof areactio11 
soluti9nJ1av~.·.tO/hydr9ge11at<;ci'b~for~ ... tl1~.IyagtorJgontinu9us). 9f before thp.·. re(l.cti(}.l} {in ... ba,tch) 
in c9111parison .. with Hus~l'' mocie .. ·. of 9perat~p11. Jn Jl1.e ]~st case •. · the .. solutio~. ( sitspe11sior1)is 
satur~ted with the .gas in'thf reactor ~d this>process .is siinultaneously ~cc.ompanied .· by the 
catalytiC·Teaction. And the conversion changes slower than when th.esolutionis·presaturated 
hy gas . .It should be noted that the con.centrationrpf gas <reagent oq.the ca,talyst surface might 
influence .the .reaction directio11.• Jhus,.for.example,·.the hydrogen~tion ORl1ydrogen;. ''poor''·in'." 
stead Qf hydr9gen-,11richn c~talysts can inv()lve .. h??rogenolysi.s. ancijs?rnerizationbut not the 

reduction{ lJ.It is ofinterest to c01npare.·the conversion degrees xacftievedatthese •different 
modes ofoperation .• 4ssumi1.1g·that tllehyclmgern1t.ionreZtctionrate isc;.±kG:atGrv .i11.a h,.itch 

.- . ' . ' . 

r~actpr at a constantJemperatµ.re and pressure.•Thusthe ·material palancejor.·the gas dissolved 

inthe suspension.andthe.1iqlliclreagentis: . •·· • .. • .. ·.·.· .. · .. ··. ) .•. >> .·.· .· 
dCHL ··... ~ < ... ·-;-··.·· . (1) . dXL > dCv .••. < .•·· .. _, ··c2· ·). 
------ 7 17.CHL- M· CH .... ··.· .· .. . ·-.. - .... = ---.•... -.:=:Q •.134·.Cn > > 

dt < > ·< . ,• ••· . . . .dt > >dt. •. • . . ••. 
where: CHL=c CHLl<fzI, Ci.=c CLICw,l =Pa-L· r, r = M·CsL, .· t = r.·kta, . Q=CHICfo' 

}d=k·Cca! lfk-L. Thepr.ocess .•.. may.tak.e place<at. two. different initial.• .conditions: 
1) t = O, CJn = 0 ,CL= 1; 2) t = 0, CHL """' 1, CL= lthc gas before the reaction start prelimi-
nariIJsafurates the·• suspension. Solving (1) with two initial conditions. and putting the derived 
ex:pression·from eq.l.for cH·=f(t, M).to{2}thenintegrating,itwefindthe· Xt1 an:d Xtf ex.: 
pressions as.functions ofM, Q and ·tfortvm different process·· modes. Then we determined: 

AK=.XL2 -.Xii= 1~_:!·(l-e-(1+M>t) (att➔ooandM➔aJso 4&➔Q).•·Thus, :first,atthesteady 

state region we have thelimitirig maxi111al Value ofthe AX gain, but· it does not exceed the Q 
value.equal to c~ /C4;··.This phenomenon.is presented in Fig.1,2 .. The mathematica[analysis 

of the. proposed model shows th~t this gain ( L1x) isthe greater the hi~her the reactionrate J'vf 
(k~co). Thus if the reaction rateishigh or there is mass transfer limitationskia-W .and thus 
(M➔oo) the greater the pressure (Q) the higher the AXValue. 

The experimental 4ata p(ethyl ~therof para-nitroh~~oicaqid hydrogenation oyerJ?d/C 
in a batch stirred reactor with different initial c~nditions ata high pr~ss11re;: showeci good 

agreements with the theoretical results (Fig.3,4). }lie obtained tnathetnatic.al sin:ulati9nhas 
showed.that.for •. a continuousreactorthis phenomeno:n is also the sameandthe analytical ex
pression for LL,Y cal5ulation.·also .. are found. fordifferent.kinds. of the rate ... equation. ·Thus it .is 
obviously experimental· fact the high is the pressure the biggerjs the profit int.he conversion 
and it is the greatest wheiltlie gas absorption con~rols the reaction but .is negligible in the ki-
netic regime. · · 

122 



Fig.1 The general viewOfllX=f(Q, M) att-➔co 

· for the reactionofr<"= -:kCctltCm,· 

0 50 100 

Fig.3 Hydrogenation .. ofEEpNBA {ethyl ethir of FigA A high pressure (PH2=40 bar) hydrogenation 
para-nitrobenzoic acid) \Vith different initial con- of EEp1'JBA, T= 1000 C\ C9a1=0,O83 .··· kgpJnl, 
ditions (T=100>°C at P= 2,5 bar at. Ccai=0.083 Langmur'."Hinshehyood mechanism for both gas 
kgpim3). · · and. liquid components .. 1 .. -reaction without pre

saturation,2.;reaction.with presaturation, 

One ofreactor construction where the preliminarysaturationeffect.caribe·usedis the 
trickle-bed reactor (Fig. 5), G<lS frqm the bottle under pressure feeds the reactor and enters 
into the rise tube. Liquid in the. tube is lifted by gas bubbles on Jhe principle! of airlift Move
ment of gas is caused by pressure drop Ap=p;-p2 (p21owerthan pr due to gas consumption on 
reaction). During the lifting jn the tube gas dissolves inJiquid .. Satltrated with gas liquid •. 
reaches the top of re11ctor. and flows down pver the gat.alystgarticlesin a thinfil111 where 
chemical conversion takes place. Further the liquid f1ows down to the bottom of reactor and 
again enters the rise tube. So the reactor oper:ates cyclically and. does notneed any pumping. 
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·•·/! :. ~,, ~fu~;!if ¢ij~~;~i~~ri~· • 
. :· .. ::::.~~1),,,:-

·. · ·.· .. ·· .. ('"} ai0 . tf Y. ·., Z=O,~ 1"}0: l; s,fii,, \if 
,;·-: . 

if J'1~f ~? ;&;g~:Q,;fi~·!f ~lt,trf ·~;1;,: &if ~1 :1{/~.f ~li1i1'.f;ar 
At not v~ry,highyaj.µes ()f,gasc'liqqid:mass7transfer coeffipient and at high velocity of liquid, 
coucentratjori of g~s dissolvedin)iquid n~:rrthe i~terface is fowerthari its equilibrium v<llue. Then . 
tlie simpl~iµoµ~qliilibriumim~lis·,writt~11as: ; . . . - . . · _, .. · . 

"Vmax(1~l!_l2Jo1t,'.= DL 821 ' z~O & r>O: r; =.t;in 
_- -IaJ oz. or· .-· . -, ---

••.,;·.~~f~i;f .91:~ft{~~•i~r;'if ;~t':ti~;f;'ii,J~~i~i~t: 
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Boreskov.fn;titute.· ••. ;JC~t~lysis•lj;vqsi~{r.;fi.1?1J.~sia 
*Solutia1nc.Pensetcola,Fl .~2560, .. USA · 

Fluidizedbed reactors· ar~ arn~fig . .t~e'.111p~(important r~actors fof lieterpgenepus catalysis 

. in .. chemical····•industry ... ManrC01l11TIC~f ihl.{ghs·-s◊lidfluidiz~P:·· brd .teactors··.are.opefotedi·in• .. ·the 
bubbling .or turbulent i:1uidj~atip11 rr;gimes. Compared· .. to bubl:,ling .. Jluidized bpds, .· gas-splid 

contact···efficiencyand·•·chemic~rconversion•·are ustiallyhigher.ii.th~.·.•turbul~nt•··Jluidized.·.····!ur
hulent fluidized beds have alsp the· advantage of being able to··he scaled• up with less loss ·.of 

rea&ore:fficie11cy[1]. However/a. transitionfroinJ,ubblingto the tt1rbulentregimeisriot well 

defihed due to differences inmeasuteme1~ttechniques, tesf equipment i11d experimental data. 

pmcessirtg rnethods(2]. 

Alpha-alumina.·.is·.widely••····used••·as·.•a•·•·catalyst ••. supp<Yrt .. for•many ... heternge~eous •• reactions;· ...• 1n 

the this work the onsetof turbu1eilt Jluidization for alppa-alumiI1a p<-lrticl9s ;vvas studie(i. 

Experimental. 

Experiments were carried ()Ut in a :fluidized bed reactor 

height· •. at ..•. atmospheric .. •pressure .· and)imhient .. temperature ..•. Alpha-~1U1llill'1\Particles ·.·with·•· mean 

particle size of50 µm and particle density of 2100 kg/m3 were usedin experiments. Settled 

bed height was 0.5 m. Air supplied to the rea2tor wentthrough a moisturizing column to re

duce electric static charge. The.relative hufoidity of aifwas maintained at 70-803/o. ·. 

Flukiization regimes were,4.etermined by applying a statistic ana.lysis ™1dFast.Fourier 
. ' .·---·. •',,_, -· ,"'. ,· . •, ._ ' '. ' ·. '.i->', ---... . ' 

Transformations (FFT) to.both al,solute and d.ifterential pressure flu9tuatiol1s measured at dif-

ferent locations. Details of the statistic method could be found ~lsevAiereI3J. FFT analysis of 
. . . . ,."·,. -·,'.• 

the pressure fluctuations in a fluidized bed was also used by Trnka and yesely [4]to detenni-

nate fluidized bed condition .. 

. · Turbul~nt. fluidization is• generally characterized by low-amplitude voidage a11d pressure 

fluctu11ti()ns because. of the absimce Jr bubble/ WhenFFT analysis was used, .transition from 

bubbling tOturbulent regime occured when dominant frequencies of a pressµre Huctµations 

started to disappear on increasing gas velocity. 

Experi~ental results. 

For the differential pressure measurement,. both statistic analysis and FFT method reveal 

a similar transition velocity Uc indicating the onset of turbulent fluidization. The transition 

velocity, lJc, was found to be only .slightly affected by.the axial distance between two pressure 
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. ports •• whtre .measurements· .. ·~ere1aken. The results/areii11··.ijgreement·witn•·the'empiricttl BSrre~·· 
· · iation Uc;=:l.24"'Ar0045 Suggested.hy,Biand Gt-ace Pl 

The .transition ivelociti(determinedfrom<apspll)t~. pressure flµctuatiol)iV;rried ·••with .. the 

axia1.·.1oca.tions. Generally ,they are lower{han· those obtainedfromdifferential·•pres:iur~ nieas;. 

A.PF., absolute pressure fluctuation.measurements 

DPF- differential pressure fluctuation measureme11ts 

An exatriple ofamplitude spectra of pressure fluctuations is represented on the F'ig. L At 

low gas velocities {U::::0.06 m/s) dominant frequencies of 5 Hz shows bubbles passing the tip 

·of pressure probe. At. gasvelocity.of0,8 m/s,dominantfrequencies depreasedtol-2. Hz. It 

indicates the presence oflarge bubbles. At gas velocities of LO mis, dominantfr~quency 1:>and 

is relatively wide. Further increase in .gas velocity to 1.3 mis led to a substantial decrease in 

the amplitude of pressure fluctuation. 

-·-·- U=0.06 rn/s 
--U=.0.8. m/i, (Uc) 
-~-- U=0.9 mis 
......... ., .... U=1.3 mis 

5 10 15 20 25 30 
Frequency (Hz) 

Figure 1. Amplitude spectra ofthc differential pressure fluctuations measured at 0.31-0.41 m 

over the distributor. 
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. of the'.;reVi6;mQ4~Is. 
. ··nib. Qbj~tive {)fthe .. pr~sent research i~. to develop ·t11~co111plete uiatheniatital ~odel of 

.... •.,:"' .'··... . . · .. " ·, . ·. .. .· . . . '., . ·. .. . '· ·· .... ,·J·-·"··· 

statiopacy i~§tic pib¢eis ·oll the porortS c~Wyst pcirticl~ in the syst~m ''gij-ljqµid-solid" in 
• . . . . ·::·,;, f. .. . . . . . . . . .. ,.;; ,.:. .. . •.,. '~: ,:.: ·.' . , . ., • ,,.· :.,._ .. ... ,·,. ~ .. •.• , .~ ;.·, v.-•:. , ... ·.: , ' 

. the exothemi,ic teacti~n coriditions, as ·w~ll a~ to petf<>m1 the. numerical. exper~ents.· 
. . .. ·,;~;.,~•\;.,: ... ).· ~-·,_.;,,.,,.: .... 

. · N1llll¢ri~al experiD1elit$'~ 'perf6ftried.th'tiiri'.~;·,Grihe one-dimension model, where: 

1) .. :i:tzt is a P'/~~•Jc'~.!!!I1•1\~RJ'l\\ll\.g{,P/.l~•'hli ~dlR.Y/?J!J1r:aJI~, 

2) the)eft side ~f the plate coritact;\vith thi g~-liqlti4 flq~~ Jlle riglt $ide --. with the gas-
.· .... : .. · ··. . . • ... ._ .. ' .. · . . -.~:~:-•.':.:•.,.-·-·- .. •··,· .. \,-:::-."·:~:-.;·•,· ... ·;:, .... I:~·'.·· .. ;··./:··,·.·'<·":;,.·.,.._·., ... _. ..... :· .... ·.·.· .. :. 

vapor flo\V; · 

. ..-.;: 

·r: 
·L 

. ! .· .. r 



-+-,-,.....-~_,,....--,--;--...,..-r.,----,,------.,---,-..-----r------,-"T----,-+ 0,6 
. ,· : _: " 1.,Q.; .., 

. ; . . . 

C.atalyst_. parti~I~ co<:>rdi r,ate, g, 
. . ... :· . . ' ·:-•. . · . -.·. . : . . : . :_ .-_ -: . : :.· \ ·. ·. . ·. . ·, 

. F.i~tlt!Exhliipl~·of tli~ calbiilat~d;pibfilel~brig \hJl~at~iYst ~IJte:···. 
. . . . . - . . . . . . . . ' . . . . . . . . . . . . . 

l ~- dimensionless temperature, 2 --:- gas h()ld up, · 
, ·/ i3i ___ ·111ql&:trJStibn 6fHtih:~~'i1ia~f} -.. 

4 ~ mole fracHon of <l-rnethylstyrene in gas phctSe .. 



.·· .. ·¢~~~tj,,~ij1f}s~mi:~%~~,~~:ptJ4i,,¢~~\14~4pt9ttJ¢~.·~,;l'.~~r~~~A~ir¥t,Jti~™'~;;t:Ji ::i}i• .. •} ··•· ....... •· · · 

; .•.• /•··•·;~~;,te~\il!~{Qt,.(h~(~ip¢iim~lit§,ili~i~Jii9;~~}';;@i:ef1-l~~t;~f;~l(*~~~~ig'.;ft.i¢~~~iY{•·•·····•····••·. 

· :ti~,~~mti~ltttCl.:!~Uita!r 
·. · i .~t•1tittl'£t~tt~~i~T~f!~\i1itn ... • · 
. ·.· • .. •;is pfesehied#f l\jgui:¢ +,·~ fui ¢xatnpl~,•.•th& 4epitidenc~ hfiataly~(effe~tite11~$$ 1,()# the catJ~' .. 
. · ·• · ..•• lytid ac~iyityfot:filf(ei-J#t•Viilibs"tf'~§t~fitit!'iWe'ttt~ effIJi~ric&!•·••·.· .. •·····, 

. Catalyst. activity pijranJeter, <l>M ··· 

Figure 2. The effe~t of~he exi~rnalwetti~g ;fficiency, J2'0 = d{~Il the depencle;ce Qf 
. . · .... ' .. · . ' . . ' . . . . . ' •·,,. .., .. . . . ' . ~- .. , 

catalityc effectivenes~, n, o~ cak!;st ;ctivity: 1 ~ <Z2 (l = o} = O; . 
· 2 - a2 (l = 0) = 0.2; 3 - a2 (l = OJ = 0.26; 4 - a2 (l = 0) = 0.34; 

5- a2(l=0) =0.62. 

Numerical results established three differ~nt. typ~s of stationary states of the catalyst par- · 

ticle, when the particle constitutes:· 

I. practically non-w~tted porous.structure,.where.Hquid contacts only ex~emal.surface of the 

.. particle and is vaporized in thin boundary layer; 

··l~l 
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••... ••·•·i< {A;:),1lfu¢il~fJt~#i~1·~~~t(hf/ffl~ii{µtti~i1~~:~jetiiiibtit$i~\tbW;~s;hli~t~'i:lie,i9l¢i&f'ttt~}iij~$4.<:• .• ·.·. 

-..... ~ : ··.:-~ .- ···:' . . -:, ,·.r.: · .. :: :•·; ·. .: \ -- .': ·,,. ,. : 

·· .. ~i~g~{\ 
. •·.1: .......... t.i.F;~fy[{P.If~old•·and}tM: Ng,.Atdh~··} ...... 2,··2{);.·:(1·§9 .. 1·).··· 

· •. ·.2: ,~;*.~;9 ¥·fh~~,)/'r2h~aj:]i11g,iJpµ.·J4,:3;11.•<19,jJ).····•····• .. •.··.·.······ .. 
. . . ··.··, 3.... P.C.\Vais~iiajid 1\4.P.f;atQlQ; J\.[{]Jil3,f)~",:985>:(1993) . 
. . ·... ·4. 

· : ;:'.~f Mf~t=f~~~s~;?::~:~: 
· 7. R.Hu~d T.(S'.Ho,Cheril. ~rig. ·Sci.42,12:39{1987). 

··~o. r:-Sf ~~~~l~it!+ici::~~~~~~r~·22,l~l(!933). 
1 L ~.E.A. f'~ ~-J'-h,!a]inauskas. "(las Tral]SPQrl .fa i'Qmus ~edia: The Dusty· fr.ls 

·. Model';: thhn{Eµg'. Mono~aphs17,x;~t~rdafu: El~evierh983). •. .•. . .. 
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.. chang6I,trategyiriJliewofcataly;td(!Jctivat1011~· 

.cbm,equ~nces pf ~hort~Hveg• ov~rheats ofthe catalyst; .. 
: .. -_: ·" .::_: - ,-_--.,:> r/_ -: .·:-__:--- _: '::-:·---:·· ,-:~_::: _'-~---'.c.:··-.--?:_:>:: _:-.,:: :,':_-: - \\:·.:-\:i_,:_:_i:.!_·_:) _ _._, ;::_\: -·:- -_:_:- ·<<:\,,_----·:--:~'.'.·--:·:_. :::,._·_-._ · __ :- ·:,><:_-: -.. \-- - -

usageieft1ciency ()fmo<iifiedflow dia.grams · aude;a.talysts forecasting. 

· Thus,···· the···.caicuIJtion .. ·of. •non-stationary•••·at .•.. ·xnathematical•··•mod~l ..•. ··of ... industnal•. •ciethanoI 

synthesis developmeI)tis the important •. problem. 

Devefopfuenfofnon-~fati()nary ·kinetic.fuoclel · of the metha1101··synthesis. 

The numerous •researches have shown that ·irreversible deactivation of active .centres dur., 
. --· ,' ·-. ,. -,·.,,,:- '. 

irig the 1nethru16f syntl1esis can happen as a resµ1tof passing the syritllesis r;action: 

JAJ +(J.0+2H2 7"[A]+ C:.Hl)H 

[A] +C0-+2Jl2<➔ [DJ+ Cll30lf 

D -deactiva.ted g;ntre. 

In coITip!i~nc:e ~tl1thattherl:lte9factivity ch,angiµJf qan be f~atllredby,tpe.eq,uatipns: 

da = -k* . G 
dt a 

(2)forcatalyst.layer 

k; -tempera.ture coeffident; 

G - productivity of a catalyst layer. 

Nµmericaj it1tegration of this eqimtions allows. to ddine change Qfa 5~atalyticactivity dy-

namics, however, the main difficulty is a definition of curr~mtrelative.pro<iucti:vity qn .each 

integration step. 

In· this .work as. main •.toolkit. of forecasting .c:akulati.qns is. the computer complex 

'SYNTEZ' [l] was used. Using ofthis computercompJex.\,Vl.t.h,~deqµa.tekinetic.modejs{witll 
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sign data.··. 

Thus \vasmarked, that: 

• inaccordancewith operation of the catalyst the activityitfalls nonunifo1mlyonlayers; 

• the main parameter.i11fluentialin c:atalyst layi;;.r productivity under conditipns qffalling of 

its.activity, is te111f 6rature; 
:-·, . -_-' ' '" ' .' : ---:_ ... __ - · .. -< ,_-__ :.,,· .•,.-, ... '.,• .. ·_-_.:';'> .. :· ·; . =, -, .:_; 

For kinetic· .• param6ters ()f aiell1p~raiure c~efficient··ka of model.·.of "'slllggish'' deactiya-, 
... , ;.·,,, •,",'_" .· ,', ,,'·'·'·-· ,cc·,.. , ,.·,•, '. . · .. , .... , .·. ·, 

tion CinJayers (iefi1~ition with 1~Ji11g (}f th~ •COI;~puter ''$YtfrEZ" · uni twas calculated average 

value of T,G, a. The designdepende11cbofactivity ratipsofcatalyst layers on time is enough 

precisely approximated by simple· functions, onthe basis of which one the time dependence of 

deactivation rate and as a result numerical values of a temperature coeffitient of deactivation 

on a beginning, middle and extremity ofcampaign were obtained. 

At some dispersion· of the obtained points {Fig.2) the linear dependence describing data 

on all catalyst layers is tracked from which one there. are values o(parameters of coefficient 

of model of "sluggish" deactivation: 

* 6 3 ko :::c 4.52 10 [M CAT/ kgMetJ, E* = 138769[.Toule/Mole]. 

Integrating model of deactivation, it is possible to solve the following tasks: 

• calculation of•activity decreasing and ielative prodltctivity of·the catalystslayers under 

chnstanftechri()logical parameters; 

• the analysis of different technological parameters change influence for dynamics of ac
tivity decreasing artd relative productivit§ofth~ catalyst; 

• t orecastir1g o:f the' <ifalyst. overl(}ad periods. 
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.. ·· .. • · • .. -::_,.- · -..,..,. .. . :: .1rr .:· ... }7. ···· 

.·.•· ·•·.• .. •••·•· · ~:;pJe{i•·•·~·lay1t.2:I•i1ie~··.kx1aye~A··.•·· .. ·. •··•···.••··•:·.••'····• •.·.· . 

,\. i}i::}_jb(~ff~) ✓~·~11~ ·.--
··:.· .. F~;ec~~tin~-(};;6dustfiaimetll:noisy~:;hesisi 

.. AJ.the analysis of ·design data it was r~vei(eq, tha~ in accqnlaqce \yith decr<;ctsinga cata-. 

.. ·] xtic ... ~(Jiyjty:fl!l :ccmtr9llipg;~~flillei~r$· .. yw:y;Jpro;viRJ l1K·9qn~taµt pr9gµcti;ity::or aggr,e,g~te. '.·In 

sµch ,.9911'1tticws',.th; ' cii;~Iqprnen~ :o;fJ~r· CQ11)1}1Q11. :§trai;gy .Qontrolling para111¢;t~~ Gha11ge ·,in 

time pqgstqerk~iy, !?~comes b()wplj9aty.d. ··.Ti7:Q;,TT1~n;yapi_ai1is .'Qfth~· •§1.t~{~gyi~~:sµpport ·•of the ·• . 
. . ·pr69e~_sJer~.reyiy\V~d: > 

·1) •.. ···st~gi~j~r1g:i11 •• ~e•_;f ·~il,sontrpUingparaqi~~ers; ·'•·· ',·.• ·., 
2) Programmingentrytempcrature on cataly;t .Jayers . . 

: In act~al conditions th~ implementation of the first variant is possible on a particular time •. 

b~f9re rea~hi,1~g pome critic?.l yalue.s of the. ptod~~s!n.ctrics:withtll.eir:sµbsequent st6p,cbangc . .. 

In thc.Sec9ng .case .. ·. , .. progr~nun~g ~11tryiernperatµj:e pncat~lyst layers is y1elde4 pyby

P~.~s· ••.. streaws .~ng .. ·at,,itim~-yµrying
0

•catal); i9 ... a9tivjt)f, •.• : 

Parsing outcomes hekl model forecasting calculation with increase of_tinie Qf ~;,;:ploita

tion, decrease of a temperature dropon catalyst layers was .m~rkcd. Though ·catalyst Jaycrs 

activity ratio, as well as common productivity on methanol is .slashed, the relative productiv

ity's on catsJyst .beds undergo .interesting changes: the reallocation of offload with upper on 

low catalyst layers is watched. 

· Asit is visibie frorn a fig : 3, at an identical cGttalytic activity common c~talyst productiv:

ity, in case of programming entry temperatures, is much higher.Thus) outcomes of the analy

sis forecasting calculations allows to draw a, conclusion, thatthc most reasonable criterion of 

the optim<tl strategy of industdal methanol production is maintaining constant productivity of 

the reactor block 
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.· .·: .<E:.~B~~;M~::~i>#~ct~.i~lll.i~ij54~.f ;AA>R~W~t~ux:~ij#Y~~,i~ :~~ p(~~~~t.i~e;/1igiJ·•·••··· · 

·. ·~~~ll,, .. A~:.•ij~!lQ,p1111i'Ei~~. :("E?··~).~;'-lt<~e~~ .. ;ql~ ,;tlw~;Y~rf ;~i,µtµl:;;ffe'tl, p~i,(!1~¢~,.-.•J#g~l~•·§l;l~:-• · 
..• ·,•·PQ~;~;i~~i~le(~~~,'.p~i~~~;fM();~,#P:~~hi~if~i~Qi,i~l~iljj~{~~,~ity''.4tie{s~fl~w;i• ... 

. , · atid,ili¢!~se~Qh in:Ati ~atalysist®lci~~trleapi0-<:Y•i• ... ··•· ··• · .. · 
. ·· ... · . 'Ill~··fut~l~sts· .• tised in ourshidies .. criilsi§t'bf1P~:fuid·•iu:~11•y~Al£QJ··•~tl:·()1t:.:M()~f,'y~j\liO;,.·· .. · 
(fyf,&/M~t¢i,Mft,'F~:.<.Jot:1'H;':Cil:~4:Zii):!rr11e'ptepar~tio11'.ofI;~ppBrt~A.ii¢atalystsis.crµ
ciJIIiinCafaeftJ '6btaiilhighly ·a~iv'J\~µ riaµ~iart.tcles(S~;ir~l~rJp~~~ipiiteefihl4tj~~ ts ai~· 

XJ' siiffaJe~~~i6i cxPs:MEs) ... The}r.re~t qfililg614··~aAiJie ~i:i~~a•ih~· ~f'f~t.~r m~_pres-

·oxidation. by 02 lx>th ,t:lie pt"(!s~nce Qfyery ~sp1all g9ld p~cles · ~d the pre~epcepf M:Ox ~e of .~:,.-.:+ ·.: ··' ... , .. ;, > .- -~ .. -: '.: :.,,_:'!-,. :: .. · -: ,: · ...... ~- .. :.·. ·.:.--· ·., .. ·,.·;: • . -...: <· .. ,:,. .. : .__ .. ,<:· .. : . -; _,:: <<<:>.~-, ,··: ;'". · .. : .. : .. , .. ,·. ,_:, ·:.:· .. ·:. ·._ .. ,_:_,. i ....... , ... ·:.,: -:·. ·, .. -y ·-. -·.: ,>:· ':;:-.. :,:f?,.:-:-;;,:: . -::·: ;· :-· ; : . : :~;::··: -.:~.;.;:; "t':· : .. 

great imp6i-tan~~ t9 6htain a µigh activ1iy. The I,ehav1oµr of goid ~ased,~atalyJ,tS iUthe rele"'. , 
· ~arit i~~tidti~~ll b~ c~lri;;e4 wi~h th~;¢ 6f 6t4~; 11ribl; rn;;'1rg~tajy;~~: : ; '. . .. · .. ·. ·.,. ·. "·• ·•··. " .. 
. : · _.";:-\'..'.:'..:}.'_:y·-" _. ::,·· -· · '.,:-·,-:;. \·.:) ::· f.·•:·,,•_;·.\{::> /:-.,": .;,;(,.·i -~·-):_l:,'.o:_:,:- <··. ·c<: ~-- / · ·. · ':<.i.?\····,:.;;/._',_ · ·-,,:---~::-._<:-<,-:.:1:,:.;.(:'Y ·.:_ · · :_:::·_.-::.- -;:,~--~·;_:,~'.>•.~·-·\.-.{ .. '' .. :·,..'.:,:.S\)~'.•::,:.: ·:: 



i.> ;/\ 
. ·. . .::~~filit, ./ 

ho~e~;aJ~z~ez,:tr:;;!:~t;::r~fijuef,~-Ofi•~~~~jn .. 
· > . :~, .@9111~µ9~ pr?J?lein,)fq11;<;sl1Q~4il1~;tB,Jhg?S fl9w'.tk1°Q1+gh l1()µ~y9o~lJ· c~tffiY:~1 ((ess~Il:..· 

·ti~1!Y'.tirr~~r~~l18~9,~t~kJ~st)i~/J~o/. ~9.p~i~tj~ll!~4: J:s~titw~:rke,r~~~~i,tQ Jfil1~£hcCsi.JpJ?I~r 
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tts~:151il~¥~~;;;t~j~~i:f:t:;~~i 
.• . · ~~th¢II1Rtical f ?~~latioil' ~f the .l)f~~Iewis <ba~ed.· ..• ~~ . two~;dillli~iQ?aj .~~~ier-§t9lc~s 

e~m#i;~~·f<>u~le~·Mlith:•~lll~SS····~~iin;e .. ~4~tj?nfora·1cey··re~gent.··111~·;4s,,.balance,eqwi~i'(Il 
~cco~ts'f<>r ;'iliftusfo~ in bqth ah-ec.tions. ·fioun<lary 2on4iti~nsor perio.dicity Were:µsef Gas 
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. ,-.__ ·.' "\·, ,,·:,'_._ ': '_ ·:--··:> :·_;.'· 

Ill~ eqµ<4fi<)llS \Vere a,ppr,qxiwate,d· with regard .to primitive Physical y::i.ria,l?tes.·. e>rttlle pa,se 
.ofGalerkih .. f-lllite•·•elen1entptjnciple .... The .. ··.Y¢locity.·.cothpo;ents .... and·.····c,on(;e~ti~Ji;mwer¢ ... repre7··.· 

. ,--.-:_: · ... ,;· .. __ ._.: •,' <-·:.·_:·;-_·-,· ,: .. - ·.·- .-.:-,' - ',' .. ----._-'._-- .-.---::>: i._'.:-.·.-- ::- <:. '• --.-.·,:_/_·'' _:;_· .:-· .. ·.::•.:• 
sented·· .. ir1·piefewise.,tJilip,e~ basi~; mess.µre .--+.in• pie9ewi$e-co11st~t lja.si~. SysteWtime • .. irite-

&ratioli wis pef(d1"1lled .u;jng.•··•••th~ secoJd-~rqe;·.•··•a~curiiCY, R()qnge-chtta:s . scheme·•·.•wjth 
gec;µpli;~g·;r p~icula; •• ·.~04e,1 .••. e~µati611s.i\h.im;iicit····~~l~r•.·~~h~;e· (1.µsed .. to· ;;pr;~i;~te 

of the ORTtIOMIJ\f ;etli¢<1,.1'lJe pr¢;~Ul·~ fi~td .;as 4et¢1;it1ed by.~; pr;i~i~l SIMPLE~like 

procedt;r~. i~ pt6vici# a69ntyrg;11ce 6fiterati9~<1lg6;it~s,i1ie.s£Ag s6;ling «rcis ap;li~d. 
CaicJI~tiOJ!S···;er~· .• ·.p¢rfor1n~4 .. for·.i••grid·.•\;1&J1·Jiifofrri···•sE.ati;l .. ·s16p·l1····;!·q~1••·i; .•• o.bs.·.1®), 

The ;cisilltedriur;hei ofri~d~s is74lx 141.{hu;-~th~Jotaj Il~lllb~~ dfurilfuo;ti vari;qlfs, 111-
c!ud~ilg t;oiveld6it~··•.~~Jtpts,·· pr6ss$·e• .·a11d· .• ·C(}11C6npr1tio11•···fields·•·•·Jchi6tef .·.·a S,a1u~····.•abbht< 31 () 

. oQo. AVh1ueofii{iri1J··st~p W~schose~Jo be.1?< 1o~sr1~ecati$e~1res11lti11gs9lufion•·wµs11on
siatibh~~··6~in,tiI11b:~v;ragihg•·fas·tec~;sary.t().·C.~lc:i~1atf;ff&tifeihiss··•t;a;sfer .• iate; .. • •. uJ.to' 
105tiine· .. steps .• were.n;ed~dto.re~ch•@ .. accJrate·a~J!rngi;g .•• attimes. 

. . ·. Model.parameters·.•·used···in •• calcul~tio~cqrre;~on~ •... t0Jhe.typi9al ·r:~ctrr •. for •• cUlJ1llonia ...•• ~xi

dation athigli~pressµre·njtric aciq. plants.: pressur~ - ? atm@d temperatµi~::-.... 9.0ffC.· ..• A. plate 

thi~k11~s;··.was··¢q~a1··• .. ~6 2 ... 1nn1,·.·a··clist~ce·.·bet«reen·;1~tes.··~a;·5 .. •~ri .••. ·.1J1es;•·val~es.··•(;w;es~ond 

exactly to a wall thickness and a square channel size ofa COl11!l1ercialm~;oiith iatalyst The 

burr thicknesswasequal foQ.lmrn. 
In OUT Study [6] wel1ave. ~hown that a platinum gauzes padhas perf~ct)efn16tive properties. 

> '', ·-._ ' --: ':' :·:.··-·_·' _-_,.-:,:. ·,·, • '.' ' : ' ·:.· ,' -. :·'_·-' .-:-·: .. ·,. ·,_._, __ ' ': ,--- • \"/·\/ 

This means··.•that· .. the ··first.·•catalyst.stage·.extinguishes· .. a ... tran.sverse. velocity .. cQmponent, •• gas .flow 

leaving the paa in parallel to monolith channels ofthe second catalyststage, For this reason, we 

have studied the cases ofo:nl_ylongitudinalorientation of~ast1owrunnillg over~plate. An uni

fonn velocity profile was·fixed afadistan.ce·equalto··a ga.phetweehtwo cata1ysfstages. 

The following results we.re obtained. 

An increase in the burr length (provides a non-monotonic change fo the nature of plate 

flowing abm1t (fig. l). In absence of burrs, the flow is eddy and steady state(fig. la). An in

crease in the bufrlehgth is accompaiiied first by an elongation of t:he shadow recirculating 

zone locatedjust behhld the btirr(fig. 1 b), then··.a mobility appears in its. stem. part. With fur~ 

ther burr length increase, this· flow ··.fluctuations amplitµde increases, · and eventually, as c;; 

reaches somecritical valµe, the recirculating .zone transforms completelyinto .a,. serie$ of non

steady vortexes. The plate surface fr~e ofburrs is characterized by an eddy zone \\Thi ch is al

ways presented on the plate edge. One more zone with counter-dockwise .gas recirculation 
. ,. . 

first appears and then disappears· downstream · at this plate. surface'. Figure· 1 c. corresponds to 

the maximal length of this zone and simultaneously to the maximal length of the shadow zone 

behind the burr ... As the i1i.hv transforms intothe fluctuatingmode, the effective·length.of the 
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fig:liJiW~ra,y~r~g#*¥~~~s.,,q~:t19it~·.~ct~# .. fr°'WJ¢ftJo.:right .•. •.·.•••• ... 
. . . The burrs ~e focated 0~ left upper edgJs ·c c;denotes b~rr dint~~i,cm). 

. . . ', . ': .. _; . \ . . .. •, .. · ... , ,.· ·.. ··.·. . ·, 
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t1lol+¢~e11t (R.~i(~t;:~ tf~i~a,<1994)·••Iiydi~gertati~ri· iri ~'({~btii;t~fy,ttj6kl¢~bcii fe~ttoi. te-··· · . 

·. jl-~!IJ~t*~tAf mfl~~~jit~.~t 
· .. ····pictt1re•wris•·iincl~.· .•. \\'~ts()k.·.&···.·1-I;r~ld··•(I994).\Vere,ih¢•.first·••·to··esia1'iish··ll1riltjplibity fo{~y-.···· · . 

. . ·. Plohei~nehyfirogel)aHon. •o~ pellet•·sc~e,· thoµ~•.011Iy for· ... 'tll~•case when tlle ·,gas. tl9)¥ .. ~f .. 

. ~~~,atw!tttµi~!ttiff~tto4ti~~ .. t~tl~~~~t~··· 

. ·~,~q~f 0~l:rtJf Jatr:wti;;:1:::~t]1f]~fft;·. 
···C>Itl; .. ;1993);' .. butVff \vat·iicit · ... cbtiipartd·•••·;Wit1i' ~xpetin1~11tfil : mita: •Bt>fu\'.me iheofgt~cal and 
·experimentali:sthlly ... ofJhe•:g~phasehydrogenatfoti·of'hydrocarbons·on•·•the.dry·•·catalystpellet 
under external transport control (Kirillov et.at, 2000) p~rtiAfly elucidates the ¢a*ei: 41'ta.ihed 
experimental data.· The goal of this pa,per w.~\tor4eyelope. math.~niati~al rnodeJ~•f~r .undre~~• 

1ru14~g .. i~Jl~::criti9al. :e~e~Oltl~!¾•·•~ffiCh '. ~ere, ..•• :~~rimenuµ~Y.· 9bsJ!E}'~~1,.itorJhe.,1\MS ..... ~i~o; . . 
gen~tion • on the partially wette<i ca~yst pelJet (Slin'ko, ,et.aL, 2000; J(uli.l(qy et'.aI.> 40()0). 

. . . . . . : . . ..... : . --·. "\"• .>. ··, ·:· . . · .. ' ··:• : "; - .:· .. ' ... - .. : ·.· ...... , ,. :-. , .. , .. ·, :- . ·.·.· . . . .. ·-:.:, .; ·.:, :,. ,,:~;.;. _,,._.. ',• .. · .... ··. 

AI~<>ugth. <>i+r. tttt~nipt~ t~ .. ~<>n~st!P~ ~qt1~ i111:~~l.J~ siiµplate: ~I .the :~xp~riin~µta.Ldat~. 
· ~eie nc,t successfu~, we corisi4ci~ two tLtther brt1de. but ,4ighly hdriliµelir fu~tJie~atiJaf ilipd~ls 

.,.... . .. . . . .,, ... . ·• _, .- ·;.:•.'<,. . . -·. . . - . ' . , . ·-·. '-,,.-. ". "' --- - . - . . "' . - ' '• . . . . . - . 

with>ltm1ped :pai-aineters,;coriespo~diiig to' cliff'ere~i 'gas fl9w'com.positi6Ii. The tnodeis; are 
· · b~~cl Sri the diff~~erit'phly~iJfil ilss~pti~ris,~lli6h file ·briefly iti~htiortedfrithl'd.i~t~§iott'··· · 
• chapter (to satisfy the p~per voiiliti{restrictlo~f:' 
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. L (I) .. ·.. _;_ •' .::wre~ = 0 ~d hdry- 0 

. . 

wi~ =Shd1/1(T,PHJ if h < h(l) • 
dry . reac' 

.•··w<1) a ;· M · 
' .... reac = . AMS AMS= Wev 

· h~ ~ 1rt4.~j~; £iflt,~'~f:~J~:; 

see (Gel'Illainetal., 1974); · · · w<2> · s(o c f· 5 · • ... ,.. ··-;·:•,.:~ . r. -· ........ ···'·."' ,· 
reac · · · ·.. 12 2 · H2 · · ' 
. ....... ::. . · .. ·.. . . ·. --

Qp=l09x 103 J/mole; Hev9'3~103 · J/m8le;''CfF=20<f''J/(mole K); MM1s=ll8 kg/mole; 

. ~f f.5\iot ~:(ll';1\~Ji:~f ~t1oll \%~(ni~~ ),;,p:/{s~i o"' iil"ij; 0,;#,1\IO~ rti'. rf'· 
E ±3 7:8xl01 JYmole; E 4 l.Sxl 03 J/mole· Hei4 5· 1 ··• · .. ,2 .. · ...... , .....• 





--·:,,- :.,.·· 
_.:,_.,:_·:•··':.::_:.-: 

<;~~\j/!R 
\ ? '. :Jli~•mijtli¢~ti2~tw,~~ffi-J:.· ··· · ·· 

· ..... - .. 

··•·.·. AcJoit~gniepts . 

. ... -.• ....... . 

this.rese~ch;.· 
. · ... -.'. :_,:.:\ :·•, .. 

• ... Referen;es 
L Germain A.I-I, Lefebvre1A.G., L'Homme Q.A..//Adv.Chem. Ser. 1974. 133. p.1~-
2. llliiickaJ., Hariik,a J. // Catalysis T~yi1994. V.20. P.467- · · · . 

3. Watsdn J>.C.,Hai-~ldM.P.// AIGhE,J.19~4. v:4o.N 1.r~1. 
. . . 4 ..• .Sli11'k<) M.o:; K.ir.tllov ViA~(Kµlilcov· A.V~; Kuziii. N.A:; Shigarov A,R JI Doklady Academy 

· Nauk.,2000: v.:U3.N,3,P359(inrussian), . .. . . . . . . 

. · ·. 5. ,I(ul~ovA..V., !(~ill NA,, Shigarovt\;13'., KiriUo~V.A..~1(ronb~rg AE .. , ·'Y~sterterp l(.R.,l/ .r~. · . 
• ··:·~figs .•tif .the ?-rd11rit;fil§ti9fiif;Syfuffe>sill111 '''(Jaililyii; 'in.'.mtiltipli£~¢• .. ~ifotor~~; Naples~· ·Italy, . 

.. ·. •·• ; ' Nfay·29;,?J,.2000, Pi'IU{'l/ Catalysis To<fay, 23tt~/1-l(200 l); . :. . A > ;,<,·; ••• 

i: ~if i~1,:!:~{~!~f ~f ~~:~:!~J'V.ti: ;~~v ~~- '' 1oeo, 
·. ·. Found. ,ofGliein.T~C?httology. 2000: V.34.N.S.P.526 (in russiat1). · · · · · · · · 

··,J◄s 



· ~~:;t~Z:r::::e:~~~::==~o!:C:!•·· 
=z:~:::.:!::::=::w:z.::::r~:e: :ti:::;:· 
==tc~:~r:::;=:::::::;:-:~:=~n;:;:o;::i: 

. ·. ·. tegirne~ ·.of ~t¢1iQri pfuceedi~g'itiidef'fhe:;~e d6n~Hi~s. ·3:iyp1caT :sha:pei;:Of lM~~cfp):ilis~ ·.· 

•··· plane~ whicli·are ¢hafact~rifeifb}"MSSategiten:in·,Pig~1}:. . 

..-----•.....:, < f 
I 

J··.· 

·i~i.- ··1~ ..•. :MM!tjP!isi~r.-~~i~s.i .•• 9:f .jt~~}' .•. ~~f~~: ·.•,<?.· •• t:ij#<?l~9iji~e~', 8f S,l~1t&:i~~·· PT ..• :'iig~~se''. 
· .. llysteresis, c~ self"'.~rossing!(''loc,p")~ d~'breakdo\\ln; ,e ., isola;>f 1 tmushroQm. :(solid. 
Jines-steady stationary stat~s;br()kerilinesltfusteady staHonaty states) .. . .. . . 

146 
.,-

··· 



,Ur#Q$;tl;,,s.Wc.·9r.~1¥.P!C.Yi~·Iif•i: 

;~f~f~i~~~Jf,~!i~~~;f ft~ (ft~~,)!"tif,;{t{ 

'. . 

.Q11,Jhe basi~ pfthie .g~$<;r'iptioµ q.f ~i.M§S ctj~ri9n ()ne.<;ap, . 
. .. ,,,, .. '•• .. •• .. ,.,,.,. " ; .. ·.·"'.' ~- ... ' . . ' .. . .\ ·.' _;,,: ...• ,' ..... '· .. · .• -.:· .. ,. ' '· ... .-... . :.l,, : ~ ! •. · ·. ,:.·: • .. , ~ ·' ., •..•. : .•• ,, ·.- • _, . , ... •. _. ·- .•.. '. 

. ' . . . . - ' . . . . 

· \, ·•J<· ·· t i.r ,,{/ ,} ' ' ······· {If ' •(2): .. (if''i.: {2}' '!: .:; ;\,, -.,,:;. )i. • . · , ' 
repo. n.din. g nonzero values of process r ·. ~d r · ... · ( r * r ) exist. Fpr a catalytic reaction . . . . . . . ' - . . . . . . . . . . 

<>fc.arbon monooxide oxidatiohohi,tatmimi £2J <~ici6~~dinf acc,?rdffigto th~ scheme 
. · 1. 02+2I(='.4I(O, .. 2. Co+KO+K.~CO~~ik ., ,,, , 

)¥here.Kand ()I( .are.free' aridocffrpi~d by'oxygen catalyst·sfuface .centrfs~ ·respectively,. 

rviss •iciligtifdilig°t,{ffie rel~tibri~{l)ari& (2) whi.·icb&\lliaef tliiroi1dWiiig 'crirtditiSns:·' ...... . 

. . H7 

·.·. ·.··.·•·.·.·•.·· .. 1· .... • 
. ,.,. .. : 

· .... ·:i ::"ti 
.··,·:,_· :, 

f 

f 
.. \;\[ 

·• .. ··•···/•.f ·•· .. ·.•t 
·.••····•···i.i•·I? ••> ·L 
.•>l 
··.·· ... •.·1· .. •.·.·. 

FJ 
.· .. ·1 .... ·.·.; . r 



(2Vr+U1 ~w)(2V2 -2T'J}>0, W =Vi +V:;~ +U2. 

The relations (1) and (2) are oar:rred out,: fhr eiample, for W :=: 2, 
?-'·--:>·_},_·\- ·.-:·_·_-: -; __ -,:,.::_:. -:-· ·\:_-;/.,.:·._. ·: ... ',,_,· .. _. __ .. :/:·-_:·_,,,,_ ;.-._.>, ··:.·:·--. '· ·:·:_·_ -_._._.-.,,_' ,_,·· --~-: ;.:::-;<· '· ··.-:.,· _.:·_.·":_.,·' .·_<_._,.· ... ' 

·. ~I =-13, U2 =-2 (the parameters U1 and~,v~ correspond t{) substances of 02 and CO}.· . 

The given valu~s satisfy the vector components f' and U, and also the inequalities (3), (4). 

SeJf ... cro$sing. Another shape ofMSS is a k,inetic curve with self-crossing (Fig .. le}. This 

· critical phenomenon is characterized by the· fact that the graph of reaction rate,· dependent on 

one parameter, crosses itself at one point. This leads to a kinetic ''loop". It is worth to note that 

at the self-crossing point, which is characterized by yarious values of intermediate· substance 
' '' '' ,,. ''"'' . ''' ''' '' '''' ' •,' ' '' -·· "" . ''' ' ''' . . . ' ''' ' 

concentrations on a catalyst surfuce, the rea~fion rate has tho_same value. Th<i eqµafio~ of the 

MSS criteria (1 ), (2) in case of self-crossing will be written dowri in the following way:· . 
. . 

! · -f'·v ·('.E( .... · · +)v ·)·o· · a· · · · a- · -a- · · > . l,) j I,] l,J J , 
j .i . 

:iat]VJ=O, 
j 

The sin1plest··mechanisU1Satisfyi:ng tothis cdterion forA1·~··A2teactionis 

L A1 +Xi•+ Xf =2X1 +Ai, 

Br.eakdown. As can be observedtunder certairt conditions points A and ·Bin Fig.le with 

self-cr9:ssing canexist very/dose to ·each other, whichJe:idsJo •.akin~tic ··cury¢ with break-
:: : ,_:- - " ----.- -_ ' •' ' .,·., _ _-;,• _--~- ._.::,:•;,·-:·:. ___ ,, .. __ ._-_-' ',,,' ·:·-- ·: ... 

down; The kinetic behavior of this forrnw;s obtained f~r reactions of ~arb6n monboxide and 

· hydrogen oxidation on platinum metals. Besides these examples theappearenceJike break

d(};wn were obtained atjoint oxidatipn ,of carbcm monooxide. and nitrogen oxide. In works 

[3,4]the criterionof occurrence ofa bre:lkdownis offered at the ce.rtainvalues. of rate con

stants of stages. It is shown that the relations ofthe criteria ofa bre?kdown i:rre equivalent to 

basic relations of criteria Of self-crossing ofkinetic··d¢pendences. This researche shpws·•.that 

kinetic dependences with self:-crossing and with a breakdown are determined by .identical 

states i~ reaction stoichiornetr)', ·•although they are different shapes of MS$. TherJfore for de

scribing breakdown· ifisquite sufficient have reaction schemes givihg self-crossing of kinetic 
. . 

curves. Fig. 1 d illustrates breakdown for scheme (7). The most simpl~ schemes of catal11ic 

hydrogen·oxidatio~reactio~describing 1\1S~jn thbform ofbre;kdown.(6rwithself-crossh1g) 

kinetic dependencies arethefollowing: 
·_ -··::•-· .· .. , . ::•' ·-'::·:= 

L 02+2K=2K0,2. H2+K=KH2,3- KO+KH2 ➔ 2K+H20. 

Isola (Fig. le). The existence conditions ofthis shape for a non-isothermal reaction of the 
._._- _---.-.-... ': ,._ ···,·- ,,,·- _.,.,, 

first order are formulated in paper [5]. The basic cause of appearance of isola is aprocess of 
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of a clebre~ing ~ftnole nilinl,er duritlg a. cheinical ~~tj~31;..~~.9~fuR~ti~~ pf.p~~4Y:H~C 

· · and transport parameters \Va5 tn~de by the use of the e111tiric<ll crit~ria ;qrikti~ns, > 

The model equations of ~ass. a!ld e~~rgy balances for the. dense and. g~ plrJseJ.td~ ~ 
•. . .. 

,adi~~tic"react6i-2fuJ giveiit,{: ' 

£ql+ q~i · = ; 0~•;:f(Pa~i+ !l)(X; ,y, t7~~(¥1""Y,◊J)t, , .. .: . 
. ·. .. . 

·. & ... &. ~ 

E(l-q)-.. -'.+(1"""'.q)U-. -1 =f(~MSU +µ)(yi -xi 
. :; ;.,\.,. ,,Qt: •. s ,,, 't:·;.pl:i;<·,:.· .: ...• •: .. ? ::,, ,; · 
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. ,·. ~\''~(1-<JJtt~ l•t(l~E~) ;:: 

·. )50 

lif! 
r~•.;•. I 
f.···.·.·.··~.'.··.· 1 .. · .. • t~j-=:1: 
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·• Reactor length, m 
.. . . 

Fig. 1. Temperature profiles ofdense (0) and babble (T) phases at the "heat explosion" conditions 
' . . . . . . . . . 

(initial hydrogen sulfide concentrationis 25%(vol.), surface of heat removing is 16 M2/M3) · 



. · ;J1t,~t!J~!t1~iI;',0~~[);\1,.j~~0;:jjOit}i!;~t,~!~,8~~;;;:,; 
for[:I;:2S]o ,15~ { vgl.) .G:gas J$Q m lh, To , ,()Q p, E>o , l6fl C, , 
,•,•: •: ,,,,:, \-, -• • •• •' • •• ,: • •• \•C'•,•• •, '•••: "•:.,, "< ,": .. ~:•.: :. •,•,',; »' •,•, :. ;.~ ,:. '• • ._:.:.,.-, '•'.'•'•• ~- ~:, ,,\,C,- .~ 0•,," -,' :.,•.,, : ••. • • ••• • •;••<•'• •:••~:•'"••• ,:, ••· • :.••:''; • ,• C •·, '•• ••:••,>::, • • • • • 

.. •~:t:t_rt:tt~!t1i::=:~:.~~gtd:t::~z.t. 
' 'the, §tefan stremil;lh,P~ ~heat-. andmass-<!xchange'.cri~fncien~s}e,eo-VOid·fra~tion ofthe ', 

', · fluidized and fixedj>e,4s; P, :A .,,. effective eiffµ$io1i and .Ui~rm~tpondllctivity; '0, T ,,.., tern• 

, . perature of dense £U14 ~asphases; GK, <;cfl1ga~ cap~ity oi.ipe;:~~talyst)nd gas; 1/f - coeffi-

, cient of bed expansion; Co i,.wotcfd~sity of gas; s~ ~ ~xtermtl' specific catalyst particle 

surface; ',Oi - heat iofre~tiori~; l, ff.,,. longitudinal coordinafr; arillieightof the fluidized bed; 

t-time. 
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!tfJiJifill~lf &',J1tj~'le~jiflil!ftfll#/IJJJii1'Jrf ;Jif~i:{S 
:.'·\\::;-'J·.=t.\'.,:<·, .:':\·/:':;_:.;"·_;:.: ,•.', 

:.:,p~9p~~ij:tltipt~gir~ii~i:<i~~s~i,ji~ii}iii~~;;1§,,}i: !I(c;:k }:cit;f ')l 10/:}-,)>• ... : 
·.· ··••-•tc->:'l·'~¢,¢~#~tt&ii~}tg,.~j)~~,~i,ti<1•1~I;~{Jfti~t~@fi~~t¢·{irt¢~~i&i61~'~i9~gsi~~f'~'~;~t-··••··,i• ·. 

~hijf\~ ~ c,,()µcen.tratiolis ()f itlWfrJ:le(;ii1ites:(c6yer~gJ}fii~Qip~tftJ.g}'it);liji i;atalyµc ,cy~le; · 

approximation, each coverage ~ decreases proportionally to its initial value, 0/, .and to active 
suif'.~~~(l~G>p)[l]:·· . . " ·.. . . - . - - - . -, ' ,- .. · : 

•oc~!t!W(~:it!~J~i~~;l~iii~:i~;·~~,:~~.·. 
t,rr,~!;:1-~r,~:1t1J®fl·· ·;~ Wj~\~:~q~+i, :<:t',. ,· 

Where. w/~ isp~Qp-espo11din~ step ~eight (wj ?'t£lf@). _ .. -••.• -•... - ·.. .. .· .. · 

... ·S~BCij,v~~Vi!is a.irfr' ·~f.f~b,~~§rf f/~ 
· i(t}=r.:4(1), .:-.-· r(t) =r ·[1". 0p(t}], . '> a(t) 3\I..; 0p{t) 

_. . . . . . .. · .. ~: . ' . :., ~,.. . . . . ·-· . . . :, . . . . .;_ .. . 

· u.,e;,f m~banisms. ·Us~(2~)'~~'ca\i lt,h~ <JeaBtiv'atiQ!l~tfCsi~linsf Jr.;,; 
· 1i11em-·P1~9P~~m•:•Jt:~M§b~ pre~ente4 a.s. ~;!;fl~@:c.y..-;l~: wi~Jeacti9tt..;~e.Il~~,?l Deacti
vatioµ and self-regeneration_~,,-e is~Up:1ec.l,to ~(t~l~~ Mep~.exwgialJq :cc1,qlj.~i~r.~ye-l~:\ .. ·. ,· 

. f 
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···,Noii,lfu~t.m~~~a~is,iis.·· 111¢•··~ame·.·~ppr6ac&:b:L6~·.ipplied.to .·sbme•·n911I1#~ar.:fi'i~~~~ . 
. nismr Becliµ8se of.a rery]ow prob~b.ility f~r 111()IJ~ than tw<>, sp~te~ to in.tepict tin the smfac~~ 
. rno'st~<>nli~ear 111ech£tnisrns ~an be ·red~ceatQ biriary intbraafons m the rulsrirped layer. Only 
ihrM fyp~s6fn:9iilihe~•biffeir.fniech£iflisink'ciuibe f onnlilatecff > ; . . . , . . . 

. . 

Double-center adsorptioi;i 

. A 

,,f~ ~➔.·.· ........ ,.__, 

' ... ···,>•·•c:111tliefrrstct1Sel'precutsor •. rr1Jlecule"1,ois6ns2 attive•··•sitesl:1nthe.;se¢oi1d¢a~e2 ·fuole~ 
cules poisort'.J\site; ;~(lm th~ iJurd case 'l J#c,lectile pbi$oi1$ l siteJ'.• .;, > ·. . . ·• 

Forthese nonlinear mechanisms one can also ()btain nithercqnnnon and rigc,rous·equa- . · 

tio11S~ that are different fo{Jinea.r,{9~} ~9}1011l111ear {9b) main re~tio~ m~ch?,t11si-tis; . . 
. . . . . ... ···, .. . " ... :· .. .... . . . . :/;;:=·· . . .. . ... , .. 

· ... ::1~4 



·•·· d~v¥&ri..l7,t1J,i~~~~~ill,oVe)t.~ IJ(}k1Wl~!~di,ri~Ji,~~ iic'tiat]bn 
····.·. : .. f;s .. 01·t•n.·e··· •.··•s~'. 

a c:(nz+rx)lrz .. 7 qz+4x'1m ...,..J.,,e,p t~xXI"'.a;;z); .. wbere,:im 0rx./crz,:.,.;/fl,:J.er{;.forn .. · · 

.·. , <:f \:r,r[i1p~~J)f 0~t! ;cq.:l ·• ·•' <@ 

. shjp Jl .~ X lX' for relative actiyity inst~d pf {l . ""' r ff0 , S~ch. ~,ratio;'tifcurrent and initial 
. ·.conv~rsio11 is valid only forzero order reaction and dnlyiii'gradietitless··reactor. Indeed the 

rel4tiorta TJ(J(Jis•d~fj11edpyreactton kin~tig§,~~•PY type .ofirt:actor, bµtit4oes Aot dep~l1g 
. ', : 

\/:-{.L:·(.>'·: 

Another 111istake C(>l~es Jro~ -wtemr~tatiQI1 pr de¾tiy~tio11.surves .{l(f). m-i4 i(t) .~irtf~.· 
thejr shape~ usually4iffer,.ft1rt4erniQr.~.jt ~~ shown i11thts '-V~r~. ~'1t • .X(~)··.~.~llry~Sh;1ve:tlle 

. Tul~ilJ:'~~~1~e,1~·~tlf ~rf 1:·t i~lt~1!!f!tti'it .· . 
· .... p~s ifX° iXm, In the iiltegral re~tof'tlie analysis and interpretation of experimerit~i~ ciJrn.,, 

plicated, beca~se ()factivitygradienii11 cabllystbed. . ·. .· ·. . .. , 
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· ·. ,;;~Y:'~~~#i~f~¢¢:) \ 
·.; da/4t==;kpCJi<l•c· . 

. ·.ti!ii!~l~~-i~l~!lii~tlitil•· 
"'1\eie W?iis stll~onfu-y .:~11versjo11'ffia1 ctl~!'Os 19 (0$};• yt\XJ-~oll~l'tesertts' type•·• 

.. ~t,J;'i4~;:1::~ifiy=!,:~t~F~~(lCXJ•i/f<byliµU1,t$l!l,C•·· 
t.···t;;~;s&iitJt,•.}J61o;s1cii .. Q./}R.ia~t. 1Kiri~;.'c~tii.·ud.,;j~·:··1$f~9iit;~9>.·,,.:, 
~:,~if f ig.~t¾i•Yl:i!f~,fet .. ~'ef 1·1tclr'i:.ri'.~~;;f .~~?{1,.~~~>:,ij§;• ~~ii:t1Z, 



··).:t} ... ·· ... · .. 
•·••.··i•.I:'··';-v;w.\tfupq~f'.{9fri#~i~i1:'~~.1r9§¢;~¢~f ~m.£ij,;.¥e:s~d ... ~Ji}~t:rtJ~[~~$~~;:~~ ... 
··•·•·•·~e;p~tt1f#~; ~¢l~4~g•i:@~; gt;'~\l~~r~#tj~aj{ki~;f~~'.I~&.•~tfi~~~~_:.~~i~~~~l;i.~f ;~~•· · 

·. ·.· ..• proc¢s~e§.~~J~~?Watfffi~;~.~~~()li;~i9!9~~!9tj,;l1j~i~R0~9l~ __ i~¥+1~~§i~,;,\~t~~~p9~~~~•···. 
··.· ..... ttie~i~.~)'·.t~e Fiscnf rffropschreapti()~,.~)'~O:~~µati()1f C>f •llDS~~r~(~cl~rgajli~s 14 s~~fCtjti~~··· 
• ··. ~PtY~µfs~/:~4 ~§p::fu~y.'.othe.i!~;~9~s,i~~.:#•l§,lsri6'¥P,\~t·JniI,1e ~~P#ri(it!pa,iJAP~~~P~s "the•·•·· 
··.prb~tti~s\of thl ieiiction· ... ~i~t@"~.: ~iff er· stio~g~tifr<Jin.the:tjf Qp~tij~S,)~f:ri;·i4~al)~Si(~g••·· 

.. •,1:;~czt.r::~ttt::j~:-~:titt~: 
erti~~ of nqf idea:Imixes· plays· an in1pqdant role at calcµlati~n of ldn~ti¢s ~d c,4erni~al .. •~1,li- •. · 

.libriun1 . 

. · · · · Ail·.effect of th~ non-icieal reacti9n 111.ixtwe;on"the:]?jsc,h~r,?Pr&p~~lj,'.(ff) sypthesis. reac- ·. 
" • • - •. • • •. '. • • • : • • •. • • • - • • • : : • • • • • • • • • • " ••••• -~,. 0 • ; •• l • • • : • •,:,.·c •••,•, •. -; ::,:• . ' .. • . . . . . • . • • . '. . : 

. tion rate in the supertritical'J_:fr6prme and µ:hexane is reported. U~ing'tij.¢•ex.perirnenia} data on 
' . ' . -_ ·, '.-,-,.. · .. ·-::·,,,"- . - ,. ··.,.- ,• ·. .· .. ·. - .. ·· ·-.,·· .,,-,,,-;,-:·' :, . · .... '• - .... 

kinetic <>f ,the Fischer-Tr0p$¢li reap ti on, obt~~~a for ~e COlllmet9jaj!Dprajf pit~ted pron;19ted . 

.• •· iron ~~talyst, the kinefic .ni~el is designed. Intlys 111iJeI,..the eff¢ti:~/JJ~ide;lity of the re- . 

. action medium on. hl~•:rs;J.ti~Il, ;ate isJakeri int~ a<=count b; i,11go~~~~~i ru;acity coefficients 

. derived from a modified Redlich~Kwong""'."Smwe.equatioii.orJhti:)}i\e equations for de-•.. .. ·.. . .· .· . ~ .. 
. scriptif)Il of two. Anderson-Shul~'."Flpry. distribqtions. ~epe~dent .. fi-&nfthe ca.rbc:m.nionClxide 

and hydrog~n ·rugaiities i11 .. fue r~ition µriitw7 ~~ ~ive~··for ·s~turateland unsaturat~d hydro

c~bons. The proposed kinetic mod~l i~ applicable 1J.tT •= 523-623 K and P ==·~I 00 atm. A 

tnethod based. on the. citlculated critical paranieters of the reaction xnixtUJ:e is pr6posed for the .. 

. ·. sele¢tion·o:f$uitabiiSupercriti~alsQlyenl;and· (QrJh~ .• optimiz;iti()npf.its c,;ricentrrJtion.· .The-re-
action rat~and th;·t~tal .yield .of .Cnfl2~'{n:i2)001efins(incl~ding th~;desired fraction .. Cs-C11) 
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••'Mdlar.yield .• of 2-propanol ·and··propane versus the:resident·•time by ••4iffererit SC~•·densities·.· · 

. Temperature 393° C 
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, .··.. :LalN,cal~t$tudi¢s .. hf the Ccata,lyst· prope~iesin an.isothennal plug flow .reactor ang in'a • . 

. ·.continuous,c•strrred·'qm,k ... reacfor,ffeyeal :that ••. nitr<>us.•oxide. sel~tivity•:grows•·,witb .. i~creasing·· 

ammonia co~version: Increasi~g the oxygen and waterconcentrationsinthe system also leads 

· to higher N2O selectivity. In the optimal operating tem.perature range, 3 IQ,.37,09C;•th~•nitrous 
. . . . . '. . . . :. ·. . .: . .. . . . . ' ' 

• oxjde: &~l~tivity r~aches,90.,9~}~~•.(See".F igJ)·while,nittqgen oxide<selectivity::remaips "in·. the. 

r:fWgeO;•~·Ofo/o, . 



A qt1asi-homogeneous model of heat and mas.s transfer along the tube .radius was .devel

oped· to find the optimal operating regimes · for pilot.·. and i11dustrial reactors. The modetused 

reaction··rate <Jonstantsiand activation .. energies·· determined from experimentsillthe•fab •.... scalc 

teactors.SpeciaLexperiments flowing an arnmoriia-freegas··inateactorwere·.usedto correct 

the .heat transfer parameters. The optimal operating ·regime for the pilot reactor was chosen 

based on restrictions imposed by the hot spot temperature. pressure drop, and hot spot tem

perature sensitivity to cooling agent temperature. The modeling allows one to determine op-

timal pilot reactor dimensions, choose optimal operation regimes, and find optimal catalyst 

activity and geometry. Additionally, the model provides a guide for the experimental efforts. 

The process was piloted in a single .. tube reactor as a model of part of a multi-tubular in

dustrial reactor. The reactor tube was placed in a fluidized sand bed for cooling.The operating 

conditions are given in Tablel. 

. 162 



Nitrous oxide selectivity of87 '-89'1/o was obtained v.1th almost complete conversion. of 

·.··•. Comparisons of the. temperature profiles n1easured and calcu1ated usin.gthe ri)athematical 
' . _-_ . '. ' 

model with and.without reaction arc in good_agreement{aboutl5°Caccuracy). Fig.2shov1s a 
. ·.-. ·.' -:· :-.--·. --_-:·. . _·.: . · .. ·_ . :_.- -._-._ :_ .. _,:' ' -:·-_-,- ·.- . . ,' 

comparison of the rneasured and .calculated temperature profiles. The accuracy of the model 

gives confidence thaf itcal1be. uied ··successfully for Optimizing ari industriafrriulti-tubtilar re

actor. 
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Fig.2. Steady-state axial temperature profile in N20 synthesis. 
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i.'.-:_· >···.'/,"'', .-.:_,:.-.,-' .· .::·- '· .. ·.:-,:_.·.< . ·.-:.·, .. 

The characteristics for industrial reactor with ririg~slii:1ped cataJyst we;e det~rmined c,n 
tlleihasis tr modeltnR~d ;ii()tt~§ting; •i]'he lllO(ieling studies show~dthat ; irileta~~&Jia 
concentrati()n .up••·.tq7-~ .% .• coidd be· 11sed in.·at11bularteactoT pac:kedby a.Ra.shig fing catalyst. 
. In .a~ditibn, •• for. •thl .. condi,ti~;·.•crinsi4e;ed·.•the ·•1:ot·.·.fpot· .• tem;er~~~re·.·iJtherea¢t6r .4oes··.119t ·ex
ceed···.·4000C•·(a•· iise.or·l~qof abovf·• the.·i1~ef t;rnp~rature•· as.co~pared···foth6tlleortticI1··.·adi;-
6~tje ~en1perat~re rise of ;;5_ 6$d0c).AnN20 Selecti(;ity ofupJo 88-90% could ~ci ;mievyd 
.. vifu·. ·amrnoniacohverSi()ll •9~~99.5%antl· icat~lystproductivity of J.5-4it~n N:20/rr?/cl<i)',·••Ad-

: ••.. ... ··· ... ···.::c-, . ·. .· ... ·.··.•.·.·.•. · .. · .. ·.·.• .. · .. · •.. · •. ·.·.· · .. ·. ·':·.·.·.•·.·.• .··.·· .. ··.·.•'····••·· .. · ..... · .. · .. · ·.,:-•... ·:.:· .. ·.•.·.· ... ·:_·.· ... · ... ·.·•'··.• .. ,·.· .. ·.···· ... ·•.··· .. ·• .. · .• •··•·.·•· .. ·'._ ... ·· ·.• .· •·•. .· .... :• .. · .. :·.· .. · .. ·. ·.• · .. ··.··.·•.· ..... •.· . .-·:· .... --· .. · .. ·.· .. ·.··•·•·.· .... ··. . · .. ·.·••· ·.·.· ... ··.·· ...•. ·• .. · ... ··•.· •· · ... · .. · · ... · •.. · .·. · .. ·. . . . 

ditionally, the catalystshowsgood stability, •. operating attheabove conditions for 700 hours. 
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The increasing demand f 9r propene and propene derivatives.requires further development 

of available tcchnologi~s taking into account the p,rocess efficiency, environmental jmpact 

and operating simplicity. Production of proµene via non-.oxidative .catalytic dehydrogenation 
""_:-.:::-;,t·'_-;:_·_" '_<,.-·- ,'_' .. -_ :·:>.·-.:i.: : ::::::-:·;_,:"·' ·,:_-,=_:· __ -__ -_·_._- __ :.--: .. :--:_:-; 

of propane has technological constrains because: 

@ the reaction is highly endothermic 

tionon the catalyst sJJrfac;e .an.d lowering the selectivity: 

To burn offtlle coke, the catalyst is exposed to <:yc1ic operation by alternating propa,ne 

and oxid~tive. atmdsphere,Any d~velopinellt of catalytic propane dehydr9genatio11 technolpgy 

has to consider: 
:: .',_ .. _:·_ 

. . ' --· '. _ .. -. ·>'" 

• the/supply ofa big amount of.heat 
; .,_.__ .-.: . 

