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Abstract  

 

The study is devoted to the low-temperature catalytic pyrolysis of biomass. The pyrolysis of peat was 

conducted using natural aluminosilicates and synthetic zeolites. It was found that the pore size of the 

mineral strongly affects the catalytic activity and provides the processing of the hydrocarbons forma-

tion reactions. Bentonite clay was found to be the most effective catalyst for the biomass pyrolysis proc-

ess. The use of bentonite clay as an addition to peat allows improving structural (strength, porosity) 

and sorption characteristics (sorption rate) of the molded compositions and can serve as a catalyst dur-

ing its subsequent thermal conversion. The amount of gases obtained using natural aluminosilicate as 

a catalyst increased by 2 times compared to the non-catalytic process. The calorific value of the prod-

ucts obtained was higher due to the light hydrocarbons formation. © 2015 BCREC UNDIP. All rights 

reserved. 
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1. Introduction  

The most prospective methods of thermo-

chemical processing of biomass are pyrolysis 

and gasification, which consist of the heating of 

biomass at air tight or at the blowdown with 

water vapor, oxygen, carbon dioxide or their 

mixture to produce the combustible gases. The 

conversion of the initial feedstock is the com-

plex system of the consecutive-competing oppo-

site and complete reactions, among them there 

are exo- and endothermic reactions. Such proc-

esses have rather high activation energies, and 

hence they require high temperatures. The in-

duction of the catalysts into the reaction sys-

tem leads to the sufficient decrease in the acti-

vation energy and allows achieving higher 

amount of hydrocarbons in comparison to non-

catalytic processes at the same temperature. 

Depending on the process conditions it is possi-

ble to obtain gas with the specified calorific 

value (3-30 MJ/m3) and composition. The gases 

with calorific value to 7 MJ/m3 are used in the 



 

power industry and for the technological appli-

cation. The calorific value of the suction gas ob-

tained from wood and peat under the vapor-air 

purging is about 6 MJ/m3. The gases with the 

calorific value equal to 7 MJ/m3 are produced 

by the vapor-oxygen purging under pressure. 

The studies focused on the investigation of 

the influence of type and composition of the 

mineral and organic compounds on the process 

rate and the yield of the pyrolysis products 

have the great importance for the biomass ther-

mal processing field. The analysis of the inter-

actions of the mixture components on the pyro-

lysis process contributes to the development of 

the scientific bases of the method, allows speci-

fying the optimal substrate composition that 

leads to the increase in the effectiveness of the 

process. All these aspects help choosing the ef-

fective catalytic system which allows conduct-

ing the process at lower temperatures with 

high rates and selectivity [1-3]. 

The closed circuit of the pyrolysis process al-

lows decreasing negative effects on the environ-

ment due to the decrease in the emission of ad-

verse semi-products of the process. The use of 

the pyrolysis catalysts and the appliance of 

modern technologies of the process manage-

ment allow increasing selectivity and conver-

sion to the target products (gaseous and liquid 

fuels) that sufficiently increases the process ef-

fectiveness and decreases the feedstock proc-

essing cost [4, 5]. 

Leading European countries and the USA 

actively develop novel catalytic materials for 

the pyrolysis and gasification of organogeneous 

raw-materials. The examples are: zeolites ZSM-

5 [6], zeolites catalyst DС-11 [7], mineral silica-

alumina materials MCM-41 [8], Al-MCM-41, 

Al-SBA-15 [9, 10], silica, Al2O3, -Fe2O3, Fe3O4, 

α-FeOOH [11], clays [12], Ni/Al [13], boric and 

phosphoric acids [14], zinc chloride [15], KNO3-

B2O3/Al2O3 [16], Co/MgO [17]. Catalysts on the 

base of zeolites and like-zeolites minerals are 

the most prospective ones for the thermal treat-

ment of biofuels. Thus the affectivity of thermo-

chemical conversion of biomass to fuels is con-

siderably increase while using silica-alumina 

catalysts which accelerate the decomposition of 

high-molecular substances, increase selectivity, 

allow controlling the obtaining of the products 

having the required volatility and inflammabil-

ity limit. 

The investigation of the influence of the 

catalytic properties of aluminosilicate materi-

als (clays) on the biomass pyrolysis process was 

carried out. The aim of this study was the 

search of the effective catalyst for such biofuel 

processing. The choice of the clays and other 

aluminosilicate materials as the catalysts of 

the pyrolysis and gasification is based on the 

effectiveness of their influence on the organic 

compounds conversion. Moreover the availabil-

ity and hence the low cost of the catalytic active 

mineral compounds also are of great interest.   

