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EXAMPLES OF CATALYTIC SYSTEMS ABLE TO BE APPLIED IN 
BIOREFINERIES 

Simoni M. Plentz Meneghetti 

Instituto de Química e Biotecnologia, Universidade Federal de Alagoas, Av. Lourival 
de Melo Mota, s/ nº, Maceió-AL, Brazil – 57072-970, simoni.plentz@gmail.com 

Nowadays the society is very reliant of oil, a non-renewable raw material, used as 

fuels and daily chemical inputs, such as plastics. This class of materials has been 

widely used to replace wood, metals and even concrete. However, the world goes 

through a time of increase on demand for energy sources and materials, associated 

to an increase in ecological perception and the depletion of oil reserves that are easy 

to extract. In this scenario, the use of renewable inputs, which can at least partially 

replace fuels and raw materials of fossil origin (oil, coal and natural gas), lead to a 

rapid advance in research intended at the development of clean technologies, as well 

as the search for alternative renewable fuels, such as biodiesel. In this scenario, the 

obtention of industrial chemical supplies from renewable sources is a challenge that 

involves concepts of green chemistry and sustainability1,2 and oleochemistry and 

conversion of celullose derivatives play an important role. Several catalytic systems, 

based on Lewis acid species, can convert renewable raw materials by important 

routes3-5 and, in this presentation, some examples will be discussed. 

References 
[1] E.J. Lenardão, R.A. Freitag, M.J. Dabdoub, A.C.F. Batista and, C. da Silveira, Quim. Nova, 2003, 

26, 123-129. 
[2] R. Silva, S.K. Haraguchi, E.C. Muniz and A.F. Rubira, Quim. Nova. 2009, 32, 661-671. 
[3] Metzger, J.O., Eur. J. Lipid Sci. Technol. 2009, 111, 865-876. 
[4] G.E.S. Lima, E.V. Nunes, R.C. Dantas, M.R. Meneghetti, S.M.P. Meneghetti, Eur. J. Lipid Sci. 

Technol. 2015, 117 (Special Issue: Fats and Oils as Renewable Feedstock for the Chemical 
Industry), 229-234. 

[5] Brito, Y.C.; Ferreira, D.A.C.; Fragoso, D.M. de A.; Mendes, P.R.; Oliveira, C.M.J. de;  
M.R. Meneghetti, S.M.P. Meneghetti. Applied Catalysis. A, 2012, 202-206.  
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CHEMISTRY OF BIOMASS: NOVEL CATALYTIC 
DEPOLYMERIZATION PROCESSES, NOVEL BIOFUELS,  

NOVEL BIOPLASTICS 

Varfolomeyev S.D. 

The N.M. Emanuel Institute for Biochemical Physics of RAS, 
Chemistry Faculty of the M.V. Lomonosov Moscow State University, 

Moscow, Russia 

Development of technological processes of mastering the renewable raw 

materials and energy sources requires the creation of fundamentally new knowledge 

on biomass chemistry. The current trend "from hydrocarbons to carbohydrates" is 

based on the chemical transformation of complex biomacromolecular mixtures to 

produce novel functionalized products. 

Oxidation catalytic depolymerization of biomass. The limiting step of most 

biomass utilization processes is a depolymerization process to transfer oligomers 

and monomers in solution. Along with the improved process of enzymatic hydrolysis 

with participation of cellulases and xylonases, we have developed a completely novel 

process - the oxidation catalytic depolymerization. The features and conditions of the 

reaction, the catalysts and reaction products are discussed. 

Biogasoline through methanogenesis. Oxidative depolymerization of biomass 

significantly simplifies and accelerates the process of conversion of biomass into 

methane under the action of anaerobic methane-generating association. The 

mechanism of methanogenesis, a mathematical model of the process and the 

transfer of methanogenesis into the mode producing the fatty acids and ethanol are 

discussed. Reaction products of aliphatic acids (C2-C6) with ethanol is a new 

automotive fuel "biogasoline". The conditions for the esterification process, catalysts 

and fuel characteristics are discussed. 

Bioketals are the new biofuels that increase the octane number of gasoline and 

phase stability. Chemical modification and hydrophobization (water-repellency) of 

polyols, sugars and polysaccharides makes it possible to obtain products with new 

functional properties. We have developed a process for producing bioketals via 

condensation of polyols (carbohydrates) with ketones to give hydrophobized products 

soluble in hydrocarbon fuels. We demonstated the possibility to use them as anti-

knock agents that increase the octane number of gasoline (up to 19 units), as well as 

the phase stable blends: gasoline - water (up to - 40 degrees). 
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Specific examples discussed the possibilities and features of the production of 

novel polymers from renewable raw materials. The driving force behind the 

development of new plastic is a huge accumulation of plastic waste in the form of 

solid waste, which is practically not utilized and do not decompose in nature. Several 

new polymers obtained by conversion of renewable biosubstanсеs were described. 

Biopoliesters. The pilot version was described and technologically implemented 

for the functionalization process of cellulosics materials via the oxidizing catalytic 

limited depolymerization of biomass to produce oligodicarbonic acids - the raw 

material for the synthesis of biopoliesters. When used as alcohol components of 

cellulose, hemicelluloses, polyvinyl alcohol, silicates we obtained a large set of 

bioplastics with various physico-chemical and physical characteristics. Specific 

products form new polymeric materials were demonstrated. 

Biopoliamides. We have studied a polymerization process of natural amino acids 

via polycondensation at elevated temperatures. We also conducted kinetic and 

mechanistic studies of solid-phase polymerization as well as the optimal conditions 

for producing the polymeric materials. The samples of polyaspartic acid 

(polysuccinimide), polylysine, polyphenylalanine, some copolymers. The technique 

has been developed for amino acid polycondensation in the microwave field and a 

high-performance set-up has been created. A method has been developed for 

applying the polymer layers on the nanoparticles. 

Some materials were used as the polymer electrolyte in the high capacity 

supercondensator. 

Bacterial cellulose. A method has been developed to produce cellulose 

synthesized by microbial cells. As catalyst the immobilized cells were used. 

Synthesis of the polymer chain is carried out by bacterial enzymes, thus a nonwoven 

polymeric material appears with a uniform thickness of the polymer threads 

(filaments, fibers). 

Bioplast elastomers. We have shown a possibility to obtain a natural rubber by 

cultivation of rubber-yielding plants in aeroponic power mode. Likewise we have 

shown a possibility for the beyond-soil-cultivation of kok-sagyz and the related 

rubber-bearing plants that may results in a continuous extraction of rubber latex. 

These examples illustrate the opportunities to produce a new generation of 

polymeric ekomaterials using renewable sources of raw materials and new 

technological approaches. 
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VALORIZATION OF SOLID BIOMASS RESIDUES  
(LIGNINS AND HUMINS) USING CATALYTIC APPROACHES 

H.J. Heeres 

Chemical Engineering Department, ENTEG, University of Groningen, 9747 AG, 
Groningen, the Netherlands, h.j.heeres@rug.nl 

 

Biorefining of lignocellulosic biomass to biofuels and biobased chemicals is 

receiving high attention at the moment. Most of the conversions involve the use of 

the sugar fraction, leaving large quantities of the lignin fraction behind. In addition 

valorization of the sugar fraction inevitably leads to the formation of solid byproducts 

known as hydrochars or humins. Both lignins [1] and humins [2] are polydisperse, 

highly cross linked materials (Figure 1). The valorization of these byproducts is still in 

a state of infancy, though is highly relevant to improve the economic attractiveness of 

biorefineries.  

 

Figure 1. Proposed structure for humins from D-glucose (left) [2] and a typical lignin (right) [1] 

 

In this presentation, recent findings on the liquefaction/depolymerisation of both 

lignins and humins to will be reported, with an emphasis on catalytic hydrotreatment 

reactions and catalytic pyrolysis [3, 4]. The product yields and compositions were 

determined in detail using a wide range of analytical techniques (Figure 2).  
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Figure 2. Representative GCxGC chromatogram of a humin oil after a catalytic hydrotreatment [3] 

 

Reaction networks to rationalise the product portfolio were developed and will be 

discussed in detail. 

References 
[1] J. Zakzeski, P.C.A. Bruijnincx, A.L. Jongerius, B.M. Weckhuysen, Chemical Reviews 2010, 110, 

3552-3599. 
[2] I. van Zandvoort, E.R.H. van Eck, P. de Peinder, H.J. Heeres, P.C.A. Bruijnincx,  

B.M. Weckhuysen, ACS Sustainable Chemistry & Engineering 2015, 3, 533. 
[3] Y. Wang, S. Agarwal, A. Kloekhorst, H.J. Heeres. ChemSusChem, 2016, 9, 951-961. 
[4] C. Ramesh Kumar, N. Anand, A. Kloekhorst, C. Canilla, G. Bonura, F. Frusteri, K. Barta,  

H.J. Heeres. Solvent free depolymerisation of Kraft lignin using supported NiMo and CoMo 
catalysts. Green Chemistry, 2015, 17, 4921. 
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UNCONVENTIONAL CATALYTIC ROUTES FOR THE VALORISATION 
OF BIOMASS USING LIGHT AND MICROWAVES 

Jose Antonio Lopez-Sanchez 

Stephenson Institute for Renewable Energy, Chemistry Department, The University 
of Liverpool, Crown Street L69 7ZD, Liverpool, UK 

The chemistry and processes involved in transforming biomass offer many 

challenges that continuously tantalise scientists in the search of more efficient and 

creative ways to minimising the energy required and overall environmental footprint. 

We have seen the consolidation of biotechnology as a fundamental tool in biomass 

transformations, particularly due to the mild conditions typically required by enzymes 

and microorganisms. Thermochemical transformation technologies offer many 

advantages over biotransformations, however, the high energetic requirements is still 

a draw-back. The utilisation of alternative energy vectors and stimuli to transform 

biomass, such as in the utilisation of microwave technology, sonochemistry or 

mechanochemistry offer some promise. However, could we possibly carry out 

demanding biomass transformations at very mild conditions without microorganisms 

or enzymes? Can the utilisation of catalysis in microwave reactors be a revolutionary 

tool within the biorefinery toolbox? 
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FUELS AND CHEMICALS PRODUCTION FROM BIOMASS:  
SOME SCIENTIFIC CHALLENGES FOR ACCELERATING 

INNOVATION AND PROCESS DEVELOPMENT 

Jean-François Joly 

IFP Energies nouvelles, Lyon, Franse, jean-francois.joly@ifpen.fr 

Process development is a complex process that starts with an analysis of the 

technical and economic feasibilities of innovative proposals emerging from research 

work and ends with the oil-in of the first industrial unit.  

IFPEN’s process development methodology differs significantly from the 

methodologies found in the available literature [1]. The key point is the pre-

development phase, which makes it possible to select the best technologies and 

process schemes for a cost-effective, reliable process with the smallest possible 

ecological footprint. This is completed at a very early stage in the overall 

development process and at a moderate risk and cost. This initial phase uses a 

rigorous scientific approach to obtain the decision-making elements required to 

validate whether or not the initial concept is viable and to move on to the 

development phase of the existing process.The pre-development phase of a process 

identifies the key points and any relevant scientific and technological barriers that 

need to be removed for the subsequent development of the process.  

The main objective of the development phase is to determine the basic data 

required for industrialization: catalysts, reactor models, design criteria, optimized 

process flow diagrams. This phase is executed around the technological barriers 

identified during the preliminary studies carried out in the pre-development phase. As 

the research progresses on these critical points, the engineers update the technical 

and economic studies and redirect them if required.  

Catalyst development and reactor technology; Catalyst research draws on 

complementary scientific skills: mineral synthesis, solid engineering, physical and 

chemical characterization of solids and, more recently, the use of theoretical 

approaches often based on density functional theory calculations. The choice of 

reactor technology is based on kinetic and thermodynamic considerations and also 

includes an initial assessment of the stability of the catalytic system.  

Chemical and hydrodynamic reactor engineering; The main data to be 

acquired are kinetic measurements, mass and heat transfer, thermodynamic data, 
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the impact of impurities on deactivation of the catalyst(s) and regeneration 

conditions. 

Process schemes, simulation, heat integration and process optimization: 
This last phase of development is based on the set of data acquired in the 

development phase. It concerns the development of the complete process scheme 

with its list of equipment required to perform optimization and heat integration and to 

quantify the investment and operating cost for the given production capacity of the 

industrial unit. Process investment and operating costs are then determined; 

These phases for process development will be illustred with specific situations 

regarding to biomass catalytic conversion towards fuel and chemicals. 

 
Source: [2] 

References 
[1] J.F. Joly, F. Giroudiere, Catalysis Today 2013, vol. 218-219, 153-161. 
[2] J.F. Joly, in: J.P. Dalpont (Ed.), Process Engineering and Industrial Management, Wiley-ISTE, 

New York, 2012, pp. 147-188. 
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INDUSTRIAL-SCALE PYROLYSIS FOR ENERGY AND PRODUCTS: 
WHICH OPPORTUNITIES TO PRIORITIZE? 

David Chiaramonti 

Renewable Energy COnsortium for R&D (RE-CORD)/Dept. of Industrial Engineering, 
University of Florence, Viale Morgagni 40, 50134 Florence, Italy 

Sustainable Alternative Renewable fuels are key for decarbonisation of the 

transport sector: EU R&D programmes reflected this policy goal through supporting a 

variety of process pathway to liquid and gaseous biofuels, with a special focus on 

aviation, maritime and heavy duty. In this context, a renewed interest has grown 

around liquefaction processes, as fast pyrolysis or hydrothermal liquefaction: 

moreover, integration in biorefinery schemes combining biochemical and 

thermochemical processing has also attracted the attention of the industry and the 

technology developers.  

The present work addresses the issue of industrial-scale biomass liquefaction 

through dry-wet thermochemical conversion. Following a short recall on the historical 

development of biomass fast pyrolysis, techno-economic assessments from literature 

of thermal and catalytic fast pyrolysis are discussed versus most promising short and 

medium/long market applications, identifying the development status of the major 

process steps. The potential for Pyrolysis Oil production in the EU is given. 

Reference to selected Fast Pyrolysis industrial projects in the EU is given, as well as 

major initiatives in the US. 

Lignocellulosic, algal, and lipidic feedstocks, as well as lignin-rich streams are 

considered, placing these processes in the wider context of conventional and 

advanced biofuel technologies. Production costs are compared amont the various 

process routes, according to industry estimations. 

The transport and CHP sectors as end-markets for Fast Pyrolysis Bio-Oil (FPBO) 

are presented, with the aim of discussing the most attractive opportunities for the 

medium term and thus trying to identify priority areas and opportunities. In fact, it 

seems is a very appropriate moment to consider the opportunity to focus (again) also 

on CHP use, and not necessarily on transports only: this approach would generate a 

significant impact on the fuel production and upgrading stage, compared to the work 

necessary for the production of a transport biofuel. This was a priority of several 
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research works around FPBO in the ‘90s, that did not further developed also due to 

the framework conditions of the time. 

As these considerations are fully policy-driven, reference to the EC proposal for 

Renewable Energy Directive (REDII) will be given, and key messages from the EU 

advanced biofuel industry (both production and use of Alternative Renewable 

Transport Fuels) given, with particular attention to pyrolysis oil. The main critical 

elements that could represents that can barriers for the deployment of the fast 

pyrolysis oil in the future will be remarked. 

The work will also describe the existing experimental/pilot facilities and the 

projects being carried out at the University of Florence and RE-CORD in the field of 

Advanced Biofuels, with particular regards to the Aviation sector, such as the EU-

Brasil H2020 BECOOL and the EU FP7 BIOREFLY projects, and their links to the 

topic under discussion.  

Acknowledgments 
The author wish to thank the European Commission, DG Research and DG Energy, support 

through the H2020 BECOOL project “Brazil-EU Cooperation for Development of Advanced 
Lignocellulosic Biofuels” and the EU FP7 BIOREFLY “Industrial scale demonstration biorefinery on 
lignin-based aviation fuels” project. 
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HETEROGENEOUS CATALYSIS BY BASES FOR 
TRANSFORMATION OF RENEWABLES 

Murzin D.Yu.1, Simakova I.L.2 
1Åbo Akademi University, Åbo/Turku, Finland, dmurzin@abo.fi 
2Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 

While heterogeneous acid catalysts is widespread, base-catalyzed reactions 

have been studied to a much lesser extent. An exploding interest in the last decade 

to heterogeneous catalysis by bases is strongly related to development of 

(lignocellulose) biorefinery concepts.  

One of the key-reactions for valorization of lignocellulosic biomass is 

interconversion of aldose to ketose. Chemical conversion of glucose to fructose can 

be also done under alkaline conditions and at temperature higher than typically used 

(55-60 °C) for the enzymatic process. Transformations in alkaline environment 

following so-called Lobry de Bruyn-Alberda-van Ekenstein rearrangement are 

nonspecific leading to formation of side products. Aldose-ketose rearrangement is 

accompanied by epimerization which occurs in parallel to the main reaction. Other 

reactions, such as aldolization/retro-aldolization, -elimination and benzylic 

rearrangement also contribute to formation of side products. Heterogeneous base 

catalysts would be of high interest being devoid of the apparent drawbacks of their 

homogeneous counterparts, such as low selectivity, and challenges with separation. 

In the lecture, our recent work on isomerization of glucose, galactose and arabinose 

to corresponding keto-sugars over a range of heterogeneous catalysts will be 

discussed [1]. Magnesium aluminates with different ratio between oxides resulting in 

materials with Mg/Al ratio from 0.2 to 0.9 were prepared, characterized and evaluated 

in terms of their catalytic behavior. The catalyst with Mg/Al ratio close to hydrotalcites 

was the most efficient considering activity, selectivity and stability. The sugar 

structure was shown to have a minor influence on catalytic activity and selectivity 

Another potential way of transforming biomass is related to multistep conversion 

of cellulose to pentanol and hexanol. Further upgrading of these alcohols can be 

done by the Guerbet reaction, leading to 2-alkyl alcohols having a unique branching 

pattern. The reaction is complex comprising three different steps (Figure 1) requiring 

careful optimization to avoid side reactions. Generation of water can cause catalyst 
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DESIGNER CATALYSTS FOR BIOFUELS SYNTHESIS 

Karen Wilson 

European Bioenergy Research Institute, Aston University, Birmingham, B4 7ET,  
E-mail: K.Wilson@aston.ac.uk 

Concerns over dwindling oil reserves, carbon dioxide emissions from fossil fuel 

sources and associated climate change is driving the urgent need for clean, 

renewable energy supplies. If average global temperature rises induced by 

greenhouse gases are not to exceed 2 °C, then estimates indicate that a large 

proportion of oil, gas and coal reserves must remain untouched [1]. Biomass, derived 

from agricultural and forestry residues, or non-food sources of triglycerides are a 

sustainable source of carbon that can provide low cost solutions for transportation 

fuels and organic chemicals. Waste can become a key resource or feedstock, with 

the implementation of technology for biomass production and conversion predicted to 

generate ~15 Billion Euro income to the rural economy across the EU, with 16 % of 

transport fuel potentially supplied by waste derived biofuels by 2030, resulting in over 

60 % reduction of GHG emissions [2]. Akin to petroleum refining, biorefining will 

integrate biomass conversion processes to produce fuels, power, and chemicals, 

thereby increasing the economic viability of bio-derived processes (Scheme 1). 

Indeed, the US DoE identified a range of sugar derived ‘Platform Chemicals’ 

produced via chemical or biochemical transformation of lignocellulosic biomass that 

would be potential targets for production in biorefineries [3].  

 
Scheme 1. Biorefining versus Petroleum refining 
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Catalytic technologies played a critical role in the economic development of both 

the petrochemical industry and modern society, underpinning 90 % of chemical 

manufacturing processes and contributing to over 20 % of all industrial products. In a 

post-petroleum era, catalysis will underpin bio-refinery technology, and researchers 

will need to rise to the challenge of synthesising chemical intermediates and 

advanced functional materials and fuels from non-petroleum based feedstocks [4]. 

This presentation will discuss the challenges faced in catalytic biomass 

processing, and highlight recent successes in catalyst design which have been 

facilitated by advances in nanotechnology and careful tuning of catalyst formulation. 

Specific case studies will explore (i) how the effects of pore architecture and acid 

strength can impact upon process efficiency in biodiesel synthesis [5], (ii) how 

catalytic pre-treatments improve transportation fuel production from pyrolysis oil, [6] 

and (iii) the role of bifunctional catalysts in the aqueous phase processing of sugars 

to important platform chemicals and fuel precursors such as 5-HMF derivatives [7,8]. 

Bilayer SO4-ZrO2/SBA-15 catalysts are one such example that will be discussed, 

which are hydrothermally stable mesoporous materials offering high acid site 

loadings and enhanced 5-HMF productivity from glucose over non-porous SO4-ZrO2 

counterparts [9]. The co-existence of accessible solid basic/Lewis acid and Brönsted 

acid sites in grafted SO4-ZrO2/SBA-15 respectively promote glucose isomerization to 

fructose and dehydration of reactively-formed fructose to 5-HMF. 
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A.V. Topchiev Institute of Petrochemical Synthesis of the RAS, Moscow, Russia 
tsodikov@ips.ac.ru 

1. Introduction  
One of the main problem for sustainable development today are creation of 

effective approaches to utilization of anthropogenic contaminants and creation of 

energy carries production base on organic wastes. Petroleum spilling and pollutants 

are one of the most important ecological problems of considerable current interest. 

Lignin is one of the renewable feedstock accumulated in large quantity every year as 

waster of wood treatment and paper cellulose industries. The stability of lignin 

polymer molecules is barrier to effective it treatment to useful products. 

This abstract describes results of studies on the high-rate degradation of 

petroleum residues and pollutants adsorbed in the pores of carbon sorbents and 

plasma-catalytic lignin reforming to syngas under the action of microwave irradiation 

(MWI). 

2. Experimental  
Home-installation unit consist of an M-140 magnetron oscillation frequency, 

(2.45±0.05 GHz), was applied as a microwave radiation source; an ac power supply 

with a voltage of 220 V (50 Hz) was employed, and the voltage was regulated with a 

laboratory adjustable ratio autotransformer. The waveguide is connected to the MWI 

adsorption chamber (U-shaped vessel), in which due to the flow of water is realized 

the absorption of the residual irradiation. For microwave- assisted experiments quartz 

reactor was used (15 ml). Pore carbon sorbents possessed by high dielectric losses 

were selected for experiments. Ni and Fe-contained components were deposited on 

lignin surface. Conversion of phosphorous model compounds and tar adsorbed inner 

pores of carbon sorbents and lignin carried out in flux of Ar and CO2 at temperatures 

150-300 °C and 700-750 °C, stimulated by MWI, respectively. The tungsten–rhenium 

thermocouple, which was placed in a metal casing for microwave radiation shielding 

was used for temperature controlling in reaction volume.  

3. Results and Discussion 
Action of MWI on carbon sorbent led to plasma generation. Conversion of 

phosphorous model compounds and tar adsorbed inner pores of carbon sorbents 

with microwave stimulation rearched up to ~ 99 % for 10 min. H2 was the main 
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product in producing gas in case of microwave irradiation while the methane mainly 

formed by using convective heating. 

In order to confirm the possibility of heavy oil residues processing into light 

hydrocarbons and hydrogen, a series of experiments by the decomposition of 

different classes of the individual hydrocarbons was carried out. It was found that in 

case of MWI cracking of C-H bond dominated. This fact explains an increased 

hydrogen yield in comparison with convection heating where cracking C-C bond 

dominates1. 

Dry reforming (DR) of lignin with supported different content of Ni and Fe 

nanoparticles under microwave irradiation (MWI) with plasma generation has been 

studied2. After 10 min of DR at 700-750 °C recovery of H2 from lignin reach up to 

80 % and the Н2/СО ratio of 1/1 at summary conversion of the lignin organic mass- 

65 %. The maximum selectivity relates to syngas forming in DR process was 

achieved up to 90% when combination of Ni-Fe active components has been forming 

on lignin surface.  

The structure of Ni and Fe -containing lignin samples before and after reforming 

were investigated by XRD, TEM, EDA, Mossbauer spectroscopy and magnetic 

measurements. It was studied “operando” conversion of organic part contained in 

lignin by vibration spectroscopy. 

4. Conclusions  
The test method of the high-rate destruction of tar and other phosphorous 

contained pollutants under the action of microwave irradiation differs from traditional 

thermal decomposition methods. It makes it possible to utilize refinery waste in short 

time with the production of valuable components.  

MWI noticeably intensifying dry reforming of lignin contained Ni and Fe as well as 

Ni-Fe contained nanosize particles into syngas. For 10 min practically 80-90 % H2 

eliminated from initial lignin. 

Enhanced contribution of metal components in the conversion of lignin to syngas 

comparison with its conversion without active components and results obtained at 

convective heating allows to classifying process as the plasma-catalytic. 
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E-mail: francesco.frusteri@itae.cnr.it  

The production of dimethyl ether (DME) by hydrogenation of CO2 is an issue that 

recently is receiving particular attention [1-2]. As well known, in order to obtain DME 

via this direct reaction it is necessary that catalyst possesses a multi-functionality, as 

the reaction proceeds through the consecutive steps of methanol formation and 

subsequent dehydration to DME [3-5]. In general, first methanol is generated by 

interaction of activated hydrogen and CO2 on metal-oxide sites, while DME is then 

formed by dehydration of methanol (MeOH) on acid sites [3,5,6]. Generally, a 

mechanical mixture of mixed oxides (containing Cu as active species for the 

synthesis of methanol) and a zeolite, typically ZSM-5 [7-8], has been mainly 

proposed as an effective catalytic system. In particular, some fundamental aspects 

have been indicated as crucial for high process productivity: i) the zeolite must be 

stable in presence of water; ii) the formation of olefins should be inhibited; iii) the acid 

sites must be well distributed and of suitable strength. 

Here, the one-step CO2 hydrogenation reaction to dimethyl ether (DME) on novel 

hybrid Cu-ZnO-ZrO2–Zeolite catalytic system will be investigated with the aim to 

better define the way to achieve high DME productivity. Catalytic results, in terms of 

CO2 conversion and product distribution using a fixed bed reactor will be discussed to 

individuate the optimal reaction conditions to ensure both high CO2 conversion per 

pass and high CH3OH/DME selectivity. Particular attention will be addressed to 

compare the different opinions on reaction mechanism proposed, so to ascertain 

what is the controlling step preventing the achievement of high CO2 conversion at 

temperature lower than 473 K. An effort will be also profuse to precisely individualize, 

in the hybrid systems, the active sites for H2 and CO2 activation by correlating the 

results as a function of their nature and strength. Furthermore, the influence of 

structure and morphology of catalyst on mass transferring reaction intermediates will 

be considered to highlight how these parameters can affect DME/MeOH production. 
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On the whole, it has been found that the efficiency in DME production of hybrids 

systems strongly depends upon several factors. The typology of zeolite employed, 

the distribution of surface oxides, the strength of acid sites are the main factors that 

play a fundamental role in driving the reaction towards CH3OH, DME or CO formation 

[9]. In particular, the pore structure of zeolite was found to be more suitable for the 

generation of a larger population of Lewis basic sites necessary in CO2 activation 

step, also favoring easier accessibility to the Brønsted acid sites essential for the 

MeOH-to-DME dehydration step [10]. The comparison of the process productivity of 

multifunctional systems at 260 °C and 5.0 MPa disclosed the superior behavior of 

hybrids system with respect to classical mechanical mixtures, leading on the CuZnZr-

FER hybrid system a final DMESTY higher than 600 gDME/Kgcat/h.  
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RESEARCH AND EVALUATION OF BIOMASS PYROLYSIS 

S.R.A. Kersten 

University of Twente, The Netherlands, s.r.a.kersten@utwente.nl 

For decades, fast pyrolysis has been advocated to be a promising technology for 

the production of a bio-oil which can be further upgraded or refined for electricity, 

transportation fuels and chemicals production. At the time of writing, several 

demonstration factories are considered worldwide aiming at maturing the technology. 

Yet, slow market introduction of the technology and adverse properties of the bio-oil 

point out room for improvement. 

In this paper, firstly, an historical account will be given on the research into fast 

pyrolysis of biomass. Research focusing on understanding the underlying processes 

at all relevant scales, ranging from the chemistry of cell wall deconstruction to 

optimization of pyrolysis factories, in order to produce better quality oils for targeted 

uses will be discussed. Most attention will be given to i) the interplay of chemistry and 

transfer processes at cell wall level (see figure 1 for an example), and ii) the use of 

catalytic activity to steer the product quality (see figure 2). This first part will be 

illustrated by results from the open literature and data obtained in our own laboratory 

in the last 30 years. 

  

Figure 1. Results of cellulose pyrolysis; yields versus temperature. Left: yield of levoglucosan (DP1). 
Right of DP4 + DP5 (large ologomers). Black symbols: results at 5 mabr, red symbol: 1 bar.  

These results indicate that the production of levoglucosan is induced by lower evaporation rates (mass 
transfer limitation) at 1 bar compared to 5 mbar which results in pronounced times of oligomers to 

react on the particle. Evidence is accumulating that both the distribution of the polymerization degree 
of the produced sugars and the mass loss rate of cellulose is determined by the interplay of chemistry, 

heat and unequivocally mass transfer at cell wall level. React. Chem. Eng., 2016, 1, 555-566. 
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DEVELOPMENT OF NEW INTEGRATED CATALYTIC PROCESSES 
OF LIGNICELLULOSIC BIOMASS VALORIZATION INTO VALUABLE 

CHEMICAL PRODUCTS 

Kuznetsov B.N. 

Institute of Chemistry and Chemical Technology SB RAS, FRC KSC SB RAS, 
Krasnoyarsk, Russia, bnk@icct.ru 

Siberian Federal University, Krasnoyarsk, Russia 

The renewable resources of wood are large in the Russia and in many other 

countries. But at present the low-grade wood and waste wood are little used to 

produce bulk and fine chemicals. This presentation describes the new approaches to 

catalytic biorefinery of different types of wood based on integration of optimized 

processes of valorization of main components of wood biomass with the use of green 

reagents and solid catalysts. 

Air dry sawdust (fraction 2-5 mm) of aspen-wood, birch-wood, abies-wood, pine-

wood and larch-wood were used as initial raw materials. Catalytic processes of wood 

thermal conversions were studied with the use of stirring fixed-bed reactors. FTIR, 

XRD, SEM, solid state 13C CP/MAS and chemical methods were used for study the 

solid products. Low molecular mass products were identified by GC, HPLC and GC-

MC methods. 

The developed processes use as a key stage the catalytic fractionation of wood on 

polysaccharides and lignin. Three different ways of wood catalytic fractionation were 

researched, namely, peroxide oxidation in the mixture of acetic acid – water, aerobic 

oxidation in alkaline medium, thermal conversion in supercritical alcohols (see Figure). 

Solid catalysts TiO2, CuO, high-silica zeolites, NiCu/SiO2, NiCuMo/SiO2 and 

optimal process conditions were selected for conversion of wood biomass to 

cellulose, aromatic aldehydes and liquid hydrocarbons. 

This presentation provides examples demonstrating the feasibility of obtaining 

valuable chemicals and cellulose with rather high yield by catalytic biorefinery of 

hardwood and softwood with the use of solid catalyst and green reagents. 

Catalytic oxidation of hardwood and softwood by H2O2 in acetic acid – water 

medium under optimized mild conditions ( 100 °C, 1 MPa) over TiO2 catalyst makes 

possible to achieve the effective separation of wood biomass components on 

microcrystalline cellulose and soluble products from lignin and hemicelluloses. 
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Figure. Scheme of wood biomass biorefinery based on the use of green reagents and solid catalysts 

Oxidation of wood biomass by O2 in alkaline medium over CuO catalyst allows to 

separate at 160-170 °C softwood on cellulose and vanillin and hardwood – on 

cellulose and the mixture of vanillin and syring aldehyde. 

Thermal conversion of mechanically activated aspen-wood in supercritical 

ethanol at 270 °C in the presence of high-silica zeolite catalysts increases by 2.5 

times the yield of liquid hydrocarbons as compared to non-catalytic process.  

The optimal conditions and effective catalyst NiCuMo/SiO2 were selected for the 

process of organosolv lignins depolymerization in supercritical butanol and ethanol 

which insure the high yield of liquid hydrocarbons at 300 °C (to 89 % mas.). 
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DIRECT CATALYTIC CONVERSION OF CELLULOSE TO  
LIGHT HYDROCARBONS OVER Pt/NH4-USY ZEOLITE CATALYST 
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Ayumu Onda2, Yasushi Sekine1 

1Department of Applied Chemistry, Waseda University 3-4-1 Okubo, Shinjuku,  
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Introduction 
Renewable resources are attracting increasing attention as substitutes for fossil 

resources. Among them, biomass cellulose offers numerous advantages as a 

ubiquitous feedstock. Recently, we have reported an one-pot direct conversion of 

cellulose to C3 and C4 hydrocarbons over Pt/H-zeolite catalysts at 443 K under 

hydrothermal conditions without hydrogen [1-3]. Results revealed that the activity and 

selectivity were affected by the zeolite structure and the supported state of Pt. 

However, the hydrocarbon yield remained still low. Therefore, development of highly 

active catalyst and optimization of reaction conditions were conducted. Effect exerted 

on the activity and selectivity by the catalyst preparation method and the reaction 

time were investigated. The relation between the supported state of Pt and the 

results for catalytic activities was also elucidated. 

Experimental 
Pt/NH4-USY zeolite catalyst was prepared using an ion-exchange method 

according to a published procedure [4] with some modifications; 1 wt % Pt was 

supported on NH4-USY(14) zeolite, with the number in parenthesis representing the 

SiO2/Al2O3 ratio. Hexachloroplatinic(IV) acid was used as the precursor of supported 

Pt. The obtained powder was calcined at 803 K for 30 min in 6 % H2/N2 gas flow 

(100 mL min–1). 

Catalytic reaction was performed in a batchwise autoclave (30 mL, SUS 316). 

Cellulose powder (microcrystalline, MP Biomedicals Inc.) was pre-treated using a 

planetary ball mill to produce fine particles. Reaction conditions are follows; catalyst: 

0.25 g, cellulose: 0.25 g (8330 C-mol), water: 20 mL, temperature: 443 K, reaction 

time: 3–72 h, Ar atmosphere. The reaction products were analyzed by GC-FID, GC-

TCD, TOC, and HPLC.  
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Results and discussion 
Catalytic activity of the prepared Pt/NH4-USY(14) catalyst was compared to that 

of a previously reported Pt/H-USY(14) [2]. Figure 1 presents results of activity tests 

over Pt/NH4-USY and Pt/H-USY catalysts at 443 K for 3–72 h of the reaction time. 

For all reaction time courses, Pt/NH4-USY catalyst showed higher cellulose 

conversion and higher C3+C4 hydrocarbon yield than reactions over Pt/H-USY 

catalyst. To improve the C3+C4 hydrocarbon yield, the effect of reaction time on the 

activity was also investigated. Over the Pt/H-USY catalyst, the C3+C4 hydrocarbon 

yield increased with increased reaction time up to 18 h, then it reached a plateau. 

However, over the Pt/NH4-USY catalyst, the C3+C4 hydrocarbon yield increased 

concomitantly with the increased reaction time; the C3+C4 hydrocarbon yield reached 

16.0 C-% at 72 h. 

To clarify differences of catalytic activities, the Pt particle size was evaluated 

using a CO chemisorption. The Pt particle sizes were 5.4 nm for Pt/NH4-USY(14) and 

8.9 nm for Pt/H-USY(14). Further investigation for the effect of Pt particle size on the 

catalytic property will be conducted. 
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Fig. 1. Time course of product yield in the cellulose conversion over Pt/H-USY(14) and  

Pt/NH4-USY(14) catalysts at 443 K. Values in the graph denote C3+C4 hydrocarbon yield 
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CELLULOSE BIOREFINERY BASED ON COMBINED CATALYTIC 
AND BIOTECHNOLOGICAL APPROACH FOR PRODUCTION OF  

5-HMF AND ETHANOL 
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Yuliya V. Samoylova1, Alexandr V. Piligaev1, Valentin N. Parmon1,3 

1Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia, oxanap@catalysis.ru 
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3Novosibirsk State University, Novosibirsk, Russia 

The instability on the global energy and hydrocarbon feedstock markets as well 
as necessity to diminish the emission of CO2 leads to an increasing trend toward the 
development of sustainable technologies that employs locally available sources of 
the renewable feedstocks for the production of fuels and valuable chemicals [1-3]. 
For this purpose the modern biorefineries are developing for the conversion of 
lignocellulosic biomass into a spectrum of marketable products and energy. The 
lignocellulosic biomass itself consists of complex biopolymers comprising cellulose 
(40-60 %), hemicelluloses (20-30 %), and lignin (10-30 %) [4]. Sugar monomers can 
be derived from biomass by hydrolysis with soluble catalysts like mineral acids, 
alkalis and enzymes. However, the main disadvantage of such type of catalysts is a 
need for separation from the products and their regeneration after the reaction. To 
avoid this problem the carbon-based solid acid catalysts may be used for the 
hydrolysis of cellulose and its conversion into the valuable products via the one-pot 
process. The combination of cellulose hydrolysis into glucose and its subsequent 
dehydration into 5-hydroxymethylfurfural (5-HMF) [5-7] will produce the platform 
molecules as a feedstock for manufacturing of a wide range of products (diesel and 
jet fuels, plastics, etc.). 