@ tomipimisethe bed presslll"edropa.s possible. 
-_·.-_,:-,-- . 

• to optimise cat~1yst fonrrµlation for working in the temperature range a~d keeping 

re<1sonable operati~~al catalyst1ifetiine 
. . .. . 

* to bum off coke from the catalyst without altering its activity/selectivity. 
. . .. _, •:,•, .. :,·. ·:,. 

Therefore, reactor development has to be closely.integrated with catalyst design. Herein, 
·.· .·.•·· ' .. -.. ·.·.·.:-. . '·.•·.·:· .·.".•:--, •. · ... --:'.-,,._ .... : ... ·.· ... ·.·• .. · .. ·.· .... ··. ·.· .... ··.. •.·.· .·.··... . .·. ·.' •. 

we report a novel reactor design for non-~xidativ~· dehydrogenation of hydrocarbons. Our re- . 
. ,., .. , .. 

actor. concept combines the advantages pf membrane reactors { to shift the ~quiHbri um and to 
. . . 

lower the working temperature) withoptinial flu.id dy11ami~s e11suring laminar flow and nar-

row residence time distribution during periodic operation of the reactor. This specific reactor 

design calls:for ~sPecial catalyst·strucforeinthe •rorm .oflong-1erig,th fil,rom~ threads. 

The· catalyst used in this study are filaments consisting of a silica core covered by a 

y-aluminalayer with •. 0.5%Pt/1 %Sn/as·. active phase1 /This catalyst shows a,gooctselectivity 

towards. propene·in combination· with acceptable,stabllity and. refatively .slow•· deactiv.ation .. 

!I..·.~-Yar~soy1J~. y.Zato,lqkirt~,.N .. V, ~hit9ya, J\.. s .• 1?elyi,.N: 1\1,0stro;vsldi, '"fropanel)ehydn;,g~--
nation over Pt-Sn Catalysts", l 992, Catalvsis Today, 13: 655-'658 . . .. . . 
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Fig. 1. Pr(}dp<:t 1~/e<:tivifi~s .~fl{lp,;9pq~epo11-rt?rsio,11-.py~r (J,5%;f tll'Y~nl4§F, TfSi<lct?tJCe. (f,ne ••.. 
. . . F4.9s, 82.J"k,. {4 bar, inleiRJiJ% propane 'withfl~w'~~te 7 . .fJ\l,nJlmin ' . . . .. 

. . . . '. . . ~ ' . . . . ' . · .. \; ·._. •; . -~·.: ... : . . . • .. · .· 

rfigc··+.P~~~11ts the sgher»~:of·thetµienib~e .• :reactor.ilsed 1µth¢:second·step••~fi}}is ,study~ 

. Q11 OP~/(ii4e .. of<the•w~rollr~~{zoµ~ l)i. th~·q~hy4rog~pat~oµ;Ulkes::place ·~th ~ituµltilne()US ·. 

~oke '"(lllatiQll on !he ~Yst •urf ace<aI)d~ffus!on <>f !i~drogeri lhNullll tile tn"1)1J,ra,,e ~l. ... 

.. ·.·.onlhe··otherside,·orth,eri1embran~\%29~;q),.•~i)~Yat?:e~Bl~i'~1~s¢ij;kf•~xygnii:($:t1~~%>? 
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·. coµversion of 75% can be reached over fresh catalyst instead of 24% corres1poJJLUUllg 

• equilibrium value. The conyersion can be even more incr~a,sed by using ~ lo~ger cc1talytic 

bed. 
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: ISOMERIZATION OF a~PINENE OVER ION-EXCHANGED ' , 
· NATURAL ZEOLITES . • 

Fehime Ozkan***, Ognz Akpolat**, ]lmitry Yu. Murzin*, 
· .. Gonul Gunduz and Nurgun Besun · 

·· Dept. o_f Chemical Engineering, Ege University, Bornova(lzmir, Turkey · 
• Laboratory of Industrial Chemistry, Process Chemistry Group, Abo Akademi University, · 
· · · · · · · · · Turkw'Abo Finland · · · · · · · 

'_·-:·-/,-_' ___ := __ :_·-·:-··_._·, __ ,: . .,--<· ... -\_•--·. __ .·' ,:. __ -_,·<_c;'·.·· _-.--:/.: ·- __ -.J.·_.·_:·:,:.-,· . .-_.- ·:--·:· .-·>:. __ '· _··.:.;-.-" :_.·_::_.:: __ -._ . :·:· .. 
**Dept. of Biology Engineering, Ege University, Bornovallzmir, Turkey 

· 0 *Dept. of Engineering, Izmir Institute of Technology, <;ankayallzmir, Turkey 

>Thciso;1erizatitin •. of &-pinede ii" g~~eraiiy'6krt1ed ()Ltt ht. ref1uxiemp~rritur¢ •over . acidic··•. 
,catalysts·· .. in .. ·the. ;bsence.&f w~ter..···v~~iJ~t~ pes gf ~ii~lYsts·····;reparccl fr6m ·.•titanium•··dio2<ide, 

··clays,·•halloysite,••··•natural .. zeolites, acti✓att?ci caibo#s,. ~ytithetic z~olites .i~d/silica supported 

rare.ewthoxidehavehee11 reportedintjje·Hterattitef()tih.eisomerizationof q.-pinenell-7].It 
,-- ,: ".-·•- ' .. 

is. weILkriown that the difference i11.acidity of the catalyst used inthereaction irtfluences se-

lectivity in a-pinet1e isorrieriiation.··bvefsolid acidibcatalysts, the main. product is camphene . 

. \vhich is of particular interest asan intennediat~ in the synthesis ofcamphor .. · .. Tricyclene·.is 

always obtained \Vith cdriipllcinels ari. ~&riilibrillrtl .. p'r()driht. Th~ fu~i~· by:produd .. ·of the ·iso

nierization .. are p~tt1e11thedieµes, .. which are cOll~ctively ft;ferr~4Jo ?S dipep.tene .. in the.Jrade. 
,_, ,• . . " --- --- . ·•_,. ,• . ,. ··,., : . .-.:- '•,_·;,::-=-:--- ·_-.:.·: --._ "-,_.,_.,. '-,-

The most important terpene resins are made from limonene or dipentene. Reactants are pre-

I II m 

VI vrr VIII lX 

IV V. 

X 

I-a-Pinene, II -Camphene, IIL Tricyclene, 
IV - Limonene, V-Terpinolene, 
VI y-Terpinene, VU- a-Terpinene, 
VIH. p.:Cymene, ·1x.p-Phellanderene, 
X. a; .. Phellanderene 

Isomerization of a-pinene over ion-exchanged zeoHtes is less studied [8]. The objective 

of the present work is to .study the catalytic properties of ion exchanged (NH4 +, Ba2+ and Pb2+) 

clinoptilolite based natural zeolite tuffs. 
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ACtivityofcatalyst(e.g .• tofal •. conyersipriofa-pinene}increaseswith\irforeasfngc()ncen-

tratibn• 6f ~~/-~olt1tioi ~1d C0Illp16te .. con✓~rsion .()f ·a~pi11ene.is .• obtained ~v:r th~ c~taly!;tS 

ir~J~~d ·• bf ··.•ion-e~611ang~i\vith NIIi+;J~1.··••··•Although•.· slight·••••.·i~creasei• inc~h✓~rsion· .. ·t·~ .•. ••ca~-
: -> ." .:· . -·.-_. . . · __ :·. _.. ---- -·-, ".',· ... -_. . . _, __ . ·-- . ' ·-:.- ·, .. '; :.· 

;hcrie i~ obf'rv~d·•\~ith hicreasing coricentratiollofion-e;changi ~olttion,the highest foJver-

sion •. to··.9;n1;he~Ieis •. ohtriineJ .• oter .. th.e····~~tur;1···~yolite··•ll11treii~cl.withiNH/-s6luiibn .• A·•··S~arp 
d.ecrease in Jimoncne .conversion, v.:asJ)lmuried ·.\Vithi11creasing cqn<.:entrf.ltion .of iqn-.ex:ch<Plg,e 

solµtiori, so thatJhe <P11ognt.oflitno11ene in the reactjpn mixture i:tftera reaction ~uration of 3 

h was muchlessthanthatintheinitial mixture, probablyduet9thesecondaryreactiQris ofli-. 

monene; In lead.exchanged·zeolites,althougll ·a :clrastic decrease inlimonene ammmt.is ob~ 
'._ •--- -_- _,-- ',,: --, ' . ' _,_, ; 

servedihthe reaction mixture after 3 h, the results obtained. are not con$istentand l~Qmpara]:>le 
. __ -- ', ·' 

with each· other. Mixing of PbO with natural zeolite mechanically. ca11ses a large decrf;ase in 

catalytic·activity, an important decr¢a$e in camphene conversion, but Jess.decrease in conver'.' 
• - - ,_ ; -_ : ___ -.. -'c - . _-:_. - _- '-: - .·• .:-. - ·: '· - '·. '. . . . 

sion to limonene comparedtothoseobtained over natural zeolite. For zeolites coniaining .Ba 

the increase in Hmoneneamount.with BaCbcori~entrat.ion increase was found,·due.to.the in

crease in the acidity. 

In the present study, .a-pinene consumption kinetics 
_:·_- ··::·-:·:__ -/::- . ·:':. __ ,' :::-- ·, \" .· >:'--<_·;_··_-,--;:-_··::: .... _ .. ___ ... --.-._----. -_-.'_'/ 

exchanged rith .. A first o~der dependency v.:as ~l)served. Reaction rate. constant )Vas 

found to be L2885 h"1 with a correlation coefficient of R2=0.86. · 

The IR spectrum for the .fj-ric:h zeolites showed ammonium deformation band at 

1400 cm·1 afterthermaltreatment at 40O.°C for 4h. ~itroge!l adsorption isotpenns for origi

nal and modified natural zeolites are classipe1 to be t.ype 2 .~ccc,rding to Bruna.11er. The 

maximUIU <P110unts of nitrogen adsorbecl on all modified. zeolites at.maxi1ny111 relative pres

sure P/Po=0,9 are dearly lower than that 011 original zeolite with an exception pf Pb rich

zeolite. Nitrogen adsorption data were evaluated and monolayer surf.ice area aJ1d half width of 

zeolites werecalcu1ated by using Langmuir and D~A methods, .respectively. Ba, H and<Pb rich 

zeolites have lower lllo-qolayer surface areas. and pore size diameters thaJ:1 that of original zeolite. 
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Acidic ·QH groups· .. w~r~ i4e!lt.ifie<i. wi~hlR $pectrps~PPY•.·Yia .tbeiwav~nUI11ber of.the QI1 ·. 

··stret~hing·.·.bfltld.Ji ibilstlidyj p;ridiliei$as U~e~ as"~totitl ac6e;tot. The density. of ·the•sites 
···.-.··· -:·._ ' ·' _.,_._ :· .. , ,_: ''' . ;· .. _ ._-_ ·, .·,_·.: .· ,:.- ,' ,,: ' ·,:·_,_.- . ...,._,.._._-:-. ·.·_' ··, .: __ --.-,:·· 

,vas evaluated·bytl1~ i11teµsitY( al;,~OtPPll~) 9fthe te~pe(;tive ballds.ltwa§.observedirt accot,; . 

· dancer with •·literature datathaff~111ene and bicyclic•riroducts are fonued on .fhe Lewis .. •sites··. · 

whilemo11.ocyclic.PrOdfi8tsstif 11 as. li1I1()11Cl1eriref or111ed 6nth~ fr~iri~Jork Br()nsted.· ),.s tl1e 

acid1tyc1fthecatalystdecfoasesj)im6net1e··.roimedbfis~merizatiohalso.decreased•in'contrast··.· .. 

to Jhe jncrease Qfcan1P4~ne amount \vith decreasing acidity, But, in general, it 
·:..,::.:•/:'::-:,:·-:-,._r\-::._:::·/·/>:, .. _. · ;:::i(:<- -'.-:·_·-:<·:: .. :.:-,':.:-,::·:·_._:_ :_:, 

tha{lirri6fierie pfoduhtio11.is more affected .·hy· .. th~ ~ficlng6 ()faciditybr the cJtafyst pn;pared 

tHlifespectlcidaniprie11~i'~rJauction Bn t11e J~me hatilysf;_ 

Activhy ofcatalyst in· cDpinene isolnerizatioriiaccmnpanied with a.sharp decteasefoli-· 

monent\ conversio11 was observed with increasing concentration 
. ', ', '.-: . . -•,' . ·-"-. . -. 

·preparation.of iqn e){changed natural· .. zeolites.The•··acigitystudies·• indii;at?4,••that .• the Broristed 

aci1ity.decre<1se3:·.withNf¾Cl·concentration;whereasthe.···Le\1/is/a,cidity•••·isnofaffected .. •rhis 

observations togetht::r with catalytic. dat.1 suggest. ·th11t camphen(;} and bic:yclic< .products are· 

formed ••. on.·theLewis sites,.·monocyc.Hc products such as Hmone11e. l:l!e forn1e~fort/theframe-

workBronsted sites, •. 
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Th~ C'1talysts\vere tested .• ir1 the. propane .·•total oxidation {see Fi~). Cobalt .oxide based 
,,.',- '•, _._·-: ._._ '.' _ .. _, .: ,:. . -· ... ;· _.· .. .-: '." . . 

cat.:1lyst~Were observed tqihethf most actiye. The.··influenCe of 6hemic~Fcorripositiof{ of ac-

tive .phase arid the catalyst ·Pfe .. tteatrnent on its .activity andJong-te1m•isfability was·· studfod. 

Kinetics of C{E-ls•oxi4ation was investigated arid the•.kirieticparameterswete detennined. All 

catalyst!:1.were characteri:z:ed.bySEM,X:RO, £SCA and BET methods. 

;_'_,',", ._ ·-, _·.:· . __ ·-. ,'", ·. . ' ','_' .--,; .---. ·,'· ,' :·- .' ·-,- ',. 
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CATALYTIC IIE:ATING ELE1\1F;N'f, FOJl .• 
AUTONOMOUS DOMESTIC fIEAlJNGSYSl'EMS 

B.N. Lukyanov, V.A. Kirillov,N~A. Kuzin, M.M.Danifova, 
A~v. KuUkov and A.B. Shigarov 

Boreskov Institute of Catalysis,Prosp.Akad Lavrentieva, .5 
·630090 Novosibirsk,. Russia.E'."mail:lulganov@catalysis.nsk.su,' Fax: 341187 

Combustion of hydrocarbon fuels (both liquid and gaseous) is routinely performedin 

flame burners at l100-.1700°Cwhich results in formation ofnjtrogen and carbon oxides. By 
. . . . 

contras .. t,. the catalytic co111.bustion, perfo1med·at1owertemperatures (to900°C), provides effi'." 
.. . . . - . ,, . . " . .. ' 

cientconversion of energy and low concentrations of CO and NOx in waste gases. At the 

Boreskov Institute of Catalysis, the design of catalytic heat generating elements (CHGE) of 

different generated heat is in progre:;s. Suchelements provide surface combustio11 of natural 

gas (methane} during one stage to yield heat for heat carriers which are used in autonomous 

domestic heating systems. 

Design of the efficient CHGE of heat outputranging from 3 to 30 k\Vt upwards involves 

two steps. At the first step, the below problems were to be solved: development of the method 

for preparing·the reinforced catalysts bothvvith. additions of supported platinum group metals 

and based ori. the oxides systems, development of the regimes. for thermal treatment and sin

tering of the catalytically ~ctive layer; study of thermal stability, activity, operation life, a:ti.d 

safety of the catalysts. The main problems to be solved at the second step are as follows: de

sign and improvement of CHGE, their components, provision of homogeneous distribution.of 

the gas-air mixture in the catalyst bed, determination of the optimal consumption characteris

tics of CHGE and the range of generated power variations, and choice of a startup of CHGE. 

Method for Catalyst Preparation 

Pd and Pt based systems and Mn2O3+Cr2O3i AhO3 ( or Ti-Al-Si) were• used as an active 

component of the catalyst. The compositions of the st1pport and catalystare as follows: 

65-70 wt.% Ni (or Ti) + 35.,.25 wt.% Al+ 5 wt% (1 wt.% Pd or Pt/AbO3) 

61 wt.% Ti+ 30 ,vt.% Al+ 0.1 wt.% Pd+ 8.8 wt.% Mn2O3. 

Both the catalyst and support are deposited on the stainless steel net (net cell 0.4 x 0.4 

mm, wire diameter 0.25 mm). Dispersion of the supported platinum (palladium) does not de

crease if the regime of sintering of the reinforced catalyst is observed. The formed catalyst 
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layer possesses liigh rilech~icalStrength aho is, strongly tiolind to the met~l net. According to 

bench tests, Hie cataly~t preservesits activity for f 500 hours.:· .. . 
:_\--:·.-:.,_:,·· :-:-}-_-'::, .. -.:··_··:_·.'i/;:_. ··-:-·::: ::.:_:_·: 

Ue~ign_9fthfC~f1dyticJiea~ .• 9e~er~ting.El~lll~pt 
' .::_.·,:. ·,::-,:.::.\.-'-:, ',_:;:·:· ,-_- .-.. - ':_;· i·•. ·. ·' : ... _,. .. __ -__ ..... ,- -.·_;-:,:·- :':<. ':::.::.:i-_-_ . .-.-_ :-·:·;.-:-:·. ,-.··,·_ :.,-_--·•: /.-::·_-_": ,"_.,,. .. _,_.<"<";._ .-_ .. _-_·::- .. : ·:.· .-:··.•.·. .·-.···-.-.. ·.·.•·.·: ·:· ... ·•, ·.•.;·· . .':.".'. · ... •.·· .. • .. ·.· ·;.:'. 

A desigri. of CHCrE··••·clep¢11ds•··on·•th~ •. ·required• .• boHer •• capa<;ity···•·anµ .geometry·•of .• th.e.·hoU~r 
.· ·,, '.: -_-_·- ' ". -, ,. __ .' ·._•.·.· __ . ->, '':-. . -,· .. <· >: ·,, .: .·· ;·_·:,::·•·:-":'.i._,'> __ :::·-.-_,,_-.>- ··· .. -·. ' 

·fumace···vglume.i'fhe.··elewenti.s .• ·•.d~.sig11e<I· .. ~s· .. a.cylinMr,·•·consistingof.ait~hlllarheat;ie~9panger 

.bllilt .. as.·ari11gwhiflr.contajns.·~gastdi~tributi,Pgt1,1~e.·.f~r•.fe~dgig·.tll~••g~7fl.irJni~ture(Fig .• t). 

Fig.1. General viewofCHGE: 1- GDT,2- cbm1ectingtube ofthein:ner watet:-cooled heat 

exc. han ... ·.· ... g .. er ... ·.·.3··.•.-. ca. t.a .. lyt .. i.c.• ... · .. Pl .... a. te .. '·•· 4 -.. ·.-. w.ate··.··.r c.o.llector,.5- en.d-foce rin ... g,. 6 ,..c.inlet an .. d outlet 
water tubes, 7 - flange, 8 - stiffening rib · 

Thesurfoce·ofthetube iscorrugatedand oiiesideo:fit is plugged'. .Bychoosinglhem1rn:. 

ber and diameter of corrugation holes,thegas mixture is uniformly distributed along the tube 

length andflows from the holes int6theintertubular area. The cata])'st;formedofflatand cor

rugated··plates, is wound tln the tubes ofthe heat exchanger and cylind~r surfaces and sintered 

with them. The plates are arranged so that the odd rows are corrugated andthe even fows con.:. 

sist of flatplates.The plates forrn the catalytkally. active channels in which. the gas::.afr mix

ture is oxidized cm the walls to Yield water .and carbon dioxide. The ox1dation products are 

removed through the channels .into.the surrouridirtgs. By choosing the thickness of the cata

lytically active layer, one can obtain the conditions providing no CO and NOx in waste gases. 

The reaction heat is partly removed from the catalyst layer to the environments, including IR 
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,,, .. 

radiation~ Some .part of heat is transfei;red to. water circulating in the li~at-~xchanging tq,bes. · 

The heat-exch~ger tubes ~d head~rs ~uilt a circular cylinder-type system s~ppiied ;ith cold 

water meant for heating. · 

At the fustitute of Catalysis, the catalyti~ heating elements of 0.15, 3-5, 10, 20~30 k\Vt 

power have beendesigned. . 
. ::","\.. '._,· .. > .•;-:· ... , . ':, 

Testing of CHGE . 

The gas distdbuting tube, corrugated along the l~ngth ·with a particulai pitch, is an im~ 
•• • ',· '. • • • ••• ' • " ' ,',. '' ' ' ' : .... ' • • • > 

portant part of CHGE. The nu~ber and diameter of holes, and. corrugation pitch control dis-
>.-. ,:·_: .. ,::-,· . ..: .. '.°._ ::, ... __ :_.;:: ;. .,;_''·.. ,"'. ._·_:>,, ·_,· ... :·. 

tribution of the gas-air mixture. In· our experiments, the gas-distributing tubes of 18 and 28 

mmin diameter and 300, 400, and 500 mm long were used. The optimal diameter of ho1es 

(1.5 mm) ana corrugation pitch were determined. The value of nonuniform consumption of 

gas depends' on the ratio between th~ area of all h61es and the cross seqtion ~f the gas-
..... .. .. '.". ,', ,·:->.·· .•.,, ... ,.' ,. "· . ' . ·· .. •,.. ... .... - '-. ' ''.•··· "' ,.· ' .. ' .•• .... ' .,..... .. . ",' . - ... ·• '.•' .•. 

. distributing tube and does not depend o~ the rate of gas flow, tube diameter and .. corrugation 

length; We have elucidated how a gas distributor, a catalyst layer, and the oxidation reaction 

affect,~n the pressure drop in the CHGE of 25 kWt power. For thetota1 pressure drop under 

operation:.co:diti.ons .of CH GE, :the . conrbutions of the ~as'.distributing tube, catalyst layer, 

and reaction are 70, 20, and 10% respectively. We have designed a CHGE providing the 

pressure drop not higher ihan 60 mm H2O if the inhomogeneity of gas distribution along the 

surfaceJs nofhigher than_8-%.. .. . . 

Thennalphysic testing of CHGE permitted us to determine distribution of temperature 

along the length and thickness of the catalyst layer, heat conductivity of the layer, and coeffi

cients of heat exchange: The catalyst can be irreversibly deactivated because·· of the local 

overheatings observed inside the catalyst bed. The water-cooled heat exchanger of CHGE, the 

outer layer surface, and waste gases release respectively 31-53, 32-39, andJ2-36% of the total 

generated power. The catalytic elements exhibit stable operation over the entire range of the 

heat flux density 70-130 kWt/m2 (estimated operation regime of CHGE) . 

. On combustion of the.mains natural gas, the concentration of CO is 5-10 ppm, methane 

10-20 ppm, and NOx - traces in waste gfi$es. 

According to the long-term tests (more than.1500 h), the catalyst operation is stable . 

. The versions of CHGE;o[i0-30 kWt power, used in floor a11dwall~type domestic heating 

boilers, are very profitable a.nd e~ologically compatible. 
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'fiuorh1ationn1ay beconie applicable inindustry. . . . . .• . .. . . . . . .. . . 

' We have deve10Jetl a no-waste technology intended for full"'.scale ~antifactute of fluoro

ethanes through gas-phase fluorination . of 1; l -di~qor<>etli8Jle,JU1d .;i,1, 1,2-teµ-afi,uQro~thane, . 

both being now produced in industry. 
. . . . . . . . . . 

The kinetic depenclencies of fluoroethanes gas-,phase fluorination with elemental fluorine 

were investigated using 1,1,1,2-tetrafluoroethane as an example, and :the reaction wasshown 

to be a degenerate l,rari.ch chain process, its activation energy being 50 kJ/mole. Our compu

tations proved that having in mind the activation energy, there would be no point in using any 

· reactoroperatecl a! stationary heating regime, because the length ofthe reactor would be tech-
. nically unthink~ble(more than.thousand n1eters).. . . . . . 

. •From our st~dies .on .. interactions. bbtween fluoroethanes .and fluorine within a self-. . . ·. . . :•.· -. : • .. : ·. ·.· . . .. .'· · .. ·.. ... . .. - ·. . '. ·.· · .. · ' . . . . ·: 

propagatirlg heat wave it may be deduced that if the concentration offluorine is b~low 30 o/o 
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· · L.v.••.~~·l'.Ysh:~~,•··•~·.s .•• ~~ris9v~,·•~ .M.··.·kll~n~¢; 
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·inre;~;lnstit,Jt;•oi<:atalists/ ~,;vi;ibth~k,}Rtsst;•· .. 
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lflthJ pies{ntpapef~e ~ivf ;xperimehtal r/s~ltsand mbdelihg dilta relatedlo 

perse ]J.h~sefi1t~ri~g,hrough theca.tg!JJtb~d . · ...... ··.·•··.. < < < i . .· 
•·•· th~ fin~: parti9l~S'¥~ed.,as heatparrier· in th~ fix~d l>ed cata1ytiG/reactoris .of interest.for 

performi11g .. • •. c~emitaLPrncesses •• witli.Jarge.endo-iat1d •.• exo-ef'fects .• •.··In·•the•.•case·.0£,~ndoth~iwic 
reactions dispersed pllase lleats ithe catalyst and .. gaseous reaqticm mixture to requiredtcm" 

.. -· ' . 

perature· .arid····pt~yides .additionill··•heat supply•·.·.to·••reaction··••~one.·Jhus·•decreasiij~ the· .• energy.ca~. 

·padty of the pro~ss •. lt) orderto estimate the ~fficiencyofheat .• supply by(llie disp~rse phase, 
onemustknqw.theuniformityofparticl~distributionoverthebe<l,.theirre:3idencetimebeside 

•the coefficients ofheat and mass<exchange•hetwe.enthe fine particle andth¢ bed; 

When studyiri~ disperse. phase filteringthroughthe fixed.particulate catalyst bed we used 

various experhnental. methods l) · bed permeability method, 2) residence time method. J') 

NMR--tomography .. Thus•·we · deterrninedmain••parameters affectingtheresidence of p~icles 

180-250 MKM 

-.t.-50-150 MKM 

0.4 

02 ~----,-.----,-----,-------,----.---
20,0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 

Did 

Fig. 1. Disperse phase poring rate versus the size ratio 
of packing and particulate phase 

inthebed .. 

Figure 
tafoecl with the bed permeability 
method.·•< Alphalalutnina. .served 

as finely disperse phase, fixed 

bed particles size and material 
was varied. 

In order to "observe" the 
filtered .Phase. with· tomography 

it is necessary to· saturate this 

phase with a proton containing 

liquid. Experimental adjusted 

concentration of this liquid on 

one hand allowed a high enough 
method sensitivity and on the 

other hand had no effect on the 

hydrodynamic parameters of 

filtering. The radial distribution 

of fmes in a fixed bed detected by 1 H NMR microimaging technique. 
When modeling we have used the folloVving assumptions: 1) fine particles move in the 

space between spherical fixed particles, 2) fine particles do not .interact with each ·other, J) 
their movement is determined by such parameters as gravity, aerodynamic resistance, inelastic 

collision with the spheres. 

.180 



r ::~·· f 
.1': 

','. :\. { 
. ·I 

J 
l 
•t 
·f ,: 

:f-

f 
r . t 

. l< 
)l;ig. l-J~~~li~jon, c~~ffl~ient}!~~t 9~ .~: . :· > ., , ~~M f().ll .. ealctilatiltg ,statistical • ,:sraJues · Ii' 

.... 

:• .•• :; .,. ~'~~-~•(.,:.,~(. ;•,:_, i : ' : ' ~ ..- "I 

f ~1E!3!tf ::03
} s; ~;s;;~f ,, 

distribution, while curve 6 shows .the 

t()utl~tdistribµijpn,/ ·, <, 

/ 



•···Nov-ift•.·c1fi£~t~•1svsfEMSF()R .. PROI)QCINt;\ALKOI:I()LS•·xND•KEfONES 
J7«~2/IJ2 OXJD.£TION••·QF fIYDilOCr\llllONS•• ., 
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NJ:. Kuzrtetsova,Itti R::uz1i'~ts()ti!,·•·N ;V.Kidllo-va,iv.A. Lilili~lobo\' .. 
. -, ', . " '._ . -:·, -·-- ' --··-

§or:l~()t1nst1ttteJj'¢£talyfiS,· .. povos.ibi?J,•·.•{jJ0()90!"A~ssif1, 
. . .. . . I!a11qil: kuznina@catalysis.nsksu; 

> }. .. . . } .··.. . .. ·• . . . . 
.. <Gpp.version .. qf hydroy~boristg ox,yg~11ated products prof~ec:l~d 11nder.tby. act.ion of hy'.' 

drogenper;zjde~t {)tl16ripero~J co;p~~nds in··the· pr~seri~e·•oftransition rnbtaI···compounds •as 
.. Catilystf.·J)\Vi11g tO ~he• pert>Xide decoll1pOsitioP,. the•·•·.prp~esses·. ari,··••in·· generil,characterized 

by lowselectivityrelativ~ly to the ·v~rokid~ conlpound. ''0on°9xygenase4ik~·· catalysts are 

capable .·ofoxidating hydrocarbons•·.with dioxygen.•i~.·.the·.··Presence. of a •.. suitable.reducing •• age,nt 

[lJtthe prf ferable om~is ~ydr;gen. ~he )ppr9priate cat~lytk ~ysteing hlive bee,n dysctjbe4for 
hydtoxylatioi:-tof aromatics•[2"'.3] ,•·oxygenation • of rnethane[4]•· and other hydrocarbons .[5~6], 

aridthe.•kriowledgeJri this field have been pen11wiently · growing because·.of .gn~at. commercial 

interest.tothisproblem. 

1n···.·the·.· pr~senr·•study .· oxygenatiou···•dr··•cyclo~cxane~··.·saturated. arid•···.·aro111atk .. }1}'d;ocarbons . 

with Q2/H2 gases was ,.. st ,..,1·,,,,,11 out in ··the systems· pase,d on Pd or Pta~cl heteropoly 

compounds 

Homogeneous version: of this kind ofsystems included Pd(II) complexes with PW1103/-
. · anions.• Re::tctio1lproceeded•fo2-ph~emixtµre.9f s1Jpstratr he,~e11.e ang aqueou.s sohltio11·•of 

the. con1plexes: ·.·When contacting With HrCOiltaining .gas, Pd(II) w~s red.uced, but kept in.so
lution owing to stabifizing effecf of anions surrounding .. Oxid~tion .of. benzene resulted in 

formation of phenol. 

·· .. ·. In the following study the Pd(II) complex~s with PWu03/- and PW9O3/" h~tetopoly 

ani911s were used as precursors of supported samples. When the complexes werekept spared 

throyghout the preparation procedure, the resulting silica supported samples catalyzed ox.ida-.. . 

tion qf benzene Jo Phenol and cydohexane to cydohex-a.noi and cytlohexanone. Progressive 
reduction of the Solid ~amples in the reaction medimn wasacdompanied by increashig rate of 

oxidation re.action. Additional activation oftllese samples arose very mildr~uc.tive pre

treatment prior to catalysis~ 

Both systems thus demol}Strated that fo,rm_ation pf the active in c,atalysis species pro

ceeded in the course of reduction of Pd(II) in Pd-P-W-gxides. 

Analogous systems were composed of Pt metal catalyst ang hetyropoly acid solution in 

organic111edilllll. Catalyf1c activityin hydrocarbons oxidation was developed as a'result of 

heteropoly anions adsorption on the Pt surface . 

.The action of a number of heteropolyacids.(HPA) in cyclohexane oxidation was tested 

(.Table 1). 
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~axirnU!11yield ofoxy!enatJd p~oducts ~aS()ttai,edJ~ the erese~ce of P:~1o ahd P-M6~V 
heteropoly·acids which knownas·•catalysts ofratlical"-type··.oxidatibnwith hydrogen ·peroxide. 

The·.•active •Sp¢cies .• of·.·i4~ntical ... compositicm·•w~re···created'•··iri•·•solid·.···sample.s.·•·which·.•·repre
sented .. {l) •..• 1\12Q3•· itµpregna.tedwith ..• Et(IV)..chlpride .. ·fil!cl .• 1-IsPM9J2Q4o&ci4. .qJ1g(2}a .complex 

· $alt• of Pt(JD ;ith.i~M()heteropolY ;nion~ .• •.of cotnpositioll{Pt(l'1ll3)4flli[PM~12040])2} 7H20. 
I3oth ~at~rfalrwere .. cJr~full;. c~lcined and.tre·;ted••·withH2) tha~l-eSiiltediin.xedt1cing Pt(II).·to 

.:: . · __ •"_•:_·. ·:· ·:_-,-_ .:-.-.-:' . :·:-,_ . .. ' .>, ····_·i' '_-' -;-._: _ .. >_,:_·_:~'-'."_':' ',' ·-_ ·--:>· :- '-_-_ ... :·: _- >:·-_:-"•·:·-.-' '(-./ - :_: ._. '' ' __ ·-•._, ::·.: _·,_: .... _:. -· -· .. _· .-_· ·; '_:::- ·_: : 

Pt(O) and minor transformation ofheteropoly anions. Results ofthe cata.lytictestsshownin 

Fig. I exhibited advantage of the solid samples in comparison with the composition of the 

solid Pt -containing catalyst with dissolved Hf A. 

Fig.1. Comparative activity of the catalytic systems: {l)5%Pt/Si()i (10.Ing)+ H3'PM01204o(6Ing); (2) 

5%Pt-20%PM012/ Alz03 {I 0mg); (3) co1nplex salt {Pt(Nfh)4(l!i(Pl\1012040])2} 7fh0 calcined 

and reduced (10 mg). G6H12:CH3CN = O.l:1.0°ml,02:H2==J:2, 35qC, lhour. 
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Boreskov Institute of Catalysis, Pr. Akad. Lavrentieva, 5, 630090 Novosibirsk, Russia · 
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Production of filamentous parbon from gas hy~Jrocarbons is a very promisiag way for 
.. "- :·_ ,' .·' ,,•_ --·, ' .. ,_ -. 

. processing of gases, su,ch as methan.e, n~~.l gas, casing head gases etc. into valuable carbon 
i -_- -·_ ·._-,,.,·'.·.>·-,···:-,-,: ·.--· ----:·. ·, ... ' .. -", ---,.-· -:.•,:_·;-,.-_ . __ .. _-; .. -_-- __ . :-.•,.·-:> -·-_-_-,. -.-_-'-· . .'_;-' -.· _.:·.- ._ -'.' _•·,,,_ -_ ·._,·,_ -:., __ -_ .. :- ,·,_.·.' :: :-.--, __ - -,._-- : ·: . ·.. ·>. -_-- --._':. . . . . 

materials [11 
._._. -----' ..... ,. '.• , ... __ ._. _,_ ,. ','. -._. . -.. . ... , . ----·-- ". . '. •'.. ,. 

Development of the process is directed towards the creation of catalysts, study of the 
' ·. . ,· . ·- .·. .. . . . ·- ._ ,· --, . ' .... _ . " .. -, .. -. . '. ·-- -:· ... · .. - .... ': , .. -·-- -: ',-' .- ' . . . ·, . : '. _.-,_ .... --.-·.,:.-. ·-·. -: . ._ ........ __ .. : _. ,'.. -·. ,-. -_ . _.. ·--·· '' ".. . .--: 

· mechanism and kinetics. of the process, design of reactors, optimization of the operation re-

gime of reactors, and mathematical ·modeling. The catalysts prov:iding·the· synthesis of fila-

. · mentous carbon.as mesoporous granules, 3-5 inm in diameter and the concentration of carbon· 

beirig to 99.7 %, are describedelsewhere [2-7]. Thereactors are described in [8-10]. The 

granular filamentous carbon was produced in the laboratory [1-9] and pilot reactors (1,10] (3 
. ' . ,. . ·'. _-_, ' . _-,," .. - . ' ·:.·- _-,·• __ ;·- ··_- : ·, ·''· 

t.·.•.·.·g·. ·.of .. ··•·•.c. a.xlJ···Ol1·•·'P. e•.r•····'ob···e···.··.· .. ·.··.·.·Q.P.e·r···.•·.a. t ... io•··.H·¢·•·)····•.'C.1 ..... ·e·<·)·••·.•·.T.th.e,k·.·.i ... n.· .. y.ti.cf.ie.•·· .. a.1 .. ur .. es ..•. ·•.· .. >o.·.r.···.•···.p.<r.····.().(1·•·. u. ctit>11.·.·•·o·f. .... ·••.ir.• .... i·.l ..• ' .. •.1 ... a ...•. ·.n1 ... e.n·•· ta• .. XY.' ea. r-. . . ' . . . '. . . . 

bonfrom a mi~ture of methane.and hydrogeninthe presence pf th~JK(.1~59-J · cl:ltalyst{Ni;88 
' • • , • C , • • 

nmss.% [4]) were ·studied a,tthe.belqw .. parameters: .concentration ofhydrogenO,..., 40 %, t~m-. 
·:···.,•-.-.-. __ ,_· __ .. 

perature490-590°C andpressureof the .ga~.mixture was atmospliericlll,12] •. ·.The. experi-
. ... . ' .. ··':: .:---_:· : __ · _- __ .' '_· . . '. -----.- -__ ·. ' ·_· __ :_·. ----·, __ : .--· -__ ,.-·-_ .. _ --_-<>< 

mentat·re.sult~·•werege11erfilized .. to·a··.mathematical··model .•• describing ... •the ... kinetics .. ••~f•fr~rmation 

. of filamentous carb.ollfrom a methane-hydrogen mixture withKregard for deacti~ation of the 

catalystf13J. The model .. regards.the possibility of the catalyst deactivation during the finite 

time and the factthat the an1ount of the formed carbon and the time of catalyst deactivation 

increase as temperature decreases and the co~ce11tration of hydrogen in the gas mixture in~ 

creases. 
' •' -:_:'.:·-·, ·:-.·-.;:> . 

.Because the opportunity of commercialization of the .filamentous .carbon production is in 
. ' 

sight, the key problem is to develop. methods for calculating the p:rocess. performed in· differ~ 

ent reactors. Mathematical mqdeling pennits one to. calculate properties of the process and to 

design··the optimalreactorand operatio11 condHions,}\Vhen the ~rpcessinvoly~~ .a .periodic 
loading ,~fthe.ca~lyst.·.·.~~is .. ·;erfo~ed ...• up·. ;9. tlle •~6ri1pl~te·.·d~acti~atiQt1 of {h~·•·.··catalyst, •. •.bne 

may.<::alcµlate the amplliltvftheproducefi cai-bo11 andJillle oftlle catalyst de~ctivation versus 

tem£erature, ~o~;ositi~n. ~d·. c~nsumption of the3nitia1 gas mixture:· 'f ~ ... sini~la~e the.process 

perform~ce.iri.thC existing[8-io] cindcandidate rea6tors,it s~emsinteresti11g t~ co~~iderthe 

below model reactors: 

(1) a reactor\vitha perfectly stirring of catalyst particles arid gas (lllodel l); 

(2) a reactor with a peffectly stirring ofcataly!it pwti9Jes,m.d ~,gas p~u.g t1ov,1(model 2); 
. · ... ,-_-_,- .. -_ •', .. ,-,_,- __ , : .·,•_.,._, .. _:· ,' ,_._- _,_. __ ... ----.-.,.,,_:.·:·· 

(3) areaftorwitha,steady-state catalystl~yer ~d ag~,ph1g floyv (model.3); 
, :-- .. :>''. ,:- ': . . '-:. ·.· :_· .· . ·--· ··,.: ' .· .- . ' . ;· ',i ~---- : . 
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with .. a.·.t1uidi.z:e4 ..• cat~iyst..be9••.:hich.are.µseq.to· .. st11dy.· .• kinetics••·jf .. processes.•.a11d·•·to ••• ~ertifycata
>]ysts•[S;ll;l2];•f'igur{;/l shows thf}calcµlatedspecific.yield of•carboncm {per Jg catalyst) 

... · ... ··· ... · .·· ·.··.·.•.· ... ·.··.··· ... ·:· ....... :. · •.. ·· .. :' .. ·.· · .. •··•·.· .•· .... -:-- .. ·.·.·.;,-_ .. "". ·.·.· .. · ...... ·.• .. · .-· '-.... · .. · .... ·.··•• . .. ·· · .. ·.• 
versus t¢111perature . .T [14l and tlle·• experimentaLdaur(dots) .IIlJ .>Tb.e process• was petforiried .... ·. -----·--- . ·- --·- . '., ·, ·, . _ .. , . -·-: ,• ---:·-- . 

. at .the l>elow C~J.1ditiOl1S: .•. •.co11st.µIt. compositionqf the·•·gas · .. I~edJum .'1nd.• •. Pure meth~e\{lcnver 

.. ·.·line). and<tn~ C()11ce11tration.pfhyclrogenwas.l5.% .• inthe.·methcme-hydrogetf niixture.•.(the .. iip--· . 

. per Ji11e) ...• ··Forpure .•• nieth<ille,T.:&23 .. J(and··cm·.=•48·.•·ug11cg. Figtife.·.·•2··•·sh6\VS .•• the··6akulafod•·•de-· 
,-_ .. _._ .. , .·' . •,' ... ,·-. ',·-.. ·-· ..... __ -,_- '' ',_·.·_. ·-·· --·- ",,· ,., .. ·•_,._ -.·-_, --.·- ·, ·. ,·'·,." ,', '_,_•-,--·-, .• •,,. :,_ .. ,_,_._ ",.' •,· .· ,.• ·--- '_• 

···atthe.·foHo\Vingc9n(iitions: Q=l20•·.m3/(kg•h), T~823.·Ki,·rµethane being pure .. TI1e differ..

ence•·• between the·· cakulated a.11d··experimenta1.·.•·· Cm {165 and.·· .• 145 ikg/kg~ respectively)···. is less 
thanl$%}I'he(;:albilated·and·.experimentaF1:in1e.6f~otriplet~··catalystdeactivationarel8and · 

·· ...... ·· .· .· .... ·.·.. . ... ··. . .•. ·.·.· .. · .. · ... · ... ····.·.·.· · ... •·,.·.·· ... · .. ··· ... ·.· ... ·.··••·.·.· .. ··. ··.·.···· .. •· . . ·,J6 h,respecfively. 'Fhe .. calp11latedarid. experimental average degrees ofmethane conversion x 

are OA4l and•Oa43, re$pectively. 
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Modef2 can be cohsideted~s a first approximation on modeling the process performance 

inapilot reactor \Vitha fluidized catalyst bed [10] .in Whichtnf degree ofvibration is an order 

of mag11itude 1owet than i11 the labor;tory reactor Il'i]. For pure methane the calculated field 
.. < •. • ··.· ... . . . ···•.·•.. < i ·• . 3 .<.· .· .•. ···.· ... · .. . .·•· .. ·. •• ·•· •.. ·•· . ..•·. . .•. 
carbon is 111 kg/kg at Q = 120 m /(kg•h) an'd T= 823 K[13]. This indicates that the spe-

cificyield ofcarbori decreases by a factor of 1.5 as one passes from a laboratory reactor to the 

pifotone. 
The aim of the present work is to develop methods for calculation processes in models 3-

5 and to.comparethemodels. 

Model 3 c;ansiinulate processes ina pour~typereactor [8]. with.a co-currentcatalyst-gas 

upward and downward flows. The process·is distinguished bythewave ofcatalystdeactiva-
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theJeft, Itheat~ up, going through the hot ·left inert hed. ar1d t?nte:rs. the catalyst bed at a suffi:-. 
·- ,_' ' . ' ',', . '· .. ,",' ,. 

cient···temperature· .. ·•for.the .• oxi4~tio11•·or µietljai1e.··t()•··•.()ccurand.•···further heat ·.the .. air ..•. The .hQt·•··.ga$ 

heats the rightinert.bed before. exiting to. the atmosphere, Dµripg girect flow ()peration, the 

leff iti¢ft be4, .. \\/hicff \Va$ initihlI§ lfot, cools 4ok While •th~ dght inen•b~q, which•·was.rela;. · 
::· ,··:·. _- __ .. - _· ·:·_ ·, ... _-· .. _ :.. - •·c :_':··:·. ---_ - --..-_-- _- -- : - ------ - ':-· --· ·- :_-·. - _·,-.·. - .: . _·.. -(:- _, .- - ---

.. tivelycool, heats up•. The ptocess switches fofeversed·· flow when thetftnperattifo of the ..• gas 

mixture entering. the· left catalyst .. bed .•nears tb.e low-temperature set·. point, belowiwhich Cat.a
lytic oxidation isless. efficient.The incomingfeedgas··now.enters fro111.therigtit,heats .up 

•····~hHefisiri~t1i;oug1i•.•·mJ·•·•ri~litilieit B~Jt.•.reJ~ts tnith~ {~fa1ysf Jetti&n. ·ari<l •. b.~at~ tli/left .• inert 

bed Jj~f6t~leating'tfie··rbattcir.···oirett•·t1ow.i~ re-establisfredafthe .emi ofthcrev~rsCf1ow. The 

,•.•11e~t·~6t1ct~ted···•1t··;~JeTus· .... ·by··•·•fh~ ~i6th~rfuf~i•bh~rilical';i6attioI1····rs ···titlidr~t11···.·by•· .• th;•hedt·•··re-
·':·.-_---· :· ' ••, ·,-·, ,.·.· '- .. _··, -·. 

n:1ova(~ystemirithemi<l-se~tio11orther~a6tbr. 

Ex~eri111ent~lde111011stratinu . . . .. ·.· . . · .. •.·• .. ·. .i < .· . .· ·. .· < . < < .· . .· 

· 4,·.5()0-mrn pilot-scc1l~ uni~ .• was built to .. demonstrate. the.·Jeclm.ical.c1b!Jity of the. techn{)l-

ogy. A set ~fth&n;o~oupl~s h~sb.e~n i11stall~dialong the central ~xisfoftemperaturf registra

tion. •M~thfIDe·•··•con✓ersi~n··.·was·····l11easur~d·· .•. ·.by .ias . ·. chr6matogrh~lly,····· analysi11g•••· the .. · methane 
.. _', .·· -_._·•·· .. · .. • •.•.. •.·.. . ·.····.·.•.·· ·.·.· ... ·.·· ..... · •·.. .. . ·.·.·•.·.···•·· ... · .. • .. · ... ·.· ... :··.:.• .•. ·.·.- .. ••-.· ... ····.·•······· .. > .. ·-.-:..•· .. · ... >· ... ·.•.·.--: .. ··.· .. :.· .. • .. ·.· ....... ---_:·•.::'.-·· ., : 

concenti:ationin the Je~d•gas stream, .rnid-seetio11. gas withcirawal m1d..Jhe outlergas Jro1n the 
·.-,. ',.· -, ·.,, _, ,- : ·-·_. ,.:,:,,:, _, ·;. • 0·-·•oe·_\::_"., ,_,, "."", .. ·,, _.,··, .. ·,;,,•,"'.':'·_., .'·, -:_--:- ·_.·.-;·,;. ;,: ,.:_ .;' .. · ·_,,, ·."• ";··• -,.•, ,--·:'>,'_: ', .,:_•;-·: ·'.·,'-''. ". c ... _-._. ·_,_, ·, .... --'.., · ... ,_,,, .";,_::-· '. · . 

... rea6tor.·· ... M;tlI~~·i;···~otilly.·.t~nyerted· .. hyJh;.•·.chJ1llital•r<;~Ctio11 .... ·13ecaus(;; .... ofth¢.1ow.01dtiation· 

.· .. ·te~IJeraturi·.o,i10~.•·8.00°C),the.9utl;t.$~ ... a;d.•extr~9tedl10{4ir.in.th.e·.•;id-S;ctiou···n()tC()ptain 
11itwgen ox:iqes, 

..... ]'pf pr~ssµre dr()p .pf th1;; aj1"S1t(;;am tJJ:rough Jhe ~x:~.#m~ntaJ.1;~a.ct9r P.ip(;;s. t:llld x.:ilves re--

The heatrecovery>efficiency ofCfl4MIN was eyaluateq mi basis of the temper.:ttureand 
flow rate of the. extracted• gas·•·inthe .. case .ofhot•iait\vithdraWal,·.Resµlts\;110;.t1mt •. thereactor 

.. . ' . . . ., . 

operates in alitotherrnal rcigirrie (~thout exter11alJ1eadevenif the .concentration of.the meth-

ane in aif .is 011ly···o:1· v/v ¾:i Ht!~t recdV~rjr·•·is po~sible \\litfrhigherico11c~ntrations.· 'For··con-

<cH4MIN technologyis betweerl50\-9~%- Fol'a.typfoal coal.mine conceht11ltiort (o.5 v/v¾ 
ofmethanetthe efficiency is 75%. 

"fh~ beriefitf ()1th~ CH4MIN techhh1ogy.f6r. every loo ni3/s (0.5 ~IV% 

CoaLmilie ·ventilatiori air are: 
• <i:teJtre8oveiy:.14 MWth:rm. 6r·•·(425 ··ooo··cu/ye~r)· theI"In~} ,....,,.,.,.,nT 

:· .. -. _.-.-.,.'.':·· :·_·-_::.,-._ . .,,:.- ·.-_.·--',-.' ··-..:-_·,_,·;- ::_-·.:,·;_-.;_'::_ -.·._..- ·;-, ·'-'._,;.<"-"-' ."-:·: ···:i._.,,; .. :, .·-:'.•, -.·:_-,: __ .-'_:~·-,._,_,_,:'._--,_._,_;_,_:,,/i•: 

Reduced greenhouie·gaJ e111issirins:2os·•··ooOeqt1ivaient iOnnes 
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.• ·A .• •ffia1h~rnaticii1 modeLand .• computer•ptograms Were developed folthe study arid desigri 

of. CH4 lvtIN•·rel¼ctors.•.··A··•transienttWo-dimensionalheterogeneous.mQd~l /i;·c~inbined ~th··•a 
<,.:·--:· ', :.-. -_·- ,_.i,:.'::. '.:-._,/.:·.·:.:,_·:· _. 'i _, __ .-_ -:·::.:i-<-.... :._:_- ·_._:-_i-: _-· -·,-' ,_.:_. _ _, .. _-,/ ... _·_.::i;--,<_ "};-:- ,_.,:.-.:-~-:: .:·:_ -:._.,_ .:· .. · -._--, ,-· -._·.' ·->' .,-:-_:_·_ ·.': -; ~>- . ' ',.,_. ___ ·::_--_·-.. _._,,__-.--.i 

numerical method ·allowing the·••fasffotmillation of new reactor designs. The progfJfri has 

been validated··)Vith experiments performed with .a~OO-mm readtor; Qood agreen1ent ·witl}the·. 

experiments .. was. ohserv~d-•··•lbe\dyri~111ic hehc1vior of tli§ CH 4MIN reJctor· can be<predicted 

accµrately by• th¢~;o<l¢1 fora 'Wi<Je· nmge of co11qitio~s .. ir1dudirig srn~llreactordianieter .. and 

low air flow rate .. Good agreement hetweehthenioddang.the ~xperi~ents···was···ohserved for 

two. configuratio~s .. of h¢itf¢rilOyflf ijyf11Cfui~• 6f 1i.otliit\yiA1dfa.WaI·fro1i1 ·.the .mid-sectiOQ .of 
.··thereactorand•fol}c6nfigtfratioffitlcludi~gj6~"enH~naFh~at~xch;~geriristalled•ofthemid

point of the reactor. 

Time .evolution•·•·.of .temperaturyipfofiles. a.n.d distributi9n. a.lorigthe· reactor•Iength •·.are 

shovvn on Figure 2(a .. c) Jorthtt4ot air withdrawal co11fig1.n,-atipn: 
,,, _-_, .. _.._,__,-_,_.,·._-: ,_._:,. ; 

Figure 2a .shows .. the••·teiliperature evol11tionalongthe•·reactorlength·during the•firsthalf-

cycle. The•·.flow.dir.ectio11·isfromlefltotight .Th~ initial temperatUl'e prqfileis sl1own <iS a 

.. · dashed .•. 1in~.• .•. The··••circlei•.·aud·t11e• .. Solid•1ine·•represenf·tnetehlperature .••• ~istributionand .the.•. preQ· 

dieted profile along the reactor1ength lltthe elld ofth~ firsthaff-qycle {200 s). JheJlowdi,. 
... ,. .. , -.- ' -., •,. ' ' :i . '.· ·_ -: ,' .·'. ;:,- .,. \ ·:._ . --._::>i . ·, -·: ----- ·.·:,; .. _____ · __ '._,;; .. 

.. ··r .. e···.•.·•·.c·····n.o.·.·.u.1.·st·h·e·n•···.·· .. r.ev·.·.e·rs.·.····.·.e.d·. ·.·•.·.·.• •. Th ....• e·.··. e. vol .. ut.io. n··. 0. f .•.. Jh····.e· .. ·.• .. ·•·.h ..... e·a·l·.·····.fl.·.,.mp.t. d.lir·i·.n ..•.•. g.· ... ···.:t.h .. ·· .. e .. ·is···ec···. o.•··· .. ·I;l.··.d.<.·.···.·h··•.a··.· .. 1f ... -.·.·•.·c .... yc.Ie. is.•··.·.··•·s•········h.• .. ·.·.·.o.·.·.· ... ·•···.· .. ,.· ... ¥. n ... ·.·• 

011 · Figure 2b (200 ; t~ 400· ;) as Jhe cliffer~nce between .. the. ;olidand hollow circles. flotair 
:·· ·-:- __ ::::,---->, ___ -; .. : \_//:'._.-_.,_ ;<: .. _-_-___ :· --___ --_:_---_,-- --._·- -_-·:: .i-:.:_ ;. ·/ __ :_· .. ::-. --_:-'. . _->:-- --:_._:_. - ,_,._ ---- : --.. - --_<_-- ._-- .. _-- __ . · -·:··_-.'-- -_-:--:- .. ·:·: -. _ --- ___ -.. >::· _ /-__ ::._:·:·_-·::::_-:-::'/ _, .. _:·---:: __ -_-- (r·_,_··:_:, 

·•·e~traction ••. in the.mid-section·.···impl~es.•·adjustjrig·•operati~ns .. ··conditions.•in··order to·•.achiev~5~tn-
plete lll~tharw · .. combustiou •. in the upstream•·•catalystJ)ed alld.thus av9idingAhe pl"eser,,ce·.of 

'11~~,; ill/~: ;itJi1"'':~ ~; ;f ,~sl±\ction•mj~;,?r r~rt~'1;.·~,1i~n;"ale'!ls•t?•t4• 
fo.nnation.of two)eaks•.Jil •. the ... axial.1ell1peratt1re •. profile·,····both. loc.tted at.ch.~.ic~ta.lyst.teds •. if ig
ure 2(CJ shows temperature .pmfifos after 15 cycles (6950 s); Forthis cas~, the reactor operates· 

.·.· .. ·· ·.•.·· .. ··.·• .. · .. ·•·.·.·· .. · ·.• .. · .. ··.·•.·.·· .. · .... ··.···• •·.··.· .·.· ... ·.· ...... ·.·.·.· .. ·.·.• . · .. ·· ... ·. .· .. · · .. · .· ... · .. ·.·.· ...... · .. ·•··.· ... ·.·.·.•·.·.· .· .. ·· .. · ........ :· .. ·.···.· .. ·.·.· .. ·::·- · .. · ... · ··.·•·· ' . . 

in .. •.stable ·.·regime and·•·· .. 52% .. of ..•. the ..... heat !;Cllerated .. ·by .. · .. the/c~erI1is~1 .•.. r~action··.·is .. ·temovedb! ..• •air 

withdrawalin. the central region of the. reactor .. ·· The flow rate of the extracted hotairwas kept· . 

,, ' . . . .. 

The . development of theCH4MIN technolbgy·. and its . appli¢c1tion /to tht; elirnina#oh of 
· .. ·.•.• ·. .· .. ·· .. ,:.· ...... _. ·.·.·.··:· .. ·.· . .. •.· .. · ... ---- .... ··.-'- : ·:.·.·.·.·.·.·.-.> .. ···•.· .•. ·'::.· .... ·.··.· .. ·.· ... -': .. · .•... ··.·.·.· .... ·•···. > ..• •·.· ... · ... ';-:· " ... •.·· .. · .. ·· ... :,.:.-. ·.·· .. · .. ·.· .. · •. •. 

methane and recovery of heat from underground· coalmineventilation airhas been sliown• to 

be .a technically viable •. scilutiQ1it6 a major ··global warrnirig pI"oble111. Tlie recovd:edheafc<Ui 
. '. ,.,. ·. . ~ : : . . ' . . ·_' '- ·: . . . : _. : . . : ·_· 

be used to produce .electricity~ which can··.then pe traµsmitted .. toJ1sersites, Wh~l), (iirect u~e .. Qf 
·- ... _-, ... :-·-·_,. " 

the·CH4l\1IN-g~nerated hec1tJs envisag~d, consumptkm of the.heat must betfarried··out near 
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Ts.J:\ ~lletTtill(Jl', y.:y .. $hevlyukrB.I .• Sfi~olov, 
G. V. Echevslili*, A.S. Noskov* ,V.N. Panno11* .. 

.. . 

i ·.Ton:is.k:g~sprom )Ytts ~stal,lis4~di11 J995. bythe w(;JlknowqRµssi?n company GaspfoITiia.s 
. . . 

·its.·affiliate spe¢ialiiyd··in.4evel9p111ent ofthel0<;al natudlgas/reserves in Tomask.regionf·A.t 
' . _. . . .·::_-,_ -_ \- ·, ·-,:, . . . ·,. : -.-,-.,.._ '' ,'.'". "', ._. ... . _·,-_-· . . . -·--. _.- .- :··-. ---.· : ' . :-

P .... ·.·.•r.···.e ..•. s .. ···.···e ... ·. n.· ... ·.t .•.•. , ....... th.· ...•.... · ... · •....•..... e.• .. · M ... ··.y.··.1 .. ····d•.··zh·•.·· .. ·.····.• .. ·l.· .. ·n ... s.k.·.o.· .. ·.···.y.··.·· .• e ... · ... · ..•.... ··.g .. ··.a .....•.... s·.· .•. ·.1.·.· .. ··c· .. ·.o.•·•· .. n.··d·.•·.··.·.· ..... e.in .... s ...... a ... ·.t .. ·.·e· .. f.·.i.1.e .. Jd ..•. · ...•. •·.·.·.•.·1.· .. s.· .. ,.·.·.· ... ·.···.o .. ·.P.·· .. ·.e.· ... · .. ··r.·.a ..... t····e.•···d ... · .... · .. •· •. ••.b·.·.···.·.Y ........... ·T·.••.· .. · ..• • .• o.·.· .... ·•.•··.m .. ···.·.· .. ·•.·.s.···.k ..•. · .. g.a ... ·.·s ..... p· .. ·····.r.····o ... • .. ··.m.•.Wl .. · .. · .. ·.·th .. ·.·.· .•. ·.a ..... n .... ·.•.n.u·••a·•l···· . . - ·- .... , ---.-.".••,·", •,• ··->·-·". ·-.·.:... -. . ',,.. ' ' '. . . . . . . . . ,',, -·- ...... -,,• ' -. . . 

productionrateof 2biUion.rntofgas, 200 QOO toµs 9f ~ondensate,• andaboutd 00 000 tons of 
_, ,:, '_ ,·: ·: . . '•: . ,:·,·: -. _,_ .. ,_•_ " ' . . . . ., ', . ·: ,' --- •,· ' " _- <- ,,, ... _ ' 

l}ydfo~flfkon~ 937¢4.J'l-1~ mmwi1· productioµ r~te of.abo11t J01'illiori··1113 •. •gas and J111iUipn ions 

sr11densate itexpec;tecj by2Q lQ. 

_,· .. .,_ .-- .-:--- .- 'i;. __ ,-: .:.·_:··_,>_-,.- -__ -_- __ ,:.:··:_>-,_,:•_. ', _:_;::- -:,•· ._· i:·:.- :: ·-_:_•:·.: :· _:·-;:. _-_: .. ·_,:··_-__ ,:"i .. :· .. ;>_.-_·:·::::,:,::·~-::·i'·:-_i:i":::i:·:: 

conversion·ofnatural gas into.liquid hydrocarbon fuels. 

A;yriic~ipr~ble~t~iRus;iaj;·•·•~ic~s;ity()firi:ahY.il;c;bolls· ... ·.pr;c;ssi11g .. u11<1ers~vere· ... 
"- - - - - · ;,.-,.::-_·. .·i.-.--·;:_< ·/·_-.-:---_--:·~ --.---:<:=<.; ·_. -.---:i--_·.;·---:-:-::-:>:\: :·:_?_~;-_: :: · /-._:_:·_-._-:=_·-:·r-:-.. -:;-__ <--. _,._:\-· -: <.>"_ · __ · __ :· .. -~- .. -_____ ,_-:--- - <i?.:::i:·:.::-. ·i_,-_'::;-::--.. : _ _.·:_<_-,:-__ -=·:-.'.,_'.: ... :;_-~i-.;---.:.::·_ .-_.. ___ :-/-: 

transportlirnitations•directlyatthe•place.oftheirextractipn.ForexaI11ple,itisnecesgaryto 

proS•SI·C,-S,-hyafoca,¥~· (Whirih•~•~afo()r~s~OJa/i~Jl5•. 6,1i~0nttf;~J~i~ajg~ 
into liquid hydrocarbon fuels. Small scale (with annual >.capacity UP to· .. lOOthousa,nd tons) 

plants·······pi:oduci~g····lllOtorJlie1s••·arldhajliin···th~••r6gitjn~•···~1thhy4r6cafbori.r2s~fv~s •• ar~····able.·.to 
satisfy the local demand in automotive and.diesel fuels, 

A~Ol11lll9nly agcepted hVQ:-Stage processingofJnethane, ·.·which is the ma41compo11ent 

. nahlral••··g~,iint: .. •1i~uidhydr;;rrr~~n:···i~cl4di~g·ga~o1j~e.~d····diesel .. ·fubl·h:s ..• ·;o;e .. ·.clisadvan-
.. _. -;-- '_.:._<::. :·_.-, ",._.. .. ,_. -.·.--.. ·,_-___ ·=;:,:., __ :.·._: __ ._;.: .·:_·'- __ ,, . . : __ ---:-'' ·,,, __ :. _,':'...... "i ·,,:: ,,_ ;-· -.,.-_:, ·--:' --,_ :_:.,- __ ----_ . ---,_,. ' . . ' ' . ·, ,· . -

tag~.s .for··operation·.on. iridustria.lsca.le.···First o:fan,• it·.•mvolv~s .. ·an i11termedi~te energy .con-

~~ingCb11terslb~ ~f'Jight •lly~ro~.~rb~11sj~t6sy11g~s, Whichjs ;ll,ll iollp:ed by the catalytic 

s;n;he;is ~fclesir~d f~~ls. ie✓~rth~l6ss, basirig o:the 111~~e~ ~llssian spa~6-Jett~c111101ogie.s, 

a\e~dingi~uss;~ ,rickt-jetmanufact;;'.·••iQ."f j)rgf~0li~.1;gt'o/t~ w1th'Cherni~ Ul$u: 
·tutes oftheRussian Acaclemy of Sciences have designed movable•.tinit plants forthis.·two-,. 

'. ... ' - . . ' ' .. " '' .. , .. •, ·-- ' _ .. ,_ ,·. ' . ' -·. ·--' ·. ____ ,. ___ .' .: . 

stage.natuialgilprode~Jihg.T4ese··~1~1i··t~bai~c1 ... o~.tl~e·•111.odtilrir··.triobil¢··•syrig~s··~ener;tors 

ttli~~exihl{~~es~,scli~•e,,~hf d~e ~~v~tsf t1to~dt~°% of +i~§ P~r 
year .. As atarget synthetiGfuel, theplaµt <tllO\YS production pf, e.g.,fuel.alcoh()ls~Aigho<;t~e 
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gasoline, diesel fuel or dimethyl ether llSing catalytic technologies developed· at either the 

Bore~kov•Institufo of Cata}ysis ◊r Othercliemical institutes of Russi~. 

At the .• same thnc, till u~:therewere·• only Jew .attempts to develop .• Simple • technologies 

fof the· processing o.f hard • to transport C3.;C4 .. hydrocarbons .directly ·.atth.e· place. of .th~ir. ex-
·,·::·•,·, <:.- . .···. ----_._, -.,-.;.-_· ·. ·- -.. ··, -·:-·· ::.-. ".· -·._:,'· .. : . 

traction. ]ndeed, there J.s no·problem ·toconvert ligl1t hydrocarbons .·intp easyJptransporl 

methane; but not econoinically profitable. owing to the lqwerpriceofmethanein corn- . 
parisonto the C3-C4, hydrocarbons. 

Thi~. report presentsrecent resultsrelated.to.the design ofanewprncess Dfone-step co

processing.ofmethaneand the.·paraffin.C:3-C4:.hydrocarbons ... into.aromatic·.•·•hydrocarbonson 

modified solia•icatalysts: .JJnder the lab scale conditions,· the•· yield of aromatic· hydrocarbOns··• 

attheprocess withresp~ct to the c9hverted p~..,C4 .. hydrncarbons attains 901¼. . . . ' ' ' ' ' ' . 

Another wayto use the propane-butane mixture is its direct involvemeritinto reforming 

ofoil to produce additional high octane gasoline. The experimental .. results showthatsuchco-
. '. ' . . ·-· 

processingofHghthydrocarbons.withheavier.oH·hydrocarbons.givesanincrease.iri•thegaso-

line yield up tol 0-15% bythe expense of C3-C4 .. 

Jµst ·at the hydrocarbo!lS fxtraction place, it is .. also .possible to convert light hydrocarbons 
: : " .' .: ,', ;--_ _ .. _- '-_, ____ ·::":._;-. ' ._· -:·· _·_:, ...... ·.:::-· ·_·._. ·:-,:_ .-- )'. -/-· :: .· . ·.:·· _ _ .,:· ': 

into valua~le.·soHd carbonaceous matetials,.for example, .into filamentouscarbo11.v:ia catalytic 
. .-· . ·-: . ' . . 

pyrolysis·.· of .hydrocarbons ..• ·•·U11qer·.·"Onsideraiio11· .. are .. ·1npder11 ·•·fosults··· .. on· .•. the.•simultaneous. pro-

duction of filamentous carbon and hydrogen over .heterogeneous catalysts. 

One niay expectthatthe ne\v one-step catalytfo pr9cesses under di~cussion can open new 

ways ofthe riatwaLgas and gas co11densate . conversion< into valuat>le cliemical products just 

nearhydrocarbon sources in the not very well developed areas. 
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»EVELQPM.E.NTinF·Mur.r1sIU£AcToRPR.ocEss Fo:RcATALYTlc 
.····PE~'fRUGTIO.NQltlq:GijLYTQXICJRQC:{(ETFUEL. 