 

2. Materials and Method 

2.1. Experimental set-up 

The experimental set-up for the pyrolysis 

methods approbation consists of the steel-batch 

reactor of the fixed type, electrical heater with 

the temperature regulation by contact thermo-

couple (see Figure 1). The flat heating of the 

electrical heater is 1000 ºC. The reactor is 

equipped with sample-collecting device, hy-

draulic seal and hose system for the transpor-

tation and collection of the gaseous products in 

the eudiometer. 

The pyrolysis reactor type is chosen on the 

base of technical parameters such as heat-

transfer and feedstock supply type. In compli-

ance with the literature data [18-24] while 

processing the biomass with the sufficient im-

purity, it is rational to use the reactors of the 

fixed type which excludes the stirring stages. 

The choice of the material must be based on the 

working process conditions: temperature, pres-

sure and hostile medium. 

 

2.2. Pyrolysis Procedure 

Both natural aluminosilicate materials 

(caolin, bentonite, Cambrian clays and clay 

mergel) and synthetic zeolites (H-Beta-25, Н-

Beta-150, HY, H-ZSM-5 and H-Mord-20, pur-

chased from "Zeolyst International") were used 

as the catalysts of the biomass pyrolysis. To es-

timate the rates of thermodestruction of the 

feedstock in the presence of the catalysts the 

Bulletin of Chemical Reaction Engineering & Catalysis,  10 (3), 2015, 325 

Copyright © 2015, BCREC, ISSN 1978-2993 

Figure 1. Scheme of the experimental set-up for the 

pyrolysis methods testing: (1) reactor, (2) faucet; (3)  

sample-collecting device; (4) hydraulic seal; (5) gas 

to the eudiometer; (6) electrical heater; (7) auto-

matic regulator of temperature  



 

gaseous product evolution velocity was defined 

during the experiment. For the maximal effec-

tiveness of the process the biomass pyrolysis 

temperature generally does not exceed 600 °С 

[22], that’s why the working range of the tem-

peratures of the experimental settlement is 

generally 300-600 °С. The duration of the proc-

ess must not exceed 3-5 hours [25]. Therefore 

the range of the studied temperatures of the 

pyrolysis process was 400-600 ºС and the dura-

tion of the experiment was 100 min. 

 

2.3. Methods of the Analysis 

As the condensation processes of the non-

volatile liquid process products pass in the hy-

draulic seal, the liquid sample of the pyrolysis 

products can be collected at the end of the ex-

periment for the analysis by the methods of IR-

spectrometry, liquid chromatography and chro-

mate-mass-spectrometry. 

The gaseous product volume measurement 

was carried out by the eudiometer. The collec-

tion of the gaseous products was preceded from 

both the sample-collector and the eudiometer 

for the following analysis by the gas chromatog-

raphy and gaseous chromate-mass-

spectrometry methods. The masses of the solid 

residue and the liquid fraction were calculated 

by the difference of the masses of the reactor 

and the hydraulic seal, respectively. 

The analysis of the elemental composition of 

the aluminosilicate minerals was carried out 

using X-ray fluorescent spectrometer 

“Spectroscan-Max”. The surface area and pore 

distribution of the studied clays were defined 

by the analyzer Beckman CoulterTM SA 

3100TM. 

To estimate the concentration of hydrocar-

bons of a gaseous mixture obtained by the pyro-

lysis the gaseous chromatograph “Model 3700” 

equipped with the column filled with silica gel 

was used [26]. The analysis conditions were the 

followings: the consumption of gas-carrier 

(nitrogen) 120 mL/min; gas-carrier pressure 

1.5 kg s/sm3; duration of the analysis 30 min; 

sample volume 1 mL; carrier-silica gel 0.4 mm; 

column length 1 m; column temperature 50 °С; 

detector temperature 100 °С. 

To estimate the calorific value of the ob-

tained gaseous products the analyzer of the 

volumetric specified calorific value of the gases 

was developed on the base of flame tempera-

ture detector [26]. 

 

3. Results and Discussion 

3.1. Catalysts Characterisation 

The surface characteristics of the catalytic 

systems H-Beta-25 and H-MORD are presented 

in Table 1. During the experiments on biomass 

pyrolysis the elemental composition of natural 

zeolites, their surface areas and pore-size dis-

tribution were investigated. The results of the 

analysis are presented in Table 2. 