The aim of this study is to examine the combination of the one-pot catalytic 
process of cellulose conversion into 5-HMF and glucose over a solid acid catalyst 

and a biotechnological process of the glucose fermentation with thermotolerant 
yeasts into ethanol. 

Mechanical activation of microcrystalline cellulose was performed in a planetary 
mill «Pulverizette 5» during 40 min with the acceleration of 22 g. The size of the 
cellulose particles was measured by optical microscopy with a digital camera. The 
degree of crystallinity of cellulose was calculated using XRD study data as the ratio 
of the peak area of crystalline cellulose to the total area of all peaks. 

The one-pot hydrolytic dehydration of the mechanically activated microcrystalline 
cellulose into glucose and simultaneously 5-HMF was conducted in water in the 
presence of a solid acid catalyst. As such catalyst we used a mesoporous graphite-
like carbon material Sibunit-4, which was oxidized in an environmentally friendly 
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manner by wet air [7-8]. The process was performed at a temperature of 180 °C and 
a pressure of 1 MPa of argon under the vigorous mechanical stirring (1500 rpm). The 
activated cellulose (10 g L–1) and the catalyst (10 g L–1) in water (45 mL) were 
incubated for 5 h. During the reaction the composition of the reaction mixture were 
analyzed by HPLC. The recorded yields of glucose and 5-HMF were 21.1 – 25.1 and 
6.6-9.4 %, respectively, while the fructose, mannose and organic acids were found in 
minor concentrations.  

Also we revealed that extraction of catalytic hydrolyzate of cellulose with organic 
solvents (n-butanol, isobutanol and MIBK) can effectively recover the 5-HMF from 
aqueous solutions of sugars. Diethyl ether was found to be poor extractant. 
Isobutanol was selected for the 5-HMF extraction in this study due to its 
effectiveness. 5-HMF was separated from the solvent by distillation. The structure 
and purity of the isolated 5-HMF was confirmed by 1H and 13C NMR. 

A relatively low content of fermentation inhibitors (including 5-HMF) and compete 
absence of furfural in the mixture obtained after the extraction of 5-HMF allowed the 
production of ethanol via fermentation with a relatively high efficiency. It should be 
noted that in this case, ethanol is a byproduct of the 5-HMF production, which allows 
the complete recycling of catalytic hydrolysates of cellulose. Application of 
thermotolerant yeasts for the fermentation at 42 °C will also reduce production costs. 
Compared with other methods of producing ethanol from hydrolysates (for example, 
the acid hydrolysis treatment and AFEX) the catalytic process is recognized as an 
environmentally safely process. It is shown that the use of strains K. marxianus C1 
and O. polymorpha CBS4732 for the fermentation of processed catalytic cellulose 
hydrolysate has a relatively high efficiency since the strains are resistant to 
fermentation inhibitors. Thus proposed combination of a catalytic processing of 
mechanically activated cellulose for the 5-HMF production and subsequent 
fermentation of extracted hydrolysate with thermotolerant yeasts may be a promising 
alternative method for the ethanol production by fermentation and can be used to 
produce other valuable substances. 
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ENVIRONMENTALLY BENIGN CATALYTIC OXIDATION FOR  
FINE CHEMICALS SYNTHESIS 

Khlebnikova T.B., Pai Z.P., Yushchenko D.Yu., Mattsat Yu.V. 

Boreskov Institute of Catalysis SB RAS, Akad. Lavrentiev Pr., 5,  
Novosibirsk, 630090, Russia, E-mail: khleb@catalysis.ru 

Oxidation of organic substrates with hydrogen peroxide in the presence of 

peroxopolyoxometalates in combination with phase-transfer catalysts is an efficient 

green route for producing fine chemicals having various functional groups. The 

process takes place in mild conditions with good conversion and selectivity, without 

the use of organic solvents and explosive oxidants. Two-phase reaction media 

(organic phase - water phase) facilitates the separation of catalyst and products 

remaining in different phases. This methodology has considerable potential for the 

development of green catalytic processes of selective oxidative modification of 

available organic feedstock to produce valuable chemicals. 

The structure of the catalysts composed of peroxopolyoxometalates and 

quaternary ammonium cations was studied using EXAFS, IR, and Raman 

spectroscopy in order to determine the influence of the structure on the catalytic 

properties. Catalytic oxidation of aromatic and aliphatic alcohols, linear and cyclic 

olefins, terpenes, unsaturated fatty acids (UFA), amines and amino acids resulted in 

formation of epoxides, carbonic acids, and N-oxides with high conversions (90-

100 %) and selectivities (85-95 %). Processes were carried out using hydrogen 

peroxide water solutions (25-35 %) as oxidant, at atmospheric pressure, 

temperatures not higher than 90 °C, and low catalysts concentrations (0.1-1 mol. % 

against substrate). 

Oxidation of UFA from non-edible oils in the presence of these catalysts is the 

efficient green method for selective producing of aliphatic epoxides, mono- and 

dicarbonic acids with yields up to 90 %. The best results were obtained with the use 

of methyl-tri-n-octyl ammonium tetra(diperoxotungsto)phosphate as a catalyst. 

Epoxidation of oleic acid (the main constituent of tall oils) and ricinoleic acid (the 

main constituent of castor oil) successively proceeds in solvent-free conditions with 

the catalyst concentration of 0.07-0.1 mol. %. Formation of mono- and dicarbonic 

acids occurs with high selectivity (83-85 %) and nearly 100 % substrate conversion at 

catalyst concentration of 1 mol %.  
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Scheme 1. Oxidation of various substrates using ammonium peroxopolyoxotungstates as catalysts 

The catalysts were applied to the mild-conditions oxidation of natural products of 

complex structure. Betulin is a triterpene isolated from birch bark. It possesses a 

wide spectrum of valuable biological activities and is regarded as a precursor for 

synthesis of antivirus and anticancer pharmaceuticals. The highest selectivity of the 

reaction of betulin diacetate oxidation was achieved at 60 °С in 4 h. 

Peucedanine is a plant furanocoumarin isolated from the roots of hog's fennel, 

which is used in traditional medicine in treatment for cancer. Oxidation of peucedanin 

easily proceeds at 60 °С in 1 h with low catalyst loading and more than 5-fold oxidant 

excess selectively yielding 2-hydroxyoreoselon. 

This method was employed for N-phosphonomethyl iminodiacetic acid oxidation 

with obtaining its N-oxide in 96 % yield at 70 °С. Oxidation of the same substrate at 

85 °С in the presence of 0.1 mol % methyl-tri-n-octyl ammonium 

tetra(diperoxotungsto)phosphate afforded N-phosphonomethyl glycine (glyphosate, 

worldwide used non-toxic herbicide) in up to 92 % yield. 

Therefore, the green catalytic routes for valuable products synthesis starting both 

from renewable plant feedstock and from petrochemicals have been developed. The 

products have been obtained with high conversions (90-100 %) and selectivities (85-

95 %) using water solutions of hydrogen peroxide and low catalyst loading. 
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ROLE OF ALUMINUM IN Ni-Co STRUCTURED CATALYST FOR DRY 
AND STEAM REFORMING OF METHANE; HYBRID REACTOR FOR 

SYNGAS AND HYDROGEN CO-PRODUCTION 

Antonov D.1, Fedotov A.1, Tsodikov M.1, Yaroslavtsev A.1, Uvarov V.2 
1A.V. Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences, 

Moscow, 119991, Leninsky pr., 29, Russia, d.antonov@ips.ac.ru 
2Institute of Structural Macrokinetics and Materials Science,  

Russian Academy of Sciences, Russia Academician Osipyan str., 8,  
Chernogolovka, Moscow Region, 142432, Russia 

Porous ceramic membrane-catalytic converters produced by self-propagating 

high-temperature synthesis (SHS) from Ni(Al)-Co3O4 powders were used for dry and 

steam reforming of methane. Precursors included a Ni metal powder containing  

0-15 mass % of aluminum and a cobalt oxide (II, III) powder. The converter is a 

hollow tube with one sealed end. Feedstock supplied on the outer surface of the 

converter wall in order to arrange forced diffusion of the substrate in a spatially 

confined volume of pores containing catalytically active components. 

It was shown that chemical transformations in the channels of a porous ceramic 

catalytic converter proceed much more intensively than in a conventional fixed-bed 

reactor. According to kinetic studies, the intensification of the process in the catalytic 

channels of the converter is a consequence of improved mass and heat transfer. 

Previously it was found that converter with mass ratio Ni/Co3O4~1 showed the most 

pronounced synergistic effect in comparison with other mono- and bimetallic 

catalysts. In dry reforming of methane granulated catalyst prepared from converter’s 

material showed 2.2 times lower productivity than structured catalyst of the same 

composition (85 000 vs 39 000 l/(h·dm3
cat.)). It is important to note that results 

obtained using monometallic converters consisting only of nickel or cobalt were 

approximately 3-5 times lower. 

Phase composition evolution of the catalytic converter was studied by SEM, TEM, 

XRD. It was shown that during SHS aluminum additive led to reduction of Co3O4 and 

formation of α and -Al2O3, with Ni-Co alloy nanoparticles (10-50 nm) on its surface. 

It was established that aluminum introduced by mechanoactivation leads to 

greater catalytic performance than aluminum introduced by mechanical admixture. 

Addition of 5 % aluminum allows to achieve the highest productivity in comparison 

with other studied concentrations of Al due to formation inactiv Ni3Al. 
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The original hybrid reactor consisted of Ni(Al)-Co-containing converter with 

integrated Pd-Ru membrane was developed. The construction allowes to carry out 

simultaneous processes of highly efficient steam and dry reforming of organic 

substrate into syngas and in situ hydrogen separation. Removal of hydrogen 

decreases reaction temperature and increases overall efficiency of hydrogen 

production. 

It was demonstrated that in dry reforming of methane selective removal of 

hydrogen from reaction zone using Pd-Ru membrane allowed to increase methane 

conversion from 42 % up to 72 % in comparison with traditional reactor “contactor”. 

Feeding the substrate at a rate of 9 L/h and T = 700 °C hydrogen productivity was 

7.2 L/h and hydrogen recovery achieved 87 %. It was found that in steam reforming 

of methane using of the integrated reactor increased methane conversion. It was 

determined that increasing of pressure increased hydrogen recovery up to 65 % 

whereas methane conversion rate still constant. 
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It was found that under vacuum around 80 wt % of the lignin could be recovered 

as oil with only very little amounts of gas produced (<1 wt %). The amount of oil 

significantly decreased at atmospheric pressure and more than twice as much char is 

produced compared to vacuum pyrolysis. Evaporation of a part of the original lignin 

feedstock was responsible for a significant part of the recovered oil but clearly 

cracking reactions did occur within milliseconds after which the cracked feedstock 

could be evaporated or physically entrained. The DCM soluble (light) fraction 

(~50 wt % of the lignin feedstock) could be evaporated to a large extend. In all cases, 

large aromatic oligomers seem to be the primary products of lignin pyrolysis.  
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COMPOSITIONAL DEPENDENCE OF VISCOSITY FOR CRUDE OILS 

Arinina M.P., Malkin A.Ya. 

A.V. Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences, 
Moscow, 119991, Leninsky pr., 29, Russia, Arinina.marianna@ips.ac.ru 

Up to date crude oil remains to be the main sourse of energy. But inspite of the 

availability of sophisticated technologies and existing equipment there are still 

problems involved in oil production, processing and even transportation. The 

fundamental reason for the permanent development of the new technological 

solutions is the depletion of «easy» hydrocarbon resources, i.e. light crude oil. Thus, 

developing of technologies appropriate for heavy oils is especially important as they 

are to become the main raw material for petrochemical industry.  

Rheology can be used to characterize oil properties and to solve some of the 

problems with heavy oil transportation. Then it is necessary to estimate the input of 

the main chemical oil components and its disperse structure into their viscosity. 

Crude oil contains thousands of individual components, which are traditionally 

divided into 4 main groups: saturates, aromatics, resins and asphaltenes (so called 

SARA-analysis). The detailed study of these fractions influence on the oil viscosity 

can help to decrease it up to the suitable level.  

Experimantal and referenced data of about 200 oil samples were used to find 

general correlations between their viscosities and compositions. It was found that oil 

viscosity increase with growing content of aromatics, resins and asphaltenes while 

the increase of the saturates content results in the decrease in viscosity. It is worth 

noting that similar correlations are of general value for oils of various origins. 

According to the obtained results we have found that asphaltenes from all crude 

oil samples acted as promoters of the viscosity growth at rather low concentrations 

(less than 5 wt. %).  

Meanwhile the concept of «asphaltene» is not univocal as it includes rather wide 

range of organic matters. It was shown that precipitation of different types of 

asphaltenes from heavy crude oil greatly effects its viscosity (it can be decreased by 

2-3 orders). This result clearly shows that it can be treated as the method of 

decreasing viscosity of heavy crude oil to the necessery low level for its 

transportation. 
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CONVERSION OF PYROLYSIS OIL TO SYNTHESIS GAS THROUGH 
AUTOTHERMAL REFORMING OPERATED IN A MINIPLANT IN AN 

MODULAR CONTAINERISED ENVIRONMENT 

Gunther Kolb, Helmut Pennemann, Jochen Schuerer 

Fraunhofer ICT-IMM, Carl-Zeiss-Str.18-20 D-55129 Mainz, Germany, 
Gunther.kolb@imm.fraunhofer.de 

BIO-GO-For-Production is a Large Scale Collaborative Research Project co-

ordinated by the presenting author. It aims at the conversion of biogas and pyrolysis 

oil to synthetic gasoline by reforming, methanol synthesis and methanol-to-gasoline 

steps. The catalyst development work is supported by modelling, kinetic analyses 

and in-situ studies. The catalyst technology developed is validated by an extended 

miniplant operation of combined biogas and pyrolysis oil reforming, methanol 

synthesis and gasoline production via the MTG process to verify the feasibility of the 

concept.  

The reforming of pyrolysis oil has been subject to numerous studies, however, 

the larger part of investigations to-date deals with the conversion of model 

compounds, surrogates of bio-oil or the aqueous phase of it. Only few publications 

have the conversion of crude pyrolysis oil through reforming as subject. In most 

cases substantial coke formation was observed [1-4] and high reaction temperatures 

in the range from 800-900 °C along with a substantial surplus of steam (S/C 7) to 

suppress coke formation are required [1, 5]. 

The presentation will focus on first results of miniplant operation with emphasis 

on the autothermal reforming of crude pyrolysis oil and the synthesis gas purification 

steps downstream. 
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DEVELOPMENT OF THE BIFUNCTIONAL Ni-PHOSPHIDE 
CATALYSTS FOR METHYL PLAMITATE HYDRODEOXYGENATION 

Deliy I.V.1,2, Shamanaev I.V.1, Antonov I.M.1,2, Gerasimov E.Yu.1,2, 
Pakharukova V.P.1,2, Bukhtiyarova G.A.1 

1Boreskov Institute of Catalysis SB RAS, pr. Ak. Lavrentieva, 5,  
630090, Novosibirsk, Russia, E-mail: delij@catalysis.ru  

2Novosibirsk State University, Pirogova Str., 2, 630090, Novosibirsk, Russia 

The limited reserves of fossil fuel, economical and ecological problems stimulate 

the search and development of alternative sources of fuels. Biofuels attract much 

attention as sustainable and “green” fuels. Hydrodeoxygenation (HDO) of 

triglyceride-containing feedstocks such as nonedible vegetable oils, waste fats from 

the food industry, used cooking oil and animal fats is one of a promising technology 

to convert these crudes into diesel fuels – “green diesel” or “renewable diesel” [1]. 

Sulfided NiMo/-Al2O3 and CoMo/-Al2O3 catalysts are active in these reactions but it 

is essential to add sulfur-containing compounds to the feed in order to maintain the 

catalyst activity. Transition metal phosphides are a promising alternative, they are 

active, stable and do not contain sulfur. Ni-phosphide catalysts are the most active 

among phosphide catalysts in many reactions (hydrodesulfurization, 

hydrodenitrogenation and hydrodeoxygenation). The most popular method to prepare 

Ni-phosphide catalysts is the temperature-programmed reduction (TPR) of 

phosphates in hydrogen flow. After reduction POx residues remain on the support 

surface among with Ni-phosphide particles. These POx groups may have P-OH acid 

sites which can catalyze hydrolysis and dehydration reactions of HDO [2]. There is 

another technique to synthesize Ni-phosphide catalysts without POx residues – in situ 

phosphidation of metallic Ni by PPh3. 

The aim of the present work is to demonstrate bifunctional nature of SiO2 and  

-Al2O3-supported Ni-phosphide catalysts, prepared by different techniques, with 

different amount of POx groups in HDO of a vegetable oil model compound – methyl 

palmitate (C15H31COOCH3). 

The catalyst precursors for TPR were prepared by impregnation of the support 

with aqueous solutions of Ni(OAc)2 and (NH4)2HPO4 or Ni(OH)2 and H3PO3 

(Ni/P=1/2) followed drying and reduction in hydrogen flow. The precursors for in situ 

phosphidation were prepared by impregnation of the support with aqueous solutions 

of Ni(OH)2 and citric acid (Ni/CA=1/2). The catalysts were characterized by elemental 
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analysis, N2 physisorption, H2-TPR, XRD, TEM. The catalytic experiments were 

carried out using fixed-bed continuous flow reactor at 290 °C and 3.0 MPa. 

XRD analysis confirmed that Ni2P phase (the most active phase for HDO) forms 

after in situ phosphidation (at 380 °C) in SiO2 and -Al2O3-supported samples. TPR 

method (at 550-650 °C) did not allow us to synthesize Ni2P phase over -Al2O3-

supported samples due to strong interaction of phosphates with the support. Thus 

Ni3P and Ni12P5 phases form over -Al2O3-supported samples. Due to small initial 

metal particles (<2.5 nm) after in situ phosphidation forms small particles of Ni2P 

(<2.5 nm). Contrary, after TPR on the surface of the supports form larger particles 

(10-100 nm) with broad particle size distribution due to high temperatures used in this 

method. But in methyl palmitate HDO activity of TPR samples (even for -Al2O3-

supported samples) is higher. This fact can be explained by the necessity of 

bifunctional nature of the catalyst for HDO of the aliphatic ester. We have previously 

shown that hydrolysis of the ester to the acid is the rate-limiting step [2]. The 

transformation of acid is significantly faster than the transformation of ester. Thus, 

increasing of the first reaction – hydrolysis of methyl palmitate allows one to increase 

overall HDO process. 
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LOW-TEMPERATURE CATALYTIC SYNGAS PRODUCTION  
FROM BIO-METHANE OVER La DOPED Ni/ZrO2 CATALYST  

IN AN ELECTRIC FIELD 

Tomohiro Yabe, Kenta Mitarai, Shuhei Ogo, Yasushi Sekine 

Department of Applied Chemistry, Waseda University 3-4-1 Okubo, Shinjuku,  
Tokyo 169-8555, Japan;  

E-mail: ysekine@waseda.jp (Y. Sekine) 

Introduction 
The process of dry (carbon dioxide) reforming of methane (DRM), as shown in 

following equation, is ideally a 'green' hydrogen production process from the 

viewpoint of an environment and energy aspects because both methane and carbon 

dioxide are greenhouse gases [1]. Biogas, composed of methane and carbon dioxide 

in almost equal concentrations, is useful as a raw material for the DRM reaction. 

CH4 + CO2  2CO + 2 H2  H0
298 = 247.2 kJ mol–1 

DRM requires high temperatures, and at such severe conditions, catalysts are 

easily deactivated and carbon deposition on catalysts is unavoidable. 

Recently, the utilization of an electric field has been reported to lower reaction 

temperatures for several catalytic reactions [2, 3]. So, we applied it to DRM reaction 

in order to achieve high CH4 and CO2 conversion even at low temperatures in an 

electric field over La-doped Ni/ZrO2 catalysts with suppressing carbon deposition. 

Also, the effects of CH4 and CO2, and the electrical factors on DRM reaction in the 

electric field were investigated using various tests and characterizations. 

Experimental 
Catalyst-supports, 10 mol % La-ZrO2 (La-ZrO2) were prepared using a complex 

polymerized method. Then 1wt% of an active metal was loaded on the La-ZrO2 

support with using an impregnation method. Calcination was conducted at 973 K. 

The catalyst is designed as M/La-ZrO2 (M = Fe, Co, Ni, Cu, Pd or Pt.) 

Charge amounts of catalyst in DRM activity tests were 100 mg. In the screening 

tests, the feed gas was supplied at CH4:CO2:Ar = 1:1:2. The total flow rate was 

100 mL min–1. Products were analyzed using a GC-FID and a GC-TCD. The electric 

field was applied using a DC high-voltage power supply. Two stainless electrodes  

(2 mm) were inserted into the reactor, with each end set as contacting the catalyst 

bed. 
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Results and discussion 
In order to discover suitable catalysts for CH4 and CO2 conversion by DRM 

reaction in an electric field, various metal-supported La-ZrO2 (10 mol % La-doped 

ZrO2) oxide catalysts, M/La-ZrO2, were investigated to assess their catalytic 

activities. Table 1 presents experimentally obtained results on various M/La-ZrO2 

catalysts for DRM in the electric field. The Faradaic number indicated the number of 

reacted molecules per electron. Increase in Faradaic number means more reactants 

are activated by the constant applied current. From the results in Table 1, we 

specifically examined the Ni/La-ZrO2 catalyst for additional investigations considering 

high Faradaic number and high H2/CO ratio. 

To investigate carbon deposition on DRM reaction in the electric field, catalytic 

activity tests was conducted in high CH4 conversion condition (shown in Table 2). 

The amount of the carbon deposits after DRM in the electric field was low thanks to 

the low gas phase temperature. 

Table1. Catalytic activities for DRM in an electric field over M/La-ZrO2 catalysts. [4] 

 

Table 2. Catalytic activities and amounts of carbon deposition under a high conversion 
condition on DRM. [4] 

 

References 
[1] M.C.J. Bradford et al., Catal. Rev. Sci. Eng., 1999, 41, 1-42. 
[2] Y. Sekine et al., J. Phys. Chem. A, 2010, 114(11), 3824-3833. 
[3] K. Sugiura et al., Sci. Rep., 2016, 6, 25154. 
[4] T. Yabe et al., Fuel Proc. Technol., 2017,158, 96-103. 

Temp. Power Field Intensity CH4 conv. CO2 conv. CO sel. CO yield H2/CO Faradaic
/ K / W / V mm-1 / % / % / % / %  Number / 

La-ZrO2 596 3.7 151 1.9 1.9 74.4 1.4 0.76 21
Fe/La-ZrO2 649 3.5 228 6.9 14.6 91.2 6.3 0.23 119
Co/La-ZrO2 619 4.5 292 20.3 31.2 99.4 20.1 0.57 252
Ni/La-ZrO2 555 3.7 243 22.8 24.8 100 22.8 0.83 252
Cu/La-ZrO2 626 3.9 256 3.9 3.6 88.5 3.5 0.99 42
Pd/La-ZrO2 533 1.9 125 6.4 9.8 100 6.4 0.52 84
Pt/La-ZrO2 580 4.1 271 21.0 23.6 100 21.0 0.80 238

Catalyst

Power CH4 conv. CO2 conv. CO sel. CO yield H2/CO
/ W / % / % / % / % 

initial - 63.5 52.9 100 63.5 1.20
140 min. - 64.0 77.0 100 64.0 0.81

initial 8.1 74.5 85.3 100 74.5 0.87
140 min. 6.9 77.2 87.6 100 77.2 0.88

no imposing EF

imposing EF 1.5

>39.6

Carbon deposition

/ mg g-cat-1
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DESIGN OF STRUCTURED CATALYSTS FOR ETHANOL STEAM 
REFORMING BASED ON NANOCOMPOSITE ACTIVE COMPONENTS 

AND OPEN CELL FOAM SUPPORTS 

Pavlova S.1, Arapova M.1, Sadykov V.1,2, Larina T.1, Rogov V.1,2, Krieger T.1, 
Smorygo O.3 

1Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia, pavlova@catalysis.ru 
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3Institute of Powder Metallurgy, Minsk, Belarus 

Biomass is currently considered as one of the most perspective renewable 

source for energy and chemicals production. Ethanol derived from biomass is the 

promising feedstock for hydrogen and syngas production due to its nontoxicity, easy 

storage and transportation. Cheap Ni-containing catalysts highly active ones in 

ethanol steam reforming (ESR) suffer from strong coking leading to their rapid 

deactivation. Coke formation could be prevented by supporting nickel on ABO3 

perovskites with a high oxygen mobility providing a high Ni dispersion and oxidation 

of coke precursors. Realization of ESR over heat-conducting structured catalysts 

improves hydrogen and syngas yield. In the previous work, catalysts based on bulk 

LnFeNiO3 were shown to provide a high activity, stability and selectivity in ESR [1]. 

However, replacement of expensive lanthanides with more available raw materials is 

an important challenge and CaTiO3 is a promising substitution of Ln-based 

perovskites. Another problem is a low specific surface area (SSA) of bulk perovskites 

and their supporting on a high SSA -Al2O3 doped by alkali-earth elements to 

decrease its acidity is a promising approach. In this study, the results on synthesis, 

structural and redox properties of catalysts based on CaTiO3 (bulk and supported on 

10 % Mg--Al2O3) doped with Ni and Ru are presented. Their performance as 

fractions and layers loaded on open-cell foam Ni-Al-C heat-conducting substrates in 

ESR has been studied.  

Nanocomposite active components comprised of nanoparticles of Ni(Ru) or their 

alloys and CaTiO3 perovskite were synthesized by Pechini or citrate methods. The 

structural and redox properties of catalysts were characterized by XRD, BET, TEM 

with EDX, UV-vis, XPS, TPR-H2. According to XRD, the phase composition of initial 

catalysts strongly depends on the preparation method. The single phase CaTiO3 

perovskite is formed only from citrate precursors. All catalysts synthesized via 

Pechini route along with CaTiO3 contain TiO2 admixture. The NiO reflections are 
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observed for all bulk and supported catalysts; however, the values of its lattice 

parameter (a) suggest formation of NiO-MgO solid solution for Mg-Al2O3 supported 

samples that is confirmed by UV-vis spectra. For Pechini catalysts, a bigger a value 

evidences a stronger interaction of NiO and MgO. Besides, the data of H2-TPR along 

with UV-vis spectra show that, in Pechini catalysts, nickel could form NiTiO3-like 

substances due to its interaction with TiO2 present in these samples. The data of H2-

TPR show a high oxygen reactivity in Pechini catalysts leading to reduction of Ti4+ in 

disordered TiO2 that is confirmed by XPS data. Addition of ruthenium facilitates 

reduction of Ni2+- and Ti4+-containing species due to spillover of hydrogen activated 

over metal Ru formed at low temperature. For Pechini samples, a high-temperature 

shift of ruthenium reduction peaks in H2-TPR spectra evidences its stronger 

interaction with support. TEM data for reduced catalysts show that in Pechini 

samples metallic particles are smaller, and some of them are decorated with TiOx 

species. Decoration occurs in reducing atmosphere at high temperatures due to 

diffusion of partially reduced TiOx species toward metal particles. 

Catalysts testing revealed that their performance in ESR differs depending on the 

phase composition and CaTiO3 content for supported samples. A higher activity and 

stability to coking are observed for catalysts prepared by Pechini route containing 

TiO2 along with CaTiO3. Their effective performance is due to a high dispersion of 

metal nickel and ruthenium particles along with promoting oxidation of carbon 

deposits over Me-Ov-Ti3+ sites. Such active sites are formed as a result of strong 

metal-support interaction of partially reduced TiOx species with Ni(Ru) metal 

particles. The most active and stable catalyst Ni+Ru+20 % CaTiO3/10 % Mg-

Al2O3(Pechini) has shown more effective performance in ESR being loaded on the 

open-cell foam AlNiC support with a good thermal conductivity as compared with a 

ceramic substrate. Besides, it has provided higher hydrogen and CO yields than 

those found for PrNi0.9Ru0.1О3/10 % Mg-Al2O3/AlNiC catalyst and has shown a stable 

performance in a realistic reaction mixture during long-term tests. 
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CO-PYROLYSIS OF OIL-SLIMES AND BIOMASS 
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At present, one of the significant results of anthropogenic influence on nature is 

the formation of a great amount of domestic and industrial wastes, particularly 

polymers and oil-slime, which are characterized by the stability to the natural 

degradation [1].  

Oil-slime is bulk waste the formation of which takes place at all stages of oil 

production, processing and transportation. Oil-slime mainly consists of oil-products, 

water and mineral constituents (sand, clay, metals oxides etc.) which account for 

their variable composition and complicate their disposal. That is why the 

development of environmentally clean technology for oil- slime processing is of 

paramount importance [2]. 

The existing methods of waste processing can be divided into physical, chemical, 

physicochemical, thermal and biological [1]. The choice of the waste processing 

method mostly depends on the amount and nature of organic compound in waste. 

Nowadays great attention is paid to the search of the methods of the increase of 

pyrolysis process effectiveness to raise the yield of liquid and gaseous products. For 

this purpose different catalysts such as Ni chlorides and nitrates, alkali and alkaline-

earth metal oxides and carbonates, cuprum salts, zeolites are widely used [3].  

The study of the pyrolysis process was conducted at varying the temperature in 

the range of 400-600 °С and catalyst concentration. Catalytic efficiency was 

estimated considering the total amount of the gaseous mixture produced during 

pyrolysis, the concentration of hydrocarbons (methane, ethane, ethylene, propane) in 

gaseous mixtures and the heat of combustion of combustible gases. 

The natural aluminosilicates (kaolin, bentonite) and synthetic zeolites (cambrian 

clay and clay mergel marked as H-Beta-25 and H-Mord) were purchased from 

Zeolyst International, USA. It is important to mention that zeolite catalysts were 

modified with Fe using repeated ion exchange (the iron precursor is ferric nitrate). 

Both natural aluminosilicates and synthetic zeolites were used as the catalysts for 

low-temperature pyrolysis of peat. 
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The pyrolysis process was carried out using an experimental pyrolysis set-up in a 

temperature range from 450 to 650 °С. The experimental pyrolysis set-up consists of 

a metal fixed-bed reactor heated with the electric furnace, a gas sampler, a water 

trap for collecting liquids, and a eudiometer for collecting gas. 

The use of co-pyrolysis of peat, polymeric waste and oil-containing waste allows 

increasing considerably the rate of pyrolysis processes with the production of 

gaseous and liquid fuels. The search of the catalytic system for the co-pyrolysis 

processes of organic raw materials demands an individual approach in each case. 

Co-pyrolysis of peat and oil-slime in the presence of bentonite clay resulted in the 

increase of the yield of gaseous products from 18 up to 26 % wt., and liquid fraction – 

from 45 up to 55% wt. Besides, the higher yield of С1 – С3 hydrocarbons (up to 10 – 

20 %) was observed. 

The use of metal chlorides of iron subgroup (2 % wt. concentration) at 500 °С in 

the process of co-pyrolysis of peat and polymeric waste resulted in the optimal 

conversion of the substrate in desired products. A total weight of gaseous and liquid 

products was increased up to 15 %, and at the same time the amount of char 

decreased.  

Thus we have found that the use of catalytic systems does not only decrease the 

pyrolysis temperature but intensifies the processes of refining and ennobling of low-

grade natural raw material. 
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The growing demand in transportation fuels, decrease in available fossil fuel 

resources and vital tendency to reduce the greenhouse gas emissions have caused 

ascending interest in the involvement of renewable feeds for their production. 

Hydrotreating of the triglyceride-based feedstocks gives linear hydrocarbons which 

are the excellent components of diesel-range fuels being fully compatible with the 

petroleum-derived products and having the improved cetane number, gravity, 

aromatic and sulfur contents. The critical challenge in the developing of the new 

energy-efficient co-processing of the triglyceride-based feedstock with the straight–

run gas oil (SRGO) for ULSD (ultra-low sulfur diesel) production is the elucidation of 

peculiarities of sulphide catalyst’s behaviour depending on their chemical 

composition. 

Comparative study of sulfide Mo/Al2O3, CoMo/Al2O3 and NiMo/Al2O3 catalysts 

have been performed with the emphases on the 1) pathways of aliphatic ether 

transformation during hydrotreating using methylpalmitate (MP) as model compound 

and rapeseed oil (RSO), 2) rapeseed oil effects on SRGO hydrotreating. As a result, 

dual- bed catalytic system is proposed for the effective co-processing of rapeseed oil 

– straight-run gas oil into ULSD. 

The catalysts are prepared by impregnation of alumina extrudates with a solution 

of active metals precursors, phosphoric and citric acids. The hydroprocessing of MP, 

RSO, SRGO and blended feeds was carried out in trickle-bed reactor at 3.5-7.0 MPa, 

300-360 °C, LHSV 1-2 h–1, H2/feed ratio 300-1000. The liquid and gases products 

were quantified using gas chromatographs, ANTEK 9000NS and Vario EL Cube 

were used to follow total S, N and O contents. The quality of produced fuels was 

checked using the corresponding ASTM methods. Characterization of the catalysts in 

the sulfide state by means of XPS, XRD and HRTEM confirmed that the applied 

preparation and sulfidation procedures provide the formation of highly dispersed 

MoS2, CoMoS and NiMoS nanoparticles (3-5 nm) on the alumina surface.  
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It was observed, that hydrodeoxygenation of MP and RSO over CoMo/Al2O3 and 

NiMo/Al2O3 catalysts occurs via both pathways: direct HDO producing hydrocarbon 

and H2O and decarbonylation/decarboxylation with formation of hydrocarbon with 

shorter chain and carbon oxides (CO/CO2). On the contrary, the un-promoted 

MoS2/Al2O3 catalyst turns the reaction to HDO route, avoiding the formation CO/CO2 

molecules. The comparison of catalyst’s performance in RSO-SRGO blends 

hydrotreatment let us to conclude, that an addition of rapeseed oil (5-15 wt %) 

inhibits the HDS and HDN activities of CoMo/Al2O3 catalyst, whereas activities of 

NiMo/Al2O3 catalyst are not affected. In accordance, over NiMoS/Al2O3 catalyst 

ULSD can be produced from SRGO and RSO-SRGO blend at the same conditions, 

whereas the temperature increase is needed if the CoMoS/Al2O3 catalyst is used for 

ULSD production from RSO-SRGO blends. It was observed that addition of CO (by-

products of RSO conversion) to the hydrogen flow had the same effect on the HDS 

and HDN activities of the sulfide CoMo/Al2O3 and NiMo/Al2O3 catalysts as the 

addition of RSO to the SRGO feed. Carbon monoxide is proposed to be the main 

inhibitor of sulfide CoMo/Al2O3 catalyst’s activity. This assumption was supported by 

the observation that addition of benzofuran giving only water in HDO reaction had a 

minor influence on the activity of sulfide CoMo/Al2O3 catalyst in HDS of SRGO. 