1,1-DIMETHYiHYDRAZINE 

Z.R.Is1natilova, M~A~•·~~rz~11t~~yll '¥•1\.~.•··Sall9iic,ya, l.l,. bnt~gil<>V3 , 

V.N. f arJU()na,(; •. L .. ~liza.rovaa, ~!I> .. J:>e1tu~ovaa., Y~.·Yt()strovs.~y~, 
· Yu.L. ZuevC, V.N. Eryomin\N.V. PesterevaC,L.N.Rolin\ V.A. Shanqakovd 

fax.' +7(38? 2)3 9-73-5 3, e-mail;zri@cqta{vsis.nsk.su .•• ... ·•··.·· ... ·. . ... · ... · 
b Novosibirsk ExploratC>ry J)esign Institu.tf VtfJPJET; Novosibirsk, Russia 

estate.Rocket (;enter ''4caqemipiarr.V.JJ.Makeyey· Design•·.Burelj.Y'', Afiq~s,iRll.ssja, 
dF' ederal Research and Pr9duption Center "Altcd "; IJiysk, Rus#a 

R.• ~ductfon .and conversiofr()fweapons pro··•··dµd·1··0ns in. >.R• ussiaha.·· ve mad.e extremely. urgent 
. ' . . .. ' .. · . .. . •,, . 

tµepro~l~insofdevelop111~nta11d)iinplen1entatioh9fenviro1u11entaIIYsafeand efficieritproc-
·.· ·.----_ .. ,_--:.,_.-._-' -- : .. •---_· ··:--,. . ·.' :.:,.: ·---- .. -.·--:"··,,,,·" . 

esses, fqr (iispos~Lofr()c}(et · f4el:,. Qp.e•ofthe.most pressing problellls. is.• .• t:he .. develppment.of 

the·· ~isppsaf.prnpessfor.extn}mely toajc •.• l,l-clyn.1ethylhydtazine·.(unsyrfunetrii;al··diit1ethylhy-

4razine .. UPMII}and industri11l wastes cqr1tai11ing UPMJl. 

Tbe· .. problelll.••of.1-JDJvf_f-I }Jtilizati<m .g~n· be ·•solvedtby pre11tion.•ofa treatmetitplant•based 

qn · U]JJ\.{H pxicla.tioriin.a.fl.uicJ.izecLcatalystbeil. The .uniqq.efeature of this Inetltodof fuel \and 

waste.•. dom.bustion, elaborated. in·••.J~lG .. isithe.··•possibilityioftotal oxidation of·organi¢> com-- . 

pmmdsinstoichionzetricraticrwith•oxygenatrelativelylowterrlperatures(500 .. 750PC),which . -:· ___ .- ' ···· .. , .. :.·.: . .- .' . '••· ... ' - .· ,· . ' ' 

suppresses·Tor:tnatiqnofnitrogenoxides.Thisiis .. achievedbytheuse•.of highly active catalysts. 

inaifluiclized hed which also allow$ the effici~nf.removarand Pc,ssible us~ofxeaction heat; 
·.•· .. ,". ·.· .. ···'.,:-·' ·:· ' .... ; : _. .. ,.-' · .... . :· _-,'.-'··.·· ... ,,_'·:.····_ ·-. •· .. -: ...... · . .- .. 

Pilot··.andindustrial planttests.havr.· shO\\'ll h.igh.· .. ··efficiencY{and .. enviromneu.tal safety.·of ··this . 
' .. " .... ·.' .·. '•-'" ' . " , ..... .. :··.-- .. · . . _- ,.·. · . .-:.. .,,: ... •._. ·\.. ._.., ·.· .. ·.· .. ·.· ... · ... ·. . . 

. techn.Cllogyh1treatme11ti of v..iriot1sihazard.ous org~ni~. wastes:•··.qrganic· •. ·SOlvents,•.·•.chernical ·. in~ 
:,:.: :·-".,::., .... · .. ,.:.· .... ,.:_::•··.':.",.,_:·= · .. ·.•:,.,_·::·,· .. .. ."'·.·,· :,::• .. ··.:,.·.:·._.,-.-· ' -'.:."•:··.· ... _. .. " --.:··'··:· .. ·• . .-·:: .. ·--:","•.·::·., :--\·,.:- ·.- .... ;.: ··.· .. ·--.. : .:.:.:-,· ..... _. ... _- _-.:··.· .,·:·.· . .-:-· .· ... : .. · .-

dustry \V~tes,· m{f og,m~c.9rit~ir1ints. conipo1111ds,,•·.u~ed .•scintil.lation fliiids,mixed .•. or&anix· .. ~~~tes 

containi11gra.dio11uclides, etc .n, .. 2J. .·. •.·· .... · •.· ... 

. ~~~H\{tiJ~ ;~~t;;ic;f t~c1'~if/~fSfurrfl)~ ~$-0· [ts m~l)~.•uoWOf le "Jn5en, 
tration is O .00 l mg/n13 iri air{u1d.Q .01 · lllg/LJn v.rater,. Th~refore, a.treatlllent Jaci1ity sh9t1lcl 

~ioy\~,ici~ ;;.;~.I%;~~/J§f1Jf J,~;~;Joµ,, . . . • . •• C 
Tht;prqblein pfUDI\tiH tre&t,meilt is further ~gmplicated 1.iyit~ higl1 ry<ictiyity rysµltingiil 

fQrmati~;•·•oi nlll11ero~s· .. ··•·i;te~11ecliate.y·~d;ide .• ;roduc~s. 1'4er~se~;h gn.·.· .. pbMJf •.·.vap~r•.· 6ata~. 
•.• .. · •.··.: · .. · .. ·.· · .•... ·· .... • .. ·.•... .· · .. ··.,·· ...... ·-: . . ·.·· .. · ,; :.- .. · . . , ,-·,,. . · .. · •. ·· .. ·-·:·· ; ... ·· ... ·.. . . .... •· -.. ·.·< .. •··•· .•,. ' ... ··· .. ·· .. • •.. ·.· .. . .' <· -.·--,: ' -._. ...• ,-.-. --. ·.·· :.,-.:·.··.·.·. ::_.; .. ·.·.·.·.· -.: ... ··:.· ..... -.... ',• ••••.•• I 

lytfo. oxidation c11ITied out itl. BIG over a 11llµ1ber of solicl c~talysts GuxMg1:xCr204/y"Al2Q3, 
-.-- .. ,.':.·.·.: . ":.•.·•···.·· ... ·,.··--.-., " .. · .. ·.·._: ......... , .. •.:· .. · .. · .... ' '.··· .. · ... · ..... · .. --· -.• .... ··.·. : ... .. ··.·.···.' ..•. •.· .. · . . •.··.:··· .. •.··. · .. ·.··.· .. ··•,•·.··.· . ,, .: •.". . ·.: '_.--"·.'·,'." ' .·. 

Fe2Oly-Al2Q~, Cµ/(ZSM5+ l'iO2tA12O~)/ AhClJ-SiQ2 ,.Pt/y-AhQJ and pdly-Al203 a,t.•.·tempera- · 
.. ---·.- .. · .. ,>. ,-.. : ,·.·,., .·. . . . . ·,· .. , .. 

tures 200-400°(?·• showe.d\that along with fuepreyailing 11on-tox:ic pmclµcts of deep. qxidation 
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. -·-. . . . . . -·· 

(H2O, C0fand N2), aboµt 1.0 in,tenn,~dip,te ~1d ·. ~ideprqdµcts~ su,911 as ineth,u:i~ •.. fi;,nm;i1dellyde, 

. dimeth;}fJ~i~::.·••cfcir~;l(lell;~fo i,·1~~illieth;lfiy;~~n;,~ .•. 1'Jd ..... kid ....• Nd2·••.··••af:·•····•f onned .. · ... ·•during ·· 
: ·: .•... :·. ·· .. _--. -.--.:-.·.··· ·: .. ·· .. · .. -·.·.·.·· ... ;-.:.·.· _:''-.:· : .. -:<-· ... ··,·-_'_.::_·.:.-·; ___ ;\:-·---:;: __ --_-_·>:--:.'.:_·.,_._.-".:.-\ .. _.··<---.... ::>:"-:'-:'· -: .. ·:_.· .. ____ -_-_: .. __ ·: -:·_·. . .>--- .· 

UDMH •... catalytic O){iclatio.n .[3,-5]. 'I'hiS·researCh alfo-wed.•· to ... chose @ .optiw.um ·•.cauHyst 
. . " . .. 

CuxMg1 ~xCt20~y-Alz03,• providing the.• highest seiectivityto desirfiNeprodu¢ts@faO,COiancl 
'.· ·-· '··_'., 

N2); a11d·.· minirnuiri[orinatibil hftbxic. skkprdducts. 
· .. ·.··.·.··· .. · ... •· .. ·.·.•.··· .·.· ... :·,.· .. ·.·•·· ... · .... ·· ---.... • .. · ... ··.·•. · .. ·.··.·•·.·· .. •· .. ·.····.···-- -.-... ·· . .-.,.· ... ·· .. · .... ·.· . -.. ·.··•.··.·· .. ·.•·.· .. ·•.··. . ·.······ • .. ···· ... :-.· .. · ·. ··.·· .. ·····.·.·· ·.·····. . · ... · .. •·· . . . ·.· .•· .·.• ·. .· .. · .. ·. 

F ..... ~o .. ··.···r····· ·•·n.• ·e···.•···c•·· ... · ... •.·.e ..•. ··.··.s·····• •. s .... •.a•.·•.· .. ·•.·ry••· ... · .. ···.·· .. r.··.e···•·d ........ u.··.·····.c.· ..... t.· .. i .. ··o.··.·n .. ·.••.•··. 9f•.•.··· .. · .... c.·· .. ?·n·· .. ·····.c .... ··.en ... · ....... tr .. · a ... t··•.·i·•o··.· .. ··.·n. s·• .. ···· .. ·.o ..•. ·· .. ·.· ..... ·.f ... • ... · .. .r.·•.·····.·esiclual UDMH and toxk. sjde products a 
miilti-stagepro~ess diagraltl \YtlS developed{F'ig.·.l). 

·-.-.-···:··.--:.-.· ____ ·._ . ':": __ ,_·_,.:-· .... · . .--:·_;: -· 

'fhe pri11cipal appifatusis ·.the <fluidized bed catalytic reactor Ji). Jt fa. intended for· con-

ducting. the mairt.·· reacti;n· ·:.••totfil/catMync•.ox.idatio1T.o{lJDMHto>cod,Gatet•i~~d.· N{(i·Jhe·. 
,. . . . . . . .. -. . . ._. '. . . . -.· -· 

cat~\ytic···•·re~ctor·•is· µilldt;· .ofstai11lesS· •. steel, its ••. heightjsi2000•·•.rmn,·•··Jnd .. me·.••iIU1erdia111eterits 
120:nun ... Air for·fluidi~tion and.UDWI ·.oxidationisisuppli<~liJhtough .a··perforated gas· .. di~-

, .. ·:- ... i.-' _- .,.-- .. · .. ,_. ·._ .· ._-._. -· .·.... ·-·\ : .. -: ·-- .. -.·: ·.-·-' ,·_.· :· : . .-, ... :· .. ·.: _-: -.. ·.· :: : .-:·· :::.--· ..... _.' 

tribuJiiig plate./UDMH,is jnje6tediJ1tO the•••·bed thr()ugh a nozzle.••·The reactiott products.· a.re 

·.• femovedthroughthe ·upper, wider part of theapparatus,I)tie to the.Widening e.ijtrain~d catal 
lystparticlesseparilte··oµt•·ofthe 1gas•strea111,•Aiou,gthelleigntoftheJreactor;ana/pitch'of5Q 

!llll1,.>hofizo11tal·tubes ·•ate · .. Iocated··.•fottheirilobouple.Wells, .... ·.g~s•. sampling> .. a11d.·press4te•••gauges. 
The .. tefictidnpr6ceeds·•6verthe.catalyst•cufl'v1g1.l€r20tiupprirteciOilstrohgsph~niafy .. A'.l;iO£·• . 

. gf{¾Jiules··• .. (f :4~2.b mm).:·. The ptbcess··· .. takeS fjlacb attexnper~ttire~··•· of~oo.11oo"C<and···ailtni1 
equivalence/ratio·l-2. Thefliiidized bed pro~idcs ili11f()TI11t~inp~ratµre adtossthe bell ahd ef-

· .. - ;·• ... ·:·_;: .-._..,-:-: .. ·-.:, .•.,.- ·.- . '.,, --:·. ,· .. ··:·--_· -·.:' ._.- .. - .'-:.· . . --.· __ :: 

ficient heat removal by a coil water heat exchanger (2) immersed in the bed, decreasing the 
:,_-.-. _·_·-_. .. -. _-·-_·::· ·:_:.. _ .... 

temperature of the exhaust gas at the exit of thereactor to 450-350 °C. 

The cyclone (3) pla,ced after the main reactor is used for removal of large-sized dust par.,. 
.·.• .. ·- .- ,• .. '- -._ ·. .·.· .-. _- ·, ... . ' . 

ticulates(>3.0·.µffo11-t1ed<1ueto ¢at~lystcrushing abd aittitiqnihfluidizddhe<i. ·.·.·• . 
. ·. The.jet •.•. g~rubbers·•.(5,· •. 6)··.placed ~O\Vllstieam .•. ;e• ... Cyclone•ar;il}tended .... forifurther··•plltifica~ 

·•·tionofoff'gasfrorrt<16w-sizedpa.I1icµlatbs(3~3o\µ)•a11.d.forterrio-valfrrj111the.•gasOstrea111·.or 

· lr~s pfU]jWI·~,11, i#~mfl~tf <>1!ti91lt~~};,~;s~~;?;,~n~tif P,'~~i~lli 
·these apparatµses l,y intensive oppositely directed Uquid.jets fonriing a foam layerwith 1ru,:ge .. 

surf~cea.r~a.[6;7].fheJet.sdrubhers•.~lsoservetoipr()videcOolingofthegasto···.35L40°C.••The 

parfilneters ofjefscrubbers wetec~lculated by in.ethod.s:desci-lbed fr1['7]. 
-;-·. ·- '.. . ., 

.. Irithejef scrubberNo\2{6)complete b;idatibn•df trages·ofUDMH itsJfbecl in ~crubbing 

liqttid<(water)·•·is coftdutited·bvet spJcial po~dercatfilY~ts·· . .tb;·}1quidY~hJsi.· UDN1FI.··6xicl~tiori . 
. . - . · .. -.. . . 

[8-9].iifhecessary, itdaifionJtaiforhydtogeri·per◊iide····()~n·bb'fed·intdthgiscrubbfr. 



.. --,,• .. , .. _._ .. ·:=·.':•.-·._,,_·. 

,.\ftefthis scrlipber, thegas satu1·(.l.teµ.with yvater•v1p()f eriters trie••absorb.er-conde,nser\('7) . 

. ·. x~¢)'~<ilt~{gf~isJ~ti~• ~~~Rriti"il1·<1f ~#;i,'ll~ f~ow ~e. qfhs~ hyissr~ef> pf 

water droplets sprayed by the• nozzle flO] '.. In this app'1t'atus, the gas purificatitJ11 from low.; 
.· .. · · . .-= .. • •. ·.· .. ·.·.··... ..·.··· .. ··.·.·.·.· .. · ·.· .. ··. • .. • . .•.· .. ··.•.·· .. 

~Jzeg .• •J~~iB!~.s•f:J.H)•take,?plac.f<\Vit~.·:ti~ali•r~.µwy~tof·tr~ce••·••amount5.· . .Qf···yprv1iji~d ... ·.g(lS 

... 

•·: '"• '· ---- : ,,.... -.,•, ... ·.: .,,._.·:._, 

Prelit1ii11ary .... ·exPeiinie,~ts?P~•lJP1viI-I•··QJ\ici~ti6Q.j11 .. •a· ... flµidi~~d.·•catalysi .. h~4 .••... at·600-7QU0 G. 

slio;ed that ill ~dd;tiOn t~ hig~ ~ele¢ti'7itj ·.&ftransf'onnat~OI1Q~fi*ecl.11itroge11JO N2 {>90%), 
: ... -,: <·_::_· ·_)::··:--_ .. _·._.:_··. . '·:·::·.: ' '.-,- .,'.._"i.:_-.--_-\_-----: __ ._· _: ,: ' :. ___ :::.':.-.-:' ':-.-::: ":,-:-:<" ·_: ·.:-· ·,_-:"'_'_ -:_·_.- :·_· .. _ .. ·_ .. _:_::,· -_ '._.-::, _·_·. __ ,-:i.-\,:" .. :_:· ·,··--·.·_:_ . · ___ -:.-:•:_:\·" . :-::-:.··:.: .":-: ... __ ._·:::._.:.,·: ::·.:> :·:::=:::f 

the Jormatipn ·o{some nitrqgerfoxides·. was. detecte~- Ther~fQ.re1r 4eNQ?{ st~e }Va$ 4dded ~rito 

theflo;4ia~rani, b;;ed ~rr se.iectiv~•· c;taiytic·•ir;d~ction{>f .• N()x····•wit~.·•.runfuonia.·over .• ·n10no-

~e:xp~6f1~~;itjor·fo(ul)¥des~tioll1ll a fl~~& '#a]Y.t~.tyi\fiaca-
pacity · of 2Jcg/h was designed and fabric;:i,te<l .•·at. th~ .. State RqcJ.::et Ceilter, .aµd experiments oh 
iro1v1J.· .. ;;tal;ti~ ..• 6xid~tiohjr1 thi~····ins;ll;ti<}Il.•• ;er~·····~~ie<i\o~t.••·;rhese ...• experim.en~s• showed 

. _' ' ' ' ' ,···_' '·, ', ·- '·: 

~i~h· effi.cienc:y•. a.Ild ~11virm1p1e11~al safety of the technology. ~eve}opea.··+11e process·w£1~ car.-
ried out in.a •nuigized.})e<i •. Qf catalyst a.t,1.lJernpei;ature9f.p()Q-7Q0°C, Jl;le .111.ain, re1:tctio1;i.prod

ucts· were •.. co2,i witer and i!litrogen.··· Under optiirn1m ··operation•.·· regimes the lJDl\1H .. 



concentration· attheo.utletofthe l11ai1i reactor is belowinaxin:n.un a.llowableliniilin industrial 
. ·:;·, . .- - ':- .-·- _.. ' . - .· _- ·. -_.-,. 

areas{0.1 11lg/rn5)>Trace ariiounts<OfuDMfI·•·ir{theoffgas are efficiently oxidizedover cafa--
•.···1ystsi:n: aqueous soltitidtisirfthejet. scrubberi 

. Ft1llset··•·ofresu1ts··of•inaustrial··~~ploitation Of .tlie pHof planf•ar well··· as desi@ ~dCon~· 

struction p:fthe mobile uQit for processing oflJDMH at distant militarylocitioris will be pre--

·-- .. -.-.-_,·, --· ·:·. -__ ,,. ',· ·->-.- _. __ .·;:,;.· ·.-· .. ' ' -'..·:' ,·.- ' ''•,· _. 
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At· presenttinie9xidecatalysts·.a.n4 cat~lysts,contaiiring.precioµs metals, indudjQ.g.plati-
. ,· . ' .c 

m1n1, are widely used inJhe processes·ofind:ustrialwaste gases·.rieutraliztttio.11;•···· 

In ·this paper.the possibility of. using oxide cat~lystffor. combustion of·industria1. ·waste 

gases.,. ii:ontaininglarge .. amounts· of \Vatervapors, ··is being explored. PropQsediSa solution for 
'-•-.· :.::.•.·-----.· .. ·'_'_ ··-·· .. ,-.· ..... ··. ---.. ·•· .. ·· · .. · . .-,· :-' . ·:·.···.·.· .. ···_ .. ·.· ..... ··· ... · .... ·. ·.·.··.- .. ·· ..... •.· .··.·.···.·· ... · .... · .... ··.··.··.. . .----.... ·.·_ .·.· .... ···.• .. 

the probkm of replacing f Xpy11siy~ .C<italysrs, containing preciqt,1,s metajs,\l:>y111twh .. less exp~n-
.. _,, . .'-'.• •. _,, _ _," ·"; .• - ····,:,:·_. .,._- ·., ,,,·. 'c . _,. ·_._.,-·._ . ·, , :,· -, ·.·.,:. ,'.''.· .. ___ _- .• - ·.-· 

sive ones, Kinetic)stµdies, mathen1atieal1nodeling of theprocess anq process pptimization are 

t~e··stepsofthis \VOf~.·Resu.ltsofthe work .. arejmplementt!qat1ndp~triaj plcirits, 

Thesonrce ofemissionsa~d tf;clmoiogy ~f l)Urific~ti.ot1 .... ·•· .. 
' . -· . '' ,. ' ' ,. 

One··•of•·the··•most •. · •. wigespread<technol,ogies··•of.is°:11rene •••. prnductio~.asa .. monomer. .•• of···syn~. 
theticpolyisoprene rubbet(SPR).is a.two-.stage synt;hesig .. from isobutene a11dformaldehyde 

. .· '_:,.";_._. ::·_/,,<:,·:_.-~._:::--::\- ... -.... ·· .... :·.· ___ .-_.:>.: :- _·:: ... -... ·. __ :/ -:_:<<-,- .. _ _.·,:<_: .. _. -·_-"_:··.- _:-·.__:· ',: ·-_ :: 

through.intermediateformatlon ofdimethyldipx:ine.·(PMD). O:M.Dis the11 splirt.edoncalcillill-

phosphate catalyst af370-390 °C.After this cycle fa completed, ilie re~ctoris purged bYwater 

steam, and. the cycle ofoxidative regeneration of catalyrst starts agai11. The process •Of re gen,-

])lbl~Reg~eratiort~ 
·. ·... . in isoprene producti?n 

N2 \ i ,.. <···· ... /.P;lnull~ 
1. Flowrate,Q tNm3/hJ, ... ·,.·····.··'··········o;······ 

. . U[Nmts], ... '. ....................... £f .. 
i~lµding:J) w,~terstcam 91, [t?:nlhl• . .. . •) 

2).airR1,Q2 .[Nm3/hj ..... :················.,········ 
· .3) air.R2, .. Q3 fNnf !bJ . ., ... · •. , ........ ,,,, ... , . .,,, •... ,.,·. 

; . ·.·· ··. ·.. ;·· 3. • .. · ... • .. ··.·.·· ..... · ... · .. 

4}mr~3,?4. [Nm.,]J .. ········'.·····:····.············· 
2, Temperature, [CJ .•..... ;0,,..; .......... 1 ....•........•.....•...... 

3 'I' . ·1 .· .. · ·. ··1·. . • • •[ci' '] .. • ..•. pt?-.. 8gnte11t9 }111p~1t.1e;;r. s.tn .·• ·'.•;:··· .. ··•·'.···T 
4, Effkicncyofpurificatio~[%] . . 

1 ••. · ••. over catalyst .IP,-6? (theoretical) 

211 

-_: · . .- ·_- _:. ,\/·_ ··:-:r/··-·::.-. '. __ -:'··-= ·:_:::-·:::-,,_. .. __ ;. ::.--_. ___ ·:- ___ --: __ -: 

in . variatioll Ot volumetric 

fl{)W•·of ga~es···that~e•.•fed··•then 

pri1·ificatiJn 

gases, 
/ .. \'.·-·._.·;: ·.:_·.:,";:,.:,;,-:.: :>··"-:•':<_· .· · :\_··_ .. ,_ _._._;_: 

which are emittedjn·1s9pr~ne 

. pr~d11ctiori,. c6nt;in .. ·.·.•~driii~- •. 
orga,nic con1pounds 



toxic admixtures j:onsists in their complete oxi-

K - cooling condensate; . dation to · carbon dioxide and water that is 
Ri, R2 -:- large an.d sm~ll . ; · . · .. · .• · . 
reactors for regeneration of t .· occurred · ~n ·. £t-~ontaining catalyst. · The 
Calcl·um phosphate cata· lyst · ·· . ,._·-:· .. __ ._ :_ --· __ -_... -·· ·.---.-·· -. -·, -. -·---' --.:_, . . - . . . 

by water steam; principle diagram of catalytic purification unit 
R3 - catalytic~reactor for • . • · •. · · 
d~toxication of · is shown on Fig. l~ Reactor is 4.5 m in 

' .·-. ,:_:.· ,,·_ . __ .. ,··_ ,,--· ' . 

diameter, height of the catalyst layer is 0.38 m, 

weight of catalyst is 3. 9 tons. 

·.·.·.· ... ·.· ... ·.· ... ·•.T.·.· ... ·.· .. ··.· .. ··o .•. · .. •.i····s·•.·•.•·t•.··•.u·d···.· .. ····· .. y .. ·.•·.•.··.·.·.•·· ... th.·.•.··e······.•···•.·.· ... ··.•.c.·.o .•. · ... m .. ·•··.•·.··.·.•·p···.·•·.ar.·.····••~.·.•.·.·.t.·.i.·.·.\.· ..•.. ,.•e.·.·······• ... '.·•.w.•• ... ····.0.·.· .. c ... •.k.·.··.··•.i11.· .. g.•.··· ... '.•.·.·.•.··.·.···.s.·· •..• t.;·b·i·,·•.i·•.1i·t······.y.·· .. •·.•.>o·.··.f.· .•. v.··.· ... · ... ·.• .. •.·.a ... • ... ··.··.· .. r·j.o·'··.· .. u.·.····••··•·.•·s·.···.··. o .. ·······x.· .. ·•··.·.··.·.·.•···.l.· .. d .•........ e.•.·.·.···•····.•·······c.· ........ a.·•.t····.a.·.· .... · .. · .. ·.1.·.··.·.Y .... •.·.· .. ·.s.t .. s.i.·.".u.·•.n·.• .. ·.•··d··.•.···•.e .. ·.• .• ··.·.r. lo·T·•.·····n.·.·.···.g .. -.· .. ·.•·.t.·• ... e .. ··.·.·.· .. l111.·.····.•.·•.···.·. 

· hydroth~rmal tre;trneht, we tested cgpper--chro111ium-alUII1ina catalyst;ICT-12-8 ·.· andmanga-. 
;.--·, > ... . :_, ·:.' : ·-: ' .... _ _.,-: ·-.· ... ·_- ... ·:----·.-... ·,::-=.<=:.-. _::··,_:"· -· .:· -., ·. '. -, .. 

ri6s~iJitimina•· catalyst IC'f-1·2-40 .iri re~ctioh<.or· co•·•.o~Iclati6ri •..•. Ekperirnental ·.·.·conditions : in 
:·~:_· ;-...:: /_:-"_---~- :' -: ::.-~i.':-._.:·, ;/_:---<.-'<~_>:. :'"---'·::: .. ·- : _:·· -_ ' . . _·. :_.,- __ .,'. -:_=... '-__ : :- ---;:'.- :.:·:- _.:_:;_, __ :_,..:: :_-.) . . . . . . . " jsdtheririal floW+ea¢toI' 1N'bfeas .follows -... gas •. mixture content:. H2b 2 10¼: cd ~>0.3%, air 

l,a1<lllce;'t=().92tT·=•450 6C;'tit11fq{hydfothermaltreijtt11ertt~~'iil1{)feth~J071:irsTiAc
.· ··cording·t~•·•·t;;ts,·.ici~12-s/~~~yst~as¢h~s~n.as~e .. ~ost,;~tiJ~•·a~;sta~l~.•<.· 

: ; ··::, :·-··.,:=--->'· -,_._·::-.-.' ·:-,>, 

'fhe. kinetic ~tridies of. GO•· (illd GthQ..oxidation •(both sep.;trately. alld jointly)iri large •ex-

cE0 or;,,~t°'f c,~~ ;~f 7~e(l out ?Y;rjod~lal Sanlfll~ bf$el0£l~J{2l'<1l,~,p,t,il;,t 
(rings, 7·•and .. 15 nun in dia.) and. Pt-conµiiniµgcatalystJP--62{0.6% Pt,2.8 .. ro111·in dia:).J~x;. 

·-•.·,,,•_,--__ ·•;'-; ___ ;, _.:_,•,•,--,-· ..... ,··-- _.,:--· --.·-. .,. ' ,· ::•.•',_ ·.:· -· -_.-_'·· 

P~11I11e11talcoriditicms jri·• i~qtherlllal g;rn4i~11tl~ss 9irculatioµJ19\V rea9for.1A'er,~ ,a~.(9Uo\Vs : gas 
.• .. ··.•·•.· ... ·.· ... / •. · .. ·.· .. · .. ··. ·. ·. ·•··. ·.·.·.·. · .. -:,-·_ :-.· . .:.;, .. -....... · .. ·-- --".;·· ... ·····.·.·:.·_"_-'_ ••. · ...... ···.•.·.·.· .. •· ·.· ·--.·.:.·· ... •.·: .··.··.·.•.: >'.· • ... ·· .. ·• .. ···.· .. >.·.-·-.... ···· .... · .. · · .. ·.· .. ·.,,_,.. '-.·.·· .. ·•.·· .-. :.· _·--_ -. · .. ·······.,': .... : ..• ·· .. ·. .·.···.· ::·.·.::.·_.·.- .. •· .. '<·.·., ·-.··-·.· ·.;:. :_·, --.- -•. -·--.·. :· ·-.-... · .. .:., •. ·•·.· .•. ·· <: •. ·.•." ... • .. ·. .· • ... . 

mixture .......... con .. tent(%):H20/CO/CH20•·;::;:70/(0,28+0.3):(Q.5+J.O),.air.bal~ce;T"'=3507550 ... ·.••····~C .. ·. '· ', ..... ' ., ... ·, ·- •, .. --- . '• ·- . ' ' ·-------, -· . . . . . .. ·- .. -.' ·.• '' .,;_•-._· ' .. ,. --,-.· . 

At giveµ conditions, the·,1storderki11eti~la\Vwas. dete.rminedinJ)Xidafio~ ~findivi~uat6O 



,.. . .· .. ·· .. ·.·. .• .. ··•,,•,'.' -.·.• . 

... 1vfatl1etn4tic~l· .. n10dellh1goftheiprocess.was\mad~ .. ·.usiugqµasistationary··one~dimensipria.l 
:-: .. ·.·.·• .. ·.· .-., ·.'-·.·' :.·._.-...·.- ,', · .. •·. ·.· ·.--- -·•: .. ·.- _-_ : ---. · .. -:: ·-':'.•.··· .· ... · .. ·:,_ --.·-· · .. ··.· .... · "· .. ·.··.•.:-' .. -<""•'-· ·,_ :._ .. _' ,·,,:·.:-._..-_._.---,., .. ,_ : ,-,·-_·.,·_,:·:.: . . ; .'' ... • :-

rnodel•ofafix.ed.ibtd .catr1lytic reactor,·• that corisiders process~sgf mass·~d•.heat•trap.s±talong 

:.-:.: :>_, ·-:; :: . _.:_-,-,, -, ,' ""' --_.-,-_---,_--_:·· __ ::::i:_. :_·:_::-.:/i_:: .... :<·.··:_:/':-·:· __ ·.:-:\i·- .. ,.·: \_-->::<.<:-. >>·;··-:- _' :.·:_'.: 1'0, II1eeflegalregulatiOnsfor•contentoftoxif•C9mp()i1.entsinregenerationgasesemissidn, 

· tlie .. •efficiency•of purifiCatio11 over ~nytyp~ • ot cata.lyst sholtldbe no IessJhari 99%.• 

.

c··•···.··.··.·.o. = ... ·.·.··2·.··.····•.·.·. 9·.··•·.•·····.g .. ·.· ..• ·.·.·•.1 •. ·.··m··.·.· .. · .. ···.
3
.··.•.' ... · ..... ····•··· •.. g· ·a·•.····s··· ..•. • ... ··.·.·.v .••.•... e·.·•·.· .. 1.··.· ... ( •. ···.·.,.· .. • .. ·.·c ... ·.i.· ... t\··.···.· .• ··· .•• •.· ... •.· ... · ....•. u ... · .. =.· .. ····.o.•········.· ... · .. s. 2· .. ••··.·.··.•· •. ·.·.·.··•N·.'•···.· .. ·.· •.. m •.• · ••.•. · .. 1· ... · s. i (c .. ◊.· ..... ···.·I.1.··s.··,.·· .. ••.1.·.··•··d.·.· ..... · .• e .•..• ·.•·.•.·.r ...... ·.e.•·• .. • .. ·.·.a .•. ·•···.·· ... ·· ... a ... ·.s···,.·· ... ·.· ... · •... · ....• IlOl·n···.·.•·.··.·.•.•.· .. in.···.···.·.·.··.a.·•.·.·· ...•...•. 1 .•. •·.· ....•. • .• · ••... ·.e.· .. ···.n ... ··.•.t·· .• •·.• ... r ... • .. · .. ·.· .. y•.··.·.··•·.··.·.·.••.c ...•...•. ·.o ..•.... ·· .. ·.n.•. di .... ·.·•· ... •t·.··.·.· .. ·.i .. · •.. o .•. ·.····•.n.•·.·.s.·· ... • .. ··.).·.·.·.· .... · ............. 1e·t··· ... •.••··•··.·· .•. ·.·.·.t.· ... · .. o.·.···.···. 

geter~ine th~ mh:litnum.bed•·•~~ights ofI(;':f .. J2 .. 8 catalyst (rings,/f: or15\mm ip. gia.)·that 
'·"··- .,:,-. ·.,· ,·_: 

provi4e. ~ffective CO p9nversion.ifrregeneration g<1sesJXfo 7' 9?%}. 

Catalyst ICT ~J2~8 bed h~. 
1 - total content .ofimpuri 1C0 = 2. 9 glm3 (incl. Ceo= 

. 1.4 g/m3), inlet. temperature J:o 7 450 °C, linear velocity 
.. U~0.52 Nm/s (nominalregimet 

. .3 . . . . . . 3 
c2 -,:co= 4.5 &I'm {incl. Ceo =1.U gim ), T0 = 550 °C, 
tJ=0.44 Nril/h· • .. · ··. · · · 
3 -Co= lA g.lrii3 (ind. Ceo ~(IA gmi3), T0 = 360 °C, 
U=0.61 Nm/h. . 

A.· .. ····.1.· ... ·l.··· .••. in·•·I·e····.t ..... ··te·c·hn··· ..... o·.l ... o···.·• .. g.·.i.·c.'a.· .. 1.· .. ···. par.·.·aine··.··t.e ..•. r.s.·.··•··.·.·.are.·•··.•.su··· b.·· .. ~.·.ept. ed•.···· >to. • .. ·•.stro.in···.g·v·••.··.ar.·•.·.1.·.·.a.t·•·.·io·11.s·.•··•.·· .... • .. · .• a .. · ..... ur.·.····.l.·.•·.n.•.· .. ·.g.·· .. ·.·.·.· .. i.n.· ...... d.·.·•.u·.·•·.· .. ·.•·· .• s.tri·a·····•.·.•.··· .. 1. 

work, Modeling/of the proce~s ... of.>.CO ami•· .. CH20.oxigatic)il.~d ~el~ctj:on,.~foptunal 
,·.. _. ·.,'' . _:,. : . . ·:,· .· \ . ,-"','..'-: 

450 3C, content.ofimpurities l.3-4.5g/m3,.volume gas rates (25-35)'.1()~ Nm3/h.Some ofthe · 

r¢s4!t~ ti(~ s~gy.rni11 Elg. 3· . . ... · .. ·.•. . . . .·. ·.• ... ·. .. . . . .•... .. ·.·... . r· '.'' ( . :. .· .·.·. 
A..ccordiµg .. to •. resajts••·o(·teql111olqgicaji.Parameters.0eyaluaticm t4ere J113,d •.. p~enperfqp:ned·.•a 

•.. calcajatrn11 ... •ir•····· ·~conp11;cJ >c,~actirisii~S··· tjf .·.·~){ide··i·••Pat;ly~i .• ·•··op~ratio11.••·••·.~p~p~edi.to/rt• 
': -.... ,.:: .;·:::/_.:-:·;:--__·=·._---:-:-:::\_:.:·:--_ - -:<_ . .-.:.- .. _·,:: _:··_:·.r:: - _:'._._ .. :: .. : .. ·_:-.'<<: :=.::-_-_:\. -<-'-'·:-:;·_: i:-_·.,. ... :·, ·--_-.,_:: _:, .. :=,c:-··.-__ -:,:_._.:·;_.?::":. :_·-_,,.___-:_;·_·::·.,·:: ... ·_=.· .. _<._-·· -_:\' .. '.-:'·._>_ -_ ... -._. :··- - -- ·. - ..... --

containing (;tltalyst lP-62, It. was assµme(i,fthat .q1taJy~t .• lifi.:: .. time, .• effectiyen~~s qf p\itification 

and··. payrnen;~ fit ga; e~ssions \nto atmosphere ren1ains .. unch3.11ged . .The· process of 
-.- -.· ... __ ·-':,,'. '", •• .... - .... c.··_ ·-.,:· •,·.·_: -_·_.-.... _'.," ,•,"-'. ·-,:,·. . ·--,·.-

purificati~n is .co~ducted.at· th~ sa111e· r.eact()r ~nit, withoutadditiontll capital costs. Thus, 

i 



dt,termin.ed .. by .the. differe~ceinth~ins~lled costQfl,oth patalj'~ts .. ·•• 

Results ... -, ,-,- . 
. , . . 

For effectiye pUI'ifica.tiot1 .oftegeneration gases tlie opthnal. height ofICT..J.2-8 catalyst 

d==7mp1.and d=:=f5.111m shou.Jq<be,accordi~gly, l· 8,nd .• t.1·5 Jn.J)uetq· ahi~1eractivityof 
... ·.-," .' ·. . . ,· -· .· .. - .. ·,- •.,,' ... '.•-., ·" -•·_, -_' ' . 

srnaJJerringS, it:; .. loadingi~Iess, .. comp~edto•larger.rings.•Hqwever, pressme·.· •. drop ..• of7--mm 
. . -: -"<·-.: ...-:·.·:: . •, .-_- •,-_'. -:.-·:_..--,_.·--. . ·-. :_ :-_, _.- .:··: : .. -· : '; _- :. '·-.-:· ,_, ,-__ .. ··::.:·-··.- -__ -:·, -.-. -.-:·::._, ·;:· '_•. ' ":<. 

rings .. e~ceedsthe oneofinitialIP-62 •catalyst.{Fig. 4). In~talledcostfo;JP-62 .. catalyst is more 

thfllli5JimeshigherthanJorICT-l 2-8.· ThuSJsw~m rings ref~ 12-S catalysf is>bpti;al·f of re- . 
. -·-_-·,- .· ,· ', ' .. 

placement Assunling thebed's·height .• l.15 irn .·•a11d btilkdensity· 0.65 g/~m3, the Optimal load 

qfcatalystis.1.2fons, whichisaboiitJtim~imorethanthatofinitialIP.;62cat~lyst . 
. ·, ___ :_•', ·,-.-.··_ ',',: "·•.·,· :',: · __ ' .· .-·- .,-·-_·.: 

Industrial· applicatiou·of fheprocess 

.. ·'.·:._..-_/'._•_:\:-.::==-·-:'_>{: . .-··i=:,.'-::/:1,_:._=_·:.:::_· -->>:-:. "{.?, 

l••-:-·•ca,~lyst}oad¥tg,to11s; 
.•··n ~- preS$Ufe f.irop, nunH;ZO; 

III. --~ii~uflJ>P".J"a,fiQ11~J~()~tf ( a$ ~le.¢tridty), thpµ~ .. RUR; 
IV--annualinstalled cost f'orcata1yst,thous, R,UR · 

· ·Thy te~µlts\of the lo11g.cterrn .• i11dustriaj ·expepfoent ·proved.·the factthat.[CT"l2-8 catalyst 

guarante¢s practically full• degree of regeneration gas~s purificatfon frq111 CO and considera

bly .Jrigh eliinination/offorma\dehy{ie ·. and other prganic compounds. This allows to weet all 
. -- -·' _. . -.. 

reqµirements·ofmaxilnuniallo,wable.emissio~s s~tfo_rthe given squrce ofpoll1.iiion. 
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;:.· ... ·· .... ·.·.· .. · ..... ·.·.· .. ·.·· .. ,'· .. ·.· ... ·.· ... ·.·.· .... •···.•.:'·.· .. ::· .. ·.· '•·.·•··.·.:.·.·.·.·•.· ..... ·.·•.·.---:.· .... ··.·· ..•.. ·. :',.·•.· :··.··.· .. :.--..... · .... :'.·.· .. •.·.·.· .. ·· ... •.·.·.· ... · .. ·.·.·.·•···.· .· .. · .• · .. ··•.·.•· ... ·.•.· .. ···.·.·'·· .·••.· .. ···.·.·.· .. ·• .. : .. · .... ···.·.· .. ··: .. ·:·--....•.. ---..... :_.:: .. :;,:.···:· .. •.· .. •.· .. ·· .. ··.· .... :·'.· .. · .... •.;::·.t·•· .. · .. •.·.·.· .. ·.-,;-.· .... ,·-_:·./'-.• ... , •. ·.·.· ··. ·.· .. · .. •· ..• :!···.· .···.·· .. ··.·.•· .·.·· .. •· ... · .....•.. ·.•.·.• • .. ·• ... '-;: ~--... :'·.':·.<.' .. ·• ..• •·.·.·· -_,' ' 

''.Khi111teklznplogiy.:f1, /nstituJe, · Xlla·ai12e, ... 9310Q, .$e1;erpdon~t;;k, .st. Vilesov,·•··1 
F)ix:(38.06452)25.167 

i -_-.·, _ _:" -·:-:·--, :·•,-:· .-',_','-·.,,-----'. 

In recenfYearsthe problem df de2omposition:···ofindustrial•·•·andirimnicip~l >Wastes has he
._...,.,, ... .u, NOVl;aclayJit c6ncemsUot ogly sp~cidlists ~nd ... sci~Iltists.· ··• 

. ..·... . .. ·: ·.• .. · .·· .. · .··· .. ·.----. ·.•· .. ···.·.···.·.· .. ··. ·.'"' . ' ', --.· .. · · .. -·,',. -·-·, -.. ·· .·.. .. · ... :.· --.... ·.······· ·-.· 

Orie ()ftheniethods .••. fof waste deto~ication·•·is·.·.inciriJration··.illspecfafincineiators. A111ong. 
· .. ··•.• ... ·.·.·•.···•· ..•. ·.•.·.· ... · .. ·.·.· •..•... ·.···.·.••·· .· .. ·.· ·.• ... · •... ·.·.·.• .. ··.··.· .... · ....... ·•.·.·.··.· .. · .. ·.··· .•....... ·.··• .. ··•··••··••········ .. ·· .. · .... ·.···.· ··•··•··· .. ·.•·•··•···•.··.····· .•..... •··••·•···•·.··•·····•····.··•.·.•········· .•. · ..•... ·· ...•.... • .. · •.. •··· ..... · .. · .. • .. ··.•.•.•.· .. · ... · .. ·· .... · ...•... · ... ·. ··.··.•·.•···.·.·•.··.··.·· ..... · .. ·.·• .. ·. · ..... · .. • .. · .. •.·•······•···•··. 

shortcdf11i11gsdt'tliis niethod are significant consumption ofadditional ·fuel·.auetoinsuffici~nt 
·.· ._,-· - --: --· , ·-, .:· ,_,;" -.-,- ,"', .·. ','• ·-... ·_,'_ ·:, "_· -_., ' _•; ·-_-,-.• ... , '·:· ,;-·_··.: · ... '•,,•-•,_ ·:_'·:, · . .-- :--.. ' · .... ; -· .. ' 

Technology of waste ·oxidation in fla1µerequires high. capital and operating costs.It is 'Widely 
. ,,,• __ .-.-. ,•_,- ,:. >-::_..-;._)-<-'·.-:'· " .. ::-• __ -·_/<.<.·;::•,.'·:<· ,'"<-··.::-_ .--·_.,:· -.. -_->.i.:.:,.-:·: 

• knO\\'Il that flame treatnienlof a riun1bet ofwast~sdoes hot cotnpl y with envirornnental safety 

requiren1e11tsido11cer11i11g.effluents.into'at11109pherlih6caµs/thern1alrittrogen6fid~s,·2tbon 
·-.,_:.::·: __ :.:_ .-- . .-<· .. '·.'-. __ ·-·:-_· __ -_.-::: :.·_ ·._ .. '_,_.-·_ :'·_··· _ .. -:-.-._/--: i·-· :.·.::, _.·:_,. ·, ... :·i·.:_:,:':-. .- --::_\_:' ·:_,'. .. ·:: .. : _____ -."::,_:_ i-_- _ _. __ ,_:_. : ·> __ .. _-- _ _._/:· ::-:.· · ... -,.-,--: : __ ·: -_-.-··._:_:·._-__ -ii:;:·. __ :._ .. ----- ·-,-__ :_>-/,--_>;":--·: .. -- :, ··, 

monoxide .. apd.carcinogenic •compounds are· generated.in·•.flame; During treatme11Fof chlo:rine.,. 

conjairiJh~ ... W~t°:s di7xifre$ we 1,\0dµ'tei! \y\licjf )nixJ,n~Jn '~~i$sib1ti66~8f ~tia~io( .i.s 
o:•l·•·· n.g/~3.··.•R~IllOVaL of···t()Xi~····~o.1npone:ts.•oft}th~. · .e~~ent·r~q!~res.•···ad~i)io~al.~~;r-~reatment. 
stages. that complicate ·theprocessand·pra<:ticallydouble ·capital and pperating .cQsts. ·. 

,.,·,- .-··._:·_-.·_._._::, __ ... ,_--·' ·:.·-.,··.· ":,'·:--- ·:' ·, ,··· '-,'·., --_,,·_. .-.--.-.·.: -.:':-, . : ·:, '•,•_. _ _.·:::"-:_::- .· .. _,_· ... __ ·-·.:-.-,· . ,-::-:··.-_= __ .,:·.··_·:-: .. -

As ahetnativeto···incineration·•t(;chnol6gy·of ~atalytical ireatrfietlt• ofindustrial .. Wrist~s can 
be··.Pfoposed.•· Classicaicatalysts pteserit.1 system containini·•·poroUSc:arrier and'citti-lfe cc,fupo-

.,-., \:·-- ', . -:-·_ -·-·.::.-: :-:: ,· .-, '. ; ·>·_;·_..' :,: 

11ent•Micro .. · .. ami macropore.ratid J).f ca.rrierprovides•·for .. ·a· developed.·C011tact surfa.ce,··.·•cataly-

sis.·is.w1dely risedih.·tfe~ttneiit .df gase()llS•~astes.S8ilietitrlesliquidWastesareevaporatedind 
..... ' _- .. ,.• .. -·, . ' . -- . . : ' '• : 

s;nt to 8 fixed cataly~t·· hed, ...... After evaJoratioff therei;lwayi·•··tem.iir1s con~ei1t;at~d·.·1iquiclor 

solid sludge which are to be ·incinerated. Fltridized batalystHedii, kh6i¥rffobeiistd fhr incin~ · 
eration ..• of.liquid waste~.··Howeyer. pre~ence of salts.·· and considerflbl~••.·catalyst··attritio11 n+ake . 

. ·. ·.· ,·_: .. ·,_·-: .. _- '_ .:·. ' ·- - .. _ -:· ... _ _- _.- ' . ,,,_,_. : ' ', ·:-_. ·, · ... ·· , .. - __ :,_·, . ' '' .. :-- , 

this technologyhnperspective. Use of the catalysts having carriers is connected with certain 

lim.itations,i.e,; 

·. 

. . . bbilingwastessubjected to resinificatfon; · .. 

catalyst.· surface poisoning and coking,by reaction products Jeading to loss of catalyst 

- intradiffusional retardations ofr~actionrate; 
. ' ' ' ' ' ' ... ' ' . 

high requirementsto 111ech.:mical strength and heat resistance.of the catalyst; 

difficulties connected \.\litµ produ~tio11pf carriers; 
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.... , .. · s < irrmo~sibiJity ... 1q•frt;at ... ligµid $~It:coii~aii,li,µg arid.soli9 wa~tes, .. 
§;e1f ~Ir•4;ppli~ti.Qn;j•.~et9•tiitair~~·•t¢ch4 tlo~f f~rr~te.J~t~t.~f •• ~Vela 

oped by 'Kliimtekhnplogiya1Jnstitute (Severodonetsk,Ulm1ine). Jt is· based• on finely dispersed 

catalytically ... active coinponen.t,(without-carrier).·•·••illform···•·of•. solicFliero~ol:Particulate>Sizes 
. . . 

amount\ down to• rianoineters. Elimination Of carrier·.• allows 1:o . avoid all >above ·mentioned 
· •..... ·.· .. ··.·· · .. · ........ ·.·····. ·.· ... ·· .. ·.··.·.· .. · ... •· ·.····· .. ··.·• .. ·•···•·.·•··.· ..... · ...•. ·. ·.··.····· .... · ......... ···.·.· .. · .· ... ·. ···.•.··.··•·••.· .. ·.·••.··•··.·.· ..... · ...... ·•·.·· ... ·.:•, .. · ..... ·. ·.· .. :·:···.·····.·.·•······: ..• .:-.....•. ·.·.• .. ·· ... ··· .. ·. · .. ····•.· .. · .. ··· .. ···.··.· ... ·.· ... · . • .. ···.·.· .. · .... ·.· ..... - ·----- ...••. ·.·,.· .·.···.•·•· .. · ·.•.·• .. ··.··.·.·•.· ... · .. ·.· .. · .... ···•··.·.·.···•· 

problems.· ~•.·variantpfthistechriology·•employs · :flµidi~ed.· bed ofinert 1nateriru .. to·.provicle·· high 
._-' -, --· _,-· :::, :·.-•.·-,' ' :_._, _____ ... ,_.,_ ·•,,-c',' < ---- ·.•:, ,·_;',: ·. .. ·, ' ,, '. " ' .. ' 

dispei-sityhf·cat~ly1f]J~rtictilates.•·simultmii9uJ1y.highswfaCeagtivity•.i~(attai~ed.dueto••l11e .. 
\ '.---:_::\:'::.-:'): _·;::: ... ·;:,>_::.-_: ', <··\'..:,·. .::._·'_'.::..-...·-"_:·_·: '. -> ··:.·:,·.:•:_':•,<:':-<i/:'::'':· .. :::,:-:·.-.;_._,_:i':/\;. >···-\:·:·,._ ... ;-.::•:_.:_.:· ... _:::.:··•.:_{:; .. >·.·:,:.-(./··· .·,·-<::::•:····:: :i-:;-.·--.··.·>.:·:.·.·::<<···. ,::\;·> 'i": ,, ,·', . '• ,· 

chanical activation in sitJ1.Thus· a,.complex:•probje1n· of optimal surfac~ and cataly$tactiyity Cari 

.l,e SQ1¢~4.1'rarisfeifroJ'111JcrdPartiiulatesih 111icrq-and hai1osiifsJ~[i9sto chaniillg1n ~·A4Ul-

her of significant .• for.Catalyst· surf ape ·properties: iadsorptiqn, electric .. ppnductiyjty; .SllJ:-face. en-

. ti;c !~ {~;~%ityei~~9 4J~~~~~ijl,;i¢r~f ;~i?F%rffsr1, ~1c\~vi~inJ!\·~1 ilit•• 
factoue• can ex:plajninc::reas; in reaction rate byJ04 -- JQ{per.l· g.qfpatalyst A.c::tivity.pf a~mspl 

particul~t;s·.in.a II1edium •. of splidsalts and •Poke.• iskept,·.due• ... to meqh~nicaI<actjvation •.. •·Flµid-
.· ' ' ,· ' 

·.·. · .. ·. . .•. ·.•.· .. ··.·.... .· .. ··. ·· ... ··•········' '.·.·. ·•··.· .. ······· ·.··.· .··· ..... ·· .... ·.·.• .. ·.· .. ··.··.·.·.··.·.· .. ·.·. · ... ·· .· .• ... ·.·. ·•.··.· 

ized bed ... of· sqli<i)i11ert p<lrticul~te.~ .~<;ting <;1siaball mill is .. co11stantly~erie~i11g .. the surface>of 
.- ~ . ' . . . 

catalyst partictilates:·.··Equal·· accessihility•·to surface• pmvides·.·a .. · complete oxidation .ofprganic• 

··'cp111pqunds·qfwasfe$JO···forfu.thepnaily/stableprt>911ctssµcb ... as.·••carb0n·.••aioxid~.~µd"7~ty!'i· •• · .. 
·,·: • ·.:, ·.- /.·.···.·, :· .·, ; .. ,: ,·._:·· ',_,, - i .··· . .- ' ' • . : "."• '·;. :' ' ·.. ',. ·• ·• ', " '.'. .• · :." ·,.' ,' ·,. ', •.-' : .· ... ' ' . _- ,' .- ' - • 

. . •.·. s;rsterhatil studies\of aerosQJ.· catalysi~ efficiency \Veredrci¢(l out ill .fto-w'"type• 11t1its: 

Majorpiec{ ola.Iribbfcitory $c1Ie unif ~as reaJtqf ()f•t1n ilrheight and 50 1TII11 in diahleter. 
, '. , ·, .,, .... ·,' ......... ·, ..... '• .. ',· ..... ' ... ·,· ....... ·.--' . '. "' 

Pilqt~c~ereacit~f \\laS()f 2QO l1mJin• .. 4iatnetet•anq6.5 rj1.jn hei~lit.••·I!rr¢actor•·•r&action Z{me cl . 
fl~idiz~d b;d oi in~rt p:rtid;late§i/c9~1~illeq with C()J\finuou~1/mqvingJ1o\VO(caijlyticajly 

?Civf ~6~ ;1~·~i1~~4;.~t/\ifti;;~~,~d~n,i~¢;t. iv~•4R~!i~nsw7 ~riep 
oµtforindj vid.µal µgteri.:1ls,mq\iel tnixtw-~s all<,i;real w:m,tes,Jfrequired,oxidizi11g alld,tluid--

· ...... iz;g i,~ne;··.caribe ~te;~at;4ali11g.rettc.t9rJ:;igµt .. · •· .. 
,• J:0•.-· .• ,,., ... ',•, ·, .. ,,-,· '"' --· .. · .. ,· ..... , ... - ...... ' .. ,. : ... ' ... ',•.-... ",' ......... , ... ',.'' ,. 



Jhe .. •resu1ts·•.ob:!111;d .. ·.sllb~;d·t~tthenew·•c'~~l;si;oig~i;~ti;11risµlts··in/significm1t•.•in
creasJ .• }n•··catalyst .. ·activity.•.•The prg1'1.e~}>f df~~~syjn •• catalyst··them1aI<stability •. an1·.•strength 
has .. · bee1;1 elillliriateci .@d·· ·catalystpreparatiqn proce4ure.•h?sibeenysilllplified;.·.•The catalyst is 

complet~Iy·. suitable fofr~use thataliowstif orkc1riize··r~~yd1il1g, ·1]ie 6titc8Ities. obtairied. .. under 
. ' '._. -.· '' ,.: ;:' <:".:-·- :·::'-" -.·--: ·->J.-<- ---·:·_·:<:·· ,-·::·::.•.·:,_•i:•·: ,,' ·_._·._-'.·\:_ -·:_·::_-: .-: :.'<·. >. :<<'· ,"-.•'.:",C:·: .. ··_,_ '"_/·"_/·:··_ ·-:_:-·,·.-" ·-:.· - __ :':/·_:' '. --.-.. ,- :·.···":- ·_·-_:: .·.··.; . ,- ·-.· .. ·· .·· .·.• .:· . ''.: 

. aerosol catalysis condjti()~S have .• been. cpnfirmed by performance of the pilot unit. Aerosol 
.- ,. . . . •'• .. 

. ... catalysis lllethod. of waste treatrheritiims110'1imitati6ns eithet' phaggregiH:estfite hf{wastes .• tif 
their.qtJ~Hty and.quantity . .structure, ... 

. ". : ',, ' '' : . . ··:· ·-: .. ,' . ,' ' . ·:· 

To smnlllarize all above said one cani'riake.a. bphclusibiithat aer.osoFcatalysistechnology 
.-. ·.:-: , . .:- ·,, : ... '· ,'_, ,-:> ·: 

will• pr9vide the.follq~ihgc .. 
. . . -·._,, : ,,·,, _,_,, '. ,, :-

·····ihcrease<in catalystaerosoradivity'compared1o·classic~t···catalyst~llSifrg.·carriers; .·· 
- equal access Jo a~tive surface; 

simpHfied·catalyticaI• system; 



·, ., .. •'. ' : ·, ' ,. ·.· .. ·,· 

:High.toxic· arsenip .c0mpouriqs•··(AsH3, .· .. As2Os/AsQ1i/ As203;.ancf:As2Ss••· etcr).produ9ed by 
.. , · .. .:;-.'.·--_.;.. ' ·.·-:,_:.:·.·:.: .... ·,. -·. >·· ·. '\ .... -'.·' . 

different.metallurgicalenterprisesgiverise armmberofec9l9gic~landiproces$probler11.s.·. 

Ab6ut70 .• thousa11d·.tons ofarsenic•·are·•annuallyobtainedtogether withfaw materials···.for 

prodt1cti~n··•of.tin,i1fad,zinc,·copp~r, .• gold,·· and·. other non-f erroµs··•·metals .• ·unfort1111atelY,fany 
• .. _ ... · ·.·.•, .·:, .. · ...... _. '. ·.•· ... ·.·" ..... ·.·•.·.· .. · .. · .. ·.·.·:· ... ·:.··· ... ·.--.·.·.· ... ··· ... ·.:.·.·;··.··.·.···.··.·.•.·.··.·.·.· .... · _·, .:_ •• · .... · .. ·· ... ·. ··.· .. ··.···.·• . · .. ·.•.· .. ·· ... ···.··.· ·· ... ····.· •.··· ... ·.· · .. · .. · .. ·· ·. ,· ... ·.·· .. ····.•·. 

2.5%arsewc .. i$ .. utiljzedand 97%arsenicisdischarged·intoatniosphere,•·Itshou1dhe··noted•that 
, .. "::-;::-,· .. ·. ;:·· .· _. ··: .. ·_. ... , •. ·:•.: . ', ..... <,' : . ·.-:·' . ,· . ·-.:.. • .. ·: · .. ·,·.· .. " ·. ·,. '.' ·.'_· ... ' ·, '.' . 

l 0% arsenic .ls discharged as industrial waste and 87%, ··as .sforedWa1te[l]. 
. I11 industry; arserifo·•waste is rnutir1ely utilized by thf below. method 8: 
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l)espite ..• the .• fact tha.f·stpicbj9rrietn1>of i11.teractioµ l)et#y!el1 ··.1-12s .. afol S(h·inJhe···aqLieoiis 

mediurnis.···simil~to •• tll¼t of thegas~phase••.·Claus.·reaf tioti,\the•proc:ss ch¢Illistrydiffers ·fuuch 
because ofj]jtennediates(sttlfi(Jes,··sulfites,.·hydrosulfite, .thiosulfite,. polythionates) ..• providing 

. --- ' . 

sulfur generation on their reduction. Since .. the·.·above intermediates .can also interact with dis-• 
.··solvedAs20s· .• tofom:inon-toxiciru:senic.sulfide, we·.··sfudied tliekinetics and ·mechanism·urthe 
Claris··reattio11.in·•thespresertce·••·oft\s2Q3inthe···rea.ctionrtiixture313as¢d<onthe.·•shidycresilits, 

''SLP-;\s'' .• fori;omplexcleaningbf fuetallurgicahgases•.frdn1 stilfctr arn:lats~nic{)Xides· wasid~,;. 
. '. . - . . .. ',• '. . ', . ·" 

veloped.· .. Thei•.pr()cess·• provides ahnost•ilc:0111plete/.S02<and As203 1(99,98%y··retiioval·•••ffo1n . 

. , '· "" . ' . . . .. -·- . ' ' . •' . ·. . ' .· . 

. ·,tstP-As" belorigs••to·the··.·fi.rst•·ver;ibn•·ofthe•· .. ~hove melliods ftir· processing••.•··or arsenic 

,vru;te··(pro411cti()riQfl9f '..t9kic·.afsenic.•··co111pdurids)i.i~to·•··As2S3·;·Besid~s·.••it.has.th€.•eleI11e11tJ·•·of 
the siyJna•},¢fsio~ (biriditif ofthe obtaitred .aj-sf;nicsJlfiteb§its si11tering .. witl1·· eleniental .. sul~ 

fur;;lli~hjs alsfttbe·.finalproduct ofgas•.purificatiti;fromS02).•>At present,.·the•f9Howing 
. workhciS.heen performed for.clevelopfog andcommercialization(<)f "'SLP;.As,,: 

Laboratqry developriierit~ 

._·. . ·., .. . .·.·.•·· · .. •.···. -.- . -,._ . . ·-:- ,- . .... : _,-.-_-,·_ ' 

Comfoercialtesting of ~e r~cess using the ~ctual plant ;f••~o:osibirsk ~irt)Pl~tif': 
The plantGapacitywithrespecttothepurifiedgas nmgesft9m 8 to20 thousandm3/h . 

. . . . . 

Process.reglllations for preparing·•··FeasibiHty Report ···or1the planf (N· .. ·:;·.· 80. thousand 
m3l&).iJi•··a··gonit}ei·gle~iiing.6f .~ast~gas;s•·frociSOd••·arid•A~20;·. 
Th6 lei~ibilitYI"6port f~i hlte~aiive;uri±iriati()1 ~eiJods ;uggest~d f()i co~sideration 

f~·••th;·.~,~6{6Jibi;d~t inflai;t'' .. JjJ~~;()rati·: 

''SLJ-As';•·(de✓;10Jedh;th~·Bri;~sk6V•1;stithte<~.fCatal;sis)'.·.•·····• 
The .expert;·.••of. .,,0~ibNJl<tL''.bf ''~6iufsRNu~if,•,·•;(St.··•Pet;rsburg) .. htiVe·.·•Showp 

··_ ·:· ·"<'···=. :·----.--:':.:. ', ... _ . .-:-·•,, ---,--. -.' _., ·: -_-. ·._ ··i·:,:_:··._·_: --->---,_;::.',:'-:_ ---:<__.:-.:-:----. _' .. _:·. ; . · __ ,_· .'· ·'.·_:·_. ·- -~ . i<: __ --_. __ ::::-:: _-_:",:_:- ·:·- ·. _ ... : 

!hat ''S t,B-Af is ~ 1>r9fita.lil~.Ju1d enyiroIµ11e~1talJ;y .~aj.' e prqce~s- , i .•.• .. ··· .... • • ..... i• i /. 

Jointly with· ..• tlle CentraLResearch.Institute ofTin{TsNIIOLOVO,. No(osibirsk), we 

have stµdied potentials Jor·.futther .utilization of the purification·••products Jsulfur.·and· 

. AsS).ln particular ,we .proposed.for commercialization: 



"',• .. -.. .. ' ··"· ', ',; .. -·-· -.-· ' .. " ·-· ' 

and .. A$203· .. ·.frq1l1 .. fill1li11iia~es~·rtiti .. pi6d11~tiotil,.tljeaho~i·.d;t~ 1 ;h◊W)h;t ... ;ilriilar'·.·Ptri~le1~s 
. ''_, .... ': . "· .. _. . ''' '.' -.- .. - . ,- .. , .. ·' ' ·-,.· .. -, - ... _, ', .. ,,. __ .. _,. '--·- _,,., ' ..... , ...... ",''--.-- ... '.,-:-·_- ... _.,_ 

ex~ m;aiffetentf ehtjUS1nef~}r6d~tions ~<lr~f ;i,df f b/~i2l.1~1I¢f ni j~fieation 
of .. G.akt;s .•. ¥1d elec.ttolyt~. sol~tio11.s contah1in& .<1rser1ic .co1np9unds fil"(! a~ute J$e; 1'abl~ .•. 2) .. · •. It 

(for Cu production.) and fOn1g/t (for Nipr~dttction). etc. 



.··._:_:,:; __ ·, ._:_., _.,,:. .·<·: ·.:. ·:·. \.••.'" :·,-,-.:_ .:.· · .. ·.:.:..-.·_, ·,· .. : ::: : ::..- . .-· ... i .. .-: · .... ,_:.. :: 

· For zinc production, the requirements imposed on arsenic isolation from solutions are es-

pecially rigid. Th~ zinc prodriction involves stages_ of solid _waste leaching. At the acidic 

. leaching stage, the co11~entrati~n of Asin:th~ s~lution is fO,:'I()O,mg/L At the neutral stage, 
. :·: .· · .. ·.·: ... · ··.·.· .. • '• 

1 mg/1. Note that the concentration of As should not exceed 0.1 mg/I in the solution supplied 
·:::_· .. : .... .--,. .... ;·._, "<· .. ,'o_..- .. -:-:---· 

for· electrolyte. zinc precipitation.· 

. Thus, "SLP-As'' can be uscl for purification of waste industrial gases and for isolation of 

As from sewages formecl onproduction of copper, nickel, zinc; tin, lead, and antimony. · 

cv.':'.. · · : ... ; · .. ·.:.· ·, '•'c'•• , , _-·.•.·:· .. -.:· '. ·"".,.. . ·: .. ·:,' 

GIDROCVETMET. -1991 '.-l 8 p. 

Pai Z.P., Yermak:ova A. Utilization of Industrial sulfur of G~ses on the basis of SLP II · 

CHEMREACTOR-13 - Part I.-Novosibirsk.-1996.~ P. 219-223. 
• ··:•,•;: ',•. •, :,. •• ', " .: •• c :'·.". •• ',::,:, ••,•. ; ,,·. ,: ,' ;•·. ;. •,;' ,,'." • ;.,',,'.': • ... :.•.,•," ', • •• •,• .. • .·,,;:,c-',; __.' ',• :• . ." . ." --.•,-:· ... ••.• ..... •-,.: t,': :,:, .',::-.::•; . .''." . ':,; ._, ·. ,'/.'·, :•.•, ;'·, •O'_'•;;•.,<·• ..• ,;'\• ;.,.:, ::•,' ;".,' 

Patent Russian Federation ]I.fa 2077932 11Method.of purificatio~of industrial gases from 

. S02 and As2O3" // Pai Z.P., Yermakova A., Kw1doN. N. et al. -1997. ,-Bull.l~br. -.N2 12. 

Pai Z.P. Scientifi~ creationof catalytic complex liquid-phase pw-ification methods. of 

gases from SO2, NOx, As2O3, H2S, COS and HCN //Thesis for~ Doctor~s d~gree/ No~·o-

sibirsk.- 2000.- 421 p. 

; .... 

! 
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Fax (3832)343269, .·e,.mail:.sumenk@catalysis.nsk.s1.i 

.. . . . _· ' . '', . ' ' 

sia. exceeds· 2.5. million tons· TI]. Wastewater·• sludge· if a. Sldrted · organic-ri1iriera1 substance 
. •.·· ... ·,- ·. ·.•·.·_·;.···: ....... -.· .. •· .. · •. :.'· . .--- •... · .... ·.·. ..· ·.,, ... ·•· .• :·-•. \."> .<:. - . . .. ·:-:- . · .. ·."' __ .. -. · •... -,". ·.··.·.··'.:-,':".=- ... ·:._:._'.: ... ··.·.·.· 

showing llighwetness .. .(99.5-99.7¾i).1;U1d cqntajnirig a wide variety ofchemicaj. elpme11ts,in-
•' ,' .. _. ·_. .--_- . . 

eluding heavy metals •. ·.A]ot•··.of.organiccornpounds. contained 111 the Sludge posses•.nmtageriic•··< 

ac(ivify.i~es1cl6s,,sl~dg~'is a"$ttb;ti~t~ cohtaihi;1g bc1th6~eµic tnitrO(}f~fill11m; ifu:;tJ~ing im-
~ ._:.-.· _-;- .-·_·> .. ,. ''· ·/ _:_ '_ :_" ·:·_·:···.·_._:.-::: :)_.'·;:_·.-._<- _i:' :~---,--_ -.."_-i: ,'. ---\;·:<·:··-\_ .,--.. --' -.-:-~:.:' :i 

mari healthf2]>. For this reason, agricultural Use ofthe sludge is problernatic'. 

. The \n~in fu;thod .. to neutr~li;~ muni6i;i1.WaJteW'atersludge,/ti~;di.b6th in .. ·Ih1ssia .• arid 

abroad, .. consists ·•·in its st9ragejn dewatereff pfhntt. I3ecause bflligli sludge· Wetness, the .sys
tems.•••·occu;;· .•... vast·•·tertito~es .. Existing••·•·sliidie-stora~;•·'~~stefu~ .. ··•.~t6·····0"erlbaded.•.·.··AS ..... ;·.•··result, 

,, .. , :; __ -.:<.)_.:::_.•, .. - .. _:_--_:_.:·.-_;.:.::--,i:,' ·_-:_>•: •,_;_ ... · .. :-,:,\._.:::. :_::_·_·_ ... '-- ·:·:.,:·.-:·.:::--:· ___ : _ _..-·:: __ ·_>-.:._</·::.::·-:- -'. --.--::,.: --:'-: \:·.·_:_<:---->.:: ·.-.-.·.:.":_:-.-_· _____ :,:·:·-:_:·::_/ _ _-_.,_ .:: ·_;:.:<_:'. :\:;. :; ·'.... . ___ :.-_·_.- --.:-_:_:":-_·-.>.\_ . 

toxic co.fnpqurids . and heavy metals • a9c~mulate. in the·•·· grcmnd, infiltrate into grqund waters; 

COIT1¢.iht6 •. atnl~splier~ wil11'a;~t. · 

A novel process ·.·fof ·catalyticJluidized-bed .incineration· .. of various fuels·.·and·wasteshas 

been devell1ped at the Boreskov I11~titt1te of Catalysis. The process/is frei fro111the majoi •. dis-
";-·,-' _... ,' ' _·_-,.-' ;".'-:-, ··-... ',- -·, ·.· · .. :·. 

advantages ofhigh-ternpefatute combustion;·Moreover, it.allows: 
:>-' .. :· .-·: '· -.. . ·:, -___ '.,_'. 

