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Abstract 

In order to increase the resources of branched C5-C6 hydrocarbons with high 

octane number, the direct involvement of straight-run gasoline in a catalytic 

low-temperature joint isomerization and disproportionation process has been 

studied. The corresponding routes of the main and side reactions of the 

process of direct involvement of straight-run gasoline on the Me-HZSM-5-

SO4
2-

/ZrO2 catalyst to determine their rate constants, taking into account the 

complex composition of the feedstock, were described. The paper presents 

the results of the conversion of straight-run gasoline (SRG) at 140 - 200°C on 

the catalyst Co-HZSM-5-SO4
2-

/ZrO2. It has been established that the products 

of SRG conversion are mainly C5-C6 alkanes, the yield of which reaches 53-

66%, containing up to 79-88% of the iso-components during the conversion 

of C8+  paraffins 36-77%. Kinetic studies have been carried out to directly 

involve of straight-run gasoline in low-temperature isomerization-

disproportionation conversion of straight-run gasoline, and show reaction 

routes. Calculations of reaction rate constants depending on the conversion 

condition were carried out using the MATLAB program (STATISTICA). 

From the found values of the reaction rate constants using the Arrhenius 

equation, the activation energies are calculated. A kinetic model of the 

process is proposed 

Keywords: straight-run gasoline, rate constants, isomerization, disproportionation, 

kinetic regularities, composite system, izo- C5-C6 

Introduction 

Direct involvement of straight-run gasoline in the catalytic low-temperature conjugate 

process of isomerization and disproportionation allows to increase the resources of branched C5-

C6 hydrocarbons having a high octane number [1 - 5]. Due to the bimolecular activation of n- and 

lightly branched hydrocarbons, averaging of the molecular weight of the hydrocarbons takes 

place with the formation of predominantly iso-C5-C6 alkanes with a stronger branched structure. 

Previously, we conducted studies of catalytic transformations of straight-run gasolines at 

low temperatures (160-1800C) on composite catalysts M/H-zeolite-SO4
2-

/ZrO2 (where M is Ni, 

Co, zeolite-HMFİ-5, MOR) [6-8] and the possibility of replacing of high-temperature 

mailto:a.s1951@mail.ru


S.I. ABASOV, S.B. AGAYEVA, Kh.M. ALIMARDANOV, D.B. TAGIYEV, … 

 

www.ppor.az 34 

dehydrocyclization treatment (reforming) with isomerization (isoforming), the influence of 

technological parameters on the catalytic properties of the composition catalytic system Me-

HZSM-5-SO 2

4 /ZrO2 [9] were investiqated, and also the kinetic regularities of the involvement 

of C7+ components of straight-run gasoline in the conjugated process of isomerization and 

disproportionation are established, a regression model of the process is created, activation 

energies are calculated [10] . 

The initial gasoline fraction is known to have a complex composition and it can be 

assumed that the isomerization-disproportionation process proceeds through various mechanisms 

and therefore can be described by different routes It is of interest, by analogy of the previously 

constructed mathematical model, [10] to describe the corresponding routes of the main and side 

reactions of the process of direct involvement of straight-run gasoline on a MZ-5-SO 2

4 /ZrO2 

catalyst to determine their rate constants. 

Experimental Part 

The object of the study was a composite catalyst prepared by modifying the initial zeolite 

HZSM-5 with cobalt and sulfated zirconia.  The modification of the zeolite was carried out by 

successive ion-impregnating introduction of cobalt cations and impregnation with a solution of 

the sulfating agent (NH4)2SO4, based on the given quantity of 2

4SO  -ions. To prepare the 

catalyst, the salts of ZrO(NO3)2 ∙ 2H2O  and CoSO4∙7H2O were used as the source of the active 

components. The modified zeolite was formed using a binder component - an alumina hydrogel, 

taken from the calculation of 25 g per 100 g of dry catalyst mass.  

After thoroughly mixing the modified zeolites with a hydrogel, the resulting mass was 

molded by pressed through a spinneret with a cross-sectional diameter of 1.5 mm, air dried for 

24 hours under an electric lamp, and for the purpose of studying internal diffusion, they were 

then ground into cylinders 2 to 6 mm in height. The molded samples were dried for 4 hours at 

353 K and 383 K and calcined at 623 K (2 h) and 823 K (4 h). Thus, the prepared catalyst has a 

composition, by mass %:  10% ZrО2, 0.4% Co, 2% SO 

4 / HZSM-5, 25% Al2O3(.М-11). 

As a raw material, the gasoline fraction of straight run gasoline obtained from  the G. 