The data obtained show that bentonite clay 

consists of the significant amount of Fe that in-

dicates the presence of the ferrous montmorillo-

nite in it. At the same time Fe concentration of 
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Synthetic 

zeolites 
Pore size, Å 

Surface 

area, m2/g 

H-Beta-25 

Polymorph А Polymorph В 

807 Straight channel 
Tortuous  

channel 

Straight  

channel 

Tortuous 

channel 
 

7.3 x 6.0 5.6 x 5.6 7.3 x 6.8 5.5 x 5.5  

H-MORD 

Transversal systems of the  

channels 

Transversal systems of the  

channels 605 

6.7 x 7.0 2.9 x 5.7 

Table 1. The surface area and pore size of H-Beta-25 and H-MORD  

Table 2. The elemental composition of the clays 

studied  

Component Concentration, % 

Bentonite clay 

Al2Si4O13H4 96.88 

Ti 0.46 

Mn 0.06 

Fe 2.47 

Ag 0.05 

Caolin clay 

Al2Si2O6H4 99.48 

Fe 0.34 

Clay mergel 

Al2Si4O6H2 97.56 

Mn 0.07 

Fe 2.20 
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the caolin clay is twice as much as it is of the 

bentonite clay. But the presence of the catalytic 

active elements is insufficient for the catalysts 

activity, these elements must be available for 

the compounds which are exposed to the cata-

lytic transformation. The objective factor of the 

availability of the catalytic sites is the value of 

the specific surface area of the catalysts. The 

specific surface area and the pore volume reach 

the maximum value for the bentonite clay 

(Table 3 and 4). The presence of the pores with 

different sizes in the studied clays samples 

positively affects hydrocarbons synthesis. The 

pore large size promotes fast delivery of the re-

actants to the catalytic sites and fast rejection 

of the reaction products, the pores with small 

size provide hydrocarbons synthesis [27]. The 

results of the pore-size distribution investiga-

tion (Table 4) indicate that generally the struc-

ture of all studied samples of the catalysts is 

presented by the mesopores.  

 

3.2. Catalysts Testing  

The catalytic activity of natural aluminosili-

cates and synthetic zeolites was estimated by 

the volume of the gaseous mixture obtained in 

the biomass pyrolysis process and by the values 

of hydrocarbons concentration and calorific 

value of the combustible gases. 

It is shown that in the presence of natural 

aluminosilicate materials biomass pyrolysis 

leads to the increase in the volume of the re-

sulting pyrolysis gas. From the data shown in 

the Table 5, it can be seen that the volume of 

the gas mixture obtained in the biomass pyroly-

sis in the presence of, e.g.: bentonite clay, is in-

creased by about 1.2 times compared to a non-

catalytic process that indicates that the reac-

tion is catalyzed by the active sites of alumi-

nosilicate. Moreover the catalytic action of 

studied aluminosilicates is associated generally 

with the presence of acid sites due to the negli-

gible amount of transition metals in clays 

(Table 2). Furthermore according to the data 

presented in Table 3 bentonite clay has the 

highest surface area among the other clays that 

also influences on the performance of the cata-

lyst.  

The clay type 

Specific surface area S, m2/g 

Langmuir model  BET model  

SL K  SБЭТ K 

Caolin clay 9.554 0.99980  9.103 0.99997 

Bentonite clay 59.821 0.99970  58.910 0.99997 

Clay mergel 18.923 0.99980  20.420 0.99989 

Table 3. The specific surface of the clays samples  

Pore di-

ameter, 

nm 

Bentonite clay  Caolin clay   Clay mergel  

Pore volume, 

mL/g 
%  

Pore volume, 

mL/g 
%  

Pore volume, 

mL/g 
% 

< 6 0 0  0.00271 16.40  0 0 

8-6 0 0  0.00166 10.06  0 0 

8 - 10 0 0  0.00133 8.06  0 0 

10 - 12 0.00201 0.11  0.00134 8.10  0.00116 0.12 

12 - 16 0.00968 0.51  0.00161 9.77  0.00504 0.53 

16 - 20 0.01396 0.73  0.00144 8.73  0.01027 1.08 

20 - 80 1.89008 98.65  0.00512 31.00  0.69005 72.48 

> 80 0.00020 0.01  0.00130 7.89  0.24558 25.79 

Total 1.91593 100  0.01651 100  0.95210 100 

Table 4. Pore size distribution  
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The study of the catalytic activity of syn-

thetic zeolite in the biomass pyrolysis processes 

has shown that the amount of the pyrolysis gas 

increases approximately by 1.3-1.7 times com-

pared to the processes carried out both without 

catalysts and with the addition of aluminosili-

cate minerals (Table 5). The higher catalytic ac-

tivity of zeolites compared with natural alumi-

nosilicates can be explained by the higher spe-

cific surface area (Tables 1 and 3) that is one of 

the determinant factor. 