• aµtOth~m1.ll gperatio11. when inci11erating .slµ<ige .of <:75%wetnessand thus providis .es-

sential fuel· savings; 

· with knoW11 bu.t11ing technology; 

oxides, carbon oxide. 

Indeed,fiue .gas,.·resulting .from.the•· incineration.·of solid .• wastes. in···a·.·~~idized. sand .·bed.·r~

actor (Timk,ishimaKikai, Japan) at Ust-Himsk Timber-Processing Con1plex, conuiins. 800 · 



Analysis ·•of11µ~¢ral part .... of ·dried· .... ·§l~dge .... re:;:icid. t~e .. 1r~~ence ·.·of.26 Jhe;ict·el:IU~nts. 
Acc()rdi~;t6 th; dai~6¥1'JRP ~~ysi~, F<i,;sL anci Z1i '¥ere th; ajaiµ ~lell)ent§ fo.~e ~in~rnl 

. ·.··sludie fricti()n,.theb;rit~nt 9f@,f;;114··•K.·;;s citalll4te4b}';e~;iai.~r;~ti±~/c~nte~tof 
other .•..• el6ITI.en~s,···intlJdiiig···h~a~;· lll(1tals,· ••.sJifur,····PhOs;ho~s,·.•;£18 .... f;pres;~ted.•··•by .• tenths• and 

l1iJ11<.h-eds pa~Sof pefcent: · 
''"·' •'' .. •:,,·_ ... . ,_., . _-,,. ,', ·' -_ :.-,· '. ,, .·, -_ .. -.. - ·· .. ·,_. ... ' -- ,·•, ,_'. _.-,._______ '.--,•.- ·""-- _',. ·.·:--··.;-:_'._·,. _:_::··:-:':'·•" 

Jncil1etati611 of sl11dge saniple\1as~erfotill~d)n·~.1~b-schl/tatalytic lll1it(§ee Fig. ·D-. Jhe 
-·.:·::_·._ :---.--. ·:"_:,.-t·_· .·.:::c·-.. ,:;.·_:_.':\._ --.:-___ .... _ '>,:: ::.' .'·:_-_·_ -~::-:::_-:::·> ---·::·_--\\·'.'. ::.,:-;.-- _--:., __ .. -- . ·>: 

re~¢tor .. ofllQ··.nk in ~iainet~r,•••fltt~(l•yVjth·.distributing .grid, ·•·was. ~hargaj vVith .4QQ .. cn?.Qr Al-

Cu-Mi~Cr·•catalystwith .. an·•••;ve~agb ·particleisi~eofi·l~·5-£.o·•.·nwi;···t11e•·f1pw·ra~~.·•·of •f1µi~izing air· 
'__': __ .::__:-:- ... ::·:·,: -.----,<,_·:':.;.: ·:·_(_)_';·-: .. .,',;·.,_·:_--'):.·:.-.-:,.-•:,: . .-·>::./-·<-: __ : __ :,_::-. ·:.· . _·::-:·-.;_ : ·_. -._ :;->---.:·· ___ i·,.::.::-·---:>·.-... < _--_-i/;: __ .. -_': ... : __ · _- -::·/-i __ ---. _ . .-·_-/'-:(··. <.-, ----·--·.:.'_·_·· ,'.,_,:- . -_- } 

was3 m3/h; consttmption ·Of depo~itfor•incineration .. ~. 360. g/11.· Th~.·· contact tirn~ is l.S sec. 

The gas •rate.•inreacto~ ->0.1irn3/s>Expetim6ntaLrun was •accompanied bj'the a~alysis of de~ 

posit, flue gases, and Solid combustion products. 



•."·.- ·.•·., . .- _. " .·-.· 

Heat-~xchang~r ·.· 

Extez:1al electric heater · 

Rotam~ters ... 

chai;i:ges withtemp~ature. It is seen that at 500°C the burning-out degree attains 94%. As.the 
·:: ,', ' ·'.. -_ .. ,,_-_'·;_ .. ' . ",•.,-·,: .,- ' '·.. -· ·.-- . .. ...- . ' ... ,. .· "·.-·, '.. . . ••,' . -,-. 

temperature increases to 700°C, the burning"'.out degree rises to 98.2%. The.ash content in the 

sample also increases with temperature (from 87% at 500°C to 98% at 700°C). It shows that 
. ::··=-::-<· :···:_: -_.-.-- ·:· ,-:=> . "-,'-' -_ .,,, ..... _. .. _.· · :'.::·· : ·":···:. ·-. '::·", .. ·::··_-- __ .. ·: . .. ' . :·. ·-•._ ·:···:' ·:,··_.,- "_ . . ·:··:-- - .-:--,-,_- .-_·,: .. ·:::.·- . ·::: 

the light-oxidation components are. in the basis of organic fraction of thesludge. . 

. Chromatographic :analysis of flue gases made on gas chromatograph with limit inferior 
,'::··,·.·._·,; .. :.,,_ ...-·-·.':-,--· .. ··- ... ::,."'' ....... ,_·:·_-:",'_:_-_. ,'. ·-,-··, ..... _....,,.--·::·<.----·:·,:·::, .'.·.·:.-. _.·_. ... _.,_..-".:·.:-·.=: .---._,,:?•.:··._.,',"•_,_.- ··-.·-=:-.··:--: ·:::· -__ ·: ,-, .. -... , .. _. :•.• 

. of detection less than 10 ppm. The analysis of f1ue gases resultingfrom combustion at 100°C . 
,,, ._, .. _, .. __ :·::_:•.'•'':,'' ·: ' ·-· .. -.... .-.. -·.--. '. ,:,_.-, :_,:-" .·:·-",: .·.-. .-.•·_._,. __ _.-, ·, --... ,.,_.·,-:··•.,,•:'. .--:·,:-,_ ·-:·: '•,'·,:-' ·, ':·'_. ,•,•:.- .. " . ," 

proved the absence of €0, cm and 8O2. As the process temperature decreased to 500°C, the 

CO concentration in the exit gas flow increased gradually to 022 vol.%, while NOx concen

tration lowered from I 31 rng/m3 to 42 mg/m3 {Fig. 3) .. 

. ·. In order todetermine the HCI a.ncl P2Os concentration in the reactoi flue ga~, the latter . 

' Was bubbled tliiough distilled water. Analysis of the . obtai~ed solution provided data for the 

calculation of toxic compounds content in the :flue gas. It was. fourtd tfiat at the process tern;; 

.· perature of700°C the flue gases contained 50 mg/m3 ofHCl and 0.22 mg/~3 of P20;. • 

The comparison of elements content in the organic part of m~nicip~l viastewater ~ludge 

· (Table 1) with,that of the mineraf deposit (Tabie 2) proves that the most amount ofchlorine 

and phosphorus associate with organic substances. The data of Table 1 · and the amounts. of Cl 

ana P in fl"" gas suggest that ~20, bounds with minfra! P'!:' ffios'. CQ;p!etely (bo~z de

. gree 99:98%)~ the degr~e ofHCI boundi;1g :with ~neral deposit ~quals 77.20%. . 



.''\·:.. ·:-:_/_··,.·:_ _.,,· , 

•',,•:,·_:_::· ___ :.-.>_··_,, _·_.\ .;.,·: _,_>:-, • . ·.-: ·:---/.- ,·,:: _·:,·.·.-: ··:· .· . 

It was foundthat initjal deposit contained 7-104 wt.% Hg, solid combustion product -

5: I 04 wt.%,' that is, llU!leral part bounds 46% of Hg. The maximunj permissible emission of 

Hg in Russia is 2.33.-10-3 g/s [4]. The emissi.on of Hg resulting from catalytic incineration of 
. ' ..... ' ' :· ' :·:. • .. '--:: .. ': :_:"::.· '. ·: .:: .:-·.: --_- '' ::··.- :: . : ,-- : ·:. :· '. ·- .: :· . ': _;'•:": ·: ·:_": ,·:: •, 'i': ·: . _ .. ,' ·: ::_:· 

. municipal wastewater sludge sample was· l .08· lff3 g/s that i; better then thepetmissible con-

>--;:'._·:_· -:· ·-,_:,·:·, ·_ ::''/''" ·-_, __ ·:··:···:· ·::··:. '·:·--.--:· 

. latyJ)OYa v.z:~ Seliv~novskaya S'.Yu.,. Ecological .Chemistry, 

(in Rµss.) 



- .- . '• .. ·· : . ··' ··,, . . ·, : ..... · ',• .. ·.,·.' .· .. ... :·. · .. 

.. Nik~:y.M}~~~~ki~,MafinaV.;.~g;~;~d;l~ksandersiN6.~~ 
·.···'.·.··.,:.· .. · .. ·.•.· .-.·•.· ... ··:· .. . · ... ·· .. \·.· .. · .. ·=·.· .. ·.•.· .. •·.•.··.·.·.... ·. •.··.·.· •·::: :···.. · ..... -,_..·, ·:,•:. .=,.-.,:.-.·, ··.:; •. :•,·.-"',·' . 

Boresfov[nititute•ofC~taz\sis.pfSf ~eri~n .. BranchofRUssittnAcade§y of Sciences,· 
Pr.Af-Lavrentieva, ·.•5,•·ljovosibirsk-90, .. ?!0?9g,.·•RU[fS!A. 
Fax: -f7.c3832.c341878, E-math dbn@cata{ysis..n§ks.u 

reaji~ti9nof tlle •••. oxi<iatto11 .. r6actipnsof' prganic.8nd•inorghl1i~ polluting sµbstanqes fr()m InUl

ticon1poneriftecp.nolqgicaLso.l11tioµs and .Wt1stewater.·ofthe industrial enterprises> .. 

A.m9ngpqllutants, rµtrqg~u: cq11t;ini11g··(up••siinple COlrip6unds-atjim9nia,·• acetonitrile.to 
·.·.- __ · .: ' ·. ·.·., . .- .: · .. ,'· --·:, .·· ·:' .·:·: ·• .... · .. ·.·. ·: ,· .. · . ' .... · .... · .. :• :", :·,--·:' ,-._, ·: 

aromatics); oxygen -containing (alcohoh,,i acids•·and·· ethers hf a varimis strucfore}; ch1ofine···-

. c&~~•~t~~~filoro$e$f, 4J.~~~[aq~•· aq~ c~o,O~~Zen~I), ~1J~S0Js ~~§pociJds 
(sulfide, ·thloles and others).·are.widespread .. The cow:entrations···ofj11dividual.subst.lnces are 

fro1n·Q;Ol 11pto/lOOg/f ordinarily .. •.·A.n oppOrtunity◊flhCJi!)plicati~n ofihe m~thJdsof ·.bio

logiqa.ltreatfuerit iS· .• Jitrri1:eci.bythetoxfoity:ofmany•·suhstan¢es(The··applidtti&nofthf burning 
' · . .-.-. ' . ·.:. ' ,· . ···.· .. •··. , .. · .. '. ·, ..... · . : , ".': ·, · .. ,: .·.-

or··the,sepaniti~n.·Jfsµb$tanbes .• is •. ~cpnqmi6ally •. jnJfriqieutJ9x•f11e .• ·.·~orice11tia.tio~s1iploJ.OO,g1l. 
. ' .·,:. ·:.: . 

Tlie•·•mAsfexfl~dientway•.fotJhe••·treatfoerif of si111ilar wastewat~ris 'theptodess of'coxidation 

pressures using.speciallydesigned·.solid·•qatalysts. 

i ...• The.I1104e111·¢at<1l;~tsfJ-oli;this .•. cas~alloVvitoabatJ1nentjnorganic~d •. otgaI1icsub-
. ' ·' ' ' .. ·:.· . --··:,· .. · ·:··•,·.•.: ·. ··:· .. ·,:•=-· ' ··,·:· ·· .. ". ·.·" ·.: ...... _,:.: . . .- . ·:·:_-· :"·: .-:.•" ·.,· · .. ·· .... :.-.·:·.· · .. ··· ·.··· .,, 

st'1Ilces fi;()111wa.stevn.1te:rby ·•transforinationof N"'·.at1d.0~contai11ihg.organic· cornpoundsfo··ni~ 
" . .. . ... ·- •,'· ' .··.· .' .... , ..... '. . ". . 

trogen,. carbon dioxi'1e . and . water, . rea.Uzli1g t11e total llliii~ralizatioll ·· ()f. the dissolved 

components .. ·S~furouscompounds oxidize .into sulfat~s, C1-c~ntaining-to··chlorides. 

Exper~m~µbd 
·.·.· ... ··.· ... •·.. ·.··•··. ·.--... ··.· ... •· ... · . . ... ·.·· ..... ·.·•.·· .. ·· .. ·•.· .. ·.·.· .. ···.· .... · ... · .. ··· .. · .. · .... •. 

· The experiments were carried out (1) in· a. perfectly mixed batch reactor, and (2}in a 

. fixed~bed· u;tloW reactor(batch·.reacibr·••voluriie· i~200?~1, Sohltiorr•··y()lume - H)(}i-. ... •t5()···ml, 
... 

cataly;;t .. weight-· 1 g,.ti111e-.lh)at. 
.·.. .' .. ' .. ·· .. .· ·. ' '.' .,'. •. ,· ".·.· .. •,' _.·. .. 

373 .I( aridP ==l .O .JvlPaJ6r Na2S,A03-4i3K an<l1.5-

3 .6 .. MPa foriC,·H, 0--containing compoµuds, ··423 ... ·· 533 ·.K an.d·.2.0-4.6 lv[Pa.•fof N--containirig 

bo1ripbi111lls,473-gl·f K.(or CI-co11ta11urig btl'l1p6urids .. 
',··.·· ... · .· ·.·: .... · · .. ··.·' :.·· •· • .. · ... :· ;:•·. . ..,".: .. :.- '. '' '• . .-·._. . ."·- ·. ·:.' :_-c·.".'·. ,· .... '· .. :' . . · .. ,.:.:, •,•' .· .· .. • .. ~-·. •, >.·,• .•. " ... " ·. ·.• ·.··.· .... ··.·.·.•.:. ·.·' :.·· ·' 

.Solutfons .. T.• .. h.e· .. ·· ... m.··.o.• .. •.d .. e·I ... sol·u .. ·t·io.·.n·· .... s .. ··.·.·.◊.•· .. 1.······.C.· ....••. hl.·.·.•···.·.◊.1i .. ··.··.n ..•.•.•. e ... ··.··.-.··.·.• .... an·.··.··.<l .. ··· .. •.ll .... i.tr◊ .. ··· .. ·g····.·.e.•·· .. n··.·c.o.·•.n···.··.·.·t·····a··.···.·.i.·.n.·· .. ·i.· .. ·n··•.·· .• ·•··g···· ... ··.·.•.·.s.· ...• u.hs·.·t· ... an.· c.e··· .. ·.·.s .. · .... ·.· ... an ......... ·.·.d .. re·.····al···.··· 
wastewater· of chocolat~ factory a11d alcohol plant {oxyg~n-~ontaining compounds), petro~ 

··.-·.• .. ,_-; .: :·:,.-.· .· ·. ·· .. __ ·._..- ·., '.· . . .· .. " .- .. ·, .· .. · :· . · .. ·.· .. -" .::"·" :_._. .. · .. ·· _- ·.·.· :-.:• .. , ... ', ·. ·. ::·' 

chemical plant (sulfurnus substances), cllemical--reco'very pfant·· (ammonia~ sulfurous sub-



,:':- :.'"•,·. ,··· . .-·_. ,' :.··< .. · .- . .=-- .·. '::·">"·:.-/::,: -,, 

nwtaL(Pt:, P.df ~d metal;oxicie .(Mi= Mn, 
. . . . ' -. 

eatalysts•·qfcornplete oxidation ifr gases; 
.' ,.:_·.. ", ·_; .· ··:.\ '. ·- -:_·-·-_.-· ; . ; __ ·-_ :_,_·:_-, '·-: . _ ... '·, ,., .. : _- .,:,', -:.:., '' '•,·_ . ' ' '_,';. . .,' '·--.-·.·. . >:c···.·,. ·_ . ·, 

sulfides of cobalt, nickel, rhenium, molybdenum and tungsten supported on Sibunits 
. . '. _' •,_. 

(inthereaction ofsulfideoxidation).... . .... · .. · .. ·. . .· ... ·· ... · ....... ·· ·.·••·• ..... · .... · ..... · .•· ··• ... ··. ·.. •·.· 
••· ··A~&lysl~'. ;Iy!iY9a(g~···~lfr¢in~to~f~phi6 ~ri~i~Jis.(g~~ 6hro~at~giap~.•.<Sv~r i560, •.• TCD + 

FIPfWas· used tb d¢tennine.both the conc~ntrations· of the111ain·organic·· c9111ponent~ .. iil Water 
. ' ·. , .. ' ' ' ' .... , .. '' . .... ' '.. ,. ,_ . - . ' ,·, .... ·- . ·-. ,• ' 

solutions. and· .. a···comJositi&ri bf ;as ~haSe(62,.•·2e,;,· td,N2?hr2C>,·•·¼O, ~1:13). the···analyiisof 
... ,· : ,_; 

intermediates .. t6rri1~d•·· iri•tht liquiH--pha~~< o:kidJtiou•·· \\'as .•..• t,erforiri~·•·••by? thtotnat(),,ri1as!i-
·spec¢ometrY•·0n•·•a· VG-707Q.···•·;we••·~Sid.· .. uPtCto\iiuovii~03-,·••·sb2·, Cb32-•·•·;d <S0420 .ions 

' ' ;_· _,_ _' .:.-_. "· \•',,,·, ,:-: .. _ :,.:.::-·:·. \:· _ ... ,_-:'·-'· <-:-- _-:.-,-,•-: .. _..·, . ...--: .. ," '"-:\:/·:' ',_· 

(Millichrofo.:J }, ari iodine titratidf!!o follt,w ~11lfide; s1.dfite and.thi6suifateionsOAdd1tiorially 
rohtin~ ··•ch~ri1i6~l arialy~is .. ~a~ a;pli~ditb' dei6rrtiine th;· conb~nfrati~nt c,f s~p~rate ions . and 

total cbnt~nfhfthe contrun1t1ants. ..· 

·lt·is defined, that.'. 

.· Among · the different types of the 



t=30.min 

82,0 

· 36 0 · ,,.-., 

870 
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. -_-·,_:- :--_'/::':, .. --:: i:/:_-.' -::_·-:: :;-_ ::{_'.>_:._:--:::-.,::-.::i.':_._-·' -:-.:\::.:::_:,_.c'·.··_·>-\-\ __ :.-- __ ·_.: ___ ··:_.:::;._ ::_ :_.;/.-. .-: ,,.,.,-i:':·c'",:.· -';. 

For wastewater containing N-C- com.pou~ds is shown, that: 

Ammonia is a main product for a noncatalytic liquid-phase oxidation, whereas the use 

· .. · of 4.8 wt.% Ru/Sibunit-3 and the various types.of Sibunits allow to realize a selective 
.... ·:- ·, '.,.--•-·'· _._ .. ,, . ' --- ·--· .. · .. _,.: . ' '' ',' '· ,·, ,.,. ·-_• 

... oxfdation to molecularnitrogen without the formation of ammonia. 

The conversion and selectivity to N2 essentially depend o:n the type of Sibunit: 

. A) ihe conversion arid CO2 yieldis an av~rage poresize dependent: the more an av

~rage poie ~i.ze, file higher conv.eisio~ and CO2 yield. ~ 
B) The conversion and selectivity to N2 is a dependent of the con~enttatioil of car-

. ',' '. ' . . . . ': ',-,_ ,' -: ' . '-.' ', :, '',.·.'. . ,_. . -· . . ., _,._ .. ·,·, -·_. ·.:-: 

boxylate .fragments on the Sibunit surface: the higher concentration, the higher 

conversion and selectivity to N2. · 
-,._'' ___ _. ' _,-,. . ' ,.· :::·---:-:-·> -,·-.·.-·_.-:::··~-~-- -_·:-;\:/:_· -_: ' _, . -- -.,. -:':, ' ' -.:- ' .·_ -__ -_;· ' :·•, ·. ::_-:·· : ·._= ::·-. _·; :: __ :·:-_··/\i::·_-._ -.·. -:i:-:: .::·=--' --:_:~-<:-:<_-·=·: .. 'i=-·· __ -:_ 

The stability of the catalysts depends. on the type of Sibunit. The more average pore 

· . size, the higher a degree ofSibunit destruction as a result of an oxidation to CO2'. . 

· The introducing of Ru in Si~unit alfows not only to increase ofthe catalytfo activity, 

but also to raise an upper bound of their temperature stability, that is an jmportan.t}or. 

N- containing compoµnds, those anJffective oxidation take plase at T = 493-,.533 K. 

For ihe oxidation of wastewater conlainingH-C~O- compounds is shown, that:. · 

· · -The conversion increases with an increase of the ratio C/MW (where C isthe weight of . 

carbon composed of one molecule, MW ~ mole~ular weight). · · 
'. '· .,_- . ' . 

For the oxidation of chlorine-containing organic compounds is shown, that,; · 

· · - Both for ~hlorofonn and dichloroetbane~. CO2 and HCl · are the basic products of oxida• 

··.··· .· .. ·• .... ·.· ... ·•.·.· .. · .. · ... ·.·.· .... •.··.··.·.··.. .··.·.·.·.·.· .... ·· .··.·.· .. ·· .. ··.· ... ·•··.· .... · .. ·.·· .. ·· .. ·.··.• .. • .. ·.· ... ·.· 
onstrate thatthe·.·.use of sibunit as catlllyst remarkably• increases the 

·· complete oxidation ofthis substances Jake place at T=¼f 93.;.513 K. 



For·.thepxidgtion•ofNa2S.is shqwn; ... that· 

I,,iquid-phise oxidation>of sodii1ni• Sllifide to sodium sulfate· .ori Sibu11itsiin an. <tHcaline 
mefuun1·••g6es t;t11; .• in on; stag~ifia•·.tra~sfer• 6f ··s .· ;leclrons·• ··(s2-)to·•s6+)\by. electrpcheiiiidal·.· · 

mechanism with atate ~102 moFO2/L•s•m2C, and end 111 thillisecorid§ .. Thi rate of electro~ 
·.·•.· ... ··.·.·.:.'.-": ... < ··._.:':.· .. -... :,'c_.: .... /·; . -. •.·· ·•· .-f: .. ··.··.·.·.·i·::. _ _..- ,-:-•.. · ... ·· .•. ·.•·.• .• •·. ·.· ... · . ·.· .. -.·.··.··· .. ··.· .. ··.·· .. :::.·· ... ·-.-:_.----.• ... ::;'_· .. ·.· .... •.· .. ·.· •. ·.·.'. ... : .. •.· .. ·· •. ·.··.·t-.. ·.··.·.··.··,;-.•.-::.•.·· •.. ··.·,:·:.· .. · .. ·· · .. --: .... · .. ·.· ... >·,.-.> ·· .. ··.·•·.· .. ·.·'····:.:>'--'-..· ... '·;_i-... • . 

che1l1ica1 .. ·~.a2.S;xiijatio11·•bY •. IDQlecular •. Oxy~e~•·i.: ...• detei-1l1ined •. br•··the.ll1ass.e:s11~nge~f.~x~gen 
in· system gas-liquid-solid catalyst. According to· the calculated. data oxygen· transportq--

. . ',, :- ,._ '·- -·'" .-_,; ::·_>' --·::::_-..- -:-\:.- .:_·' _,_:_,\-_.':i-·-;··-- ::,.->,. _:_.,:.,:·-:_:-:_..-·:.'·",:" <· :··: ,-.,- . :'\"•:,,:>.:·_::,:i··· ·>\· -__ '.'_ _: ·_.,' <:':.:--.:•:··-.·:.:,':_:.-: 'i-''i\::<·-- :·-_ ·:,; . _·.)'.:",--_ ·./_·<;-.:., ::":::> ·: _·_' -, --._-,::i_': -_ _:_--:<·.<,' :_.\\ .. :.·_·:,_)\-' -::. _.>; _.· 

tioll.·.throygf•.interfac:e\liquid~c«talysti$th,eJimitin.gpror:e~s .. of~ocliq111 ... sulfide.oxida-

tiort.•·prt•··the··stud'ie<:ldiapasort•·· .. 9f>starting·.pararneters. Mass.dnd.heattransfer.parameters, 

oxyge11. sµpp1Yar6 estirriated f'of th~ pi;pcess clesjgn ;itb Jiqui(L circul;tjop. ()ptimaLprocess 

Eng. Che1n. Prod. Res.1)ev.1Q85, 24, 75. 
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Catalytic.Oxiqation, Ge:seido Kyµkaishi, J985, i2,.69, Chem.·•4b~tr.,.l9Q5, ·.·122, 2218Q~ .. 
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. Acrylates are primarily used to prepare emulsions ~d solutions of polymers.· Acrylate poly-
... ; . -_ . -·. · .. _·.· . . ·_-- .- .. ··, -.-. __ ._ ,:--.".· .. _- '•: __ ' .:_-_- .. - __ -.- :. • .. _:-,_-_- . .-· ;-··,· _._.- ,-.:,-·-:, -·:\ ... ·. _--:-' 

mer emulsions have found wide utihty as coatings, :finishes and binders for leather, t~xtiles and . 
_· · ... ·- :·- .. -- ._·_ " .·_ .. _-- ... _ .. · .. - . _· .-: ·, ,·:•.----.·--.-.· :-··:.:,." .. ,,., _ _.,_.. ·.·-_·;---,_.-_._. ,•,_, ·:-. .-.. :· . -_ . .--.-_:::--:. _:' ... ,:;--•,-"· ;-_:c,;···.·.- _: .. ::<_,,.._,. ' ' .. ·, ·. :. _. . . ·: c-· 

paper[l ]. Methyl and ethyl acrylate are ones of the most extensively used in industry. 

CHCOOH+ ROH B CH2 = CHCOOR + H2O ·. 

· Some of the kinetic studies .have described the esterification of acrylic acid with methanol 

(2,3],. ethanol · [2,4] catalysed by sulphuric acid. Mal she and Chandruia [:2] found that the ki

netic data for the H2S04 · - catalysed esterification of acrylic acid with methanol and ethanol 

could be satisfactorily correlated by an: elementary reversible rate expression based on the 

classical kinetics. Rubinstein et al. {4] have shown that the reactiOt) rate changes linearly with 
;.,,,._ ',, '.•'.•,_,_ .. · .· ,:, .· :·.- · · ·,.•_ -_ :· :·'·>·.' , ·_·- -·., · "'.·<·-·.·. ·, ·. ·: .. ;·· , , .:, ---.. ·--·· '•_ ·-<·, .. ·;_-· ··_·•,cc·._ ·. __ : ,·· · .. _:,"·: o·:, .·. ,· . _.,·_ •.:.: .:,::. __ -_:·._-: _.,,•- '.:·.· 

. the sl.llphuric acid concentration. They carried out their studies in the dosed vessels, at the . 
. ·:: :;:, :: . -::·_· . :--.- ·.:-: ·.: ,:-':_··::·- ··, ' __ ,. -·::,_.:-: ,_ . . 

.. range oftemperatures 333-363 K. At these conditions they confirmed that the ~afalytic esteri-
>--.: .·_:·,:--.-:,:-. _·-'. ·: __ :_<'- -.-_--.,- : : .. -.. _, ______ . -:: : . ------,.-:-~ ·, -.--:_.-,:.: 

. fication of acrylic acid with ethanol was second order; · . 

Because of the absence of stable and suitable conditions in various study from the stand

. point of its r~versibility (or irreversibility) seems to be the reason for ;the discrepancies be- .· 

tween the various kinetic models given in the liter~ture. 

The aim of our study was fb develop rigorous kinptic equation_, furthe estef!licalion- of 

···acrylic acid with methanol and ethanol in the presence ofH2SO4 as catalyst. 

E~~erim~ntal .· . ··· . . . . . · . · . . . ·.·. . . . . . 

The apparatus used was three - necked glass flask of 0,1 dm3 cipacity with the heating 

jacket connected with a thenn~stat. Thi~ flask was equipped with a thermometer,. a high

. speed magnetic mixer,. a head for collecting samples and a cooler. Th~ following mitiaI niolar 
rati~s of 3Crylic aCid to me'tbanol and ethanol we.re ~d I :2, \3: t:4; the COn\ehtmtio~'or 
sulphuric acid employed were 0.5, J, 2, 3, 4, wt. %; the range of ten1peiatur~s: 39-60 °C for 
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Internal mass transport in potous pellets can have a considerable influence on processes 

occurring in <;hemical reactoCS:. In many situation this plienorrie1ion produces an 'undesirable ·. 

effect resulting in decrease of the overall process rate. However, in certain special ca':les, es
pecially in multicomponent and multireaction systems the effect of intraparticle diffusion be-

: : : .. -_ ··,:·: ·_., . -_· -_-·:,:· . ::· __ - '-_,. > ·:·.:·.. . . . . . ', i _- -.- . '-•·, .- . ',' . : - ·. ·- . ·- '·, ·-._.· .. _',' : : . ·: ' . ' ... :·.:·----'. 
comes equivocal. For certain paraiueters regions the overall process rate increases, while for 

--.,,,-,_:·-·<- ·.- <,\_:- -,:_._:._·· ii·>-·_:·,:.·· .. _::-,:_':'-,"< 

others decreases (Skrzypek et al., 1985). 
.',-:·:_ .··, ·-:·-·,. - __ ._ 

In this work we study the m1.1lticomponent mass transport effect in a pellet of the metha-
:.·, _--"_':'· :·_-_ .'.·," _.·.--:-·- -,._- -<---··:·-·._ ·.·::--'.-- ·.-, ·: ;-· ·_: .. ·:: -,·· ·:-: -.-.:·_,·" ·\ ------_- '•, ,:, .· ---":""_··:.--:·,:·::: .. : .":.-·:-· 

nol synthesis catalyst. The attention is focused not only on the effect of the pellet. size {inter-
·• ·. ·_. _' ' __ ,. ,_••.' __ - .- . --_: ' " ··_,_: ,," ··., ·, ·.,·_-.. ,_' .. ·-.. ·, ·:,, _- -_. _-___ ·.::_ ", 

· nal resistance to mass transport) on the reactants concentration /profiles in the pellet and on 
:,·· ·' :.·,_ . ._' ____ .:,--·_- _,:._·-:·>:·:.:, .. , .::•.:--_--------_-, -·.·.--·:,: :.··:,·:=.· < -·-: :·." ·.-.. ,-_-.-:=: ,' ,_··: .'-<',·'"•: 

the values of the effectiveness factors, but also, on the influence of tbe variable initial com-

position of the gaseous mixture. This, we believe, sh:ould enable us to better understand the 
·.·:,' : : ' . ·. ,., ...... -. 

phenomena taking place in a pellet of theCuO-ZnO-A}iOj-catalyst. · 

Methanol is one of the most important products of the organic synthesis. The process, ac

cording to the modem low-pressure technology, is carried out over a porous copper catalyst. 

A number of studies suggest that during the synthesis of methanol over a Cu-type catalyst, 

methanol is· produced directly from carbon dioxide rather· than from carbon monoxide, ac-

··- ' : .. ,·, -.- -,--. -._.- .. , 

with the conversion ofcarbon monoxide as a side reaction: 

This reaction progresses from the left-hand side to the right provided the reactants do ~ot 

• :-·. ..-:· . ---.,-. -:- ' ?,, .. ;·_· . 

· In the papers by Skrzypek etaL, 1991 extensive kinetic .sttidies. h~ve been carried out · 

dealu1g·•.··withihemethanol sy11the~is overtl···do~estic ·•CuO-Zn0-AliQ~-6~mlyst. The .. ·a11aly~is 

of the expefimentslecito kineticequations oftheLangmuir-Hinshel\\lood t;pe: 









,_·· .. :.- '.: .. , .. ,, _.::• , __ ; .. '.•,:,·.-•,:, ,,,.;-:,_-.. ; .--·----·_--_-. _,._-:.-.,- .··-.:---: .. ··, ---_--_;,,·,:•,·.··- '.,-.. ·:- •· ... ,'.", ,-· .. :-•, .... ,_.·_.·,.::·-- . 

applied as a fuel for diesel engines or a fuel additive and also as a refrigerant instead of the 

freons [1,2]. 

Dimethyl ether can be obtained either from methanol [1], or directly from the synthesis 

gas [2,3,4l Because of the process economics, the preferred method of synthesis is a direct, 

one-step process, that can be conducted using two-:functional, or hybrid, catalysts [ui,3]. 
:.-:. _-. __ :._•·-<<·-_· ·.-·>_-:\:." :-- _'.-,:. ·:_- . ,_·--:·: . -· -_- ." :-'·-: ·:·:-··: ., -:: -:•,:: . ': ·:::=.-.·- ' ... ·. ,· __ :_ :_ · _ _.-' . _,-_-··_·.•,•.: -'_: ; __ -._-- . __ . ··:··' 

These catalysts have two kinds of active centers: one kind is responsible for the synthesis of 

methanol (MeOH), and the other is responsible for the dehydration of MeOH .. Th~refore in 
.--, '· ,•• . •\' .. · ,.. ,-••,• ., ·•-_'. :-_,---- ' . ,-... - - ' --·. - . 

. . one catalyst bed, DME can be obtained as a result of the following reactipns: 

C;0+2H2 tt CH30H,. 

' . . . ' ' . 

CO+H20B CO2 +H2 . 
.-, ·-· ', ', . _, .. 

. The furidafuentaJ·aaya.ritage of.the ·ether• .. ·synthesisis•.tiiat iffuoves me··eqtiilipr;iuxi}<>fthe·•·•.·. 

·rnetli.anql.syntb.esis{1).Rt)aCtigµ$(t .. 2)•••creatt::a·••systeril:;.·.•wh~reqne••··reMfiAri .• fQllO\N'S tlj¢pth,er, 
,,•,,_ --- . .,-__ ._. ,:·· •.-..... . . ·. ·• .. ···.'"'··: -· .. ·: ... ''..·•.·.- ___ ...... • _-,.-., .•. · .... • .·.··.\,·.·_-· .·.·.· 

Thµ$/ac9ord.µig tpJhe •. le (;h~teli.er's prim;ipWa· c;ofltirlµou:;•4epleti9ri,9f M¢QHi111Jactio!1.{2) . 
::.·_:i_-::,_;:-, __ ;:--?: __ ( ·_-;._-_: _., -__ ·' . ·_,_--:_:_.;::_ :·. ':;\\ ·:- ·_: -_- --:··_.. ·_ . ·_.:_-<,·:·_.-- .·:_:·,-._ ... _. _.·:_-_:- . . . " -·:.-·::: .-_· ·._---->~".\ :_:·. ;-- " . ·.: ·.-. :; ._ .:·- . , -__ -: '. ·: .. ·:- ' :·.:_- :-:_,_:/:·: ... _-.·.- -·-.-::::' ·>---.\: ·· .. -_.:.\.-.-·:.:•.i, .·,.:-: '.}"} 

• cau~t:Sitsi~cre~sy4proqrctioninreaction(Hs:······.•. ·. . . i ; > < < ·• .. ·•·· ..... ·.· .. i > 
· .'rhepurppse.9f prese11tshldy·. i~Jo .. determme the effect -of pr()ce~s .param~~rs as te111-

peratµte" pre$sµr~, ~nd the.jnitia.l)nolat nltio .. •ofH2to.iGO .. on equilibriuriLyjel<ian<i.sel~9-tivity 

· • ofI)Nfij iii the reacti◊!l.SY81~m(l-3)/ 
·.-:---=_·- : ·' ·_: :-:=->__·:· ·::.'"•:·· .· .. ><:-::<:. , 

Procf!ss lll~deUing 
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Recent· investigations . with the · photo-emission electron microscope 

vealed a rich variety of spatiotemporal concentrations patterns on the Pt(l 00) single crystal 

surface during the NO+CO rcactioi1 [ 1] A.· four-variable n1athematical model of the reaction-
,.:·, ', :: . _',' ',• ·: _.,-- •,' . .-. _, _ _-,_ ,:• ,-_.-,,, -'.> .. ·-_, ,;, ' .. '·"- '·· .. :, , .. ·, :, '·- .. __ , _-;: __ ._. . -_' .. .-. ·, _ _- _-. ·::,-',." .,_,,: ., . .;.-- "-.... ·,•-· ·, "·/-:-'·; ·_;: 

diffusion type previously developed [2] was studied to describe the self-organization phenom-
•-:· . '. ' .. · ·.· .- ., . 

ena. Lateral interactions in the adlayer are an essential feature of the model and play a crucial· 

role in the adequate simulation of the expeJimental data. It was shovm that this model exhibits 
• --,_-:,:.,,_';, _,., ·• ,.•, .. C .- '••-·,. • •• • '·'• _-,·',' :·.---'•-.·.,.•·., ' • ."•-·· ·., _ _",_. 

pulses, fronts, chemical turbulence and others spatioternporaJ patterns. In this paper we 1nves-
··.:<>.:--:.--··:::,·_· ->··;·._·.:.-;:_:-:_::_.·<.-, .- .,::.::\ .. _-:·:_:. __ ·-<i::·,·.-i: 

ti gate pulse bifurcations upon temperature or pressure· NO variations. In particular it was 

found two different scenario of the apparent loss of stability pulse solution and transition to . 

spatiotemporaHy chaotic dynamics. Numerical studies have revealed that the attractor in the 

. resulting turbu1ent state has positive Lyapunov exponents. Travelling solutions of the PDE are 

. studied in a co-moYing frame as the solution to a set ofODEs. Structures in the OD Es phase 

space such as fixed points, periodic orbits, homoclinic and heteroc1inic connections corre

spond to homogeneous solutions, travelling waves, puises and fronts. 'fhe patfl:;:following al

gorithm was used to. study the bifurcations of homoclinic orbits corresponding· to solitary 

pulses. The bifurcation analysis allovVs to detect the existence regions of pulses and to study . 

different bifurcations of these solutions.· However,. the stability of OD Es structures cannot be 

resolved in the ODE framework and was investigated inthe full PDE system .. 

Figure 1 shows the stable solitary pulse solution simulated in the model. Figure 2 illus-
··,·.·, --,. '.- ..... '.· . •· :_ . '· .. ': :: ::·:·· _:··. <. ': -_·.· .... ·. 

trates orie type of the transition from stahle pulses to spatiotemporally chaotic behavior. The 
' ' ,:: .. ·._:·.- . ·_·_ ··_.,_.' ' ·.•-•.'.' '.<-:'· __ •.,•._ ' _./__ ...... : .: : i_" .·_; __ -· ·:., --<.- ·-·.\:, . .-. __ .:·,:<: .. :· ,..-·.:_ ·, '' -: ' ':'.::·>··-_:\:· · __ .:"·, 

homoclinic connection corresponding to pulse sojution annihilates through collision with un-
stable fixed point (fig. 2a) at the bifurcation value of parameter. The progection on one of the 

phase plane of the resulting chaotic regime is shown ~ntig. 2b .. 

1. · G. Veser and.R.Imbihl}/J.Chefa.Phys .. J{)ff(1L),.8483.(l994). 
2. 
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Let's cons!der conversion scheme: 

l)A+Z:¢::>AZ; 

2) B + 22 ¢::> 2BZ; 
,. -. 

3)AZ+BZ⇒ 2Z+AB, ·---... _._, ', 

where: .B, A, AB - observable substances; Z - active center of a surface of the catalyst; 
. ' ' ' ... , . . '', . . ·- •'·' ... .- . 

AZ, BZ - substance adsorbed on the active site (AZ, BZ - intermediate substances}. · 
. ',. ,' .. _.. ..· ._. . '"' ', ' . ·---· .· . ''. . ... ',., 

The scheme (I) does not contain autocatalytic stages of A+ X⇒2X type, therefore for in-
' ·. :. ',• .. 

terp:retation plenty steady state (st.s.) three stages and two independent substances are neces-: 

sary as a minimum. The kinetic. model adequate to (1), in the assumption of constancy of 

concentration of observable substances, is elementary catalytic trigger, that is system, in 
'._,, _-_·.·., -;_:· ,"·,_·-•.: ___ , , ... ,:- . ····,:·_·_-' . . . 

which can be three sts. (two steady and one unstable) 

The scheme ( l) corresponds to non-"stationary kinetic model: 

· a=-k1 •a·z+k_1 ·x+v(a0 ~a) .. 
• 2 .· 2 .. ( ·)· . 
b = -k2 • b • z + k_2 • y + v b 0 - b 

x=k1 •a•z-k_1 ·X-k3 ·X·Y . 

y=2k 2 ·b·z2 .:...2k_2 ·y2 '."""k3 ·X·Y, 
· <--.= · i•._<_--·ii::_-: :··:'.:..,.::'":-·~--= :-._, .. :-_·:-:i_', ___ .. : __ :_',:_ _-.·_·-. ___ --/_~_:.-:-:-·\:/·<-_: ;·::·-i __ ·-. __ -- :--::; ___ · .: .. :_., _:_· .. ·.-,.-·_--_:,· -_ :;' :·.: ::·.-:_:· r:;_-\ . __ .. _ ..... :·::_ 

where: a, b, x. y - concentration of observable and intermediate substances;.z 

bo - concentration at the entrance'of ~actor; V - rate of submission of a reactionary mixtllre to 

the reactor; ki - rate constant of stages. If a, b = const, then the kinetic subsyst~~ (3) can have 

., ,.. . ··-· 

Choosing suitable meaningst a11d bo, itis possible10•. create •. Conditici11sOfhnique. and•.un-

st~bli stl.(tliJt.Pi-Bvid~s existetltf of iutbhudttiatighsih· .. sy~tern:·Probability OioiJuri6nce·· of 
fluctriations is higher, the Cioser· is· the .poi11f of Cf(}SSingtO·· u point df tt~iisitidri fr{)rtl area of 

exist~~JOt a'~te~cif st~tidnfil'y tbriditibnttb• ie;.!6f'<lli uri;tabii§tati6l1Jry cdriditi&i1 .. ·For. ex-



k 2=0.0005; k3=1; v=0.65,10-\bo=l. With increase boor ~duction v, tb.e fluctuations become 

. fading and fwther disappear. The fluctuation~ disappear also with change of constants of rates. 

, ., - ·.: _>-__ '-:<:. ..:: . ·cc··-· - _,-._. __ -_/· -.. .--.. -\_.,._::,_._· . ..-:._·.·?·,,-.;-:: .- :/:•-:_·-:,__ .. ._./,;,.-::\:_ ,-_ •/: 

Knowing meanings ao, ho is possible to detem1ine a condition of existence of autofluc-

tuations and in initial model (2), (3). F~r example, \Vith meanings of parameters k1~0.3; k . 
. · . . . . . · . , . . . . ·. -3 . · . .3 . . . . . · . • . . · . . .· . . 

1=0.0003; k2"'"0.08; k..2=0'.0002; k3''""1; vi=0.68·10 ; v2=0.02·10 ;bo=:=1; ao=0.004 .system (2), 

(3) has autofluctuation&. 

l)A+Zc>X; 
•': :'• >:·--· .· __ , __ .·_.: :,•···,-,._:'\' ·: _:-:·:------ . _. __ ·-·.-· 

2) X + 2Z ⇒ 3Z + B, 

.·. The scheme (4)answers kinetic model flowing catalytic reactor: 

a=k1 ·a·z~k_1 -z+v(a0 -a} ... .• 

x =k1 •a·z~k_1 -z-k2 -x-z2 , 

where: a - concentration of subst.ance A; x - concentration ( qegree ofa covering) substance 
'' ' ' _:: ..... '-',_'/:.·." .· .. ·.·.· .. ·.•-:·_ ·· ... ·:·-.. ,-.:.··:··.· .... •.·· :···->:···.•. ·::·:_:··.-·--.· .. · .. ·.·.··.,'i- '.:·: ... :::'. ::,'.· .. ·.· ... ··.·•··· ... · .. _'·<: ... • . 

. ·· .. X;••t.·=• .1.-);; ..... llo .• ·- .. concentration .. ·t .• on .• ~.·~Iltr~ce··•rfact0.r;v• ••. - •• SPfA4 ..•. ?.f .• s4..b111ission. Q[ .substa11ce 
. A.inreactor .. ·xn.model(5)par~meters are ao,yand <:onstantsp~eds ofstages.ki, 

·.· .. · .. ··· ._·,.·.· .... ·.··.·.·· ·-.·.-=·=-.· .. :·-.·. • .. • .. :··.-,'·.··.· ... ·.• .··.· ·.·.·':.''.·.·.·.· .. ·., ·.·-..... :·.:_.·,_,_·, --.·.•.:-,:, .... --=-_.;··· .- .. -\/:·.·.·.... · .. · .... ·· ... :· .. ·.·. ··.·· ... ; .. :· ' .·.·.: .. --· .. :··.• .. ··.·.··::: .. :=.· •... • .. · •. ·.·· 

St.s .. for{5}are determined asilie decision·oLthe cubic equatiqn. Let's fincl. fron:reqµation an 
.-- .· -.,. _ _. __ : - .-·._·:.· -·- ', ' -. '' ," ,_. .,·--.- _' ::--, . ·_' ''-·,- ·.,.',': _".·_.,'. :·.- •". __ . ___ .. · .,-:·•:·.-_ '-_:_ ·,.-_:_" ·:-,, 

obviouskirid··•~f·exptessio11 for.•funcHbns· foforn· tP.parriroetricttLdeperidence. 



. ' '' . . 

On a basis ( 5➔ and critical conditions the expressions for, bifurcation curves cari be written 

down. With the help of the analysis of parametrical dependence's· and bifurcation curves was 

determined area of existence unique unstable . st.s., that gU,arantees presence of fluctuations, 
_: i :·--·•-_<.·. · .. ·: ,'_. >(:_:"'.'._ .. :,_::>::_--:.:= -;.-_-' ,·,·.: · ___ .· i.';_··.: . .-·" .:·:--•\::-C-··--.,_: .. -. ::-: ",-._., :.· 

for exatnpleki=0.026, IL1==0.pl, k2=0.001,.v=0.0135, ao=0.0l]. 

In the given wo:i:k is sho~ that the interaction•of a gas phase with a surface of the·cata-
: ·---·:i ..-_:_::/:·:·:·--,:_ ·. _.". . . . ·:· '_ .. :_.-:"··-.· ·- .. ' '_- ' .. - "-_··_ ·, .·_: .·:_·_·:· .. _·i._.-.·:.··:.·--· ... __ ,_ ,:_~ ·:--. -__ _.- ~::.:··,_ .. ·' :_, .. -·: -- .. -._-.. ·: .. ·----.-_' ----· ' ·: : ·._·_ -.. _.-..... ·:-.· -· __ ':·: ,· <-- ,. : ·:.· .. · : .·:._: __ · :·.-:' 

· lyst is essentially nonlinear process, which can result in critical effects .. The parametrical 

. analysis of math~matical models flowing, catalytic. system in approach of ideal mixture is 

spent and the auto oscillatory modes of its work are received which cannot exist in the scheme 
·.::::·.·:·;: ::':·-i:;·:.·.:-·" ·.··---/< -.:·.>':\_:_·:.: ··:.':_\/:·_-_'::--_::-::,:::,··.) _:_. . ..., :-,-.<:Y'. ._:..-/>\_-_ ', /-- __ -<:·.-:··: :-: ::::-'-·_·::''·-'·_.: .. -,·-,:-/ 

· without flow. Accounts flow give an additional degree of freedom and nonlinearly, that .re-·. 

suits in the gi:eater variety of the critical phenomena. 

Elementary kinetic models describing autofluctuations, in such systems are the equation 

(2), (3) or (5).In quality elementary catalytic subsystem here acts the catalytic and autocata-



._ -\ . __ ··::,< __ -:" ·':-,":·_·_·:t··-_:_·:··\·:_ --_-_ .. _··.:-.-:--_-___ ;_;·-_--::_·, ·<::_:-; :·• ·--r _____ : ,- ____ -• .. -:.-: .. .-. -.-. 
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/:_-.· ,: .. ·; .. ·._:,·,:<<·\ 'i-<.<--:_._ __\.:--<--i ·.··.\=_:";::i-_:_:·.·.·:_-:"-:_::-":-:,·'•': ·,:-~>:_}-\::-:;_· :·)>;-i ·-,i:_•_:·.:::/ ___ --•.;· _)_:' -_.·.-,::-:'_:_.:_._..:, -. ·(:-.:\:_·:-_--_. .. ·.·_ -/_::-·_-::":~_ ·--.' ·,_::>·· -· ·. : ' 

· The paranietcic analysis of classical model of taetheory of chemical reactors "". model of a . 

. continuous stirred tank reactor (Aris-Amundson;s model) is ca.rried out For reaction of first . 

order the results of the analysis of local bifurcations of steady states, induding Andronov-
:_::· ·>--- - -·-:.·.- · ·:· --·: ·--::.·- -_ i .o:· -- ··::· ·- --., ·-·: ... , :·.- _ ·.-.. -- · ·-_ · -._·- ; -· :-_-.. _ - --- :::· :,· · .-:: - : _·--: ·::: · :·_:_-:- ,, ____ -- ;_.-_--· · ______ ,_- ,, - ···:: --:·::···· ·: :··· - __ - · -" ---: · -- <::·r::··,: _ :::::i/: · ___ ::: 

. Hopf bifurcations are received. The curves of a multiplicity and neutrality.of steady states are 
,. . ,·.· ... -- . ,:, ' . . '. -. . . . -., . . ·- . '' .... ,· . ', ' '. _.. -. '-'., ... _ .· . -.. -_ . . . --- - -.---:,.. . --· . ' ' . ,-·- --- ' .··::; . . . ' ,_' ' . :· ,--•-· 

. written .jn an ob:yious view for various combinations of dimensionless parameters. The re~ . 
·--- . ' __ . . ,, . ,' :_ . :· .·:- ----, .... :.:-_:_:•_:::-:- ·. _,·--.y:_·_·. :·::.-:'·:.· \:"" :·. >-:-:/>·:::._.'_;·;-__ .= ___ /·· :_·._._. -.·/::_·:·_.. ',. :· :-f-'---·-:_._ <-:---:_· >· _-:_-::_::-:-:::. : :':.;_··-:::-: ,,.-,,.>·> ,- \:,;;:;_ :·_;_.··.\\·-__ -_· __ ·.·:·:: _._. 

. quirements are received, at which the diagram of Van Heerden can be for a geometrical sta~ 
::•·:_: ::· ·-:-:,;·. ··::':--· '· ·-·-.·.-,,·.::/·'·· ·<-:·. :-·_·,_,:._,_::::.·: ::··;_·' ::::';_:· -·' ·, .. ·._·.,:•·;·.: _- : ,--_,::·::: ___ _.:.,.-·- . ,·:···. _-·,::-:.,· .. --:.· ·--·:'·'·· 

· bility criterion of steady states.· The sample parametric and phase portraits of dynamic system 
.. .,-,-... "• .. -··-- ... ' ' ' .. . . . . 

are given. The fields of parameters responiling' safe modes Of U)Stallation of the solutions ~d 

steady points - to modes without dynamic springs are allocated. The description of designed .. 
;·_··: ... --/'.--,,:":-_:·_ .. >.::--\-,_ -. __ : __ '.\>:_;·:-- ·---·:\·-·':-:;_:--_ ·:,:_/L:>_- --:-:.\.?_.:·_._·:._·_::_.·_=\:-· -:_ -: __ ::i>-:;.--.:·. .-t_::.::_. _-- ,'_:-:·: __ \-_.--' __ ---.:: __ ,_-.. :_·_ ·i•:~·:-_:--:--- - --:- .. -. - -·--·;;:·- -

system of the software of the parametric analysis and bank of mod.els are given . 

. The mathematical model of a continuous stirred tank reactor (CSTR) is traditional object 
:._·--_·_:-:. _-_·-:··:·;-'. : :':-::-- ':··:,"=--·,:,, ·,:-_'.:"'. 

of research in Chemical Engineering Science. Taking into account the considerable contribu• 
:_·-_.:-<\_:,:_·--> "i:>.;<:;--·::·._. _.::· '_-_·:·-.·---.·_:_ ,.- ./ __ ·;.,:,·,_,:_ ·_._-__ .-:·_-·· .. ·' ___ ·-_: _.·.-.:··;_ 

tion by R. Aris and N. Amundson to the theory of chemical. reactors, the relevant class of 

· models we called of Aris-Amundson's models. For one exothermal reaction of the first order 





. Wheref(y) =.Daexp (y(1-1/y) y:. temperaturedeperiderfoe, g(x) ,. arbitrary kinietic nuiction. The 

ptograrrtofthe pan1metric analysis•• is implerrientedand fcff systeI!l (3)lii1 particlilar, the t1isei · .. 
are ipeciall)"allocated; A.+02➔B; fil\-4B; 111t+0:2➔Il.llie• prbgl'afu • ... •.softwate foI a§urveyed . 

•·class. o1Ytnddelsrinclµaingallth¢•oasicstages••·oftl1e.pafametijc.•. an~lysis ofsystems\such .. •as· 

·---, ', . :-·: . '.". -._. ,,' .. 

·sheple·v· :.v .... ·.·.S:fjreskov•.S,At,Vol◊kitin.E..P.<Dyna!hickOfistifredtahkfeactor .. with.fifst-

•. orderreacti◊11.ti•ChellitEng.Scfr, f998, yoI.53,••N"221fip•.•J719-3'728. 
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BCJrfskovjnstitutfofCatalysitNovbsi/Jirsk63009(), R.4sii~ 
·.• .. · .. · .. · .· i .. · fax: +7{3832/313056, E-rnail: resh(gJcatalysis.nsksu . .. ·• >/ 
tOmskl)epartmentofBoreskovdnstitute.ofC:atglysts, Omske(i.44040,·Russia 

. ,,: .:·' \\.-.': :'.:.:;_.-._.:_.-_:,( :'·, ' ./--··,,, .. · ··:->····:- ·.,'. "',,'. '",_,·,:_: ' ... ·:':·;<·>.::,··.'.·-'.,:·/· .,. ,,,,'. •::' '. , 

Regeneratfon·.·ofc(}kedcatalystsJto.restoretheiractivity)isa11.i111port&ntpart.ofa••·grecit 

n~~t:t~•~~c'~~•is.~1f 1felf~"~:.~2ro,·t1r4r[ts,r~f 11;p~Uillt:''. 
and. fluorides of·•·.Group Umetals mearitfor•. productio1rof .ozone-safe chladones(R:-l34a/ 

R;l25 ~tc.)bi ga.s-ph~se 11ydrof1uciriJ~ti6frpf 6hlorJethylenei. f o res~oteia)Gatalyst, cote cie: 
-- .... ·, . . . . : .. ,/·\·· ':•': :- .... _•." ' .=.: ·:., .. --.·,· '•, ·.:, · .. ·.·.: .:, ; ·_ .-.~ 

.··•···h.eating,•which.may.rest1ltinthe•. catalyst<·sifitering,·•.and · as a result, irreversibleJoosing of its .. ·· . 

. · flµpride ca.talystil'egenerationi11•··&n•••·ad.1abatic·•reactori 

•·Regetieraifon ()t1hec<1talystb~djs G\Il tmstea.ciy-"state process,··•·Moreover,.·in everycatalyst 
:: .. · .. ·. ·.·:," ,', ':_: __ :., ,- ,'.'... ':: .. _· ... --:: " _:·,· ·,: ,·· .. .-> . . ,•,. '_', ,:' ' .-" ··:.:· :· .. _·: ·. '. _·.· 

.· sect.io1}~lorig·.abed height, o?(ygert .co11ceritr<1fk>n arid gas.·.··tfmpera.ture''instarltarieously'' ad-. 
·'···.··::•:'':_·. :·'-'" .:·_/·.·· .. ··:.:-: .. : · . .:,-.-_,·;·:,.· ~:._.· '' ',· .. ·:.-, .. ··<-:,.= .. ···:-·· i,_,-_"<· _.' ',: .. ', · ..... .-... ,, ._ .. :<:·_, • ...... . 

just to yar.iati9ns .. · .Qf · cok~> concentr,atiOlJ..•.• .... and.i··•catalyst<temperfttµ.re, hep<.w .. they ai-e •• •g;ua~i-

stationar)''. CJapacit)'ofthesolidiphase.withre~pect·• to <1 s11bst<1nce and.lleat.isnmchhigher 

·th~,capacity .. ofthyi·~.~ •. •k~a~;-With.resp~9tt6it,\ple.m,<1thetna.ti9attwo-ph~eJµo4eljnciucles 

equations .. for changes oft~e bel?Wsubstances and •temperature: 

Cpke fraction jna ca.talyst(g, kg/kg ti . 

Tetnperature ofa gas .stream ( Tg , K J: 
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.·_- .":-··::·,::, · .. ____ ----c::,"·- __ ····:_··--::·.-.;_:__' \,.·,: .---.. ·.-·:.'.:·.•.· .. • •. •.·.· •. ·.• .. ·•.• .. · .• ··•• .. ···:"·: ·-:·:-_·; .... • .. · ... :·.···}.,··: .. ·>·,· . ·:-:::·_·:::····•·.·.• ... <.· .. · ....... ··:.• .. --.-•••.•...•• •.·.· ....••. ·•· .. •·.••··•·· ... ········.·.·.······•.·····•·· .. · .•.. •.···. . .......... :,-.· 

.Pararneters.·.of th.e mo(:lel, ~11ch•i~<rate .. ~9nstant, rea.ction hea.t, ·.re;::action ()rdei-, .. diffusicm.¢0;;. 
.. -- .,-' ', ' ' •.• ' ,-:---· .. ·,.._ ·-.•·. __ _..-, ._ . . ----.· .. ·. <· ... · .. ·.· :·· ·.· .. ··.··· ... · _-• 

effici¢n.t, •activaticu:l <enefgyf · aµd c(}ke coiµpos1tio11,··weredetermine,d frq111 the eiperiijiental 
-~---·-_··,_ .. _·:,· _ ... ., : :·:_-__ -:_;-- · ____ . . .: : .. :. ,. ,. -_-_-' ... '\,:·; . .: \.·· _-_- ·:·._:i \. ·' ,:~·'..,_ :-',- __ .::-:-_. _-_.." ., . -_.·: ,--.·. . __ >;_ :.--:::--: _:-:: : .. :.:-_--'.'. .: _-·.: .' ____ .·.'.. ::::· ' . . . ·.- . . . •,- ' ' . . 

da.ta. Qbtiill'.l~(hinth.p di~el'~tial.rc:a.ctor.andi1nproved·.by nifl,tllelllatical mod~ljlig: .... 

An.alysis ofth~IJrocJss cic~umn,gin·theC'atalysf b(X1.•~hows·tllafc&ke .. 1'til11i~g r,foce~s iii 

Exp~11J.ents were performed· onDC .. ·itn&Q-1500B derivatographs; fig. tshows theCexperi

.·rrre~far resulfirbbtainea· •·fdiJhe. deactitated'cata1§st,the. §afuples areipre}iarecFas:r(i)afin~.:···· 
' _. . ' __ ·._. . -_:· ,'_' . _·-.· ' . ,,-__-' . '.. . . ·.; _:; ,·_· . ·. ·:·_/ -.·-_· 

gratried··Ptiwder·•.·a11d(ii} ·Catal)'st•·· partic1~t1.,·••·x.1tt· nini.in;size.•··•oh Heatihg.· .. th~. Uhe-grhifted·· .. 
sanipfo irt·air, coke•is toµiplet~IY burnt·Qllfat 460-4'70sq.·cwhet~a~~··•coke bU111irii& 611 thf laige 
cifalysf p~llefprrideedsmt1chl6nget1.1pto90()<~(J,>~t••th~ sarne •• heatlrig rMe. MBfeovJr, •.• becaii§b··' 
the ptoce§S of 9x§gert•··diffusion (t bepintci thecat11y~f pff1efls··1ifuit6d,.aA ili6~isel±i.tert1-

·.: . -.·-<·-.·.'-.,_-.. ·.;.':.:.. ·.-·, __ -, -.-: .. -_:,.-.--.· ,-•-_.· ___ " _-·:, ... = -.·· ___ ·-.· :-•' :.-=:.· .-= 

peraturedoes not result in•.anfocreaslm ·the rate ofqok~·lJ\ll11ing. 



, .... ·' ·.··::· ··, .. /,::, .'.'·.·, ',.:.-: .,'' : ·-=: ' . 

A.. V. l<lavtsov, A..C. I\tasl&v, N.V. Usheva 

AtpresentJowJelllperatureseparatipn•·(LTS)is· .. .theJ,asic.·•pfocess •·of g~s ·•prepal"ing;:/rhis 
.-.·.·. ···.·.·.· :· .. --. ,•.·:·.·:· .... · .. , 

. process•··.COll1tJi11is··•sa.tis(ilctory giiB· preparing• .. •.for .... transport,·· s111all capifaL.exp~hSe$,. simplicity 
:· ... '·.··.·.·· .. ·.··.'· :.• ... ·•· ... :'·.·.·.·.·.· •.. · .. . •.· .. · .. ·· ... · ...• ··.•.• .. '" ·.··.·.· :··•.··•·· .. ·. ,· ':··.· ... ·.:·· .. ··•···:.··. ·. · ... ·. ·:•: .•. · ......... ·.· ... ·.· .. · .· .. • .. , .... ·•·. · .. ·.· ·-.. · .· .. ·.·.· .. ·.• •• ·.• .••... i•. ·.·.·· ... ···.·•.· .. ·•:-····.·:·. ,::.·· ... ··,:· .• ·.·.·.\ .•. ·:.:·. ·:. · •.• · ...• ··.· .. ··· · .. · •.. • •. · .. ·.-: .··.• .. ·.·.···.·· ... · ·•··· .· .. ·.··.:···· .. '···.·· .. •·"··•.--.• ... • .. · .. · .. ·.·.········.····.•· .. · · .. • 

•·· and>reliabjlity jn exploitation.At•Iow.tell1peratµrei.separation of .gas•·•••two · matetjal<cur-
·· .. ·. . .·.:, :•·:.:· .. .-· .. ··. ' ....... ,.·,'' 

rerits(stre~lTis)•·arefQtfu~<i: coilinlodity{tlry) gas .. au<iu11stable condensatf As .a.rule, at gas 
•. ·\ '.- . .'-\·_.",--·:·:.·.·:": ,; ·:.· :: ·· .. ::· = .. ,. ". ·. . ':. .. ". ··.-:· .. ·, ·.· :::,• ', ·' .·.·--:. _..--

preparing .• th.~f•··~pire•··.tp sectiona •. ·.t~bular mixture so·that·. the cofuponents. that•·•·are1n·lighter 
. ,_-,-.. : · .. ' '·, ·.·. ,·., ... . .. .- ' ' .. ·. . . --.. ·, "· . 

than propane shouldre:1ch<irygas, artd·•·allthefest of the con1ponents ... unstable co rid.ens.ate . 
. ··. . . . ,. . 

It •is. desirable, thatf evV~r nonC-target •. qon1pone11ts.· shmlld·•xeach inJny. ahovb 1t1entfoned . 
:-·.:;-.:_;:>·' =:·:.(>.":: .-., . ··:,.:::::,-;::-::.· .. :·:.: .. \•"·,, ... ·.· .. ·.'.<>:,.: .. __ .. ,=,"c;\· .. ==::.-...... '?·:·:\·:' ., .=:./.c:: '•,•' ·.·<::.,:'.o;.-: .•·. :x_ .:.- .··, . :-_.·:.• . .- ... --.' .:,": .',_·:/""•.:' .:?•::':·.:.", . .- . :'.:.·,:· ·. ··:._ .:/·,·:·, .. ,.· ·,,..·::--·:• -'.·::-::-:· "·'::,.·.:·::-:··· =-·.:·-: -.·· 

materiaJ .. This111~tsth6·•dert1ands ·of.prod(lct.quality .• (c9ridensatioh·.PbintofwatbrawLhydro-

•··· ·.•.7fh~j~f(}flllati;;~ii;µliti~g ... ~ystem$· .. are.!th~•nwst•·•effeqtive .. •·.for .~eci~io~.df ... ~uch};~,···•·at .. 

qhangi~gj~~utcb~~psiti◊n pf ;taRµl~ nµxt~; ana c~·ying Q~t.t~~l¢pl9gipalpr9cess, ;W14 
-. .·· .. · .. --.: .. •.:·,·;-- ·.--,",.•,, _-.:· .- :·.•::,::• ....... :.: ·, ·: .. , ,·.:··.··· , ... . 

· als9at de$ignit1g ic~lqulatiQn/of tra4e .. gtlS iijstaU#tigns<and ,gas ¢Qnd,Cnsf}te .. • t\U1ajot"paJ;t.· c1t ~~.9if %:~e ~~~;~1rW9'11~0r~,,x~lf9~~tf~;nqajc¥)f~~nan~~W'l~•tQf\1?~~ 
at yariatipn oft:he htlSk.tech.ri()lpgiq.ilargum.ents and, coillpositipn~ ofjnpµt¢urrel1tS .• (streams): 

. '>_"' ___ .·::: _' ·· .. ·· -- ', --. •,. ,·. . ':. ' 0 •• ·: , ••• ··" "< . .-.. _:;··_.' ·... ..·>.- ... ·· .. "._ ... 

Here• th¢reiare•var;iotjs complic.ation,shecaµse.tlle•process .of gas prepax-ii,g a11dgas qondensate .•. ·. 

is .• carried?11t~thighprnssur:a11dnegativetemp;atures .••.•..••.... \ ........ \ .. ·. iii···.. . · ......... ······.· ..... ·· .·. i···· <····.··· . i 
W<-:- have 4esigned the model.and the program for .phase.equiljbriUII1 calqulationjnawide 

r~ge.·of~ruie .•. •.Sttesses.·.an1·· •.. ··t~peratures .. ••'I'he proces~· descriptioni·accuracy. by .• given··.·.moclel 

has sµown,that.the•·~rrofat fraction distillatecalcu{atio#is .nOmtire.th~n·2%, cprripositions ·of·. 
'. ,... " . ' ... ·. . . .,· ". ·-·· -- . " · .. · .. ' ·, ... , ., 

a11uid pllase .. · 10~12% and cqmpqsitiqns.Of a Steam phase 4~5.%-

In.·pressurerange·• from•·;•··•upto ]2 M~i·.an& ten1peratures·.from -30up itQ· Jo°Cthe···iso~ 

thehnsof tabular rr1ixture·· .. condet1s~tion of the• Niild~ino field were ConstructedtThedepend- .•. 

encb of distillate frattio11on str~ss· has theexpreJse,Fexponentialhature.Jn•other words every 
··:" · .. ·. ·.·.·: .. ''. · .. ·_·:"··::••::.·:.:.--~· .. :. /.· .. , .· :·_:,_: i-i·<·.:·: ·i·-y: :· . :.·.:?.-.':·· .. · .. :_:;i:.. ·.· .. :.:.;-: .. ,:,--·--.: :·:·:·· ·' ': 

mixture has tertairrprpssure, after which.the yield pf af1uid phase begins to ·grovystrorigly. 

On the contrary,•· at high temperatures the dependence of distillate fr::tctiori on stress is much 

weaker .• Jn this connecti~n. the distillate fraction offluid at high pressure to a greatefextent is 
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separation temperature ·effect on distillate fraction at high pressure is 2-3 times is stronger, 

than at low pressure. The more this difference is, the more· high-gravity hydrocarbons are 1J1 
,,·,-.;:, _____ .:.·"• •' __ ,· _- .·:,,>::·.-· ;.,•:_· 

· formation gas composition. . . . . . . . ·. . . 

. The studies of technological mode effect~ of the Mildzino field on gas condensate prepa-
·. ·: ::· -: : '':",. ; <<···:::::·.: ·-: o': =:': : ·: - ,_ --·:·=_-·_:"O: .· ,', ---_ ',- : : . _- ___ . :· :•',"•,<: ' ,', . :::<--- ' : ,.· _·-, :· :··· __ .. -,,·: _·: . -. _·:: :_:_· ::.· :··:·,-:·_ -":.-,_·· : ·: ::-:·:·:· :.': ::-·· -.:::: >-- ·: . --_::e: 

ration processes were made. The summarized mass balance. of mode. variation in a separator · 
of a final stage is given in table .NH. . . . . . . . 