Taking into account the discovered peculiarities the dual-bed catalytic system was 

proposed for the hydrotreating of RSO-SRGO mixture. The use of sulfide Mo/Al2O3 

catalyst in the front layer for the RSO conversion diminished the COx formation and 

allowed to use the sulfide CoMo/Al2O3 catalyst in the second layer without significant 

decrease of HDS activity. Absence of COx in the gas phase gives one some 

technological advantages: CH4 formation through COx hydrogenation is escaped and 

necessity of costly and energy-intensive purification of recycle hydrogen in co-

processing of RSO-SRGO mixtures is avoided. 
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CO-FEEDING PYROLYSIS LIQUIDS WITH CRUDE OIL  
DISTILLATES IN FCC UNIT 
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2IRCELYON, Villeurbanne, France 
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4Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
5Repsol SA, Madrid, Spain 

FCC co-processing of bio-liquids as pyrolysis oils seems one of the best solutions 
to produce 2G biofuels. Advantageously, it avoids dedicated blending infrastructure 
and blend wall limits (such as in place for ethanol in gasoline). In this presentation, 
an overview is given on the latest results of co-feeding pyrolysis liquids (and those 
hydrotreated) in FCC units, with specific emphasis on catalyst development and 
experimental results. Results will be compared with alternative 2G biofuel production 
routes as lignocellulosic ethanol and the Fischer-Tropsch on biomass derived 
syngas.  

1. Scope 
Fluid Catalytic Cracking (FCC) is one the most important conversion process 

used in petroleum refineries, and up to 1/3 of the refinery’s heavy petroleum 
feedstock goes through such a unit. Its principal aim is to convert high molecular 
weight hydrocarbons obtained from crude oil distillation into more valuable product, 
mainly gasolines. To meet Europe’s renewable energy targets by 2020 (up to 10 % 
share in all forms of transport fuels) a realistic alternative to the first generation bio-
fuels is to produce hybrid bio- and fossil FCC fuels by co-refining with pyrolysis 
liquids in a conventional oil refinery. In this way FCC co-processing is one of the best 
solutions, fully controlled by the refiner, allowing the production of renewable 
gasoline & diesel-like hybrid stocks and generation of lignocellulosic derived fuels. 
Advantageously, it avoids dedicated blending infrastructure and blend wall limits 
(such as in place for ethanol in gasoline). The potential of that process has recently 
been demonstrated by Petrobras/NREL, and further confirmed by Ensyn / UOP, both 
to produce renewable gasoline and diesel. In this presentation, an overview is given 
on the latest results of co-feeding pyrolysis liquids (and those hydrotreated) in FCC 
units, with specific emphasis on catalyst development and experimental results. 
Results will be compared with alternative 2G biofuel production routes as 
lignocellulosic ethanol and the Fischer Tropsch on biomass derived syngas. 
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FCC OF UPGRADED PYROLYSIS LIQUIDS MIXED WITH CRUDE  
OIL DISTILLATES: COMBINED STRATEGIES FOR IMPROVING  

BIO-FUELS YIELDS AND QUALITY 

Yann Chapelliere1, Alain Tuel1, Claude Mirodatos1, Yves Schuurman1,  
Stephan Wellach2, Edgar Jordan2 

1lRCELYON, UCBL, CNRS, UMR5256, yann.chapelliere@ircelyon.univ-lyon1.fr 
2Grace GmbH & Co, Germany 

In order to meet the EU's renewable energy targets by 2020 (up to 10 % share in 

all forms of transportation fuels1), a realistic alternative to first generation bio-fuels is 

to produce hybrid bio/fossil fuels by co-refining biomass pyrolysis liquids (PL) with 

crude oil fractions in a conventional oil refinery2. However, co-refining may lead to 

severe changes in products quality, such as a higher aromaticity and residual 

oxygenates in the hybrid fuels that are produced. For the case of co-FCC (fluid 

catalytic cracking), various strategies can be implemented to limit those impacts 

along this complex value chain ranging from bio-mass to bio-gasoline. 

A first strategy was tested to preserve the gasoline yield and quality by 

implementing a PL hydrotreating prior to co-processing, to lower their oxygen 

content3. By following the changes in conversion, yields and gasoline composition 

(aromatics/olefins vs saturated alkanes) as a function of the bio-oils hydrotreating 

severity, measured in a Micro Activity Test (MAT) reactor, it was shown that a 

compromise could be reached between bio-oil upgrading severity and FCC products 

yields and quality (RON, PIONA analysis). An optimum in the gasoline yields and 

quality was found by adding 10 to 25 wt. % of a mildly deoxygenated bio-oil to a 

standard VGO, via a co-processing carried out on a commercial equilibrated FCC 

catalyst. 

A second strategy was to adapt the FCC catalysts to the presence of oxygenate 

molecules typical of the bio-feedstock still present in the upgraded pyrolytic liquids. 

To that end, Y zeolites, which are the main active component in FCC catalysts, were 

upgraded by creating a mesoporosity in addition to the microporosity to favor the 

diffusion of the large lignocellulosic fragments throughout the cracking catalysts, 

according various hierarchical post synthesis processes4,5. 

Samples Vmeso
a 

(cm3·g–1) 
Vmicro

a 
(cm3·g–1) 

SBET
b 

(m2·g–1) Table 1. Changes in porosity from the HY0 
(unprocessed), HY1 and HY2, post processed 

according [4] and [5], respectively 
HY0 0 0.23 830 
HY1 0.27 0.17 791 
HY2 0.50 0.08 780 
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STRUCTURE FEATURES OF Mо-BASED DISPERSED CATALYSTS 
IN HYDROCRACKING AND STEAM CRACKING OF HEAVY OIL 

Mironenko O.O.1, Sosnin G.A.1,2, Yeletsky P.M.1, Yakovlev V.A.1,2 

1Boreskov Institute of Catalysis SB RAS, pr. Akad. Lavrentjeva 5,  
Novosibirsk, 630090, Russia, yakovlev@catalysis.ru 

2Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090, Russia 

Recently, the number of publications describing thermal and thermocatalytic 

transformations of heavy hydrocarbon feedstocks (HHCF) in the presence of water 

(steam cracking) has been steadily growing. Such feedstocks are characterized by 

high viscosity, high content of sulfur and metals, large amount of asphalt-resinous 

components and small amount of light hydrocarbon fractions. These processes lead 

to reduced viscosity, improved hydrocarbon composition and reduced content of 

heteroatoms in the resulting products [1-3]. The use of catalysts in the steam 

cracking processes allows one to increase the efficiency of HHCF thermal 

transformations and consequently increase the quality of semisynthetic and/or 

synthetic oil. Mo-containing catalysts are widely used in traditional hydrotreatment 

processes [4]. The effectiveness of molybdenum-containing ultra-dispersed catalyst 

has been demonstrated in hydrocracking of heavy hydrocarbon feedstocks at 

elevated hydrogen pressures (6-7 MPa) [5]. The dispersed nature of the catalyst thus 

prepared reduces mass transfer limitations and blocking of pores by coke deposits, 

which is typical of traditional heterogeneous catalysts. 

The aim of the present study was to investigate the structure features of  

Mо-based dispersed catalysts in hydrocracking and catalytic steam cracking of high-

sulfuric heavy oil (HO) (Tatarstan, Russia). 

The experiments were carried out in a batch reactor at 425 °C for 1 hour, catalyst 

concentration 2.0 wt. %, water to feedstock ratio (wt) 0.3:1. Catalytic steam cracking 

(CSC), catalytic cracking in the absence of water (CC) and hydrocracking (HC) 

processes were carried out. The aim was to study the effect of water, the presence of 

the catalyst and the process conditions on composition and properties of HO 

conversion products, structure features of catalysts. The evaluation of processes 

effectiveness was performed using the yields of light fractions (b.t. < 350 °C), 

synthetic oil (b.t. < 500 °C), semisynthetic oil (total liquid product), coke and gaseous 

products. In addition, the H:C atomic ratio, sulfur content, density and viscosity were 

estimated. Solid products (coke) containing catalyst were investigated by HRTEM, 

XRD and XANES/EXAFS.  
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It was shown that CSC of heavy oil in the presence of dispersed Mo-containing 

catalyst at 425 °C produced low viscous semisynthetic oil with higher H:C ratio, as 

compared to CC processes. It was observed that water during CSC process 

promoted desulfurization with intense formation of sulfur-containing gaseous 

products. The H:C ratio of the liquid products increased as well from 1.62 to 1.70.  

Based on the properties of products, the processes complied the following order: 

HC > CSC > CC without water. When the process was carried out at optimal 

conditions (425 °C, 1 h), the yield of light fractions was the same for both CSC and 

HC processes (51 wt. %). The liquid products of the catalytic steam cracking meet all 

the requirements established to semisynthetic oils to be transported by oil pipelines 

to oil refinery. It was found that the CSC process in the presence of Mo-containing 

catalysts could potentially be applied to HHCF pre-processing into semisynthetic oil 

directly at the oil field. Besides, the advantage of this process is that it does not 

require the hydrogen supply.  

According to HRTEM and XRD study of solid products, the active component of 

the catalyst is presented by MoS2 and MoO2 phases. The composition and properties 

of MoS2 phase depend on the reaction conditions of thermal catalytic conversion of 

heavy oil (the use of steam or H2). The local surrounding of atoms in dispersed 

catalytic systems was studied by XANES/EXAFS. It was shown that Mo-containing 

component was in the form of MoO2, MoO3, and MoS2 in the solid residue (coke) 

after catalytic steam cracking at 425 °C. Based on XANES data, the content of these 

phases was 74 %, 10 % and 16 %, respectively. In the case of catalytic cracking 

without water this solid residue contains the active component preferably in the form 

of MoS2 (63 %) and MoO2 (37 %). For hydrocracking process the registered forms 

were MoS2 (75 %), MoO2 (19 %) and MoO3 (6 %). 

Thus, catalytic steam cracking process is promising for heavy oil upgrading. The 

structure features of active component of Mo-based dispersed catalysts depend on 

the reaction conditions of thermal catalytic conversion of heavy oil (the use of steam 

or hydrogen). 
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CATALYTIC EFFECT OF CaO AND Fe2(SO4)3 ON THE PYROLYSIS 
OF CASSAVA WASTE 

Alberto Albis1, Kenia Carrera2, Rosy Vargas2, Marley Vanegas2,  
Alexandra López2, Ismael Piñeres3, Ever Ortiz3 

1Universidad del Atlántico, Faculty of Engineering, Program of Chemical Engineering, 
Barranquilla, Colombia, albertoalbis@uniatlantico.edu.co 

2Universidad del Atlántico, Faculty of Engineering, Program of Chemical Engineering, 
Barranquilla, Colombia 

3Universidad del Atlántico, Faculty of Science, Program of Physics,  
Barranquilla, Colombia 

Nowadays, catalytic pyrolysis is a promising technology that no use hydrogen, 

and can be achieved at atmospheric pressure [1]. In the other hand, important 

amounts of residues are generated during the processing of starch from cassava. We 

studied the effect of Fe2(SO4)3 and CaO on the kinetics of the pyrolysis reaction of 

cassava industrial wastes, as an approximation to generate options to exploit this 

material. Mixtures of cassava industrial wastes with 3 %w of the selected catalysts 

were analyzed in a thermobalance under He atmosphere at heating rates of 10, 30, 

and 100 K/min. Kinetics parameters were obtained fitting data to three kinetic 

models: differential isothermal, integral isoconversional [2, 3], and distributed 

activation energy models with Gaussian normal distribution coded in Matlab [4, 5]. 

DTG curves were qualitatively compared and results showed a marked influence on 

DTG profile, of the catalysts employed (figure 1). The DAEM model with three sets of 

reactions showed to fit better to experimental data than the others explored models 

(figure 2). Regressed kinetics parameters showed a higher influence of Fe2(SO4)3 on 

pyrolysis of cassava waste in accordance with DTG qualitative interpretation, when 

compared to CaO, the mixture of Fe2(SO4)3 and CaO, and the influence of the 

heating rate. Results suggest a change of reaction mechanism with the heating rate 

and the presence of both catalysts. 
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METAL OXIDE PROMOTED Pt/Al2O3 CATALYSTS FOR NON-EDIBLE 
OIL-DERIVED 2nd GENERATION BIOFUELS 

Srinivas Darbha and Sagar Janampelli 

CSIR-National Chemical Laboratory, Dr. Homi Bhabha Road, Pune-411008, India 
and Academy of Scientific and Innovative Research (AcSIR), New Delhi, India,  

E-mail: d.srinivas@ncl.res.in 

Abstract. We report here, for the first time, the application of group 6 and 7 metal 
oxides (MoOx, WOx and ReOx) promoted Pt/Al2O3 catalysts for deoxygenation of fatty 
acids/non-edible jatropha oil producing diesel-range hydrocarbon. These bimetallic 
catalysts exhibited enhanced catalytic activity and selectivity for hydrodeoxygenation 
than the unpromoted catalyst. Near complete conversion of fatty acids/vegetable oils 
to hydrocarbons was achieved at 260 °C and at low hydrogen pressures (1-5 bar). 
The catalyst was reusable. Metal dispersion and synergy between Pt and metal oxide 
are the possible causes for the enhanced catalytic activity of these promoted Pt 
catalysts.  

Introduction. With depleting fossil fuel resources and increasing concerns about 
the environment, renewable fuels have been gaining importance. Biofuels are an 
important component of renewable fuels. Diesel-range hydrocarbons (2nd generation 
biofuels) produced by hydrotreating of non-edible oils can be used directly as fuel in 
the conventional diesel engines [1]. Common hydrotreating catalysts (Mo or  
W-promoted Ni or Co/Al2O3) require high temperatures and hydrogen pressures. It is 
desirable to develop a highly stable, active and selective catalyst that operates at 
moderate conditions. Recently, we reported the application of Pt-WOx/AlPO4-5 
catalyst for this conversion. While it is highly active and selective for 
hydrodeoxygenation, the support lost its integrity on use [2]. We report here, the 
catalytic application of group 6 and 7 metal oxides promoted Pt/Al2O3 for 
deoxygenation of fatty acids/non-edible oils. The metal oxides acted as structural and 
electronic modifiers of Pt enhancing its catalytic performance. 

Experimental. Catalysts were prepared by wet impregnation method followed by 
calcination (@450 °C, 4 h) and reduction (@350 °C, 150 min). They were designated 
as xPt-yMOx/Al2O3 where x and y refer to Pt and group 6 and 7 metal wt %, 
respectively. They were characterized by several physicochemical techniques. 
Reactions were done in 300 ml Parr stainless steel pressure reactor. Products were 
analyzed by GC and confirmed by GC-MS. 
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FROM WASTE AND CONVENTIONAL SOURCES 

Dániel Sági, Péter Solymosi, András Holló, Zoltán Varga, Jenő Hancsók 

University of Pannonia, MOL Department of Hydrocarbon and Coal Processing, 
Egyetem street 10, H-8200 Veszprém, Hungary, 

E-mail: hancsokj@almos.uni-pannon.hu 

The development and application of bio- and alternative fuels are especially 

important tasks nowadays. Numerous factors justify this e.g. protection of 

environment and human health, achieve sustainable development, increase 

economic growth, create new jobs, etc. Diesel fuel is especially important in the 

European Union (EU), its global demand will be also increased in the future. The 

ratio of diesel + jet fuel demand to that of gasoline is expected to increase to around 

2.4 by 2040 [1]. According to this fact, it is necessary to develop bio- and alternative 

fuels, which are capable to operate Diesel engines. 

The widely used biodiesel (fatty acid alkyl esters) has a lot of disadvantages (e.g. 

low thermal and oxidation stability, bad cold flow properties, lower energy content 

etc.) and mainly produced from vegetable oils [2]. That is why, the EU will limit and 

decrease the use of food-based fuels to avoid the endangering of cultivation of food 

and feed crops. The maximum share of food-based biofuels will be decreased to 

3.8 % by 2030. Moreover, the share of renewable and low-carbon fuels should be 

increased to 6.8 % (included at least 3.6 % advanced biofuel) by 2030, too [3]. 

Based on the aforementioned reasons, the aim of our research work was to 

investigate catalytic hydrogenation of blends of gas oil fraction from thermal cracking 

of waste polypropylene (PPGO) (5-30 %), waste cooking oil (WCO) (20-45 %) and 

unrefined gas oil fraction (GO) (50 %) on a NiMo/Al2O3 catalyst in sulphided state to 

produce diesel fuel. The effects of feed compositions and process parameters 

[temperature, liquid hourly space velocity (LHSV)] on the quantity and quality of the 

main products were investigated. The applied process parameters were the 

following: T = 300-360 °C, LSHV = 1.0-3.0 h–1, P = 40 bar, hydrogen/feedstock 

ratio = 400 Nm3/m3. 

Based on the experimental results we concluded that good quality diesel fuel 

blending components can be produced from feedstocks containing 20-30 % PPGO, 

20-30 % WCO, 50 % GO, when favourable process parameters (P = 40 bar, 
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T = 360 °C, LSHV = 1.0 h–1, hydrogen/feedstock ratio = 400 Nm3/m3) and sulphidated 

NiMo/Al2O3 catalyst are applied. The products contain high amount of waste derived 

components (approx. 50 %) from different sources. 
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BIOMASS PRODUCTS 
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The technologies of fast pyrolysis are applied to pyrofuel production, however 

taking into account its low operating ability (high oxygen content and corrosion 

activity) it is necessary to search for the new technological solutions [1]. 

To generate electrical energy from plant-based biomass waste the fast pyrolysis 

technologies focused on the increase of the conversion of the initial raw material to the 

combustible gases with high heat value and low tar content are more preferable [2]. 

Thermocatalytic refining of gaseous products of pyrolysis is one of the 

technological methods focused on the decrease of the content of high-boiling 

fractions and tars. The gaseous products of the pyrolysis flow through the catalyst 

layer that result in the thermal destruction of high-boiling components and tars. The 

significant amount of gaseous hydrocarbons form in the thermocatalytic destruction 

of pyrolysis gases tars. They increase the “working” combustion heat of the pyrolysis 

gaseous products. 

Catalytic pyrolysis causes a significant interest all over the world because the use 

of catalysts promotes the growth of the effectiveness of organic compounds 

processing [3, 4]. The use of catalysts in the organic source conversion process 

allows increasing of liquid and gaseous products yield as well as increasing of 

concentration of aromatic compounds and branched hydrocarbons in liquid pyrolysis 

fraction. Products obtained by catalytic pyrolysis have much more narrow range of 

the molecular mass distribution in comparison with non-catalytic process. So these 

products carry the higher quality and can be used as the transportation fuels, it is an 

important benefit of catalysts application in the waste pyrolysis process [5, 6]. 

The biomass fast pyrolysis process was carried out under inert atmosphere 

(nitrogen). The feedstock mass loaded into the reactor was 500 g. The total time of 

the experiment was 30 min. To estimate the rate of thermodestruction of initial source 

in the presence of the catalysts the rate of gaseous products evolution was controlled 

during the experiment. 

The gaseous products analysis was performed by the gas chromatography 

method. The analysis of the fast pyrolysis gaseous products consisted of С1-С4 

hydrocarbon, carbon oxides and hydrogen content definition, as well as the express 

analysis of the lower specific heat value. The chromatographic analysis of the 
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gaseous products was performed on the base of chromatograph “Kristallux” 4000M 

and modified chromatograph “Gasochrom 2000”. 

The use of metal-containing alumosilicate catalyst in the pyrolysis gas refining 

from the tars results in the change of the gas volume and heat value. The use of the 

studied zeolite catalysts containing the iron subgroup metals leads to the change in 

the concentration of hydrogen, С1-С4 hydrocarbons and carbon oxides.  

The concentration of metal on the surface of the alumosilicate catalyst strongly 

affects the catalyst activity in the thermodestruction process of a pyrolysis gas tars. 

The gaseous product composition in dependence to the type and concentration of 

the metal on the catalyst surface. In comparison with a non-catalytic process the 

volume concentration of С1-С4 hydrocarbons increases by 1.39; 1.66 and 1.52 times 

using Fe-containing, Co-containing and Ni-containing alumosilicate catalysts 

respectively.  

The use of the catalysts also results in the increase in hydrogen concentration; 

moreover the growth of hydrogen concentration in a gaseous product increases from 

Fe to Ni. The increase in alumosilicate catalyst metal content also leads to the 

increase in hydrogen concentration that is caused by the dehydration reaction of 

pyrolysis organic products in the presence of iron subgroup metals. The growth of 

hydrogen concentration in a pyrolysis gas is accomponied by the increase in coke-

formation on the catalyst surface, so the use of the catalysts with higher metal 

content is economically unfavorable. The considerable effect of the studied catalysts 

on the pyrolysis gas composition can be explained both by the catalyst high activity in 

the thermodestruction process and thermal decomposition of high-boiling fractions of 

pyrolysis liquid products. According to the data on the gaseous product composition 

the optimal Co content in the zeolite catalyst is 2 % (wt.). Such metal content in the 

catalyst allows increasing С1-С4 hydrocarbons concentration and removing the tars 

from the combustible gas of the fast pyrolysis of the studied types of biomass. 
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DEHYDRATION OF CARBOHYDRATES INTO FURANIC PRODUCTS 
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Limerick, Ireland, E-mail: Marystela.Lopes@ul.ie 
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3Research Centre for Marine and Renewable Energy, Galway, Ireland 
4Bernal Institute University of Limerick, Ireland 

1. Scope: Lignocellulose biomass, a plentiful source of carbohydrates, such as 
xylose (XYL) and glucose (GLU), which can be catalytically converted to high value 
chemicals and biofuels. XYL can be converted to furfural (FUR), whilst, GLU can be 
converted to 5-hydroxymethylfurfural (HMF), both promising key green platform 
chemicals providing chemical building blocks for the pharmaceutical, agricultural, and 
petrochemical industries. Novel and efficient solid catalysts are required to replace 
corrosive homogeneous catalysts such as H2SO4 and HCl, currently used in the 
chemolytic conversion of carbohydrates. Bulk and modified metal oxides are 
opportune catalysts due to their high concentration of actives sites, compositional 
variability and coexistence of Brønsted-Lewis acid sites. This work reported here 
investigates diverse bulk and bifunctional oxides, composed of SnO2, TiO2 or ZrO2. 
They were prepared following the method described by Matsuhashi et al. [1]; 
however, various synthesis modifications were included (molar ratios of active 
metals, H2SO4 treatment and calcination temperature). Their physico-chemical 
properties were evaluated using XRD, FTIR, elemental analysis, XPS and TPD. The 
catalytic activity of the synthesized catalysts was investigated through the conversion 
of XYL (0.3 M) and GLU (0.2 M) to FUR and HMF, respectively. Aqueous phase 
reactions were carried out under mild temperatures (120-170 °C) and autogenous 
pressure (40-90 psi). 

2. Results and discussion: The properties and catalytic activity of bulk 
sulphated tin oxide (Sn500) and sulphated titanium oxide (Ti500) were compared to the 
bi-functional catalysts 3SnTi500, 3ZrTi500, and 3ZrSn500. The latter catalysts are 
described as nBMt, where B and M represent the secondary and the main 
compound, respectively, n represents the composition of the secondary compound 
and t the calcination temperature, e.g. 3SnTi500 refers to 3:7 ratio of Sn:Ti, calcined at 
500 °C. The XRD diffraction peaks of 3SnTi500 were broader than those for 3ZrTi500 
due to the significant uptake of Sn on the supported phase (see Fig. 1). Distinct 
interactions between the phases were observed affecting the crystallite size of the 
catalysts. The use of Zr in the tin oxide catalyst increased the crystallite size of the 
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Sari Rautiainen1*, Davide Di Francesco1, Duangamol N. Tungasmita2,  
Joseph Samec1 

1Stockholm University, Department of Organic Chemistry, SE-10691, Sweden 
2Chulalongkorn University, Department of Chemistry, Bangkok, Thailand 

*Corresponding author: sari.rautiainen@su.se 

Lignin is the most abundant aromatic polymer on earth, and therefore an 

attractive feedstock for renewable chemicals. The lignin produced by traditional 

pulping methods is a challenging substrate for selective transformations due to low 

purity and condensed chemical structure, and so far most of lignin is burned in pulp 

mills. Combining biomass delignification with catalytic conversion of lignin into 

aromatic monomers provides a promising approach for lignin valorization [1]. The 

fractionation targets especially the ‘-O-4’ linkages, which is the most common 

bonding motif in lignin. Importantly, converting lignin fragments directly into less 

reactive products prevents repolymerization, and high monomer yields can be 

obtained. Fractionation can be performed under oxidative, reductive or inert 

conditions and respectively, aryl aldehydes, alcohols or alkyls are reported as main 

products from lignin.  

Several heterogeneous catalysts (e.g. supported Ni, Ru, Rh, Pt, Pd) have been 

reported for hydrogenolysis of lignin using both pressurized hydrogen and transfer 

hydrogenolysis [2]. Recently, fractionation of lignocellulose without external hydrogen 

source was accomplished using Pd/C (Scheme 1) [3].  

 

Scheme 1. Main products of fractionation of biomass lignin using Pd/C [3] 

In this work, we present catalytic biomass fractionation using non-noble metals 

(Ni, Co, Fe) supported on nitrogen-doped carbon supports. These catalysts have 

recently shown fascinating activities in a range of transformations, e.g. 

hydrogenations and oxidations under mild conditions [4]. The catalysts are prepared 

using simple procedures from common and inexpensive metals. 
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Developing robust and recyclable heterogeneous catalysts for lignin valorization 

is a crucial step towards efficient conversion of biomass into valuable chemicals. 
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RECENT TRENDS IN BRAZILIAN BIODIESEL PRODUCTION 

Donato A.G. Aranda1, Gustavo D. Machado2 and João M.A.R. Almeida1 
1Federal University of Rio de Janeiro (Escola de Química/UFRJ ), Brazil, 

donato.aranda@gmail.com 
2Federal University of Technology – Paraná (UTFPR), Brazil 

Despite of tremendous effort to develop second generation biofuels, most of the 

expected new technologies has failed from a technical point of view due to small 

yields, extensive maintanance or because economic drawnbacks like high capital 

expenses (CAPEX) or significant amount of co-products to be developed in the 

market [1-3]. Meanwhile, first generation biofuel programs like ethanol and biodiesel 

keep growing in several countries, mainly outside Europe. Brazil, for instance, is the 

second largest biodiesel producer in the world and its production will probably to 

double in 3 or 4 years with a strong mandatory program officially achieving B10 in 

2018 with a B20 projection in the next decade [4-5]. Part of this success is ascribed 

to a similar final price as compared to fossil diesel even without subsids. Learning 

curve of biodiesel production is a clear fact when you evaluate the last ten years 

when the first biodiesel plants started to produce in Brazil. Nowadays, not few ones 

have more than one million liters/day capacity but scale up has not been the only one 

factor to explain how this biofuel became feasible in some countries. In addition to 

available raw materials, engineering has played a very important role in this field. 

Sodium methylate transesterification catalyst consumption now is smaller than in the 

first plants, even with the higher yields (more than 99 %) which are regularly obtained 

in the current factories. Antioxidant concentration has also decreased despite higher 

oxidative stability values have been required in the new biodiesel standarts. 

Probably, one of the most important advances has been the development of 

esterification reactors in order to use lower prices raw materials with higher acid 

numbers. From the original batch reactors with very corrosive catalysts like sulphuric 

acid, new plants are using continuous esterification reactors working with solid 

catalysts or even with higher pressure and no catalyst. Figure 1 describes the 

concept of reactive distillation system which has been already applied in current 

biodiesel industries.  
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HYDROTHERMAL STEARIC ACID DECARBOXYLATION OVER  
(1 % wt. Pd)-SUPPORTED (C, SiO2, Al2O3 or Nb2O5) CATALYSTS 

Ricardo R. Soares, Kallyu M. Souza, Marina C. Fontes 

School of Chemical Engineering, Federal University of Uberlandia - Av. Joao Naves 
de Avila 2121, Bloco 1K, Uberlandia/MG, Brasil, 38408-100 - rrsoares@ufu.br 

Introduction 
A one-pot catalytic hydrolysis-decarboxylation reaction is one of the potential 

route to produce green diesel or value-added chemicals such as -olefins by using 

natural fats and vegetable oil-based feedstocks. Nickel and/or palladium catalysts are 

good candidates to carry out both reactions sequentially in the same conditions. 

However, the decarboxylation of the fatty acids, which are in the feeding or produced 

in the hydrolysis reaction, in an aqueous reaction media is less effective and 

described in the literature than the organic one. Then, the main goal of this work is to 

investigate the stearic acid (SA) hydrothermal decarboxylation by using palladium 

supported on different supports (C, Al2O3, SiO2, Nb2O5). 

Experimental 
The catalysts (1 wt. % Pd) were prepared by incipient wetness impregnation of an 

aqueous [Pd(NH3)4](NO3)2 solution, dried at 120 °C and calcined at 300 °C (except 

on C). They were characterized by H2-TPD, CO-chemisorption, and other techniques. 

The reactions were performed in a 500 mL-stirrer batch reactor at 25 bar and 250 °C 

during 3 h by using SA/H2O/catalyst mass ratio of 1/100/5. 

Results and Discussion 
Heptadecane was the unique organic molecule observed in the GC-FID analysis 

after reaction, indicating a selective decarboxylation reaction. Figure 1 reveals that 

the final decarboxylation conversion was reached at less than 1.5 h with all catalyst. 

It also exhibits the maximum specific rates after 1.5 h and the turnover frequency 

(TOF) as well. The results can be explained by the metallic sites density and 

strength. 
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Pd-CONTAINING CATALYSTS IN FATTY ACIDS CONVERSION 

Sulman E.M.1, Stepacheva A.A.1, Migunova E.S.1, Matveeva V.G.1,2,  
Sulman M.G.1 

1Tver State Technical University, Tver, Russia, a.a.stepacheva@mail.ru 
2Tver State University, Tver, Russia 

Nowadays the biomass conversion is of the great interest. One of the ways to 

process biomass is the biofuel production. Biogas, bioethanol, and biodiesel are 

widely used types of biofuel [1]. Biodiesel is the one of the perspective type of 

biofuel. Typically biodiesel is obtained from oils and fats through methanolysis with 

use acid or based catalysts. Biodiesel made by this method has such drawback as 

poor stability due to the oxygen presence. In addition, biodiesel production requires 

the use of raw with certain quality. For example, waste oil and frying fat are not 

desirable due to the high concentration of free fatty acids. 

The most promising way for biodiesel synthesis is the biomass hydrofining. 

Hydrofining includes following processes – hydrodeoxygenation, hydrocracking, 

hydrogenation – to produce 2nd generation biodiesel in form of linear saturated 

hydrocarbons with carbon number of 15-22 [2]. 

2nd generation of biodiesel is mixing easily with mineral diesel. Moreover it has 

higher cetane number, higher energy content, excellent combustion quality, good 

low-temperature properties, and superior thermal stability, storage stability, and 

materials compatibility in comparison with both petrol diesel and biodiesel [3]. 

In this investigation the hydrotreatment of fatty acids was carried out. The stearic 

acid (99 %, KhimMedService, Russia) was used as the model substrate. n-Dodecane 

(99.9 %, Sigma-Aldrich) was used as a solvent. Palladium supported on 

hypercrosslinked polystyrene (HPS) of MN270 type (Purolite LTD, UK) was used as 

a catalyst. The metal loading was varied from 1 up to 5 % (wt.). The process was 

conducted in stainless steel batch reactor PARR-4307 (USA). The following reaction 

conditions was varied: hydrogen pressure 0.2-2.5 MPa, temperature 100-260 °C, 

concentration of stearic acid 0.05-0.2 M. Liquid samples were taken every hour 

during the process and analyzed using GC-MS.  

The catalyst structure was studied using the following physico-chemical methods: 

low-temperature nitrogen physisorbtion, transmission electron mycroscopy, X-Ray 

photoelectron spectroscopy, IR-spectroscopy, thermogravimetric analysis. 
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PRODUCTION OF JET FUEL CONTAINING MOLECULES OF HIGH 
HYDROGEN CONTENT 

Tomasek Sz., Varga Z., Holló A., Hancsók J. 

University of Pannonia, Department of MOL Hydrocarbon- and Coal Processing, 
Veszprém, Hungary, tomaseksz@almos.uni-pannon.hu 

The plastic production of the World and the European Union was increased to 

322 and 58 million tonnes in the year of 2015 [1]. Due to the excellent properties of 

plastics their application has been increased. In 2014, 25.8 million tonnes of plastic 

waste was generated in the European Union, of which 30.8 % was sent to landfill. 

Packaging industry (30.9 %) as one of main waste producers generated plastic waste 

with the following average composition PP (19.1 %), PE (29.4 %), PVC (10.1 %), PS 

(6.9 %) and PET (7.1 %) [1]. Despite landfilling of waste plastic was reduced steadily, 

the present scenario has been still inadequate. Plastics are unable to degrade in a 

reasonable time, and they cause harmful effect to the environment. Among the 

methods of waste management the chemical recycling (e.g. cracking) is the most 

promising option. In the literature catalytic and thermal cracking of PP, PE and PS 

were examined most widely [2-3], but several research groups carried out cracking 

by using other types of wastes, too [4-5]. The cracking products contain free radicals, 

causing polymerization and resin formation, therefore their oxidation stability is not 

adequate, additionally the freezing point of PE cracking products rich in -alkene and 

linear alkane compounds can be higher than -47 °C. Nonetheless, limited information 

is only available about experiments made by the kerosene boiling point range part of 

cracking products [6-7]. Aim of the reported experiments mainly was to study the 

variation of yield and composition of hydrogenated products in a function of the 

process parameters, and properties regarding to JET fuels (e.g. freezing point, 

smoke point) were not measured. Additionally, the reported measurements generally 

carried out in batch reactor. The aim of our experimental work was to study the 

quality improvement of kerosene fractions produced by mixing the appropriate 

fraction of waste PE cracking in different ratios (10 %, 20 %, 30 %) with high sulphur 

straight run kerosene, and effects of process parameters (T = 200-300 °C, 

P = 40 bar, LHSV = 1.0-3.0 h–1, H/C ratio = 400 Nm3/m3) on the product yields and 

properties were also investigated. At favourable process parameters practically olefin 

and sulphur free (Figure 1.) products having high energy and hydrogen content were 
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QUALITY IMPROVEMENT OF WASTE POLYOLEFIN ORIGINATED 
GAS OIL FRACTIONS ON TRANSITION METAL/SUPPORT 

CATALYST 

Tóth O., Holló A., Hancsók J. 

University of Pannonia, Department of MOL Hydrocarbon and Coal Processing, 
Veszprém, Hungary, totho@almos.uni-pannon.hu 

The amount of bio-components used in fuels is continuously growing in Europe. 

The “Clean Energy For All Europeans” package of the European Commission (2016) 

establishes an EU-level obligation for fuel suppliers to provide a certain share (6.5 % 

in 2030) of renewable fuels having low greenhouse gas emission and the decreasing 

maximum share of biofuels and bioliquids produced from food or feed crops starting 

from 7 e% (2021) to 3.8 e% (2030). Therefore it is important to produce new, e.g. 

waste-based, low carbon fuel components. 

The amount of waste in the EU is circa 1828 kg per capita. The amount of plastic 

waste is 34 kg/capita, from which 40 % is disposed in landfills [1]. From the plastic 

waste processing technologies the chemical recycling can be used to produce 

hydrocarbons, which is currently takes place in case of 1 % of the plastic wastes [2]. 

The obtained highly olefinic hydrocarbon mixture cannot be used as engine fuel, 

quality improvement is needed [3]. In this field there are only a few research data 

available. 

Therefore the aim of our work was to produce high quality diesel fuel blending 

components. In this work the quality improvement of gas oil blends produced from 

waste polyolefin thermal cracking (5, 10, 20 and 30 %) and different quality, 

unrefined crude oil based gas oil fractions with high sulphur- and aromatic contents 

was studied. During the experiments the hydrogenation of the instable olefins and the 

influence of olefins to the desulphurisation and aromatic saturation reactions were 

investigated. The effect of the process parameters (temperature: 300-360 °C, 

pressure: 50 bar, liquid hourly space velocity: 1.0-3.0 h–1, H2/hydrocarbon ratio: 

450 Nm3/m3) in the presence of Ni(2.3 %)Mo(11.0 %)P(2.3 %)/Al2O3 catalyst on the 

quality and quantity of the liquid products was studied. 

The highly olefinic gas oil fraction was mixed with different quality gas oils (LGO – 

CFPP: -26 °C, sulphur content: 5500 mg/kg, nitrogen content: 4 mg/kg; HGO – 

CFPP: 0 °C, sulphur content: 6700 mg/kg, nitrogen content: 228 mg/kg) in two 
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different experiments. The olefin content of the products from mixtures with LGO and 

HGO was almost the same at the same process parameters. At 300 °C and above 

the olefin content of each product was below 1.0 %. As shown in Table 1. the sulphur 

content of the products obtained from LGO mixtures was significantly lower, each 

product obtained at 340 °C satisfied the 10 mg/kg maximum limit prescribed in the 

EN 590:2013 standard. In case of HGO feedstocks only the products obtained at 

1.0 h–1 LHSV had lower sulphur content than 10 mg/kg. The sulphur content was 

lower with the increase of residence time.  