Aliyev Baku  Refinery was used.  Composition: admixture of gaseous alkanes to C4 (1.0 - 2.0%), 

iso-C5 (1.0-4.2%), n-C5 (1.2-4.4%), iso-C6 (5.0-6.5%), n-C6 (3.8-5.3%), iso-C7 (22.0 - 21.0%), 

and C7 (6.5-5.6%) and a mixture of higher-molecular C7+ alkanes (59, 5-51.0). Conversion of 

reactants with the participation of synthesized samples were studied in a laboratory automated 

flow-through installation equipped with a quartz microreactor. The volume of catalyst loaded 

into these reactors varied within 5-10 cm
3
. The reaction products were analyzed on 

chromatographs of LXM-80 with a flame-ionization detector on a column 3 m long with an inner 

diameter of 3 mm filled with a chromosorb carrier, on which 10% by weight of squalane was 

applied (thermostating temperature was 343 K, the carrier gas -  nitrogen pressure was 0.8-0.9 

kg/cm
2
) and on a column filled with INZ-600 brick with a deposited apizon. In some cases, the 

“Auto System XL” chromatograph was used to more accurately identify the hydrocarbon 

composition of the gases, with the PIONA computer program (paraffins, isoparaffins, olefins, 

naphthenes, aromatics) previously used, Perkin Elmer *. Kinetic experiments were carried out on 
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a laboratory flow-through installation with a quartz reactor at temperatures of 140-200
0
C, a 

volumetric feed rate of  hydrocarbon feed of 1-4 h
-1

. In order to detect the effect of external 

diffusion, the amount of catalyst varied from 3 to 8 g.  

The reaction products consisted mainly of butane, pentane, hexane, heptane, their isomers 

and hydrocarbons, summed as C8+ and a small amount of C1-C2 hydrocarbons. Mathematical 

studies related to the identification of indicators characterizing the functioning of the process 

were carried out on the basis of the method of mathematical design of the experiment. The model 

was built on the principle of a "black box" and an analytical relationship was established 

between the input and output parameters. As independent process variables, the following were 

assumed: the temperature X1, the reaction time X2, and the output variables: reaction products 

Yi, % wt. where I = 1,7, respectively, the yield of i-C5, C5, i-C6, C6, i-C7, C7, C7+.  

To compile a statistical model, several series of parallel experiments were conducted in the 

considered area of the change of the influencing factors for determining the susceptibility. For 

each series of parallel experiments, the arithmetic mean of the response functions is calculated 

by the formula: 
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where k is the number of parallel experiments conducted under identical conditions. The 

evaluation of dispersion for each series of parallel experiments are then calculated: 
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To verify the reproducibility of the experiments, the design value of the Cochran criteria 

was determined: 
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All calculations of statistical analysis and data visualization were carried out using the 

STATISTICA program. 

To obtain estimates of the coefficients of the regression model, the sum of squared 

regression errors was minimized: 
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The dispersion estimate carried out by  using the formula: 

  22 )(( YYS i )/(N-P-1) 

where S is the regression error. 

Calculations of reaction rate constants (CSC), depending on the conversion condition, were 

carried out using the program Matlab (STATISTICA). The activation energies (Eakt) are 

calculated from the found values of reaction rate constants using the Arrhenius equation. 

Results and Discussion 

Tab. 1 summarizes the catalytic data on catalyst M-11. As can be seen from these data, 

when the straight-run gasolines contacted in the temperature range from 140 to 180
0
C with the 

M-11 composite catalyst, the high-molecular components of C8+ are converted mainly to 

medium-molecular alkanes C5-C6. In this case, along with the high activity of  the catalyst, a 

fairly high selectivity for the accumulation of C5-C6 alkanes is observed, in which the content of  

isomeric constituents is in the range 78-88% with the conversion of  C8+ paraffins 58-76%.  

Table 1. Conversion of straight-run gasolines on the catalyst of 10%ZrО2, 0.4% Co, 2%                   

SO4
-
/HZSM-5, 25% Al2O3.  Т=180

0
C, Н2/СН =1:3; volumetric rate =2.5 h

-
 

   

 Temperature, °С 

 

Conversion,% Yield,% Yield,% 

∑ С8+ 

% 

∑(C5-C6) 

% 

∑izo-(C5-C6)% 

in∑(C5-C6)% 

140 36.4 53.3 88 

160 57.6 66 87.8 

180 76.8 61.1 78.8 

200 90 31.4 51.6 
*
Initial raw materials, content%: ∑(C5-C6) – 11, ∑izo-(C5-C6) in ∑(C5-C6) – 54.5 