: ' ,: . 
<.--,.-: ' _ _,· . ·_:. ·.-··:.: ' :, 

The made·§tudydernonstrates as fatasimportant correctly to choose a dutYspecially ·at a 
. " ;._ : . ,:-,_._., __ ._. '. ·. ··,,- . --:-: -.- ·,.:,-'. . . :, ' . " ._._. .·: ': ... ,_._ :, . ,· .. ·-.· ---_ ._· -: ·_ ::·. : ,-_•:. -<-.:-.· . ":· 

final\stageiofgas•· se;aratiqn .. 'fhtis,abdrop of separatipn tem.perature •lit a final stag~ithe con-
:.:._·.- __ ',' <_·_-. __ .. · .. ,:, ... >:'_::·. : _ _:"-·_,.-._i .. /:_':._ <:_·:·:-· ·;·_.-:_'.: __ ·· :_··:.:--:; ·_ ··-·:· --_·.: ____ :_.:: .. _:: .. '_"--_ .· _______ ;· __ -_: ·_;" -./::··. -::::-:·.'-:', ____ ,_:::-·. ':·':: 

tents of none;.farget components in commodity gas has decreased on ••1, 14• %. In a unstable 

·condensatethe····cont~nts.····of none~target .. •co~ponelAtS •• has···facreas.ed·•·on· 0,40···%.•·•·Therefore, •the 

drop of temperature in a final• separator is economically justified 

The. comparison of two altematives·separation schemas 



cases ha~ compotlllded .10000 k,,g/q., So, the increniental yalue of an absolute extent ()f witl1~ 

· drawal of target components has compoW1ded: 6,71 %. 

Therefore, for more shillP separation of a tabular mixture on dry gas and unstable con-

densate resulting in to. gain. in. yield of a Condensate is more expedient all condeµsate,. aJlo

cated o~ first stages, to submiton an input of last stage of separation . . 

Thus, the d~signed computer technologically shaped simulating system, allows carrying 

out calculation for engineering, optimization and forecasting of installation workofcomplex 

B,t~li~·••8!u.;l3I'l1Si1d¢sky.A,I, ZahJioi•• M.tf .. Ph~se·.·•·•Jquilibriums ·••ir1··.·•·•~·~st~hls••. of ·11at&al 
hyd¥6cafbo11s.M:: 13qWels6fthe\eatth, ...• 1 Q92.•--p.272. 

R.····•··.•ft;~d,.bg.····•··Prat1stn~,.ii•Cshervud.<I>r6;e~y.0J:··.gas6s.··· .. and·····t1uids. t.:·itheI11istry.1·9s2 •. ~ 
p:$90 

'· :.-,:·; ·-':·.'·::-.:..·-._. :.·· '._,-.·. ·-:,, '' ·,_' ·.-._··,-. ,,··,:·_,_._ -_ .. · -.. · :. ·-. ..-._, .. · :_ -.. _;·,,.·_ ·:_,:.: ', -, . -_. . ., . '- .-- ·":,;;";.; > ·.·,:_- --,· -__ :· :· .. ,-.;"' 

·stepajioVi G.S., Z~itsf!◊I.lJ.,••BuI111iJtio/A.G.•· I)esigri o.f.hydrpge~. sulfide/~britaipingojl-
fielcf ofh9drocarbons. lv!.:Jfa\Vels offhe ~&th,l986-p.t63 . . . . . . 
ShiloV \!fr., Klocfficov A.K:/Yri§het·•··q.M.· .. c()IJStant ca1cu1ationiotifoti~ i<iuilibi'iurrt of ... 

. ' "-

. riaturaL11U}{t\lres./JOilie66n6fuy )19$7.-N!!i, p.37-39 
·.· .... ·· ...• · .... ·.··•····· ... · .... · ....... ·· ... •.· ..... ·. ·.· ... ·•·· .. ·.·.········.· .. ·· .....•..... · .. · .. ··•.·•····.· .... ·.· ... · ..•.. · .... ·.··.·•···••.·· .. ··.•.·.···· .•... · .. ·· .•... •·.··.··.·· ...... · ... ·.•· .. · ... · .. •·: .. Kravtsgv CA-.V.,. M;.tslpv./iLC., .. Ush~va •... N.V., tvioizei 6.E;, ICusJJJ~nko .~.A.. C◊111puter 

'-·: __ ., 

analysis·. oftethn01ogica.f rn6des ofihstallatioh gas preparing•. ari4 ga.s Go11d~11sate.\//J~bi-· .· .. 

lee matenals·of.a sciertt1fici.:.practiCa1 .• coriference.·Proble1ns·•and paths.ofeffecti~ri .• devel,. 

opJAent oft111ineral-ra.Wiesourcesof$iberia ai:id the Far E:a~t.2000J>:85--87. 
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. general service life; to decide a problem of complex processing of petroleum raw material on 
. - . •··::<t.:.:-_:-·:-:::-::·:·-_·_:··_,.--i-·._·-,,._::-,_·,_.:>.'-:-:,-,:.·.:·:-'·::-·'.i-:::->--:-·-·,.:: . .,:.·---:-·--_, __ ·:·<:·:·-}·:··<•·:--.·.::·-,::,;: ·'._.--.·,,·-1 ·:·::_:: . .- .. :-.-· _,-: .-.·-- .. ••"'·,' ,·, ._:,• .. _.._,:•:- ··•-,,::. ___ ,._._, -··.-.--.' .. 

ORF and modernisation of worldngplants. ·.· · .. ·· 
·- : '' . . ,·,. ' . 

The following inteliectual systems developed on a physical-chemical basis·in view of the 

., ·.•------

. oil refining factory's of Russia: 

Predicting system of optimum operation of the oil refining factories (ORF, Kirishi, Rus-

. C~mputer ;rogram of testing of industrial catal)~ts on physic-chemical properties of proc

esses refonnin~ and isomerization (OC "YUK OS'.') . 

3;. Computer program "the Ad;iser of the .technologist" for definition of activity of catalysts 

. reforming and distributicm of the recommendahons _on technological modes,· confiitions of 

regenerationand devel~pment of Pt-eatalysts(ORF, Acbinsk, Russia) .. 
' . ,_ .. _ ·.'• ·_•,: ... ,. __ '-·-.. :•-_.--. 

Computer program according to efficiency of the complex technological benzine • · produc- · 

·• tion (ORF~ Kirishi, ORF, Acbmsk, Russia) 

Computer program oCopti~salion of mal!ufacture commodity benzene-in view of the ef

fective additives (ORF, Omsk, Russia) . 

Computer training system: for preparation and retraining o:i:_i1re tecbnel@gists,of the oil re

fining factories (ORF Kirislii, ORF Achinsk, ORF. Omsk, ORF Myagikay, Litva) 



SIMUUATION OF THE PYROLYSIS OF'TB:E WIDE FRi\CTION • · 
. OJJ:,LIGllT HYDROCARBONS 

A.V. Kravtsov, P.I. Koval; A.V.A:gafonov · .· 

• Tomsk Pofytechnic Uni;,ersity, Tomsk, RtJSsia · 
· E-m:aildED@ZMAIL.RU, · Fid.!X 415-235 

. ' _:_--_-,·_,' ' _: _::: .. ·:_· __ :,-,__ _- _ _;:; __ · .. _·._ '.':. '-: ·,·-_ . ' :.- '".,' _·. '_--, ·,--- ' ·.· "·, ·._ ' •', _-. _;_:. ', . : .. ·-

. Now the.increase ofpolymelicpr~ducts production is observed. Themai11 raw materials 

. for obtaining the polymeric materials are olefins, such as ethylene and propylene. 'Dhe large~ 
. :_:.·.<--.:\;-.':_: _-: ·,·_·\\-,_' .:_ :\.:,;-;-:.--._<_.: '. _.:- __ :·:. _···:_i.:_·;_:·< ... :-___ -. __ ·.- .. -_·.:. :·-_: ', ·;,·,:i,_<:_, 

capacity source for producing the olefins is the pyrolysis of hydrocarbons. The hydrocari;)on 

gases(such as ethane, prop~ne and butane), the liquid fraGtion of oil (virgin gasoline, refined 
:·:--_.:--/:_:_-; .-/:_·~i::.:'·<-,.· ... : .:_.._ >:/:-·_ . :.· _.---_ -_:,:_;.;-.:.:._· ••,_. :·.::;.:.~-' ·:··:::~:. ·::··>i:_<· .. ·:,: ·_:_ .· ---.:i._.;:::' .· _.:. -._.;_:<:/;.:_. :·- _,: :·;··:·,::::_:·::·:i .. - •. :':_· :.<::._\:::=·:'-:..::<- .. i· __ ::,· '!·. :)_-:· ·>._'::., ·:\:<:_:,·:·.·· .:'-.·:~: __ :.\i:-_. ·:: '-:/. -,_:'· _.'._,_·.:;::-\:· ·._·:i:,.i•: ·:- ·._., __ :_--_,-::,.·: __ ·:.:. _: .. :::.-i:•i·;.:·--_ · .. ··:·---_,:.<,;-?:· __ :_· 

oil, naphtha and kerosene fractions, mazut)and their mixtures are used as tbe feedstocks for · 

the py;roly~is prpoess. Npw many, finns and plant$ are analysing different variants for using 

the :wide fraction ofHght hydrocarbos (WFLH) as the feedstoGk for the pyrolysis .process be- . · 

· cause of increasing extraction and production and its low price. If the raw materialis changed 

· it is nessesary to evaluate its aptitude and to determine the optjmal techolqgical rezbime .for 

·operating p)llOlysis units. Solving_this problems by niaking a pifo( or laboratory uni_t requires 

large capifal, material and labour inputs. A morden tool which is able to solve thisand ~thers . 

problems and decrease probability of appearing an accident on a plant is computers' simulat

. ing systems (which include all mathematical description of the technological unit or the main 

node). Tlpls, at present creation of the mathematical model of the WF!ll J'Yrol)'Si.s is .~actual 

problem. · 

The main node in the technological scheme of the pyrolysis process is a block of fuinaces · 
'.-. . " . ·, ,' . . '_ . -_ ._ . ,-, .· . ·,- -: . ·-:·_:· ·.,. --:: ', ---. -.- ' . ·_-:.< ·.. . . .. -_.: 

working in parallel.· Therefor, .first of all it is nessesary to create the mathematical model of 
. ·_ _,,.:_·-:,;=-· _,.. . '";' 

the pyrolysis furnace. 

Simulating the pyrolysis process .in the furnace is complicated by the number of physico;.. 
·_ --·:-. ' ' _-. :_-_-_/:,. __ :' _--.,:.-_· _:_:-_ .. \_--,',. -_-:_._- -.':_...: .. _. ' .... : : ... --·.:__.:_<-, :_ ·.::·: '.: :: '.i., _____ :_.:·:-.,_. :-.. ·: .. -.,- .('· <:·.·;.i"- .. :_:_·--::-, __ .,·;_ ·;. : .. ·--- _·;_:·.:_" :·. -

chemical processes taking place in it (such as heating gas-Yapor mixture in the convectional 

· zone of the furnace, thennaldestruction ofhydrocarboris in the coils, heat transfer through the 

coil wall, !,urning fuel in the radiant chamber and turbulent. rezhime of the stream in the coil). 
,_ .. ,":-'. '/•:·,.._.,;_ ::·: ·._-,.-. ___ · ·.··_.' -">·:-,:·.: .. .-, ::·.·,· . -_.·_:.-_-( :.:_: -.. · .,, __ · - -;:-•·-.,-· <".-.:· _-._-: . .-.::·-- ·- . .-.-.·__ :·:·-:,._, --- -. .--- ··-. ·. ... -_·_-_•::,-: 

Taking into .acco·.un· t the construe· tion pee· ulian'ties of the.pyr· olys1·s furnace co1·1(i.e.·the coil. di-
------·_ ·.' :·. . ,,,•.,;•,··. ·,:;.--.<-.. , ' ',_-_ .· __ ._,_. . ._·._ -: .·' . _·. > _- . . -:·>. . ..... _-_. :,,-·."·'_'' _. ---·::· . . _- :·.: ·.-. ·,:_·-:·:· . '':-:.,:·. · .. _, ·::;_: -_ :·. _._. ,-:._.,-· ', ·, :-· . -·· 

ameter is much smaller tlian its length:· L/d>>50 and the Reynolds' number is bigger than 

105), the process may be described by the ideal forcing model. 



The>id~~lfo,rcing:~oµel.•o,(.thtt+eactor(~il)smclµde§;:thetzj11a\io1mf>f.~ass.;.i11&h,eat.bfll~ 

ances·· .. @cl.·.tl1e·• .. eqii~tfons .•.•. for•·.•·¢alc1tlati11g·;pressui-¢·••·differe11tiat·•·;hiqh.· ... d.escribe··•cha11&11ng,;be 
•.,• -: .. ,_ ., ·.-=:,-._·:--·.-_•,.,,._.•_ ; .-·., -. ·::--· .. <' ,•·,._ .·,;;:·,· '_., ._,_ .. _ .. 

..•. stre<llll. characteristics{sucl1a.s•teinperatwe,.sµ1Jst~ces .cQµcentration~}ajong.the ... coil length: 

........ ·Itn;Hcit· .• ·.Eiler's·•·•~ethodls ~&ifor.soiJ;g•;he rigidi~~st¢JiOfthe ...•. ~ffor;nH~1· .• eqJatip11s .. 

fo~rdertoQbta11eth;jfor~tio1t9611{~fgJ6eJheI11~i~~ycle(AftJigJhe.coil}engtl1)consistsof 
·,: ·_.,-.- '_. ·.:··<: ,-·-: ''":_:--.--- ,_.,_,.•,_-·-_:· ·_: _ _-,,_.-,- --.--;•,,•·-.-- _ ... · .• -_-, . .,:. ::._·,:.··.·-: .-:··:-:·"':. -_ --- ··. "' .··,-:·'. ,,' ·. ···.'·::··.·· .·-... ,·. · .. ::.:·,:·.. · .. ·;.:. .";-"·: 

. three en1bedde<l. cycles••.in ~hiqhthe1nolarstreains •. of the p.iixtµre .• cJmponerits,tlle totaFrnolar 
:• ·:·· .... · .•. ·.·.·.• .. ··.·.---·-:,--·. ·.··. ·.· .. · .. ·· .. ·· .. _-·· ·. ··. ···.··.·::.:._· .... •.· ... •.· ........ · .•.... :-·:.· .. • .. ··:··-.·. ·_. :.·.·•.:·· .·•· ... •.·:· .• ··.-'.·.··.::-.-.·.· ... ·.:.··_. .. ·.:.::::·... . >::::..::.;· •·.·.·.·.·. · . .-::---.··.· ·. .:·-- .·•·· .. • .. ·.·.• ... ··.·.··.· .. ··.·.·.·.···· .... ··.::.·.· .... · .. · .. ··.·· ·.·.··.···.··.•.: .. •·.·\ ..• · ....•... : > .. · .. •.---.:.·:: : ... • .. •.·•.·· ... •·.·.····.· ..... · ... ·.···· ... ·. ·\' ·-: ... · .. · ... •·.···":.·,- .. ·:-.... ·,:.:•--.·.·.·.· .. ·.·.· .. ·• ... · ·· .. · ... • .. ·' 

stream.·.•.·•···. an ..... ··.· .. · d•.t .... ·.•h·····e ... ·. te ...... m ... · ... P. er ... ·.a ... ·. tur.. •.e. ar ... e.• .... s. e. le.c.Je ... a. •.•·· . •.··.··.•.·.•·. i ... ·· •·.··.·.• .. · ... . . ... · ... · .... , · ·. >.· ·.·.••.·.·.··•. ··.· .. ·• ·.·.•· .. • • . . .. •··• ·.···.·.·•.··.<··.· ... ··.· .. ·· .. · .... · .. ·•.····.. ..·.·.·.·.i .. ···.• ·•. . . .. .... . .. ... ··.,·.... . ..... " ·: .. ' .. ;.:·:. ·.·. .-·: .. ... :-. ·.• ..• : ." ·, •:" .. - . __ , __ ., ··.;.-.,· ... ·_'. :·. . . :•_:-_·-, . ' .. :: . ·.. _., ... " ·-, . . .. .. -

}5 Rxea6tioi¼ it1cl11dir1g.2osrib$tan~e$and.··11 fa(iicals areilsed for calc11latfogthe WFLB.·. ·. 
• .. ·.•.·.·.···.· •. ·.· · .•. :•.·.·· .. · .. ·· .. · ... : .' ....• ··.· .• · •. · .. •·•··.· •··.· .. ·.·•.· .. ··.-;·:.• •. :.·.·· .•..... • ... >_. .. ·.·.· ... ··• .. ··. •.·.··.···.•.· •.. , .•. --' ... •.·.· .. ··•.····.·<. · .. -:•··.·:'.•.·.·.· •. ·.· .•.. ··.···· .. • .. · •. · ... · .. ······ ·.·.• •. .-: .. ·. •·.· .. ··.· ·•· • .. · ....... :·:.=· ·.· ·· ..... ·.--, .. ·.·.·.·:· .. ··.· .... • ·.·. ···•··.· .. · ......• ·•··.· ... · ... ·.--:· 

pyrolysis. }ci~etics .. The stream 111ixture ~haracteristics.(su~11··•asthe.111ixt11red~nsity,. th~ stream 
:- .. ·.·.:·..:· .. ·· .. • .. ···'.. ·.·.· .. ·.·: ..... ·,:.·.· .. ·.··.· .. ···.·.·.•.· ...••. ·.: .•. · ... ·::· ..... · .. · ..• · .. ·.•·.·:• .. ·•.·.·.· ..• · .. ·.·.·.><.·.•.·-'··.•·.• .. · .. ·.·.··.·.•····:-.-: ... ·.·.•. · .. ·.·.:··· ..... ··.· .. ·.··.·.··•· .. •.• ... ·'· .. • •.. ·.·.·•.· ... · •. ·.·· .. · .. ' ·: .. : ... :_:.• .· .. · •. • .. >:·· .. >.·• .. · .. ·.·.:·· . .::: .•. ·.:_·:•-:·.·· : .. ·.·.·.•.· .. · .. _; .. · ... •.· ....... -:.·.· ... •··.· . .-.·.··· ... ·.· ... ·.'.·:-'·· .. ··.· ... ·.· .. · · .. --.,· ... •·.·.·.::·.·.·· .... ·.·.·.·:· .. ·'· ... · .•.... ·· .··• ... ·.··.··· .• ··•.· ... ··.·· .. · .• · .... ·, . 

velo~ity,the heattransfer· intem,ity; enthalpy, heat· capacity, heatconductivity,•··•viscdsity of tlie 
substances) changes along the .. coil length because ofcb.a11gingthe stream compqsition,Jem"' 

· ~~µ,;;~~i~1iti~:x1~1~f~f~Ju,;~¥~~J~~£re1~tgi~¢ ~i~i1e\1~11¢f \W~T"~d/ 
The .... ·viscosity are·.· caJculated .. tpy Raihcnberg's .. · .. method; 

Sherwood one because theseinethods. are the most exact. .·· ·. 
• ... ·.· ... ···.··· ... ···.··•.·.·.· .. ·. 

Tllefesultsi~e·•shpwn .. iff··ng.4·•· 
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Most methods used in processing of mineral raw materials are based on two opposed pro~ 

cesses:. dissolving (evaporation) of desired ingredients· of raw. m~terials and· crystallization of· .. · 

produced phases. Generally it does not require excessive power consumption. In this relation 

. an idea· comes to exclude clisSQ)ution .a~d crystallization·. from the processing and tc> replace 

them l,y top~hemical tnmsfoQ!lation of the primary raw materials. If the raw material h~ 

been 'underwent granulati~n, the topochemical process may be localized i~Jhe gr~mle bulk. It 

results in new technological possibilities for controlling the process Iiot only by conventional 

treatment (heat, .chaoging the compositilln and the flow rates of solutions, o~ so on), but also . 
• :- . ·-· ••. ·: -_. , .. :.-.--· .... · •• _- ·.·;·,•:.:- - .- -·-'· - ·_:. ·O :·· <: :",'--.: · .-- ·• ... -.. ,, :. :-.:" ... · ........ . 

by modification of the size, shape and itmer structure of granules .... 

• We have carried out a mathematical modeling of a conventional method for processing of . 

raw material (through dissolving) and compared it with a t0pochemica1 process. It is shown 
·:--· _·:·.:: .. ::::--\•·_·--.:··•.,:_.·_,:.· :·:,:·:· ...... ·., .· :::';·. :·.':--·::_:. ·:.-_·---_ :·····.·. · .. ·.'::,.-·, __ :_:: __ ··o:--:·'. ·. ·,:·>·· ___ ··"-:-.:· . :; ,. : ' ._-_· 

that if raw material is processed through topochemical route of.the chemical reaction, in this 
. . ' . ,. .._ : ,,. . . . 

case higher technical (power saving) and ecological parameters (increased yield of a final 
...... ' ... '.. ... . 

produc~ possibility of direct utilization of production wastci) are achieved. 

Based on the obtained data a technology for production ofphosphoric acid has been de

veloped in realizing a topochemical route in the processing phosphate raw materials (apatite). 
. ' ·, ........ , '_,. '. ' ",.··.. .:·:' ·-:. .., .·. _,· , . 

. Technology involves a consecutive tise ()fthe·•.followi11g· operatioris and .. apparatµs:····grat1ulation 
: ' . ' . ' ' . 

of apatite· in 1\ granulator withtfoating th(;': granulated II1at~Hal with s11lfµric·• acid ~olutiorrand 
:_.·._.,_· .. ·.·\·' ,:::' ':· · .. •.-::. '·- ::-:'·:"'- :,-'· _.·· ··:·t.: •,·:·--: .. -:·<·_ .. :·." :.:,:-.:/.>.' :- '· .. ,_.'-:. ·. -:-;:.\ ': .. \·.<··· . ·:,.· __ :._:_; ::,-; . ._ :.-'.:•:-· ".·:>:\:': -._._.. .... ,_,' ,•_:,- .. ·· _·":<: 

cov~ring¢e granµJJs ·l?Y pprousJayer of calpium.sulfateand. attaiI1111gt4e{3tr~ngt~• of granules 

-· 1.ll ~!jllll'; r•al~•l!OJl ofJoi,op lJOlllita] rel\ctio11ln •.. co"'ite,purent wiul))n ~,?c!Qrgivi~g 
.• granul~sofcalchu:n·sulfatewaslledfrom.thephosphomsandproducedphosphoric·.•acid;·s~pa,, 

Phosphofic apid·yieldwasshowntojncreru3(;·fo:r 3~5%.in. c9mparison with .. conventional 

processes.·· ... t\pplic«ltio11·.•·•of• .• the·.·topochell1iCal.···technoloiy·· ... results.iR.dec;eised.···c3-4·•··ti;es ... less) 
. · ... •·.· .. ·.··.•·.• .• · .. ·.··.·.···.··.·.•·.··.·.··· ·-.·•.::--.. :·:.·· . .=· ..... •. · .. ·.··· .... ··.··.·.· ... '' .. · ·.·: -:_ .. · •. •.· .. ··· .. ·.• .. ·.•.· .· ··-... ·.·,-:· .. ·.· .. ·.·····• ......•... ···.··.· .... · .•. ·•· ..... ·····.· .•. ·· .. ,. ,' ·--.••.•;:.··.· ·.·.·.·.·· ........ _ •.... ·.···. ·., .... ·.··•.·.·• ... ·.· .... ·· •. ·.··. ··---•. ·.·.• .. :.-.· ·.· ... ,-.· .. •··.·.· .. ···· ... · .. ··•·.· .... · ..•..... ·.·-'··:-.·.··_·_•: 

content of phosphorus ingranules ofphosphogypsurn. than in a conve11tional··method. Such 
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Qualitative and guantitatiye simulation results are reported and discussed for the problem 

of gas flow thn>ugha two-stag~ catalys; bed consisting qf a gauze pad ~nd honeycomb mono

. lith bed. Monoliths channels are rectilinear, co-axial andorthogonal to a gauze pad. A reac-. 
·.·• .. ·.·.··,:.:"." ·:·•· .. ·.,.,_. .. _-/ .. ·· .:,(_':: .'.{·"· ,-;-:·· ... ·. ,.,;·" · .... ··.·. ··:·.··::-,- .· ...... ·.·,,.-::·· .·. ·".,' :•·, ·:.· '··' '.'·.-·:. ·. ·. 

tion takes place on both parts of the catalytic system. Such. system is currently. used in 
>i:: ... : i··r\_._;·: · .. :.:\::-:--;.:.· -....-:- ·;-· - .··.· :·· .. •:/\: ... ··>.::,: ... ; .. _..;._· .. · :·\i(;, ... ·.: ·_:: .. : _._. __ .. .-.:.i·-<·:: i:.:_< ... ,:.:.:.·-·.: 

ammonia oxidation at nitric acid plants [l]. 

_ , J1ouimplici\:y the. honeyc_omb:'/l C9D"iiJered as a- tw~7diI!Jcensipi:ral. f!at-perjodic structure, 

. representing channel. walls as solid impenetrable plates of finite thlckness. Gas flow i~ consid-
•·: ........ -.. :···.' ·._- ·:. ·.:.,. / ::::·.:,:.. -: .. :.-\:.··· .. ':C.:._'.·.· ..-.::.:• .. :-_:-··_::·._:'·::-:.·.: ··: ... 'i.'.:. · _.,_-·:·'· ·.·.-.-::'':'(···· .... > ···: :··.: .· .. ·· .. · C·:·:. ... ··: ·;.·.:i·.,.•· ·· .... • .. ·-, .· 

ered to he viscous, laminar, isothermal, and. incompressible, w.hile pack ofgauzcs is isotropic 
·.= • ..- .... ·· ·,.':·,·:· ·".·,.'.'" ' ,·.,·,,··: .. --· •. ··--·: . --,-· ..... '· ,:,·._- '•,:•,',•. -.··,·.·: .. ·,·.· · .. · .. , .. · .. ·,-,' .: .. ··· .· . .-;, .. · ·,.···· . . '.·.-.•,·:._-. ·, .· ·, :.·.--.· -. .- · ... , .. ,·,.:.-, 

and homogeneous. Catalyst activityis assumed to be e:xtremely high thusproviding a mass . 
- ::'::::.:·.· · .. _-,: ··,::.:: . . ··,·,::,, ·-:··':-):::: . _-: ·.·:,:.. ' ·:--,-,=: ., _ _.>>··:··. ·-:::-._: .. :· . .--· : .. ··:i\'·::· ... :· -,: ... :·:, ·::' ··.--::··,· .. ··::,:.·>:·-:_< :::·'-:::·:.-:-':: ·· ... ; .. ,.·=·:,(.''·.::: ::::·:--·:;,:-::··.;:,:·_'c'.>: ·.' :,• ::·= _.·· . :-.-::.::--,·:: 

transfer limitation. At an inlet boundary of a calculation domain, gas flow is considered to be 

.-.: . ,• ... .-,·. ', :.: :-·,::·:_.. ·,·:··..... ' .. • . :·:.-'.:··.. . · ... ·· " ...... ·· .. ...:· ·," .:.,·. '· .:· ... · .. _.._:' ::_._..--:-·. . . "-".:.: ·.· ..... : .. ·:·•. ,. . .·._: ·.. ..·, .. ·,. ·,·.• 

· ··The numerical code used in calculations 1s based on a mathematical model represented by 
. . . ·:: ::·: ·.·· :··. ' .... ·, .. ,.-· :· :.: . '.· :·. ··:; . 

a set of partial differential equations. Resulting numerical solution are two-dimensional in 
.-·_., .:· .. ·--.·:, ... ·· · .. :.-.·· ... :<·<:'· .,·,·. ·::···· .. : .. : ·:···,:· ··•. ··:··:. ,·: ··: . .• . :__ . ' .. · -.: · .. · . "i . . ··:· , .. :··- . ·:- ·: .·.--·: . ::··:·.·: 

space, time-depending fields of gas flow velocity vector, pressure and active reagent concen-
.·· ... ·.· ... · ... ·.· .. ··.· .. · .... · .. ·.· ... ···•.· ... ·.·· ··· .. · .. · .. ·•·.···•···· .. · ..... ·•.••.····.···•···· .· .. ·.· ... · ... · .. •.··· .. ··.· .. · .... · .... · ..• · .. ·• .. ·.··•·.·.·· .. · .. · .. ···.•····· .. ··.· .. ·. ··· .. •.·.·· .. • .. •· . . .. ·.·. . 

tration .. Gas·flowdynamic.intentction with the packofgauzes.isreprcsented hya effettive 
. ' ,-.:· _. ::, :·:·-.; ·.'':.. . . •,·· . . ·.'.>,},_·> :··::-.··::.:·\. ;· ... :/._:.: .. ·' ':·-.' · .. '.··-.> .. : .. ·.-· . .-:, :.·· .. :'._ · ... _.,-.-.: ">'.:·:,- .-'.·:;.:.:·:":.",:,.-.' .. i.-: :·.· .... :·.·.:: .. :><; ,.'.:_,:·--· '. :': · .. ·_,.:: ·," .. 'i\···;··.·' ·.· :·.: ·.-.. .. ...-.··.:.;'··_.<: :·.-... ·; 

. porousmediµ:m approximation. Thus stated equations set is.• solved.in·primitiye variables,Ji:. 

niteelemerit ... approxinfation ·.principle .beingapplied. Pre:ssure field isdetennined by an•.9ngi~ 

nalSIMPLE4ikealgoritmn. 

·.·.··Mbdel constants ¢orresportded to. the air flow with .operation parameters typical for reac-
. . . . . . . 

tio~ •• zone .. in•.•a·•.re~l•.•catal)'tic···.reactorfor·••annnoniaQxidati?~•·.•.j.n.hi~•··pre.ssure1iitric •. •.acid•plants . 

. Geometry u~~d f'or cakuhttio11sis also Teal {or the conve11tional mqnoliths and packs ofplati

nurngauzes. Flat-periodic.channel sizing is perfo:rmecl for a pairofdifferent cl:lSes. One case 

is· <;haracterized by .walls pf thy same tliickness as in ho111;ycomb. In <mother.one a structure 
. ' ·. _·_-.-· - ·, .... ; ->· ': _-; ·._.·· ·=···.: <. ., .. · '.":· :·· ··,·.·. ·.·· 

period has tpe S(l!UC y<ilU;e .as jµ a real monqlith. A porQsity qf a flat·. structure is ahyays. the 

san~e asa J)()fOSityofhoneycon1p. . 

Effi;:ct ofa distance.between thy pack 9f gauzes· and the .fnmtal .surface ofth.e honeycomb 
. . ·:.:·· ... ·•.·· .. ··.•.· ..... •· .. '.·.--·· .. '_':•·.··.···.·.: .. · ... ··.·.·•· .. ·.·· ... · .. • .. ····· .· ... ·.·.::·· . .- .• · .. · ...... · .. ·.·.·<.·. . · .. ·.:· .. ··.·• .• : ...... ·•··.· .... · .. :.·_ .. 

monolith was Studied, Calculatipns show thaJ extinguishing ofthe transv~rsalcomponent of 



.. - . '-_-, __ ', -. .- "- - .,_, --- :_ •"' -·-- ,-, __ ,- ,-·- --.--· -,;,_ --,,--,. 

flow velocity in the porous gaiu;e pack is so hlgµ that the flow exits. the bed. oriented almost· 

parallel to channels walls. This means that gauzes paclt in the reactol' possesses practically ab

solute refraction property; This res.ult is confirmed by an. anal~ical estimation. This obstacle 

allows to study a case with the inlet flow direction parallel to the:longitudinal axis ofmonohth 

· channels only.· 
'. •< •• .- ••. •.- _--,_-.-:" .•' __ ,• .. , _.•., C: :•-_- _:•--: '• -_, - - '.-,;• • '• _- -- •, - ' • -- - -,. '.' -, • • • "••,, - -•"' • - -, -- • ,' •,- • •.,. •_-_ • ,• • •',- -- • 

Numerical restths show that a wall streamlining nature changes not monotonously with 
· __ -. -·:.:. _., ..... · ',_, .·_ ' .. ·.-_ . ,;, '-----·- ·-·--_· _ _-_ ::.-: -.-· _ .. _, -· _ .. _ _.' .· - ._. ···-: 

increasing· a distance between two parts of a catalytic system. Flows may he as stationary and 

non-eddy, as pulsating with recirculation zones. For pulsating regimes time:averaged solu

tions were obtain.ed. We have foundthat integ{al reagent conversion in a packweakly de-
• _- 0 '-" C '•,', - -.,,:,_'' - ;••,•; •- -"_•;" _--, :-0, '•'•', c; .,_.',_-:• .... -,-:,: C .'- :' _•,-. _ ,_" C ._.:,;, -_ _-_; ;:.",-_• _._.:_-_,_•: :, .',,-., -,,' _ •• -_ ,;_- ,"_ .:• ;_>,• .. _-:-.'._':;,•, ,_--_,-•_-. ,:•:---••:•., .-,. ,_• -.,._,._ --: .. -_-_- ___ - _-- __ ::: .. • , ,: .-, _-, _.-.. --:_;:,-. 

· pends .on. distance,. being minimum· when both compartments are attached; Longitudinal.· 

reagent iliffusion leads to a l-3% decrease of its concentration at the paok inlet.· A distance 

between the monolith· and the gauzes pack essentially effects pressure drop at the inlet of 
',', .-,,-··._. •' ·.-_·,. - , .. _., ._-_·.- -----:-----_- .... ----· '_,-_ - . - .. -: ---:·.- ·- ;,_ .... 

channels. This numerical result was confi'{llled by a special experiment. .· 

As a resuURrecommendation for a commercial application of a two-stage catal:ytic sys-
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fto.v.tJllldba.ql{.ll~atshiel<isoJJthp.performance ofaiyQnqlithicc.a.ta1ystwas•••studied; .. 'I'h~ .. dafa 

obtain;(i atsi~iU;r Jalu~s 9fproJfuJe gonJ~rsibris and •oierating fe1nperafures s1ioJJhat <tdd-
irig• .. of.the hack. sbielddecrt:aS(?$•.propy}~llt\selectivity · Q'h'lllgtoits ci:acking,. a,11d this ... trend·is 

n16reipfon6unced at lligll;t()Jer~tiont~rnperafuies. \Vithoufthe fro11f ~hi~1ditli~ prgpari~ ;nd 
oi tsicort'i~irn i~,~~.IfJµ~h.meI~~~'.temper•tu~~~tre[atf ~f ~m<>/'?lit~•· 
is ~Qmewhat.l;igherthan· th;:it. \Viththe frpnt shield <inst.aUey.L The .·high outlet gas.temperature 

. ' .... ·-·. _•,· . . ' .. ' --· •' . · .. 

anci··low. prbpartc a11a·.·oxygeH6orivetsi6ns §uggestitnat Withb~t:th~·front therinal .· shield,lh~. 

m,9no Ii.th. The.· front.• .shi~ldJ1elps Jqk;f p .heat ge11er~ting atJbe.·.~aJalystap.d flatte11$tl}etem:.·· 

perftjire ~~aieil(Afp~gQ!%·»\~ri91j\~1:g~~~{~r;f ~tQj~'r~e";ro~;i.eilon~ersj&;\and 
oltfi11s yield .. Theref ore the t@n1perature profile along •the. catalyst being• qqpendent .·.on• proc-

·· .. · ',.: ,•. .·· .. •,.:.,,, .· ... ··.:"·. · .. :,_..·.• 

es$es•pfheafge#eratio11~ndtrtm1>fefisveryimpOrt.mt 
·.·.--.·_ ":-_. :.'.': '. ;:, . ·_-,::··. 

To Glarif3/the roleof heatgeneration and its transfer alongthe•monolithirrthe.aµtothe:r-
.. ·.. . • ... \ .... 

~~ .~r4e,jhtdep~~d°¥eo!the'Ca1t~ften,f era,., f r9p~•i~U;ersiJ;;art~ P~d4~f s•i 
Iectivity 9t1·ifue.•feed•··. r;ate, .. ·.·111,onolith•.·length•a:qd•·· its position.inthe.reactor .. ·•was studie~L'I'he 

. ,.· . ,,:··., . .. :·, .. , '.·, ,:. . __ : :, . _:·,: ,·,·· ·:.·.· . .: 

.· re~hltsol1tain.ed show tlu:f absence ofa11y ·gener£tFrelation·betweenth¢1Jtopane convetsion•.and 

contact·•·#me•.·.for .. m911oliths· .. ()f(urferenti•Je11gth .. Similarly, .. ·Jll9Il()lith.•.··})0Sitio~inthereiwtor, 

me~.dttalyst .temperature and·•spac¢ Yylochy .• do llOt detenni11e•·.pr6pape conversion a114 selec
ti\iity. Theref ore,••·to cotjipare results obtained.•ip differehtreactors a cataJysthedconfiguratiori 
a:qa.•· g~. velocities·. sllquld.be .yeryisiniiiar. To .. decreasy>the.· .. catalysf ovetheatingat the reactor 

outlet,jhe·heat .. exch~get···WaS.qe.l11onstratedtobe.·very·efficient, .... l{oweyer;.¢0mparableyalues. 

of propane co~yersioJJ$••aIJd.pr9dµ.cts.seiectiyities.for.tµe catalyst• p.erfgnna:qcein.both .. types of 
reacfOfS··scWith •. and withoiitthe heat·•exchanger,allowsto co~qlude .• thatin all cases•.they are 

'111.:MnlY deter111inedby.the ~ig~teniper~tµrci$ dey;lop¢µ 1t1fhe llilet .• parL9rinoiio}ithiblayer. 
:··. ·· .. ;_.-· ;,:;'_ · . .-.- ,' ·.-···-., .·,-.•.- ,··· ·:·:··-:· ; ;:_· .. _ .. :·" ... ·,_-. · ... ,:.:·. ,·:;, .. -··. ·,._:•.· . .- ... --·,·. :·,. ··:. :'·:·-_. 

C<nnpari1;op,•·•.het:ween perfonn~nce of• the ,cµJaly?t f:r~ction(0.,25~0.5 xnru)ap,d 111.tmqlithic 
. . ..··· .. ·· -.· .. · .. ·.··.·.· ·.· •... · ...•. ·... ·.·.··.·.·•·· .· .. ·.·.· ....... ·. . . ·.·.·.:,: .· .•.. ·,·.·.··•.··.·· .. ,==.·:· ..... · •.··.·.·_,.· .•·· ... ·· .. · ... ··.·.• • ·.·.··,-•... ·· ... ··-.:;· .• · .. ·•.·.· ... ·.·.· .. · ... ·· .. ·. · ... ··.·•··· .. ····.·· .•.• ·. 

pie~e sllo'Y~Jhat ·due.to.· me go,§ flqw tµrhulence.a:qcij1lllon1og<::neity il1 the packing of fraction 
::_- .. · .... :·,:._:,- . ·:.:::: :.· .. ·-_ ... -:·-.-··:··::_-.:_.-,_, ,_:,.:_·'_ .. · . .-,_·.·--:·· ,;,'.··:-···:·._._:·::·.: ·:·.: 

within the l~yer,the.•degree ·Qfpropylene crnckingishigher in the former case., Jf suggeststhat 

crickinge;silJ ir()cee4s.tia tllem1;1lyactivatedproce&s··•i.n··the gas.•pllase,Jience,. to .minimize 
· ... ·.•· ... · ... ··.•···.·.··.··•···•.··... . ..... ·. .· ... ··.·.·.· .··"' .. ·•····... ..· .. · .. ·--···.·.·•.·· .. ·.',,.·.·:· ... ·.--·:··.-./ .. ·: .. ·· .... ·.--·:,: ... ·.·.·.· .. ·· .• ·•· .. · .. · .. ··· .·.· ... ·· .. ···· .. · .... · .. ·.·.·.··.· .·.·.··.·, ........ : .... ·.•.• .... · .. · .. •.·.··.·.· .. · .. ··. ·······.· ... · .. ·.·· 

cracking, wemustusestraight-channelmonoliths.whh verynarro~ chatWels,. decrease the gas· .. 



.::·.··.·.· ....... ····.• ... ·.:::.• .. • . .:·>·_::····.·.•.--'._.· ..•... · . · .. ·.· · .. · .... ··.··.·•.·· · ..•... · .·.·· .. ·· ··•···. . .. ·.· •. ·.·. . . . .•.··•··.· ·.·.·.· .... · .. · .. •.·.·_:.•... .·.·.··· .. · ..... ••. ·••··••• ... ·. · .. ·· ... · .. > ... ·. · .. ··· .. · ... ··•·· . ·.·.· .. •·.· •. · .... •.·.·· ...... ·.·--· ... · .. ·· ....... :."··· __ ...... · .. ·· ... ·.,_· ...... ··:-.·->_.'.~ •. i'.).· .. 

. ··r~~iilenc:e·.••tiiµe.••·.PY•·•.iIJ.<1reasingl,¥1ellt ... Yei9c:itit:JS'1'1!JJ.il~)ke~ping.'theg;:itajystJ<?mperatl.j,te•3:t•··•tllr 
~ 

opti91µ91 lqyetby.contrqlJ~clpreheatofgas atj.<l 9t1ta!yst. = 
.. · ... ·.·· .• •· •. · .•. ·.···.· ... ·•··•·.·.·.·.··.·• .. · .. · ....... • ··. :· ... ·>·•·• .. ···.· .. ····· •.· .. · .• ·.·-.···.·.··•·.··.•·.·.··.·.· .. .-;.· ,:, .· .. ·. · ....... :-.· .. ·· .. ·.·.·.··.•· .. ·····.·.· .·· ••. •.·.· .. ·· · .. •.··.· •. · ..•. ·.,·:-.·.< ... · .. ·•··· .. •.· .. ·.·.·'•,·-.. · •.... ··.··',. ·.•.·'".·.·.··.· .. · . .. . . .·· ... · ••. ·.·· ...•.•. · .. ·.· •.. ·.·.·· .. ·.·.··:· ..•. ·.·.··.· •. ·•.···.··.·····•.·.· ........•. · ··.· ... •.····· .. ··• .. • .. ·.·• •.. •.·· .... · .. ·.·.·.··•··· ..• ·.··.:,. .. · •.. ··•.·· .• · ••.. ······ .. ···.·· ... ·.·· ... . 

ThiiU11pact of gas-pliase.rea()ti~ns-.dn :the process f;>f ;ropane <)X.i411ti;e deltydr9ge1141tfo11 
···.· .. ·•····•.·.·.·.·-' .. ·····''-.•.. ·•·.•· .. ·· .. · .. •.·.· .... ·.· ... · ..... ' .•..•... ··'.· .. · •.... •.· .. ·.•·· ... ·.·.··.·.· • . :-:·.·,· . . ·.···•·· .. ······.·•,··.' ..• ··.··.·.' .. ·.··,.· .. ·'·•.··· .· .· .·.·.· .. ·· .....• ·.· .... ·.·••·.· .... ·· ...... ·.···:: •... ·.• ... ·.·. ·. -.:·>···.·•.· .•.·.··.···: ... ·.• ... ··.· .. · .. · ..•. ·.· .. ·.· •. · .. ·.•·.• .. :·.·.·.· .. ··· .. • .. ·.·•· .... ··.·.· ..... · .... ·.·•.··•······: ...... · •.... · ...... ··· .. · .. · .....• · .. <.•.·.· •. • ..• ·.· •. · •...... ·. · .. ·.·•.·.·.•.·> .· .. ·· ..... ······.·:·,·.··.•.· ... · ...... · .•. ·.· .•...•.. · .. ·.·· .. ··.····•· .....•. ·.··.·•········ .• ·.,· .•. ·•· .. •.··· .. ·.· .... ·,· .•... ·····•··· .... :,-.·.· .. ••··.·.· ... ' •• ----·. ,'.·_,:_ -. ,.:•' _: -. 

atshortfont~cttime$.has.hee11 ilem,onsti-.llted·by . .results ofex.periments, ,with iVarying·Jhe en1pty 
. ,, __ ., ",-', ' ' . '.- ··.· ._._,. ",,_.,, ... ·: .. ·.· _'',c:_ .. _- .- . ·::"•',• ';.-:,_,;_· ·-c :_,_... ._,_._. __ ·: -··-- ·-,:····,· ,-:-· .. ' -.· _,-_•'•,",•"_,_·_-, ._- ,--- ·--,.-.--.. _.. :·, 

vari~l>ly clista11ce between .twQ. pai:t,tof;the .... inonolitlliq•. c~taly~tA§ forthe case of a]5ig dis,. 

taj,y¢,t~f t~3if j~ •~tler~o:f oi~ ;ft~,~~~i ~66.;f ~tHf ~.~ef %hf f 1~~J3/t 
· tance.·•··•.between the inonofitµic pieces·.·.·is reasonablyJong(8.•·.rnrn),/suggesting.· tpe es~enti~l 

impact,of tlie h6111()genedllS, reacti6n prJceJdiri~ in the sffiace befu,feri tw9 ,m~n◊lithls 1iarts, 

coritributi~h of ihe hbmb~~neb~s r6iction lJein~iC~rtail11y higher/for high~r1iti~i¥ te10EitieS 

(f~1[f ~:µi~~~;~r<)~aJ}¢0!~"~f ';fo~i(~t~!t~!i!.'llt,Ojl¼#)6~~&1iilty tifd~d 
He11ce,pureJYlj,et~rq.g;ne9usp,pproachisceqai~lyprefer1:tllle. · 

·.·.· .... ::•.• .. ·.··." = .. ·•·.·.·.··.·.··.·.·.· ·,. :.·.·.· . ..-, .... •··.-'· .. _·;. · .. ·•.·. · .. ·.· .. :--- ··-:.,· -'.'°-:··,.:.:: : ... ' <>.:· .·.-. _ _.. __ :,.: ····<,.':'. .. /•:. '·'::·_ ·.:.·:·. · ... ··>:=· :.:::-\·.:,·: ·.· ·· .. --··: .' .::·.· . :'_:- ;::, ... ··:."'. ,.-.'.< .......... · .. ·...... :;·.-·.':'· .= ..... ·\. · ...... :.:·· 

· •. C.c.oipplex zirconit1m phosphatessµppbrtfd 911to conmdu111.111forbnwnoliths f ere.·.foun.i ....•....... d t .. o ... · 
'.:•••.•. •.•.• •. • •• •.•.•• .• •·.·.•:•.··.• •• •.•.• .. • •.• •• •.• •.·.• •.• •• •• • ••• • •• • •.•• •• •• .•• •• ... •••• .:.'.··.• ••• • ••••• ••.•· •• • •• ;•·••.• •• •·•O.· •• •·•• ... •• •• ,'•,' •.• •.•• ••• ••.• .• •.·.·>•• .. •·•.•••· .... ·• .....•. •••.•. • .. ·.• ... •.·•.•.·.' .. ·• .. •.,·• ... •· ... • .. ·.••.• •.•.•.•.· ... • .·.•.•.•• .. • .. '.• ... •· .. ·.•.••.·•·•••• ... ,· ... •· ........ ··•• .. ·• .•• • .. •.•• .• •.•·. •.• •..... ••••• ... •• .. •.• .... •·.· .. ·•·•.•.•.• .. • ... • 

be.'.able·.to suppqrtthe autqthertnalrnode•· of propane oxidative dehydrogenation atshort ..• c¢ri~ 
.<.:·· .. ·. ·.-. · .. · •:.'.: ·"--··.· .. · . · .. ' .. ·.. .: .. ·.-; . ·:· :'". ·· .. ·• .. , ..... ·. ... . . - . : . ·. ' .. ;, .. , .. , .·. ·. .. .. 

tact··tim.es ·even·.-..vithout Pticldition.·· .. Tremendouslyi111pqrta11tistlli.f actthatthese catalysts are 
· nqtsubJectedt0cokirig.··•eveUI()rfekds· •\Yitllthe 6xciss.ofpropant andthefrpJ~oifuart~e···is 
stable; For tho~e sysf ~111s; the ptop~lerie yield JaJihigherili~ tliattof coiu~cli!fu Supigrted 
Pt.'iln·.,·theiadtothennil·.·~011diti6llS,ill•·;the •. r6actof >nof·eq~ikped .•• •~ith•·t1ie•.·.h(;af •··eitghaftgef,.the·'· 
temp{)f~tw-~···••hsµilly)increases·Withthefeedtated4e{~.fii~dl'fate.ofheat')genetatiort'.·.·•:As·the 

.•· .... •·.· .. · .. ·····' .. •.· ... ·.• .•. · .. ·· ...... ·.·,·.· ... '·· .. ··· ...... ·•.• .. ·.·.·.'.--:. ·.• •.·· .. · .... ·.·.·.· .. • .. ' .. ·.· ... •.'.·· ... ·.· .. · .. · ...... · ..... · .. ,.· .. ·. ·.··.···.·.·.· .. · ... ·· .. ··.··.· ....... ·· ...... ·.···' .. · .. ·.····· ........ ·.• ... · .. ·.· ... ·.· .·.· .. · .. · .. ·.•·····.·.·.•···.·.,· .. ' .. '.·.·· .. · ... •.··•.···.·.·.· .. · ...... ·· .•.. ···.· ·.·•·.· .. ··----·.• .. · .. · .... ·.·· .. ·.•.· .. ····· .... ·. • .... • ... ·, .. ·.·,.··.·· ... ·· .•. · ..•. ··,'····, 

result; propylene cracking 111to ethylene and• methane. prevails•··at.short contatf tifues:1•The 
.. :-. :,--· .. "·.·.: .·. ·.·.··'•.· ..... :·.·;_.· ·.·:.. ':.- .... .-.. ·,.·_- ... .-:, ·-- .. :, .. .-·.- ·.', .- . .-:'· .: . ::·: . '_ .. ··::. '· .. '··.· ·.-.:. ·_:: 

·cracking·was·····fourid io•·•·be<·rathel'inJen.siti\Tltolthe .. acid-base .pfopertiis of:the.•·Jcti~~• ¢0111po'-
nefit• .• antt•·wiinly·detbttnirt~d. 0:9'.the?sufface•·fnitlated.tadical••rea¢ti6tis••··in llle gas•pttasf at nigh·· 

(>.•'750"C:)lerriperatcites;i'A .•. Ibw·••abilityofcohtplex·.·zirconiumiph0spb,afes.••fo•·. coftfbustproparte 
·: .. _-, .. ·.·. ··. ._.·.·· 

lim.· ·.·• .. 1·t.·.•.s .. ·.t•·.•.h ... · ..... ,··.··e··•.··.•·.··••··s.u .. · .. ··.•.r···· .. •··•g,··.·.•·.··.e.·•.·.···.·•·•.··.O.· ·· .. ·•.··•.f .. •·.t .... e.·.····m· ... ·.•.·· .. · .... ·.•.P.•.·· e.·• ·•.r···.'.a.··.·.·.·t.·.·•·.u. r'·e···.,•·.· .. ·.··.a.· ....•..• t· .. · .. t.h ... · ... ··• .• • .. e· .. ·.·.·.•.·• .. m.·. •· ... •·.o.··•··•. ·n··•.·.· .... ·.··.o•••··•·•.·1· .. · .. i.·t···h· ... • .•. ·•.•·.·.•.1··.n·•·•·.··•1· ·e·.·.···.t.·.•·' .. ··•.•.•.·.··.·.t.· .... ·.h.·.•.·.·.u.· .. ··.··•.s .... · •• ··.<d·•··•.··.·.ec·' .. ·· .. •· .. ·••··· .. ·.···.·.r.·.' .. ·.e.·' .. ··.·•a·•·•.•'·s.·.•·.1· .. ·.·.n.·.•·····•.· ... ·.··•g···.' .. ·.··•.·.c ..•. · ... r ... ··.·.•.·.a.• .• ·.· ....... ·c.•.••.·.k ...••. 1 .•.. ·.,··.·.·.n.·.'.•.·.· ..•. ·.g.••, ..... ··•·.·.•.·.·.,. . ... .. .. . . . ... . .. .. . . 

· ..... ',·.·.·.··r.··.·.·.n .. ·.•···.· ... g ... e··.··n·. e.ral. ··.·,c·.··.·.·.·.r.a.· c .• ·.ki····n· .. g.·····.•.•··P .... ·· ...•.. l1 ...... ····.o·.·b····.a.• b.·.··.·····.i.l·.·1.··.·•ty···· ...•. 1•· .•.. s ... ·.•.··•.•.d •. ,.·e ... ·.· ... t···.· .. e .. nn·.'· ... · .. · ... i.·,n .. ·· .... e ..... ··.d ..... b·· ... ··.·.y. ' ... ·.•.•·.•.t.•.he .. ·. re. ·l··•a. ti· .. ·•· .... v.•.·.· .. e .... ··.·.·.a···h···· .. ·u·· .n·.• .. ·• .. ·d .. · .. ····•·a· .. · ... ·.·.n.·.·.·c.···· .•. e.· .... ·· .... >.O. f .. ·'.• .. · .. ·.• .. h .. ·.• .. -.. -.·.>.p.•·.·.·.·.·l1·····.0.·• ••... •.·.p.· ... y.•.·.·· ... 1 .... • .. ·.· .. ·.·•.a···•·.···.n.·.•.··.·····.d.·•.·.·., 

secondary .. pr◊pyl •radiqals: Whil~the latter is rapidly• converted,·intoipropyTene by.the hydro.; · 
, , ... ·.• ... · .. .-.; .. · ··.··. . .. · ...... , ,. •.· ,·.· .. -:_· ·.·· ... ·.·.-.:·--.- ... •. ,· .. ·" . ::.::·.· · .. · .. · .. --.·: ..... . 

gen ..• atom•··•ai)~tractio~theforin.¢r•·\··is··splittedinto··niethyliiadfc~l··•tmd .. ethyle:ne.•.Hete~9genipus·•· 

route•.·fa~ors .•• fofl}lati011•·of ·secqnda;•pmpyl radic.als,~iue•·i•tq.··lower•·i-e porid •.• strengthJor.•.·cen- . 

tral ..•. carbon· <:1.to111-~Theaddition of .hydrogen fo the feed arid p.resence6f Ptin thecatalystl1elp 
. " .· .. ;:.:., ... ··.· '··.•:-. ' 

to• poriyert itC3H1···· i11to n .. QjH 7 via hy4fogenation··· •·pf prqpylene~ .. thl1s .. increash1gcf~~kitig. 
·_<'.--.:·.:.··.·. ·_..·:>:··>·--· .. .... ,:,:·:.·.. :":.:.:· ·. __ ... ·:"·;·.--<·.:·_..· .:.· · .. ' ... ·.,;,_.·. ;" ·=:: ·,:· ... ::.··:>.··--: _· .. ::.: ..... '. --:.,. -.:.· .. :_-·>..··~ ·.·.·::··_. .· ... ·:·. __ . _ _-:,.·:·.·.:·_:-,' ... _-·.: .. ·· ·:>i· .:,.:· .. =::.:" .... ·.· .. ··:_:•.:<··:./ 

. •Moreover,J0:rRt-cot1tai11iI1gcatalysts,.mth~rea~tor·• .. equipped·.\1/ith··the.heat·exchang~r·.coqling 

the rear part of monolith, ethane appeared pfoducts•due t()ethyleneihydrogenatibn, 





.. ··.· ... · .. '.:.·· ... · ... ·· .. · ... ·.·.•.·.· ... ·.·.·· ... :• .... ·.•.·.· ... · •. ··.· .....• ·.•.··.· ..• ·.· .... : •..... ··.,, •. •· .. · .. ·.··.···.·.·.· ... ·_::.: ..•. · .. ··.':_ .. ·.•.··.· •... ·.· .•. ··•.·.··.··.··.···· ... · .... ::.··.····· .• •··.·· .•. ·.· .... ··• ..... ··.··.·.·: .• •.· .. •.· ... ·•· .• · • .,,,·.·····•··.•.•······.· .. •.··.:-:.•.·.<·.·.·.• •. ··· ... · ... ·.· ...•.... -·-:;······.·.( .. ·.·•·.· ....... ·.· ... ·.•.········· .. ·: ... · .. ···.·.·.·.··: .... :~ ..•. · ..• ·· .. · ...•..... , ... ··.··.-_': ....•..••.. •·.··.·•.·,.>··.' ..•.•.. ,.:·.•.;·.·.·.··•·······.·.·: ...•.. •.· •..•• :' ... · ... · .. •.··.· ....•. '.· .•.•. ·.·.:.··.·•·:' •• ::·<···:.• . 

Cunp.ingHuang,DaniefH. Chen*, I{uyen Li , 
<· :'_' ' ':·- •;:·:. ' ,·,_' ·.·_: '·. '-<~-- ·,. ' ·,-. '-'":> ·,· .: "; .. · . :- .... ·: :,·,- .'' .: _:,,._: .: ' .. " ... -: ·-,.:-._:<:, 

nipt,iJ]chJmiedl.Ehkit1~eri1ig, .... P.O.]Ji,r .. •·10053, 
*Lgmar .lfniversity, J3ea.ttmortt,· .. T'X]]7:j•<), f.TSA 

Tel.;: .... (40?f 880-Bif ti,if tu: .. (409);880--2{9], 
·.· · e'-maih address.' ch.e:ndh@hal.larnar.edu · 

. . < < . < .. · ... / . ' > . C ck . •·· . ti < .. i \ . 
Photocatalysish:as>gainedmuchattention.in .. ·airandwater .. pollutioll.c.ontroL· .. The.phofo--

cafaiytic•dxi<iatiollWas.•b~rried oiil in Van()us.·•·~hotbrea~tors·•i;uch·•~ thin-tihn rnactoi, Jbef-
. ·. ·' . . . ' ,' ' . •' ,. ' ., , . ' 

o~tig.1ac1~,,t~p¥f~-h~f%•~f-~~to~f c~i•4t~cti%f~Oc(o ag<~i•x:&~f f 0 
ali.ies ... low ~qnceµtra.µ911~.•.~f 'V:'Pdto ·.c~·bondioxideia~d 1vaterat ro9in.te111peratur¢~ .. µnderthe 

~tivatio,n .. of n;ar--W •... ··lt als~··produces·••·~o111e<I6\v-111.ole6rilar•·111as~·•.•·by-prodhcts,. wfuch•·•·can. be 
::,.~_-:·. ,' :::_·.>·.'<,.· .- ,--.•_, ·: ··.,- .-.- ----. :·: ' -- ; ':'· '·:·;-·:·_-_· . ·,.-._ ',: ' __ ·-:-.. -.- _ _ - --·,.::::·, -_ :··-_;_:::· --.. _·:-_. _-, -, '--:· 

fu~her 6xidiz¢dand fire amert;blet6bi()-,ten1ediation .. • All activatedcarboncol~111nartda·i1Jss 
· ... ·· .. ···.···.•····.· •... · .··.·.··.•.· .... ·.··.·.· .. ·· ......... ·.· .. · .•. • .... · ·· .. ····.·, ·.· .. · .. ··.·.·.··.·. · .. •'•·.·.··· .... ··· .•...... · .. ·· · ...• •·.·.·.· .... •·.··· .. ·.·.· .. · ... ·.· .... · .. · .. · .. · ..• · ..... ·.--"· ... ·.· .... ···.·· ·.-':·.··.· .. ··.· .... · ... · .. ·· .. ·.·.· ...•.. ·· .. · .. · .. · ... · .. · .•... · ....... ··· .. -- •... ···· .. ·.·'···.··· .... ·.· ·.·. 

beadicolumnwere · 11sed •. forby-product .• identification of bµt_vraldehyde.photo~atalytiC oxida- · 
_,;-'_·. ',.-. __ ._: _ _._·=- __ '·.:(_::·:: "_,_. _____ ....,\::·:-_. ,·_'.-::-_ -_-._-,.-,-:_·,-:_: ·-_-::-:_:t:_·.- __ :,\_·_-::,._-"-::.:~'-.- ,-::· _ _..:.·.::--:,:·:.; -i<_·:·:\ <_.·:-_\. ·/:.i:_'::_-:\.: __ \:-.' ::·,_·:·:/-

fion· inair .•.•. Jhe •. oxidatio~irelded .. carb~n.·· <iioxid.e·as •. the.··.majorproduct. Jhemaj.or•···by-products. 
causeclhy C-C b~nd cleava;ge ~ere pr~pinonald~hyde,1-propanoi, ethanol,ana. acetaldehyde, 

whereas••.propy1i• .. ·•foflllate···and·••ai-n-propyl .. •.· bther•··were··· sec()ndary. by-products .. ·.Ihe···reductive 
coupling of· propinonaldehyde . a.nd butyraldehyde may result in theformation.··of 3.-heptene 

and soriie othertelatedC7 .olefins. AJdol condensa.tio11. ofthe vapor phase·• aldeliyµes. on TiO2 

· surfaces n:ia)"bepartiallyfesponsible for the.forn1ation ofsorriemi11or•by-ptoducts. 

278 
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Synth~idOf ~y1,,W~ oy':ili oilim:i.1i,g d~,iri~tiim i>fJiletjµltie·•( ODM) · - qrie• of prC>n1iSiii.g 
''" _._' . _. ',·. . -_ .. ,' ' . .. ,', -· -- . 

methods•of natural gas pr6c~$sing f df prbduritiqrl hr~thylerie ~11d liqtlid fu~l· from .11Bn-oil 

. stock ··fl,· 2]. The·• ()DM .feact1on proceeds effidently .• at·1owpart1a1··pressJreiof··eH4{fud 02 
reagent$ fIJ. · ·The dse··· of their. conte11ts in•a reaction 111i;{ture leads fo .. · fan ofBelectivityand 

C2-hidrocarb611y·ield/Forbl~aring up the.i"easo!lS .. ()f this e'ffec('1{e Hi✓linv~stigated. the.·in

fluence .ofvariatioris of partial .pressures•·•ofCH4 •and 02.·onsele6tivity• artd C2-hydrocarbori 

yield over Sn-ccmtaining catalysts . 

. In the present·. study weiusecl the catalysts based·· ontindioxide, promoted with .. 10 wt.% 
of lithimn. @dipot;;issiµr,\1 o:xitie~; .. 'fheif I:4:0:z·ra.tio wa~i:3,5-4:1.iµ allexperiments,•.Q2:. N2·111-

tio v~ied .... fron1· .. 2(lup.to n,Theicontact • .. tin1e• .• wrui····•o,5i •. sec,}initfal •.• teiliperatureiin .•...• reactor ~ 







_•,.:,; ' ,• . -.-.. _,- -: :· :::>._. ,_: __ ·_·.·_.·. _- · .. -::_:_-_·._-.'- --.-.- .t.<. ' -',., ;:; .,)/ ':, ' ·-:_ ...... ··.· .. ·.:·-.-".•. ---._ ·.-.· .. ·.•.· ·.•·.:-,:.••• .. · 

.···········•·· /·••··•·.·.· •··•·· •·UJ{r'dtate1'e~oieu;.1~f nnic:.dlJlnfv~r.rit)'i •.•. · ... ii•····/········ ... iii•' 
· ·•••·••·••i <11,ussia,450062,ffj,q,Kosm.q~vtov,J /•.·· .. ·. /i·.·••· ·. 

Th~. lnsJi.flite.. o.f Pcttrol:umlefiiing fndPcetrpchrmis.try. of the 
BashkortorJrn~epublicAcaderny.pf Scie.nces 

Russia,· •. ·•450065, Ufa,fnitS:tatimaya, 12, RhQne; (3472). 42.,,24-{ll, l[ax: . .(3472)43~}1--}7 

_:_/.:_.·.-,_. '·:-_.<:--:.:-::~-: ' :· --.<;-:_ '• .... :,,.:::i:·_-_;_:_--·_:::_-\::< -·._·-·-::.-:,<·::_-'.( . _\'\<' : __ ·,,/:'.:_,:::"•:::·:. >/i/.:: .. ,_-_. -,· 
high· 111oleculiir ·weight petroleUitr feed.••has sho\Vn that the useofheavy·p~trolewn· .. fractions 

arid re~idufs a~ iicatalytic ptocessi~g feedhasSomt difficulties ~kplii11ecf.by ~igh ~~nt~rit 
·.·· .. · .. ·.· •... ·.· · .. ·· .. ··.· .. ·· ..... ·.· .. •· ... ·· .. ·.·.· .. ·.•.·· .... ·· .. ·•·.·.· ... ··.·••··· ........ •.·.·.·•.::·.·· ... ·· .... ·.•.·· ... · · .. ·.·.·•.··.··· .. •.•····• .. •·. ·.·'·•··•···•.··· .. · .. · .•.. ··.·. ·· .. ·. ·.··.·· ... · .. · .. ·.· ... ·.· .. ·.·.· ....... ···.· ...... ·•· ..... · ...... · ......•. ·.··.·.·.·· .. ··· .. · ... · .. ··••· ... ···· ... ·.·.·.· .. ·.·•·.·.·.·•····. ..·.•.· .. · ... ·•·.··.··.· ... · .... · .. · .•... ·.·.•·.···.·. •··.··.·.· .. · .... · ... · ... ·.· .. ··.·· .•.... · .. · ... · .... · .. · .. · .... ·.•.· .. ·· · .. ·.··•·.. ·. ·. · .. ·.·.• ·.· ... ·.··.·· .. ·.·.• .. ·•.··•.···• .. ·.· .. ··.· .. · ...... · .... ·.· ... ·.. .· .. ·.· .. ·•·•···· .... ·• ·.· .. · 

llSj:)haltic· .. tt?tdnqus .. tllateri~S)l,11d .. ~ulft1t. corµpoµnds ... as .. v-(ell ·· as.technqlpgical.f¢lltu.res of ·th~ir 
•.··.·•· .. · ,,._· ... ·.·.··· .. · ..•.... · .. · .•. · ... ··.· .. ··.·.·•·· .. ··_ :·:·.·.·.· .. ·•.· .. · .•. ····.··.····· .... ·.·.· ... ·•·.·· ··•·.· .. ···.·.· .... •·.·· .. ····.··•· .... ·· .. · .. ·····.· ... · .. • ...... ·.· .··· ... ·.· ... ·· .. ···.· .. ··.··· ..... ·.•.·.·····.·.· ..... ··.·.•··.•.· .. · .. ·····: .. ·•···.· ... ·.• .. ·.·.· ... •.· ... ··.·.· .. ·.··.···.· ... · .. ·.•.·.··.· ..... · .. ···•· .... ·.· .... ·· .. ····· .... ·•.·.· .. • .... · ... •.· ....... ·.· ... ··.·.··:.· .. ·.·.·· .· ·.·.·.·.•.··•·.· .. · ..... · .... ·.···· .. · .... • .. ·.·· ... ·.•· ....... ·.··•.· ...• • .. · .. ·.···.· 

processing(intensi~~coke•. formation and catalyst poisqning by.· rJ1etals),iUse. of the catalysts 
.· ·----- ._·. ',, •,.--.· :_-· . . · _- --- :-.-'· ,·:·,:·_::._.,·.··_ .. -_.:-;,..:-._:. ·_.-,,_-. ,.-_··-.>..-·_,._ ·.-:_:"·;.-· -... .-.-.> .... '<:-\:> -.. :.- .. ·--·. -.-·.- .. •.-'-·•." ... '._-.·_:··: .'':. '. --.::- ·.· 

co .. ··.··.n .• •··.·.· .. tai1.·· .• 1.• .. • .. i11. g.·.·•.•·.m. ·. e.ta ... ·.·.•.i. oxide .. ·. s ... · •.. ·.· .. ·•iricludingironioxid. es iI1 heavy. p.etrdleunifeed .•. processin.·g·m·.·.·. a·· ..... k· .. •··.e. s.·· 1.·.1.• 
.:, __ :, : :.-__ ,_·-· ,·_._;: ·,, : ____ . -,-,.• .. _-..-::·. ,' ·,_.,_·-;·· ,·_- ·: ._ .. , _·, _'-.:--.. ' '-, ·;·.- ;. _·.-_._,> ":·:-- ·.--.-· ... '.-· -·-·:-:.- ·- ,,-'.·,"- -.- : "'; ·.' 

possible•· ··ncit ohlyto obtain• higfr ... yield··.· .. Af gaseousiofBfip.ihydf()CaJ:b()IiS.·.·htitiaiso•··••avoittitbe 
:·._·.--- .. _-'_;.--,· .· 

probforn.s,.co1111~ct~d···\Vith. · catalyst• •·poisoriibg. ·. by/feedl11et<1.ls ajlci ·.~nlarged colcef()nnatfo11 
.·.:--:-· _- .. --:: --_ .. · : ··., _._-,-_:_, .--·- :'"·•:- _.· .::-.. :. ·._ ----_ ·;_-.-_.- · .. ,· _-:· .. : ·; -·- . :: ·_- ___ . :· .. _ ... :- ·,·_-- •, __ -_. ,:_.:-:--_.:-. -:--,:'\·- .. _-,··:·._-_-,-. --=- .. ·.-· ---·-·:-:":.-·- :·. •. 

n·,21.i•»/pecumirfeatrii:eoftlie·.c~talysts,ic611t~fning·•methl nxid~sof Jariahle•vfil.~rice, •• ispro:. 
... c~idiilg·•·or r~d~ctiort .. feabtiohs on thefu,.Whil~ihydrocatbo11s tr~sf6i'rtlatioh take§],la¢.e·.••ab2 

;'•:-. : -_,:· ·_.- ' _:,_-_' -· .. ·':· . ·.' ·:_: ::::·_:: :\:-: __ --::·. -/:_; ·:.:::, -.··_<_'}/ _' ·_.i··, __ i .. ·:.:·:·i(_ '·: :::·.?:·: _____ ·:·:-.>::i·::_:·- _:. _.:::-- :.;··.. .":,:: ;.\/--, .. ·,- ._.: :.:..--::.---ii:::/\.:.: .... ·/.:\.·:\·· :· 

cord~~tff~ Sta~; ~ech7n,is~ wi~ aninterI11ediate carboxyl:te ctm11le}{ rrodl:ctio:;wnichts 

eit~er.••··destructed .. ·with .. formation. ···~f/02·· .. and.a·· .· .. less ... tnolecular···•tnass. h:droc.arbon· .... or·.·· desorbed 
from the catalystsurface with a11 oxygen-hearing compound fotmationf3]: 

. ,· .. •.····•··Tliei¢tindubted feseatthetJ •. fyorkshave§howii•·thata·•~tlpported ttithlYst,coritainirig··cii~d 
CfoxideS, has llieiitiax:itnurtrestitifated by C02jrjeldo,tidatiVe. activityialllortgtlle bther•.·catal 

.. . . ' . . ,• ·,-·:c:··, .·- '· ._- _:_.·.-.·.. :' 

... lysts•·e:xafu.i:ried.]t has been sh{)\vntha(coritellt'.bf oiidatiori prodticts depe#dsbfrthepresend! 
• of active. ()X)'g~n 011 the. catalyst sµrface. As·•·it .i§ cSnsuitied, QX)'Ciative activitf expoh~ntially .. 