Table 1. The sulphur content of the products obtained from the 20 % PPGO  
containing feedstock (P= 50 bar) 

Temperature, °C LHSV, h–1 20 % PPGO + 80 % LGO  20 % PPGO + 80 % HGO  
product sulphur content, mg/kg 

300 1.0 8 246 
3.0 97 351 

320 1.0 3 85 
3.0 11 232 

340 1.0 2 4 
3.0 7 114 

360 1.0 1 4 
3.0 4 41 

It was found that the blending of PPGO had a beneficial effect on the products 

performance properties. On the investigated catalyst suitable parameter 

combinations are determined to each raw material combinations for the production of 

diesel gas oil blending component with excellent properties. 
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GC-TCD FOR THE MEASUREMENT OF COMPONENT BY-PRODUCT 
OF CATALYTIC HYDRODEOXYGENATION OF BIO-OIL:  
TOWARD OBTAINING REALIABLE ANALYTICAL DATA 
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1Gas Analysis Laboratory (GasAL), Metrology in Chemistry Research Group, 
Research Centre for Metrology-Indonesian Institute of Sciences (RCM-LIPI),  
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2Thermochemistry Laboratory, Chemical Engineering Research Group, Research 
Centre for Chemistry Indonesian Institute of Sciences (RCChem-LIPI), Building No. 
421. Kawasan PUSPIPTEK Serpong 15314, Tangerang Selatan, Banten, Indonesia 

In this study, the hydrodeoxygenation (HDO) of bio-oil by involving hydrogen and 

Ru/C-based catalysts was experimentally conducted and some compounds in the 

gasesous by-product were found. The compounds were identified as H2, CO2, CH4, 

and CO by using gas chromatographic equipped with thermal conductivity detector 

(GC-TCD) method. From analytical chemistry perspective, quantitative measurement 

is reasonably essential by taking into account an accurate measurement process for 

providing reliable measured data. The measured data is commonly used as the basis 

for decision making in many aspect of chemical process. In this regards, the GC-TCD 

for the measurement of HDO gasesous product was developed and validated. The 

validation parameters include selectivity, precision (repeatability and reproducibility), 

accuracy, linearity, limit of detection (LoD), limit of quantitation (LoQ), and 

robustness. It was found that the developed method is able to separate the target 

components (H2, CO2, CH4 and CO) from their mixtures without any special sample 

treatment and no interference from other possible components in the HDO gaseous 

were observed (Figure 1b). In addition, under the validation criteria, the method was 

found to be selective, precise, accurate, and robust. Application of the developed and 

validated GC-TCD method for the measurement of components by-product of HDO 

of bio-oil showed an outstanding performance with relative standard deviation (RSD) 

less than 1.0 % for all target components. In conlusion, conducting validation process 

of any analytical method is highly recommended before it is used for measuring a 

real sample and it is a trustworthy way of obtaining reliable analytical data. The 

method validation process presented in this study can be easily and conveniently 

adopt for routine analysis with regard to the measurement of compounds in the 

gaseous peroducts of any expremintel HDO of bio-oil  
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STABLE CATALYST – THE KEY TO 2nd GENERATION BIOFUELS 

Yakovlev V.A.1,2, Alekseeva M.V.1,2, Rekhtina M.A.1, Smirnov A.A.1,2,  
Khromova S.A.1, Venderbosch R.H.3 

1Boreskov Institute of Catalysis SB RAS, pr. Akad. Lavrentieva 5,  
Novosibirsk, 630090, Russia, yakovlev@catalysis.ru 

2Novosibirsk State University, Pirogova Str. 2, Novosibirsk, 630090, Russia 
3Biomass Technology Group B.V., Josink Esweg 34,  

Enschede, 7545 PN, The Netherlands 

In recent decades the interest in biofuels has been shifted from fuels derived from 

edible oil and sugars towards the production of 2nd generation biofuels from 

lignocellulosic bio-feeds. A promising first step herein is the liquefaction of 

lignocelluloses by fast pyrolysis [1]. This process yields pyrolysis liquids (PO or bio-

oil), possibly to be used as a co-feed in conventional fluid catalytic cracking (FCC). 

However, the direct integration of PO into the existing refinery infrastructure is not the 

best option, due to high polarity, viscosity, and the low thermal stability of bio-oil.  

To optimize this value chain, the polarity of PO is to be changed mainly to lower 

its coking tendency, and preferably to make it miscible with vacuum gasoil (VGO). An 

effective instrument towards achievement of this goal is a two-stage hydrotreatment 

of bio-oil, including stabilization at 150-250 °С (1st stage) followed by deoxygenation 

at elevated temperatures 350-400 °С (2nd stage) and high H2 pressures of 10-

20 MPa [2]. 

One of the most important challenges is to develop catalysts which would 

possess sufficiently high activity, but importantly a high stability in hydroprocessing of 

aggressive and unstable pyrolysis oils. Recent studies have shown promises for sol-

gel catalysts with high Ni loading (about 50 wt. %), denoted the Picula family of 

catalysts [3-5]. It was shown that modification by P/Mo-containing agents via wet 

impregnation significantly improved mechanical strength and resistance to corrosion 

of catalysts [6]. 

In the present study a further modification of Picula catalyst NiCu-SiO2 has been 

proposed enabling intimate interaction between components, by the addition of Mo- 

and P-containing agents prior to the sol-gel stage. A stepwise approach to study 

these catalysts allowed us to find optimized composition in terms of activity and 

stability. 
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First the effect of Mo on Picula performance was investigated in the 

hydrotreatment of guaiacol (GUA), as a model for lignitic species in PO (batch 

reactor, 320 °C, constant H2 pressure of 9 MPa). The selectivity for deoxygenation 

was observed to increase with Mo content, attributed to changes in active component 

nature. According to TPR, XRD, XPS and HRTEM data, the observed effects were 

associated with the formation of NiMo(Cu) solid solutions and coordinately 

unsaturated surface Mox+ sites.  

In a second stage, two Mo-containing Picula catalysts (denoted as Picula-Mo-1 

and Picula-Mo-2) were used for ‘stabilizing’ the pure bio-oil (continuous flow setup, 

210-215 °C, 7.5 MPa), and showed better characteristics of process and product 

compared to an unmodified NiCu-SiO2 system. The presence of Mo significantly 

suppressed agglomeration of active metallic Ni particles likely due to their hindered 

mobility in the presence of hardly reducible molybdenum oxides and the formation of 

Ni-Mo solid solutions.  

Finally, phosphoriс acid was used to modify the most promising Picula-Mo-1 

catalyst, again prior to the sol-gel stage. A series of P-modified (1.5, 3 and 5 wt. %) 

Picula-Mo-1 was studied in PO stabilization in a batch reactor at 230 °C. Despite the 

lower hydrogenation activity of P-containing Picula compared with the pure catalyst, 

possibly related to lower active component surface, their thermal stability was 

increased significantly as evidenced by XRD and HRTEM. Along with outstanding 

stability to agglomeration, the system denoted as Picula-Mo-1-5P showed a 

remarkable resistance in model 1M acetic acid not previously observed, and 

accounted for by the formation of very stable Ni phosphides. Thus, the advanced 

approach proposed in the study allowed the development of highly stable catalyst 

which is the key for efficient PO hydrotreatment into products suitable for co-FCC. 
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PREDICTING ZSM-5 PROPERTIES AND ACTIVITY IN CONVERSION 
OF ALCOHOLS TO FUEL RANGE HYDROCARBONS;  

AN ARTIFICIAL INTELLIGENCE APPROACH 

Yusuf Isa, Makarfi* and Samkeliso Jula 

Durban University of Technology, Durban, South Africa, * YusufI@dut.ac.za 

Introduction 
Fermentation broth obtainable from organic materials is a potential source of 

ethanol [1]. The vision of using ethanol from fermentation as a universal feedstock for 
production of chemicals and fuels is surely one of the promising routes towards 
sustainable production. Bioethanol could be dehydrated to yield ethylene which could 
undergo a number of reactions that will produce priceless chemicals. The product 
distribution of ethanol conversion is majorly determined by the quality of ethanol, 
operating conditions as well as the catalyst employed in the process. While zeolites 
have been known to show good activity in ethanol conversion to fuel range 
hydrocarbons, other catalysts like cerium oxide are known to favour the production of 
hydrogen. The Fischer Tropsch process uses iron and cobalt catalysts for the 
production of different hydrocarbons [2]. The activity of these active components 
could also play a vital role in the transformation of ethanol to fuels and 
petrochemicals. This work investigates different techniques of promoting synthesized 
ZSM-5 zeolites with iron, cobalt and nickel as well as the efficiency of techniques with 
respect to catalyst activity and selectivity. The work further utilizes design expert and 
artificial neural network in developing models that predict catalysts activities and 
selectivity. 

Materials and Methods 
A series of ZSM-5 catalysts were synthesized hydrothermally using aluminum 

salts and water glass as sources of alumina and silica respectively. The reagent 
composition was determined by the target ZSM-5 SiO2/Al2O3. The pH of the batch 
mixture was kept below 10.8. The batches were further aged at different times (0-
48 hrs.) and crystallization was done at different temperatures and times not 
exceeding 200 °C and 96 hours respectively. The produced crystals were processed 
by filtration, calcination and protonation to synthesize the desired protonated form of 
the catalyst. A commercial zsm-5 was also purchased from Zeolyst for comparative 
studies with the in house catalyst. 

Nitrates of cobalt and iron were used for promotion at different loadings (5 %, 
10 % and 15 %). Mechanical mixing, co-precipitation and incipient wetness 
impregnation were applied as promoting techniques to enhance catalyst 
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All the catalysts showed 100 % activity for ethanol and isopropanol conversion 
with liquid hydrocarbons forming a significant amount of the products. Loading of 5 % 
iron oxide on the commercial catalyst by incipient wetness impregnation showed 
selectivity to gasoline range hydrocarbons of 72 % in the liquid products whereas the 
in house catalyst showed a better selectivity of 98 % during ethanol conversion. Co 
crystallization of both commercial and in house ZSM-5 showed different selectivity 
when compared to the unpromoted zsm-5. However, 5 % loading of nickel showed 
the highest selectivity towards gasoline range hydrocarbons (99 %) when ethanol 
was used as a feedstock. Interestingly, the prediction factors from using artificial 
intelligence was greater than 0.8 for both catalyst properties and selectivity to certain 
hydrocarbons. 

Significance 
For the first time in open literature, artificial intelligence has been used to predict zeolite properties 

as well as selectivity in ethanol conversion. This will serve as a basis for application in other areas like 
water treatment where certain zeolite porosities are required. 
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VALORIZATION OF LIGNIN RESIDUES - BIOCATALYTIC  
OXY-POLYMERIZATION OF MONO-/OLIGO-LIGNOLS LEADING  

TO ARTIFICIAL LIGNIN STRUCTURES 

Madalina Tudorache*, Cristina Opris, Vasile I. Parvulescu 

University of Bucharest, Bucharest, 030016, Romania 
*Corresponding author: madalina.sandulescu@g.unibuc.ro

Lignin, the second most abundant natural polymer after cellulose of terrestrial 

sources plays a negative role in pulp and paper industry. Huge amount of lignin 

is/was produced during the paper manufacturing approach (e.g. over 70 million tons 

of lignin produced annually in the world). Most of this lignin is burned (95 %) and only 

few percents are invested in value-added products, specially phenolic polymers. 

In this context, we developed a biocatalytic system based on the oxy-

polymerization of lignin waste-units (monolignols such as sinapyl alcohol SA and 

coniferyl alcohol CA) assisted by the enzyme (e.g. peroxidase enzyme) and using the 

oxidation reagent as enzyme cofactor (e.g. hydrogen peroxide H2O2 or tert-butyl 

hydroperoxide t-BHP). The process involved a radical mechanism leading to 

polyphenols (artificial lignin). 

Controlled architecture of the prepared polymers has been done using specific 

type/ratio of monolignols. Additionally, well-known monomers following always the 

same reaction route give the opportunity for diminishing the heterogeneity of ligno-

polymeric products, which is an important advantage. 

Different peroxidase enzymes (e.g. unspecific peroxidase PADA-I, and versatile 

peroxidase 2-1B and R4) were tested exhibiting similar catalytic activity for the same 

monolignol (Figure 1). Oppositely, horseradish peroxidase (HRP) was not a suitable 

candidate for this system. As a general remark, SA was easier recognized and 

transformed by peroxidase compared to CA. Fast kinetic of the biocatalytic process 

allowed to achieve maximum conversion of the lignin fragments (around 90 % for 

couple of 4R and SA) in only 2 hours (Table 1). Also, large polymer structure was 

produced with 4R peroxidase enzyme (MW = 3188 Da and PD = 3) (Table 1). 

Detailed study of the process kinetic and optimization of the experimental 

parameters (e.g. reagents concentration, temperature, buffer pH, enzyme content, 

etc.) have been performed. Moreover, the characteristics of the synthetic biopolymer 

have been investigated (e.g. GPC and NMR analysis) and compared to the mother-

lignin source. 
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Table 1. Peroxidase screening for oxy-polymerization of monolignols. 
(Experimental conditions: 2 mg mL–1 lignin monomer, 0.6 % H2O2 and  

2.582 U mL–1 enzyme shacked (100 rpm) at 50 °C for 2 h). 
SA CA

HRP PaDa-I 2-1B 4R HRP PaDa-I 2-1B 4R 
C (%) 30.2 84.2 89.6 90.2 34.9 50.2 52.5 48.8 
Mw 555 226 721 3188 2130 586 677 859 
Mn 446 214 582 1115 1889 575 670 733 
PD 1.244 1.056 1.239 2.859 1.128 1.019 1.01 1.172 

Figure 1. Polymerization of (A) SA and (B) CA lignin monomers using different peroxidase 
enzyme at varied temperature. (Experimental conditions: 2 mg mL–1 lignin monomer,  

0.6 % H2O2 and 2.582 U mL–1 enzyme shacked (100 rpm) for 2 h) 

The efficiency of the process related to the resulted lignin can be easily modulated 

based on the composition of the precursor mixture (i.e. content of the mixture in terms 

of the monolignols ratio). Therefore, a mixture of both monolignols has been used for 

polymerization. For co-polymerization, maximum conversion was achieved at 50 °C 

with H2O2 as oxidation reagent. However, in order to produce large lignin structures, 

t-BHP has to be used leading to a polymer with MW around 2000 Da. 

Further, oligolignols from natural lignin degradation were succesefully tested in 

the developed system. A corelation between oligolignols structure and 

design/properties of the resulted artificial lignin has been found giving the opportunity 

to develop the requested lignin structures. 

This study offers new perspective on the valorization of the lignin residues (mono-

/oligo-lignols). Thus, several applications of the developed system are predicted for 

the future, e.g. direct deposition of the artificial lignin on the solid surface, removing 

the lignin fragments from the pyrolitic polysaccharides, etc). 
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PHOTOCATALYTIC ACTIVITY, INFLUENCE OF  
THE STRUCTURE OF TiO2 AND ITS SURFACE PROPERTIES 

Wiam El-Alami1*, José Rodríguez2, Mohammed El-Azzouzi1 
1Head of Laboratory Materiaux, Nanomateriaux and Environment,  

Departement of Chemistry, Faculty of Sciences BP 1014, Rabat, Morocco, 
*wiamelalami@hotmail.fr

2Laboratory of Environment, Departement of Chemistry, Faculty of Sciences Spain 

The photocatalytic activity of titanium dioxide was tested in the degradation of 

organic substrates, mainly formic acid, phenol and aniline, in comparison to different 

types of titanium dioxide. The photodegradation and mineralization rate of formic 

acid, aniline and phenol dissolved in water were evaluated. The results have shown 

that the maximum value of the intermediates depends instead on the percentage of a 

substance already degraded, and then this value decreases (1). On the contrary, it 

was seen that mineralization of aniline is very low compared to the first substance 

(2).  

The photodegradation and mineralization of formic acid show that there is no 

corporation with the last properties studied but it appeared an important type of 

degradation which can be explained. So, we added FTIR studies to complete the 

study about photodegradation in different types of TiO2. 
Keywords: TiO2; photocatalytiques; phenol; aniline; formic acid. 
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ELECTROCATALYTIC PRODUCTION OF HYDROGEN USING  
IRON SULFUR CLUSTER 

Khalaf M. Alenezi 

Department of Chemistry, Faculty of Science, University of Hail,  
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In response to the energy crisis, rising fossil fuel costs and global climate 

warming, this study focuses on the electrocatalytic reduction of proton into hydrogen 

using an iron sulfur cluster in the presence of pentafluorothiophenol. The direct 

reduction of pentafluorothiophenol at vitreous carbon electrode occurs at Ep -1.3 V vs 

Ag/AgCl in [Bu4N][BF4]-DMF solution. Interestingly, in the presence of 

[Fe4S4(SPh)4][Bu4N]2, the reduction potential shifts significantly to -0.98 V vs 

Ag/AgCl. Based on gas chromatography analysis, the formation of H2 has been 

confirmed with a current efficiency of ca. 63 % after two hours, while the chemical 

yield at the carbon electrode was about 46 %. On the other hand, no H2 gas was 

detected without catalyst. Importantly, the increment of the concentration of acid (up 

to 18 equivalents) led to a positive shifting in the reduction potential until a value of 

0.18 V. These results reflect the exquisite electrocatalytic efficiency of the protein-like 

iron sulfur cluster in Hydrogen Evolution Reaction (HER). 

Fig. a) The cyclic voltammetry of [Fe4S4(SPh)4]2 at low concentrations of pentafluorothiophenol;  
b) The relationship between the current and time/h
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THE USE OF ENZYMES CULTURES OF FUNGI PENICILLIUM 
VERRUCULOSUM FOR HYDROLYTIC PROCESSING OF PEAT 

Lakina N.V., Petrova A.I., Sulman E.M., Sulman A.M., Sulman M.G. 

Tver State Technical University, Tver, Russia, lakina@yandex.ru 

Vegetable raw materials are renewable and therefore the most perspective for 

the production biotechnology. In Russia the woods (coniferous and deciduous) and 

grain crops are considered as the main source of renewable raw materials. Larger 

territories of Russia are occupied with peat. Russia has huge resources of vegetable 

raw materials that especially promote biotechnology development. 

The most significant productions based on bioconversion of vegetable raw 

materials are productions of alcohol, furfurol, proteinaceous feed additives, amino 

acids and others biologically the active materials [1]. 

The main constituent of vegetable raw materials are carbohydrate components – 

polysaccharides which quantity in different types of raw materials fluctuates from 40 

to 75 %. 

The enzymes catalyzing processes of splitting of polysaccharides before more 

prime connections with water participation fall into to a class of hydrolyzing enzymes, 

to be exact, to carbohydrases (amylases, cellulases, hemicelluloses, 

polygalacturonases, pectinases and others). 

In Russia the commercial ferment medicine "AGROTSELL" which producer is the 

strain of a mushroom of Penicillium verruculosum is widely used. A principal 

component of this medicine is the cellulase participating in destruction of cell-like 

walls of plants by means of enzymatic hydrolysis the glikozide of communications of 

not starchy polysaccharides – first of all xylans (pentosans), and also  – glucans, 

and also other carbohydrases among which xylanases and pectinases most often 

occur. [2]. Characteristics of ferment medicine are provided in the table. 

Table. Characteristics of the ferment medicine "AGROTSELL" 

Name of indexes AGROTSELL 

Cellulose activity, piece/g, not less than 4000 

-glyukanaze activity, piece/g 3200 

Ksilanaze activity, piece/g 1000 

Spores of a mushroom of a producer and pathogenic 
microorganisms 

are not allowed 
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In the real research experiments by determination of content of monosaccharides 

in peat by means of enzymes of culture of fungi Penicillium verruculosum which is a 

part of the medicine "AGROTSELL" were made. Riding peat of 30 % of humidity and 

15 % of extent of decomposition was for this purpose used, peat was selected from 

the field the Vasilyevsky moss, Kalininsky district, the Tver region. 

Data of an experiment showed that there is a gradual accumulation of a 

monosaccharide over all experiment. In a hydrolysate of peat 12 mg of glucose in 29 

clocks of carrying out process collected that is not a limit for this process. In further 

experiments it is planned to increase time of carrying out experience to obtain more 

complete data on this process. 

Thus, relevance of further researches consists in the subsequent definition of the 

reducing substances in wider time slice for the purpose of receiving the maximal exit 

of monosaccharides by means of ferment systems of various cultures of 

microorganisms. 
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CONTROLLED FABRICATION OF CATALYSTS FOR GREEN 
CHEMICAL PROCESSES 

Vladimir Golovko1, David Anderson1, Daniil Ovoshchnikov1, Baira Donoeva1, 
Jan-Yves Ruzicka1, Faridah Abu Bakar1, Rohul Adnan1, Gunther Andersson2, 

Greg Metha3, Koji Kimoto4, Tomonobu Nakayama4, Aaron Marshall5,  
Jared Steven5, Diandree Padayachee5, Iman Hashemizadeh5, Alex Yip5 

1Department of Chemistry, University of Canterbury, Christchurch, New Zealand 
2Flinders Centre for NanoScale Science and Technology, Flinders University, 

Adelaide, Australia 
3Department of Chemistry, The University of Adelaide, Adelaide SA 5005, Australia 
4National Institute for Materials Science (NIMS), Tsukuba, Ibaraki 305-0044, Japan 

5CAPE, University of Canterbury, Christchurch, New Zealand 

Our catalytic studies highlight the effects of support and gold particle size in 

electrocatalytic applications (glycerol oxidation) and initiator-/solvent-free aerobic 

oxidation of cyclohexene [1-7]. More recently we have demonstrated that green 

catalytic process of aerobic oxidation of amines to nitriles can be driven by the visible 

light using hydrous ruthenium oxide nanoparticles on TiO2 [8]. We have developed 

series of catalysts based on clusters and/or bio-templated titania which show 

promising activity in hydrogen production and CO2 hydrogenation.  

We also performed a range of fundamental studies on these materials [9-17]. The 

detailed DFT studies of the ligated clusters allowed systematic identification of bands 

observed in the far-IR spectra and interpretation of the ultra-high resolution electron 

microscopy images of clusters supported on titania nanosheets. Synchrotron XPS 

studies of pure and supported clusters reveal their unique electronic properties and 

highlight the importance of support chemistry in controlling aggregation of clusters. 

We also used ultra-high resolution TEM and AFM/STM to study supported clusters 

on titania. 
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CO2 UTILIZATION VIA AUTO-THERMAL CATALYST-ASSISTED 
CHEMICAL LOOPING 

Jiawei Hu, Vladimir V. Galvita, Hilde Poelman, Guy B. Marin 

Laboratory for Chemical Technology, Ghent University, Ghent, Belgium 
E-mail: Jiawei.Hu@Ugent.be 

Carbon dioxide, a major green-house gas, has become an attractive source of 

carbon for the chemical industry owing to its low cost and high availability. Valorizing 

CO2 towards useful chemicals is particularly interesting from both environmental and 

economic point of view [1]. Cyclic conversion through Catalyst-assisted Chemical 

looping Dry Reforming (CCDR) over a bifunctional bed composed of a physical 

mixture of a Ni-based reforming catalyst and a Fe-based oxygen storage material 

(OSM) is a novel technology for CO2 utilization [2]. In this process, a given reaction is 

divided into two half-cycles: (1) CH4 and CO2 are first converted over Ni into H2 and 

CO which reduce Fe3O4 to metallic Fe; (2) reduced Fe3O4 is regenerated via 

interaction with CO2 resulting in CO production. Compared to the conventional dry 

reforming of CH4, which produces syngas, CCDR is designed for maximized CO2 

conversion (three molecule of CO2 per molecule of CH4). 

However, the overall CCDR process is strongly endothermic (∆H298 = 

330 kJ/mol), requiring high operating temperature and thereby leading to fast catalyst 

deactivation. Alternatively, the process could be rendered auto-thermal by co-feeding 

oxygen in close analogy to industrial auto-thermal CH4 reforming. Here, a new 

process, auto-thermal catalyst-assisted chemical looping, is presented (Eq. 1). 

CHସ ൅ xCOଶ ൅ ሺ3 െ xሻ/2Oଶ ⇆ ሺ1 ൅ xሻCO ൅ 2HଶO (Eq. 1)

Auto-thermal catalyst-assisted chemical looping integrates two strategies [3]: CO 

production through Fe3O4/Fe chemical looping and auto-thermal catalytic conversion 

of CH4, O2 and CO2 to syngas over the Ni-based catalyst. A small amount of O2 is co-

fed with CH4 and CO2 to partially convert CH4 in an exothermic reaction (partial 

oxidation or combustion), generating heat in-situ and thereby compensating the 

strong endothermicity of the reduction reaction. 

A detailed study of auto-thermal catalyst-assisted chemical looping for CO2 

utilization was carried out using different reactor bed configurations composed of 

core-shell structured materials, such as Ni/Zr@Zr reforming catalyst, Fe/Zr@Zr OSM 

and Fe/Zr@Zr@Ni@Zr bifunctional material, all of which were synthesized by a 
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EVALUATION OF CATALYST DEACTIVATION DEGREE IN  
THE PROCESS OF DIESEL FUEL DEWAXING 

Belinskaya N.S., Frantsina E.V., Lutsenko A.S., Popova N.V., Ivanchina E.D. 

National Research Tomsk Polytechnic University, Tomsk, Russia, belinskaya@tpu.ru 

Deactivation of the dewaxing catalyst leads to necessety of the process 

temperature increase, according to the catalyst activity (Table 1). This results in 

decrease in the yield of the target diesel fraction, increase in the yelds of naphtha 

fraction and residue (Table 2). 

Table 1. Evaluation of catalyst deactivation degree in the process of diesel fuel dewaxing 
over 2012–2016 years period (full scale experimental data) 

2012 year 

Date 
Feedstock flow 

rate, m3/h 
Т (in dewaxing 

reactor), °С 
Yield of diesel 

fraction, % 
Liquid product 

yield, % 
CFPP (diesel 
fraction), °С 

29.03.12 327 337 58.2 88 –27

2014 year 

26.03.14 323 354 51.9 87 –27

2015 year 

05.01.15 321 352 50.7 90 –27

2016 year 

15.08.16 320 355 50.7 90 –26

Table 2. The yield of fractions in the process of dewaxing over 2012–2016 years period  
(full scale experimental data) 

Year 2012 2013 2014 2015 2016 

Yield of diesel fraction, % 74 – 90 63 – 88 52 – 65 54 – 60 44 – 52 

Yield of naphtha fraction, % 8 – 10 10 – 12 15 –18 18 – 20 20 – 21 

Yield of residue >340 °С, % 5 – 15 10 – 25 25 – 30 30 –35 35 – 40 

According to the full scale experimental data the catalyst activity by the 2016 year 

comprised: 

60 19 0 68
60

.T
Akt

   
  


Therefore, catalyst deactivation degree comprised 32 % over the given operation 

cycle. 

This research uses the non-stationary mathematical model for solution to a 

problem of catalyst deactivation forecasting and optimization of the process operating 

conditions depending on the changing feedstock composition and the demand for 

diesel fuel components of the certain grade (summer, winter or arctic grade). 
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Where z is the total volume of processed feedstock date of fresh catalyst load (m3); G is the feedstock 

flow rate (m3/h); Ci is ith component content in the feedstock (mol/m3); V is the volume of catalyst bed 

(m3); aj is the catalyst activity in jth reaction; ρ is the density of the mixture (kg/m3); Ср
m is the specific 

heat capacity of the mixture (J/kg·K); Qj is the heat effect of jth reaction (J/mol); Т is the temperature 

(K); Wj is the rate of jth reaction; m is the number of reactions. 

Using the mathematical model the optimal temperature was determined for two 

feedstock compositions so that the product CFPP is equal to –26 °C and the yield of 

the product is equal to 86 %. The feedstock compositions are presented in Table 3. 

Table 3. Fedstock compositions and technological parameters 

Feedstock composition Operational parameters 

Boiling points, °С Feedstock-1 Feedstock-2
Parameter Value

Feedstock composition, m3/h 280 

10 % 256 263 Quench of H2-gas, m3/h 15000 

50 % 307 314 Pressure, MPa 6.799 

90 % 360 353 

Density at 20 °С  852 831 

N-paraffins, wt.% 16.10 21.24 

The results of calculation are presented in Fig. 1 and Fig. 2. 

Fig. 1. Temperature in the dewaxing reactor 
depending on the feedstock composition and 

catalyst activity 

Fig. 2. Dewaxing catalyst activity 

Therefore, increase in the process temperature over the period 2012-2016 years 

due to deactivation comprised 10 °C. 
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THE MESOPOROUS FIBROUS ALUMINA SUPPORTED TRANSITION 
METAL-BASED MATERIAL: SYNTHESIS, STRUCTURE AND 

CATALYTIC PROPERTIES IN CARBON DIOXIDE METHANATION, 
METHANE STEAM REFORMING AND DEEP OXIDATION 

REACTIONS 

Snytnikov P.V.1,2,3,*, Aghayan M.4, Rubio-Marcos F.5, Potemkin D.I.1,2,  
Uskov S.I.1,2, Hussainova I.4,6, Suknev A.P.1, Kovalyov E.V.1,  

Paukshtis E.A.1,2, Bal’zhinimaev B.S.1, Sobyanin V.A.1 
1Boreskov Institute of Catalysis SB RAS, Pr. Lavrentieva, 5, Novosibirsk, 630090, 

Russia, *E-mail: pvsnyt@catalysis.ru 
2Novosibirsk State University, Pirogova St., 2, Novosibirsk, 630090, Russia 

3UNICAT Ltd., Pr. Lavrentieva, 5, Novosibirsk, 630090, Russia 
4Tallinn University of Technology, Ehitajate tee 5, 19086 Tallinn, Estonia 

5Instituto de Cerámica y Vidrio (ICV-CSIC), C/Kelsen, 5, 28049 Madrid, Spain 
6ITMO University, Kronverksky 49, St. Petersburg, Russia 

Abatement of waste gases containing harmful VOCs is an environmentally 
important task, and one of the most efficient and economically feasible VOC removal 
technologies is catalytic combustion. However, global warming caused by evolution 
of huge amount of carbon dioxide has become a challenging problem. Recycling of 
carbon dioxide enables not only to prevent global warming but also to supply useful 
low-carbon fuels. The catalytic hydrogenation of CO2 into fuels such as methane, 
methanol, dimethyl ether, syngas is a promising recycling approach which opens new 
concepts and opportunities for catalytic and industrial development. 

In this work, we focus on the preparation of a novel structured transition metal-
based catalyst hosted on alumina nanofibers (ANF) by both conventional techniques 
and recently developed template-assisted wet-combustion synthesis method [1-3]. In 
order to prepare nickel-based catalyst, the alumina nanofibers were wetted by a 
reactive solution containing the metal precursor and organic fuel, followed by the 
heat treatment until self-ignition and combustion-synthesis of the desired material 
(Fig. 1). The organic fuel was supposed to act as metal dispersing and complexing 
agent, and provide homogeneous distribution of metal precursors throughout the 
alumina. Furthermore, large amount of gases evolved under combustion enabled to 
synthesize nano-sized material, denoted as Ni/ANF(F), with improved catalyst 
textural properties without further calcinations. Copper- and platinum based catalysts 
(Cu/ANF and Pt/ANF) were synthesized via incipient wetness impregnation and 
adsorption from the solution, which is accompanied by strong precursor interaction 
with the support to form metal species of atomic dispersion after further calcination. 
The catalysts were characterized by BET, XRD, XPS, TEM, EDX, SEM, TPR and 
TPD techniques. 
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MnOx-TiO2 CATALYSTS FOR NOx SCR AT LOW TEMPERATURE 

Galletti C.*, Deorsola F.A., Pirone R. 

Politecnico di Torino, Department of Applied Science and Technology,  
Torino, 10129, Italy 

*Corresponding author: camilla.galletti@polito.it

Nitrogen oxides are by-products emitted by stationary and mobile sources in 
high-temperature combustion and constitute well-known atmospheric pollutants that 
can contribute to the ozone depletion, acids rains, photochemical smog and 
greenhouse effects [1]. Selective Catalytic Reduction (SCR) is considered a very 
effective and established technique for the abatement of nitrogen oxides (NOx). It 
allows converting NOx into nitrogen (and water) by introducing ammonia (or urea) in 
the exhausted gases, but it suffers low-temperature operation, urban driving 
conditions and improper calibration of urea dosage. The current commercial catalysts 
(e.g. V2O5/TiO2) show high activity and selectivity in the temperature range 300-
400 °C. It follows that a further considerable research effort for SCR catalysts 
efficient at low temperatures is required. 

Manganese oxides-based catalysts have been studied in the last years for NOx-
SCR because of their versatility, eco-compatibility and the presence of labile oxygen 
species. They showed excellent low-temperature performance in the SCR of NOx 
with ammonia, both unsupported and loaded on different supports [2-3].  

In the present study, manganese oxides supported on rutile titanium oxide were 
investigated as catalysts for low-T SCR. Two different MnOx percentage were 
deposed on rutile TiO2 by means of Incipient Wetness Impregnation method. 
Catalysts were characterized and tested in the SCR process at different operating 
conditions. 

MnOx was deposed on commercial rutile TiO2: the catalysts were prepared with 
the Incipient Wetness Impregnation (IWI) method by using Manganese(II) nitrate 
Mn(NO3)2 tetrahydrate as precursor. The catalyst powders, after grinding in an agate 
mortar, were calcined in air for 1h to remove the nitrate ions. 

In order to verify the chemical and physical properties of the obtained materials, 
the catalysts were characterized. The phase structures of the samples were 
characterized by X-ray powder diffraction (XRD). H2 temperature programmed 
reduction (H2-TPR) analysis was performed using an analyzer equipped with a TCD 
detector. Multi-point BET surface area and pore volume of catalysts were measured 
via N2 physisorption at 77 K. Morphology was observed by a Field Emission 
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CO PROX ON Pt-M AND Pt-MOx (M = Fe, Ni, Co) MODEL 
CATALYSTS: THE ORIGIN OF SYNERGETIC EFFECT 

Potemkin D.I.1,2, Filatov E.Yu.1,3, Zadesenets A.V.1,3,  
Snytnikov P.V.1,2, Sobyanin V.A.2 

1Novosibirsk State University, Novosibirsk, 630090, Russia, potema@catalysis.ru 
2Boreskov Institute of Catalysis SB RAS, Novosibirsk, 630090, Russia 

3Nikolaev Institute of Inorganic Chemistry, Novosibirsk, 630090, Russia 

The use of supported alloy nanoparticles is a promising way to modify activity and 

selectivity, improve stability or at least partially substitute expensive noble metals in 

conventional supported metallic catalysts, such as Pt-, Pd- and Rh-based systems. 

One of the reactions in which the properties of conventional Pt-based catalysts are 

needed to be improved is CO preferential oxidation (CO PROX) − a case of 

substrate-selective oxidation of CO in a huge excess of H2. The CO PROX is 

considered as a promising way for deep CO removal from hydrogen-rich gas 

mixtures for proton-exchange membrane fuel cells (PEMFCs) feeding. PEMFC-

based power-units are considered as green energy sources for distributed 

energetics. A number of Pt-M (M = Co, Ni, Cu, etc.) bimetallic systems showed a 

remarkable synergetic effect in CO PROX compared to Pt. However it is yet unclear 

whether the electronic effect of Pt-M interaction (“ligand effect”) or Pt-MOx interface 

(“ensemble effect”) causes the synergism. In order to distinguish it, we have 

synthesized and studied the CO PROX performance of the unsupported phase-pure 

model catalysts with Pt0.5M0.5 (M = Fe, Co, Ni) solid solution and Pt-MOx metal-oxide 

composite structures. 