When using clay minerals, a significant in-

crease in the amount of hydrocarbons released 

in the gas mixture was observed. Their values 

were more than 2 times higher than the values 

obtained in the pyrolysis of the sample contain-

ing no catalyst (Table 6). It is noteworthy that 

the largest amount of ethylene and propane 

was obtained when using bentonite clay, which 

is important in the evaluation of the calorific 

value of the combustible mixture because these 

hydrocarbons have a higher heat value com-

pared to ethane and methane. It is noteworthy 

that bentonite clay is characterized by the 

highest volume of mesopores with diameter 20-

80 nm (Table 4) which as it was indicated in 3.1 

Time, s 

Volume, ml 

Without  

catalyst 
Bentonite clay Clay mergel Caolin clay H-Beta-25 H-MORD 

0 0 0 0 0 0 0 

360 29.0 29.0 40.0 26.0 59.7 80.4 

840 89.0 95.0 120.0 85.0 160.0 175.5 

1320 117.5 136.5 151.0 122.0 192.1 202.7 

1800 130.0 152.5 166.0 137.0 210.3 226.0 

3360 152.0 181.5 194.0 165.5 232.6 260.4 

Table 5. Dependence of the amount of released gases on the nature of the catalyst  

Hydro-

carbons 
Time, s 

The accumulation of hydrocarbons, mol 

Without  

catalyst 

Bentonite 

clay 
Caolin clay Clay mergel H-Beta-25 H-MORD 

Methane 

0 0 0 0 0 0 0 

360 0.04·10-5 0.05·10-5 0.07·10-5 0.07·10-5 0.62·10-5 0.81·10-5 

840 1.45·10-5 3.26·10-5 3.87·10-5 3.16·10-5 12.71·10-50 21.98·10-5 

1320 4.64·10-5 9.09·10-5 8.98·10-5 8.90·10-5 26.50·10-5 34.17·10-5 

1800 7.57·10-5 14.50·10-5 13.40·10-5 14.50·10-5 38.36·10-5 42.98·10-5 

3360 16.40·10-5 29.60·10-5 29.60·10-5 30.00·10-5 49.53·10-5 55.64·10-5 

Ethane 

0 0 0 0 0 0 0 

360 0.019·10-5 0.02·10-5 0.02·10-5 0.01·10-5 0.11·10-5 0.13·10-5 

840 0.54·10-5 0.97·10-5 0.72·10-5 0.68·10-5 3.41·10-5 8.21·10-5 

1320 1.41·10-5 2.55·10-5 1.73·10-5 1.96·10-5 8.05·10-5 9.25·10-5 

1800 2.08·10-5 4.28·10-5 2.72·10-5 3.32·10-5 8.25·10-5 9.32·10-5 

3360 4.45·10-5 10.50·10-5 7.09·10-5 8.61·10-5 8.35·10-5 9.41·10-5 

3360 1.71·10-5 6.28·10-5 3.31·10-5 3.91·10-5 3.90·10-5 3.13·10-5 

Propane 

0 0 0 0 0 0 0 

360 0 0.07·10-5 0 0 1.31·10-5 0.15·10-5 

840 0.25·10-5 1.29·10-5 0.37·10-5 0.03·10-5 4.35·10-5 3.42·10-5 

1320 0.66·10-5 2.56·10-5 0.87·10-5 0.95·10-5 5.26·10-5 3.65·10-5 

1800 0.99·10-5 3.55·10-5 1.34·10-5 1.58·10-5 5.36·10-5 3.84·10-5 

3360 2.02·10-5 6.51·10-5 3.23·10-5 3.86·10-5 5.42·10-5 4.29·10-5 

Table 6. Dependence of the accumulation of hydrocarbons on the nature of the catalyst  
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affect on the hydrocarbons formation [27].  