. ' ,_._· .. :· .-_:,· '• _-;_. __ i ' _.-. ·. -, ' :--- ·-. __ --_ _._._.·_- ·: '.• _- __ ._.·- __ ' ':'" _:.- ':. •,·:·. _: . . -,---.·,',,/- ... ··.:; ___ :_--:::--._' .. '.·:_:_,-:_. _··_:::- _. 

decreases andappr6aches adefi.ni.te)evel caused 6y·partialred1.1ct16riof ¢atalyst oxidative·.ac-

tiyity •. at ... tl1e •. eXJ)e11Se .• •Of st¢am•·oxidatiori.···•Afthe.ia111e·••tiJf~,.·tlib•·Iritt~iniuµi··~}le¢fi~ity'.in·.•cilidaI 
..- . .-__ ·:.·:-·· -.'· . ·';: 'i--- . -__ ' .-.- ·_._.: ·_.-·_-. ··. _, __ . : ', . ' .. ' . _-._. -.-- '·, 

tive. dehydration•··rea.ctio.11s with olefin fonnation~ e:c.tirnated. by. relation·· between the 
:· __ , __ -_\. -- _:- _-.· _.::: ··_.· ._--_:_._:_-- . :-·:::_ :. -_.:· ··:".'· -·_·.·,_·.-._- :· .. ·.:-:-·- -. ·. '. '.---_ .. --::: ·' -", ·: .. ·.:_c-::-:·. ·_.-

olefins .. andthe •~µin. Q.f Pw.ajlinsiµ gas,is···.ol:>sery.ed f9rt4e .. ca~yst~ heeringjron.oxicl~s,,•···· 

Nature~.Jractional• and·. chemic.al ... comp()shio11 •·of the· feedinfluence pl'oceyding of oxida-

tive· catalytic.conversion .. · Th~maximum cp2•·.·formationrate.at.thejnitial··•~omettis .• •Qbsfrve~ 
forahydrotreated vacuum gasoil, and decreases according to.the raw:hydrotreated .. vacuum 

" . . ' ., ',_,. . , .. _ ' . ·-·---·;. _- ... : . ' ,. __ . ···-· .· ., ', , . .,,. ' 

gasojl, •.•. straight. -·ruri·vact1um g~dil,>fuel oil, +ciad tar. The ··•fate of C02f{)rniiltio1Y decreai~s 
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· sµlfur,aj)(ii(}the11.iimpyriti.~.s.·•···~ vx~Uas,~~tµr~ti11.gnl~fin§.1·Tµ~11•·.hyAtQg~na.t~<l·papbJha.Js•·fr.:ic,

.· .. · •\i911'!t,~<1•· o~. C?-.c6 [rac.Hon}~4 ... · •. •i.6+ftit .. Cfrq~·•thf,.l2?-{:6[tac;ti911i •. J§pp;ritane is .•. sep;at~~, 
.. wluchis.us~d.as.J1·~$s9.Hne•.•tlend,,.tl1ep.Jh;..fraA,to11.isf(;4tP·1:Pe .. is,9m.~rizat.ionprq"~S.S.~ith11? 

paraffo1s·•···~d111etliylpentanes.·• .. retycle,·.·•obtaini11gth@.Prodllct .. •.coI1t~il1i11g•·•only· .• high~bran6heJ 

hi~h-ottanJiisoparriffins ..... <=5~q, .. ·•ifraciio11kont;i11i11g· ..•..•• l)e11zene•····an~/its .... pfe6urs6rs.·••1s•··s~lected 
(.<:·'.·::'.·:.'.:::·:':-:.::.:-' .-·(:-:_·:·- .. --_:_·:_ .>:::.:",-"·::: __ ,-·_-·:_ .'.'. '.,,._.·::.:',i-:::_:_:.-:-.:,-:·, __ -:_ . __ ·_ ··\::·:-<- ._-_: -': :/_·:-: . <-._----i.'i,. __ ·,.:. /::.\·-.·-: _:_, :_·::-.;·;· ... :_·-·::._:_/-:·:-,.'.:/·:.:;_.· . ·,:·:-:-:::.:>·•.:_.··::.-.:: :,.; .. _ .. ·-,:,_i'./.:,::: ·-·,:.'.:_ .. ::·_::,:. :-'":i-:; . .-,·_. ··: ·-::. ,: :·-:-; .. ··,:; :··:·,": -·.:::: 

frcimthy·•m1phtlia .. q6+,··•·~hich .... is.··e;pos;d.··to .... sey~re hydrogen~tion cIDdis directed .. tog¢therwit11 
Cs-Co ·.·.cut·· .. to.iso111drizati6n.·.· bn. tlif ··•otl{er·.h~nd,ithe6btairie<l··heJty ;phiha.•ir·•.di.iitea i11to·•.· .. a 

p~irfihit frac~i611 i~11d cl natfitllbhic fracti6n/(whioh also brintli~s 3I()l11,itj{Iiydf~fcafbo1~s): 
N~phtlleni<o···••ftahtibh,motes•·•tt·.·•a··tdrt·rnod~···refdrrni~g·•·With' f011ti11uoJs.•·crit~l~st··td~~11¢ratiori 
tlliit fi\leS the ~f odtict26nfaihirig 11p t6 9$ % aritl ~bdvf>iir6fuati6hydr(}Ccltbor11.If~eJessa;, 
thJibbrize1ie\cllt.·is ··•·s~le9ted ·.•fr6rnfJrort11ate,and>i~··· either prd6essJd•···to~ether··~ith tlie bg11ze11c. 
pf gde2~ss6rk6fMk§lat6~ o)'blgfjri{ The i'arriffinfftictipfri§¢xpbsetl'ib iio111~fizatiolli1th i 
p#aft1~Sirecyc}e·•··iJ.ord;r···tJ·•··in6rease···hydr9c~rbo~•. C()riiersion.·.·rf he adV'1tlta~eS o.r···•silch•.·.ap
proach tOthe gasoline prodiictioni:rre the f oUowings: 

.. '' .,• 

- F'ifst, the tedlridlogff·•·()f existing ~rbc:.essef bec:omes····•·simpl6rbet~us{·prbVidi11g 
·.66hvei§ion of ·all kinds 01 feed corilp6iliJ.ds is .• ridrtequir~<i. S6, fof .e}ttprtin' cata-• 
lytfo .• reforpiingipro2i~seJ up<t6 date the ¢ontiins { fai~<quanti{Y ~{r'paf~ffm;, 

.. whichi••ate<hJrdl}'cdriV~rted.lh.·.arhliiatits,·••.ther~f()reCcat~lyst••~forteci~61ogIEal'mode 
·ar~iniptovba maitJ1}'·to•·•·a6tivatenbf enly ·.napbtnbries deh.Ydr,ogenatiori{buffllsp~araf
fins dehygrocy~lization .. Iii.~ ca.se ofreforming oftheQ111y··naphthen¢-:a.toniatic feed it 

.·;is/pdssiblet6·•··.app1J'il Sbft 1D6de df prbhe§'s {loWeft¢tnpJrattire; hi~h~r .. prJs§ure) fof 
... cotnpl~t~ ... Coriv¢rsidrif Thafallo\Vsi6recihcia ct~ifkihi deg;relfuict coklrofulatibhartd 

•·to 1r1ctfaseanoutpurof thetatget pr0diict, i.f .td increase·gasdli11e pool; 
Secbndly,····the·aoseiide·••·ofb~tlast Cbl11pbnents•pijsi11gihro1.1gh/reactor,.·•11otti11<.letgoing 
convers.idn to target C()mponents, allows·to. reduce·. t.he capacity ofunits; i.i>to ±educe 
appropriate/Capital and operating costs; 

Thirdly,Jhe.given approach allows to. reduc~ c&nsiderably .. the.contentofaromatic. hy
drocarl)ons jn co111parison with all existing methods, without .double processing, 

. ··.--·' '. ,' 

where.the r~actioi1s have .t~e.·opposite. effect, asitl the·schemes, where ·.to Satisfy stan-

dards of the gasp line/to benzene .c1nd. total aromatics• afte.r naphtha refonning Jlle 
catalysa.te or its fraction ishydroproc~ssed, i.e. return to delete aro111atics takes. place. 
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·. •• .. ~~aii~~•gt·~~Pti~~~B~iittS1i~r•t1t¢•:~~~g~~'(: •. ;u·••···? .• ·•··· .. 

. ··• ·. :•::i".\/b~~;'Bt~pf1~i•·~11~~Irsi·~~/tttijoids1&~1;i()~W~ihiitsli~'.jJk6'lBiJii~J~t~;~1Br6<•···.•· · 

t~-~~ttl:~1~t;ii~:~~~it1~tilrJ. 
···. · ~\1eti;tJiJ~.i::C - , -



· • 'Fiii t,Majel '!<,Jre!iles o:f P!lu!>lJ>l®ess 
,,.~ .. --.,, · .. ·. :.·.-: ::, 

.· .·•·•·•·fhe\i~H~ 90§:ol •cri¥riptlis majti~iniqg ~onstilh(:El2S/S92tatio bef9re~e·••ihcitierator. . 
·•·J11.~~<>f1UJ. .. irregular~i.~t10n;•ifsu~Ji.aj:>pe-4rs, th~;~ot;nplete .. It1~th¢ipati~aimoclel•ofthepro~.· 

. ··•· . tdss '.is.used.· for' itK ah.~ysis .a.rid :givmg retrinmiendati<>ns. This rriodei iriclitd,es p. s,µl)~mqdel, 
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.i-t;sidu; ..•..•• (~phajt···.·•~dirw1d·•··.·t~),··.•the·· .. ·,r.~~ijl~t •...•• 1~i0tµrtl ~as •.. s11l:>j~ct~4·.·•tq••.•··m~~~an9actiyatiBr 
tr .•. e. atm. i.~rit. hf.an.···•·.· .••••.. u. ltr~o11ic ..• disperficitcir{uPJo 10 iriWrit~s) ..• The····s@lpl~s()f~Qad. w.· .. i ....•. '-'. 1th·s· tlrn .. u .. r 

·.c .-, ·- · ·. -- .:_: ·o'-,' · .. · --~•:, -, --·,· :..- .-,-->· · · - _-,,. · -,-_ ··,:-.,_, _ _.,:.,-_::, -,-_, ··'--c. · · ,-._,:,_._> --,.,_.o,·· ,-,--.-.-.,, · - .. _.. -:_-.·. · · .:-:··;,_,-;._ ---· ._ · .. ,-: .... , .. · ;.->-=:- ·"·-·- _-.·.: ,,: 

.·· offineiydispersedpow<.ier;the resultant OJ_ixtµre w3:s meplla11ic3:llymixedat 120 7.130. 0 G{or 

.Jboµt.2o··rhinut6~,~pttrt.·or t~f .sfulipJe;W~¥···al16wt!4to •. stfutf dt.i49· .. °Cfor1$ ·•11oµrs. 
::_·:,:_-.:'?:::: ·:,; .. " :.{'\- -<·::·:.,:·.:,:>.·_.\ ... ·.-_.: .. · ... :.:.::.-;,.:-:.:": ; ... ··:·:.:.·:. ).j·.:·::,.; .···:·:it\.:\··_. ·.·' >\):·::. _ .. ·::::),:">::>: .·.·.: ·._-:-" . ..:. :.; .. ·.•i.·:·:·(.)'.::):_..,· :<:·:.'::"i\: :·· · .. :. Gr6up c:h6thlcril crnnpositions· .and suifur.··.c~nt~nt were ffetem1inea •• rtf th~ res1.lltant·•sairi-

ray .photogr~phs. pftlle •.s~rnple~ .. arid of.tlJ~iextriicted <1$p}µtltene$ were tajcen. The. asphilltenes 

. • ;~~!'rri,•~~!'~ti~s~f~ll1lxtt)re~~eti~l>"¢<f 1'/~~tp ~ S!X'f~•ci!U,J,,tf. Jil>ur ai 
lSQ. ·0c.·.•and .. 700 °c~·Vapourswere poHected atthe .. tip pf:1 cooledtrap .and washedpff'qy,a 

sqlve11tSqlfur.~onte11fwas••··measµr~din.th¢Jiqµid •. 1;esidue .. and·••1nthe.initiali•aspllaltenes/then 
.• their x~r~yphok>gfaphs•Wetitake11. ·. 

. ., .. ·.· . .-... .. ' 

•. Th.•·.· .. ·· .... ····e .. ·.i.•e.• .. ·x·•.·. p ... <e.r.·.i·m· ... ··•.i~l1·t···.· •. s.·····.·· .. ·•· .• 11.·•·a·····•··v .... ·. ·.·.e···• ... ·.s.·.•.·•.··h.•··· .. o· ~.·· .. ··.·.··>·t·h•··.·····~.t.·. •.·.·.·. ~d.•······d···.•.•.1 .. •. t·i·•·.?·.•·n·.•.· .... ;·•. o.· .• f ... ·.•··•··e.I .... e.J11.·.· ... e ... ·.·.Bt ... ·.a.l .......... s ... · ... ul .. ·.• .... fi .... •·.ur.··· ... · ..• · .. ·.·· .. •·.1.·.··e·.a·d·.i s···· /t .. o.· ... ·.···.•.• .. ···.m.· ... ·.·.·.•.· .... ··.c.r ..•. ea ... •.··.••·.· .. •·.·.~ .. e·•·• .. ·.·.o.··.· ... · .. f.·•.·Ji·S·•·.· .. ·.-.•.... 

pll~ltene sulfi;11rcontentagainstthe initial p:rpduct .[.Sl'fhe m1;luence .. of all tlu'.ee f'actors . .is. felt 
: --:··. -.. . :.· :-::<· ":~_·.::. ,-- .. <:-:-:-: :.'· -:::.·::\ ... <···.··::.: '::.·· .. :./.;.·.·:···.·::· .... :·,:'.i.: ··: .··· .. ·· .... : _ .. ·.-:._.:\ ... ·.·· ... · ·: .·: ..... ;-'. ::::.· ·'; ;··/_ .. : ::: .. ·.:_-::--,.-:.\:: -'.·· .·.:-.· .. ·::- .<.: .. :/ ... · .. ; ·./<:: .. ·.'.·.·.,··· .-:: 

,.quantity)of agde~tsulfur, 111ecti~nicatactivatign .. and then119.treatme11t .. du,i:ati9n .. f\ijditio11. of 
,-.·.: - ,· > ,_.. . . ,> -- ...... , .· .·· 

less •than J.Q %•of eleme;Qtal ~ulfurJcmtheroad. tar·attdless •• than %[of tpe. a.~phal(has.c}itt,le 

e~~(p)l ~f~n~i/1ga~11~$i\~llil• 4lt1uet)t'11F~~WWj:aj~F~)'i0{~w tli~?-
tr~atment effect~ J?ecame appare11tc their growt111ea<is.tq mcrea~e.of .;1spllalterie .. §qlfur con . ., 

<~-,>,:·., .. :'·:_,:/•:·:.···.:· ... :./·•:::.··::/:·.::>·i'::.·.·:.\::···,,,::.: .-:··.·:'_.'·.· ........ : ....... ·.:,.·.i•:.:::,:i:·.·.•i<-''.":':'::.· .... _:>.,--·-"' .. :.:::: .. ,:(:.:\'·.' .·.····.::.-:·.•-.... • ....... , .... ·, ... ·""· "•" . ' ·-· .... , 

te11t, pptij th¢!5e .. fact9rs • l?eing iµterciepe11dap.t [6]. 

A11a1fsis<>fX-nwphbtogr.1pl}s.oftJ:ie;~tl';zteg<~sphaltenes•J1as.$llownthat.fqrsey{;ral.ia§
phalt ..••. ;~111~lci{a~cr;1talli~e·•·•SJlfur sig11'1l .. appe~rs ..... A •..•• sta~darJ ... lllittur;·\vls •. prekared,• .. and··.the 

•.·.·.••· ..•. ··.•.•.· .. ··.•·.· ·.• ..• • ..• ': .•. · .. · .. ·•·.·.· .... •.: ..• ·.· •.. · .. · •. •.'·· .. · .• · .. ·• .• · .. ·.···".·.· .. · .. •.·· ...• · .... ·· .. • ... ···••···.· .. ···.··•.··.·.·.·.''· .. :,···.·.·.· .. ·· ... ·, ...•.. · : .•.. • .. ·.·.· .•.• ··.·····•··· •.:: .... · ..• ··.· . .:·.·.•· .. ·.··•· .. ··.····.· .. ·· •.... •.•.·.·.·.· •. · •.. ·.·.·.; · .... · •.. • .. ··.·.·•·· ... :=. 

quantity.?f asphaltene crystalline sµlfur \\'aSillleasuredforJt........... · .. · .. · .···•. •.· .. •.•···•···· •. i .·.· · .. < / .•. . ···•.. •····•·.· ... ··.• > 
·It.has been sho-wn thatdu,i:irlg .. acldition qf a little• quantity .of ~leme11tal sulfur {5 %) and, 

. . . . . . . . 

accordiI1gly,Jow sµlfuttontenfinasph~ltJnes.J10 cryst,aliine s1,1lft1r sigriatwas. (JtJseived,Dur-

illg ~~ ;r,q)fµrq~tjtYJ!l 1s¾its. f kllaltfn~·.~t~nt !lfµWsto2i.:}6 ~,>ntl/e ~qar 
~9.lfut\. 6 o/ti9fwI'lich .constitutes .crystallin(!sulflir. At. st£U:'lding of ~spllal~elles for I h9ur a.t 200 

9G •Sulfilr ;~nt;11t ciicre~~s,i111&i;ly ht tile expenc~ ~t ¢ry~talli~e s~fur, w~;h i$ p~iall; 
-... •:." ,_ .· '- \/:.-:'· .•.-- ·.· ,.. . ....... · .· .. : . . : . ;·: : .· · .. ·. "• ··:·. ··: . .-··.,.-··· ... ·.·.. ... "._ ·"·._' ·". -,.~ .. ·-·:·i ,: ;. :." . :.:._ ·---:· .. _- .. ,: . ' .:· ·_o.·· ·,:. ,._. ... · ... " -,. :·.... "; 

spplim.i:ited whjle· .• Qther ..• prut. reaGts. with <1$ph,llteI1es·. withQuf J1ydr9gen sulfiqe form.atio11, 

\Y~ell5luantttie;softhe ,:1d4ed ~wfurare l~~e (~p to .30.o/o) it~ c:omentinasphal!~n~~ mcr~a:ies 
to)7-38 •. %, .•. bµr.4µri11girecakul~tio~ ta15-i11g i~to .. ~ccoriµtJhe c1cidecl sulfur.1~.•·•quantitk•4e

creaseto ·1·3···•·•--14•····•¾.···•·•cr;stalline·.··•su1fur•··••·passes•·•.•intb·.·a11other•.•·•m6difi{atio11,·•·.•~l1ich·u1ru<es.·.·•its 
•.· ... ·•• ·.•.•· .. •.· ...•. --··- ... ·. . . .. ·.· ...... · ... ·. . · .. ··.•.·• .. · .. ·., : ........ ··.·:" ... • .. ·.·•.·· .. •.· .. · .. ·. . ·.· ·.· .. :_ .. · ·.·····.::.::·.· · .. " , ..... ·.· .. ·.=·.•. · .... ::-:·.·.· .. _.·, . .:·· ...... ·:-.: .•.•.. :::.-.. · .......... ,: .. • .• < .. ·• .. ·.·.•·· .. · .. :,-.··. · .. · ·.···.·: ... ·.' ·:·. ··,'·· .. · .. ·· .. ·.•.':.•.: .. ..: ... · ... -· ·' .··.·• .. :· .·. ·: ·.·.•.·.·.· .. ·:::.-': .•. ·,C,.:· ... · .. · .'.•;-> ... ",- ... :·,;' 

quruititative estimf.ltion · accorclil)g .to tile stap.ciard sample more• diffic:µlt QuaJitative analysis 
., .. , .. ,:: .... : .. ;: .. :.,:--·, .. : ·, ... · .. :.-.,,, .. · ... · .. ::.·· ... ·, ..... .'·,'.·. ·,:·. · .. --·." ·.·· .. ::, .. ,...c, . : .. _- <-".--··.:··.'.:---.-.: ....... ·· ··:: · .. :·.·•.:. ·.,, .... ·.' .· ,.--•. . .. · . "· . ' ... '. . .. 

showStbatheatingevok.es•·a~creasi~f~rystamne.$Ulfur •. quanti~.· 



'-._:::_·( .-\_>--}\·_.:_.:,_.- ,·:.:· ._::·:·:-·.'.:::--:--_:··_ ... -:_>.<_·-:,\:-··c·_·_:-::,:_·:i-"_).:-·':··,::· .. : :,"·_:_:t:··_:::.-· .. __ ,_-_~ __ :'_-: _ _..,_:<·;· . ._-:_·:.: .. ··,-,-_:\ ·_'._i; ·i_':_·-·-::::-·:·_·i·.-... ,->-._:.:i•_>;-. :::_:>:·:·: ·--.-.>_--:,·_,_ -\:_:_--·.-:/,--:--?_-·.·:.-:.:--·--:.·i· .- · · · -- ·- ·.. - . ·· ... 

t1lenr1otr~{ttrnt!nt.41J,fing.ad<,ljtio,;i of.~bQVrJ .4· % .• of $ulfur .. ·[?)~ >Foi-.thyrmotreated ·~aniples iwith 
the Sflllleqilantity ;f adiied Sl}ltµr, ~r;~tallirie s~~ iigri;l Q~ Al>sent. 

The dat'1 gbtai1ied. ~1ad~ itp()isi~l~t&llll~~rs~nd th~cpi~tllt~ ()f-i~fur ijihavi9r during its 

persed media•.tak.es··•place .. Jt•.···is parti;lly/dis§olved in· .. thelatter .·'1nd·• partiall y.·.re~cts•with •.. poly

sulfides ... f6rtriation.· ·Ile~laesf•.•·ther~·.1s·aicerta1rtleve1· dftlisjfershd·•1itelliJ•··sat1ttatio11··.•·~"'ISUlfur j 
deperidanf 011 bheinicaj COll'll)Osifioh and disp~rsed mJd1a (lri'1Utity.lnter~cti(}ri of ft1fur with 

. . ' . 

d;ispers~d··pliase (asph~ltenes) .•.. take.s•·••place.Only.Jvh~n this f~velis .achie-veq. lllt¢r,action· with 
_·::\··,:--.-,:· _.:. /:, · .. _ _.-_.:· '·---:- __ · -_,:- ·' '_-- :/:_->· -_-: .. ,o_,: .. :_ •_, ··:i .. :. ~:.: :-./\,_i ·. __ :_--·:·-_:-___-_:·;:---·_._·_i\:·:.:.--_:-__ /' ·._.·:· ... . ,. _·,- ··-.··: .. :· -:-<-. _------ -. -, :,;_~- --:-->·','._--::.-.,:',:/ -·_'.·::;-' _:-.. _\: :.-:·:·. _:_:: 

asphalt~nes.Jeads/t-0•sµlfur.jµtr-9quction .. • into••·.crysta,}lctttipe .. ·.of under~n19lecular>asphaltene as-

ft1rtller. heflting<with•· .. asph;tltenes<witfi cben:iical ibiJidingt'<)r:m.itipn <>rbeiextracted. frQrn as-
phalt~ries andf~ahf with•a·disperse. niedia:.wh<fn acertiinlirilffofasphrute11(f sti1:fuf coritenfis 

. . . -· '-.· ·-·-. .- ' . 

reached,jntroduction<CJf' sulforirito. cry;gfall.atticeistops••shoWillgpractjcaUy.110·•···effect on•ther,.. 
. . .. -·-· . ._, -· . -· . . . ·. . :, '' . 

·rnotreatment·qr•·•.mechanica.la:ctivatiori}.·Furthetincteasesof-stilfuhqfut.ritityYdQes.··uot•·lead·to1ts 

interaction witlipetr~leuntxesiq~e hydmQarbons, µnbQundsµlfuh t,ei~g inR(iispersedstate fo 
tlle .. ·sy~ero;aJ1dfin~ly.di~perscd1>artiple.•size·d~pen~s.·m,ainly•on~ontactc9nditipn~: 

//.Ind .. AndEng. Chefo. Prod. Res .. AndDevelop., 1972.-iv.•···11 .-.N!?2. -P:214'-ll9_i· · 
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tii~li i~atiorii .•. // 'Riv .. b6rnbti.st.;1.979.t··v. 33: ).Nitt:·•·:_p}ti~·.•1J. 
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. with a. finely dispersed .adsorbe~, in.·the reactot,mixerwith subsequent s~aration of the ad-

sorbe~t at the system 6f,fiJters ..... . 
'.·,''.,.'· •, ,; :. •.::,,.:·: '._ ·.c_.-__ ·:-:: , • ·c···-·. . ·,•-":-· _,_.._. ,:;,,:;;-, <·'C ·•· '",.O·I·--·:·'·'•; ·- , -, 

The analysis of a mixer with an agitat~r operation ~s well as. the mathematical calculation .· 
.;::-_-- '.-·//, ,-_ -:.,, ,',, :_· '·. ::-, __ :_-_--:-_.·- -: . :,- ,. ·- _· ·_":· .. _:,>: _ .. _-·:' __ --·-_:::.:: ·-., ,:- _,_. .\.: __ ' -:_-_-_;_-_ ,- ' __ - ·-_c:,- -_,_•,, ___ -,-_:-,:.''.. ,' .. :·:.:::: ·,' ,_ .. __ ,:_·::-: ,· ·. ·.· .. ,' \_.:>·. '- <· ',,.' : : -·._: _.,,- ,-• . ,-,;,.',: ' ... .-: _ _. __ ,_,-,-, ___ - ,•,_. ·::-' ' : .. :;._·--:-:. ,' _. 

conducted using the model· of ideal. displa~ement have·. shown th1t adsorbent concentration. in. 

the . mixer drops down. practicaUr to zero approximately a,fl:er. two hours or operation inde

pendently on its loading ratio [2]: Increase of its operation efficiency and· contribution of the 

stage of adsorbent witfi product contabt cah be acliieved at the expen~e of intensification of 

mixing device operation and gnarante~ing conditions ()fideal mixing, as well as by means of . 
. _::-,· ·.·,_·_:-::_,::·::···· __ : '::,·_.- --_ : : _--·:--··, . ':"'.'' ·, -·._-: .··:·:·' _:,·· .. ··:·:-.:,. ,. ·. '·' . . . 

modernisation of adsorbent dosing system. . . · •. · 

·· A great contribution1inproducts treatment is put by filtration stage at disc filters, used for 
·•-",•-::- __ ·.,·._·-,._ .,_---, .. ···· 

separation ofithe main quantity of adsorbent - in the process of acow:riulatiori· of definite 
·: -· ·, _-· . ·:: .. : -·-··: : ·: ·:,· __ ·.-:· :·------: .. _ .. _---_ ::- '--··--·-::· ::_ -_-. :_.·. ·:·.---': _;;: ·-,:.: '._.,_·,:,:-. :····-, _---_ :::· .. :, :-·-·.•,: :,:=-·- ,.--.·= __ ·::::,-•::, .. _. _·--:-· ·:.: 

quantity of adsorbents on these filters formation of filters layers takes place working as per-
.... '" '".' ,"·:"-··•·_ .· :.::,::---.·,:.:-. :<··_.-:· ', ·::·: :: .· -_ :-.-._ ' _·:---::··::/ ,:: 

ooiatwn treatment in dispiacement mode. · · 
. _.·-: . ': :'· ',•_ ,-_. . . ,_- · .. ,. -:· __ .-,_- -· .... ,·. ·:. :·-_.: 

· The prob]em of percolation stage treatment consists in blocking up of disc filters and a 
:--:·:\·· :··..-:··_· ·_;:"· .. :-_.,•.--,_.- _::: -_·_:_:,_.:;.; ·:_.,•.•-:· . ': . ', _·":/. __ · ... "::·:··:: ·:-·:· __ -_·' .. :•:,·:· <_.-. ::··.. : -:: ---, ,_··:::: _., .. _ .··•,· __ ·_ ::··-:··:.:.:'·:.-.·_ ·:-- ·' .. _·-:·:"<: :-.·::·-:::. i'':·:: ::_· ·:-··· .. -:_. . --,-· ··: 

short period of continuos op~ration of the unit. Hean be. sol:ved by introduction 'into the reac-
·,·- _._ .. · .. ·-, :--·-:_-. ,, ... ·- ·-·,·,·_:·_ . ··:--- ' ;-,•_'. :-:: .. :·, ·,· ........ -· .. ·,,•,-,·: .-·-:. 

tor-mixer at the first stage of treatment together 'with day some quantities of adsorbent with a 

more rigid lattice; synthetic as a rule, which decrease growth of pressurefossofthe adsorbent 

layer at thedisc filters and make it possibleto increase their operation. period.Before complete 

blocking up. 

So, at the- e*ample of laboratory experiments and analysis of fiill~scale contact treatment 
:_·- .·,:·-'._-':_---. ·,-, .. · :_:;_;:.:::-:--._:-:\-_.., ·:···.'·:·::"·".i:.;.:.-: ... :.·.· .. -:i_-: __ ·_: -_:· -_. ,._:. :_·_ . _ _...·;_- __ '-. --,:-···' .-: '.--.. ··. -:::·: .. ,.:::.--. / -, -i.·:_ -__ :_-._,---·. __ ·-.:--:_:- .. -::,_._ : '_;-"_-_; :_:_,:/·_<·::--:_:i-_ ·_)::_:.:.;_-:-::·._ --/,-_._·_:. " 

· unit ithrur been shown that combination of the mixing mode (at the first stage) and the dis~ 

placement 111ode (at subseqttent stages of treatment) have a positive effect on treatment de

gree. Intensification of operation of mixing and displacement reaetors · at Jhe ex.pense of 

elimination of operation short-comings of a full-scale unit of contact treatment and selection 

of active adsorbents makes it possible to organise a highly efficient two:.:stageprocess of 

sorption treatment with production of products of desirable purity. 

REFERENCES . ·. . . , · • . . . . .· . . .. ·. . 

L . KeJts~vNJ/ ... ~asis ofsorpt~on t~~hnology. -.M.: Khimya, 1984. - p:592 . 

. Larionov. SL.,.· Arkhipova o.v ., Vezirov R.R. production of high-:-quality mark,~t p~tro-
'·" ', ..... , -,,,• -----. ·'·•"· -, .. . . . .. . . . . . .. , .. . '.. . . . .. 

· leum products by contact treatment process. fl Neftepererabotka i Neftekhimya. ~J.~98. -

N2 9. - P. 78-81. • 



. .--,._ ...... _: : :i ·: :.,·· _',•" -_ '•.,, --. ::·_- :·.:-.-.··- >'.·.:>::, -·:::,_-___ :_,· __ :.:_· .:- '. •,• __ .-__ . '. . 

• ~i. ~b:~o;:, ;.E.;,~h~iiki~, ;.~. ;;1~/i.b~tiel;;;;e} 
·.·.··.·.··•·.·············.·.··.•·.····.···.•···.•···•·•.·.·.·.·•·•.·•.··•··.• .. •·.•·.·•.•··· ..•. ··•· .. ·.·.·.· .. · .•. ·.•.·•···.··· ... ··.·· •.. · ... · .. ·.• ..... · .... · •. ·.· .. ·.·.·.· .. ·•· •. ·•··········.·····.···.···.·.•·······.·.·•··.•····· .. ·· ... ··•.····.····.· ... ···•·····.· ....... ·· .....•.•. ••····· .. ·· .... ·· ... ·.· ... •··.··.·.·.•· .•. · .. · .. ····•.· .. ·•· ... · .......• ····· .. · .. · •.. ····· .. •·· .....•.... ·.· .. ·•···.· ... · .•.. ••······•···.·.·.· .. ··• .•.. ·•· ......•.. ···.·· •..•...... ···· ... • ... ··.·•···•·····•.·.···.·.· .... •.•··· 

···•··•··· .. ··••·"lfa~(ate;Petrol:rm Technica{ [!~iver:i~·· .•·••·•···•··.·••.·· .... •ii. >. /••···ii< Ru~·sia,f5f)0f/2;:U.fa, .. l{q:1mpnqy~()v,il ......... <•····••·••·.·.··.•·<·• 

•··.·?.•• ..... •.Fi {he-!~itit~te p{f~ff°.{f1ctt'!cf.efjnin,f(a~~~~t,-os~e"}istrf'•pft~~ ?\.··.···•··.·.· . ii . (.·•···· ... · :/ ...... · i \ .11ashkortf1tanBepfblif45ademy.offctences <>·•···. iii.·.•··· <i··· 
•··•·Russiq,450.065, U.fa,Initsiativ.naya,·12,••P1ione:.(34]2} 42-:24.,.7J, .. faxr(3472)·.43:,3p .. J7•·• 

. .· . 
·:·:-.. · .. :-··_.· .·.. ·.'· .. -.'- -·:,·. _,_- :. ·_ -·--:._.--._,.c::,:, -,::_·._.._,: .:··:·-.. ··: . - - ____ .:.-·. ·_:-· _·•.";_'c: ·._. .. -.• :; 

,,,~e;,~ ~t~.q#/, ~;~ ~;,iJ~it[;11e;;;~;~~~f~\i•J!1~;~~~•f•+~~/s;0 

tlleir.?-ro111ati~ l:iyd;-os<1f:ho11~ c.91J.t~nt··.Qn .tP.~'YQrl<l,wrn-l<etit dp~si~Ot. e~pe~d th~Jeyel ·()t,'5.,.1,0 
·. % ... InRussfrrgiesetfq~ls.Qf DLAG-B~ndcDZAC·[l] gra4es ar~•.prpducing•MTith:arQmatic liy~ 

..... >·--··= __ --:-:- .. ::; :.: .. --._;_:;.-... _' .:.i··.-_._' . __ _.:-.-:-.·.:•:··.:- .. ·.'.·_:: ·/' :-_---_-::' ·_._-._ ... ·. :-. _..__ __ :. _,'.-.,. ··:_ -:, __ :-=--_-. ', ·. 

drocarbons .. co.ntent •. ·not·•.above •• 20··and .. l0•·•%, ••. accordingly .•.•. '~1eserequiretnentsn1ake····actual··the 
problemtofresyarch .• :.md.developrnent··ofefficienf<¼nd~conomicaHy .• advantageous· .. ·•technolo-' 

gies···.o.flow .. aroI11atic•··~y4rocarHo11.s·ui~sel ... fuel~•· .. pmdt1ction.i·•••··.••·· .. • •.. ··.· .... •·· .......• >··• .... •••········•····.· ....... • ......•...... ·.·.······•···•·•.···•·····.· 
The/.diesel • fuel .•. pQql. at a··typical.··•refinery consists of hydrotreated•·.··straight .. nui fractions 

arid g~oi1¢s .. ofcorresp611di11g fractional·Compositi6n,·theif ··dontentand 11atHre•ofatoma.ti¢.· hy-
. .: ,·:·. ·: .. __ -' ',' ' '., ' ,-: . ' '.. ·, ·. : . ·.· , 

dfocarb911s••being•·· .. esse11tially·•··dilI~iet1t,<Sti;aight-1JU]:U.iesel•·trctctions·.conta.i11~boui·25-J{)%.·flf 

aromatic hydro¢arbons•···[2]; .. which arei-epresentedffiainly, byfn.0110- and bicyclic.s@ttutes 

.··. ·with.naph.thehe·· arid. alkyl(a~ical.s. Gasoiles are111oie .aroiliatiC)Catalytic•cracklllg gasoilfrac~. 
··_·:···:::·:-·}.:,··.-.·,---::_. _· _:_-:·-_:"_:--,' :: ··>·.-·-.-:_.-: _ .. __ -- _..i··_· :.· ___ :_-:--;.-·- -~ ;_ ':,··-.:;:· .. · .. _- . .o:. _ _-:_-··_.-_.. __ --:_: .. ' :--· <--·_--:- ;_..::- ,---.-:_·--,.··_ 

tjOll$, boiling in .. diesel .. ·•:fuel ·.·Hmits,.contaig more.·•· tllan. ]5--8$ .%• of 4Ydrocarbons with aromatic 

fragn1ents, arornatics beingt;epresented .. by bi.,ruid tricyclic.· hydrocarbons ••·with short·•radicals 

which are.th(;) tnost•undesirablein diesel•••·fuel.· 

· Extractivedearomatizatioµperinits.to qbtain the. resµlts, satisfying·.·arornatichydrocarbdns 

ccmtentr(;)quirements/1,utithe· .. •·signiijcant .. part{upi.to·•·· J0-4o·· %)• ofipotehtialifeed .. resowce•·•is 

lost ..•. ·Gasoile.sare .. similar·•to.·extracts .•... pf dearo111atizafion .... from ... aromatic.sic.ontentp9int of view, 
and·decrease·.oftheiraromaticscontentcanbecond11ctecLonly .. ·chemically,thatistransition•.•of 

aromatk hydrocGtrbot1~··into paraffin-naphthenic• ones, which can be achievedJ:5y catalytic hy-
·_ .'_' \'· ... · ''. _, _-. _- ~:,i.; .. -.-::-·.-: ._.-,. : ··;:.' ,_·. ,_-:: <---i. _:_-·:'. ---- _:i_/: .. -' . .-. ' .. ::.--- ·---·.-:.i·-: . -.-.'.:.:.-_-_·._ -._ -: ,_:·:: ____ ' .; ' ' '_.,::.: ·.\:.:-: .. :·.,-, . ,···-::·,_,_;, ,,,_ ~--·:.:_:·<,:.-:,:-:.'-~: .. y._. :---' 

droge11ation. •.Q~the. basis 9f the a~~ve mentioned facts thei~ewcog1~i11edfechn0Jogypfenvi-

ro1unenr friendly dieserJuer produf tion ~rovides separate dearot1fatizatiqn of diesel fuels 
C()mponents; determined l,y.tlieir c11emical composition(fig~). 

Du.Cto ·.high process costs ofe?(tragent regenera,tion. stage it is not profiti3.ble to siibject to 
;:-:.:_ ·:.---·:c._, .. ->\ '._-,· __ _._--.·'.":_·<-: .. ,._---_-.:._=-_._<::--:::·'_:_:_ -->-----_ ... :·::· .. _. ___ :,,·, ·:.--_.··::·_·_, :.:_· ;_ ._··-_; ___ .::_ : 

extractiveidearorrratizatioffthf entirestrai.g~t-nlll dieseLfra~tion. .•·. . .. > ... ·· > i. . ><•··.·· 
Besides, the most un4esirable.·.die~el··.•fuel f;on1pone11ts '1te bi-.andJricyclic.aro111atic·.hy-

drocarbons.···.\Vhe:n· the .sun1of ,ironiatic• hydrocarbons• is.withdrawn from the .straight-nm.die-, 



s~l ... •fr~cti9.t1 alg11g$i9,e••· ~itlrpgly~~f liR .afl1Inati~ hygrqijarq_mis·•.•µJ,91:lOarQJ,1.)ati~; ones are. alsO. 
~ithdt1~, th;ir ffi{)l¢c~les'.coµtajll abdu{213 bf Paraffin Gt11d ti;Phtlleni2 striict~;s; Bi~ an(i 

·.··1ricy21fc••ar6tn;ik•·~ydr6~;hhrts·••••[jJ.·•JJ•·.•c6fiheritfAt~d1r1•,.h6~~y~rirtbtt1ic\;t;aighi[fut1 .. diesel 

. ··•.•·tractidn, •. ~hjch·•al.sK•cont~intlleniayi~art·•·()f11igl1•111eltirig.Priiaffll1S.iD~ar6m~tizati~n•·•of1)nly 
?,.._ :·-·_----_•-::_:.:.·_·· _ .. 'i---.· ·::,._·:-·.':i.:_:·,' :::i-·._:_·_ .. _.\_··_:::_: :·:·_> ·;_.-:::--.:::'. :·-·_--- .. ,_· __ :: '\ _-· _·_-=\\/-,::_- ·.: ·_ ._--.<<··,_ .. ,:i·-·:··_:.i.:- -·--::. --/_:_;·--.-::_ · __ _:_·:_···.-:_:.:'.:,:_ :·\,:.-;::.-_-_-___ --. : --:--'<·· __ · _·::·_;·:_:·,·::--_··, __ ·, >";\.-:;·_.·/''-"_-:.::.-_·._· .·:, ?::.·\<:·-;-,.._ .: 

dearomatization feed.·. flow hy. i--3·•· times ... ·ancfito i:nprease ~~lectivity of.firo.mati,> components 

·. xb1t10Yalpiesep(ing~o11ofotnatico11~s< .• . ......... ···•·· . · .. ··. . . i; .i r.i. (\ . ····· Y 
I-:I~nc~fthe;!;:pa:g9f the .. s1.p~ight-rundi~~el•·fn1cti911,.cimt~ni11g\tli~.basicpartofpolycy¢1ic 
,_.'. ·::_·'·-- _: '' _,.·· '. .·. · .. :':.-.-.· .. '· .... ·;<, '•·. .·. --- -.-·' :·- . . ·.•' :: : -... ·_.·. ··. :· '• • .. ·, ·. : · .. ·. ·>- ',; ·">.· ... · .. ·. :·•.:,•·'". .: . :: ' ---. ·.: :·· 

aromatics, is·.·subjected·•t9iextractiye.·dearo111ati[?;tttio11;witl}prqdt1ctjbn.Qf the rat'fin~te-/a)x>m .. 

ponen(OfJ1jar¥.~tenviror1111int friendly dieseLfuels .. anqthe.• .extract. s .an atomatk hydrocar7 

bons•· .. cqncentrate, .• ·wliich··bon1p~sition•.1s1.cl9set9 •• thatof.~asoiles .• ·. 
· .. ·.·: ... -· .·:.·. _.._,,-:-":· ... :· •. ·. ·.• ... ·--.-.··· .. ··.: ... · · .. ··· .. ·< .. :•:.•.··.· .. -- ..... ·.·.·.•.'.-_.,/:_,; .. ···.· ... ·.--·· .. -.--·-.·" -..... ··.:"·.• .. ·:···-.• .. ··.• .. ···.··.···.··.·.'·-----.· .. · · .• ·.•.·· .. •.··· .. · ... ··.•·.·.• .. ·· .. :•;.•···.· .. ·.· ·.· ... ···.· .. ··.·.·.·.·.. :,.,::-.· .. · ..• ' ... · ... ·.:'.·.·.·.• .. ·- ·-, ...... ·.·· .. ··.· 

~xtractive dearomatizati~n processes of ·oil·. fractions is efficitmtly .used 111 industrial·.··· .. P.·. r .. ·.a···.·.·c ... · .. -.· .. 

. tice (~eledtive ti·~ati11en(~f·.1~bes, extr~cti6n·of #1cli~idll}ll··•rif~rnJtl~ hydroiarb,m~ ·.lroni refQr~ 
. . . ... ". ,,. .. ; '·.· ·.·-- ,' .:. -- ··.'-·";---·... ,_ .. _. ,, .. _' . ".• · . .'··' ... , ...... - ·.·.. . .. 

n1ate, .. ••·~tc.) .•. ·The fuain <liffer~nce .. .ofdiesel.fractio11s. extractive•.dearOlnatization prd~ess is ihe 
.· .... ··.·.·.·.· .. •· .. · .... ··.·.· .. · ... ·:·.·-·.· .... · .. · ... ·'.'·•.· ... · .. ··.--'· .·•·.·.·· .. · .. ·· ... ·•.· .. ·.·.· .. · ··.•.·.·•.· ··.· .. · .. · ... --· .. ··.· ... · .... ·•.·.· .. ·.'.·,;.·.·.·.· ... · .. · .. ·· .. • .. •.·.·.· .....•. ····.·.·.··.•.··.• .. · .. ·.··.·.· ... · ... •.· .. ·.·•· .. · .... · ... ··.··· .... ·.·.·: ... · .... ·.•.• ... ·:·-.· .. ·: 

using extr~gent.The co~duc.tedr~sear2hofseveraL~x.tr~gents[3,4] has shown.tha.tJhe· extrac;, 
:• -::.:•.'. __ •:(·:'> · .. :·'i·-'.•.••:_: .. :_.-· •.•. ::::'\</.•.• :·<: .... ._.-:: .•:•.· : .. --_.>:: .. :•: .. • :"i• >:•.•.~;::.,.-... • .--:.:.:•·•),.- ,• ,' · ::./.:• .. .-:: .. _•:':'..:•:'•. · .. ··•·: .. :,:>::.:i.·. : <.<.>.- .•••:_:·,: .--c;·.::--::--... .-.: ·. , , .... _.::.• ... · •:· _.•:•>•: ... •,'i>•. • ::_.:<•-:::.:• 

tive a~ar~nn~tizatiqn • Vv1t~their use Plrrmits to ~btainthe ne,cessary •content· of (if◊l11ati~ hydro~ 
carbons cs:1•0%)i11 the t~ffin;t~, ;ndthe extraJt .•• ai61haiits.c611te11t afuounts td.75-90 %'.. ·•·· 

Exkactive·metlfodsialso pennit.·.t()·•decreqSe···sulfur·•conterit • in•·a~~romatiiate••·•·b~6ause··.· .. ~ul~ 
fur-bearing con1pounds {thiophepes and gµlphides) [5] sirrmltaneously f~moye4 with aro-
111atic hydrocarbons,.which•·• .. permits.in·soin,e ..• ca.ses•.to·•·•·.exdllde·••the·••·ra.ffmate.hydrotreat1.11erit 

' • ,•,.,. • •· • ·,. •• ,· ' • • •• •.•·•., C 

stag~ dur1I1g diesetfuels.ptoductiqn. .·· ·... . . .. 
\\Then thisJechn,ology with separation ofl1eavy part• .. (about 3Q-5.0 .% pf entire giesel Jrac

tio11)9f dieselfracfion as. the extrnctive dear on111tizatio11feedjs used ata typkaF iefmerywit~ 
capa.qity•··gf $ milH011.tonsof crudeper.year(adiesel.frabtior1cont6nt· .• i11 Crude oiljs25 %),the 

·--.' ·.-- ' ___ ... _ \-->:-.··.· "·<'·.· ·.·. ·:::-.·._.: .. ·: .. ::·--.. ·:·: ... _-.: • ... /:·.·; .- · .. :·. :· :_: .-:_,\.--_.·:· :.-·-,_:< " /:i/"·· ... : .. ·:.:>:··' 

volume of extracfrve dearoma.tization. feed amounts toQ,6- ·· 1. 0 million tons pefyeaf 
Inor.dJr J() preservep~tential resqurce hf.n1arl<et··di~~e1 fuel, products'withhigh arortiatips 

content•· (75.-90.···%)-.•. the • extract, •.. catalytic···.••cracking··light·•···gasoit, re?nezprocesses·•···g~~i.les 
(500j.800 .• thousand.tons.peryear).··aresubjectedtohy<irogenationaccordh1g··.to·the·.k110wn 

technologies.•.·. 
' . '•' ' 

The advantages 9f hydrogenation•ofhigharomatize<i• gasoiles •. ·andextracts····#S Co111pared·· to 

entire·strai?ht-r~ndiesel.fraction.hydrpgenafionareJvident: 

only.ihigh· .. aromatics.••··co11tent· part•of.·a diesel·.·.fi.-actfo11.·(co11tent ofrton~hydrogeriated 

coinpon~nts - paraffins, naphthenes and· morioaromaJic hydrocarbons islow (I 0-
15 %)}is subjected ··to. hydrogenatioh, ,vltl6h pJ:rmits fo decreas€ unit feed. f1Bwbj' 

J.:4titnes; 
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.. hydrogenation of bi- and tricyelio aromatic hydrocarbons as compared to monoaro-

matic ·. ones . pr.oceeds ; mor.e . easily, . in less· isevere conditions · and with greater 

efficiency (.6]. • 

· ·•·. At the hydrogenation stage, conducted undet the pressure of 12:.15. MPa, saturating and 

.· .• · cracking of aromatic rings take place. The produced pmauct \Vith aromatics content below 5 · 

. · %is compoundedwith the hydrotreated liglj,t part of straight-run diesel and raffinate. · . 

Hence, the offered technology permits. to guarantee high efficiency of market low aro-
'' . ' . . ' .,, ' ' . . ' ' ., . ' ' '. . . . 

matics diesel fuel production without essen.tial }osses of potential resource at the expense of 

combination ofiextractive and fl3/drocata1Jfic methods. · · · · · · · ·· · · 
·. M11tictt dic!iel fud {aromatics cooteiit <t 0"/4) . .. ·. 
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th¢ .yiib,Jakirig Ptpcf~s with ~te1119tlMe up;,tafcl Hot •t~~ctibn cllaI11beiai1i1~d <ltth~rrn1I 
cqnv~f si~h 1111111(} tnriditi6ns ~Jth distihJt;e fr~6ti(>iis ptoducti611. . 

i~e.· .• i1;iis~flit~l't\tcire,•~x;~l:i111¢nt1f ar1qi11dGs;ial··.datahasmadiit ;ossible.to·••~sum~ 

tllat. cll~mical b~ll~vior <>fprodµcts• formation. in•••.a·•visbreaking··•.upM1ardiflow teaotordiffers 

fro~the••·.chernical·.•betavior .. ·•or.visbreill<ing.·pr<>c.essiTe~izeff ... accordingJoother•·a1t;1Jl;tives .. 
Th~se·•·•characteristic•. features.• are· caused either by ··•correlation.· .. of.technol9gicaLpara111eters •of 

thef prdcesg(tempern~r~, fr¢Ssure, tesiderictrtime),int1uehcing system therniodyrtairtits, or 
byhydroc.lynamic·t1ow regime in the reaction chamber;· 

i.;·.,1,;m.c,ti,., ... 9fhyaroc1yrnan1ic f10w regiilicio1.uptvatd •• ·,apcrur··--.114utd•.•t1ow irt operit1'ng·1;e~ 
: :·;_:·.-·::-_ ---.:-.:: '; ·-:,_..,.·: .. -.:-·(-._, __ -_:- .. --.·::. ____ --- .::.'.. •::_--·: ___ . .: . .-_<:-:-.-:·:· __ . -'~-:-:·· ·::_:: .··_. __ -._:_·.-, '. ,,-:_.--, :· :·_;:.-·:_· . .:-.. :·/:"_:: _-\:/::.-:.- _·:::-_,\·<----':·':\_:_>: __ ,.'-".:. ·_ .)'>:.· .:-:.- ::/·<-_·:>_;.:: _-):',.--_\:_·._.:}----/::_•-.:- ,·,_:>•:.___ ·_· . 

. ·.action cllamper has been performed, and influence o(technok>gical· p.arameters on its chaia.c-

t~r has h~en.studiedTirI11oiderto obtait1Vatjrifig .. wit1fC011versio11 cµaractbtistfos of the'flci,v 
.... -. •'-. -· .,·, _ ..... ·-·' -·-· -· ..... · '· ,. . -·- ...... ·--·- ,· -- ,• 

p.assing !f;ou;11ir reactiori••··chamber••th~ n1~def of ina~Jtrial •t¢actio;Jhamber{liei1;ht-to 
-. :, ':· . ·::.·.· ·. ,· -":,_,,:: . ·.: -, ·-:· "·:'- .: ··:·. .· ... ·····.· . . .. -, ...... ·.. . · ... ·.·. ···•··.·.· .. ··.· .... ·· .. · ·.· .·.· .•. ·.·.·• ..... ·.· .... ·.. · ... ·.· .. · ... ·.·•· .. ·.•· .... ·.·· .. · ... ·.· ..... ·.·.·•·•·· .. •.··.· ....... · · .. ··· ... ·.:.·.•·.·····.··.·. .• .. · ... · ... · .... · ... · ... · .. •.·.· ... ·.• .. ·.· ... ·.· .. ·.··• 

arp.efor.rati<.> 5. :·l) hasb¢endeveloped. fotthispurpose. jtsheightyolµme W"-S clivh.iedintosix 
· .. · .. · .• ··.·.•.·. ·.• .. ··.·•·.· ... ···.· .. ··.·.·.· .• · ..... · •··.··.·.• .. ··· ...•. ·•· ... ·.···.· ...• ·· ... ·· .. ·.· ·.·.···.·· ..• ·.· ... ·.·.·•···· .. · •.......• ··.· .. · .. · •..•.•. -:· ... · .•.•...• ·.· .. · .... · •. ·.···.... • .•. ·.·.·•··• .. ·· •.. · .• ·· ... •· .. ·.· .. · .. · ... · ••. -.:·.··· .· .. ··.': ..•. · ..... · ... ··.··•···.· .. · .. •· ... · .. ·.•.\·· •. ·.· ... ·.··_'_,··.·.· ... ·.·••·.· ... · .. · ·.•.·•·'."•'•·.·.··.: ·-·:-.;:_,---,.-:· .. ·.··•·. •.· .. <.·.·.·.· ..... ·:.·:; 

s~ctiofs··•·c=·pmp9sitio11.and• ... charact~risti~s •.. of.ea9o/o·fsi~~o\Vs.,veredeternii11ed·•·taking• ... in~?· .•. ac-

·c·.· ... ·o.1,m· .. •.·.t···•· .... t .• e· •. m·>·P .• era.Ju·r·····.·e·•· •. ··.· ....... and· .. p·r····e·.·. ss .. u•···r···•.··.~.··. v·.· .. ·a· .. r·.···.i ... a ... tl ..• ·o .• n· s. il:i.lo .. n .. ·.·.g .. · .. •.th··· .. •.·e.c ... •.h.a.··m ..•. · .. · .. · .. ·•···b···e··r ... ·.•· .. ·· ... ·h·. e·.·.· ... i .... g.·.·.·.h.·.it .... ··.·.< .. ·.s.··.•e·· .. ·.·.·•··e.· .. t .... h.··•· e ... ·.·.·.•.·.t.· ... ·.·.a. b·.•.·· .. · •. · ... 1 •.• e .. ) ...... ·.· .......... H. · ...... ·i .... e.·.··Wl ..•.... ·tt .. ···.·i.•·,,;.;. . ' . . '' ', -. ·. __ ----.·._ ._ '•. . . ' . . . ·' . ' . , .. 

. ],lope~::. 4i'1grwn for .... a ver:tical upw~dJ1ow•[2 ] •. ha§ heen•.tt~d .. fo.r 4eterrni11atip.n ofhydrody-
'' ·-. ,. -··· ., . ' ... ' ·- . . ·- . ' ' . ... . ''' - .. ' . ' 

.~c,~5tiff'feg,e,iz~uc~•vel9Cilie~t:"PO;,r ~<l:iq~i4~~~~~ieji1f 3f~e~ts) 
· ha.ye .1)¢errpalcµlat~d f9r eaqh qfeigh.t i1ow::;{inl~t •. at si?CJt:Etctor.sectioqs JJn~ 011tiet). · 

T;~ ~~ti~;ti~11perfonn,ed has shown ~llatjlla rpactio,;chambef feed pipe,· when•diarileter 

is .. s~I••AA<l•·v~poµr Ph?Se+'atiqjs .. notl~ge,a.•ht1bble· .. ··ilowyorderirtg ... withia .. clisperse .••. ~ .. citcular 

one isirealised which··is characterised bydist:ribution ofithe .vapour.phase••.in th¢.forni of sepa--
.. -,. . 

. . 

ra,te. bublJl~sin the. cotitinµpw,·•11quid phaser\Vhefireaction(products··•rfom .thefeedpipe•enter 

th¢ re~ctio11 chimlber theirdiarn~te.rs and .. yelocity sharplydecrease)ifhisleads to re~lisation bf 



sep~atedby1.i4iii~····areis .. coritainili.g~m~Uef··~as·bµblJles •.. · . 

. Begillliµig from the Secoiid( re~cti9nise¢tio11Jntepsh7e .·forma#onr~f •Vapoili pha§¢.·.tak:es 

place as a result of cdnCetsioh leadi11gtdlarge bt1bbltsJestnlctfo11and·tnmsition.totlie••··chum 
:: \_ ... i>~:: . :_::;-,/_. _.,-_··}·i::-:/;( '-'i ·. i-·:._: __ ._::.i>:./,::,,;::'.' ---~---- :-_-•_ .. "-:.:·:_._:·,-.:,-,i.-_- ._,_-:::;'.<.:-::-·i:•;- ·::.,-__ -.·-::: _ _<-.;-- .- -__ :,- --':-;' i::-_·. ·--- __ -.i-_i- _-- __ \:·.: :-.: '._ . -::· __ 

large; as is· the. cas~,·•pulsationiand µnsteauy vibrating flow· .. n1ay appean The•· chum flow re-

gitn~ in our.c~selskJi,t. uptdth~ re~riti()1161i~~.ef fop. irihe exitdurihg trEmsitio11to.· Stnc!Her 

is•··· .. Coiii~1red·••·to.~the·rJa6tor· di~Illeterthe·· birdiilar floJ•••.~~i;ei···lS·r~aii~ed \Vhen···•·11~uid•·.fl6ws 
__ :_\.-';_ ·: . "/.:-.',.', __ :' i_,::·· :_::·:·i, ·::.·-/:.:: . .-' .' :<·,:~,_-_,":·:.,_·::_",.·<:/•.:->.· .. :._·:-:/<-_t· .:, _.·. :: .. ·::·_:"/'. .. _;:<-:._":.- .' __ :. 

alorigt}le walis,,vwle giimovesintlle central.Part ofthepipe. 

¥0. d~ti~ise rea¢tidn cha111ber qJeratioll ... prbfictiI1gi11tcesJa.ry degree of 6ori;ersihn and 
long··.0···.t~rm• qper;tion .... periocl····it is.· .• necessc1ry.to ~~i11t~i11{he··fegi111e··.·approafllingiia~i1· .. ~is.~ 

:· .. ···-, .· '.: .-_,.":":.-:_,:,-• .. ,· .::_·.·:·· .···:.,··':., .. · .··:-:.: ... ; ·:· .... ···.· .. ·. ·.-: .. · .. ··,._- .·--.=·.:: " --.-:.'•·.··--= :· .. ::-.·_.· --.·· ... ·· .. ·.::.:,''.-:. _.: .. ;-··.: ... : .. _:: 

placementi~tfa prev~ntion of reverse mixi11gf\stagnartt~ones forn1ationandsintering. :or

mation ofJarge • quantities 0of the .•· vapour phase may induce ·the chumr.eigime destruction and 
- ,:.:_.:,._:.· . :: .-..... .-; .... :.-;_ . '.·.. . .. ·.·i, .', .. : .. , .. ·_· ·-:.: i·>;, ·-.·. :,--. :: .· .-::,-':· ·, -:.·_..",.' ·: :·. :- ... ·-.... · .. \.-/:; ''-',:,,,-·, " .. ·:/.:.·. :· ,:.·.···: .. · :·_, .. ··._ ·._.' . ,' .-

its. frarisitiontqthe circµJarregime.· e:ven.·inupper .. part .• of the. reaction·. chawber.·• More•iritensive 

interj,h~e.rµass·exchange.••duringctheeirculatregirrieresultedfrtjmincreaseof •. th.e•ivelocity 

.. •disbalapce •. •.·of·tlle'phases pro111ote& mo;~ intensive i,llild-up 
, . . "' ,·' ;·_.·, . ' ' ' '' . . ···:_. .. _-: . : ·:.·-._. . · .. '.. . : ·... ..:>i .. · .:".·.· ... :. ·. -

nents on therea~iorWalisincl· coking ofits11pperpart 
·::/.·;·:,-;:_ \ ···.· <·:•:":· ,·•::···.,·._ ... \·.·_.:· .·.:-,.·:·.:. '.:._·-.. >- ':,:.:;·:· .. ·.·_·< 

Theperforined·.estimate of.techrto1ogicalpapunetersiinflu~nce··on .the1ipwatd flow fogime 
in·· .. thevisbr~akU1greactfon·•rihatnb~r•·ha~isho\VII·thatthe .• c#urn•flow.·.tegime···•·ofpisto11type··•·ex

istsalong.·th~w~oleh~igµt.ofthei9haniber.whfohistypical·.forart•ia.eafclispl~cenienfreactor. 
·:-: · ·.·. , .. , ....... - . ~-·.;.: ... ·:··,'·· ··:· .. ·_ :. ·· ... i:-· .. _·--;·.': :::._·;·· .. ---: ·· : --.:·· .. :_ .. ' :_.::.:.: .. _.· _··: .. :.:·.· ... -.. : _: : .. _:-' .• .... ·-:·i.-· ... :· .- ' . "• .. ·_-··.•·--· .. ·: · ... · :· " ; · :.·:-:. .. :· _: __ <:· _:-,··· .. '---<:· .. ;:··.---;- ·.-.\' · ... -.:· 

... ···ApcJnJi;g·.to traditio.nal.points of view visbreakirig proc~ss, includingthe;ltemative•with 

a,. rewovablere<1ctionchamber and up\¥ard.feediflow, is considered to be avariant.of thennal 
' " : ·.·, . "i•:. ..· ;; .. .-: .·:.:. . .·' . :<··>: .::·.:-:::: .:._:-:.·: ··_:; '-:-·:.":--·:_·_·._· ·:· ' . : : ·.·.:: <: '· -:', _-'.: .. ,.·:<··>:·._ .. ·_, ___ . --.. ·.:::--· <--·. · ..... ··:·.·.'._:.-.·.·.:· .. > . ·:<:·:_" :-, . '.. .:·;-' ;.~··\·::.··.·. : .. ·-·i::--_.--':~ 

9riic~in~iprocessreali?7ilin.tnilderte111perature.c()J.1(llti?n$ang)o11~erresidcnceJime, 

Analysi~of te9hn9logjcatbalance.para,meters·and •proquct ptoperties :has rµadeifppssilJle 

tQ •.. ~uppQs,e ·•t~t.t}le .• pmcesses,j114ttcedby addition ..• ·reaction··.betweeri liglitintetme<.liate·• prQd-

~ts ff$~ v~tjtP~•~irI~e •be•i40$t4ep\1.rc~Cki2·;,ocesses.;11•,•m1Qd~c 
precqndition~.9ffuis .phen,omenon ... are: •. •·rll:tl1.er.J9wtem~r~iure .. ·(40Q•;,.'450 FG) an4 liig~ .pr~s

~ure.·.(7~9 .• atm) ..• ••·in•.•the .. reaction•·· ch~ber ·•including>the···reactions·iproceedin~ · .• with•·•volume .· de-
,·:· ·''.'. ·, ··. :•.:: - . ·. ::, ·-.;:· ·,: 

creas~••(ccmd¢11satjon~ .. ·.•col4ng. am:l· ··cornpouriding)i ••. ~ well.···· .. as lower..activation····energies of 

ad,ditionreacti9m~as•co111parecit0··cracking.reactiorr[3J. 

Qµe to d1aractelristics featµres pfJhe hydrodynan1ic. flow regitne in·a visbreakilig reactor . 

th~rtn()lysis· .• is• carried dut.·int}.VO phases·'-. vapour .and liquid, differing.hyfractiona1·. and 

chemical c9mpositioris of the hydrocarbons contained in it Selective c.racking of the most 
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Puring thl,s PNcess.low ,....·. r;iplec;lllar weigh,t.•prodt19tspf ptiµiary .. decay a1,1cl• aj.~yL1'9dicals a,te 

e,asH;''fli~d .. out''into .. the·•··g~s Ph'1se·. a11d··•do .•.•. 11ot·.jalcepani11···the •. secorn:l?ty·•Ji~uid.Phas;. reacti~n· 
•.· .. ·.·.• .•. ··.··.•.·· ... ··.·•· ... '-·'.:··' .. ·· .. · ..... ·.··.··•.·.·•·• .. ··.•.· •.. •.· .. ··.··• .. ·· ... •.··· ... ·.· ... ·.· .. ·.· .•.•..... ··•·.•····•···•···.· .. ·.· .. •.·.·· · .. ·.·.C' ... · ••...• ·.··•····· ... ··.·.·_:-.·.··.·.· •. ·•··.··.·.··.···· .·.·.·.·.·> .... •.·· .. --: .... ·.·.· ....... · .. · ... ''·" ... · .... · ... ·.·.·.•·· .. ··.-·--,_,······.·· ... •.·.· .. •.·.·.· •... ·· .. :·'.· .. •··•·· .. • .•.•... :,·•.· .. ··,_.·· ..... ·.·.·•· .. ··.··.· ... · .• · .·-.···,--.::·. ·,: ,.-.-_,-.:·._:·, ·_,_-_._·.,-,.: .. . 