Fig. 1 illustrates the effect of temperature on the CO conversion (XCO) and 

selectivity (SCO) for CO PROX over the Pt, Pt0.5Co0.5, Pt0.5Ni0.5 and Pt0.5Fe0.5 

catalysts. It is clearly seen, that the addition of second metal dramatically enhances 

the activity of Pt towards CO oxidation providing high activity at near-ambient 

temperatures in CO oxidation. The activity increases in the order Pt0.5Co0.5 ≥ Pt0.5Ni0.5 

> Pt0.5Fe0.5 >> Pt. The same order remains for Pt-MOx catalysts. For bimetallic 

samples catalysts SCO is close to 100 % at low temperatures while XCO < 100 %. In 

other words while CO is present in the reaction media the catalysts do not oxidize H2. 

This fact indicates the dense coverage of Pt surface by adsorbed CO, that inhibits 

hydrogen oxidation. Hydrogen oxidation starts only at a temperature where the high 

CO conversion is reached and Pt surface becomes accessible to H2. This results in 
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sharp SCO decrease at elevated temperatures. The observed phenomena is also 

pronounced for Pt-MOx systems. 
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Figure 1. CO conversion (a) and selectivity (b) temperature dependences for CO PROX on Pt, 
Pt0.5Co0.5, Pt0.5Ni0.5 and Pt0.5Fe0.5 nanopowders. Feed gas (vol. %): 1 CO, 1 O2 and H2-balance. 

WHSV: 80000 cm3g–1h–1 

Most likely, the advanced properties of bimetallic systems are associated with 

bifunctional nature of Pt0.5M0.5 and Pt-MOx catalysts. Probably, Pt is responsible for 

CO activation, the second metal is responsible for O2 activation and the reaction 

takes place at the Pt-M or Pt-MOx interface. This hypothesis explains the high 

selectivity of Pt-Ni and Pt-Co systems at low temperatures and exhibits the important 

role of “ensemble effect” in the synergism not denying the influence of “ligand effect”, 

which needs further investigation to be clarified. 

The physicochemical properties of Pt0.5M0.5 and Pt-MOx systems were studied by 

a number of techniques, including operando XRD, TEM, XPS and etc, and were 

correlated with catalytic performance. 

Summarizing, for the first time the phase-pure Pt0.5M0.5 (M = Fe, Co, Ni) solid 

solution and Pt-MOx metal-oxide composite model catalysts were synthesized and 

evaluated in CO PROX. The remarkable synergetic effect of second metal (Fe, Ni, 

Co) addition was observed. The synergism was associated with bifunctional nature of 

Pt0.5M0.5 and Pt-MOx catalysts and reaction occurrence at Pt-M interface. 
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A high concentration of CO2 in atmosphere is a major ecological threat [1]. The 

conversion of carbon dioxide into carbon monoxide and methane is an effective 

solution of the of CO2 utilization problem. Furtherly, CO and CH4 may be converted in 

liquid hydrocarbons and valuable oxygenates according to Fisher-Tropsh synthesis 

(FTS) and hydroformylation. Especially, FTS is considered as one of the most 

prospective and economical ways to clean fuel production, because this 

heterogeneous catalytic process can produce a large variety of products such as 

paraffins, olefins, alcohols and aldehydes using syngas (CO and H2) [2]. Supported 

Co nanoparticles are promising catalysts for FTS due to their activity and high 

selectivity to linear hydrocarbons combined with a low activity in the water – gas shift 

(WGS) reaction. The microstructure and FT performance of heterogeneous cobalt 

catalysts are affected very much by the support [3]. As the novel type of hybrid 

materials, metal-organic frameworks (MOFs) assembled by metal cations/metal oxide 

clusters and organic linkers) are now explored in catalysis, gas storage/separation, 

drug delivery, as sensors, and so on [4]. In particular, MOFs, have attracted 

significant attention as inorganic-organic host matrices for metal nanoparticles 

embedding due to their high surface areas, tunable pore sizes and tailored chemical 

properties, thus offering advantages over traditional microporous and mesoporous 

inorganic materials [5].  

Our work deals with the preparation of the novel effective MOFs-based catalysts 

for carbon dioxide conversion in liquid hydrocarbons С5-С8 via two-steps process - 

CO2 hydrogenation (500 °С, atmospheric pressure) followed by Fisher-Tropsh 

synthesis using carbon monoxide formed at the first step. Al3+-derived microporous 

framework MIL-53(Al) (Al(OH)bdc, bdc = benzene-1,4-dicarboxylate) was selected as 

a host matrix for the Co nanoparticles deposition, because its exceptional chemical 



OP-V-8 

136 

and thermal stability (as high as 520-550 °C). According to experimental results, 

novel Co/MIL-53(Al) nanohybrids display a behavior of bifunctional catalysts 

promoting both hydrogenation СО2 into CO and FT synthesis. Conducting FTS 

reaction in 260-340 °С temperature range results in a formation of liquid 

hydrocarbons С5-С8 with process selectivity as high as 48 %.  

The cobalt-containing catalysts were characterized by a combination of the 

physico-chemical methods: PXRD, STEM, oxygen titration, DRIFT spectroscopy and 

volumetric N2 adsorption. XRD examinations confirm the retention of the crystallinity 

of the Co/MIL-53(Al) nanohybrids after two-step catalytic process. Both electronic 

microscopy and adsorption results indicate the Co nanoparticle localization mainly in 

the pores of the MIL-53(Al) matrix. The STEM study reveal the pronounced 

confinement effect of the metal-organic framework preventing the Co nanoparticles 

(around 5 nm) aggregation. 

Thus, for the first time, carbon dioxide conversion in liquid hydrocarbons was 

carried out on the Co nanoparticles embedded in MIL-53(Al) matrix. Our results 

demonstrate the new opportunities of the MOFs–based heterogeneous catalysts 

exploitation in severe conditions of CO2 hydrogenation and Fisher-Tropsh synthesis.  
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STUDY ON MESOPOROUS-SUPPORTED CATALYSTS FOR 
SIMULTANEOUS CO2 AND STEAM REFORMING OF BIOGAS 
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Conversion of methane and carbon dioxide, which are two of the most abundant 
carbon-containing materials, into useful products is an important area of the actual 
catalytic research. The methane-CO2 reforming (dry reforming) to produce syngas is 
a very attractive route to produce energy and valuable compounds. This reaction 
offers advantages over methane steam reforming to produce a H2/CO ratio adequate 
for processes such as the production of higher hydrocarbons and derivatives [1]. The 
process is inevitably accompanied by deactivation due to carbon deposition. In order 
to reduce the carbon deposition, CO2 reforming of methane with a feed gas 
containing steam has been suggested. Moreover, in the presence of steam, methane 
steam-reforming occurs simultaneously and thereby higher selectivity for both CO 
and H2 can be achieved, and also the H2/CO ratio of the product gas can be 
controlled [2,3]. 

Recently, the most widely used catalysts for CO2 steam reforming reaction are 
based on Ni. However, many of these catalysts undergo severe deactivation due to 
carbon deposition. Noble metals have also been studied and are typically found to be 
much more resistant to carbon deposition than Ni catalysts, but are generally more 
expensive. Moreover, the silica SBA-15, which possesses larger pores and higher 
thermal stability, may be used as a promising catalyst support [4]. 

In the present study, 10 % Ni/SBA-15 and 0.5 % Rh/SBA-15 catalysts were 
prepared, and their performances over the reaction of combined carbon dioxide and 
steam reforming of methane were investigated. 

Ordered mesoporous silica SBA-15 was synthesized in a spherical shape, 
according to the procedures reported by Hussain et al. [5], and used as catalyst 
carrier. The supported Rh and Ni catalysts were prepared with the Incipient Wetness 
Impregnation (IWI) method by using Rh(NO3)3 and Ni(NO3)2·6H2O as precursor, 
respectively. The catalyst powders were calcined in air after impregnation. The 
catalysts were characterized by XRD, ICP-MS, CO2-TPD, BET and FESEM 
analyses. The activity of the prepared catalysts was analyzed feeding a gas mixture, 

composed by CO2, CH4 and steam (CO2/CH4 > 0.75 ÷ 1.5, H2O/CH4 ≅ 1.5), to a 
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INVESTIGATION OF THE INFLUENCE OF ULTRAVIOLET AND 
ACOUSTIC EFFECTS ON THE PROPERTIES OF HEAVY OIL 

Tatyana Aleksandrova1, Alexander Aleksandrov2, Nadezhda Nikolaeva1 
1Saint-Petersburg Mining University, 199106, 21 Line, 2, St. Petersburg, Russia 

2Russian Academy of Sciences, Institute of Mining of Far Eastern Branch,  
680000, Turgenev str., 51, Khabarovsk, Russia 

Experimental and theoretical studies of physical impacts influences on the 

distribution of heavy metals and viscosity of heavy oils are given in the article. The oil 

of Yaregskoye (Timan-Pechora province) oil field was chosen as the research object. 

Microinclusions of metals (V, Ni, Ti, Fe, etc.) in the mineral parts have been detected 

using scanning electron microscopy and electron microprobe analysis. In order to 

extract these metals, researches on influences of the extractant type and 

concentration on the extraction process was carried out. Types of extractants and 

time of ultrasonic treatment were evaluated. They allow the intensification of the 

extraction process flow. Cavitation-extraction scheme of metals extraction from high-

viscosity oils on base of solvent deasphalting technology is suggested. 

A lot of metals such as vanadium, nickel, silver and other are contained in the 

heavy oil. This allows us to consider heavy oil as a multipurpose complex of 

minerals. Destructive and non-destructive processes exist for the processing of 

heavy oil feedstock. They are aimed to the demetallization as well. The more 

common processes for the processing of heavy oils and oil residue (demetallization 

and obtaining of metals concentrate are happening simultaneously) can be divided 

into three: 

- demetallization in the processes of oil preparation for transportation and 

processing,  

- demetallization in petroleum refining processes,  

- alternative processes of oil refining.  

They are aimed to demetallization of petroleum feedstock using a variety of 

physical methods of influence. Alternative processes are accompanied by processes 

of adsorption and heterogeneous catalysis, for example, the process of solvent 

deasphalting [1-5]. In the frame of the proposed work, the research in the matter of 

valuable metals extraction for the heavy oil from the Yarega oilfield was carried out; 
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solvent deasphalting with addition of several physical impacts accompanying by 

absorption and heterogenous catalysis was applied. 

Experimental and theoretical studies the physical impacts influences on the 

distribution of heavy metals and the viscosity of heavy oils are given in the article. 

Microinclusions of metals (V, Ni, Ti, Fe, etc.) in the mineral part have been 

established using scanning electron microscopy and electron microprobe analysis. 

Researches on the type and concentration of the extractant influence on the 

extraction process was performed to extract these metals. It was found that low-

molecular organic compounds (kerosene and ethanol) have the greatest extraction 

ability. Ultrasound processing intensifies the extraction process. Cavitation-extraction 

scheme of extracting metals from high-viscosity oil was offered on the basis of 

experimental and theoretical studies [6-7]. The proposed scheme is designed on the 

basis of technology of solvent deasphalting, using reasonable extractants. It includes 

an extraction stage in an ultrasonic field with the separation of the insoluble fraction 

of asphaltenes in which a significant portion of the original heavy metals is 

concentrated. 
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CATALYST FOR OBTAINING MOTOR FUEL FROM METHANOL 

Babayeva F.A., Akhmedova R.H., Ibragimov H.D., Abasov S.I., Rustamov M.I. 

Institute of Petrochemical Processes of ANAS of Azerbaijan 
AZ1025, Baku, Khodjaly Ave. 30, feridan@rambler.ru 

Among the world trends in the development of chemistry is the improvement of 

the conversion of gaseous hydrocarbon raw materials into more convenient and 

environmentally friendly motor fuels and valuable chemical products due to the 

limited and depleted world oil reserves, as well as global environmental problems. 

One of them is the making of competitive, efficient and environmentally friendly fuels, 

an example of which is dimethyl ether (DME). 

DME can be obtained from natural gas, using facilities for processing low-

resource and low-pressure fields, which are not involved in commercial operation yet. 

DME supports fuel combustion without exhaust, a good cold engine start-up, noise 

reduction. The main advantage of DME as diesel fuel is environmentally friendly 

exhaust. The content of toxic components in it (without the use of catalytic exhaust 

gas processing) complies with the ecological requirements of European norms 

"Euro-3" and "Euro-4". You can also use DME in order to produce pure hydrogen for 

use in fuel cells - electrochemical generators of cars of the near future. The sphere of 

consumption of DME as an energy carrier gives a powerful stimulus for the 

deployment of its production on a large scale. And this, in turn, creates prerequisites 

for concentrating the efforts of researchers on the methods of its synthesis. 

Currently, all options for the production of motor fuels from gas begin with the 

synthesis gas production process: carbon-containing feedstock  synthesis gas  

methanol  gasoline. The transition from methanol to hydrocarbons occurs by 

dehydrating it first to DME, and then to hydrocarbons. 

Now there are several ways to produce dimethyl ether. First, at a very high 

pressure and a high temperature, dimethyl ether and methanol are obtained from the 

synthesis gas. Another method is from methanol directly to obtain dimethyl ether. 

We conduct research in this direction, developed promising catalysts for the process 

of obtaining DME and hydrocarbons from methanol. The experiments were carried 

out on a flow-type installation at atmospheric pressure, in a temperature range of 

250-500 °C, and a feed rate of 5-25 h–1 using alumina and zeolite-containing 



PP-2 

144 

catalysts. Dependences of the yield of DME on the duration of the experiment and 

temperature were obtained. 

We investigated bifunctional catalysts, which contain on the surface acidic 

centers for the hydration of DME and copper-containing centers for the methanol 

vapor conversion. The selectivity of the conversion of dimethyl ether to the target 

hydrocarbons is determined by the properties of the catalyst and the process 

conditions. As a result of the research, the most optimal catalytic systems and 

experimental conditions were selected, ensuring the production of dimethyl ether and 

hydrocarbons of various structures with high performance. 
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ELECTROMAGNETIC INSTALLATION FOR NEUTRALIZATION  
OF WASTEWATER PRODUCTION OF OLIVE OILS 

Bachurikhin A.L.1, Efendiev M.S.2 
1Gubkin I.M. Russian State University of Oil and Gas,  

Russia, Moscow 119296, the Leninscky av., 65, 
E-mail: mesckalin@yandex.ru 

2OJSC DagNefteProduct, Russia, Makhachkala City 367009,  
the av. Aeroport street, 1 

The majority of known processes of clearing of water environments from oil 

pollution is based on use the methods of oxidation, flotation, absorbtion, and also 

methods of biological clearing. Under the total characteristics, including productivity, 

a degree of clearing, simplicity of technological decisions, the economic and power 

efficiency, the mentioned ways are conditionally suitable for the decision of similar 

problems. 

The clearing process of water environments from oil pollution and dangerous 

hydrocarbons aromatic and olefinic the lines, based on use is developed and tested 

in industrial scale as basic reactionary unit of the device of electromagnetic 

processing water environments. The principle of work is based on the phenomenon 

of acceleration microparticles association of mineral oil in conditions of interaction of 

an external variable magnetic field with ferromagnetic sorbent which particles have 

own constant magnetic field.  

Working parameters of a reactor electromagnetic association: 

Initial concentration of mineral oil  —   100  1 mg/L 

Final concentration of mineral oil  — 0,5  0,05 mg/L 

Productivity on initial water   — Up to 100 m3/h 

Operating mode    — Continuous 

Working temperature    — 0  50 °С 

Working pressure    — 0  1,0 MPa 

Besides direct use of the specified installation during water treating, there are 

variants of her modification, allowing her use in a number of adjacent tasks of oil 

extracting and processing. In particular, her use is planned during preliminary 

processing, tars, bitumen sand, in manufacture of dyes, etc. spheres.  

The general distinctive characteristics of installation: 

1)  High efficiency; 
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DEVELOPMENT OF ZEOLITE-LIKE MAGNETICALLY CONTROLLED 
CATALYSTS BASED ON ALUMINOSILICATE MICROSPHERES OF 

FLY ASH FROM THERMAL POWER STATIONS 

Yemelyanova V.S., Dossumova B.T., Aibassov Y.Zh., Baizhomartov B.B., 
Shakiyev E.M.  

Research Institute of New Chemical Technologies and Materials,  
Almaty, Republic of Kazakhstan, niinhtm@mail.ru  

The most original and perhaps the most valuable components of fly ash from coal 

combustion from thermal power stations (TPS) are hollow aluminosilicate 

microspheres, which is a hollow, nearly perfect form silicate spheres with a smooth 

surface, with diameters from 10 to several hundred micrometers, an average of about 

100 microns. The wall thickness from 2 to 10 microns, the melting temperature of 

1400-1500 °C, the density 580-690 kg/m3. The value of hollow aluminosilicate 

microspheres is determined by the fact that they are perfect fillers for a wide variety 

of materials. 

Fractional separation of aluminosilicate cenospheres of fly ash TPS is carried on 

the developed by us laboratory installation in the upward vortex flow of the separation 

medium with superposition of multiple pulsation and the magnetic field of certain 

intensity. Using modern methods we studied the composition and structure of narrow 

fractions of definite composition, sorption properties of cenospheres optimal for 

obtaining a multifunctional porous materials in which the obtained powder and block 

materials with a regular porous structure. 

Mossbauer studies of cenospheres have shown that in cenospheres with a 

content of more than 7 wt. % Fe2O3, iron forms part of two phases – defective 

magnetite (67 %) and a phase, in terms of parameters close to the disordered 

monticellite orthosilicate (Ca, Mg, Fe)2SiO4 (33 %). Defective magnetite at room 

temperature is in two magnetic equipartition states: ferrimagnetic and 

superparamagnetic. Magnetite sublattices are diluted by diamagnetic substitution. 

The diamagnetic dilution and the small size of the spinel formations lead to a 

superparamagnetic state and the destruction of fast electronic exchange between 

Fe3+ and Fe2+ ions in the B-magnetite sublattice. 

Cenospheres with a lower concentration of Fe2O3 (3-4 wt. %) contain iron in the 

spinel (47 %) and orthosilicate (53 %). The spinel is in the paramagnetic state at 
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room temperature. In silicate, iron in the divalent state occupies an octahedral 

position of the M2 type. 

Based on the analysis of the results, the following features of the 

superparamagnetic phase of iron can be noted in comparison with magnetite: 

– Mixed valence iron was not detected. Probably, the fast electronic exchange 

Fe3+ ↔ Fe2+, characteristic of stoichiometric magnetite, is destroyed by the combined 

action of diamagnetic dilution and the defectiveness of small spinel regions; 

– From the change in the populations of the iron positions with a decrease in the 

iron concentration in the cenospheres, it follows that Fe3+ cations enrich the 

tetrahedral sublattice, displacing Al3+ into an octahedral sublattice. 

On the basis of microspheres separated from fly ashes of brown or black coal 

combustion at thermal power plants, we are developing technologies of modified 

catalysts preparation for: cracking of heavy fuel oil or heavy oil, allowing to receive 

from heavy fuel oil to 64 wt. % of light fractions, including 14.5 % of gasoline, and up 

to 85 % of light fractions from heavy oil, including 37 % of gasoline fraction; 

hydrocracking, hydroconversion and hydroprocessing of hydrocarbon raw materials, 

allowing to bring the gasoline output with an octane number of 83.1 to 54.2 wt. %; 

paraffins dehydrogenation in the fluidized bed, which makes it possible to obtain at 

580 °C up to 54-55 wt. % isobutylene from isobutane and up to 37 % propylene from 

propane; ethylene polymerization, with polyethylene yield up to 1000 kg of 

polyethylene per catalyst gram; Fischer-Tropsch synthesis in a reactor with a 

suspended layer, with CO conversion above 80 % and the target hydrocarbon 

selectivity of C2-C4 + C5 is 94.4 wt. %; ethylene oxidative chlorination, allowing to 

obtain up to 98.4 wt. % of dichloroethane with an efficiency of C2H4 using to 

93.8 wt. %; methanol oxidation to formaldehyde, allowing under optimal conditions to 

bring formaldehyde yield to 99.9 % with 100 % selectivity of methanol oxidation to 

formaldehyde; methane oxidative conversion, which allows increasing the selectivity 

of C2-products formation to 67.4 %, with a methane conversion of 23.8 %, which 

corresponds to the best known catalysts of methane oxidative condensation process; 

microspherical catalyst for oil residues cracking, which makes it possible to increase 

the total yield of the distillate fractions to 58.0 wt. %, at a boiling point up to 350 °C, 

the yield of gasoline is up to 18 wt. %, octane number – up to 82.5. 
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REMOVAL OF THE INSECTICIDE METHOMYL FROM WATER TO 
MAGNESIUM-ALUMINUM-CARBONATE LAYERED DOUBLE 

HYDROXIDES 

Boudaoud N.1, Miloudi H.1, Tayeb A.1, Ureña-Amate M.D.2, Bendeddech A.1 
1University of Algeria, Faculty of Chemistry, Oran, Algeria, 

boudaoud_2007@yahoo.fr 
2Department of Chemistry and Physics of the University of Almeria, Almeria, Spain 

1. Introduction
HDL is a mixed plate-like hydroxide of di- and trivalent metals. The structure is 

described by the leaves piling (M(OH)2) which are the same as those of brucite. The 

trivalent metal presence leads to positive charged leaves. The electro neutrality 

assumes by the anion spices solvated bay water [1,2] present with in the leaves area 

[4] such as phases exist as minerals: hydrotalicites [Mg-Al], hydrocalumite [Ca-Al] the 

green rust [Fe+2 - Fe+3]. 

Otherwise, these minerals are rare in nature where the clay materials are 

essentially cationic clay (phyllosilicates). In seventies, the Miyata [9] works about the 

soft chemistry synthesis of HDL permitted their development. There are so 

many combinations (metals and leaves) that is possible to vary the chemical and 

physical HDL properties which increase the catalysis interest [6]. In another 

hand, the strongest ionic exchange capacities (3 to 4 meq/g) very reative 

hydroxide area favorises the chemisorptions. The HDL give also the possibility to 

catch the chemical pollutants [3,4]. It has already proved that the treatment of 

polluted water by nitrates, phosphate or chromates is efficient. HDL also plays a role 

in supporting or catalyzing the reduction of chemical pollutants [6]. 

2. Experimental
2.1. Synthesis 

All HDL have been prepared by co precipitated method at constant pH (S. Miyata, 

1975) [5,7,9]. It consists to realize a controlled precipitation by alkaline solution which 

contains the salt of the two cations. So, the phase [Mg2AlCO3] has been synthesized 

at an ambient temperature by a progressive addition of Mg(NO3)6H2O 0,5 M and 

Al(NO3)3, 6H2O 0,25M solution and Na2CO3 2M and NaOH 1M solution in reactor 

contained 100 ml deionised and carbonate less water under magnetic shaking. The 

pH is maintaed constant to the value 10 ± 0.1 by the addition of NaOH 2M. After 24 

H at 85 °C has been washed and centrifuged 3 times then let to dry at 65 °C.  
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Fig. 5. Influence of the pH on Methomyl adsorption on [Mg2AlCO3] 

3. Conclusion
The HDL offer to catch the organic pollutants. The Methomyl isotherm 

adsorptions are between type S and L this shows the moderate interactions between 

organic pollutants and clay. The absorption by exchange concerns first the surface 

then the whole solid. It depends on many factors: pH, charge density of leaver the 

clay morphology and solid / liquid. 
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ADSORPTION OF RHODAMINE B DYE ONTO EXPANDED PERLITE 
FROM AQUEOUS SOLUTION: KINETICS, EQUILIBRIUM AND 

THERMODYNAMICS 

Damiyine B., Guenbour A., Boussen R. 

Laboratory of Materials Nanotechnology and Environment, Department of Chemistry, 
Faculty of Science, University Mohammed V, BP1014, Rabat, Morocco 

Brahimgp@gmail.com 

Batch sorption kinetics of Rhodamine B (RB) by Expanded Perlite (EP) has been 

studied in terms of pseudo- first-order, pseudo-second-order and intra-particle 

diffusion models. The results showed that sorption process was best described by 

the pseudo-second-order model. The correlation coefficients R2 obtained from 

pseudo-second-order model were higher than 0.97 under all the experiment 

conditions. The effect of initial dye concentration, contact time, solution temperature 

and pH solution on kinetic parameters are discussed. Thermodynamic studies and 

adsorption isotherms Langmuir, Freundlich and Temkin were used to describe this 

phenomenon of adsorption. The adsorption process was followed by UV-

spectrophotometric technique in a specially designed adsorption cell. The results 

show that Expanded Perlite is a good adsorbent for the removal of Rhodamine B 

from aqueous solutions. The quantity eliminated was depended on the initial 

concentration, contact time, solution temperature and pH of solution. 
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Stockholm University, Department of Organic Chemistry, Stockholm, Sweden, 
davide.di.francesco@su.se 

The Bio-oil produced by pyrolysis of biomass has already shown potential to be 

considered sustainable and renewable energy source. However, high oxygen content 

and presence of phenolic compounds hinder the direct utilization of this promising 

product as a fuel. Therefore, further treatment is required in order to decrease the 

aromatic content. Many approaches have been proposed to improve the value of Bio-

oil [1]. In this work an alternative Palladium on carbon-polymethylhydrosiloxane 

reducing system able to selectively hydrogenate Bio-oil model compounds into 

ketones is reported. The reactions were carried out by using THF/H2O as solvent, 

Pd/C as heterogeneous catalyst and PMHS as hydride donor. These reaction 

conditions enable a selective hydrogenation of cresol isomers to the respective 

ketones. The presence of water is required since it contributes as a co-donor in the 

molecular hydrogen production [2]  

No reaction was detected when Pd/C is absent. The hydrodearomatization of 

both meta- and para-

cresols reached full 

conversion and 95 % 

selectivity to the 

corresponding ketone. The 

orto-cresol shows a lower 

reactivity due to the steric 

hindrance caused by the vicinal methyl group, which makes the molecule less prone 

to be stabilized by the Pd surface as shown by Liu et al.[3]. 

Using the procedure proposed herein, all the cresol isomers can be hydrogenated 

with good yields and selectivity, with the only exception of orto-cresol. As the 

hydrogen used by the reaction is produced in situ, pressurized hydrogen is not 

required which makes the process safer. Furthermore, the use of PMHS provides an 

improvement from environmental point of view since it is a residue coming from the 

silicon industry [4]. 

Figure 1. Reaction scheme of meta-cresol hydrodearomatization 
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Further investigation is ongoing on the applicability of these conditions to other 

classes of Bio-oil model compounds. 
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This study investigated the photocatalytic degradation of thiophene derivatives 

under UV light, taking thiophene as target material and using TiO2 as catalyst [1]. 

From the characteristic analyses, the maximum absorbance wavelengths for the 

studied compounds were determined experientally. The results proved that the 

photocatalytic degradation increased with the maximum absorbance wavelength as 

expected.  

This useful scientific information is discussed and correlations are established. 

References 
[1] M. Sokmen et al. / Journal of Photochemistry and Photobiology A: Chemistry 141 (2001) 63-67. 



PP-9 

156 
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Palladium and gold modified titania in the presence of oxygen and ozone 

containing mixture upon UV-A and UV-C irradiation were examined for their catalytic 

activity towards photodegradation of adipic acid (at 20 °C and atm. pressure). The 

samples were synthesized by extractive-pyrolytic method with 0.5 % loading of the 

active metal having particles size varying from 5 to 18 nm. The XRD, TEM and BET 

were employed for their structural and chemical characterization. In the presence of 

oxygen under UV-A light the apparent first-order rates constants of palladium and 

gold modified TiO2 samples were respectively 1.7 and 2.3 times higher than that of 

the pure TiO2 under same conditions. This higher conversion efficiency of the doped 

titania catalysts is due to the transfer of the ejected into the conduction band 

electrons of the TiO2 to the LUMO of the noble metal as a consequence of the 

difference between reduction potentials of the TiO2 and the noble metal which 

prevents the instant electron–hole recombination. Further, the effectiveness of the 

catalysts regarding to the photooxidation of adipic acid in the presence of ozone is 

greater both under UV-C and UV-A light for all samples tested. The reaction rate 

constants under 254 nm irradiation are about 3 times higher, relative to the irradiated 

with 365 nm light. This is due to the additional generation of HO• radicals by the 

ozone on the conduction band of the TiO2 photocatalysts as well as the result of O3 

photolysis by the UV-C light high energy photons. 

Acknowledgements 
The authors gratefully acknowledge financial support by State Science Fund, Ministry of 

Education and Science of Bulgaria (Project DFNI T-02-16/12.12. 14). 



PP-10 

157 

CATALYTIC ACTIVITY OF Ru-CONTAINING HALLOYSITE 
CATALYSTS IN HYDROGENATION OF AROMATIC COMPOUNDS 
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Halloysite is environmentally friendly, natural and cheap tubule nanomaterial 

available in thousand tons. Halloysite nanotubes are formed by 10-15 revolution of 

kaolin alumosilicate sheets and have diameter of 50-60 nm, a lumen of 12-15 nm and 

length of 500-800 nm. Halloysite surface is SiO2 and the tube inside is Al2O3 which 

are oppositely (positive / negative) charged at pH range of 3-9 [1]. Due to its tubular 

structure, halloysite could be used as a container for stable metal nanoparticles and 

its side dependent chemistry make it a perfect material for modification.  

In this work we compare two types of halloysite based Ru-nanocatalysts 

(Ru/halloysite; M-Ru/halloysite) with Ru nanoparticles assembled inside halloysite 

nanotubes in reaction of aromatic hydrocarbon hydrogenation under two-phase 

condition. Ru/halloysite was synthesized using pristine halloysite as a carrier and  

M-Ru/halloysite was synthesized using halloysite modified with cetyl 

trimethylammonium bromide. In both nanocatalysts Ru-nanoparticles were 

synthesized using Schiff base assisted metal salts intercalation techniques followed 

by in-situ reduction with NaBH4 [2].  

All samples were characterized by IR and 27Al NMR spectroscopies, low-

temperature adsorption/desorption of nitrogen and XPS techniques. The formation of 

metal nanoparticles in the internal cavity of halloysite was proved by TEM. Metal 

content was determined by X-ray fluorescence spectroscopy. According to XPS data, 

metal nanoparticles are preferably in the zero valent state.  

Catalytic hydrogenation of aromatic compounds was carried out in a stainless 

steel 40 ml Parr batch reactor heated in a temperature-controlled oven. In a typical 

experiment, 250 l of aromatic compounds (benzene, toluene and ethylbenzene) and 

250 l of water were placed to the reactor. Next, 5 mg of Ru/halloysite or  
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M-Ru/halloysite (metal content 1 % wt) was added. The reactor was sealed at the H2 

pressure of 3.0 MPa and heated to the reaction temperature (80 °C). Reaction time = 

1 hour. Halloysite based catalysts showed high activity in the hydrogenation of 

aromatic compounds in the presence of water. It was shown, that aromatic 

compounds conversion under two-phase conditions on the Ru/halloysite catalyst is 

88 % with 96-100 % selectivity of each product: cyclohexane, methylcyclohexane 

and ethylcyclohexane. It was shown, that M-Ru/halloysite catalyst is more active in 

hydrogenation of aromatic compounds with the presence of water. Thus, conversion 

of aromatic compounds is higher and is about 99 % while maintaining products 

selectivity. 
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Diminishing reserves of the easily available petroleum resources and 

environmental impact of fossil fuels are the driving forces to the search of alternative 

energy and new carbon sources. Undoubtedly, carbon-containing molecules found in 

renewable biomass represent a sustainable feedstock for the chemical industry. 

Specifically furan compounds, such as 5-hydroxymethylfurfural (HMF) and its 

oxidation derivatives, have high potential for the production of chemicals and fuels. 

Moreover, their production from C6-sugars affords high carbon profit and they are 

considered key platform chemicals in the biobased renaissance [1, 2]. For instance, 

5-hydroxymethyl-2-furancarboxylic acid (HFCA) derived from the selective oxidation 

of the aldehydic moiety of HMF, serves not only as a monomer in the synthesis of 

various polyesters, but also shows antitumor activity [3]. Much more research interest 

has been devoted to the synthesis of 2,5-furandicarboxylic acid (FDCA) considered a 

top selected value-added chemical from biomass and a possible replacement 

monomer for terephthalic acid used to produce polyethylene terephthalate (PET) and 

polybutylene terephthalate (PBT) [4]. So, the aim of this study is the environmentally 

friendly synthesis of HFCA and FDCA through heterogeneously catalyzed reactions 

in water at mild conditions so as to guarantee a sustainable development. Pd doped 

Fe3O4 is proposed as easily recoverable and versatile catalyst being able to reach up 

to 86 % yields of HFCA when subjected to 10 atmospheres of O2 and 60 °C in the as 

synthesized form. On the contrary, this catalyst can reach up to 70 % FDCA yields 

when working at 40 °C and atmospheric O2 pressure in a mildly reduced form. 

In order to design a truly sustainable process also from the economic point of 

view, biomass derived HMF raw liquors must be employed. The use of this type of 

liquors avoids complex, expensive and inefficient HMF purification processes, 

adjourning them to the refinement of the final product. 
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Therefore, catalysts here proposed were also tested in a cascade process of 

biomass valorization using raw hydrolysates derived from cellulose. These aqueous 

liquors obtained by hydrolysis and dehydration with a solid acid contained mostly 

HMF and furfural as well as small amounts of unreacted sugars. Quite good results 

were obtained from the cascade process using Pd doped Fe3O4 leading to 81 % yield 

of HFCA, 4 % FDCA and 80 % yield of furoic acid (main furfural oxidation product). 

These preliminary results evidence the robustness of this catalyst and the high 

feasibility of this cascade approach. 
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Due to its ability to store large amounts of hydrogen (19.6 wt. %), ammonia 

borane (AB = H3N-BH3) is considered one of the main alternatives as future fuel 

carrier. One of the problems to be resolved about this substance is finding suitable 

methods to release its hydrogen at relatively low temperatures. Among some others, 

catalytic methods are very good alternatives.1,2 

In this work we explore the use of the predicted more reactive gold-platinum 

tetramer cluster, the global minimum species of composition Au2Pt2,3 as a catalyst for 

the dehydrogenation of AB. A systematic stochastic-based search4 and subsequent 

gradient-based optimization of the AB-Au2Pt2 structures at high levels of theory, 

including relativistic effects for the Au and Pt atoms, gave an exhaustive scanning of 

the configurational space for the system. It was found that the AB molecule always 

interact with the Au2Pt2 clusters through the B-H unit of AB and the Pt atoms of 

Au2Pt2. The energy profile for the release and diffusion of hydrogen on the gold-

platinum cluster, indicates that it is a favorable process from thermodynamic and 

kinetic point of views, and that occurs more easily than in the case of using Au4. 
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Due to high catalytic activity in oxidative processes, high mixed ionic (O–2) and 

electronic conductivity at elevated temperatures La1–xCaxCoO3– perovskites have 

technological interests as materials for oxygen permeable membrane, electrodes in 

solid oxide fuel cell, oxygen sensors and catalysts for deep oxidation process. 

Preparation route may play a very important role in their properties due to influence 

not only on microstructure and defect structure of perovskites but on a phase 

composition as well. Among different routes for perovskite preparation Pechini and 

mechanochemical (MC) routes are of interests due to their energy efficiency and 

waste less. 

The goal of the paper is preparation of La1–xCaxCoO3– oxides via Pechini and 

MC routes and investigation of their physical and chemical properties and catalytic 

activity in methane and CO oxidation processes that is very important for design of 

advanced catalytic system and catalysts for exhaust gas cleaning. 

By Pechini route La1–xCaxCoO3– (x=0-1) oxides were prepared from appropriate 

nitrates taken in needed proportions. After their solution and mixing, ethylenglycole 

and acetic acid were added and then solutions were aged at 70-80 °C until resins 

were formed. Obtained precursors were calcined at 900 °C during 4 h. Synthesis by 

MC route was done using La2O3, Co3O4 and CaO oxides in needed proportions. After 

their MC treatment in the APF-5 planetary ball mill, powders were calcined at 

1100 °C for 5 hours. The ratio of the weights of milling balls and oxide powders was 

equal to 10:1, acceleration achieved in the drums of the mill was ~ 40 g.  

Catalytic activity in methane oxidation was studied with 0.25-0.5 mm particles in 

flow reactor in the range of 250-600 °C. Oxidation products were carbon dioxide and 

water. Samples before and after tests were studied with XRD, TEM, TA, H2-TPR, 

BET.  