The use of synthetic zeolites into the bio-

mass pyrolysis leads to the sharp increase in 

the concentration of lower hydrocarbons such 

as methane in the resulting gaseous mixture as 

it is shown in Table 6. The values obtained 

show that the amount of the components is in-

creased more than by four times compared to 

the results of a non-catalytic process and is ap-

proximately 2 times higher than the same data 

of the catalytic activity of bentonite clay in the 

pyrolysis of biomass. The amount of other sepa-

rated hydrocarbons (ethane, ethylene, and pro-

pane) increases not more than twice compared 

to the non-catalytic process, and the data ob-

tained using bentonite clay is higher than those 

obtained using synthetic zeolites. It indicates 

the prevalence of decomposition processes over 

the processes of synthesis (including Fischer-

Tröpsch synthesis) that can be caused by a 

small (relative to clay) pore size, therefore, 

there is no orientation of the molecules for the 

synthesis of hydrocarbons having a chain 

length of 2-3 carbon atoms (Tables 1 and 4). 

The increase in the number of hydrocarbons 

explains the increase in the calorific value of 

the pyrolysis gases; the value was 2 times 

higher compared to the data obtained for the 

process without the addition of the catalysts 

(Table 7). Among of number of aluminosilicate 

minerals that were used in this work, bentonite 

clay was the most effective. When this catalyst 

was used, the resulting amount of ethylene and 

propane, and the calorific value of the pyrolysis 

gases were the highest (Tables 6 and 7). Fur-

ther experiments were carried out in the pres-

ence of bentonite clay which was considered the 

most effective catalyst. 

When using synthetic zeolites the increase 

in the calorific value of the combustible gases 

obtained was observed. This value exceeds 

similar results of the non-catalytic process by 

more than 2 times (Table 7). The calorific value 

has similar level when the two samples of syn-

thetic zeolites were used as catalysts in com-

parison with natural aluminosilicate minerals. 

This can be explained by the fact that in the 

presence of synthetic zeolites the volume of the 

released pyrolysis gas was about 1.4 times 

higher (a significant portion makes methane 

(Table 6)). The latter has a lower calorific value 

than ethylene and propane, accumulated when 

using bentonite clay. 

The study of the dependence of calorific 

value of the combustible gases on the concen-

tration of bentonite clay (Table 8) allows con-

cluding that the optimal concentration of ben-

tonite clay for the pyrolysis of biomass is 2% 

(wt.) of the substrate mass. Natural alumi-

nosilicates when present in significant amounts 

in the reaction mixture, besides having a cata-

lytic function also acted as heat-carriers, con-

siderably increasing the heat conductivity of 

the mixture, thus promoting more uniform 

heating. Depending on aluminosilicates concen-

tration the factor of heat conductivity of reac-

tion mixture can be varied from 0.08 up to 

0.182 W/(m.K).  

Table 7. Dependence of the calorific value on the time 

Time, s 

Q, mJ/m3 

Without 

catalyst 
Bentonite clay Caolin clay Clay mergel H-Beta-25 H-MORD 

0 0 0 0 0 0 0 

480 2.86 2.19 2.94 2.36 7.38 10.48 

960 3.53 5.50 4.73 4.15 9.71 11.21 

1440 4.37 7.84 5.50 5.65 13.13 13.95 

1920 5.72 10.57 7.02 7.00 14.35 14.03 

3600 7.82 15.21 10.66 10.70 16.25 14.30 

Table 8. Dependence of the calorific value of the gas mixture on the concentration of bentonite clay  

The concentration of bentonite clay, % 1 2 3 4 5 10 

Q, mJ/m3 
7.31 11.11 10.53 10.84 8.94 8.22 
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4. Conclusions 

The study showed that the catalytic pyroly-

sis of biomass allows obtaining the combustible 

gas with a high calorific value. This fact opens 

the possibility of using catalytic pyrolysis in the 

field of alternative energy production. 

As a result of the work the conditions of the 

catalytic conversion of biomass to produce a 

mixture of combustible gases using natural alu-

minosilicate minerals were defined. It was 

found that bentonite clay had the best catalytic 

effect on the peat pyrolysis process when it was 

introduced into the substrate at a concentra-

tion 2% (wt.) at a temperature 460-480 ºC. The 

use of the catalyst allows reducing biomass py-

rolysis temperature to 450-480 ºC, which can 

significantly simplify the design of the pyro-

lyzer and allows using the cheaper materials 

for its construction. 
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