· glle to the .. lmge ph3:se dfvision •.sµrfa9e, prpvide<i·•l?Y tht; liydr9dy11ami9 f19w regifoe• .• in. the.re-

a;tor;.JheJiq~id•·.··pna:seis.•. enricht;d .. p/long .. 2 •.. te~kxisting.;l?enzyl.·.a11d••·•Phenyl,fatl~9·a1;[ 4]·•·•~1 
.-,.., ··•· .· •._-, ; , .... _ . ., -·. -... • _.. .,.,,, .. ·.-·--·:- ----·:.- ;' •'," .. , ,• .. ,, ; . --,,--_ ",,' ,._ .. _ ' -·.· -_· 

tl1e e~pense •• of initial.high-· molecular•.·wei;ht hydt-~carbons .•• Thes~ rapicc11s··fa}(eipart·.·.i11,inter-
:,: :(i·, ' -<< ) __ · ___ ·:.--.,.·- __ _.; ://.: :_·<·-_-: .. _: i ·.·:·: ~···,,.: .,..,"•" .:--·._:_ ·:. ·:·- :/·_-:_ ·_- __ ::'_-. ', ;·, :-.., :·.··: ·, _::,::,-· ·:·.,_ ':. ·.:: .. :·,:_::·· :--::··,_•· ', .. ,,: ... .-_·._:. ·_:.-·:i.-._·-,:_ .--_- ... _ .. :: ::_:_ .·,_:" ... · ::·-- :·: .._,. :·-··:.~·':':'-_-.·';)<,:.',:.' ·.· _·:.:·.:.- '., :_ ._ .. ·::_ .. :·'.::·>,,_,_,''.:~·-·_ :···: . ·/_ :;?·.·-:: 

ppase thennppolyc911dens;tioh reactions. This ch~n1icalbehavio~r.ofthe pn>ces~~s .. p;qceed-

ing· .. ·in•···n4uid.<hhase•··•pr~verits··.jts·.de§tabilisatib11,··.•··•;sph,lteu~•··•fonn~tion and>c6king •. due·· ·to 
. Inaintaini~g··•high•.hJlan2e(cohtent.of.aromatic. hydr~6arb6ns ~nd···frag111ents.Thisiis .• Con.fit1r1ed · 

.. ' ' :··:.,-:--:/(·.'.'-•_.: __ ;·· __ :_._,·>:-\·::_-, ·.>".-·.,.:-·-·::-, .. _ ,,:··:: ... ·._·· ... :.. ',_---:,:,:_-,· -•:::·-_,_: .. ,:., ... ·,·::•· --,'.::: .. _:-- :•,:: .. :· ,· ... · .. · ·, .. --:.·-:.-·::":•:-:"·.<--····_-- ,'._,:.,_.·. __ -<···_,-· . 

by prctctical ab;fnce of~okedep~sits in•the·.visbre~king ... reactioh chamber·(cok.ing in the up-
ward•tm\f····\risbteakh1g·.••·reJttion•••·bRan1ber.·••6f the.Arl~n,fuil··•-····scal~oil•·•··t~r·JJ;~cessiBg····unii•··•aoes 

. not• .. eicee{i b •. OQ3%),.MT~Je·••f1Sph~ir6nicontenfJn thevisbreaking·•·.vac;~m··.:fesi<Aue •&Jctti~tes •·at 
theinitial••feed.level.(7= 9%). 

:;· .. •," .,·', -.'.:- _,•. ,.;._:.•,•.: '.,•••.,,,_'- • .',"·;-,' ,··c 

.•In .. the Jli()llf• Jhase, ;hi611 i;1ume in the .• reactqt•.cban~;~Jr~trl ?0 to90¾ (s;.1:1,the tabl1;) 

at. the ··expense of COl~Version additionreactions bet\\leen ~at;a,te~Iiydroc~~o~Sa1kyl·· racHcals 
- · .. ·_:_i :i·_.· .. -. __ -,./i:.:_-_-_ .' -. :: ... -\. ·. __ -: .:-__ r_·,,:· :·. <, :_· .. :. ··:-'-_._--.-_ .. ,_>:-:,\.·.:·. ,_:-·-·_: ·=···_.- __ -. -::_,:·_:_: __ ... _ · - _··>::> ·-:/ · ·:··.-\: · .. ,_::;·_- .=:_;_. __ :-i :_, ___ ,_:· .. :._· : __ \· _·: ·· .. :·:-">r· .-_ -·--::;:--·::-".--- _ _. ·t•.:: .... :_-;:·._:-\'\•:::-.. - - . . . -.- . 

a11d ... U11.sawr~t11. hydroc~rbOfIS .•. t~e.p1€lce•· •. ~l~ngside···•··v; it~····th~:lllil crack.ing. r~,f tioi~· •·•A~ a·re-
·tt~f ~iddls distiil~te5.!illY1;~ ~nc;1;c~ P'{)f/![? cl()rJ('~(l.~?f ,e,..stef ~gf !7 riln ~t 
tiilates(gasoline iodic number does not exceed 40-50glz/100g). are formed. Variation of 

~&iut ~ljoirar{oml"'si~Oh~f,ili€fi>I) '-•It't1f;Vis?~~!lg;if s, 1~~'.'cli\tfa~jf llf] 
ward flow reaction chamber. ( see the figJconfinns formation.of vis breaking middle <ii still ate 

productsatthe ixpertse··•ofadditi()rtreactions, 

f-'_\ 



•·•· .. • .. ··.-' >.·· .. · .•.. •.··.--,-.. · .·.··.-. -,-:"·:·-··::_-=·-,.•.·.··.·::.,:·. ·.: .. _- .·.·· ... ·. ·.···.·.··.··.·.··· ..• · .. •.•· .. ·::· .. ·_- .: ..... • .. ·.•·.·.·.· .. ·····>·.· ..... ·.···.·.·· ...• ···.• •..• • .......... ·.•· ... ·.··.· ..... ···.·: ..... ·.·• .•. ·• .. · ....• :-... ···.··_.: .. =--.· ·._'.•·.·.·.· .. ··•·.·.· .•.·· .· .. • ..•.. ·.· .. · ··•·· .·. 

bo~, <bgiling• in.···th~. igasoline ·•·fraction ..... •limits, participate 
:-.·::··•···.·.·.• .. · ... · •. • .. ·.··.-·::.· .•• · ..•.. ···.· .... • .. · ... ·.•.·_:· .•... •·.•· .. · ... ·.> ... ·.··:: ·.··.·· .•. ·••·· .. ·.··· .. · .. •.·.·.·.·· ..•. · •. ·•.··· •. ·· ... · .•• ·.· .... ·.· .. · .. ·· .. · .. ·.···.·· .··· .. ··.· ... · ... · .. •·_'·.· ....• ·· ......•... · ... · •.. ··.·.·.·.· .. · •. •··· .. ·.·•· .. ·.·· ... · .......... · .. ·· 

fonnatiqn ~f farge Inqlecular 111assJ1ydrocarbo1ls.> · .. 
i:":·.-:--f''' /"-:.::;. .: '· ·\"/;;_/-,·. -_:.·.,·,\-'"<.•·, :."-:-.-::, ,_ .. ':.': :'·"-'---·:::·;·_ ·-.:::,:"·::··.·-,,.':; __ .-·.--,,_,,- __ ,.: ':: ·•,:, .. : __ ,._. ',' :::·-," --.,._,_ ,-.,:•· :·>:" ._.:, ·-' :_ ">-·._' ::· :,-. :·-. ':··.-.·<-,:; '._·_ . '. :;->: '. 

The re;~arch work conducted hasSho.wn. thati11vi$bt~~i~g proc~ss. \Vith ... a·. remQvable 

~pyvAf.d ... flow ·~actfon chafuberthe·.maxirnum selehtive co11~ersion,.as COlll;aredto .. the .other 

mation. of middle di~Uates. · 

(: .... · ,' ::, ," _·. -_ -_ .. · . .'. " :--c.:_ ., ·'.·. _;_..,. .- . '"·,::· _·: . _·: 0-":-- '-: • -, ·.,_· _:,·_. :--=- ;: ·-:: 
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The influence of precipitation temperature on the texture of aluminium hydroxide (AH) · ·· · 
." . __ ;:·:.i_-·::\.: ::__· :·-.... :_,. ---/.·_· -_ : __ _, .. _ -•-._:_:_:.- ·."._-···-·.---:.-:-·_ :_:_: _:,.-,_·:- ·,.:--,-:-::::, ...... -.:;_.-::·-· .. -'_,_._:(/." _·._._.· __ -\> _:;·_:_·.;·;,_. :L::' .-:.:_ __ - >-," .. :_:··_;.-.:::-·.;:.·_--'_-;: ;·:::·," : .... -;_:-::: .. : __ ·-i:_ ,_-.:\i·,"-_.:_: ,_,_,..,/· -._'- ·,_ ,_:.· .. · __ ::;_:.·-._:-_:-:- _;,/_-_:_._.":-<_.:· -··_/ 

was investigated on the industrial samples,that were obtained in the plant laboratory using the· 

technology of the periodic precipitation (sulfate versiont Precipitation temperature· 'is 20-
800C; pH=9.2-9.4. Results are presented in table I and figure I-2. 

:-:.,·. '.::"·-·:· ', .. : _'." .. '·._ ·_···. __ ._· ._.,_,_. :- .·-,-__'._·_.-::>"· 

. . . Porous. structure of hydroxide obtained by cool· precipitation. is rather labial, its changing 

during increasing of contact time of hydroxitle and mother liquor at 30°C (Figure 1, sample 2) 
, . . :i ', •. _·-,. _.-· ·--·- _.- .. · -·- :'••·."-- .. :··_•· ,. ·,. _ _.: _,'."::,. -, ·-----· ' '_. __ .,-._ ... 

indicates this. In this case destruction of secondary pores occurs that is attended by growth of 

specific surface and decreasing of pore volume. Ssv=J57m2/g, V p=0.38 cm37g). The texture is 

defined by maximums at 21A (0J6 cm3/g-47% Vp) and 36 A (0.11 cm3/g- 32% Vp), 99% of 

pore volume· are defined by pores S 150 A, the most part of pore volume 0.29 cm3/g -83% 

. Vp) are pores with diameter Sc 70 A. 
The further increasing of precipitation temperature· up to 50°C · (Figure 2, sample l) re~ 

swts in hydroxide formation with less: liable texture characteristics. Thus, keeping hydroxide 

at· 50°C in mother liquor practically does· not change its pore· structure (Ssp=337 -m2 /g, Vp= 

0.77 cm3/g), which is defined by maximum at 45 A(0.31 cm3/g:.,46% Vp}. 99% of pore vol-

ume are defined by pores .:; 150 A, the most part of pore volume (0.43 cm3fg •- 63% Vp]' ate 

pores with diameter .:; 70 A. 
: ,-::._ '.."'. ', . · .... ::···.'·:.'· -·:-__ ' .. ·-:_ :-·_·_ :..,.-· '' -. : ' .. :--<ii-•.•i __ ··>_·'.. :-;_._:_ ·_ ···: i:.:·.·_ :·_ ... ·_ :-·-_'-:-_·:_:.-__ -·_: -:·:' .. .-.:: '·: ,_,- .· ... ' __ :-i :· : :.:.>·· •_' ·._:.:· .. __ ··::--::·:··.:.·,_·::"·,_:-_ . '-·,>·_·;:,·. . ._·-.;-) 

At the same. timeveryimportant .. t~ct is that the increasing of AH pore. volUD1e)synthe-

the figures. AH sy11thesized at209C .. a11dstabilizea·at50QC{Figure.l,sam.ple 3)andabpve 

meption~d.hydroxid8 llaye dose, almostniohoµ-ioclal pofe di~trib~tiont . ·. . ·. .. ·. 

, However,.•ifhrthe first····c8Se •·iglmne of the pores·•.wit~Ahe··••~am~tefimbfe••·thari•··7qA\IllaKes . 
0;02Jcrt?Jg,in.thesecondc~eitis02Jqn~/gat asirhilarporevoh.un.elesstl1an.70A(0~39 
anci OA3.rirµ3/g~Cordingly). 1tfoll$tbe mentionedthat .. secondafy)\.Hppresysterri,synthesizaj 

at .50°C,·· does .•. not .• have· m~im~ •o.nthecuryc .. of pore•··di.st.ributioni\Vithcliameter.60-1.20¾: 
ln<;ieasing9fthe precipitation temperature upt9 60°Q (Figure 2; sample 2} also. produces 

:·:>. ·.;-·:.-_.--::_·_::·- i--->:·::-.:-_...·. __ --:·<:-<\,--_-_-::- :-_>\:: ._ ·:>-< \:- -_·:-- ,:'\-'\:;·_., _ -_----./ .. :.·.<-_-_:_·:/_,·:·:-- __ .,-_::.:_ :::~·--<-.,__-._-.- .:--:-\:, _·_ ·_-___,_.:-: ___ ::.;_-:'::_:: ·\:...:"_·::-:-:,._:.'.'_'/ _ _.::-. :: :_ :·.::.::,_:··-1-·: .. ·:_.-.,-.:·::r·-.::-: :· :-: ·i __ ,\·::_:·-_-·-: --:-:.:·\:\ .. :_---_-_. .. _. :--.- .. ·=:_<<-_;:;:i_:-___ :,:;;-

hydroxi<le with stable structure, Keepingit in mothe; liquor at5Q°Cpracti6aHy does not have 

irifl~eilte. on 'texturb charact~ristics{si=31 m2 Jg,. v)=0.69 .. crn.3/g). iPorometrical systetnis de--



·:_"_-_:,. ····.:,-:.,-:·.-·_.,·,' :'->. __ .--:.:· ,,•,:,•.,·-:··:·,-.. '_. '.·:-: .. ·.:_.-·,_;·.,< .. ,.-··,. :<•::·:•<':_:- '\ ... :.-, .. :.:_,.;:· .-. .':-.:;_,":.":·.:.- _,_· ;_·:_ .. _. ,·,:- ·.·, .. .-

. sityof m~imµn1. pore distrib11tion at 45 A wi,th AJ.041?. qn3/g.·•-' A.tillQ :021 c11.-i3/g = A a11d 

and.·Q,Q.1$.··•·pn11/gtv/\W••t4e:se9011q,Jt.pag.clJ~ .. internret~d~Yi·dip.1eri.zation.of•·pfJ!'.tic\esrt45 .. A 
~iJhforniatiqno{•por~sof~ppt9priate$ize(-½&O••A.).···•··• 

:_.-_._.:; ... ··:- "·:-··: :···· .. -··;:: . ..,.,.. .. .-, . .'··.·-;,.-.·:·_·- __ ·_·_>·,_ -: :·.:·.• .. -.. .-·:··:·::·:. _··:.·:.;· .. •·,,:;•:'.;. :_:-.·· -_ .-:.·-_/._ ... _-.·.·:> : '·: ._·.-·:'·,.· .. ,· ... -".-_:,:_ .. :' ... ,_\.':.::· . · .. ·· JI rdrpxiqe .• •·.·•Sxnthesizedi<tt•. 80\(;.i(Figure>f, ... ·.s~ple •. · .. ·.JJ·.· ~,~ ...... stable .teJCtµre.pharactt!.ristics 
(§$f5f l •. 8 •.. 1n2/!, \'p=Q~66.•.pnf/g}'Whichi·.•~.re· .... ·copditi.oµ~d.pyit~p •.•. maxi111u111s/•· of Pf re .• di§tribu
tioI1: narrow.·-:- at62.A{0,28111.2/g;. -43 %Vp)a11diwide ~1.501\(0,3~ m2/g, ~>57 %Vp). For-· 

rnati;Ilof l)Q~S with ~2 A can. lJe conditio;td byttimers ofpijrti¢les 2l-22A, and with pore 

diru,11eterlA0,..J60A-"l?Y·clinwrs.o;Cpc1rt.icles·~l.A

Restilts revealthe•followirigreguiarity'j .·. 

f{y<lroxides fonnedatZOi40°(:has .. liable··•·porotis Structure,•·•th.a.t·.·destroys .. wherXdepositis 

keeping.· •. i11 .. •.the···mother•··•liquor···~ith··.•forrnation·•.of .cfosel~· packedideposit •.. frotn· .. particles<fy •. 2l.-
22 •. A··•an<i36, A.)Such•· 1\H ,are·· characterised •. by .. ·.lligh specific··surface ... ·area350,..370 .• •m7,/g and 

low Vp~0.3S.--o.3~•·•cni3/g,··wt:•·catfdra'W oneGoncl11SiOI1 that primary particles prapticallydo riot 

.int~ract·an<i•··secon.daryStnlctµre ··•of 4~positd9!snot.form, 
At preGipitationtetnperatµre.··increasetiH ·•.50°G/21:22Aparticles.disappear• and···•~ 44:.45 

.A• partid~s appear,· .• wh.ichpro1:mply·.· .. ~re dimers, Coiµ,iste<i·• of 21 ;,22<A particles.•···.They.·exactly 
begin to coordinate intensively and fom1·secondafy. porosity. 

, ........... Further·•·precipitation .. te111perature mcrea§eleads .. to/.significant ··reduction···.of pore content·.~ 

44""45.1\., wllichis.following.t>y.formc1.tioll o.f 90.·A..pores. M<>reprQbably appearance. of these 
,-, ::, ' .. .,, ·. -.-· .. ·-·-: , .. 

·pgres··•becomes.·theresµltiofparticlesdimerizatipn·with,dia111eter.44~4$.A.lnthiscase4hein--

creasing·••·of pore .... volume •.• practicaUy.•.<loe.s .11ot••.occur.·-·•·though secondary.porous. system.·gainsia 
strongly pr911qµnsed maxµriWJl c"QO .4\. · !Lis .i~tt,restlllg f:lmt. tIJmsforinatigµ ofs-36 • .. ·A/pores 

praQtiqally is i;1ot;opsewec,LTh.e.·.•in.tensity J)ftllis .. rn.axillllllll slightlyjriQrease with the.·•grov'yth 
. ,-... ·,' .:,· ,- . ·,·.,' · .. · .. ' '" -. . 

()f.pre.(}ipi1fltipp t~111pt1Jttl,lfe·2q~C0 ·•· 49°9~ 5Qf.C sz• .. q0°Q.frq111•.the. poi11t Q.Ol,J.·7.0.Q40•· 7 

0.022 Qm3:lg A. 
·Frpm the · .. p~cticaj •. •point pfyiew llyqroxid,es·isynthesi:zecl at the.temperatµre!'more• than 

5.Q0 C: · .... is. of great.tµtere~t•becaµse .• th.ey .• llav.e •... pe;eloped ...•.. sur(ace ~d···suffif ient •. pqre ... vqlume. 
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Ndn~f etrdris ... n1eta.llurgital ~l~~ts '~iliit?sod i~niissibns\vitl1 flrictuatioris ill the f"lb~ fate 

~J.(i~~~~t$kidef ct&~f 4-11\f ~~~1~1tf ?f \~f Jit/6tre,j\i!t,, Jtf;~-
aciio1111eatand create difficulties hi·. autothermal ••operation. of classicaLmulti~stage. fixed bed 

·-·- ,: .,._ ·- ; .-··- .. -·_. ::-.- ·-.:--:---- .·•: . ·.-- ....... ,., .. _._ .. _. .. _, :·· ._ ..... ·.-:.-,, ,._ . .•. :-.--· -_· ._ ·c----. ,_. _.. ·.-·---: 

reactJrs.··•To Perforin•a sfabJe·.·.4utotl,lellllilif¢gilll;··a26stl1 t()ntr6f•systeniis··~q11~e(L····· . 
. · .··.•· To •... ·.fectlisean· .. autotherru~top¢radon .••• of classical··Double·.Qonversion-Double.tbsotption 

(DC!DA) .. ·.Schemethe··S02concentratio11•.·inthe •. i11letgassho11ldpe~boye.•·6.0.v/v%.•··Wen.th~ 

coricentratiori of ·s02.is belo~·tlie••·abovevalue·burningbf su.lphur.is·• necessary to·inorea~ethe 

. coritenl ar·so-zori°ii<lditionalen¢tgy shtiuld be add· to the systenftO compensate the l~kb[the 
.. ,' ·-, ·, .. , __ .-- ... - ,'' .. •,•· : ... ·:, ·.-- .. :--, '···: 

· ... · heritand.keep fiµtoi)1ert11~l.6peration of the system'. 
.· .. · Tb'a\/◊1~·Y11; abo'9eprh6i&fl1s ~ii.e\\T··· llhste1ay-stat~··ncmA.•~¥~iemW~I···•·4eJfg11Jd~ri4····iri-· 

dustriJliy Jr&t6d iri :KdAS.i\., P16vdi(1u1gari~. Botrfoxidati6!1 st~ges o;erat~ iHifldwr~-
.. '' .. 

versalregime.•·•The···folet··gas··.with••.S02concentratiqn.4.0··v/v•~•··enters•·.thc•··first ... oxidatfon ·stage, 

where the S02 Partially•·.oxidise.·• .. Produced···so3·.jg .. ~bs~ibed ·into·•·•int~~necliate ···absorber.•a~d. un-

re~~te~.,sp, iS dir¢¢tJJi, t~~)9cOild&~i~of sier6tn!!f .f bntOlii~?f o \dJ~{~pr~per 
S02•~once11tratiq11{1.2.·V/v/%) ... the .strp11g .. S02 .. gas is . .delivere4 .. th.J;ougb bypc1$§•line.•·At that 

.. co11diti;ns .• potbst;es.9perate ~•;,ipth~a1··x-~ihi~e •. •.\··•\•·i·.·••····· . ••··•.··· ....... ·••····.·.·•·•.··.·•·· · ........... )• ... •··.•···· .. ••···· 

I>µringJ11e•·firstth1:eerµont~.Of.indusµ-iaLopei:ati()11thenew.11nstea4;;strit;D(~/DA.•sys~ 

try~:\1/sf ?11e~UtQUle?129P¢fati§/ i pr,es~~;f t1f ct~tif nf in°tnej~\~t ~°'2 c~j~ \' 
tratio11. The··•final§02 pon:yersionif3 oye.r 99.0% .. · The .. ··~02 e1ni~sions to..the••.atmospl1ere affer 

._._ ... :· . .-.· --.:--'.·.:-::.·: .. .-::,.:,:::-:: .. .-_,-_·:.·_· ... :_ :, 

tller s~comtoxigation•··sytgeare.~¢low •. 600 •·ppm ... ·• .... ··· 
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. The microstructw-al analysis of nickel fibres has shown, that destmction of Iijetal occurs·. 
:. '" .• .. ,.,"."'°. ,•.-""•',, . •.,• .. • .,•,,,, ,_ ,,,-,.-,_,,• •,•.••A .• ,,,,-.,.,.•,,_.,,.,,••• .. • .. -, .. ,.""',', '.,•'•••"' .•. _,,.__ .. _,.,,,, ,,_ ,"•O'"". ,_,''".-,,C 

basically on b°'I'ders of grains, beginning from a surfacelayer {fig. 2). Tp.e reason of destruc- . 

tion of nickeffibres can be th~ formation of pyrolytic carbon in space between gr~ins .. 

. Thus:·~eaJll co~v.;;.ion of n:~taq.i 9~ .the investiga~d nfok~l fibres ,:;sillt.s in significant 

formatio~ of pyrolytic carb~n and Joss. ~f the. mechanical· durability of metaL A metastable 

. ·state of rapidly quenched microcrystalline nickel ~an be the reason of this phenomenon. 
. .-. -, .. -- ' \•;•,-·- .. , .. , ., .- ___ _..; ... .-,- . ' · ... -.•,· .. -.··· . _. __ . ,.· ,-":-' · .. ·., _._,,;- -- ' -: . : .. -·:-.•·: ' .. ' ·, ', ,--, -. --. '·--<.--- .. ·.--'. "• · .. , :. ,-._ ' .. ·,0-'-·. ,:,·- ,' ,,_ .. ', -·,, -:_- _- , ... ' ..... ·.·' ', .. -_ .. ', . ' ---- -:·, .. , : _., ~ '. . ' "._"; 

However it is possible to expect, that preparation of metal fibres from nickel alloys will 

allow fo\\'er formation of pyrolytic carbon in a process of metane steam convertion. 

Insummazy it is necessary to note, that metal fibres undoubtedly will find die. applica-
· ... ·.•.--... _":' '·,:·. __ :_,_.,,._. -•-,'. '· .. __ . -· __ · ... _,.· .. :-,, :·'· ... -· .. _,. -.', .· '. :·, :.:.·.-:----- '" :. -.· , .. -,. 

tions in perspective autothennal reactors of metane steam conversion [1 





_:·.• :_,,·: :>·:·--:· :·.,- ·-,•, · .. --·:.-· 
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particle gradients, th~ homog~neous catal;yst grain model can he used. If tl1~re is nQ interfacial · 
. . - - : - _. --,::i-.- .: '-.:'-:"·',"-·.:, ·-. -- -:·.':--.:--:- _,>.- _·,;,; .. ,·._.. - '·;.-._- .'::'.·; . )' -'-'"'. :·. ·,::. -..- .. >·-.: -. :": ·'a:,· .·:.:·:.,::-'· ...... __ ._.,..,_--... -.. -:-·· --~-:,. '-.--:- :o-.:··.-·-·._ . . : ,_-, :·-: ·:-: _- _ . .-_,.-, .. ,,-, _.-• ·:.--· _. ;._ :·, -. :<,:--:~:,,_ . _,-... -=,-· :-_ _.._._ :-:·-·:"· . ."::, ::- -, -. -_ ._._., ... 

gradients, one can use the homoge11eousma'thematicijl model and so on. 

One can vary such process· param~tcrs as length and diameter. of the reactor, grain di

ameter and void fraction of the bed,.inlet ~~nce11trations and gas phase temperature, wall tem-

The . bank ·. of ph;:sical-chemical properties, . . . ,· designed 

QOSNUMETANOLPROEKT (Sever:odonetsk) and.the kinetic bank ofcatalytic reactions are 

.the parts of.the software "REACTOR": The bank of physical-,chemkai properties is easy to 

supplement and. at present, contains data of about 160 components. The kinetic bank of cata

lytic reactions contains iis own dialogue component, which helps the user to fiHup the kinetic 

hank himself. 
'- . ',.'- ·, '•,-- -.·_- ·, -,', "" ,", ··_-· : ·, .·_. 

On the base of the "REACTOR" package; one part of the .computer course on .''Chemical 
.-· ,·,_,· .' -·, __ ' ' ·:: :·, . ._._, :- ·.. ·- '. _._. __ , .. · .-·:·._· ·,- - : _·, -_-_ .--· 

Engineering in Catalysis'' was developed in Novosibirsk State lJnivershy. It includes analysis 

of both the processes on a single catalyst partide and ones occurring iuthe different catalytic 

Processes on a single catalystparticle. The influence of both heat and mass transfer inside 

the catalyst grain and heat and mass transfer between the flow and the extemal surface of 

\Vhen the resistanGe to mass a9d heat transfer inside the catalyst paiticle 
.· . _.:::·,:·-· ·-.-·-·' ··--:-:·: ... '. •::·:·::·-: ... ·-:·,,:- .: :·:-·-·. '··· '',. , __ -::::·:•-: .. -:-:-:--- . : "< ,' _. -:.:. :' ':': . ·.' --, .. ··::: . <:·,::·- -::·.: <·-•: .. ·:-: 

and/or the conditions when the interfacial gradients are absent. 
.-_-_ --_·-.. ,.-:· _.-__ ,·" .. :- -:_ ·-::. ·-: ·,.-, . --:-·-·-:·, -. ·'.: _:._· :· .· ", ·.·-:-- .- ·._ ·.: ·, __ ._._._ ' . ·, :" ·,,'. ' 

Processes 1n a plug flow fixed bed reactor. Stationary temperature and concentrations 

· fields in the reactor are under consideration and the dependencies of outlet temperature 
. .. '" .. 

andic.OI}1J)Qllentco11centrationsondifferentprocessiparameters.are.··stuµied,.<.··. 

3. Processes. in· an adiabaticfixed bed reactor. Qne can c.onsider the influence of the next· 
fa.ctor§ 911 tlle pr:pcess performa!lce: 

• · axial heat<::pnductivitJand diffusion,· 
• solid-g~s heat and mass transfer, 

· • masstransferwithinthe catalystparticlc, 

• heattransfeffromthefeaction• zo.riCfo the cooiarit. . 

Students ct5mpare.•the,process perfonnance iiri adiabatic ••rea.ctor · 'vVith ·one<in<pfoviously 

considered,rea.ctor. A particular process.canbe stµdied···in bothsi11gle--hed·•at1d muiti ... stage 

adi~ba.ticreactors. ifpe• #111e evoJutjoni.oftei:pperature ~nd.tpncentration·•fieldsjs dis., 

played on tl:le Screen .. 
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···rress{t990).... •··•··• , •... ··.· .... ·.·.·. ;:,\•·•· .• · .·. . .. -, 

2
~ ~~1;:.i~:~::r:i::·t~::~~~~~:;;~:=::~illl:~r;:, . 

. XiiIInternatioflaiConference ()n Chemicdl Reactors, J ~.;21 J~e l 996, Novosibil'tlk/;: Rt1$;. 
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· · MATHEMATICAL MODELING AND INDUSTRIAL IMPI,EMENTATION 
·. OF UNSTEADY STATE METHOD FOR GAS PURIFICATION 

FROM NITROGEN OXIDES . 

, .. ' . ' "'. '" . ' .. :·-::_<,:;::'"<-<.>::_·::··.;_'.)_i_-_:_-''<",<• __ :<_:_··/. _·_··_-:>,.:-.··._:.:.::_ 

*Federal unitary enterprise "Biysk 0/eum Planr" 
Boreskov Institute of Catalysis SB~S .. ·. 

. . . . .· . ··. .. .•· . . ... ·.. . .. · ... ·. 

At present selective red~tion of nitrogen oxides by ammonia is a \.V.tdely us~d process for 

NOx abate~ent in industrial gases .. Vanadium containing systems are conventional catalysts··· 
.. . . . . . . . . . . ·. 

for the process. One of the earlier designedniethods of process teclinol9gy is based on a peri-
. . . ., . . ...-. . . . ·. .·. ·. . . . . . .. . . . .. ·. . .·. . . . . . . 

odic change of filtered gas flow direction, as it passes through the reactor, ammonia being 
,·_ ·-- ', -_-:' • ,·_ •• < 

· supplied into the central part of reactor. This technology was implemented at the Biysk oleum 
·.:-.. -:- , .. ,-. >>-.:--·,-.::_...... _.·.::-.< -->:'-· ,-_:,. ;_. ---_-'.·":·:•;"':-(·(- <-.-,:·'.·.· :·:_·-__ ::-:-.-:· (-~·::-.>•.: :' .-_ ;:'.,./.:. 'i:-_:. _ _._---;- ___ ,-_---:-::·i-·>'.-_· . . \:_:__ .. · _- -_ . . _-.' .. .':---,·-: . 

plant· to purify the. off.,gases from explosives production. With· time production technology -

.-.--- . 

At present, NOx ~oncentration in the off-gases ranges from LS to 5.0 g/m3. Therefore, reactor 

design requires the heating of filtered gases, as NOx concentration falls below 1.5-2.0 glm3. 
. .. . .. . . . . ' . . . . . 

· Newly designed reactor is . equipped with · a kettle heater installed . in the· central part. 
·-:_,::,-:: :_·,·:.:: .· .· -<:: <- :.::,:> -:·· __ --::-:·-_::-:· -- __ . -.-_:_·_::".---.,_:<'::::--····--:·i'_, __ .. '.-:': __ - --.· _'>.---·::•-::---:.::._.'_·./-:-- : __ -., _._-_: :'_•::; . · .. :·--_· 

. Catalyst bed is divided into two parts connected with a tube. This tube also serves as a mixer 
. . . . . 

for ammonia fed into the purified gases. Plant control system provides th.e automatic electric · 
_:.:· __ :_':"• ---.,.: ,-·,_,__;·,;•:_,_. _:,•· .. , __ ,.-_-:/'·:_·.;·:-- '•,', ',,_· .. ,•"':•-' ···-::--·'.:' 

heater••·s-witchf<m;>a$ ijOx<Concentration decreases arid.•• catalys{ ... bed temperature· 9ecieases·to 

230--250. °C: :Periodic gas flow .reversal arid electric heatetinst<1lled in.• reactor center.allows 
' '' . _.--, ·.. . -: ·.,. _-:-:-.,:,·_-:-.-.. _·::-•_-:.- -.::,, 

the ITlilliU1U411 ellf!rgycorisu111ption onthe·gas heatirits, Whi;nl'Jl()){ .contenti11theJJllrified. ~as 

is J .. o g/¢3, awi. ~as.t19w•r.at{?iS 7200 IT13/rt, apmi;~nt el{!ctric power.·requiredfor ·gas heatirig 

doesnotexceed .SkWt 

As based ca.talysts··for.the .newlyde$igned plant chosen were a) •ringalumina-vanadiqm 
-__ -___ ·_;· ' . . . -·· --_ .'· · __ · . .. ,_·: -.· ·,-.,,· . ,",_.·'' _,· .: 

catalyst, b) cylinder ex~ded alumina-vanadiwn catalyst pi:oduced by AO "Katalizator'' (No-

.. ·.· ... -.·.· -: .. • .. ·.·.-.'.-':- . .. ·.·.· .-: . 

Calculated regimes forgas purification fromNOx at a periodic reversal offllteririg direc- · 



.. ·._.;:·.:··. ·<' '·.·, ':•,·_:,- .. '.' ... ,',.:."·.-;· .·:" .-·.· =:.-:,_·•.··: . _,.· ·: · .. ,·. ·•"' . -·.· .. ·:.:: ':> ... .--_::.... ' ·.·.-:'. . _ . .., ,=.·:._._. ::-•.':_,,: .· ·.: ·.:·. .·.\,.. .,_,_ ... _: 

At the first stage of industrial application cylinder extruded catalyst was used. Commis-

sioJ1in~ h~ shown the following. At an inlet NQ2 ~oncentration of 3-4 g/m3, gM tlow rat~ 7-8 
. . .. "' • . . . ··-c . .. • . . 

103 · m3 /h and gas flow temperaum~ 20-25 9C, purification degree is 98-99%, maximum tem-

perature never exceeds 350 °C, while time between reversals is 20-,22 min. In this case NOx 
: ,· ">:-.,-::: .. :.?'.· ,',"" .. '::·: ... _ ·:;:",):\· ;'--,'·i•<:-::.:.: ,:":, · .. · .... ··.··:· ... _.:(·::-:-,'_:_<·:>:·::_'::- ·:::·:_::/·:·.:: ·<\: 

residue after purification does notexceed 70 mg/m3; 

Comparison hetweetn:alculations (see the Table above) and industrial performance pa

rameters shows a good agreement by the main p;ocess parameters (m~ximum temperature, 
. .. . '. ; . . . . . . . .... . . . : 

purification degre~). Difference between the calculated and real values of time between rever-

sals is provided by rector peculiarities (metal weight), which ~~- not taken into account in the 

. mathematical model. 

Transfer to the ring catalyst·will reduce catalyst loading by 30-40%, maximum tempera-



:· _:_.·: - ... _ .. \_-.· -:·,c:_· ___ -~ _.·/_,_-·._;~ __ :--;,::::;,::_i···_i;::·.'-. <·:/.\.-_'.:i::·,i:: __ : .. -:_:: ·:-·-:_; __ :-' ·. ·, __ .->:·<.:-::_;):'."::_<. _,:_i\,-,. _ _._,·i:·::;. -. /?,..:,·--.. _.: -.--: . . :::.-:<'. ,:-.:::.··; 

V:I~Sirnagina~I.v.Stoyailo~a,V .A. YalcQvle~, v~A~l,ikh.oloboy .. 

Catalytic .. hydrodechlorillation /i~.•one. of the>ways of d~toxificati9n of the .PGQC; which ex.-
dudes••.the fdifuati~ri·•of .. n1ore·toxic••.··sub~tai-ices·•·such·as·.•·t>oly\.:hlo.ribilted·•dibenz9dioxins and·•di-

The ··goal oftliis · study is the .preparatfon and inv~stigation of.effectiye anciiQe~pensiye 

cat.alysts, petnlitting. tocarrro11t hy~rodcchlorin£tionofhexach1orpb~riien6.ana c~rbor1te.tra~ 
chlorid~u11der mil4 .re,actjoil cqn4iti9.11~ .... IJ\l(as .flecid~fl•tg· •. prepa[~ bimetaJlic.~atalysts cqn-: 

:· ---._.<_: ... :.· : ·_. . .-.-;_._.::--.·;_·:--:·._ '-._·--,_:' ·_·. :'·· -._'---.:_·_:'.-_. __ - __ ·>. ---.: ,/:._::_·::'.,.-::•_: <·<_.: __ ::---_-, .':_·:. ·-:-:_:-:-.·•:·•--'·:_\····: :·.- :_:·, ':':·_: .·,·:_:·:- ---_ 
. sisting•· of nickel, itnn •. •or· copper asSQciated .. ··to ... Palladium,··.• sµpported on aliigh.·surface·· .. area 

.. ·.· carbon .• nsibuhit" and. Ti02.J2].:iWe have studied<the• ... catalytic·· propertY bi' prJp~dtatalysts 
.• .. arid••··W~~i~~aJi9n .. of catal~c•.~t1rfape tm4~rJheinfluince··ofreacti9n.ll1edi1lll1 .•.....•.. ···• · .. 

The. catalysts NiPµIC\ QuP..4/G· aµd .... Pd.fe/Q .wer~ prep~ed fro111· meutl .• salts·.·w1d Jhajlre-

dticed •by NaBH,i. f ◊rir1creasingthel"eattion rate.•·6f liqtiid .arid·•ga.ses pl1ase•··•hydrod~chl◊rina
tion····carriecl out·. in .. a•two-pha~e··.·syste111.·•(aq11eous KQH and 6rga11ic·•.SOive11t)witli theµsJ <of 

•,, ',·. -·. . .. •. .. .. . . . ,,' ... • . . '' ·- .. , . , ... ,. ·-. ' . ' .. "' -· '., ... 

tetra1pethylainmoniwllcl)loi;ide as pllasertr[l,t}Sier 9aJajy~t. ]:he catalysts wer~.cllanicterizedby 
- ' .. ...:_:'·.-·. :·-':" _ _._;:,:,:- .. _.._:::<·'.:::: :::-i'.-_::--:/: .> :t·:'--._'_ ,·, :-_·-· .: :··':- -:-,. :,··::_-:::·-,,·.:_--:-_,;· '-:·:.:.··. __ : ... __ ... ·.:·_·.:. --=-·: :-.-.-_:···· .. '.-; ·-,·:. :_ ':" __ ........ ?_' _,_ ':'-:- ·_-_ -·- ---. 

. ·.·• chemicaJaµalysi~, 4-ray 4iffraction, electron 111ic.ro§yopy.... .·.·.••· . ·. . . . . .. 
ItWas••· shoWh•thafarn()t-phdus bim~fallichatalyst·· suppbrtea•·ort ''Sib unit» ·allby·.•i8.~ery ef-

fective t othy4r().dechl().rinatioI1 ofllex~hloiobellzene and car?oritetra§hloriae. 

Su<;h palladium coI1t:u11ing.bimetal.lic 4;,0111pqunds aUpwJormation, .of G1-Cs tl.ydJ,'.()farl:wn 
·. •duri~g· hydr6d¢phlori11c1tio11 cif c~borifet~chloride.· 

It was shown thafthe effect.of Pd content on theinitial activity>and sta.bilityisbfgreat· 

i111port3119'(· 911 ~e .. otl!~r ~and .the.1nptaLprecursor .use<i have a decisive influence Qn.•the ini

tialactivity and deactivation of catalysts. 

(1] KovenldiogluB., Cao Z., ShanD., Farrauto R.J.; Balk.oE.N.: AIChE Journal, 38, 7, 1003, 

(t992). ·.·· ... · .... •···.·.• .·.•·. ·· .. ··.· ...•. ·..... . .. .. ··.· ....• ·.• .· .. •.·.· •... ·.•·· ·.· .... · ... ··. ··.·•·. . . · .. 
[2] Simagina, Y· I.;·. Renouprez, A. J.; Ber~eret, G.; Gimenez, M. T.; .. · Stoyanova, I. V.; 

Egorova, M. B.; Likholobov, V. A., OrganohalogenCompd., 40,563, 1999. 
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q~ide~fQt19entratfow;,e~periment~Iy;measµr~d·(i· .. ·. .···.• ... ·· ...• <•.>./ i<i </> /<····/••·•·< 
111e <ciesjgno.f .·the fw;nac<.;may. be bri<.;fiy des9ribed• •as·•. follows ... Jhe .... furnacei~ .· a coQse-:-

. ' ,' .. -.. ··. ----- -·: .. , '· _ .. ', ·,-. --,. " - .. , • ... _ ' ·. ','' ",•_.'' " . ', . . ........ ·._ .. - ' . ' "'.' . '. 

quen~e\o.f\seveg~l.··•s.ect1qf)S., 'f'lle .·· steel·l}()tiles,trisett;d into .. th¢.··.· r~fract◊ry walls a~4?dii·~cted 
·uo1111ally••·.to the peating pietaL· ... supkiy·th6 u1d-aif W~tlltedire~tlyiinto .• the•.·fufllllce space.iThe 

:_·._: .. ::·:--· ._-_:_. ':,::_::_.-.-'-.- ·::_" . . "' ·-_:,:_:-

fuel-:-air. tr1ixture·.1s.·wel.l pr~wix~daiid ·prelleatecLuptothe temperattltes·.600.,800KOI:'.achSectio1i 

has the:loc&tsyst~nl for comousfion products ten10Ving.11ie of tirnal ·choi;e df tHe distan6~ 
between the nozzle and the 'Workpiece(35· --"SO.calibres) isA:he key pointofthe furnace design. 

l'he c9µ1bµstionp.ro~ssjs chiiractedsed l)yhigh tlanie velocities+upto JijO mls witl10ut 
causing fl~e. wstaqility. The cornJ,ustion gas temperat1.n;e r.@ge::. from ·•.1400 tQ J 700'K,. 'fhe 

50K). Jhe refl'a9tory walls are relatiyelycold, their temperature dot}s nor. exceed 1300K. The 
. . . . . , .. ' . ' . . . .• 

. i11ttrnal1/olumeis·••Oteupiedlnosfc,f ·Jn••· (u# tp 99%) bY.the hot)ga.ses coilibustiollprodttqts> .. 
watervapour •. a11q .• carbondioxide.,•.·Thecoldjet·cores.occ11pflessthanl%◊ftheifufuacevol;; 

· un:ie. Intense penetratio119fb.ot prqdu.cts into the colq cQre pr9viqes ignitionaµd staj)ilise the 

flame. High velocities of c6111bustio11 product~ lead to very effective· mixingan~l co~equently 
.pr6vide C{)Illpletefu61•· doU1bm;tio11in thefurtfate. Thelllain gas•·•·phi~etoxic substiinpe1 ptq•. 
dt1bedin.tfiefutt1aceUI1d.:fth~se.···cd~diti?ns~e.tlie .. ·.riit~EO"id~s.··•·.i·•.·•.·•···.•· .•. \ •.•..... · ..... · .... •.·····.··.••·•· ....... · 

.. The. correct estimation of the temperature· fields in tneJurnace is especially irnpintaritJof 

realis.tfo. evalua~io~?fnitric o~Idecon~y~tr~~ions.?~eTelativ~ly ·.si111pl?11u111erif i1•••·~~.~;lf or a. 
single.fiame·jetwas developed.• The.·a~rody11amit andthem1al stru9tute .. of a. homogeiieous.jet 
was. numeritaflyj11ve~tigated. Tliim()del .•Jro-vides ;cccptable •• ac6~a~yf ci?engineering pur~ 

·_ -:·. '' ·._. , -, _,: 

poses. The model includes conservation equations for ste~dy 2-D axisymm~tric flo~ form:;lSs,. 

mqn1enturn, .·energJ illld.· species.• conceµtrations.•'fhe. 2::orie~node·.iradiation·exchange ... met.hod 

was···•developedtq ..••. estimate.··radiatiye>h~t .. transfer.fI,2] .• Themai11~yantage .. ofthis··method.···is 
the. Uexible.·coµpling l:letv.reenthe fit1ic:i. pait oftheproblemconiputed.on••.~ fine gri<.i angthe 

,·_,,, .... ----.··· .. •···.·· ... •.· .:· .. ·... · .... ··. :.: .•·.··.·· .. ·.··.·•.· .... ·.·· .· ... · ·•.· ·.·· .. ·. '-.·.· .•. ··.·.:--.... . ·.·.·.· .•.•· ... ·.·----..... ··. · ... ··.· .. · 
radiatipnpart estimaWd Olla coarse ~id; Th.e.numeric~l experhnentswith th~. mo~~Fsl.lpply 

J The wo:rk is supported byRussian F oundationof Basic Researches, proj~ct OO-Oh0029f: 



•· tli~· <t1ia Qn .. tl!etp¥1p~ratµre> fie1d~,····CQmhg~tio~ •pr9dµcts.dis~tN~i611 and th~ ·~sti~~tj911s.Qt 
char~cteristi~/ti111es ···•~t•·•·~a;.·•c1i,11aiit·••·;rb~¢s~¢slin~ide··••tAe.ftiriiJce.· '111¢se· ddtii·····;et;···.~;d .•••..• for 

,-;:- ·-. -,-<:,•', '·::•.,,-,. -.· •• _,_ • ·--. .•,' .-_ ._'•',•'. _,,_.•. -· ··,--,. .•. -... ,·,-.• '. __ _._,,._ ,.,·-, -: •• -· 

niµn~ric·•a11alys~s pr£~·•1:1rqce~~es~ot1~QW11gmtnr,q~i.<ie~.fom1?ti911in.th~ .... ~acr:; 
The fuef .tisJci ·. i11 indtistrial furn.aces tonsists bf 111ore lhi~ 98% nielliane.The detltiled 

··•·iherniciatt11~tic11iod!1iricludi11g··••·t9s.io~~rclfuidth¥iarnenllii6~r9f're0¢rslred6tio11sc(ir-

trations ·{2]> Reacti911s ·. corresp011ding·•·toth~rmat.arJ,dradical• ··111~charris111s• Of NO .. formation 
were considered; 

.•.···•·Tiie .. ··characte11stit stin-ies•··••ijfclfonJ1¢al····1cinetic p1l1C¢$S¢s·.· .. controlling•·•·N0x f6rm~tioh•·Were 
estifuated•fdfc~ifferent··igmtid11·.•tempe.fattires·•···and·••eq.tiiv-alencerati6s.of m~thatie,.•·• air•.fui~mfe. 

\,. ,', ' .. '' -·: <" __ ., ;, ', ,:_ . •,_ ·, . . ,:,_··. ' :' 

J'h¢1ie\Yaj~es;c;qrresponq•to .. respe¢#y¢·ya.luJsofJei#perat11re•··ll'le.<!Sured••.andnunierii;a.lly··.•¢sti~ 
.•.·.1n~tedfoi:differentsections·•·•ofJhefµrnate.andeq1'li~~J~nctfratif.>◊L•1J1i~twJ s11ppliedin.t9tbe 

·.::._-_ : .,-· ,.: :- ' :· ........ ._. __ ·. __ . .-:·-·;_:_ ._. :_·_· _ .. ;· _ .. _' . ' ,• _:_. ·-: ·_· __ -.· ... ----- _-,--_. _: ·,_· :;:-·. __ , ,··,:' .: .. \ "_"'· '-~'. ,_. >i·' ' . ·:-- .-;: ·- . _-_.··:· .-_: --:: ':,· :, -_·. ·--_.-::. ... ,' ',·, ·:··-.;·:"_:_' ..... ·, ,_.: ,-. .-· :·_:::_ -, , __ -... _-,,_-:, ... · 
~e section. 'fhe 11u,merically estim~ted<cfuu;acteri~tic titne$ of ki11et,i: pro~~sses and th; 
times 9fre111ovmg•··.tb.ecbqtcombllStio11 productsflvQQKJ.fromthe ·.reaction ·~one-with the· fol ... 
lo\Virigcoolingtq atabouf900K~ere conipar¢d. No•·.·gaspha5¢ireactions··of"N().fol'ri1~tion oc~. 
qw· · ... lUJ.d(m.tlle otemperature QOPK. .. ··•1:he .¢qmparisonl(;aµs· krthe.followirigconch.tsiop.. Aitthe 
n.itrip .. oxide pr9411ced·iµ Jh,e.Jµn1ace. fo.ifo:qned ... ·by,1pr.:>mpt'··.·111ecqanis1n0111y>'I'hat provides 
reJativelylowNO.¢oncenti;atim1s.Jfhe.sel)sjtivity·aualy~is .. pfthefug4etforis1.1.¢~parfl.meters.as 

. '-. .. ,,,, ., ,·,' ,···,. ·, ., . . .. . .. '' ' . '' ' 

eiuiv.alen9e~tio.9f~ethane7~rpiixtur~fjg~tio~ten1peraturfs fl11dif4tihl cpµce11tratifnsiof 
11qt cqmbu~ti911 modiicJs ... cgm~~po11.diµg.toidifferen.t .zones oftlle. ipJerm,tlrspace o:f the·tlllllace 

pr9quqtso.f methane·oxidation•(asradicals .• CH,.·CH2ifcm··exlltnpl~).ir1·.hotcombtistion.pr9ducts 
\_, _ _:::·;;..": ·_. : _.::-----_·-'_._--·, ···-->-:.· , _ _.--i_._-,:--: .•._'::,' , .. -.:-. _·:._--:,-,- ::·.: _ _._:::,:.: ,•:- :: .... ·-: ', .· :=.:>- ,_-- ._-'-.<-'- ---..... ,i;,._ .. _._'·: ·. -_._-._. __ -..,._~-.-:,: · __ ----.:_·_:', . "·!,_: __ ·.:--:_ ·:- :··\\ le~dsJo·· signifi<;a,nt a111ounts .. ··•··of ·nitric· ... ·oxides.···•·That';·.•why,· .... the·· c9111plete.·fuel•·•.· ¢ol11l:iustion•·· 

reach~d in· the funlacJis yery i111porlaµtfot·good ec61rigical ch~iacteristics ofthe pr8ces~: 
::<-<_-·.- .. .-- ,.:---:--._-:::: '._. ::_:·.r_,:··.· = _- - -,:.<(-_: · ·.\\__ .. :i•:_ ··_· .:;:":':\.. -· __ ·:_··:·.)--__ --·--: -, _ . · :ii:- -:-::_/?---, :·_--)\<>:_,::·.:: .. _•:.: ·_---- · -:\.-._ -.. =-- >/ 

were µotJ)p.ly 11werii;ally estirn~ted. hµtme~µreq ~ weJl., .The. result~ gfnumerii;al .. ·mqdeh 

Md g9od :tni~ing cong,itigus .. ·iµth,e firrnacele.'J-d.Jo rel~tiyeJyJ9wNQ~ e:tni:;sAon§,· Tn.e. NO 

111etaUu:rgiQ. ·furm1ce;.Jh.e relatiy~ly ~igll,i111pact gf col)y<;X:tiye .heatJr.ausf er µ1 .. tlie • firrnaqe pror 

vfrl.es•t~ein1proyernehtof'theJn~r~eti{ru1dec.oloiit~l .• ~~arhcteii.stiis.•cit11e•·furnaqe. 
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Iµ.t,h~,11wn-~ri~llf ~l!:1di~$;µ-Ie.·f eyd ga$>JJJ.ixtµfe fonsisted·ot:95~·•rn.ethanea119·••·~.~•· ~Jlt~e 
t&·•IUQdel,itypiqil.·coffipd~f.tiJtiofnattiralgas. 

' ·- .. •.·. · .. ···•.·.····.··.·:" .. •· ... ·· .... •.· .... ·.·.· .. ··.·•·· •... · .. ·.· .···· ... ·.': ... ··.···•·.·.•.·· .. · .... ·.·.··.·.···.·•.• .. ······ .... ·.•.·.·.·.· .. · .... •··.······ .. · .··· .. ··.·.··•·······.·· ...•.. · ..... ·.•.· ... · ... ·····.·. ·•.·· ··• . . · ...... · .. ·:· ·' .. · .. •· ....... ·.· ... ·.·. · ..... ·· ... ··.· ...• ·.··.· ., .... -- ·. .. . . ·. .:'. :. ' •.• . ·-- . . 

fraction of the· refined·•1nethane'to•·be n9tlower.t11an 99r99%.Itwasfouncl.·thatthe.quar1tity of 
t:.;.,.-.·'.··•·'.: ... ·.:·:.· ,.:.:-i--.... ·>cc.;··;:-:.:·::.=::·.'</ .. ;.·._:... .. ·.;: .. ::.'. : <> .. ,_..~'.••":·· :.-·. /: ·: .,\~:.;. ·.·:··i:. s.:·\.- · i.::/·· · ·. ·:_.:::·;. :.:;,_.'.. ;: . :·,. ·i·,.\·.····:._ . / .. ·/·:· .. •.·:.• :. ;·:,.:··:·<· . .-·.::< · · ·_:•.···.- .. · · · .. · .. ·. :--~··.: · . /· · ... '·· ·.:·.-·.· .·/i. .:. · :i?<.-" ··.~·.::···. 

th.erefin.eg111eth.arie.optaineqpet·.cycledi111inisb'.es·.with·.·a·decrease.inethmiemasstransferrate 

.·.·atconsfat1t•puriti6t the rnethiMtoiihei·~o\v.·•··•AtcdilstaHt•·gJ~ rltiw rate aidt;l2tc~§e (if'>tn.i··eth;: 

ane·.·rnaks.transferirate leaas •. to.•adeere<islof 111ethaI1e •• outlet pt1.rity .•...• 'fh.e.••ta1tes. Ofithane···mJss 
traris1ef!f ateW~te de~~~i11e~ ~hichriro'1idlinakirn~iqtl~nt1iYa1nlptirit{gf refined ffi;thane, 

PSA s~j)~~ti611 i,rr6~liied .r 6r $tUtjied ~dso;b~rtt~. Th~i~ ads6rBJQt{Pr()iidlthe pµrit;. bfth~ 
reriJedril¢thaii~ ·ab6rith~·.9~3/6·•··•yvm1·•··•111eih<lri;r;2~v~i;·of46~~0%. . 

.·. ·.· .. ·. · .. ·,·•. :.:· · ....... _ ... · ·.-· ... :·· ,·.--.. · ... ··.:.: ·. · .. ·.··;•;::·., · .. ·:· . .,.· .· ... . :·· ._, ..... -.. ·--·:··. ·:, .. .-.. : 

Atthe.sameJin1e1tis.possible.toc,l,tain.·sinihltanequslyJhe··con~entratedetllarieand .. pure 
. . ·.·- ·.· . ._• '· : .·.-·.·;., :·---· .. ··--.:.·' ,: '. 

methane from .their mixture: The results ofthe llumericaF studies indicate that the. ethane con--
.•.··.·.·· ..• ·.·····•··• .... •.· ... ·.··:-·· .. · .. ·•.•·.·.• .• ·:.::.· .• \• ... ·.-.:-: .. '.•.·.· ..• :"':::·.·.·.·• ... ·•.•.•· .. ·::· ... ·· ·.··.·.··.•· .. " .. •.·· ....... :.·,·.: . .-:·-: ... :;: .. ·.·.·:: • ... ·.··.•.•.· ... ·. ·.·:· .. · .. ·.•·.·.···.·. ·· ... . : .... •.·· .. ·•· .. . ·.•·.···.·.· ... ···.•.·.·>.:-.•...... -:-- .... ·.···.·•·· ...... · 

ceritiatio11in · the gas phase duringthe blowdown step is notvery high (is· not higher thaji 12-
:·,• .. •. . ... · ... ' .. ;,.· .. 

14% vpl.}due ·fo···strongiethane adsdrption .. I-Io\Vever,the. ethane·.•fiacfionafter blbwdow11step 
· .. · ...•.. ·•.· .. ·. ·.·.· .... ··.··.·.·•··.·····•.·.·· .. ··.· ..... · ... ·.· .... · ... ·· .. ·.·.·· .. ·:.'•." ..• •.· .. ·.···.·•··,.· ... ·.· · ..... · .. ·.·.·. ·.·•.· .. ·.·.· .. · .. · .. ·· .. , ... ·.,.·. ·.·· '.· ... ··.·.::.·· .. ·.·.·.·· .. · .. ·· · .. ··· ... •·· .. '· .......... · .. ·.·.•.····.:·'·•····· ... · .. ····.·.·.· ... •.· ... ·· .... · ... · .. •.·· ..• ··· .. · .... ·.••···· ... ·.·.• .. 

in the adsorbed phase.is· essentially high and re~ches.75."" 8Q%yoL·.·To release the ~onceri;, 
':. . . .... -· ... .. .•. •,. . . . ••.• .. . . .. .... . .. ...... ..... ·.· .. . ... 

trated'etharie, ibltemp~ratuf~shb~l<lhirn6foas&i dtirini•bt6wdd\Vnstep. 
, .. · .. ·" .:: ....... : .... : .. ·• .,.'.: ">:".·.-... ··.• 

Egp~riht~'lita/r;ftlllfi. 
.;'.'' ·.•.•.· .. :-.:: . .-: ... ··.•.·.· ... : .... ·.·.· ...• :•.':.-·, .. · .. ·.•.· .. · .. ·.· .. · .. •· .. ···< .. ·· .. •.· .. ··.•.· .• :_: ..... ·•.·.:·.,_,.·:i.· .. , ... ·.•.•.·· ... •·.· .. "'-_. .... · .... • .. ·.':' .. ·• · •.... /,.'•/"" 

A dyt1amic adsorption set-up.· was··• us.ed to realize 
:. --·: .... ,_-;-:-. : .. ·. .' .. ,, ·, .. , :.• 

c;,61ic•·PsA·••·regirrie. The•·. operation 

c9hciitid11s.'\Ver~··as·f-011ows? •. t¢rnp¢ritur~25°C, heightpf··•·the·.adsorhbnt b¢d35 ..... c111, .. ·g11s·•.0~1oc

ity·.o.3· .. m1s?···ads~;iion••;;es~hre4.4••;1n1~i(1~1o;ti6npr;;t~re·9.1····a1m0~dpycl~tix~eiso ... s, 
E}(peri111e~t~I···•·4~ta···hav¢·····.cohfinried··.the.·· mbd~l.ing .. ··•·r;1u1t; ..... f.11e ... iefi~~d·•·.I11ethan~ -was. ·.op~ 

tain~d·•;ith··•I ~tl~t/0r·•·99,993/6 •• frorn .• thefe;d··•rnixt~re .• thattor1t;in~d·.95i .. }()1. .. 111etl~~e···.·ati~ . 
5% voL ethane. 

Conclusions: 

temperature.tise.·during•th.e .. blow~o\Vll ... step. 

• Comparison.with experin1e11tal. .. dataconfirmedJhe.efficfr:ncy .. ofthe. software .. developed 

for optimization oflhe operating PSA cycle conditions. 
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(Poorly sdiUble µyclrqxide~ are \~dely ~ed•to ~r¢r,~e'c~ataltsts, Iup;~tts, adf ~rhertts and 

Qfu6i·111Jteiials)· At1llrid¢r~llindiiig•·•·of tll~irµe~~AAisril••· tif li;q(8:xide• f ortri;tit>ri· .• at···•·the l¢v¢t•·•of 
iol-gel. ptb~~sses .. and·•·g;1••bv6lutidfi·•···orl••m,··.• ~g~jri~·.•· iii>rn<>ther•• ~oltitiorif .. pei'fuitsiorie(tq····6611tr81 

for cata,lysis. · 
Pdrici;~1·.••peculirititf ofsyste1rts····withi~.herriical·.·•re~6tioris(of~oorly ... •.s8luble hydr()rjdes 

for111atfoxi·ist.heiressentiai .•. nQn--equiliptiµm.••.(over:s~turaJion dfxeagentst9 fresn•·pp.asereaches 

that·•·hydrolysis••· is ... ·alwaYs· .. C()mplicated .· by/formation· qf •.• polynµcl~ar. hydroxo•.·. - C~tnplexes 

(PHC) •. 9nthe·• interactfo11.benveen.aqµa- catjons.{III,.IV) and .• ~ases. 
·we ha~e estaplished[lJ~ ne$1, ntt··.kn~wn earlier•n1ephariisD1of f'onri~tiotiap.d crystalli-

·- '•,- -...... -_. '-·,· ' ', , .. ___ ,., ,• . .- ' '. ·-·, . ' . . . .--. ',•, . ·-- ' -'. .: '. :· ,·,."-·' 

zation of p6orl)1 soltiblehydtrifid~s• andfoririu1itedthe .tfieoretical •. eoncepts, providing/an·.·•ex .. 
pl~riatio11•··.far· .. relatipns .• and.••· deperidences .• heiween the sfuges \of •··.genesis/of·. ·hydroxides •··.·.and 

oxides gh catld.yst synthesis. Thus, we•··state that PHC of precipitated Irietals ac(as inte:rrnedi ~· 
at~ .rri~.teriajs·. 011J1ych;0Jeide fqwation .. As was sJ:io\\'J.1,· J1.Jitnited111.1mber .of complexes .··forms 

.. . ' .. ' . ' . ,· . . .. ' . -.-.- , 

on .•. polyfo~densation. Irt}he··c?urg~.•··Of .muttf~l Conversi911s, ·.· ''tey'.:polynu~lear hydroxo .... coni-. 
plexes.(KPHC) are formed and .• •accumulated .. ·ingolutions to. produce sol• particles .. Conse-

quently, .• .. the··•key•·· COU1plexe~••are·.···ll~t ..•• engaged.• in··1he··•forrnation···•·of comple.xes·•.with. i·•different 
nuclearity and structure. at the following steps qf the hydroxide formation. 

We•·have.established a very importantphenomenori of·"'inheritance'' of the structure.·of 

ky}1.polynuclear~ydroxoco:1plexes··.by.hydroxides, ... ~hich••.detem1ines .• a.genetic.Telation·.Of.the 
nearest order between· g~ls ofamorpl10us · hydrmddes and the. structure •.of the. correspqnding 

PHC. The.structure,chen1ical cociposition, and arrangeili~nt of.t11bfunctiom1l··~toffigrotips•of 

the key PHC • carry aninformation about the evolution ofan1prphous hydroxides on ageing up· 
·•,' . ' . .·· :>· ', ·.. ' .,_ ·-., . __ .' :. '.,, ' . 

tothe point when they transformJq theicrystal ·.state .. The.111.1mber of crystal phases. formed·•on 
. ' ' ' . '· -.. ' . ' ' ·,' .. ,-- _.;-.-- ....... ,· 

.. ageing corresponds ·to the.•nmnber of ·structurally.·and •. chemically.• cletectabl.e.versions .•. of amor-
phous hygrox.ides. in prei::ipitc:ites. When 911e knows the structure of.the key PHC and their 

concentrati.on intheparentalSolution,itis possibkto·pr~dict qu~ntitatively aphase composi-
tion of the ageing·.products. 





: ' . . . . . . 

> i ..... · ..... · ... i.i .. . /. ··.. i · .. \/ .. < } .. ·•.>· .. 
·.•·." We h~ve $ll()"Yt1. [l]Cthllt •AhiJwdAl1 pass •.• fl-grntl1e ~o.luti~n.into.gel~ of J\l(Ill).aqigr-

. · ··· tively )< llt .pH == 4--l O llnd T < 50 °c J:Iep.ce it foHQ\¥S that {j) a 111i11imlll1'1} theqretically 

at~in,blssizep{flf $ i§. detert11b!leci ~t.s#~s?f l<ey f PQ1plexes of pr~cipitat~d rnet~ls, a11,d{iP 
gels of i\l(III) .ijydtoxi(ies''iµb:t:;rif' the· strn9tute of ¾.eycomple~es of.AJ(III} Npte• tll:at a.n in-

·_, __ , .::.· __ ::<-·-.. ,":)_/·_·,_· ': .-::,-:.,--:_-_ .>:-·:·_·-;_.:,::< ., :';·,.· _--: · .. _;_>:·:.-:.-- /<-·.:-.·.--_'.:·_.:. '·:: .. 

. ·· teraction .. •between ... severnlkey.·complexes fieldi11g parffc1es·•·qtl\i(III) liyclroxiJ;.•sols30--50 A 

Atthe.dos.enfgeLformationatpH ==·.·7~10,J>·6()°C;aseriesofcorn.plexphysicochern.i~ 
prd6ess&s/B¢girisspontllil~ohsiy:•··c~fstli1lizritibridfA1(11I)··liyclrdxid~s .... iff11e·•Maft•••1fupof~ 

tant· .. · ·oh&.··•. wi•···••hate•·······establishbd•·······• tht:·• .. ·.·.·mciclianis~· .. ••··· o[ ·•·•···cfystallizctti◊iiC.dfi pdb;1y<•.·.···•·Jd1ubl~ 

polylller .structure· and /growth of.secondary crystals··.(SCs) aI1d by Oriented accretion··· of. the 
primary; partially crystallize&• PPs \iver the sifuilifr faces·ofiHe othet Particles, fathefthaii {,fii 

dissolittibn·. of highly dis~rse PPs>1]1e phas~ tofup◊sition of ttyst~Hizatfoh•p;odubts·•·· is µe
tertniri6dbji·•the hJthle"dfke/tJrnplibx~SYiJldirig ahfur16rph6usliydf()itde g~i.·Tous(thtgeis 
Obtainea.•.fr?m~l13/0r'~l7lUU1Sf{)rn1 ..... irtt() .. · .. biyerlte• .. ·andpseiidobOeijniite;··•·reipectively, .. ·.durin~· 

ageing;·~e ot~erconditfo~steit1g ~e sf111eJ 2}: 

••... ····•.The .•. rnain$tages.off onnat~on ◊r~~rpho.us hydroxideso[ F~(JH)are (3)·•·4 J;······. 

Fe(H20)o3ti~.Fe2(0H)2(H20)s41" ~'Fep M :PPs ➔ •. ~lisorderedaggregates qf I'Ps{3j·••·•· · · 

. The.key c9µiplexes ,ofF'.epi.ebnip()sed •ofdoul)le chains of oetahedtonsJFe()0] ilre joint at 
theedge .. The·compositio11QfFe;CompleJesjsFeQOH•fi20t\Vh.en(:)omplexesF¢htransfetto 

tht\YQlllIUe .• •.of ·sql····pruiiples,their •... stiuctllf:e···•aµ<f cpmPQsitiofido ••. 11otpracµcally •.. chan1w-•••. Qels •• of 
amqrp4Qus llygroxides·. off'e(IU). are ..• composed. pfx.lisorc,lered .aggregates of PP••witha·· Q,l:l.ITOW 

size)distributfon·.··•(35-45. A) .• /Analyzing··· the. curves .of •.• ra4ial.ato1n•·•·•distributi.on, •and µsfag•.•th~·· 
. briglltiimage andidark image qfTEM techt1iqut:!s, weliave discpvered local, structurally or-

der~d regions. lOA .in. size.The atom .. distrihutioti inSuchregionsis 6haracte;i:stic of .a-FeQOII 

(goethite)[3]; 

On.the····hasis.of.th~•tl1eoretical •• co11cept•···ort·•· .. th~.·····m:chanisn1·· .. · .•. of··crystallization .•. ·.of··.p()Ofly 
soluble llydroxides,we hav<;dev~lope&J4] anapproxi~ate.·.kin~tic.model: da/dt==··K(l~ a)2 

. .,,,' -'-• . . . -· .. ' ... -- -• ' 

< aJs a•~acti.or1of th.e.crystal· .. goethite···phase).··This ··111od7l···at:qu!t:lYdescribes all···e!rerimep
tal data on gelageing in alkaline mediaat25-90°C.Parameters Ko'=7.085l011andE=76.8 

:· .. ·.-, .-_:··:, _;\·-·=·.: _/_· _·_;-:,_c:·-:" _·:\'··· __ ·. -,-:_.-.::(,:._:.\:,.-.- .-.:·.'_· ._:--.-'-::.: -_._ . ,· :/-\ ... _._- /::·-<· :.·-___ -_;' ... _.---_ -.:.· .. ,, ::\(:;_:- _;,, ;·,_· :-,::·-·_: . : )<,·.·: ·--.:>---·.:-:,.·_·i_<- /:··;:_: .:··,: 

2!6••·.kJ/mol.were determined •elsewhere [4]. A KD.O\Vledge of themechariistn artd k1hetits.·of 
crystallization of• amotj)hous·.·pe(III)·.•hydroxidef ~erniitSone·•·t() fuanufattllie(usirig·••·6ne tech .. 
no logical. sc~eme)··••awide.rang~bf hydroxides.··aii~··~Veffoxi4¢s with.thefotlriv~~parimet:rs: 
S .. =20-500mi/g, tlie overall porevolmneis 0.1;.LO cm:Yg, size.ofpores ranging from 10 to 
thousands A: 

HierarchicalstI'ucture of·physico-chemical/processes. and. reactor ofideal Illixture.for 
.catalyst synthesis by precipitation ·niethqd may be represented asfoll9ws: 



has~sf?vi(I), .8ff"J· ... • .... ·.•·•ii•<} i .. • .. ·•·••··•···•.·•·•·i<i <•.·· • .. ···••·?·. <i·.••·••· ) . >) ..... ··•·•··.·.·····•·>i >ii ...... ••·•••• ... \(.··.· >i• >.i·•·•··•·••·it Pr<>1uct~)of .hydrolysi~ •• •.and pol;,'f?1ldens~tionM(H20)/+ .. fM(H20)s(OH)2\·· M2(0fi)24+, 
key PHA.l\,i(III)r, H30+orOff,J{20l .. • .. . ...... ·•····· · .. ·.. .. .. . .. . .. .. . . .. 