According to XRD data formation of single-phase solid solutions in the range of 

0≤x≤0.4 was revealed for samples prepared by Pechini route although HRTEM 

revealed presence of admixtures of simple oxides as well. At x>0.4 the brownmillerite 

phase is additionally appeared. After catalytic tests in CH4 oxidation phase 
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composition and structure of the samples did not change significantly, but HRTEM 

indicates formation of nanoheterogeneity in perovskite particles. So LaCoO3– 

perovskite with rhombohedral structure modification after test is characterized with 

appearance of clusters with orthorhombic structure modification. In the samples with 

x=0.2 and x=0.4 there is formation of planar defects in (101) direction of the 

crystallographic planes. As a result in La0.6Ca0.4CoO3– sample after test the areas 

with alternating layers of the perovskite and brownmillerite structures are formed 

probably due to surface layers decomposition. 

According to X-ray data all prepared by MC route samples in addition to 

perovskite contain admixtures of Co3O4 and/or CoO phases. Increase in Ca content 

leads to change perovskite structural modification from hexagonal (x<0.4) to cubic 

(x>0.4). At that samples with x=0.4-0.7 may contain both perovskite structural 

modifications. Starting from x=0.6 admixture of Ca2Co2O5 with brounmillerite 

structure is appeared while perovskites content is decreased. According to TEM data 

perovskite particles consist of the blocks, their size is varied from 100 nm up to 

1 mkm, while Co3O4/CoO particles are of 10-50 nm and aggregated. In addition 

calcium and/or lanthanum oxides were detected in the samples as well.  

According to H2-TPR data Ca adding leads to increase total hydrogen 

consumption as well as consumption up to 500 °C that may be due to Co+4 formation, 

but its quantity is lower than calculated per x.  

Catalytic activity in methane oxidation depends on the samples composition and 

preparation route. In prepared by Pechini samples Ca adding up to x=0.3 leads to 

increase activity and then at x≥0.4 to decrease. Probably that formation of vacancy 

ordered structure (braunmillerite layers and then phase) leads to decrease activity at 

x≥0.4. In prepared by mechanochemical route samples Ca adding leads to decrease 

the activity very probably due to surface segregation of CaO. So оbtained activity row 

for prepared by Pechini route samples: 0.2=0.3>0.4=0.6>0>0.8=1 differ from that for 

samples prepared via mechanochemical route in which the highest activity possess 

the sample with x=0 probably due to Сo3O4 surface segregation. Taking into account 

both data on samples activity and stability namely LaCoO3– perovskite is the most 

promising for different oxidation processes in La1–xCaxCoO3– oxide samples.  
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Ozone is widely used in the industrial and environmental processes such as 

semiconductor manufacturing, deodorization, disinfection and water treatment [1]. 

The residual ozone must be removed because on the ground level it is an air 

contaminant [2]. An effective method 

for purification of waste gases 

containing ozone is the heterogeneous 

catalytic decomposition [3]. A range of 

catalytic samples made by extractive-

pyrolytic method and based on nickel 

and palladium nanoparticles supported 

on inorganic supports such as 

activated carbon, silica, alumina and 

aluminium oxide hydroxide were 

tested in the reaction of ozone 

decomposition. Kinetic experiments at 

dry and humid ozone decomposition over alumina supported Ni/Pd catalytic samples 

were performed at O3/O2 flow rates between 6.0 and 24.0 l h–1. The properties of the 

catalysts were confirmed by using various characterization techniques as XRD, SEM 

and TEM. 
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The resources of larch-wood are large in the north regions of Russia, Canada 

and Europe. Meanwhile the larch-wood is little used for the production of pulp thanks 

to the high content of water-soluble substances and to the high density of wood. But 

the presence in larch- wood such biologically active substances, as flavonoid 

dihydroquercitin (QDH) and polysaccharide arabinogalactan (AG) makes appropriate 

the complex valorization of larch-wood biomass to produce bulk and fine chemicals. 

This presentation describes the results of the study of larch-wood green 

biorefinery to produce fine chemicals, microcrystalline cellulose and enterosorbents. 

Methods of ultrasonic, shock- acoustic, mechanochemical and steam – explosion 

impact are successfully used to intensify the AG extraction from larch-wood by the 

water. 

Ultrasonic treatment of powdery wood during 0.5-1.0 min increases the yield of 

AG from 9.4-13.3 % mas. (conventional extraction at 95 °C) to 24.6-25.0 % mas. 

Shock-acoustic treatment of powdery wood allows to increase by 2.5 times the yield 

of AG, while reducing the temperature of extraction process from 95 °C to 25 °C and 

the extraction time from 120 min to 1 min. 

It was shown that ethanol-water mixture extracts from larch-wood at the same 

time QDH and AG with high yields. The maximal yields of QDH (1.8 % mas.) and AG 

(19.0 % mas.) were achieved by extraction of larch-wood with 15 % ethanol during 

2 h. Mechanochemical activation of wood shortens the time of QDH and AG 

extraction up to 30 min. 

For valorization of extracted larch-wood the process of peroxide catalytic 

fractionation of wood on cellulose and soluble lignin in the medium of acetic acid – 

water was suggested to use. The activity of catalysts H2SO4, H2MoO4, Fe2(MoO4)3 in 

this process was studied at 130 °C. It was found that the maximal activity has the 

catalyst 5 % H2MoO4, which allows to obtained with the yield of 40 % mas. the 

microcrystalline cellulose along with soluble lignin. 
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The method of preparing of effective enterosorbents from soluble lignin was 

developed. Obtained enterosorbents have the sorption properties similar to the 

commercial enterosorbents “Polyphepan” 

Kinetic studies and optimization of the processes of larch-wood extraction by 

water-ethanol mixture and of extracted wood fractionation on MCC and soluble lignin 

in the medium “H2O2 – CH3COOH – H2O – catalyst H2MoO4” were carried out.  

Yields of the products obtained from larch-wood at optimal conditions of wood 

extraction by 15 % C2H5OH and extracted wood peroxide catalytic fractionation (% 

mas. on a.d.w.): QDH – 1.8; AG – 19; MCC – 40, enterosorbents – 10. 

Products of larch-wood biomass biorefinery were studied with the use of FTIR, 

solid state 13C CP/MAS, XRD, SEM, elemental analysis and chemical methods. 

The results of accomplished study allowed us to propose a scheme of green 

biorefinery of larch-wood with obtaining of QDH, AG, MCC and enterosorbents. 
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Biomass-derived polyols are emerging as promising building blocks for value-

added chemicals [1]. In particular, EG and PG, are important precursors for 

pharmaceuticals, liquid fuels, emulsifiers, and surfactants. The natural resource for 

the industrial production of these glycols is a fossil fuel, oil. An alternative pathway to 

EG and PG is cellulose catalytic hydrogenolysis in water. This reaction can be 

carried out as a one-pot process in subcritical water with various heterogeneous 

catalysts [2]. Ru-containing catalysts are considered to be the most active [3, 4]. 

Here, we describe successful one-pot syntheses of EG and PG from cellulose in a 

sustainable environment of subcritical water using Ru-containing magnetically 

recoverable catalysts based on magnetic silica. Three Ru-Fe3O4-SiO2 samples have 

been synthesized using thermal decomposition of Ru(acac)3, whose amounts were 

varied to allow for 1, 3, and 5 wt. % of Ru by loading.  

Figure 1 shows that 

selectivities to EG and PG 

are nearly identical for all 

thee magnetic catalysts 

and much higher than 

those for 5 wt. % Ru/C and 

3 wt. % Ru/MN 270.  

It is noteworthy that 

cellulose hydrogenolysis 

with a heterogeneous catalyst is challenging considering that two solids are present 

in the reaction medium: cellulose and catalyst. Thus, a small amount of the catalyst is 

beneficial (especially for a magnetic separation) leading us to conclude that Ru-

Fe3O4-SiO2-3 with the highest Ru content is the most promising for this reaction 

because less catalyst is needed. Therefore, all further studies were carried out for 

Ru-Fe3O4-SiO2-3. The highest selectivities to EG (19 %) and PG (20 %) were 

obtained for 50 min at 255 °С, 60 bar hydrogen pressure, 0.1167 mmol of Ru per 1 g 

Figure 1. Selectivities to EG and PG in cellulose hydrogenolysis 
for the catalysts studied (0.1167 mmol Ru per 1 g of cellulose;  

0.3 g of cellulose; 30 mL H2O; 255 °С; P(H2) 60 bar) 
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of cellulose and 0.195 mole of Ca(OH)2 per 1 mole of cellulose. In these conditions 

the cellulose conversion was 100 %. Comparing the catalytic performance of Ru-

Fe3O4-SiO2-3 with that of Ru/SiO2 (containing 5 wt. % of Ru and prepared in 

analogous conditions), we proposed and validated a hypothesis that the Fe3O4 

promotes hydrogenolysis. 

We developed magnetically recoverable catalysts containing 2 nm Ru NPs in 

mesoporous Fe3O4-SiO2 with the Ru nominal loading of 1, 3, and 5 wt. %. XPS 

showed that the surface of Ru NPs contains an equimolar ratio of Ru0 and Ru4+ 

species. All three catalysts exhibited excellent activities in cellulose hydrogenolysis to 

EG and PG, independent of the Ru loading, revealing that for all three compositions 

the Ru NP surface is accessible to reagents. The EG and PG selectivities were 

shown to depend on temperature, reaction time, and Ru and Ca(OH)2 loadings. It is 

worth noting that the activities and selectivities of the Ru-Fe3O4-SiO2 catalysts 

described in this work significantly exceed those for the commercial Ru/C catalyst 

and Ru/MN-270 reported by some of us previously. These factors and the excellent 

stability of the Ru-Fe3O4-SiO2-3 catalyst in the repeated use after magnetic recovery 

make this catalyst promising for industrial applications in biomass processing to 

value-added chemicals and biofuels. 

References 
[1] X. Jin, D. Roy, P.S. Thapa; B. Subramaniam, R.V. Chaudhari, ACS Sustain. Chem. Eng. 2013, 1 

(11), 1453-1462.  

[2] J.J. Verendel, T.L. Church, P.G. Andersson, Synthesis 2011, (11), 1649-1677. 

[3] C. Luo, S. Wang, H. Liu, Angew. Chim. Int. Ed. 2007, 46 (40), 7636-7639. 

[4] O.V. Manaenkov, V.G. Matveeva, E.M. Sulman, A.E. Filatova, O.Y. Makeeva, O.V. Kislitza,  
A.I. Sidorov, V.Y. Doluda, M.G. Sulman, Top. Catal. 2014, 57 (17-20), 1476-1482. 

Acknowledgements 
The research leading to these results has received funding from the Russian Foundation for Basic 

Research (15-08-00455_A and 16-08-00401). 



PP-17 

169 

OXIDATIVE CONVERSION OF LIGHT ALKANES TO NEW 
COMPOSITE MATERIALS 

Massalimova B.K.1, Tungatarova S.A.2, Nurlybayeva A.N.1,  
Matniyazova G.K.1, Kalmakhanova M.S.1 

1M.Kh. Dulaty Taraz State University, Taraz, Kazakhstan,  
E-mail: massalimova15@mail.ru 

2D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry, Almaty, Kazakhstan 

Oxidative conversion of light alkanes by air to hydrogen at Т = 623-873 К and 

space velocity 330-15000 ч–1 on polyoxide catalysts containing 1-, 5-,10 % Mo, Ga, 

Cr of different composition and ratio supported on natural Torgai clays (TC), Sary-

Ozek, Chankanai, IK-30 and IR-301 zeolites. The purpose of this work is the 

development of new composite materials, supported on Torgai clays for the process 

of oxidative conversion of light alkanes tohydrogen, investigation the influence of 

technological reaction parameters (temperature, composition and content of catalyst 

active phase, contact time and composition of reaction mixture) on yield and 

selectivity of process, determination of optimal reaction conditions and physical and 

chemical properties of catalysts. The experiments were carried out at atmospheric 

pressure in a continuous-flow unit with a fixed-bed quartz-tube reactor. Analysis of 

the reactants and products was carried out chromatographically with an “Agilent 

Technologies 6890N” instrument. The catalysts were investigated by X-ray diffraction 

(XRD), electronic microscopy (EM), infra-red spectroscopy, and their surface area, 

porosity, and elemental composition were determined. The investigation on influence 

of the nature of carrier on yield of hydrogen from reaction temperature was carried 

out. It was shown that more high yields of hydrogen were produced over Torgai white 

clay (TWC). Мо, Cr and Ga samples show more optimal properties during 

investigation of the series of monometallic supported over ТWC catalysts. It was 

carried out the investigation of the physical-chemical properties of catalysts by 

complex methods and determined the correlation between catalytic and physical-

chemical properties. The results indicate that there are reserves for increase of yield 

of hydrogen for granulated catalysts on a base of polyoxometallates. 

References 
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presents a remarkable loss of mass around 450 °C, referring to elimination (burning) 

of the coal shell. By Raman spectroscopy (Figure 2C), two characteristic bands of 

compounds containing carbon, D and G bands are identified [4]. The evaluation of 

the catalytic activity of the system is being summarized in Table 1. 

Table 1. Oxidation reactions of glycerol employing Au@C as catalyst 

T (°C) Conversion (%)a 
Selectivity (%)b 

AM AT AG GA AF AL AC 

80 76 33 14 29 3 20 0 0 

100 94 0 6 33 18 41 0 2 

a 200 mL steel reactor; Reaction time: 3 h; Pressure: 5 bar (1 load); Mole ratio NaOH: glycerol: Au: 3000: 1000: 1. 
b AM= mesoxalic acid; AT= tartronic acid; AG= glyceric acid; GA= glyceraldehyde; AF= formic acid; AL= lactic 
acid; AC= acetic acid. 

The synthesis of the Au@C nanocatalyst was quite reproducible. It is possible to 

verify the effective reactivity of the catalyst. At the temperature of 100 °C in the used 

condition, there is great formation of formic acid, which indicates that reactions with 

breakage of the C-C bond occur. More test are in course to improve the selectivity of 

the system. 
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PREPARATION OF NANOCATALYSTS IN A POROUS Al2O3 MATRIX 

Nasullaev Kh.A.1,2, Yunusov M.P.2, Sayidov U.Kh.3, Mamatkulov Sh.I.2, 
Gulomov Sh.T.2, Kadirova Sh.A.1 

1National University of Uzbekistan named after M. Ulugbek, Tashkent, Uzbekistan 
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2Uzbek Chemical-Pharmaceutical Research Institute named after A. Sultanov 
(UzCPRI), Tashkent, Uzbekistan 
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Wide-porosity carriers with a bimodal size distribution for the analyzed catalysts 

of oil refining technologies. The effectiveness of the method of molecular layering of 

TiO2 from the vapor phase for the production of alumina and alumocaoline carriers 

modified with titanium dioxide is considered. Transition metals of groups VI and VIII 

The periodic system on carriers with a typical pore distribution: 50 nm was applied 

either by sequential impregnation or from the joint content of the corresponding salts. 

An attempt has also been made to apply molybdenum by magnetron sputtering and 

physical deposition. 

Especially for the preparation of nanocatalysts, a monoporous Al2O3 matrix was 

used with dimensions of about 50 nm and 50 m thick, prepared by electrochemical 

anodizing of aluminum foil. The peculiarities of the molecular structure of mono-

porous Al2O3 made it possible to effectively apply the molecular layering method to 

their solutions. For example, a porous alumina plate was immersed in an aqueous 

solution of Ni (NO3) 2 6H2O, after the first adsorption cycle of the sample, it was 

abundantly washed with distilled water to remove physically adsorbed nickel nitrate, 

dried and again immersed in the impregnating solution. After several cycles, the plate 

was annealed in air. Scanning electron microscopy has shown the formation of a 

network structure with dimensions of NiO ~ 100 nanometers on the surface and in 

the pores of the matrix. 

The influence of synthesizer and catalyst technologies on the dispersity of 

transition metal particles, as well as their activity in model hydrogenation reactions of 

hexene-1, cyclohexene and thiophene, is compared. 
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SYNTHESIS OF DIMETHYL CARBONATE BY 
TRANSESTERIFICATION OF CYCLIC CARBONATE WITH 

METHANOL USING SOLID BASE CATALYSTS 

Nayana T. Nivangune1, Ashutosh A. Kelkar1, Vivek V. Ranade2 
1Chemical Engineering and Process Development Division,  

National Chemical Laboratory, Pune 411008, India. 
 nt.nivangune@ncl.res.in, aa.kelkar@ncl.res.in 

2School of Chemistry and Chemical Engineering, Queen's University Belfast,  
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The catalytic transformation of cheap and renewable CO2 to chemicals and fuels 

is highly attractive. In particular, the chemical fixation of CO2 into cyclic carbonates 

and further its conversion to dialkyl carbonates via tranesterification has attracted 

extensive attention in both academia and industry (Scheme 1).[1] The first step 

(synthesis of cyclic carbonates (EC/PC)) has already been established with 

conversion and selectivity close to 100 %.[2] Therefore, much attention has been 

paid on the transesterification of cyclic carbonate and alcohol to corresponding 

dialkyl carbonate (eg.DMC and DEC). Dimethyl carbonate (DMC) has been proposed 

as a green reagent to replace highly toxic phosgene for alkylation and carbonylation 

reactions [3]. Worldwide consumption of DMC has been increasing continually 

because of its applications in fuel technology, pharmaceuticals and electrochemical, 

and catalytic reactions [4].  

 
Scheme 1. Two step synthesis of dialkyl carbonate 

Synthesis of dimethyl carbonate (DMC) by transesterification of cyclic carbonate 

(EC and PC) with methanol was investigated using hydrotalcites (HTs) and mixed 

metal oxides (MMOs) as catalysts. A series of HTs and MMOs were synthesized by 

co-precipitation method. All synthesized catalysts were characterized by XRD, FT-IR, 

TEM, N2 sorption, benzoic acid titration and CO2-TPD in detail and evaluated for 

selective synthesis of dimethyl carbonate by transesterification of a cyclic carbonate 
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with methanol. Good results were obtained with Mg: Fe: Ce HT and Li-Al MMO as 

catalysts (Table 1). Among this Li-Al MMO,  showed the best activity towards DMC 

synthesis. Activity was strongly dependent on the physicochemical properties of 

synthesized catalysts. Detailed optimization study was carried out for both the 

catalysts and catalysts were stable for 5-7 recycles maintaining high activity and 

selectivity towards DMC. Interestingly Li-Al MMO was found to be good catalyst for 

tranesterification of PC and methanol. The obtained results were found to be better 

than the reported heterogeneous base catalyst for this reaction.  
Table 1. Transesterification of cyclic carbonate with methanol 

Sr.no Catalyst Reaction time
(h) 

EC conversion 
(%) 

DMC selectivity
(%) 

1 Mg:Fe:Ce (3:0.85:0.15) HT 3 87 100 

2 Li-Al (MMO) 1 84 100 

3 Li-Al (MMO) 3 75* 100 
* propylene carbonate 

Reaction conditions: EC/PC: MeOH molar ratio: 1:10, Catalyst: 2.5 wt % 

relative to EC/PC, Reaction Time: 1-3 h, Temperature: 70 °C.  
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CATALYTIC PROCESSES OF CARBOXYLIC ACIDS PRODUCTIONS 
FROM THE RENEWABLE RAW MATERIALS 

Pai Z.P., Selivanova N.V., Berdnikova P.V. 

Boreskov Institute of Catalysis SB RAS, 
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Conversion of hydrocarbons into oxygen-containing derivatives is the great 

interest for both basic researches and industrial purposes. In this regard the 

development of effective and selective catalysts for the unsaturated hydrocarbons 

oxidations under mild conditions is currently important [1]. 

The phase-transfer catalysis allows the oxidation reactions of various organic 

substrates to be carried out under mild conditions – at low temperature (up to 100 °С) 

and atmospheric pressure. The important advantage of this catalytic method is the 

possibility of process implementation in the absence of hazardous organic solvents. 

Therefore, the phase-transfer catalytic reactions can be related to the "green" 

chemistry. The problem of a homogeneous catalyst separation from the reaction 

mixture in this case is solved by separating the phases since the catalyst and the 

final product are in different phases – organic 

and aqueous, respectively. 

The available and environmentally friendly 

30% aqueous hydrogen peroxide is used as 

an oxidant. The reaction is performed in the 

presence of bifunctional catalytic systems 

based on peroxocomplexes of tungsten in 

combination with quaternary ammonium 

cations – Q3{PO4[WO(O2)2]4}, where Q+ is 

quaternary ammonium cation [2]. 

In this work it was considered of possibility of a succinic acid getting from the 

furfural. The last can be obtained from an acid-catalyzed hydrolysis of a pentosans-

containing biomass – waste products of agricultural crops processing (sunflower, 

corn, etc.). Currently, the worldwide annual production of furfural is about 250-

700 kt/a [3]. 
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As a result of the performed researches it was established that the furfural 

oxidation by 15 %-H2O2 in the presence of the catalyst [C5H5NCetn]3{PO4[WO(O2)2]4} 

at 60-70 °C proceeds with the substrate conversion up to 100% but with a low yield 

(15-30 %). It was shown that the succinic acid yield can be increased in the presence 

of catalysts on the basis of the tetra(oxodiperoxotungstate)phosphate(3-) like these 

Q3{PO4[WO(O2)2]4}, where Q = [(n-Hex)4N]+, [(n-Bu)4N]+, [Benz(n-Pr)3N]+, [Me(n-

Oct)3N]+, by 2-2,5 times. 
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Lignin is the second most abundant natural biopolymer and due to its aromatic 

structure is a promising source of renewable products and chemicals [1]. The 

oxidation of lignin by homogeneous catalysts represents one of the most promising 

approaches toward the production of fine chemicals from lignin [2].The carbonylation 

chemistry constitutes an industrial key technology, which produces many products for 

our daily life. Among the different types of carbonylation reactions, palladium-

catalyzed oxidative carbonylation apply various organic nucleophiles or electrophiles 

in presence of CO and oxidative reagents to prepare various carbonyl containing 

compounds [3]. Scheme 1 shows the general reaction mechanism for the direct 

carbonylation of arenes. In this work two lignin monomers that are produced by 

depolymerization of lignin at mild reaction conditions were oxidized by different 

reaction conditions, catalysts, oxidant aiming for high yield or aromatic acids. The 

best results are summarized in Table 1 and Table 2.  
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Scheme 1. Oxidative carbonylation mechanism of arenes 
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Table 1. Oxidative carbonylation of guaiacol (G) 

React. Oxidant Catalyst Solvent PCO 
(bar) Temp.(°C) 

Yield 
VA* 
(%) 

Yield 
MSA* 
(%) 

Conv 
(%) 

G K2S2O8* Pd(OAc)2* TFA* 1 R.T. 46 5 100 

G K2S2O8* Pd(OAc)2* TFA* 1 50 36 5 86 

G K2S2O8* Pd(OAc)2* TFA* 1 100 30 4 97 

K2S2O8*: potassium persulfate, Pd(OAc)2*: palladium (II) acetate TFA*: trifluoroacetic acid; VA*: vanillic 
acid;MSA*: 3-methoxysyringic acid 

 
Table 2. Oxidative carbonylation of syringol (S) 

React. Oxidant Catalyst Solvent Water 
L 

PCO 
(bar) Temp. (°C) 

Yield 
SA* 
(%) 

Conv 
(%) 

S K2S2O8 Pd(OAc)2 TFA 100 1 50 54 100 

S K2S2O8 Pd(OAc)2 TFA 100 1 50 37 100 

SA*: syringic acid 
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An increasing number of attentions have been paid on perovskite (ABO3) 

structure because of their excellent performances among photocatalyst, such as the 

photodegradation of organic pollutants and the decomposition of water for hydrogen 

production [1-3]. In order to enhance the photocatalytic efficiency and meet the 

practical application, some attempts have been made to solve the problem by 

coupling with semiconductors [4], modification with noble metals [5], or controlling the 

shape of photocatalysts [6]. A survey of the physical and chemical properties of these 

catalysts reveals that characteristics of perovskites are closely related to their 

catalytic behaviors.  

In this work, we report the synthesis of the Pd-doped LaMnO3 nanoparticles (at 

different Pd concentrations:1 %, 2 %, 3 %) via sol–gel mehod using citric acid as a 

chelating agent, followed by heat treatment at 600 °C, 6 h. The influence of heat 

treatment on phase composition, particle size, and morphology of the obtained 

materials have been investigated by X-ray diffraction (XRD), thermal analysis: 

thermogravimetric (TG), derivative thermogravimetry (DTG), surface area analysis 

(BET), scanning/transmission electron microscopy (SEM) and energy-dispersive  

X-ray spectroscopy (EDX).  

The structural characterization by X-ray powder diffraction revealed that obtained 

materials are well crystallized, the average size of the crystallites being 

approximately 60 nm, as confirmed by scanning electron microscopy (SEM). From 

the elemental analysis (EDX) it can be seen the presence of dopant (Pd), and the 

elements mapping has certified the homogeneous distribution of chemical elements. 

The photocatalytic activity of the as-prepared samples, evaluated by the 

photodegradation of aqueous methyl blue will be presented. Photocatalysis 

experiments will be conducted using simulated sunlight as a source of radiation. 
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CATALYTIC PURIFICATION OF WASTE GASES FROM SULFUR 
IMPURITIES IN THE PRESENCE OF MODIFIED CENOSPHERES OF 

THERMAL POWER STATIONS 
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Baizhomartov B.B.  

Research Institute of New Chemical Technologies and Materials,  
Almaty, Republic of Kazakhstan, niinhtm@mail.ru  

Magnetic aluminosilicate microspheres are one of the energy ashes components 

from the combustion of coal in the thermal power stations furnaces, which are formed 

as a result of thermochemical transformations of the mineral part of coal. The 

combination of magnetic properties and high thermal stability makes it possible to 

use them as functional materials and catalysts of waste gases purification from sulfur 

imputities. 

The microspheres phase composition is represented mainly by quartz and 

mullite. 

The chemical composition is represented by aluminum, silicon, iron, calcium and 

titanium oxides (~ 95 wt. %). 

IR spectra of the aluminosilicate catalyst showed that an intense absorption band 

is observed in the frequency range 1200-1000 cm–1. This frequency range is typical 

for the Si–O, Al–O, Si–O–Al groups:  – 1100, 1066, 1022, 1050, 900 cm–1. The 

absorption bands in the low-frequency region of the spectrum from 668 to 614 cm-1 

refer to Fe–O in the Fe2O3 group. 

To study the kinetics of sulfur dioxide oxidation with oxygen under steady-state 

conditions in aqueous solutions, in the presence of modified cenospheres, Na2SO3 

was used as a source of SO2, since under the experimental conditions at pH 10-12 in 

an aqueous solution SO2 is in the form of SO3
2-: 

2Na2SO3 + O2 → 2Na2SO4 

The main results of the microspherical catalysts study for the sodium sulfite 

oxidation by oxygen are summarized in Table 1. 
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Table 1. The sodium sulphite oxidation by oxygen in the presence 
of a microspherical catalyst 

Exp. 
No. 

Sample of 
cenospheres, g 

CNa2SO3
,  

mol/l 

CFeSO4
, 

mol/l 

CH2SO4
, 

mol/l 
t, °С 

Na2SO3 conversion 
degree, % 

WO2
, max, 

ml/min 

1 0 0.4 - - 40.0 100.0 0.6

2 0.1 0.4 - - 40.0 100.0 5.4

3 0.5 0.4 - - 40.0 100.0 4.4

4 1.0 0.4 - - 40.0 100.0 4.0

5 2.0 0.4 - - 40.0 100.0 3.4

6 0.1 0.2 - - 40.0 100.0 4.8

7 0.1 0.1 - - 40.0 100.0 3.6

8 0.1 0.2 1·10–4 - 40.0 100.0 4.0 

9 0.1 0.2 0.5·10–5 - 40.0 100.0 4.6 

10 0.1 0.2 1·10–5 - 40.0 100.0 6.8 

11 0.1 0.2 10–2 - 40.0 79.0 3.8 

12 0.1 0.2 - - 40.0 100.0 4.8

13 0.1 0.2 - 1.75·10–2 40.0 100.0 5.2

14 0.1 0.2 - 5.2·10–2 40.0 100.0 3.8

15 0.1 0.2 - 8.75·10–2 40.0 100.0 3.0

16 1.0 0.8 2.0 - 30.0 88.0 0.2

17 1.0 0.7 3.0 - 30.0 80.0 0.4

18 1.0 0.8 2.0 - 60.0 50.0 0.2

The table results indicate that the conversion degree and the process rate 

depend on the concentrations of the Na2SO3–Al–O–Si–Fe–H2SO4–H2O system 

components. Under optimal conditions, the Na2SO3 conversion degree reaches 

100 % and the maximum oxygen absorption rate reaches 6.8 ml/min. In most cases, 

the dependence of the Na2SO3 oxidation rate on the initial concentrations of 

components is extreme character. 
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CATALYTIC HYDROGENATION OF D-XYLOSE TO D-XYLITOL: 
TEMPERATURE FACTOR 

Sulman M.G., Sulman E.M., Grigorev M.E., Antonov E.V., Grebenyuk A.V. 

Tver State Technical University, Tver, Russia, sulman@online.tver.ru 

Xylitol is polyol with sweet taste and well soluble in water. It is stable at high 

temperature, more sweetly than saccharine and does not caramelize. Thus xylitos is 

widely used as sweetener, as a component of tooth paste, in food, cosmetic and 

pharmaceutical industry as well as to produce synthetic resins [1].  

In D-xylose hydrogenation two factors have great importance – temperature and 

pressure. High pressure is necessary to increase hydrogen solubility in liquid reaction 

medium. Process temperature, in turn, affects both hydrogen solubility and 

hydrogenation rate [2]. 

In [3] the authors used steel batch autoclave reactor obtain xylitol. Active metals 

Ru and Ni based on different supports were used as catalysts. In the presence of Ni 

catalyst at partial hydrogen pressure 0.1 MPa and temperature 140 °С xylitol yield 

does not exceed 30 %. As compared to Ni catalyst, xylitol yield in the presence of Ru 

catalyst reached up to 98-99 % at the same conditions.  

In current work xylose hydrogenation to xylitol was carried out in the presence of 

Ru/MN 100 catalyst (prepared by impregnation of hypercrosslinked polystyrene 

MN-100 with ruthenium (IV) hydroxochloride solution in complex solvent methanol-

tetrahydrofurane-water) varying 

reaction temperature in the range 

of 403-433 K. Experiments were 

performed at the following 

conditions: catalyst mass – 0.4 g; 

xylose initial concentration – 

0.4 mol/L; hydrogen partial 

pressure – 4.0 MPa. It was found 

that the increase in temperature 

led to the increase in substrate 

conversion (Fig. 1). 

However temperature increase negatively affects the process selectivity. 

Temperature growth leads to the decrease in xylitol selectivity down to 70 % at high 

Figure 1. Substrate conversion dependence on 
temperature 
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conversion degree. It can be explained by the increase in side reactions rate as well 

as substrate and product decomposition at higher temperatures.  
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EFFECTS OF Ni-M2O3 (M: Cr, Mn, Fe) CATALYSTS ON POM 
PARAMETERS IN MEMBRANE REACTOR 

Ushakov A.E.1, Markov A.A.1, Shmakov A.N.2, Patrakeev M.V.1,  
Leonidov I.A.1, Kozhevnikov V.L.1 

1Institute of Solid State Chemistry, Ural Branch of Russian Academy of Sciences, 
Department of oxide systems, 91 Pervomaiskaya Str., Yekaterinburg, Russia,  

E-mail: ushakov88817@gmail.com 
2Budker Institute of Nuclear Physics, Siberian Branch of Russian Academy of 

Sciences, 11 Akademika Lavrentieva str., Novosibirsk, Russia 

Application of mixed, oxygen ion and electron conducting oxides (MIECs) as 

ceramic membranes is promising for hydrogen production in the reactors for partial 

oxidation of methane (POM). Although conventional process for hydrogen production 

is steam reforming of methane, membrane POM reactors attract attention due to the 

integration of oxygen separation and methane conversion to syngas. To date, Ni 

catalysts for POM reactors have been widely studied because of their low cost and 

high activity. However, Ni catalysts tend to lose activity as a result of soot and coke 

formation. The additions of Cr, Mn and Fe to Ni / Al2O3 catalysts have been reported 

to improve stability Ni catalysts decreasing coke formation [1,2]. Therefore, we 

investigated the effects of Ni / M2O3 (M: Cr, Mn, Fe) catalysts on parameters of the 

POM prosess in the membrane reactor. 

Ni-M2O3 (M: Cr, Mn, Fe) catalysts were synthesized by co-impregnation of 

commercial -Al2O3 support. The BET surface area was determined with helping 

Micromeritics Gemini VII analyzer. The catalytic tests were carried out in a fixed-bed 

flow reactor operated at atmospheric pressure. The outer shell of the reactor was 

made of a quartz tube. The ferrous oxygen separating membrane was set inside the 

quartz casing in between alumina tubes that served also as in- and outlet air ducts 

[3]. The membrane sizes were 1, 10 and 30 mm for wall thickness, diameter and 

length, respectively. The space between the membrane and the casing was filled 

with the catalyst. The methane conversion XСH4 and selectivity SCO for CO were 

calculated as: 

Xେୌర ൌ
େୌర

౟౤	ି	େୌర
౥౫౪

େୌర
౟౤ ൈ 100	% (1)

Sେ୓ ൌ
େ୓౥౫౪

େ୓౥౫౪	ା	େ୓మ
౥౫౪ ൈ 100	% (2)
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Ni-M2O3 (M: Cr, Mn, Fe) catalysts exhibited stable parameters of the POM 

process. Syngas selectivity attained 96-98 % and methane conversion was 97-99 % 

for catalysts at methane flow values of 70-75 ml/min. The ratio of H2/CO was 1,9. The 

after test examination of the catalyst did not reveal any significant soot deposits. The 

obtained results can be recommended for testing of the catalysts in isothermal water 

splitting and hydrogen production. 
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Due to its potential applications to many environmental pollution problems, 

photocatalytic degradation of organic pollutants in waste water over semiconductor 

perovskites materials has attracted much attention [1]. These ABO3 type compounds 

have attracted great interest for the unique structural features, such as variety of 

structural phase transitions and the variable composition [2].  

In this study, we report the hydrothermal synthesis of undoped and Zr and Bi 

doped NaNbO3 powders with perovskite structure. This method reveals that can be 

obtained nanocrystalline materials with desired size and morphology at low 

temperatures. The obtained powders were characterized by X-ray diffraction (XRD), 

Raman spectroscopy, scanning electron microscopy (SEM), Energy-dispersive X-ray 

spectroscopy (EDX), Fourier transform infrared spectroscopy (FTIR) and the catalytic 

activity was studied. 

Figure 1. X-ray Difractograms for Zr4+ and Bi3+ 
doped NaNbO3 

Figure 2. Raman spectroscopy for Zr4+ and Bi3+ 
doped NaNbO3 

The XRD patterns of the obtained powders by hydrothermal method at 200 °C, 

for 12 h are shown in Fig.1. The X-ray diffraction data indicate that all samples have 

the orthorhombic crystal structure with space group Pmc21. 
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Figure 3. Scanning electron microscopy (SEM) images for Zr4+ and Bi3+ doped NaNbO3 

Figure 4. Energy-dispersive X-ray spectroscopy (EDX) for Zr4+ and Bi3+ doped NaNbO3 

From surface morphology of obtained materials it can be seen that the particles 

are cubic shape and well defined. The elemental analysis of the Zr and Bi doped 

NaNbO3 samples shows the presence of Zr, respectively Bi in the NaNbO3 samples. 
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OXIDATION OF PHENOL IN THE PRESENCE OF ENZYME-LIKE 
CATALYSTS IMMOBILIZED ON MAGNETIC NANOPARTICLES 

Yemelyanova V.S., Shakiyeva T.V., Dossumova B.T., Baizhomartov B.B. 

Research Institute of New Chemical Technologies and Materials,  
Almaty, Republic of Kazakhstan, niinhtm@mail.ru  

We found that immobilized on a natural polymer – humic acid (HA) – CoFe2O4 

ferrospinel is an active and selective catalyst for phenol oxidation, which is not 

inferior in catalytic properties to enzymes. It has magnetic properties and is easily 

separated from the reaction medium by magnetic separation. Highly dispersed 

magnetic CoFe2O4 particles were obtained by chemical coprecipitation using iron and 

cobalt chlorides and nitrates. Humic acid was extracted from brown coal of the 

Kiyakty deposit (Kazakhstan) according to the standard method (GOST-9517-94). 

The molecular weight of the humic acid structural cell is 1500 units. The 

hydrolysable part of the cell makes up 45 % of the humic acid mass and includes 

about 6 % amino acids, up to 25 % carbohydrates and the remnants of the fulvic acid 

type. Six-membered cycles are represented mainly by three- and four-substituted 

structures, which coincide with the identified products composition of humic acids 

oxidation. Six-membered cycles are connected by bridges with double bonds, which 

creates a fairly long and continuous coupling system. 

IR spectra allow us to conclude that humic acids are coordinated with Co(NO3)2. 

When hydrogen ions in carboxyl groups of humic acids are replaced by cobalt (II) 

compounds, the characteristic vibration band of carbonyl in carboxyl groups usually 

disappears or is weakened ( = 1690-1710 cm–1). Simultaneously, bands 

corresponding to vibrations of the carboxylate ion appear in the spectra. The 

absorption band intensity of antisymmetric vibrations increases with the increase in 

the filling of humic acids functional groups with cobalt ions. The Co–O bond formation 

in humic acid complexes is also confirmed by absorption in the frequency range 800-

500 cm–1, in particular, the bands at 760-660 cm–1 and in the 500 cm–1 region, which 

can be attributed to the stretching vibrations of cobalt carboxyls. Thus, it has been 

shown that carboxyl groups of humic acids are the centers for fixing magnetic 

composites in the role of a macroligand. 
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It is revealed that CoFe2O4 nanoparticles have a spherical shape, with the 

particle diameter reaching 7-20 nm. There is no sharp difference between the size 

and shapes of nanoparticles obtained by different methods. 

The CoFe2O4–HA nanocomposite hysteresis curves are recorded at 300 K and 

represent closed lines symmetrical with respect to the coordinate system. The curves 

shape proves the ferromagnetic nature of the material, which makes it possible to 

use it for magnetic separation. 

The experimental results of the catalytic phenol oxidation are summarized in 

Table 1. 

Table 1. Phenol oxidation in the CoFe2O4–HA–C6H5OH–H2O system 

CoFe2O4 
concentration, 

mol/l 

HA  
concentration, 

mol/l 

Phenol  
concentration, 

mol/l 
t, °С 

Phenol 
conversion 
degree, % 

Oxidation rate, 
Max, 

mol/l*min 

1.0·10–3 4.0·10–3 0.12 60 99.0 1.0·10–4 

2.0·10–3 4.0·10–3 0.12 60 98.0 4.0·10–4 

2.5·10–3 4.0·10–3 0.12 60 89.0 7.0·10–4 

3.0·10–3 4.0·10–3 0.12 60 87.0 1.0·10–3 

5.0·10–3 4.0·10–3 0.12 60 87.0 1.2·10–3 

5.0·10–3 2.0·10–3 0.12 60 86.0 6.0·10–3 

5.0·10–3 1.0·10–3 0.12 60 86.0 4.0·10–4 

5.0·10–3 4.0·10–3 0.05 60 99.0 8.0·10–4 

5.0·10–3 5.0·10–3 0.15 60 84.0 1.0·10–3 

5.0·10–3 5.0·10–3 0.2 60 76.0 6.0·10–3 

5.0·10–3 5.0·10–3 0.05 50 72.0 6.0·10–3 

5.0·10–3 5.0·10–3 0.05 40 64.0 5.1·10–3 

Throughout the CoFe2O4HA range studied, the oxygen absorbed amount does 

not change, the degree of phenol conversion ranges from 99.0 to 87.0 %. 
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ONE-POT PROCESSES OF ALKYL-SUBSTITUTED 
ANTHRAQUINONES SYNTHESES IN THE PRESENCE OF 

HETEROPOLY ACID SOLUTIONS AS BIFUNCTIONAL CATALYSTS 

Zhizhina E.G., Gogin L.L. 

Boreskov Institute of Catalysis SB RAS, 
Prospekt Akad. Lavrentieva, 5, Novosibirsk 630090, Russia; 

E-mail: zhizh@catalysis.ru 

At present, anthraquinone (AQ) and its derivatives are successfully used as the 

catalysts in the processes of delignification of wood. A growing demand for AQ and 

its derivatives cannot be provided with archaic technologies of their manufacture. 

Acylation of benzene by phthalic anhydride according the Friedel-Krafts reaction 

followed by cyclization of ortho-benzoylbenzoic acid is the main industrial method of 

AQ preparation. However, in this process there is a problem of utilization of 

excessive acid catalyst. In another industrial process based on 1,3-butadiene 

reaction with 1,4-naphthoquinone (NQ), high boiling organic solvents, concentrated 

alkalies, and strong inorganic oxidants are used [1]. The two industrial processes 

produce a lot of wastes. Thus there is a problem of creating a new environmentally 

friendly process of AQ production. 

For this purpose heteropoly acids (HPA) can be used. Now processes using 

aqueous solutions of Mo-V-P heteropoly acids H3+xPVV
xMo12–xO40 are widespread [2]. 

Unlike many other oxidizing agents, the vanadium (V) containing HPA solutions are 

able to be regenerated by O2. Thus they can catalyze the oxidation of various 

substrates by O2. In the presence of HPA solutions these processes consist of two 

stages carried out in separate reactors 1 and 2. In the 1st stage a substrate is 

oxidized by HPA. In the 2nd stage HPA is regenerated by O2. Thus HPA solutions 

may be considered as reversible oxidants. Furthermore, aqueous HPA solutions are 

strong Brønsted acids and can be used as acid catalysts. Therefore, HPA solutions 

can be bifunctional (i.e. oxidative and acidic) catalysts. 

We have developed new processes of substituted AQ production in the presence 

of high vanadium HPA solutions [3-4]. At that, we have combined in a single 

technological stage two types of reactions: 1) the acidic-catalyzed Diels-Alder 

reaction of 1,3-dienes with NQ giving substituted 1,4,4a,9a-tetrahydro-9,10-

anthraquinone (THA); 2) the sequential oxidation of THA by HPA with the formation 
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of substituted 1,4-dihydro-9,10-anthtaquinone (DHA) and then substituted AQ. Thus, 

our one-pot processes are described by scheme 1. 
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HPA-x HPA-x HPA-x

Scheme 1. Preparation of substituted AQ in the presence of HPA solutions 

Such one-pot processes were studied. Results are presented in the Table [3-4]. 

№ Substituents Yield of  
substituted AQ, % 

Content main product in 
precipitate, % 

1 R1= R2 = R3 = R5 = R6 = H 67 97 

2 R1 = R3 = R5 = R6 = H, R2 = СH3 72 98

3 R2 = R3 = R5 = R6 = H, R1 = СH3 91 99

4 R1 = R5 = R6 = H, R2 = R3 = CH3 78 98

5 R2 = R3 = R5 = R6 = СH3, R1 = H 70 94 

Conditions: 0,2 М H17P3Mo16V10O89 (HPA-10) water solution, volume ratio HPA-10: 1,4-dioxane 1:1, 
reaction time 7 h, temperature 80 °С. NQ conversion ≥ 99 %. 

Our technology of the production of delignification catalysts has become more 

effective after we had developed a new method of the synthesis of modified (non-

Keggin) HPA-x’ solutions (HaPzMoyVx’Ob) [5] that are stable at elevated temperatures 

(160-170 °С) and can be fast regenerated by air O2. This feature of the HPA-x’ 
solutions has ensured high productivity of the processes depicted in the Scheme 1.  
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The catalyst sample was loaded into reactor, then its heating up was carried out 

in a flow of nitrogen, and finally reactor was fed with syngas. The H2:CO ratio equal 

to 2, CO and H2 reactants consumption 100 and 200 mln/min respectively were 

selected for carrying out the experiment. Pressure was 1 MPa and temperature was 

250-270 °C during the synthesis. These parameters and granulometric catalyst 

makeup were constant while experiment was carried out. 

The gases, mainly methane, are prevailing in products during the first hour of 

synthesis, but after 1.5 hours liquid products start to accumulate in the separator. 

The liquid synthesis product contains significant amount of isoparaffins, up to 

25.7 mass %, and aromatic compounds up to 27.2 mass %. Isoparaffins may be 

formed at the chain growth stage as result of interaction of growing chain with 

another hydrocarbon radicals located on catalyst active surface. Also isoparaffin 

formation connected with opportunity of secondary adsorption of olefins formed 

directly in the synthesis from CO and H2. Readsorbing on catalyst surface 

unsaturated hydrocarbons izomerize on its acidic sites with formation of branched 

alkanes. High concentration of aromatics is caused by naphthenes dehydrogenating 

reaction and also unsaturated compounds cyclization reaction. Table 1 shows 

concentration of oxygenates in liquid products. 

Table 1 – concentration of oxygenates in derived hydrocarbon mixtures 

T, °C 

Concentration of oxygenates, vol. % 

Etha-
nol 

Tert-butanol 1-propanol
Metha-

nol 
Isopropanol Isobutanol

1-
butanol 

Total 
concentration

250 5,371 - 1,706 5,018 0,209 - 0,526 12,83 

260 4,14 0,136 1,3 3,885 0,17 0,046 1,473 11,15 

270 3,226 0,12 0,881 3,026 0,173 0,041 0,223 7,69 

 

The group and phase compositions show the opportunity of using this synthesis 

product as a base of motor fuels and oils production. 
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CATALYTIC CONVERSION OF BIOGAS TO SYNTHESIS GAS 

Dossumov K.1, Yergaziyeva G.Y.2*, Myltykbayeva L.K.1, Asanov N.A.2, 
Telbayeva M.M.2 

1Al-Farabi Kazakh National University, Centre of Physical and Chemical Methods of 
Investigation and Analysis, 95 A Karasaibatyr str., Almaty 050012, Kazakhstan 

2The Institute of Combustion Problems, 172 Bogenbaibatyr str.,  
Almaty 050012, Kazakhstan, * ergazieva_g@mail.ru 

Extensive resources, high margin industries make biogas most promising source 

of hydrocarbons, capable of providing current and future needs of mankind in the 

energy and hydrocarbon feedstock.Biogas composition depends on the process 

parameters and composition of feed grade. The main components of biogas 

produced in anaerobic bioreactors are methane (CH4) and carbon dioxide (CO2), as 

impurities may be hydrogen sulfide (H2S), ammonia (NH3), hydrogen (H2), nitrogen 

(N2), carbon monoxide (CO) and oxygen (O2). Biogas produced thus may be 

converted intosynthesis gas by dry reforming (CH4 + CO2), or steam reforming (CH4 

+ H2O) using appropriate catalysts. The relevance of this work is due to the 

involvement of methane and carbon dioxide - two greenhouse gases into the process 

of producing synthesis gas. The synthesis gas is, in turn, the raw material for a 

number of commercial products by industrially-applicable GTL-Technology. Thus, 

biogas is one of the most promising renewable fuels. 

In the present work as catalysts of dry reforming of СН4 was investigated 

modified nickel catalyst supported on Al2O3. Experiments to test the effectivity of the 

catalysts were carried out on an automated flow catalytic unit (PKU-1). The catalytic 

activity of polyoxide 4 % NiO MoO3 / Al2O3 catalyst in a carbon dioxide reforming of 

methane was tested over a wide range of variation of the process parameters. It was 

defined optimal process conditions (temperature, space velocity of the reaction and 

the ratio of the reactants in the initial reaction mixture) for the production of synthesis 

gas in the carbon dioxide reforming of methane. Over the efficient 4 % NiOMoO3 / 

Al2O3 catalyst at optimum process parameters (T = 850 °C, W = 1000 h–1, and CH4: 

CO2 = 1:1), the methane conversion was 98 %. Under these conditions is obtained 

synthesis gas with a ratio of 1:1. 
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HYDROGEN PRODUCTION BY ETHANOL CONVERSION 

Dossumov K.1, Yergaziyeva G.Y.2*, Churina D.Kh.1,  
Tayrabekova S.1, Tulibayev E.2 

1Al-Farabi Kazakh National University, Centre of Physical and Chemical Methods of 
Investigation and Analysis, 95 A Karasai batyr str., Almaty 050012, Kazakhstan 

2The Institute of Combustion Problems, 172 Bogenbai batyr str.,  
Almaty 050012, Kazakhstan, *ergazieva_g@mail.ru 

Bioethanol from biomass is renewable raw materials for getting valuable chemical 

products. The valuable products as ethylene, aromatic hydrocarbons, syn-gas, 

hydrogen and other products may be prepared by catalytic method from bio - 

ethanol. Hydrogen production from bio - ethanol provides significant environmental 

benefits since the resulted CO2 is consumed again for biomass growth. 

In this paper we present the results obtained in hydrogen production by 

conversion of ethanol using oxide supported copper catalysts modified by Cr2O3, 

ZnO and CeO2. The catalysts were prepared by wet impregnation of the support with 

an aqueous solution of copper nitrate. Experiments to test the efficiency of the 

catalysts were carried out using an automated flow catalytic device. The reaction was 

performed at atmospheric pressure and the temperature was studied in the range of 

200-400 °C.  

The results showed that the oxide catalysts CuO, ZnO, Cr2O3, and CeO2 

supported on -Al2O3 have been studied during the conversion of bioethanol to 

hydrogen. The optimal catalyst for the production of hydrogen is 3% CuO / -Al2O3 

(20 % H2). Modification of 3% CuO / -Al2O3 with chromium oxide or zinc oxide helps 

increase the hydrogen yield to 46-48 vol. % at 300 °C and a space velocity of 1 h–1. 

Based on the results of electron microscopy, the presence of nanoparticles with 

dimensions of 2-5 nm is observed on the investigated catalysts. The modification of 

catalysts with ZnO or Cr2O3 leads to an increase in the dispersion of the catalyst, 

which contributes to an increase in the activity of the catalyst in the direction of 

hydrogen production.  
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PRODUCTION OF CHEMICALLY PURE HYDROGEN BY  
THE HYDROGENATION-DEHYDROGENATION REACTIONS OF 

AROMATIC COMPOUNDS 

Kalenchuk A.1,2, Bogdan V.2,1 
1Lomonosov Moscow State University, Moscow, 119991 Russia 

2Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,  
Moscow, 119991 Russia 

e-mail: vibogdan@gmail.com, akalenchuk@yandex.ru 

Chemically pure hydrogen is essential for use in fuel cells to generate electricity. 

Hydrogen produced from renewable raw materials biotechnologically contains a lot of 

impurities which deactivate the fuel cell batteries. Therefore, the effective 

development of hydrogen energy is need hydrogen accumulation systems, safe 

storage and preparation of chemically-pure hydrogen. 

Hydrogenation of benzene was carried out in a laboratory high pressure autoclave 

PARR-300 by stirring the reaction mass at a temperature of 180 °C and pressure 70 atm 

and naphtalene at 280 °C and 90 atm. We have used hydrogen produced from 

renewable raw material to hydrogenation of benzene and naphtalene. 

Dehydrogenation of cyclohexane and decalin [1] prepared by hydrogenation was 

carried out at temperatures 260-340 °C and flow rates 1 h–1 in a flow reactor. The 

activities of various catalysts based Pt, Pd and Ni in reversible reactions of 

hydrogenation-dehydrogenation of aromatic compounds have been compared in order 

to produced chemically pure hydrogen from hydrogen-containing mixture. Hydrogen 

purity from dehydrogenation reactions was checked by chromatography. 

As a result, the possibility of selective accumulation and generation of chemically 

pure hydrogen instead of hydrogen from renewable raw material is shown [2].  

References 
[1] A. Kalenchuk, D. Smetneva, V. Bogdan, L. Kustov, Russian Chemical Bulletin, International 

Edition, 64 (2015) 11, 2642.  
[2] A. Kalenchuk, V. Bogdan, L. Kustov, Russian Journal of Physical Chemistry A. 89 (2015) 16.  
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A STUDY OF THE CATALYTIC PROPERTIES OF COMPOSITE OXIDE 
MATERIALS OBTAINED BY TRANSIENT ELECTROLYSIS 

Khramenkova A.V., Ariskina D.N., Bespalova Zh.I. 

Platov South-Russian State Polytechnic University (NPI), Novochserkask, Russia, 
anna.vl7@yandex.ru 

The development of composite materials on the solid support based on transition 

metal oxides, including molybdenum oxide compounds with a wide range of practical 

application [1-3] is a promising trend of surface modification. Composite coatings 

based on molybdenum oxides are especially attractive because of their atypical 

chemistry resulting from multiple valence states. In addition, they are stable, have 

significant activity and selectivity in different processes.  

In the present work composite materials based on molybdenum, cobalt, nickel, 

and iron oxides deposited on a steel surface from aqueous solutions of their salts 

upon polarization by alternating asymmetric current were obtained. The device 

consisting of two paralleled diodes conducting a current in different directions through 

the adjustable resistance was used as a technological current source. The main 

electrolyte aqueous solution components were iron(II) sulfate (FeSO4·7H2O), cobalt 

sulfate (CoSO4·7H2O), ammonium heptamolybdate (NH4)6Mo7O24·4H2O, nickel 

sulfate (NiSO4·7H2O), boric (H3BO3) and citric (C6H8O7) acids. The asymmetry 

parameter (jk:ja) was equal to 1.44; the electrolyte temperature 65-70 °C; pH – 4; 

and coating deposition time – 60 min. 

The phase composition of the composite oxide coatings was studied with the 

ARL X’tra diffractometer, with the coating substance in the form of dispersed 

powders produced by deposition of coatings on a technical titanium VT1-0 foil and 

their easy removal because of the exceedingly low adhesion. The disperse powders 

of the coating substance were also used in analyses with KEYENCE VK-9700 

Generation II color 3D laser scanning microscope. 

The X ray diffraction data demonstrated that the phase composition of the coating 

substance is rather complex. The basic phases of the coating composition are 

molybdenum oxides (MoO3, MoO2, and Mo18O52), spinel (Fe3O4), and cobalt, nickel, 

and iron molybdates (CoMoO4, NiMoO4, and FeMoO4). 
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CARBON DIOXIDE HYDROGENATION OVER Fe/K/C AND Fe-Cu/K/C 
CATALYSTS UNDER SUPERCRITICAL CONDITIONS 

Koklin A.E.1, Kazak V.O.2, Mishanin I.I.2, Bogdan V.I.1,2 
1N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 

Moscow, 119991 Russia 
2Faculty of Chemistry, Moscow State University, Moscow, 119991 Russia 

E-mail: koklin@ioc.ac.ru 

 
The problem of carbon dioxide utilization can be solved by converting of this 

greenhouse gas into intermediates that can be further transformed into high value-

added products. The first option of CO2 utilization is hydrogenation reaction. The 

primary products of CO2 hydrogenation are carbon monoxide, methane (synthetic 

natural gas) and methanol – the key intermediates that can be further transformed by 

present technologies [1, 2]. Whereas the catalytic conversion of CO2 into CO, 

methanol and hydrocarbons is well-known, the use of supercritical scCO2 in these 

reactions was in the focus of only a few recent publications [3-6]. 

The present study is devoted to the CO2 hydrogenation under supercritical CO2 

conditions on Fe/K/C and Fe-Cu/K/C catalysts (20 % Fe, 1 % Cu and 0.8 % K). 

Commercially available Sibunite (synthetic porous carbon-carbon composite 

material) was used as a support for catalysts preparation by wetness impregnation 

technique. The reaction of CO2 with H2 (H2:CO2 ratio 1:1) was studied under 

supercritical conditions (at 523-673 K and 8.5 MPa) in a flow type reactor. Analysis of 

products was performed with a gas chromatograph with a thermal conductivity 

detector and Porapack Q and zeolite CaA packed columns. 

The interaction of CO2 and H2 on both catalysts results mainly in the formation of 

CO by the reverse water-gas shift reaction (CO2 + H2 → CO + H2O). The selectivity 

to CO was more than 50 %. Other products were C1-C14 hydrocarbons (mainly CH4) 

witch forms apparently by further conversion CO and H2 (Fischer–Tropsch process). 

The Cu-containing Fe-Cu/K/C catalyst was more active and selective to 

hydrocarbons in comparison with Fe/K/C. The studied catalysts exhibited a rather 

good stability at experimental conditions. The main advantage of the process under 

supercritical conditions is the enhancement of the productivity due to the use of the 

high-density media. 
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ISOBUTANE ALKYLATION WITH ISOBUTENE ON SOLID ACID 
MoO3/ZrO2 CATALYSTS 

Omarov Sh.O. 

St. Petersburg State Institute of Technology (Technical University),  
St. Petersburg, Russia, E-mail: sham-omarov@live.com 

A promising direction in the development of alkylation processes is the transition 

from a liquid-phase catalysts such as HF and H2SO4 to a heterogeneous catalysis 

thus avoiding problems related to chemical corrosion of equipment, toxicity of waste 

acids and their disposal. For this purpose, catalysts based on sulfated oxides of Zr, 

Al, Si, Ti, Sn can be used, particularly sulfated zirconia (SZr) and alumina-zirconia 

(AlSZr) compositions featuring high activity in alkylation. However, the main problem 

of a wide application of SZr and AlSZr-catalysts is their relatively fast deactivation in 

the course of alkylation, which is most often associated with side reactions: formation 

of high molecular hydrocarbons which block the pore structure and the surface active 

sites. Therefore, now are relevant alternative strong solid acid catalysts, for example, 

WO3/ZrO2 [2] or MoO3/ZrO2 systems which also have the properties of solid 

superacid. 

In this work MoO3/ZrO2 catalysts are investigated which were prepared by 

impregnation method ZrO2‧nH2O powder of ammonia heptamolybdate aqueous 

solution with various wt. % MoO3 (4.2, 6.6, 9 and 13.2%) and calcined at 600 °C for 

2 h. ZrO2‧nH2O were prepared by precipitation from 10 wt. % ZrOCl2 solution and 

28-30 wt. % ammonia solution at pH=10, further it was filtered and washed with 

distilled water and dried at 100 °C 18 h. 

Investigation of activity of the resulting catalysts in the process of isobutane 

alkylation with isobutylene performed on flow unit under the following conditions:  

t = 80 °C; p = 17 atm; feed rate of isobutene 1.8 ml/min. Additionally the samples 

were characterized by different physico-chemical methods (XRD, N2 adsorbtion, 

FTIR adsorbed pyridine). The results of the analyzes and tests] shown in Tables 1 

and 2 in comparison with WO3/ZrO2, and SO4/ZrO2 [2]. 

It was revealed change occurs as the porous structure of MoO3/ZrO2 catalyst and 

the acidic properties of the surface with increasing MoO3 loading. All this is directly 

reflected in their catalytic activity (table 1). With the increase of MoO3 loading, the 

volume fraction of t-ZrO2 (Vt), SSA, quantity of Brønsted acid sites (BAS) and 
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BAS/(LAS+BAS) ratio is increased (table 2). Perhaps, the last observation allows to 

explain increase of the activity and selectivity parameters MoO3/ZrO2 catalysts 

suggesting an important role of the Brønsted acid for isobutane alkylation. 

Table 1. MoO3/ZrO2 catalyst activity and selectivity 

 
4,2% 
MoO3 

6,6% MoO3 9% MoO3 
13,2% 
MoO3 

18% WO3 
[2] 

SO4/ZrO2

[2] 
Isobutene conversion 

(0.5 h), % 
20,0 25,1 65,8 41,2 64,1 58.0 

∑C5-С8, 94,0 89,3 86,2 96,6 91,9 94.9 
C8 29,2 56,5 68,4 58,6 80,7 79.7 

2,2,4-TMP 0 0,5 11,7 0,3 29 32.6 
C10-C13 5,5 3,3 7,1 1,3 8,1 5.0 
I/O ratio 19.9 19.9 16.6 19.9 7.4 7.4 

Table 2. Physicochemical properties of MoO3/ZrO2 catalyst 

4,2% MoO3 6,6% MoO3 9% MoO3 13,2% MoO3 

SSA, m2/g 78.3 84.6 98.2 120.1 
ρMo, surf, atoms/nm2 2.24 3.34 3.83 4.59 

Vt, % vol. 72.3 93.4 100 100 
BAS/(BAS+LAS) 0.092 0.221 0.544 0.754 

The received results showed that MoO3/ZrO2 catalysts are also promising in the 

alkylation of isobutane on a par with WO3/ZrO2 catalyst. However, further researches 

on influence of parameters of preparation of catalysts for the purpose of finding of 

optimum conditions of their preparation are necessary. 

References 
[1] Vlasov, E.A. and coauthors. On synthesis and characterization of sulfated alumina–zirconia 
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MULTI-PURPOSE CATALYTIC PLATFORM, BASED ON 
STRUCTURALLY MODIFIED TRANSIENT METAL OXIDES 

Petrov A.Yu., Nefedova N.V., Sinitsin S.A., Vanchurin V.I. 

D. Mendeleev University of Chemical Technology of Russia, Moscow, Russia, 
antony.petrov@gmail.com 

Proven catalytic technologies remain partial solution against exhaust gases of 

varying origin and composition. Drastically changing content and humidity shorten 

catalyst lifecycle inline with known catalytic poisons, products of sulphur, phosphor, 

carbon and nitrogen incomplete oxidation. Expenses and difficulties of catalyst 

utilization and/or recovery spur the community towards development of novel 

systems, while reassessment of known technologies may also prove useful. It has 

been predicted and experimentally proven, that well-known volumetric thermal 

expansion technology, applied to transient metal oxide compositions, provides us 

with structurally reinforced aggregates of artificially-stabilized phase composition and 

desired morphology. While traditional approach assumes composition of required 

metal(s) organic salt(s) being thermally exposed on air or within inert atmosphere or 

vacuum, to provide oxide or metal of desired purity, we added an excess of various 

ammonia organic salts to provide reduction atmosphere in the beginning of the 

thermal decomposition. Heating of the ultrafine disperse composition of above-

mentioned salts at 15 Celsius degrees per minute, upto 900 °C within an hour, leads 

to superdiffusion among the oxide lattices involved, that results in desired 

polymorphic changes for dual and complex oxides within artificial dendrite being 

formed on their basis. Technology novelties also let us to eliminate both thermal and 

structural prehistory and to perform one-step synthesis of novel functional material, 

aimed on unattended catalytic processes. According to excessive physico-chemical 

analysis, including SEM, XRD, elemental, but not limited to, the technology being 

discussed allows the investigator to take full control over aggregates size and shape, 

as well to control volumetric dendrite growth, all valuable for possible product 

customization. Worth mentioning that XRD data of the process stages is well-

described with Ginstling and Wagner diffusion models and suits them, and 

mathematical forecasting of the processes discussed shows promising results from 

the very beginning. According to rigorous lab testing, we believe that our catalytic 

platform stands well in many industrial processes, including CO oxidation, ammonia 
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synthesis, automotive tunnel exhaust air treatment, pure and applied organic 

synthesis and many more, conversion rates shown overcome many commercial 

catalysts, ceria and platinum for example, being much cheaper. Despite of limited 

availability of many precursors (organic salts of desired transient metals), advanced 

co-precipitation technologies have been developed also, so the whole technology is 

not only ready for catalyst factory, but matches guidelines of green chemistry and 

technology. The only bypass product may be treated as liquid potassium fertilizer. As 

for gaseous byproducts of catalyst synthesis, primarily ammonia and CO, they may 

also be treated for production purposes in many ways, including passage over the 

catalyst made earlier.  

Testing within many processes shows high conversion rate and high structural, 

phase and thermal stability, catalyst is immune to known catalytic poisons, 

possesses high regeneration capabilities and is able to self-clean while working, 

especially against soot. Catalyst structure and composition are likely to many oxide-

containing minerals, so we don’t presume possible difficulties when it comes to 

utilization, some properties allow biodegradability, but latter requires further 

investigations. 

One of the next steps we plan is to analyze various industrial solid wastes, 

especially from various electrochemical and metallurgical processes, containing 

many valuable metals, to perform physico-chemical analysis and to customize the 

mixture of organic acids, salts and the very waste to convert it to catalyst. Another 

pathway would lead to cheap regeneration technologies for those metals, bases on 

similar noveLties. 
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17.50 OP-III-7 
Rautiainen 


OP-V-5 
Galletti 


19.00 Welcome 
Reception 


19.00 
Banquet 


 


Section I. CATALYSIS IN DENDROCHEMISTRY FOR VALUABLES PRODUCTION 
Section II. BIOMASS DERIVATIVES IN PETROCHEMISTRY 


Section III. CATALYTIC PROCESSES FOR BIOFUELS PRODUCTION 
Section IV. BIO-PHOTO-/ELECTRO-CATALYTIC CONVERSION OF RENEWABLES 


Section V. CATALYSIS FOR ENVIRONMENT AND SUSTAINABILITY 
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The CRS-4 conference is a satellite event of the  
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Catalytic processing of tall oil and tar, Selective conversion of sugars 
Catalytic transformations of CO2 to fine chemicals 
Section II. Biomass derivatives in petrochemistry 
Catalyst application for clean syn-gas and clean hydrogen production 
Lipids in petrochemical synthesis 
Co-processing of biomass derivatives and oil feedstock 
Section III. Catalytic processes for biofuels production 
Catalytic interesterification and hydrocracking of lipids to kerosene and diesel fractions 
Catalytic approaches for the processing of pyrolysis biomass products 
Conversion of carbon rich unconventional fossil resources and biomass feedstock into 
biofuel 
Section IV. Bio-Photo-/Electro-catalytic conversion of renewables  
Bio-catalysis for chemicals production 
Photo-catalytic for environmental protection 
Electro-catalytic conversion of renewables 
Section V. Catalysis for Environment and Sustainability 
Catalytic processes for energy efficiency and ecology 
Catalytic processing of waste
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8.45 OPENING 


MARE Hall 


PLENARY LECTURES 


Chairperson – Professor Francesco Frusteri, CNR-ITAE Nicola Giordano,  
Messina, Italy 


9.00 
PL-1 Professor Simoni Plentz Meneghetti 
Universidade Federal de Alagoas, Maceió, Brazil 
EXAMPLES OF CATALYTIC SYSTEMS ABLE TO BE APPLIED IN BIOREFINERIES 


10.00 
PL-2 Professor Sergei Varfolomeev 
N.M. Emanuel Institute of Biochemical Physics RAS, Russia 
CHEMISTRY OF BIOMASS: NOVEL CATALYTIC DEPOLYMERIZATION PROCESSES, NOVEL BIOFUELS, 
NOVEL BIOPLASTICS 


11.00 – 11.30  Coffee break 


KEYNOTE LECTURES 


Chairperson – Professor Boris Kuznetsov, Institute of Chemistry and Chemical 
Technology SB RAS, Krasnoyarsk, Russia 


11.30 
KL-1 Professor Dmitry Murzin1, Simakova I.2 
1Åbo Akademi University, Turku, Finland 
2Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
HETEROGENEOUS CATALYSIS BY BASES FOR TRANSFORMATION OF RENEWABLES 


12.00 
KL-2 Professor Karen Wilson 
Aston University, Birmingham, United Kingdom 
DESIGNER CATALYSTS FOR BIOFUELS SYNTHESIS 


12.30-14.30 Lunch 


September 4, Monday 
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September 4, Monday, 14.30 – 16.10 
MARE Hall 


ORAL PRESENTATIONS 
SECTION I. Catalysis in dendrochemistry for valuables production 


Chairperson – Professor Oman Zuas, Research Centre for Metrology-Indonesian 
Institute of Sciences, Banten, Indonesia 


14.30 
OP-I-1 Ogo S.1, Okuno Y.1, Sekine H.1, Manabe S.1, Onda A.2, Sekine Y.1 
DIRECT CATALYTIC CONVERSION OF CELLULOSE TO LIGHT HYDROCARBONS OVER Pt/NH4-USY 
ZEOLITE CATALYST AT LOW TEMPERATURE 
1Waseda University, Tokyo, Japan 
2Kochi University, Kochi, Japan 


14.50 
OP-I-2 Taran O.P.1,2, Sorokina K.N.1,3, Medvedeva T.B.1, Samoylova Y.V.1, Piligaev A.V.1, Parmon V.N.1,3 
CELLULOSE BIOREFINERY BASED ON COMBINED CATALYTIC AND BIOTECHNOLOGICAL 
APPROACH FOR PRODUCTION OF 5-HMF AND ETHANOL 
1Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
2Novosibirsk State Technical University, Novosibirsk, Russia 
3Novosibirsk State University, Novosibirsk, Russia 


15.10 
OP-I-3 Khlebnikova T., Pai Z., Yushchenko D., Mattsat Yu. 
ENVIRONMENTALLY BENIGN CATALYTIC OXIDATION FOR FINE CHEMICALS SYNTHESIS 
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 


Section III. CATALYTIC PROCESSES FOR BIOFUELS PRODUCTION 


15.30 
OP-III-1 Albis Arrieta A.R., Carrera K., Vargas R., Vanegas M., López A., Piñeres I., Ortiz E. 
CATALYTIC EFFECT OF CaO and Fe2(SO4)3 ON THE PYROLYSIS OF CASSAVA WASTE 
Universidad del Atlántico, Barranquilla, Colombia 


15.50 
OP-III-2 Darbha S., Janampelli S. 
METAL OXIDE PROMOTED Pt/Al2O3 CATALYSTS FOR NON-EDIBLE OIL-DERIVED 2nd GENERATION 
BIOFUELS 
National Chemical Laboratory, Pune, India 


16.10 Coffee break 
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September 4, Monday, 16.30 – 18.10 
MARE Hall 


ORAL PRESENTATIONS 
Section III. CATALYTIC PROCESSES FOR BIOFUELS PRODUCTION 


Chairperson – Professor Karen Wilson, Aston University, Birmingham,  
United Kingdom 


16.30 
OP-III-3 Kondrasheva N.1, Yeremeyeva A.1, Nelkembaum K.2, Kondrashev D.O.3 
BIODIESEL PRODUCTION METHODS 
1Saint-Petersburg Mining University, Saint-Petersburg, Russia 
2Institute of Petroleum Chemistry and Catalysis RAS, Ufa, Russia 
3JSC «Gazprom Neft», Saint-Petersburg, Russia 


16.50 
OP-III-4 Sági D., Solymosi P., Holló A., Varga Z., Hancsók J. 
PRODUCTION OF DIESEL FUEL BLENDING COMPONENTS FROM WASTE AND CONVENTIONAL 
SOURCES 
University of Pannonia, Veszprém, Hungary 


17.10 
OP-III-5 Sulman E., Lugovoy Y., Chalov K., Kosivtsov Y. 
CATALYTIC APPROACHES FOR THE PROCESSING OF PYROLYSIS BIOMASS PRODUCTS 
Tver State Technical University, Tver, Russia 


17.30 
OP-III-6 Lopes M.1, Dussan K.2,3, Leahy J.1,4 
DEHYDRATION OF CARBOHYDRATES INTO FURANIC PRODUCTS BY PROMOTED SULPHATED 
METAL OXIDES CATALYSTS 
1Carbolea Research Group, Chemical Sciences, University of Limerick, Limerick, Ireland 
2Mechanical Engineering, National University of Ireland Galway, Galway, Ireland 
3Research Centre for Marine and Renewable Energy, Galway, Ireland 
4Bernal Institute University of Limerick, Ireland 


17.50 
OP-III-7 Rautiainen S.1, Di Francesco D.1, Tungasmita D.N.2, Samec J.1 
CATALYTIC FRACTIONATION OF LIGNOCELLULOSE USING NON-NOBLE METAL CATALYSTS 
1Stockholm University, Stockholm, Sweden 
2Chulalongkorn University, Bangkok, Thailand 


19.00     Welcome Reception 
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September 4, Monday, 14.30 – 16.10 
SOLE Hall 


ORAL PRESENTATIONS 
Section II. BIOMASS DERIVATIVES IN PETROCHEMISTRY 


Chairperson – Professor Madalina Tudorache, University of Bucharest, Romania 


14.30 
OP-II-1 Antonov D.1, Fedotov A.1, Tsodikov M.V.1, Yaroslavtsev A.1, Uvarov V.2 
ROLE OF ALUMINUM IN Ni-Co STRUCTURED CATALYST FOR DRY AND STEAM REFORMING OF 
METHANE; HYBRID REACTOR FOR SYNGAS AND HYDROGEN CO-PRODUCTION 
1A.V. Topchiev Institute of Petrochemical Synthesis RAS, Moscow, Russia 
2Institute of Structural Macrokinetics and Materials Science RAS, Chernogolovka, Russia 