Prirharyp~rticl~s•·(PPs)fdiso:fderedan<lldf orderedaggregates.of PPi•9f•arnoq,hous M(Ill) 

hydroxides in aqµeous soltidoiis: < . . . . . \ 
Gels.of .~mom4oµs an<l/or eryst~l M(lII)•hydro~ic:les, 
kiactor tr Ideal iil1i*irig; liY4r()dmalriics,·teat-·· ~d.lti<lSS ti~~r;f of rea~~11ti ancLr~J&tion 

• The promising ·wayfor solution of problems of theory and praftice of catalysts•preparal· ·. 
·- . . .. 

tion by precipit~tibhofpoorlysoluble· substariees.··is inatheinclticaFmodelirig Ofreactfo.ris; pr6--
. ., .•• ' _:,-:_· . ., ·' : .- '. 

cessesiiartd 1:eactors.•.JJnfortun~tely,··thi:s··· scientific a.rea still<does>.not attract att~11tiortof . 
1:es~wcl}ersJq. tll~ Iight degree,The ~Xp(:riment&l matc:rial. which c91.1ktpe!usc:d ford.escriptio:µ 
of l,tinetic·~~h~vi◊f Qt' .sugg~sttd fiye~I¢vel .structµre pfpr9ces~Jsaµdr~&ctotfor>ta~lyst;:syn~ 
thesisis very .poor. 
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_ A key problem of experimental heterogeneous .catalysis is evaluation of a catalytic activ-

ity of samples under investigation. The catalytic activity is tJpipally :measured as a specific 

rate of reaction referred to the catalyst amount (weight, volume; surface area) [l}. Because the 

rate isindependence on experqnental CO!lditions, in practice, we measure the specific steady

state rate at given tempera~re, pressure and flow of reagents. · . . . . .... _ . _ . - __ 

l~aboratory techniques apply recycle reactors for the rate· control. ::the gtadientless regime 

is"provided by ·intensive agita.tion.t:,f, reagents by means of special units which may ·be in

stalled inside or outside of the reaction vessel.· · _ 

•The recycle reactors -with internal agitation are widely us~d now [2,3]. Along with posi-
:·_:•i,. ··:·-_·-·::ii··· __ ·::_:::_-/··:·'. ·-: __ :._._-:···-::.·_ .. · __ :_. __ .\·-'_<_':,::_' -·-;,\·i-- ·_ -'-:..-::·: '. -,>.::.i_.·:,:: _<,(.;_ '.·.:->·-:-·.·_. -:' ._ ·.- _.::_: 

tive characteristics of the internal agitation, there are some problematic m~ments. The essen-

tial drawback: is impossibility of experimental control of the flow passed through the catalyst 

bed. Also a problem with neat removal can ·appear in a case ofstrongly exothennic reactions 
when the reactor is not supply with external cooling. . · ·. · · · · · .. · · · .· · · . · · 

· .. An external recycle reactor -snown . in Fig.1 was· designea to overcome these drawbacks. 
·.·,, .·' _-,· . _.•· .-.-: ·. ,-_ -·,• ... '. '.' -_' . .'"_,' ,·, ·:.,: :, ·_ .. ·-_ ,•.-

[ 4]: As seen in the scheme, incoming to the catalyst reagents are preheated to reactio~ tern-
,.·,,·.-: - ; ... ·.--- .. -·:- .· ,_ ... ·_:, 

perature by means of heat · 

Fig 1. Recycle reactor configuration ( to theleft) arid one of gradientless design with. outside 
circulation (to theright) 





o=L009; 

o = L009; 

. As determined, the gradientless regime was realized to a high precision at the normal dis

charge of recycle pump. It should oe noted some fundamental features of gradientless reac-

:;_·: :-:·- ... ·:i•<",-:- ·<: .. ··::>-' :._._, ·:·:- _- ··:··-·,:':·:.-- ._:,:-. · .... :-:.'.·_. . _: /·.<·:·:_:::::·- ::;:< .,,.-,-.. ,:_·::_:•- ·:=· ·-·-::·': ,' -_ :·:_-/'-:· <_ ... :,=-·-:··:·-. __ ··:-::'·:·.·-'. '_· :. :.::_ ·i':"··:·::<:. :' _- ..:·.? 

the key components, but did not create concentration·gradients in the reactor.· 
·:._-:-•'.:':(:·-_. ·.:.· ,.,_ :_i·_,_i-•_·,·:: .. :_:···''·_·,< .. __ ,_-,-i ._·-_: _:_:\:.:-.: ·_::'':: ':_'_:.:·/:_-'··_·-_·: .. -_,-·.: ,_-.,.;,--' : ;:_·_._,i:,:.·_:-.:'..:·-.:-·:-'.:,.,_: ._·i_ :_.,·.-:.·_·. ,-·--i<·_.: -__ -.. -.:.:·::·:-.-:_.: ':·:.·::·_:_:_:: ::_·_:, ·._.::_·· ... -: :·_:.:•_ .. ,· :,_:>::.·.;: _-,_-, 

In any graoientiess reactors composition of the reaction.mixture .contacting with the 

· catalyst is practically equivalent to the composition of the outlet tlow.. . 

Basing on these facts we· can measure the reaction rates at tfie different rates and compo

sition· of the flow supplied, and, as a result,· dete~ine the reaction rate at the.desired compo

sition of the contact mixture: 
,.: _. .. -_,,_ .. ,_.. ..- .. _;_, ',·.--,.:··_·•.' '_' ,.·,. 

The reactor>deSigncd <allowed us.· t6 . p2rforn1 ~ffective precisi6n •. ri1easuren1erits of the 

steady-statei.rate. fof .·•·~•··numbdr.·brruridarnbnt~l· .. ~atal;iic·•.reactioris•.··•[5;6]. the appropriate·•· data 
':"-. ·· .. :,'_.::-:. _>.---, .-)·i' -.. _,_: __ : __ "<'·>:. -- .<,·· :'.:. : --\·,:--·· . __ . .-:\_, _._:::-'.''.·._ .-_.-,:-;· --.-=.:: -.·,:_·: .. · _';.-·<-'-" ::·.:·_---.· __ :- __ 

J)rocessing was fua4~iby· C$pec;ially developedintelJ}Qllltio11···rnethod. For i+1stance, ··in Fig.3 
~ere ii ~ sqheme Of gr;phic inteipbl~ti()~ methgf{forsii;gl6:i~ute Pl'OCCSSCS Orcompletc oxi

dation of hydmcar~9ns. Varyingjn~oming Jlo;erate •a!a.tiked. co~pO§iiio11 •. of reagents, \1/C 

obtaJ11ed a set of stead.y,,,state rates .. at the .differe.nt c9nc::entrations• Of<l key cpmponent. .Jnthe 

followin,g procedure. of graphic.•interpplatfon.·thc .. ratew£!$ ·determ.ined. at a desired concenfra~ 

tiol1.Q(the · key .comporient Forisj~gle-roiite proc::esses•·character~ed .• by. nonzero. order to.·· .. key 
,- .. •,'' " . :· . .. ·_ .·' ·-, . ", --._ ·.:_.-:" ·_,. '•, ' ,'." ··::··, ' ,' ' ·, -; ' '" ·.' 

component the. method was successfully applieda.s a rapid· test of activity of11ew.catalysts; 

4 

'J2Ki.-f((t,Qox ;Ccd.,Cw) 
w. = ---";.,.-"-J_.__ ________ _ 

. .· 4. . .. . .··.. ·.· .. ··. . 

l+LKi ;f(C,Cox,Ccd,Cw) 

Scheme ofdeterminationofthe catalyticactivity, 
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. ..·· .· .. · ... · .. ··. •.· . ";.:- .. ',_-- .. -,._.:·-_·, ',· . _,-:-'_. ·:'><·.'' :·_·.:"·- . ,, _:· .- .. · . ----_;_ ·,-, 

Work,,.•· .. b.ec. a.u ...• se. inC.this c~.•fit was· sufficient tpo\Jtain 6nl y$ingle .. point .. )o····· n ..•. ·. ru.··.·. e. i:ri Fig.3.Iµ pr~.b- · . . ,. . . . '' .. ,,•, . . . . .. , ' . ' ',. ,, 

tice,.this fathe. tyi,icaf. situati611 i11fhbqfutiiiy%~11ti-9L6f cornnier'3ial:satnples. The reictor dei·•. 

processing,providepa•highprecisi()ll·•.and.r~produci~ilitygfres1Jlts·ofthec~talyti9·•testing [SJ . 
. . ,·,-_ -· .• .,·, .·-_,-,_' _. ·-. -•,,. '_,_._·_. ,._-,_-- ,' ·: ·, .- ·-,.: ._ .-,-:- '.' . ·- . ,. _._-- _._-, .. •,·, . ·.·:. ,'" ,·, ---- _,·.·, . 

Stimd~rd m6isur~melltS 11onriaUy In~deJWry l116hth ... gav~·.·.aiviation of the bonJtants<pf 'no 
,.-,·,,,. ... --·_.·. ' . •,'. 

niorethari.7% fro1n th~ average value. 
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Layered double hydroxides are a large group of compoµnds with the chemical fonnula 
·. . . . . ' Y:+ . Ii . . .. · . .. . . . .. . _;j;, . . .•. • .· .. 

[M(IIfo-xJM(IU)x(OH)i]' (A: .YtnJ- niH20 (LDH-A), where M(II) ate the cations of double-
·. 

charged metals (Mg2+,Nf+, etc) and lithium, M(III) are the cations of triple.;charged metals 

(Al3\ Cr3+, Fe3*), An - are interlayer anions (Fig. 1 r These compounds are widely used as 

pr~cursors to obtain complex oxides containing M(II) and M(Ill) metals, acid-base catalysts, . 

. drugs,·sorbents __ .. afWell asianion exchang~matricesof th.ef1ariionic_.day'' typell,2] .. •_The 

structure ·•·of these compouudsis .. fonried byaltefnating-· charged biucite-likelayen;of tlie com

position• [M(H)(1-X)M(III)x(OH)2](2oo)Y+ ·· Md theJayers containing A-·•·•anions_ arid_ water mqle-
.' "' ·- ·,·: . __ · ... _. .----· __ _-, :. ", ' ' -.· ', ·,_-._ -:, . 

culesat the .same time. The thick Of [MxM(III) isx(O HhrXs)X +I? layer .isipproxiniatelly s A. 

The distance.·betweenthelayers (L) is deternrined by the nature of anio11A n~ and.varies from 3 

A for er to 20-30 A for anions ofJlatty adds. Thf presence oftwofragments-ofnanoscale 
•,:_c.' • ·. :._ - . :,,-_,' ,_•' .,,. .. .__.,, ",·-: :••,:,•• '.,,.._• • •,, ,•,•.- ', >.•,•-- ,_-_-:·- _'. •-:• ' ,-,·,_ ,_:, •< ·." • C ,•._-, ' ' ,": ·, • _;•,• .; 

thick11ess which differ sharplyjri COl11positiOil, structure, and ~llelllicalproperties m'1kes.it 
possible to ·.e111ploythese cqmpounds.-as •-nancn:eactor~.Jor .cheI11icaL-reactio11,s ofintedayer 

rnolecules. __ .The chemicat· reactions·· of interfayetmolecilles can. be' cqnventionally divide<i in 
. . 

two groµps. The first . grpup includes .· . reactions Ill .. which .·•· _two-dimensional 

[M~M(III)1-x(OH)2];x -3x +1Jayers are_con~erved afterr~action of interlayered 111olei;;11les, 



.. :,;-·:--- -_._:::: -,-:.:_<:·_:_:,, •--:_._ -_' --.·:·::•-:••:-· :···_ .... _;":"'',:·.':,:_, :· > .,,.·· '_ :·:·-. 

Interlayer polymerization of organic molecules .. Structure of initial 
[LiAl2(0H)6][m-NH2C~Fi4COO].riH20 (a}, orientation of organic chains 

. with respect to [LiAh(OH)6t (b). · 
'> ·':-.. --- . --._-,_. _.- _-_-_ ' . ;·.: ,-· .· __ ,' '' .. ' . _.. - . . . . 

11ib· .. se~G11dg;ohp .. ih~iµdes .. r~actions .. 111~yhich··•~o-cli1t1et1§ioiit1 •. 1~yers·aredesiructecl . 

. :R~Ji:tid~sift1ii~riJyered•1tu;le%u1e; ..... with•.·•:;,,~{hJ~tiofl······()fit/droxi¢e .. lJJel'stfLJJJ1: 
tf1dfrr;;;fidno1;~,;iurd1t45o;b,;zy;,,,;;;o~> .···••··• .· > i•. • ... >. <, . 

·.·• Th;int~ra~tio:•··.·of·•··J.,I)I:1~Aic~1~tai~ing·····J1~s~tm:ted ..• c;;~~;1ic.··~~;s .. · .. {(CH)2(QQQ)22·, 
;-_,, • - .... '.,- - -.. .-.· .. ,-.. __ •• _- ._._. ·,;,_,. ' -c ;; ". • '·' • : ·: . --'- ,-.- '. . . .. _- ... - --- -·. ",' -·-- ' ' ' '' ·.•. ', ·',. __ ,_ .,_,' -._ -·:• .. .- ·- -, :_. ·'.' 'c' ' ' : ,' ,,· .. -• ';_,· .;_ · •. -.- ·- ·.' ·.-~--- .· .,. _-_'' , .. _.·•: ', • ' ", -_ ; ·-- .. - '. ,_• ,', ,_.-. -,- . ·; -.,.·. 

(CH)4(COP)z2) \1/itl1 .. aque6us•• soluti~n.· of potassium.penUa11g,w~~~ h~s p~en •. iny~stig~ted.[3] ... · . 
·- '" ... ' ",' . '. ' . '·' ', ' ... ·,' -. ' .. ,- -- .. --.·-.•--•, ..... _ ', ..... -.--.. ---·,·-·., ···-- --

. It has b~e11foµnd J}µ.t thei11teractipn resµltsin the .. ~reak .ofthe .. 9011l;;le .• bo114§ pf.th~ qrgµnic 

anipns ;nd ;educti()~·()f MnQ4·.·.to .. ~ 4+,•·•·the\red~~~g···.!11ailfsa!1eSe .. ·b;i;g .. fix~d····intlle .. interlayer .. 
.'.-·'. __ ·.,:- :--;,":,.- ,:·_·_:,-· .. _._ . .. -:·"·: _ .. _,_,· __ :'. ,:'"•:-'· .-· ..... ,·;---"• ' . ·, ,.,_ ·--:':·:.--::-.-·.-:: ,.•·.,;:• .. -, ,-,_,._:, . ·,·, ,_·:. 

·space .. Thus•·.·obtaj~1~4 ••. ·~6licl·····Prq~uct ...... alldW~.•.t9 ... p~epare,.·.aft~r .•. •lle~ti11g . ~\ft••·····•M~-c9~t~Ipin~ 
:,·v::_ ·:_:·_.-_,--;·::_·:·:--:._\ __ :_\:::''' ··,·. _--·-;'- -_-,--:·_:_.- ·.·:-, ;-."':°,.:._-_-- __ .·, _----,-·:_ ,::-:-;i/' <.:·,:··:.--, ;·•_:-,•-::.··----:.'_-: _.:.·---:::'_---:_.-/::,'-· __ ,·-·:-t···<-"'· : .. < 

oxides that· can be 1.1Sed as selective sorbents oflithium. 

l!J(?rlayerpol:y,rz~rizatiqp of aro;,11atf c anigllfi. 

Whe11 heated. in air, LDH contairling m-aminobenzofoac,id aniQV§ lllldergqes polyrneri~ .. 

tion•·ofthe·•µnions .• in···thelllterlayer•·;pateres~lthi;in·.·tlie·fonnation.ofpolym~ri6,·liigh~ri6nteg 
' . . -·. ,_ ' .--.. , ,. ·.· .. ---· .-- -·-.·.---- .. · .. :· ... ·.• 

polyconjugated macroniolecuies betvveeri·· hydroxide Jayers .. Polymerizatiori mechanism···in-
cludes the· diffusfon•· .. ofoxygen. Inoleculesthrotighthe interlayer ;pacetif{LiAlz(OI-I)~][m-



< ... - c_ C ' _'.. • • • _,. __ • • 

NH2Q6I¼QOQ]ihl·hO·•into•·tlJ.~·•• cpµtaq(region ofnyq.anioµs; furj:her oxiqf:ltio11 Qfth¢ aPiQns 

~~,tl)¢.fo!11¥'ti9~;Qf ~r~6,~~e,~ill;2). Tl!~ ref ~i~tf~qilB\{n # jJOly11lo/C~tillW 
(wJ1iglljs.fl.bou,t)OA).isclo§~totjie .. paraiµeterJ1·fortheinitialIJ)Hw-hiclishpuld.be.1Q.2.l\. 

:":._ '·:/: __ .:.:' . >: .. -... _-, _·.·:·_,':_:_·::.>- _·-.;_ _·:·,_-:·· ·:-> '" . 

The '1§e•··.ortJ)fIJri~es po~sJble•.t6.·. <;ohtrol the>.character··9f rnolecul.irqg11taqts. between·•.the 

.aµicms•.ofaminoberizofo.~ciclt.1Il.intetlay¢r.spaql I'his.ajlo~s.to c6ntrbftt1epossiqility ofJhe 
"' " ... .--... . ,\----.· ..... · .. :-_-:-·- .•. : .•..•. · .. · .. · .. · ·.···.•.·.··.· .. • .··.•;-.' .. ·.·:.· ...•.. •.··:.• ... · .. --".-.••.'· ;.'. ·.··.·.- .. · ... ···•··.•.·.· .•. ···.·.•·.· i._" ( .·.·· .•.. . : .. ·• __ .. _ --.·.· ·.·.· · .. ·····.· •·· .··•··.· ... • •••.. · ....•.. ---.,:=.• .. ·.· .•.. ···•.·.···.··.···•·.·':_ .. ·· .. · ..•.. ··: -: -.. • .... ··.·.· .. · .. ·.·.·•· .. /" .. ··· ... · .. •• .. • .-,:,.·:·.··· .. ··.·.····.. . • .. ·.·.•· .. 

£.orm... a .• tion qf polycoµjug;lteq, .. qhajgs.·. <iµri11g .oxidative· p0Jy111eri'9~tio11of j11terc:.1lat .• ed <organic ..... 
. ·' ·- . ' -· "···-" .. ···- '' ... -· • .. •• ... . . . -·. '' .. ·- ., ...... -- ... _,,,.•. -- .. -· ...... . 

·-·.-· _-· •:'" __ :·.---: ... ,-. 

Jrzterlayefphotqly~is.bf [EeaIIJ(CN)6}3-. 
<>..>.-.::.- .... _-··-.-_:-' ___ ::--:.(:._·.·-:::.·-. <-----.<_·_ . : _·,:· .... :--__ ._-__ ·_. \>.·: .'._::.- ·_:.:;· >-: __ --.-.:--·._:::.:<>. . . . ,'. ·. _: :-.-•>;•,.---_·\·::,-->':'.;·/_<·\·:;'.:~_;.-.:;. ·.:.i: .... :···:.-....- ·'..\>"'.:.t:.'.>:-:< 

J>Iwtoly~i$ 9f t.Q1-I[Fe(lH)(C:N)6]·. Jfad.s .. toJhe. fofl11'1,tioA .. Pf:n411Q~c;gle .s,y;:;t¢ms ¢ontaini11g 

~dtqxip9 \t:'1 .•• .. s)P"rfted< • bi< (i£~~(~j~i .. f ~~~*~ . llil1 
(FeOx(bI-f)~-x1dt.t)···-~lµsters[4] .•.. ;rhe .photolysi.s .. of. interl~yer.rnol~c;t1Jes way .. be••· descrjped· .. by 

3. [Fe(QN)6t,H20}thv -+. 2[Ee(CN)6]4-+[Fe06Hxf12-3-x)-++.ICNt i+{CNJ21': . 
·.•.··.··•.···· ... · .. •.•.·· .. ·.=':.·.·.··--.. ·.• .. ····.··.•.• .. •··· .. · .... · ..•... ·.·· •. •.'· ... · .. · .. •··: .... ·· .. ·:_•·.·•···.• ... •.· .. ·• . · .. ·· .·.· .. · .. ·• .. · .... · .. ·· · ... ·-........ ·.· .. ·:,.i .. ·.·.· .. · •..•...... ·::' ... •.·.· ... · •.• ·•·.· .. ·.···.· .• ·.···.· .. ·····.··•···•.· .. ··.··· 

R,el1i:t~onf.ofi11terlayer¢?dfnQ{ee;qf!!.s w.ith·.•µestruction of*y4roxide{oy.efs00/LD1f. 
' : ·' -·. · ... - ·- ·.·· .. · ... · .. ·, ....... • .. · .. · ... ·•.· .. ··.··· .. · .. · ... ·.•.·.··· .. ·.··.· .. · .. ·.· ... ·.•.· ...... ·.··.·.•.· ... ··· .. •···.··.· .. · .. • .-- --.··. ·.· .... ·.·· .. · .. ·.·.• ... ·.·····. · .... ·· .. · .. ·.·· •..... · .. ·· .. ----.... ·· .. ··.· .. ·.·· ...... ·.· .. · 

D.·.··.·····.u.ir.····i.·.n.··.g .. ·.••·•·· ... t. h .... e. >·v···.·· ... a.·c.•.·.u. u.rn ... · .. ·· .t4epn··.al·· .. ·· ·.·.· .. d .. e .... c ... •• .. ·o.·. mp. ·.··o·.·.s.· ... i·t·io·.··.· .. ll.·.··· .. ·.•·· .•. •.·o. f·.·• .. ·.· ... · ... · ... L.•·•.D ... ·· .. H •..... -x ... •.···.·.•.· ... · ... ···.c .. o•n· t .• a .. 1.·n. i·n···g··.····.·· .. or. g ... · ..• an .•..•. 1·· ..•• c ... aill. •·.◊ .. ·.ns.·.· .. ··•·.···.' ·. . . . .. ' ··-- . :.·. ,. :' _',• '', ·- .·-• 

X.• •.··(CH2)2(CQO)/·, JOH)z(C00)2t (C1-I01-I)i(COO)l,. {C1-I2)s(COQ)22", C6H4(COO)/-, 
'·\:._ .-.:_·-:/·-: ::- --.. · .. --·:· ... '_:-;·.:.·,' ·,:· _: ·:·_ ' .. _:·- ·_ · .. ·- '_: ___ ,::·-:· .. ·_·_-' .·.:'._-: ·:_. :· ' _ _.:::: _·_-.-__ ··.' -.: ·,_· ___ .:_: _.·:·_:'-' ·:· :- : . -:-·· _-.· ' : · .. :::'-_: .. :--.. ·o:: < . .' . ::_:- .. · : ·.· ... _.._-.;.·:::> .... : : ·--·---. "" .. :.--: .. _-' 

C61-Is(CH)2(GOQf,.nanoscale paI1icleS of~bqn·.a11d•Jithi~iajµmiµat~s.&r~ pr9ducecl.·.I~], 

The.·sizenf~hrb()ll•···clust~rdei~~ds.nnthe••t;p;.·~fthe•orgfuli~.filli~n•·a11d•.on;~a6aon..conditons. 
Jnthe . case.ofijOnaromatic acid anions. thereactionfoflllS Hnear polyconjugatedsystemcon-. 

taining·.·an oddnuinber0f ¢arbon(x<50). arid oxyg~n .. it()ffi8. JriJhe ca1e 6f .if(}lil~tiq acid ani
ons,····pbly66Ajugated•.·sY'st~ni.•·orthi .. ato!Ilatlf.·•·type•·with.·•ariiodd···nmnber df. c;arbt)ll·.••at6riis·· ·rOrrns. 

. . .-. . :· ·.":·_'. ::-'.·. . ,_: ' . ' ... .--_;· · ... ,• .. _.:- _.- ::··. ·:-.,' ·._. ·---.':-- · .. _ .-..... _._ ·-_' _ .. _,._. __ -:-·_,:.·.-.' .. --,.-· .. .-: .. :. ' 

In the.casiOf phtalate .anions,thereru:e nO rnofe thari 50 carb611 citomt ··•~rid thi eltctrofr gase 

is•.nondJgen~iafJ.J11tlleCasidf.the·ciririariiic·a2id·ariionttheteare:\noieJha11>5fffar6on·~toms, 
artttheilectton gas is dJgenefute . 

. _._. ':· ·-" -:, " : . . '.. ·, . . .· ·.: 

Tlieniial cleconipositlon Or [LiAl;(O.H)6]nX·nl120(X 

niation of composite; coµtahiihg finb(s-•10 tml)._particlef of .ililllliria ·eovJ~ed ;ithithm (3-5 
. " .. -:- . •'' ·., ... - ; , .. : ... ,' ·-•."" '." --· ·,... . ·: ... , ... ;.. . .. · .· ..... ,·. .. ... -. ' 

nill.)•·tijyJr ofiHthidm···•salts .·[6]~·•.•·•'fhe····presence .... of the point···. ieflettions·· on\the. mict~diffih~t()• 

grams of•.the.thermolysis .produds.testifies····that·a1umiriium ·oxide particles. a~ welf()rdered 

with respect to each other.Orientation of alumiitlu111 oxide particlesto the matrix of the start• 
· .. · ......... ..·.·• .. ·.· .·.· .. · .··. -· : ..... ·._·-,·· ·.·. ··· .. • .. ·.·.·.·.· .. ··.··.:.·· ... ·· .. ··.· .. ·.-.:··.::, .. •· ... •.,-: ..... · ·.··.··. ·.--.>-·.· .. •·.·.· . · .. · .... ···... . ··· .. ·.··; ... · ... ·.···.·.··· •.. •.· .... • •···.·.·· .•. ·· .. ·· ... · . 

. ingcon1poundissuchthatthe(lll)Alz03 plahe•iS parallelto the.(00l)wn.x plane. This mate'." 
,,•,, '. -· _. ___ ·. · ..... · ' -.- -·-., .-. ' 

rial··•.pbssesses .much high¢r conductivity .. than/individual lithium·•·· salts. 

chefuicaLcurrent sources a~ solid electrolyte withJithium conduc:tiyity'. 
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• .· p~iclesdistribut~di11 adi~{t;;ctric9ryiqe1.11atti;<.U4,7l, Jh~4at11;pf fl-R'f&M ..•. confm:n Jonnatiort 
. ' ·.·, ',- ;-·- -, -.. __ -,;·,_,· ':· · .. · ...... -- ... ·.:-·-'.· •. · ·=·-· .. ·· .. ·.· .. •.··.· .. ·.. •. · .. ···.·. .·.···· ..... · ... ··.••.·.··.· -, ... · .. ·.·. ·.··.· .... ·: .... ->· -... ·· .. •··.· ·.· ...... •· .··.·•··• .. ··.· ..... ··.·.· ... · .. · ........ -......... · ... · ... ·.·.···.··.· ... · ...... ·.·····.: :-••' .• ·.· ..... ··.·.··· ..... · ..... ·.·.·•,' --.. ·.· .. ·.· ,.·.·.·····.---·-.• .. ·· .• · ... •.· •• ·.··.··.· .•.. ·•··· .· .. · .. ·.··•.··· ..... · •... ·.··· .. · .. ·• •. ·· ·•· . 

.of··•.··•.•·.t.h·e·· .. •.·.ro.u··.••.·n. d .. · ....... / ... ··.n .... · ... ickeLp<lrticl~s · .. (4-5 .111.11) .wit4;Jhe ·1:l?-1'!9:W si:ze 4i~µip11tfo.n spr~ad µnifqµnly in 

the·matJ# up6; the tller~oly~t§ ~;:[Li~Id(;fl)6]~r&i¢ilt;Jt4H26, 'I'l1¥rfu~} 4Jc&nipositioll of 
._ _:· ,_, ._--·:::---·._:·:·--_-_-.- ->' _-_•, ,.__-, -._.- . :_.__-. ' _._._,_ /\,",'·>--_·=,· -'. ,·-.-:·.-; -,.·:-: -:··: .:· :- ·.'_ ' .::·-'. 

.LDI1--CQ!ea.i:ls. tp>th¢Jorrµatiotl.•of orily Jargy··••¢Qbalt partJ¢les;• .. ·.Acc9rgi,n.g·•tQJhe electro pi tfii7 

cros~pydat€i, the/paqicles have •dif{~ r~niS1iap¢s clep~ndi11g 011"'li~thJfth6yatfJ9c<+tid ~tthe 
silifac~ 9r llie·n1atrix tla~es,io; wit~in tllei(iol~nie. ti1le stiifa¢~ ;a#ic1b§, hayf11~ ~~irna1 
sizes {)Fl06-1so lll½; 0e~ibit;ri- Jr si~-~hgl~ ~brip~~ ;4~11()~s¢r}edilo~;ll;to #le B~al 
sheeis o#'f11s)flakes, whil~ theiM~ro~;s i;;~1J;s~s4;;a. J~is 4~µi~;st;,te~ th,1.ll,ring 
m~t;1 .. ·.~;.rti~le.·.·g;~~tll••·f~e .•• l~mell;; •• 111.~·trix•·;xbibits.itself•·as·!··te~;1ate.Cr11eTI11alcleco111po-

•.·.·.·.·.· ... · ... · •.. ··.··•···.· .. · .. · ... · .. •.······ ... · .. ·.·· ... ·'.· ...• • .. •·.·.·.· ... · ..... ·· .. ·:·- .. •.· .... ·.·.·•.· ..... ··.· ... ·.· ......... ···· .. ··.·.·•·.· .................. · .. -----" •... ·.· . · ... ··.·.·.·· ... · .. · ... ··· .. ·· .· .. · .. • ... ··.· •.. ·.···.· .... ·-,:.· ... ···:,·.··'- .. ·····.• .. ···•·· ..•...... · .. :_-.·.· ... ·.·· .. ····•·.·.··.· .. ·.·· ... ·· .... ·•.·.· .·· .. ·· .... ····.·.·.·· .•. · ....... ----.·:·-... ··;.· ··:· ... · .. ·· ..• ·•··· .... ·: .... ·.·.:-.·-.. · ...• ·.·· .. · .... · ..... - ·.· .. •.· .......... •· .. · .. •·.· ... · ... ·._·_-....... ·::: ... ·.·.:·_ .. '- '·'" 

sitio11···of .LDH'-C!µ.gives .. ·.rpun4 copper ·p8:rticles, theirsi:le v~iI1g·.inthe rather i'.idy .. tange · 
from2to··8ffnm. 

..-, ' :•., :·.' ·-. ,· :.-··'. '. 

In Or-dir>to ·prb~arenfil1C)-Sizedparticlds,pf biriarYallqys, .. \1/esy11th~sis~d··precurs9r C()IIl~ 
-•' ,. . .: <-- : _ _:: ·-_:_:_:- .. i.:·. --~--.. ·:_·: .. /: _:.-: ·y >:-__ ,•·:· _·_-::-··-__ ,· :' . :;::.:::>: .. ·,:"-:·\:,> ,_-.-.. ·_ ,-' __ _,_-'·.· .. :_::_·<-- >", -,-·-:·:'--\ __ ... _:·:_i< :'·/·-::~:·,- .. ,/·::-,-:,,•; ___ . '\'"_•.-.. _---' '--.:/._·:-· ·- __ -: .·:/:-.<-'-''. .· .. ·_-_· _<·:'_-/.'. ·:,,.-::\·--, _ _:,· '\·· ': __ :·:<·; __ :->_-. i0

.-· <_-':·, __ ,:· .. :/-<-:: .:.-

solid. solutiq11.s ..• J\ccqrging to'f:SM, thysiz;~ (}f the µickelrcob~lt .. ajJ<>y.pan:icle~,Jonned.after •. 

thi J¢cl)~~;iji;;ir:kIJJ#;NiQ;~c; .. /$,~;tif 1'f nu;,~!••si;J,nsing t)lini(,.;aJ.1h,ir ;or" 
phologyis.ick)se.t9 th~toftheingividualpicketbut not of tlie colJalt. · 

. - . . : : . -. ' . _- :·· .. ' . . . : ' ·. ,. '' _-.:~-,._ 
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"Khimtekhnologiya~' /,istitute, Ukl-aine, 93400, Severodonetsk st. Vilesov, 1 · 
Phonet (38 (}6452) 93669,: fax:- (38 06452} 25367 · 

!®ular prini~/re!~~ ;f ~tu~,l gas is one'. ~f thti tn0St complex for, opel)ltion amb~g 
ammonia plant ~paratus; its stable and efficient performance influences the work not only of 

s~gas preparation section hut of the. plant as . a whole. ·Among. operating. costs catalyst re- . 
placement in prim~y reformer is the most expensive step. . · . . .· . · ·. > . · .· . ·. . . 
. . . ·· ·. ·One~of the .ways to cut catily.st replacement costs is vartial overload of primary reformer 

tubes, It mean.s that catalfst is replaced only akmg a celtain, le~ e.g~ first .4;.6 m of gas :flow 
' . . .- ' 

or diluted during replacement with inert material in the lower part of reaction tubes.· . · 

· The object of this study is development of mathematical model for numerical predicting ·· 

of reaction tube perfonnance at partial replacement of catalyst bed in reaction tube. Results 

presented here ~late to radiation chamber of reformers with top-fired· furnaces. For other 

types of heating individual investigation is required. 

· Simuiating procedure was based on assumption that all reaction a11d raising tubes are· op-
:. -_-· . ·.· "'"_; ··, ._.·, .- --·-·_,-. ·_, .. ,"'. -.. ·.·------ ,•_,..- ,,'. ,· ',_. _-·- ' · .. : 

erated undet; conditions of uniform he~ input from combustion zone. Reformer volume was . 

divided into N lltnnber of equal .vertical segments. In each elementary segment the law of heat · 

and matter conservation was observed. Corresponding balance equations \Vere set up for each 

zone, i.e. fuel gas combustion zone, reaction. zone accounting for known kinetic .relations, . 

zone of raising tubes. Heat transfer was inve$tigated within an elemenuuy volume cross sec-:-
tion. Initial data for calculations were the following: . · · · . · . . . . 

1) design parameters of reformer; 

4) air surplus coefficieµt; 

5) .. •h~<tt1p$S~~; 
·.-:.·; 

6). ¢atl:llyst.•.grain geo1rietry; 

7) parametef accountiiigTor d.ifferent catalyst activity along .tube height, including zero 

acti~ity,·•·\Vhehc.~talystis··.p6i$~lled •• ~r •. s1lbStitilte8·•·with.iii6rt.· 

Th~ following resulting values were obtained: 



8) total heat input to reaction and raising tubes; 

9) reformer resi~tance. . . . . · · . . . . 

In the '.fable the calculatedkmgitudal methane concentration in reactiontube·is presented 

for normal process conditions accepted· amo.ng primary reformers of ammonia plants AM- . 

1360~ One can se~ that within the first meters of tube length methane cons;mption is 3.5 

times higher· compared to the last· meters, · It means that ~ajor part of the feedstock is· con

verted in tube upper part and contribution of lower catalyst beds into the total conversion de

. gree ilinsignifitartt · 

. . Calculated ·data for two most importartt process parameters, i.e. methane content at re~c

tion tube exit and temperature· of·reaction tube external surface are presented. Calculations . 

were · done for two cases: a) normal· operation b) operation· of reaction tubes wheh non.: 

overloaded catalyst· portion of approximately 2 m · in length has eompletely lost i"ts activity 

(critical situation). We see that methane,contentincrease(I fmni4.74% to 5.93% (from 8.8% 
·: ', ,. '·".· :·-·-·, ·.' ','," '. "-.-:·:·, :·, ... '. 

to 11.6% as dry gas), however such residual methane content is allowed by process norms and 

. regulations. The temperature of reaction tube external surface also increased, but it didn't ex~ 

ceed the temperature of upper part or approach the limiting operating tempemture of 930 °C. · 

· Tube wall temperature, °C · 



overload and serve as reasoning against this proposal: 
' ' :-· '•'•:: _·_,:' ', _.- . ' :_ • : ..... , '·.· •,• . ·: ·-·.--: :_-_·. =, .. ,',,_·, ":_":_ ,:,_· .. :, .: ·-:: . ·.-_._--. •_,_.,_;_ ',.: ; -:_: . .-_: '_._ 

l) overaH loss of activity: of non-overloaded catalyst portion; 

. catalyst tablettes. 
·- ·.- . •' _____ ,, .· .. :.-:·.•--·',,:·, ·"·------. ' ' .- : ·- '' . ··:-:-.-- ,· _. ·:· .. ;:_--.· ,-_ -,;· 

T~e first situation was briefly describ~d above. andit was .shown that no serious conse-

q~nces would occui: for production process. Real .aad serious risk may be possibility of de-
··_·:. -__ -:·t:·,:·-' '',•,:·:._-·::_···. : -~·-=_·: _-_' .. "=::> ::·:. :·: _,,.:·· :-_:::; _",·,,:-_-.·- :·.·:·:·;·' ·:,·. ··:···,:,:··i:·.··:-·-.>,::·:- •,·---, -__ -_-·-:·-: · __ ' ·::,' 

struction. of old tablettes; This process cannot he theoretically predicted and only operating 
: .- :,.•,,- •,_•-. "·· ·-.:-·,--.- .. :·.:,, ,,·_- -_ ,_,", __ ,.- ___ -.- :.·-:·' -,-:-.·:· - __ ' .. •-,·.:-- -. 

experience in using this catalyst can be a reliable.basis.· 

.·. In conclusion we give re~ommendations on measures required b~fore ;ou accept and use 
. ,. ·,.··. -, -, ,, •',. '.,,' ----, -. .',·'. . __ ._.-_ _,,_-,... ,.',, '·, ', .. · ,_', .. ,, ___ .-_' : .' .-.·-- . _,-,·· -•:·:-·.,,, ·- - ,_.-_.'" ,' _ _,,._--. .-- ,: 

partial overload. We strongly _advise to investigate reformer perfonnance du.ri11g 5-6 months . 
, : ,''.--'-'.,.' ,:-._'_:· : ::·.:..::<: .·-:'·:·.,::·:-::··:· ----·.::·.:_ -,_<-'t<·_·-,:- ,;·:·:':·· .· '_.'>.".::._::'><:'><·,,-;_.· '·:·<"\-.-,_. ::: ,::- -:· ,-·.·<'. _._-.,.·:-_.::;--. __ ·_:-· __ -·:<>.,'·' :·:<· :·:::-: --.-· . ' ' ._-·_,. ,' ·: ... :. ·: , .. '"·:--· ·_,, .-_- :;-:·:-:·- :•:':/'- . -.-·· _- _. .· 

priortp overloaging date; continuous controlofreformer performance is also desirable.during 

the whole. perio~ of catalyst use. 
·-. " .-·.-.-: .. -, ·-:.:_ .. -.-· .. >···•_.··" ,.:·-:-·- -' . 

. Investigation measures include the following: 
i::_----, : ___ , _:'_:•:/ .. '.,. -;' _ :;_- __ ,::.- ::'.:·..-: .. :.·: .. :_,c·-- ,, , _.-.:_~_.'·._·.- .. '.-::· .. _":'- ;:,:\:::_,:-·> .. ··_ ·.·-::\\. :_-::_:_<·-·:_:·::_: :_,-':_>,•_,._.·'-:. _ _._cc.·/::·:·- _.· :,._-.:_-' ____ ., , :.-.:\:f_/.·_:_.:_--_"_' <-: -__ </:'· .-_-_- ... ·:_· •:i=:_:;'_- __ :::_';'._:: ·-.:_::··_ · __ ·:>·.·_.: ... >< 

· 1. Visual control of reaction tubes external surface to determine the number of nonnal 

... tubes, obviously 0\1erheated tribes and tubeshaving ~light thernial spots on their sur

. face. Mathematfoal models for each type of the tubes s.yill have special characteristi~s. 

2. Measurement df all reformer pr~cess parameters and longitudal temperature profiles of 

. tube external surface. · · 
.- ' .- .... · .•,,--_ . 

. Mathematical model adaptation to operating conditions of a particul~r unit. 

4. Technological analysis of performance characteristics of natural gas conversion section 
",'• ' ·: ,' _-- .. : -·.·.. ',_ .. ·, ,· 

as a whole is needed to distinguish between ·situations connected ,vith conducting the 
: ·.-.' . .·· . ,._ .. _,,, ' '' . '"'" ' ' ... ,· _. ··; . ·,·. . . . 

· process and those of inadequate catalyst behaviour. 
. . . '. . ,, ' ' ' . . ,,' -· 

5. Activity and mechanical strength testing of the catalyst discharged from critical levels 

:·'·:: .:.-:-_-_..,-·::., .: .. -· __ .. :· -·.-_: .-,,,. -· . _- .. _____ : '_:_:.·_-., 

(i. Anajysis ()f the. totaFillfoqnation O;,tained and 111aking decision a~ . to overload type: 

complete overload/partial overload l:,y catalyst replaceme11tat upper1eyels .of reaction 
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•... ·{\:f '),.~~aci~;·:,~aJ,f66Bdita~v¥1offed{#e~•;islib\Vif t~.•~':hl,pli~t¢:i~·t()ft1tcte~~cata- . .,., 
·· 1~.~!l~~/i~~.iai'~tu~i~s't~ll1il~Jii~•~~;/6ti½~~\~~Mi\:~tj~~ . ·•• 1; 

~ ~ :-, 
··.•••ing:forill~di~i~ne.tsy't~'nitim,~gr~nm¢sbf.tlieijp~~itn◊no1ayet:'i/•1•- •..• t) 

-·•r! 
·. ·.f".,..,.: 

... f" , :1·; 

. ·· .. , 

g 



.. _,·::;:;<:··_._,-__ .,,_·::-··-:-·::·: ··:·,::·:·<·: -·_::--·::· .... -,· .. ·.,, ,·.,:·:···,;-·,-_, <: ' : ::·::·-:,·,'• .·_ - __ '>_:,.: ... ·.-:_·_ .. ;:: . -··-:· ->·-:=-_ ·-:.:-:,_,.-,_,_-,-_.:_:::·:. 

We have made comparative investigations on charging 32xJmm tube wif!l tabletted 5x5 

mm catalyst by meth~d~. oi a) charging ,bJ l}Ortio~ thro~gh the upper. tub~· p~~; 'b). piston 
: ·_: . _ _..' ·. -. ' -,_· __ ... .-·-__ , -.:- : ·. . ·.' . ,·,: . . -:.'·:'.,- ·_.._., .·.·.•-,·.-... : '.:-., - ._.'-".' ·_,-'· ..... --· 

compression of small portions; c)iqip~ct effect on surface of the tube filled with catalyst; d} .· 

formation of bed using chargers developeg. in "Khimteklmologiya" Institute. Results of inves-
,. :·,--- .. ·.-.-.--• . ·_,:' -··•,".· . .'··, " . 

tigations are presented in Table l. 
;_. :· ·_- ·:, -· .. ··_: ·:·: -· . .-. .-:.-·' ~--·.::·--.:-:·:·. ··:;- ·. .:"-:;:(.: ··-:'-·:·-:-:::-.-_.. . .,_---- .. .-,------::'·----.. .-::/:_··_··_:· '··:-:,t:,._:· .. -:-·_·:_'.°_·:. ,· :·,,:-:·.-.,.-... -- .. - _··--:. _·_:: 

· . ·. Table L fofl~ence of bed formation m~thod for 5x5 mm rabl1/Jted ~atalyst on hydraulic 
_-•-,_," .,.: ·_-c, •, ·:•, ••,-,'.'.·-•._-." t':-•.•.\_••., •; ",-,: •. •,•:• .'/•::.•, •:•;;_-,,. .. • •-., :i,".: .. ,,, :-:::-.--,•~-•- ·. :-,.,,·:, -: , .. _.-.•;,:-.;-,.•,, -,:_. •,_ :,,,•_-:•,.,;; ••- ,•/ C ,';·(·c;'.: ;• .-· '• ',·, • •::. ":.;-, , ·.-:•.,:• ', •·:·, -.", -·· c •; -:-:•• ... •'. ', ·'1."" -- ,• '"·; .. • '_, .. , _ 

\::-i-·_ . .:_--::.-:--:\_ ... .. :.·: :·-:·f_:<'·.·_ -:·:-:<: .. _:-;_.\·.·,. _.,:·'.:·-::_.·_-_._ .. ;_',--·:,>·: __ - .. _-. ·._ :·:_·:- ·_: .. - ··::.:~.-_., __ ··<"i-:--::-·.'_--··:? ·--:<:-··:' .. :-.. ':::--. ; __ ,-_::\·?.\··: ·:-:.::•., . ::·--:·-·.:'\>.'-_·::'/. __ : ·-. __ ··.:::-_-.-,;_-,: __ :);::--:,·:·· _: .. \-::': 
form. structure reproducible at repeated formation. · ·. . · . • . .. . . . . . 

Dur:ingjnvestig.:!tions carried out in tube of 72mm in diameter with K-9.05O-1 catalyst,. 

'socking' ·. and charget techniques were · compared. Results of bench. in:vestigations. are pre-. 

~ente.d in Table 

As. y.,e .·set from 4ata i11.Jabl~. '.2the bed fonn¢~.fpy •. ('socking'' teChnique with supsequent 

irripact.e&ect9~.tube surfaceh~.alowefcalcul~ted•bed porosityat11owerdrop of hydnmlic 

resistanceand>poor•:repmducibility.of9hargingJ>atameters.·1t1s the.evidence ... ofconsidera.ble 
,., :· ·:·- ":•, .... · .. ··.···· .... ·.·"-'-.· .. · .. ·.·.• .. ·.·· ·· .. ·•· .. ··.·.··•·.·.·.·.···.··.··.·.·.··.·.······.· ... ·.•.·.· .. ·.·.·.· .. · ... • .. ··•····· .... · .. ··.··.·•·· .·.· .. · .. ··.·.··· .. · ..... ·.•··.··•··.· · ... ' : .. ·.·. · .. · .. ···.·.•· ·.·.··.·•····· · ... · ... · .• ·.· ..... · .. ·· ..... ···· ... ·.··.•·.• .. ·····. ·.······• .... ·•.··· .... ·.·.•··•·· ... ·.·.··.·.••.··•·····.···.··. ·.·•.· ... •.· 

ununiforfuity inside beg stnictllfe :'1hich ~ayhinderperfotmtlllce of~bular rtctqr. 

A. heq formed• by the chargers•· developed 1n .· "Khimtekhnologiya11 .Institute• ha$.· a smaJJ 



. . 

· Imiestigati0n :resultshave,beenconfinned completely; at industrial-scale. charging of natu .. 
---.· . ;:: _-·· --::.:.,. ·.,:· 

ral gas reformer at Dneprodzerahinsk 11DneprA.zot11 plant in 1999. It was made by specialists 
.-., -:_ :·::·_ ':_··\-:"-_-:'-: : ___ -·::··-:,</_·::.: .. -·. ·, ::: . ;_·i·-_:··_·_ ,.-.-:_.:.: _,_<·, __ -_.:-·:_ .... ·:_>· __ -_·_ .. ___ --/i.·.::··_··: ·: __ -.· ': _,t--::_··::;.· _:· ·.:.:-_ : .. _:··_·-_· _·:·_·_ =_· :-:,-.::· :·::;' '\::.- . ___ :_:·:_; .:_·_-_- , __ -,->·-:.·_.",•' :,_··' : __ -__ =_.:,:_ ,.' .:·,:,:·:: :- ,··:·::...., '_•,, '. ,· ·,--.:-·_·:·· ·.,. .- .'.._: _·.:_: _.-·'.:~ 

of 11KhimtekhnQlogiy.af1 Institute by mea.ns .of.fo,~chltrgeES. Deviations, in hydraulic resistance 

drop along reformer tubes did not exceed .5%; aH tubes were filled·at first attempt without 

further corrections or improve~e~ts ~fthe bed which had beenfonned. 

A conclusion can be made that this technique of catalyst bed formation in tubular reactors 

and refonners is very promising; It provides for formation of dense stable systems,simplifies 

charging process, reduces costs and duration of overloading: · 

;_-: ;· _,; _,.- . __ -- .-_ <. --.:.··:,·. _._ '.",,, .... · ._-_: __ ·._ . ,_ .. ·. . ' -_ ,'",_ : . ' : 

R.Z. Adinberg, Y.M. · Ivanov, V.V. Dilman. Reports· of Academy of Sciences, USSR, 

l 986~ 288, (2), 425.;428. 
, .,-_,_ -::_-:-- ·_ -· ·:.c:.-r:,,:· ·:::_. - =--'-->':: -:"'::: __ ·_:_:-·.:---t·: _ _.: :_, .:::;:.:·,- :.-:--:'. (:.':. ··:· ·::.·-: ::_ - · 

. ,·,· .. 
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V.V. Dilman, R.Z. Adinberg, V.M. Ivanov · et al. Chemical Engineering, , 1988, (II), 

621. 
'' ;· '', .' '' ', . ._ ·,' , .. ,,,,'", ··.- '' . ' 

R.Z. Adinberg, V.V. Dilman, V.M. Ivanov et al. Chemical Engineering, 1990, (8), 23-26. ·.· 

4. M.E. Aerov, O.M. Todes. Hydraulic and thermal bases of apparatus performance· with 

fixed and boiling g~in beds. L., Chemistry, 1968. · . 
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. The ie~t1its••·o¥~xp~riffient~l re~eartlles. andSyste1n. engineeringpt}h~ Ciptini¥.m•··cOntrd1•.•·of 
:·i/: ··.::_:-.,-.·: :.:-, __ .,_': '_:_· '\-::',.··:/'. ··-.:-.. _.-·· _·:.·_---··.·.,:,;,_,:::. .:,::·._'-'_:' ·. :_.: :-_- .. -·_-·"' __ '._,,;---':•. _-,···:;_-':,. ·_ --:.·:::.-:·<, . - ·.:.::-,· .. : J :.: =- _·_--·.:: : .. :." -,, '; :·· ':_- - ' ' :-'- -:. 

1)ufui1ig·•···ptoc~ss··· on. ... a .• iherrnaJ\poWer>Stati9n ··•cTPS} are }den.tified ...•. The · .. },ystern.·•· prqvides .• th~ 

qo11tro1··.·0¥···the .... ch;ge .• of ... fuel·••and ~if • .. ·a2tiJg ·•i11····Jre-~l~ce·.··()f iTPs:· ..... F.~r.ilieasurement •• t)f .the 
ch~rg~offuel···as·.•the·pii~JrY···~onvcrter····is··Jea•jet.trieter,i~sembledionthe .• co11ie¢ntivecitcJit 
frblll.three.cq11sistent1yic()hne~ted •. jef t~ggers.··•±fo?t1~~tuations .. ()f pres;ure,.crektfd 011.it, ;ill 

·-·; -,_ -_ .. _.- __ ·_-· - , -'·.:·:--, __ ·,-::•_ ... : __ --:,_>·. --_._--.-.: --..- __ ,--,:.:·· :.:._·,\··=.::-.>-··_<·-::-_. .. .-:·_. --:,.:: _ -:.-_·_·,_.,.:--._:_ .. =.-·:·:~: __ - -___ ,_·-.:---,_: :''.-:.· _::_-:-:::-.<>i_·:.:~·--:--<::.:··_::-_.-.-._-····_,:-·-__ · __ ··:-\··-.-> 

he transformed withthe·help of tl-ie ·piezoelectric· conv~rterto electricaLsignals withfiequency 

pfoportiona.I••tt>tlie meastmng·••vo1Uirtetric ich:aige•(>ffuel.. ou··.tlie existihgTPSVlhe'air atts iri 
the• fire'"placej:hroughversatHe pipelines. fa•thisi.connection ••ror.·nieasurement of speed of air 

subniissio11irifireLp1a8e ofTPs•·•astheprim.ary\c6iiverteris··11sbd.the.·fitfoi.gWing1<{cated.·.irra 

i1p\f.d11d~rcdrtJui c6thet 6fattacK.]3pth sifrfac.eibffittefar~··co11I1ected··bY ·the iµtJr11~lpipe
of small.· •SectiQn,• hltowhich ·is·••entei:edisiniilarJethletJr, .. •c6rtnbcted·v.riththipiezo~Iectric 

. ,' :·· ,,·: '·.-' .. : ' ·, ·_,_·- _. __ ... ,· . ·. ,'.,-,' .. •.:.. ,. 

gaug~.···1ne re~dings.of this meter .are proportional it) ·.lin~atSpeed. of airflpvJ. 
·_·:, .. -,·· " ,·,.·:. ·,,:.'_ ·.:_•:,,_, -._. 

·.•·.·With the purpose of· optinmn1 mode rntintenance(>fbuming•p~oc?s iA fire-place and.re- . 

duction ofa pqllution Ieveiof a, atmosph.ere bytoxic gases in system is stipulated. a.djustment 

and stabilization of ratio betvyeen the charge of air, fuel and degree re-circulation of burni11g 

Fpr processing ofinformation, · acting from gauges and the .rep.resentatiqns of the received 

resµlts inappropriate manner .and· for· 111airitenance of an exchange of the. information With the 

· person.al computer· are developed the /appropriate . electro11ic blocks of interface. The visual 

control of parameters of the charge of fuel, air and their ratio, and also re-circulationdegtee of 

burning products in system is. stipulated. 
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Working out of the chemical~technological installation completed by the technical means 
. . ·. _--,_--._.::-- ·-,;_ .. ·_ '-_.; >- _-_.- -_,.-·,•:' . :- : ,_;·_. . :·-_:_:_:,:. __ .· ·:.' . _-_. __ ,: ;: .. ",_; .. ·: ._ ·:, ·:. -:-.. -·:-:-: -' ·::<_. . ·. :-:,,·.-, ·-, .. '-:. _.· ,:- ·. ·, ':,:.·_- .. _-_ -·. -. 

of automation and ten reactors on basis of the personal computer enabled to examine in· the 

institute an activity· of the great mnnber of catalysts f~r. the process of oridizing. combination . 
.. 

of methane. 

-In the ~eactors of a~tomatized setting -.tlie '-examilied- spebimens -of :1'~ 'cataiysJs_ were 

placed in the initial ppsition and the temporary regimes of study ofthefractivity were intro

duced by pro grain into the electronic computer's memory. 

The·workofthe reactors was carried out in the consecutive order. 
' _'. . . ' .· ' . . . ," ', ·, ", .. -_... · .. ' ' '' '': .. , " ' " ·. 

Wh~Ilcciildifotitlg··t11e •. experifhentaf•·.teststhey\vetlttle•• synthgsize<:t metal zeolite t1talysts 
: ,_.-·_ . ·: -... ," ·.,-' '.· ·,., ,,:· . -·< _. _:_ -,_,•-. '_ . -.__ -· ,., ' ·,_.· .. ·-. ,;_- .: ._ -.--· _'. __ ,_, -.-- :·_,.- --.---_-,· . __ ::-.· __ ,• ,' -:-:·--_ ... -_---_:·:.; 

obtained by the•·111etn~d6f io1l exchange fro111· ilie•ri~furafzeolit&s: · c}lnoptylBlitean<i mdfaei 
hite?They·•.Wed the shinples·· 6f dealiunini1lrrifzecrf orrtiof I1'1t1.ii-hr'8tiii()ptylblit~··.iir& hlord~rtite 

\\'tth.fne.diVetse .• valiies·&r··$ilicctt~.·.Illddulus,'synthesi2:e(i;oI1.theif ···ba~e•·•.Ea, ~g(St ig~<JuBi 
. .·.·.··· ..... ·•· ... · ... ··· ... · ... ·.• ..•. ·.······•··•·•.·· ... · .. ···•···.· ... · ... · .. · .. ·.·•·.· .. · ... ·.· .•. ·· .. ·.•··.·.··.······.•.········•.··. ···•····.·•·· .. ··.··.•··· ... ·.·.•.· .. ·.·•·•·· .. ·•·· .... · .. ·.····.·•·.··· .. ·.·.·····.•.· ..• ··.·.···· .. ·.·•·.· .•.... •··.·•···.·.· ... ·.·•·· .. •·····•···.· .. · .. ·.··.·• ..... ·••··.·.•··.···.•····•···· .. ··•·· ........•. · .. •.·.··.·.·.· ...•... · .... ·· .. · .. ·.•···•···.· .. ······ .. ·•.···•··· .· ... ··.··•.·· ....... · ... ·.··.·•.•·····.·.·.·.·.·.·.·····•···· .. ·•·· 

sti1ited11etal. zeolite, catalysts ·.of the·.··different composjtion as well as·· metal .·zeolite c~tifysts 
:-:_.;. ' '._' --- .:',',_ __ ---, . :·,_ ·. ,-._' :. ', ... :-, . --'.._-_.-

with the addhional ·.~n10Unt 6f i9n$ Or1.,fp11t inf() the11f The ~tudies Pf catalytic ~ttivitY have 
• p~nc'\ITi~. outJt~i~ej~Ja\ut;nu1g~of7~0,8m) 0 ¢,.a) :elocifY~f the.~;iio~~lu:' 
i11 l ~OQ.Ji.1· ~11d wolt; .correlation of the reagents metllane-- oxygen 0,402 .. -0;312 .. The com~ 

:·_ ... _ _. _.--- .. _ ... ·.· .. --.---: .. ··• --.-.:-· .· :- .= ... ·.· .. ·.·.·.· .• · .•• · .. ·• .. ·.' ..... ·.· ... ··.·.··.·.·.... · .. ·.·.·· __ · ... · •. · ..• ·· .·-:·: ..... ·· .. ·.·•. ·-=·-··.• ... ·· •. •.··•·····.··.··· ..•. ·.. ::···.· ... · .. · .. ·.·•.·•.···· •.. ···.·.• ... ·.·.· .... •·.·.·.· .. ·.· .. •.·.·.·.• .. ·.· .....•. ·.• .. · .. ··.·• •·.·· .. ·· .•.•• · .•.... <-•. •· .. · .... ·.···.•···•·.·•· 

parative analysi~ oftl:ie.· .. obtained.··data has ·•.shoWil.thatthe best resµlts .• are .. achieved, on.almfil-
. '' ' . . . . . _-_, .. , ,. . 

nun1 .. forinsof•zeqliteswithsHidtte.tnodulu~in10.,8·•·and·2qritaining··fons·.•ofc~cirirn;\Vith1his, 
.-:._ ·. ,•,',• .. ·-.-: :._-:·- •,',".- . '.·-. . ·:_' . ··.-•.,. , ___ -· ·_-' -: .. · .. ' 

increase of ~a.lchun fr.on1·.• 5%to.7% .. of zeolite·•weightSubstan,tiaUyin~reasesits··activity.••How-··•· 

ever, .further. increase •.•. ·•of·calcium concentration ··to·.•l 0%.•has·. a~Iisht ·.i~fluenbe ..•. ~POil a;tiviv iof. 

the catalyst<Jf tWs•· tupe; If .·is esUtblished that ~dditionof io11s of .ZLJo .itpron19tes increase of 

selectivity of the process of oxidizing tfans:ottion of methane ~ weH as decrease pf !e 

. process temperature bylQO• 9(; \Vi:th imprqvement ofthe yield Qftheend product.The optimal 

composition•·ofthe ca.talystfor reaction··••studied has. beenfourtd··hy··the investigatioris carried 
. ' . . . ' . ' 

out. The most· active··•are dealuminiurriizeddinoptylolite•with silicate modulus iri 10,8, modi-
' -. . . '· ' 

fied by ions of Calcium and lithium contenLof which makes up 7% ·and 8% uspectivelyof 

zeoHte. weight 
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are an important topical problem: H is known that anodization is used for the. fonnation of 

oxide· layers on aluminium followed by impregnation with solutions of ~si(ion metal salts. 

We have developed multiptµ"pose oxide. coatings over alumini~m surface using microarc oxi~ 

dation. This method provides catalytically active coatings without any impregnation of oxide 
• layers on the. aluminium surface. We ];lave ideptifiecf .the formation _m,echanism for catalyti-

._ ._:--._·-:·-__ -__ :_·· ',,··.--··._;'. ,',,'•,:· :··•"·:.·=··" ·-.- ' .. ,_-.-.- · .. ··-:-'.·'"'".":.::-.· 

cally acfrve coatings. The limiting stage of tlte formation process is found to he ion .diffusion 

frow electrolytic solutions to the microarc 4iseha¥ge region. It is shown that wicroarc dis'.'. 

~harge conditions at the electrolyt~-alnminium.interfacegh,e rise to·the interactionbetween · 

the electrolyte· comp~;nents and almninium · ions and oxide~. X~ray diffraction. shows that the 

coatings inc!ud~ a S)>mel slructure and :xygenic ~~_;. oL:hromiwn (14%), cob.alt 

(2~4%), Q.erium (5%), manganese (25%), copper (3,5%) and iron (10%} .. 

. •we.have studied the catalytic activity of the coatings in the course of methane oxidation, · 

Th~ir actiyity is found to be comparable to that of magnesium-chromium catalysts. Impregna-, · . 

tion of th~ oxide layers by platinum. ~ti!orate solution imprQves the activity of the coatings. -· 

The coatings produced ar~ · l 00 - 300 ~m .thick. Thennocxclic loading tests show that the 
~ ~-~ .. ~·;.u; :-: . .-. "( ', •, ', .- .. , ' ' ' ' ,... . .·. .. ';- .-, . ,-·. . ... . ,_. -- . --- -- ,. ' . ,, ' .. ' . ' . ' .. 

coatings . withstand .. 40 cycles at . 6,00 : °C without destruction. The microhardness · is 600-
. ·-f, _. 

2500 kg/mm2 .. 

The propo;5ed microarc oxidation technique makes. it possible to· apply porous coatings 
. ' :, _' ' ' __ , 

c011tainip~. C?Inp9unds Qf tr~itio~ illetals, \Vhi5h •exhi~it c,tal)'!ic• activitycomplirable with 

th~(o(§~n4arcl c~~Ixst§. M4-ffig~t~~rrµal .s~biUti •. ·•Jhese.(act~··iµdicate.·•tat111ipro.~coxida
tion••shpws good promise• .. •for.syn(}Jesiiing. catal}iic coatings on a.luminiumand .alurrtinium~

alloysubstrf!.tes .. 
:·,:.··r-:.··•.-."._':.,;,:,-:.:c:···',:• .. -_::-.·-_,_.-.-,: 
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Reforming process is carried in a series of four reactors. The tempefahlr.e and. concentra.:. 

tion profiles are an important characteristic because it reflects a kinetics on the _each process . 

. ,' ·: ·: . .'_'_. __ .-_ ' ' ' . :. \ 

The coke deactivation influence on the reactor .behavior is studied on the· kinetic model 

because of the long-duration period between the regenerations (near one year). 

I .: the goal-reaction scheme accounting Pt/Al203 catalyst bifunctionality; 
. •,,'. ·- . 

2• •-'the cokeddeposition rnechanisms ori. each types of the active sites; 

telllper~ture profilesjn'theteforrilirtg rea.ctor cascade. 
. · .. ' -.·- ,>,_ ··. .' • 

• , In theflrst. reactor ateniperature decrea~e. iSilla}{iillUlll becau~e.ofJhe en.d9theµnic teac'." 

tion,s· {naphtfnes .. ➔ l!fomatiC$), PfQCeeqing .:prin1arily, so .tlle concentration •. ~effovying opp{)

sitely .• Simultaneously ah isop¥a.ffine>c911centration i11creases. 

In the ... secondreactor the isoP(ffaffine ()Ollcentrationjs maxinlµlll, .this ·,fact is •yery inter~ 

esting for •a perspectivCengine6ring. 

Jn<the thjrdreactor··• the··•exot~rinid'reacti6nS·of hydroca.fb611 hydrocrackitrg ptoc:eed;·•the 

tefuperature drop is tnininfom. > > < • < ... , ... ··.··•···.•·· i i < i.. ··•· ·.·.•.•. . . > . • . > / > < < 
. These profiles showthafthe catalyst deactivation staggers in the reactor beds: ··For the 

aroriiatics @d 11:1pht6nes:Concentratiohcurves. shifttipwards And do~wards, ·•· burnig·.deapti:. 
. . .· . . ·-·· ·.••·- '. . . . 

vationthe ternpefatllre.dropsclecreaseJnthefifstrea.~for.~haihcre~se inthenexf dnes. 

This. rri:odel \vas'llS¢d·•···for·•the analJsii of the\monifonnt data()f' intltistriJ1 ·catalyti6.• re .. 
forming unit(Sibneft•-.·OinskNPZ). 
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The regeneration .is characteristic of the topochemical process which determines the sur

face reaction rate. The proposed kinetic model considers the combustion of coke d~posits of 

some stoichiometric form CH11 • In addition, th~. loss of catalyst ~eight and the adsorption of 

oxygen ona sruface of coke deposits and its diffusion into a volume of the coke deposits are . 
:> ,., ·c:.:·-.:·:_- ·:,: 

taken into account. · 

AH compon~nts of a reaction system were classified into three groups: . 

Z · - compositio~ of coke dep~sits (Z:1 - hydrogen, Z2 - oxygen, Z3 - carbon); 

overall surface of area fractions (0cH2= 01, 0co=02, 0c~03); 

Fq:r simulatjo:n <>[process a .. transi~r1t two-phase diffusio:n model •. of tli~ coke cotllbµstion 

in acatalyst fixed bad has been developed. The model balance equations take into. ac~ountthe 

tlltmnal conductiyity· in ;i dense pha~e ani:lthe heat·· anci rnasstransfefin a gasi,hasebycon- .. 

v~ctio11streanis.l:naddition,a~cortnt must betaken ofStefan's §trearn, .. whiGh arises because 

· of a increasing ofmole nurp.bt!r during a chemical reaction. 

The(model equations of mass and· energy balances for the dense and gas.phases •for ah 

.adiabatic ieactoraregiyenby 
i. 
! 
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... ·. Wh~.: .·~ f.~lijf~<in#f~\f,i!i<:()1ce ~l#cjeS; Yi id ;i;cc\Ci~un<l ~~tion•in· 
. • .. .. th~faita,lyst.~d:~~;ph.~~~$; WJ __:}~t~ h"f:ch~niical rea~~911S; y t·~toiclii6m¢tric. cgeffi9i~nts;. tJ 
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. • .. :.l~it'J!!~;~f~~~~~r~•t~!Jt~it~i 
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temperature and volumetric .flow rate} on the .overall maximwn temperature rise in a· foced bed· 
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was examined. Under any· conditions there is the. formation in a bed of the temperature and 

concentration profiles which creep along the bed at· constant ~elocity without change of the 

gradients. A wave nature of coke burning gives rise to dynamic superheating in an adiabatic·. 

\\ _··:··i.":::i_-:i._•;: .- :,,: /._-'···:::··: ._·:.·i_:·_::-;::.:-_::-:\·,,--· :<!.:>::: _- .- ::-... ::·-::··::··-:.-;.:-_:,-. __ <,.;:·--:_:.::·· ::"-?:· . '·::::·.:::_:·.·,<\\\,_-:.·:··_:-:·· _-_;;-:-.·::-::-:'::-:- ___ ::: :-_;··?:·.-_\ ---_:-;:::--::- _:_·/-'. .: __ . 

The· volumetric flow rate can a significantly effect the performance of the coke burning. 

In case when contact time (tc) is equal to 5~20 sec there takes place do~nstrea:m creeping of 

the reaction zone, but in case 'tc is iµore than JOO sec there are ~pstream creeping 0f one;· The 

computation results of the latter are presented in Figures 1 and 2. H is observed, that the oxi-
,.·.:-:. . .... ,, ·-.· .... .-. •' .. , ... · ·: ,_. •,·:.-' ,· ... ··-, ,_-. __ •",•,' . - . .- ·-·- '· ', ._ .. ·:.- .... ,_-. 

dation ofa condensed phase such as a coke deposits differs from the catalytic combustion of a 

gas phase. The latter have a continuous creeping of the ·profiles, but the former have sonie 

sharp shift of the· temperature. '111d concentration profiles from ~ne to W1other positions of a 
':/_'·ii:: --·--:---:·· __ :- _:_-'_:··_.\:._ _._:_ :-.--.-:>·::.:·;··:_·.-- .-.--: ::· .. · .-_._, __ -:-· .. ,.-·_- ___ ._-_:·--· _.-<: --_. --.---·-·_.':'-:><_-_---·' ._. ___ ::_.--.-._--:-,-:~ _ _.:-·-_·' .· :·- ,-----·::- ;:- __ ·_:_·.---_.-:-,_·:·. __ , ______ .,: ,:·-:_··:· .. ,_._-.:_:: ... · .. - ': .. -,_ --.::--·-·:·. ·. ·. :_·.· ·>:_:-- .-::-::::_:·<:-: :.::.- ·_ ._··-

fixed bed. This phenomenon may be explained by the influence of tliermal conductivity witch 

warms up a bed above the reaction ·zone: . 
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