14.50 
OP-II-2 Westerhof R., Marathe P., Kersten S. 
THE INTERPLAY BETWEEN MASS/HEAT TRANSFER AND CHEMISTRY IN LIGNIN FAST PYROLYSIS 
University of Twente, Enschede, The Netherlands 


15.10 
OP-II-3 Arinina M.P., Malkin A.Ya. 
COMPOSITIONAL DEPENDENCE OF VISCOSITY FOR CRUDE OILS 
A.V. Topchiev Institute of Petrochemical Synthesis RAS, Moscow, Russia 


15.30 
OP-II-4 Kolb G., Pennemann H., Schuerer J. 
CONVERSION OF PYROLYSIS OIL TO SYNTHESIS GAS THROUGH AUTOTHERMAL REFORMING 
OPERATED IN A MINIPLANT IN AN MODULAR CONTAINERISED ENVIRONMENT 
Fraunhofer ICT-IMM, Mainz, Germany 


15.50 
OP-II-5 Deliy I.1,2, Shamanaev I.1, Antonov I.1,2, Gerasimov E.1,2, Pakharukova V.1,2,  
Bukhtiyarova G. 1 
DEVELOPMENT OF THE BIFUNCTIONAL Ni-PHOSPHIDE CATALYSTS FOR METHYL PLAMITATE 
HYDRODEOXYGENATION 
1Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
2Novosibirsk State University, Novosibirsk, Russia 


16.10  Coffee break 







7 


September 4, Monday, 16.30 – 18.10 
SOLE Hall 


ORAL PRESENTATIONS 
Section V. CATALYSIS FOR ENVIRONMENT AND SUSTAINABILITY 


Chairperson – Professor Dr. Mario Roberto Meneghetti, Federal University of 
Alagoas, Maceió, Brazil 


16.30 
OP-V-1 Hu J., Galvita V.V., Poelman H., Marin G.B. 
CO2 UTILIZATION VIA AUTO-THERMAL CATALYST-ASSISTED CHEMICAL LOOPING 
Ghent University, Ghent, Belgium 


16.50 
OP-V-2 Dosa M., Andana T., Bensaid S., Fino D., Piumetti M., Pirone R., Russo N. 
EFFECT OF MORPHOLOGY OF NANOSTRUCTURED CERIA-BASED CATALYSTS FOR THE OXIDATION 
OF CO, SOOT AND NO 
Politecnico di Torino, Torino, Italy 


17.10 
OP-V-3 Belinskaya N.S., Frantsina E.V., Lutsenko A.S., Popova N.V., Ivanchina E.D. 
EVALUATION OF CATALYST DEACTIVATION DEGREE IN THE PROCESS OF DIESEL FUEL DEWAXING 
National Research Tomsk Polytechnic University, Tomsk, Russia 


17.30 
OP-V-4 Snytnikov P.1,2,3, Aghayan M.4, Rubio-Marcos F.5, Potemkin D.1,2, Uskov S.1,2,  
Hussainova I.4,6, Suknev A.1, Kovalyov E.1, Paukshtis E.1,2, Bal’zhinimaev B.1, Sobyanin V.1 
THE MESOPOROUS FIBROUS ALUMINA SUPPORTED TRANSITION METAL-BASED MATERIAL: 
SYNTHESIS, STRUCTURE AND CATALYTIC PROPERTIES IN CARBON DIOXIDE METHANATION, 
METHANE STEAM REFORMING AND DEEP OXIDATION REACTIONS 
1Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
2Novosibirsk State University, Novosibirsk, Russia 
3UNICAT Ltd., Novosibirsk, Russia 
4Tallinn University of Technology, Tallin, Estonia 
5Instituto de Cerámica y Vidrio (ICV-CSIC), Madrid, Spain 
6ITMO University, St. Petersburg, Russia 


17.50 
OP-V-5 Galletti C., Deorsola F.A., Pirone R. 
MnOx-TiO2 CATALYSTS FOR NOx SCR AT LOW TEMPERATURE 
Politecnico di Torino, Torino, Italy 


19.00  Welcome Reception 
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MARE Hall 


PLENARY LECTURES 


Chairperson – Professor Donato Aranda, Greentec-Federal University of Rio de 
Janeiro, Brazil 


9.00 
PL-3 Professor Erik Herres 
University of Groningen, the Netherlands 
VALORIZATION OF SOLID BIOMASS RESIDUES (LIGNINS AND HUMINS) USING CATALYTIC 
APPROACHES 


10.00 
PL-4 Professor Jose A. Lopez-Sanchez 
University of Liverpool, UK 
UNCONVENTIONAL CATALYTIC ROUTES FOR THE VALORISATION OF BIOMASS USING LIGHT AND 
MICROWAVES 


11.00 – 11.30  Coffee break 


KEYNOTE LECTURES 


Chairperson – Professor Simoni Plentz Meneghetti, Federal University of Alagoas, 
Maceió, Brazil 


11.30 
KL-3 Professor Mark Tsodikov, Arapova O., Konstantinov G., Chistyakov A.  
A.V. Topchiev Institute of Petrochemical Synthesis RAS, Moscow, Russia 
PECULIARITIES OF POISONING DEGRADATION AND PLASMA-CATALYTIC LIGNIN REFORMING 
UNDER MICROWAVE IRRADIATION 


12.00 
KL-4 Professor Francesco Frusteri, Cannilla C., Bonura G.  
Institute CNR-ITAE “Nicola Giordano”, Messina, Italy 
DME SYNTHESIS BY CO2 HYDROGENATION ON HYBRID CATALYTIC SYSTEMS 


12.30-14.30 Lunch 


September  5, Tuesday 
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September 5, Tuesday, 14.30 – 16.10 
MARE Hall 


ORAL PRESENTATIONS 
Section III. CATALYTIC PROCESSES FOR BIOFUELS PRODUCTION 


Chairperson – Professor Alberto Ricardo Albis Arrieta, Universidad del Atlántico, 
Barranquilla, Colombia 


14.30 
OP-III-8 Donato A. G. Aranda1, Gustavo D. Machado2, João M. A. R. Almeida1 
RECENT TRENDS IN BRAZILIAN BIODIESEL PRODUCTION 
1Federal University of Rio de Janeiro, Brazil 
2Federal University of Technology - Paraná, Brazil 


14.50 
OP-III-9 Soares R.R., Souza K.M., Fontes M.C. 
HYDROTHERMAL STEARIC ACID DECARBOXYLATION OVER (1% wt. Pd)-SUPPORTED  
(C, SiO2, Al2O3 or Nb2O5) CATALYSTS 
Federal University of Uberlandia, Uberlandia, Brazil 


15.10 
OP-III-10 Ail S.S., Benedetti V., Baratieri M. 
COMBUSTION SYNTHESIZED COBALT CATALYSTS FOR FISCHER TROPSCH SYNTHESIS 
Free University of Bozen-Bolzano, Bolzano, Italy 


15.30 
OP-III-11 Sulman E., Stepacheva A., Migunova E., Matveeva V.G., Sulman M. 
Pd-CONTAINING CATALYSTS IN FATTY ACIDS CONVERSION 
Tver State Technical University, Tver, Russia 


15.50 
OP-III-12 Tomasek S., Varga Z. , Holló A., Hancsók J. 
PRODUCTION OF JET FUEL CONTAINING MOLECULES OF HIGH HYDROGEN CONTENT 
University of Pannonia, Veszprém, Hungary 


16.10 Coffee break 


16.30  Excursion to Rimini 
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September 5, Tuesday, 14.30 – 16.10 
SOLE Hall 


ORAL PRESENTATIONS 
Section II. BIOMASS DERIVATIVES IN PETROCHEMISTRY 


Chairperson – Professor Dr. Gunther Kolb, Fraunhofer ICT-IMM, Mainz, Germany 


14.30 
OP-II-6 Yabe T., Mitarai K., Ogo S., Sekine Y. 
LOW-TEMPERATURE CATALYTIC SYNGAS PRODUCTION FROM BIO-METHANE OVER La DOPED 
Ni/ZrO2 CATALYST IN AN ELECTRIC FIELD 
Waseda University, Tokyo, Japan 


14.50 
OP-II-7 Pavlova S.1, Arapova M.1, Sadykov V.1,2, Larina T.1, Rogov V.1,2, Krieger T.1, Smorygo O.3 
DESIGN OF STRUCTURED CATALYSTS FOR ETHANOL STEAM REFORMING BASED ON 
NANOCOMPOSITE ACTIVE COMPONENTS AND OPEN CELL FOAM SUPPORTS 
1Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
2Novosibirsk State University, Novosibirsk, Russia 
3Institute of Powder Metallurgy, Minsk, Belarus 


15.10 
OP-II-8 Chalov K., Lugovoy Y., Sulman E., Kosivtsov Y., Shimanskaya E. 
CO-PYROLYSIS OF OIL-SLIMES AND BIOMASS 
Tver State Technical University, Tver, Russia 


15.30 
OP-II-9 Vlasova E., Deliy I. , Aleksandrov P., Bukhtiyarova G. 
A DUAL-BED CATALYST SYSTEM FOR ULSD PRODUCTION FROM THE MIXTURE OF RAPESEED OIL 
AND SRGO 
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 


15.50 
OP-II-10 Venderbosch R.1, Mirodatos C.2, Schuurman Y.2, Jordan E.3, Wellach S.3, Bykova M.4, 
Yuste Pilar R.5 
CO-FEEDING PYROLYSIS LIQUIDS WITH CRUDE OIL DISTILLATES IN FCC UNIT 
1BTG Biomass Technology Group BV, Enschede, The Netherlands 
2Institute of Research on Catalysis and Environment in Lyon, Villeurbanne, France 
3Grace GmbH & Co, Maryland, Germany 
4Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
5Repsol SA, Madrid, Spain 


16.10 Coffee break 


16.30  Excursion to Rimini 
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MARE Hall 


PLENARY LECTURES 


Chairperson – Professor Claude Mirodatos, Institute of Research on Catalysis and 
Environment in Lyon, Villeurbanne, France 


9.00 
PL-5 Dr. Jean-François Joly 
IFP Energies nouvelles, Lyon, France 
FUELS AND CHEMICALS PRODUCTION FROM BIOMASS: SOME SCIENTIFIC CHALLENGES FOR 
ACCELERATING INNOVATION AND PROCESS DEVELOPMENT 


10.00 
BRIEFING 


BIORENEWABLES IN OIL REFINERIES - PROS & CONS 


Chair and moderator:  
Professor Claude Mirodatos 


Institute of Research on Catalysis and Environment in Lyon, Villeurbanne, France 


The briefing will have a panel discussion format, including three short 10 minute presentations 


INTRODUCTION AND OBJECTIVES  
Professor Claude Mirodatos, Institute of Research on Catalysis and Environment in Lyon, 
Villeurbanne, France 
THE PROSPECTS OF INTEGRATION OF BIOFUEL PRODUCTION WITH PETROLEUM REFINERIES 


Questions/Discussion 


Professor Sascha Kersten, University of Twente, Enschede, The Netherlands 
FEATURES OF THE USE OF PLANT RAW MATERIALS (BIOFUEL, VEGETABLE OILS) IN REFINERY PROCESSES 


Questions/Discussion 


Professor Vadim Yakovlev, Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
HYDROTREATMENT OF RENEWABLE OXYGENATES FOR CO-PROCESSING WITH OIL PRODUCTS: STABILITY 
OF CATALYSTS 


Questions/Discussion 


11.00 – 11.30  Coffee break 


September 6, Wednesday 
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KEYNOTE LECTURES 


Chairperson – Professor Erik Heeres, University of Groningen, The Netherlands 


11.30 
KL-5 Professor Dr. S.R.A. Kersten 
University of Twente Groningen, Enschede, The Netherlands 
RESEARCH AND EVALUATION OF BIOMASS PYROLYSIS 


12.00 
KL-6 Professor Boris Kuznetsov 
Institute of Chemistry and Chemical Technology SB RAS, Krasnoyarsk, Russia 
DEVELOPMENT OF NEW INTEGRATED CATALYTIC PROCESSES OF LIGNOCELLULOSIC BIOMASS 
VALORIZATION INTO VALUABLE CHEMICAL PRODUCTS 


12.30-14.30  Lunch 
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September 6, Wednesday, 15.30 – 16.30 


MARE Hall 


Chairperson – Professor Rodger Beatson, British Columbia Institute of Technology, 
Burnaby, Canada 


PLENARY LECTURE 


14.30 
PL-6 Professor David Chiaramonti 
University of Florence, Italy 
INDUSTRIAL-SCALE PYROLYSIS FOR ENERGY AND PRODUCTS: WHICH OPPORTUNITIES TO 
PRIORITIZE? 


ORAL PRESENTATIONS 
Section IV. BIO-PHOTO-/ELECTRO-CATALYTIC CONVERSION OF RENEWABLES 


15.30 
OP-IV-1 Tudorache M., Opris C., Parvulescu V.I. 
VALORIZATION OF LIGNIN RESIDUES - BIOCATALYTIC OXY-POLYMERIZATION OF MONO-/OLIGO- 
LIGNOLS LEADING TO ARTIFICIAL LIGNIN STRUCTURES 
University of Bucharest, Bucharest, Romania 


15.50 
OP-IV-2 El-Alami W.1, Rodríguez J.2, El-Azzouzi M.2 
PHOTOCATALYTIC ACTIVITY, INFLUENCE OF THE STRUCTURE OF TiO2 AND ITS SURFACE 
PROPERTIES 
1University of Mohamed V Agdal, Laboratory of Chemistry of Materiaux, Nanomateriaux and 
Environment, Robat, Morocco 
2Laboratory of Environment, Madrid, Spain 


16.10 
OP-IV-3 Alenezi K. 
ELECTROCATALYTIC PRODUCTION OF HYDROGEN USING IRON SULFUR CLUSTER 
University of Hail, Kingdom of Saudi Arabia 


16.30          Coffee break 


Poster session 
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September 6, Wednesday, 15.30 – 16.30 
SOLE Hall 


ORAL PRESENTATIONS 
Section II. BIOMASS DERIVATIVES IN PETROCHEMISTRY 


Chairperson – Dr. Shuhei Ogo, Waseda University, Tokyo, Japan 


15.30 
OP-II-11 Pavliuk M.1, Cieślak A.2, D’Amario L.1, Abdellah M.1, Pullen S.1, Föhlinger J.1, 
Budinská A.1, Fernandes D.1, Sokołowski K.2, Rybinska U.1, Mamedov F.1, Ott S.1, Hammarström L.1, 
Edvinsson T.1, Lewiński J.2,3, Sá J.1,2 
PHOTOCATALYTIC NANO-HYBRID SYSTEM FOR H2 PRODUCTION 
1Uppsala University - Ångström Laboratory, Uppsala, Sweden 
2Institute of Physical Chemistry, Polish Academy of Sciences, Warsaw, Poland 
3Warsaw University of Technology, Warsaw, Poland 


15.50 
OP-II-12 Chapelliere Y.1, Tuel A.1, Mirodatos C.1, Schuurman Y.1, Wellach S.2, Jordan E.2 
FCC OF UPGRADED PYROLYSIS LIQUIDS MIXED WITH CRUDE OIL DISTILLATES: COMBINED 
STRATEGIES FOR IMPROVING BIO-FUELS YIELDS AND QUALITY 
1Institute of Research on Catalysis and Environment in Lyon, Villeurbanne, France 
2Grace GmbH & Co, Maryland, Germany 


16.10 
OP-II-13 Mironenko O.O.1, Sosnin G.A.1,2, Yeletsky P.M.1, Yakovlev V.A.1,2 
STRUCTURE FEATURES OF Mо-BASED DISPERSED CATALYSTS IN HYDROCRACKING AND STEAM 
CRACKING OF HEAVY OIL 
1Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
2Novosibirsk State University, Novosibirsk, Russia 


16.30          Coffee break 


Poster session 
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September 7, Thursday, 09.40 – 11.00 
MARE Hall 


ORAL PRESENTATIONS 
Section III. CATALYTIC PROCESSES FOR BIOFUELS PRODUCTION 


Chairperson – Dr. Srinivas Darbha, National Chemical Laboratory, Pune, India 


9.40 
OP-III-13 Tóth O., Holló A., Hancsók J. 
QUALITY IMPROVEMENT OF WASTE POLYOLEFIN ORIGINATED GAS OIL FRACTIONS ON 
TRANSITION METAL/SUPPORT CATALYST 
University of Pannonia, Veszprém, Hungary 


10.00 
OP-III-14 Zuas O., Budiman H., Mansur D.  
GC-TCD FOR THE MEASUREMENT OF COMPONENT BY-PRODUCT OF CATALYTIC 
HYDRODEOXYGENATION OF BIO-OIL: TOWARD OBTAINING REALIABLE ANALYTICAL DATA 
Research Centre for Metrology-Indonesian Institute of Sciences, Banten, Indonesia 


10.20 
OP-III-15 Yakovlev V.A.1,2, Alekseeva M.V.1,2, Rekhtina M.A.1, Smirnov A.A.1,2, Khromova S.A.1, 
Venderbosch R.H.3 
STABLE CATALYST – THE KEY TO 2nd GENERATION BIOFUELS 
1Boreskov Institute of Catalysis, Novosibirsk, Russia 
2Novosibirsk State University, Novosibirsk, Russia 
3Biomass Technology Group B.V., Enschede, The Netherlands 


10.40 
OP-III-16 Isa Y., Jula S.B. 
PREDICTING ZSM-5 PROPERTIES AND ACTIVITY IN CONVERSION OF ALCOHOLS TO FUEL RANGE 
HYDROCARBONS; AN ARTIFICIAL INTELLIGENCE APPROACH 
Durban University of Technology, Durban, South Africa 


11.00 Coffee break 


September 7, Thursday 







16 


September 7, Thursday, 09.40 – 11.00 
SOLE Hall 


ORAL PRESENTATIONS 
Section V. CATALYSIS FOR ENVIRONMENT AND SUSTAINABILITY 


Chairperson – Dr. Ail Snehesh Shivananda, Free University of Bozen-Bolzano, 
Bolzano, Italy 


9.40 
OP-V-6 Potemkin D.I.1,2, Filatov E.Y.1,3, Zadesenets A.V.1,3, Snytnikov P.V.1,2, Sobyanin V.A.2 
CO PROX on Pt-M and Pt-MOx (M = Fe, Ni, Co) MODEL CATALYSTS: THE ORIGIN OF SYNERGETIC 
EFFECT 
1Novosibirsk State University, Novosibirsk, Russia 
2Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
3Nikolaev Institute of Inorganic Chemistry, Novosibirsk, Russia 


10.00 
OP-V-7 Chen X.1,2, Xie Z.2, Zhu Y.3, Wang H.1 
GROWTH OF GRAPHITIC CARBON NITRIDE NANOSHEET ON TiO2 MESOPOROUS SPHERES WITH 
HIGHLY IMPROVED PHOTOCATALYTIC ACTIVITY UNDER VISIBLE LIGHT IRRADIATION 
1Monash University, Clayton, Victoria-Melbourne, Australia 
2CSIRO Manufacturing, Clayton South, Victoria - Melbourne, Australia 
3Royal Melbourne Institute of Technology, Melbourne, Australia 


10.20 
OP-V-8 Isaeva V.1,2, Chernyshev V.3, Tarasov A.1,2, Kustov L.1,3 
CO2 CONVERSION IN LIQUID HYDROCARBONS OVER Со NANOPARTICLES EMBEDDED IN METAL-
ORGANIC MIL-53(Al) MATRIX 
1National University of Science and Technology “MISiS”, Moscow, Russia 
2N.D. Zelinsky Institute of Organic Chemistry RAS, Moscow, Russia 
3M.V. Lomonosov Moscow State University, Moscow, Russia 


10.40 
OP-V-9 Deorsola F.A., Galletti C. , Bensaid S., Russo N. 
STUDY ON MESOPOROUS-SUPPORTED CATALYSTS FOR SIMULTANEOUS CO2 and STEAM 
REFORMING OF BIOGAS 
Politecnico di Torino, Torino, Italy 


11.00  Coffee break 
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September 7, Thursday, 11.30 – 12.30 
MARE Hall 


ORAL PRESENTATIONS 
Section IV. BIO-PHOTO-/ELECTRO-CATALYTIC CONVERSION OF RENEWABLES 


Chairperson – Professor Vadim Yakovlev, Boreskov Institute of Catalysis SB RAS, 
Novosibirsk, Russia 


11.30 
OP-IV-4 Lakina N., Petrova A., Sulman E., Sulman A., Sulman M. 
THE USE OF ENZYMES CULTURES OF FUNGI PENICILLIUM VERRUCULOSUM FOR HYDROLYTIC 
PROCESSING OF PEAT 
Tver State Technical University, Tver, Russia 


11.50 
OP-IV-5 Golovko V.1, Anderson D.1, Ovoshchnikov D.1, Donoeva B.1, Ruzicka Y.1, Abu Bakar F.1, 
Adnan R.1, Andersson G.2, Metha G.3, Kimoto K.4, Nakayama T.4, Marshall A.5, Steven J.5, 
Padayachee D.5, Hashemizadeh I.5, Yip A.5 
CONTROLLED FABRICATION OF CATALYSTS FOR GREEN CHEMICAL PROCESSES 
1University of Canterbury, Christchurch, New Zealand 
2Flinders Centre for NanoScale Science and Technology, Flinders University, Adelaide, Australia 
3University of Adelaide, Australia 
4National Institute for Materials Science (NIMS), Tsukuba, Japan 
5CAPE, University of Canterbury, Christchurch, New Zealand 


12.10             Closing 


12.30             Lunch 


14.30  Excursion to San Marino 
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POSTER PRESENTATIONS 


PP-1 Aleksandrova T.N., Aleksandrov A., Nikolaeva N.  
INVESTIGATION OF THE INFLUENCE OF ULTRAVIOLET AND ACOUSTIC EFFECTS ON THE 
PROPERTIES OF HEAVY OIL 
Saint-Petersburg Mining University, Saint-Petersburg, Russia 


PP-2 Babayeva F.A., Akhmedova R., Ibragimov H., Abasov S., Rustamov M. 
CATALYST FOR OBTAINING MOTOR FUEL FROM METHANOL
Institute of Petrochemical Processes of Azerbaijan NAS, Baku, Azerbaijan 


PP-3 Bachurikhin A.L.1, Efendiev M.2 
ELECTROMAGNETIC INSTALLATION FOR NEUTRALIZATION OF WASTEWATER 
PRODUCTION OF OLIVE OILS 
1Gubkin I.M. Russian State University of Oil and Gas, Moscow, Russia 
2OJSC DagNefteProduct, Makhachkala, Russia 


PP-4 Yemelyanova V.S., Dossumova B.T., Aibassov Y.Z., Baizhomartov B.B., Shakiyev E.M. 
DEVELOPMENT OF ZEOLITE-LIKE MAGNETICALLY CONTROLLED CATALYSTS BASED ON 
ALUMINOSILICATE MICROSPHERES OF FLY ASH FROM THERMAL POWER STATIONS 
Research Institute of New Chemical Technologies and Materials, Almaty, Kazakhstan 


PP-5 Boudaoud N.1, Miloudi H.1, Tayeb A.1, Ureña-Amate M.2, Bendeddech A.1 
REMOVAL OF THE INSECTICIDE METHOMYL FROM WATER TO MAGNESIUM-ALUMINUM-
CARBONATE LAYERED DOUBLE HYDROXIDES 
1University of Algeria, Oran, Algeria 
2University of Almeria, Almeria, Spain 


PP-6 Damiyine B., Abdellah G., Boussen R.  
ADSORPTION OF RHODAMINE B DYE ONTO EXPANDED PERLITE FROM AQUEOUS 
SOLUTION: KINETICS, EQUILIBRIUM AND THERMODYNAMICS 
Mohammed University, Rabat, Morocco 


PP-7 Di Francesco D., Subbotina E., Rautiainen S., Samec J. 
Pd/C-PMHS BINARY SYSTEM AS A NEW APPROACH FOR Bio-OIL VALORIZATION 
Stockholm University, Stockholm, Sweden 


PP-8 Djouambi N., Messalhi A., Bougheloum C. 
PHOTOCATALYTIC DEGRADATION OF THIOPHENE DERIVATIVES ON TiO2 
University BADJI-Mokhtar, Annaba, Algeria 


PP-9 Georgiev V., Iliev V., Batakliev T., Karakashkova P., Anachkov M., Rakovsky S. 
ENHANCEMENT OF THE ACTIVITY OF TiO2 – BASED CATALYSTS BY DOPING WITH NOBLE 
METALS, INVOLVING OZONE IN PHOTOCATALYTIC DEGRADATION OF ADIPIC ACID 
Institute of Catalysis, Bulgarian Academy of Science, Sofia, Bulgaria 
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PP-10 Glotov A.P.1,2, Zolotukhina A.V.2, Stavitskaya A.V.1, Ivanov E.V.1, Vinokurov V.A.1,  
Maksimov A.L.2, Lvov Y.M.1,3 
CATALYTIC ACTIVITY OF Ru-CONTAINING HALLOYSITE CATALYSTS IN HYDROGENATION 
OF AROMATIC COMPOUNDS UNDER TWO-PHASE CONDITIONS 
1Gubkin Russian State University of Oil and Gas, Moscow, Russia 
2M.V. Lomonosov Moscow State University, Moscow, Russia 
3Louisiana Tech University, Ruston, USA 


PP-11 Gomez Bernal H.1, Funaioli T.1, Ricciardi A.1, Bertolucci E.2, Antonetti C.1,Raspolli Galletti A.M.1 
PALLADIUM DOPED MAGNETIC NANOCATALYSTS FOR SUSTAINABLE 5-
HYDROXYMETHYLFURFURAL OXIDATION 
1Università di Pisa, Pisa, Italy 
2Scuola Normale Superiore di Pisa, Pisa, Italy 


PP-12 Hadad С.1, Echeverry A.1, Ferraro F.2, Osorio E.2 
TETRAMER OF GOLD-PLATINUM AS A CATALYST FOR THE DEHYDROGENATION OF 
AMMONIA-BORAN 
1Universidad de Antioquia, Medellín, Colombia 
2Universidad Católica Luis Amigó, Medellín, Colombia 


PP-13 Isupova L., Yakovleva I., Gerasimov E., Sutormina E.  
La1-xCaxCoO3-δ PEROVSKITES FOR DEEP OXIDATION 
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 


PP-14 Karakashkova P.1, Batakliev T.1, Georgiev V.1, Serga V.2, Anachkov M.1, Rakovsky S.1 


EFFECT OF THE SUPPORT ON THE PERFORMANCE OF Ni/Pd BASED 
CATALYSTS IN DECOMPOSITION OF OZONE
1Institute of Catalysis, Bulgarian Academy of Science, Sofia, Bulgaria 
2Riga Technical University, Institute of Inorganic Chemistry, Latvia 


PP-15 Kuznetsov B., Sudakova S., Garyntseva N., Kuznetsova S., Levdansky V., Levdansky A., 
Pestunov A. 
GREEN CATALYTIC BIOREFINERY OF LARCH-WOOD BIOMASS WITH OBTAINING 
MICROCRYSTALLINE CELLULOSE AND FINE CHEMICALS 
Institute of Chemistry and Chemical Technology SB RAS, Krasnoyarsk, Russia 


PP-16 Manaenkov O., Matveeva V.G., Kislitza O., Sulman E., Ratkevich E., Sulman M. 
MAGNETICALLY RECOVERABLE CATALYSTS FOR CELLULOSE HYDROGENOLYSIS 
Tver State Technical University, Tver, Russia 


PP-17 Massalimova B.1, Tungatarova S.2, Nurlybayeva A.1, Matniyazova G.1, Kalmakhanova M.1 
OXIDATIVE CONVERSION OF LIGHT ALKANES TO NEW COMPOSITE MATERIALS 
1M.Kh. Dulaty Taraz State University, Taraz, Kazakhstan 
2D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry, Almaty, Kazakhstan 


PP-18 Luis C. F. Oliveira, Werlesson R. C. Trindade, Rusiene M. de Almeida, Janaína H. Bortoluzzi, 
Simoni M. P. Meneghetti, Mario R. Meneghetti 
OXIDATION OF GLYCEROL USING GOLD NANOPARTICLES ENCAPSULATED WITH CARBON 
AS CATALYST 
Institute of Chemistry and Biotechnology, University Federal of Alagoas, Maceió, Brazil 
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PP-19 Nasullaev Kh.A.1,2, Yunusov M.P.2, Sayidov U.Kh.3, Mamatkulov Sh.I.2, Gulomov Sh.T.2, 
Kadirova Sh.A1 
PREPARATION OF NANOCATALYSTS IN A POROUS Al2O3 MATRIX 
1M. Ulugbek National University of Uzbekistan, Tashkent, Uzbekistan 
2A. Sultanov Uzbek Chemical-Pharmaceutical Research Institute, Tashkent, Uzbekistan 
3NHC «UZBEKNEFTEGAZ», Tashkent, Uzbekistan 


PP-20 Nivangune N.1, Kelkar A.1, Ranade V.2 
SYNTHESIS OF DIMETHYL CARBONATE BY TRANSESTERIFICATION OF CYCLIC CARBONATE 
WITH METHANOL USING SOLID BASE CATALYSTS 
1Chemical Engineering and Process Development Division, National Chemical Laboratory, Pune 
2School of Chemistry and Chemical Engineering, Queen's University Belfast, Northern 
Ireland, United Kingdom 


PP-21 Pai Z.P., Selivanova N.V., Berdnikova P.V. 
CATALYTIC PROCESSES OF CARBOXYLIC ACIDS PRODUCTIONS FROM THE RENEWABLE 
RAW MATERIALS 
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 


PP-22 Sequeiros A.1, Puylaert P.2
, Hinze S.2, de Vries J.G.2, Labidi J.1 


FORMATION OF AROMATIC ACIDS VIA OXIDATIVE CARBONYLATION OF LIGNIN 
MONOMERS 
1University of the Basque Country, San Sebastian, Spain 
2Leibniz Institute for Catalysis, Rostock, Germany 


PP-23 Sfirloaga P., Ursu D., Taranu B., Poienar M., Dabici A., Vlazan P. 
PHOTOCATALYTIC ACTIVITY OF Pd-doped LaMnO3 SYNTHESIZED AT LOW TEMPERATURE 
National Institute for Research and Development in Electrochemistry and Condensed 
Matter, Timisoara, Romania 


PP-24 Shakiyeva T.V., Yemelyanova V.S., Dossumova B.T., Aibassov Y.Z., Baizhomartov B.B. 
CATALYTIC PURIFICATION OF WASTE GASES FROM SULFUR IMPURITIES IN THE PRESENCE 
OF MODIFIED CENOSPHERES OF THERMAL POWER STATIONS 
Research Institute of New Chemical Technologies and Materials, Almaty, Kazakhstan 


PP-25 Sulman M., Sulman E., Grigorev M., Antonov E., Grebenyuk A. 
CATALYTIC HYDROGENATION OF D-XYLOSE to D-XYLITOL: TEMPERATURE FACTOR 
Tver State Technical University, Tver, Russia 


PP-26 Ushakov A.E., Markov A.A., Shmakov A.N., Patrakeev M.V., Leonidov I.A., Kozhevnikov V.L. 
EFFECTS OF Ni-M2O3 (M: Cr, Mn, Fe) CATALYSTS ON POM PARAMETERS IN MEMBRANE 
REACTOR 
Institute Solid State Chemistry, Yekaterinburg, Russia 


PP-27 Vlazan P.1, Rus F.1, Poienar M.1, Stoia M.2, Linul P.1, Ursu D.1, Sfirloaga P.1 
SYNTHESIS OF Zr4+ and Bi3+ DOPED NaNbO3 PEROVSKITE MATERIALS AND THE STUDY OF 
CATALYTIC ACTIVITY 
1National Institute for Research and Development in Electrochemistry and Condensed 
Matter, Timisoara, Romania 
2Politehnica University of Timisoara, Timisoara, Romania 
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PP-28 Yemelyanova V.S., Shakiyeva T.V., Dossumova B.T., Baizhomartov B.B. 
OXIDATION OF PHENOL IN THE PRESENCE OF ENZYME-LIKE CATALYSTS IMMOBILIZED ON 
MAGNETIC NANOPARTICLES 
Research Institute of New Chemical Technologies and Materials, Almaty, Kazakhstan 


PP-29 Zhizhina E.G., Gogin L. 
ONE-POT PROCESSES OF ALKYL-SUBSTITUTED ANTHRAQUINONES SYNTHESES IN THE 
PRESENCE OF HETEROPOLY ACID SOLUTIONS AS BIFUNCTIONAL CATALYSTS 
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
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VIRTUAL PRESENTATIONS 


VP-1 Burlutskiy N.P., Jdanov A.A., Popok E.V. 
STUDY OF CATALYTIC ACTIVITY OF ULTRAFINE IRON POWDERS IN LIQUID 
HYDROCARBONS SYNTHESIS 
National Research Tomsk Polytechnic University, Tomsk, Russia 


VP-2 Dossumov K.1, Yergaziyeva G.2, Myltykbayeva L.1, Asanov N.A.2, Telbayeva M.2 
CATALYTIC CONVERSION OF BIOGAS TO SYNTHESIS GAS 
1Al-Farabi Kazakh National University, Centre of Physical and Chemical Methods of 
Investigation and Analysis, Almaty, Kazakhstan 
2The Institute of Combustion Problems, Almaty, Kazakhstan 


VP-3 Dossumov K.1, Yergaziyeva G.2, Churina D.1, Tayrabekova S.1, Tulibayev E.2 
HYDROGEN PRODUCTION BY ETHANOL CONVERSION 
1Al-Farabi Kazakh National University, Centre of Physical and Chemical Methods of 
Investigation and Analysis, Almaty, Kazakhstan 
2The Institute of Combustion Problems, Almaty, Kazakhstan 


VP-4 Kalenchuk A.N.1, Bogdan V.I.2 
PRODUCTION OF CHEMICALLY PURE HYDROGEN BY THE HYDROGENATION-
DEHYDROGENATION REACTIONS OF AROMATIC COMPOUNDS 
1M.V. Lomonosov Moscow State University, Moscow, Russia 
2N.D. Zelinsky Institute of Organic Chemistry RAS, Moscow, Russia 


VP-5 Khramenkova A.V., Ariskina D., Bespalova Z. 
A STUDY OF THE CATALYTIC PROPERTIES OF COMPOSITE OXIDE MATERIALS OBTAINED BY 
TRANSIENT ELECTROLYSIS 
Platov South-Russian State Polytechnic University, Novochserkask, Russia 


VP-6 Koklin A.E.1, Kazak V.O.2, Mishanin I.I.2, Bogdan V.I.1,2 
CARBON DIOXIDE HYDROGENATION OVER Fe/K/C and Fe-Cu/K/C CATALYSTS UNDER 
SUPERCRITICAL CONDITIONS 
1N.D. Zelinsky Institute of Organic Chemistry RAS, Moscow, Russia 
2M.V. Lomonosov Moscow State University, Moscow, Russia 


VP-7 Omarov S.O. 
ISOBUTANE ALKYLATION WITH ISOBUTENE ON SOLID ACID MoO3/ZrO2 CATALYSTS 
St. Petersburg State Institute of Technology (Technical University), St. Petersburg, Russia 


VP-8 Pasa S.1, Aydemir M.2, Rafikova K.S.3,4, Kussainova M.3, Zhunusbekova M.3, Yegis T.3, 
Alpysbay L.4 
SYNTHESIS OF NOVEL BORON COMPLEXES BL BASED ON O DONOR ATOM LIGANDS - 2,2'-
(1E,1'E)-(ethane-1,2-diylbis(azan-1-yl-1-ylidene))bis(methan-1-yl-1-ylidene)diphenol (L1)  
1Afyon Kocatepe University, Afyonkarahisar, Turkey 
2Dicle University, Diyarbakir, Turkey 
3Kazakh-National Research Technical University named K.I. Satpayev, Almaty, Kazakhstan 
4Kazakh-British Technical University, Almaty, Kazakhstan 


VP-9 Petrov A.Y. , Nefedova N.V., Sinitsin S.A., Vanchurin V.I. 
MULTI-PURPOSE CATALYTIC PLATFORM, BASED ON STRUCTURALLY MODIFIED 
TRANSIENT METAL OXIDES 
D. Mendeleyev University of Chemical Technology of Russia, Moscow, Russia 
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