Two series of experiments were carried out to establish the region of the reaction of  the 

conversion of straight-run gasoline. The first series of experiments was conducted to determine 

the effect of internal diffusion, for which the influence of the size of the catalyst pellets on the 

conversion of straight run gasoline (conversion of C8+ hydrocarbons) was studied. The obtained 

data (Tab. 2) showed that under the studied conditions internal diffusion inhibition does not take 

place. The second series of experiments was performed to determine the effect of external 

diffusion, for which experiments were carried out at various linear feed rates (Tab. 2). The 

obtained data (Tab. 2) showed that under the studied conditions the intrernal- and exrernal-

diffusion  inhibition are absent  and the process proceeds in the kinetic region. 
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Table 2. Effect of granule size and linear rate on the conversion of C8+ hydrocarbons in the 

conversion of straight run gasoline 

h, 

mm 

 

Quan-

tity of 

catalyst, 

m, gr 

Temperature, 
0
С 

160 180 200 

Conversion, 

% С8+ 

Yield, % 

mass, 

∑(С5-С6) 

Conversion, 

% С8+ 

Yield, 

%mass, 

∑(С5-С6) 

Conversion, 

% С8+ 

Yield, 

%mass, 

∑(С5-С6) 

* ** * ** * ** * ** * ** * ** 

2 5 57.6 57.4 

 

66.0 65.9 76.8 76.4 61.1 59.6 90.0 90.2 31.4 31.2 

4 8 57.2 57.0 65.5 65.2 76.0 76.3 61.0 60.9 89.9 90.0 31.0 31.4 

6 10 57.9 57.6 65.9 65.4 76.4 76.0 59.9 61.0 90.5 90.5 31.3 31.2 

h - change in the effective diameter of the granules 

* - variation of h; m = 5 grams 

** variation of m and linear velocity; h = 2mm 

Based on the obtained results taking into account the Gibbs and Haruty rules the following 

independent routes were selected: 

1. Isomerization of hydrocarbons: 

2146146

1125125

rHiCHC

rHiCHC








 

2. Cleavage of the iso structure hydrocarbons: 

44321125

341125

rCCCCHiC

rCCHiC









         

654361617

5432146 2

rCCCCHiC

rCCCHiC








 

3. Bimolecular conversion of C2-C7 hydrocarbons 

121147

11963

10853

9972

8862

7752

rCCC

rCCC

rCCC

rCCC

riCCC

rCCC

























 

4. Cleavage of  higher hydrocarbons into C5-C7  branched structure alkanes: 

144711

136511

rCCC

rCCC
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These routes of parallel - sequential conversions of  hydrocarbons, present in the reaction 

zone,  can proceed with the participation of different active sites of the catalyst. 

The rates of conversion of the initial hydrocarbon and the accumulation of reaction 

products, on the above shown routes, are calculated by the following equations: 

131074311 rrrrrr   )(
125HCi  

13118522 rrrrr   )(
146HCi  

91273 rrr     )(
167HCi  

)(

)(

)(

111413126

1195

1084

209

188







rrr

rr

rr

HC

HC











      

where 

][ 12511 HCKr   ][ 14622 HCKr   

][ 12533 HCiKr   ][ 12544 HCiKr   

][ 14655 HCiKr   ][ 766  CKr  

]][[ 5277 CCKr               ]][[ 6288 CCKr   

]][[ 7299 CCKr         ]][[ 531010 CCKr   

]][[ 631111 CCKr              ]][[ 741212  CCKr  

][ 71313  CKr              ][ 71414  CKr  

For the determination of the kinetic constants from the above shown routes on the basis of 

the kinetic curves of accumulation of the aimed products by a differential method, taking into 

account the experimental material, initial rates were calculated. 

Based on the obtained data, it was found that the rate of the stages: 

1413

1211

10987

43

rr

rr

rrrr

rr









 

Taking into account these staged rate relationships, the kinetic model of the process has the 

following form: 
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Kinetic parameters are estimated by minimizing the sum of the squares of the deviations of 

the concentrations of the components calculated from the experimentally measured values from 

the model. The motion to a minimum of the function was carried out by a parabolic "descent", 

and the direction of motion was chosen by the method of random sections. 

Calculations of the rate constants were carried out on a personal computer modified by 

program of Matlab-6.5. At the found values of the constants : 

K1 = 408378e
-42967/RT

 

K2= 21481e
-36221/RT 

K3 = 28702e
-43034/RT 

K4 = 428604e
-59705/RT 

K5= 544503e
-47096/RT 

K 6 = 354322e
-50529/RT

 

where R is the universal gas constant (8.3144 J/mol.K). Are obtained the description of  the 

reaction rates of the conversion of straight-run gasoline on the catalyst of 10% ZrO2, 0.4% Co, 

2% SO4
2-

 / HZSM-5, 25% Al2O
3
, calculated from the kinetic equations of their experimentally 

determined values. The average square deviation in the main direction was 8.1%, and by the side 

direction - 12-15%. 

Conclusions 

It has been established that the straight-run gasoline at 140 - 200°C converted mainly into 

C5-C6 alkanes containing up to 79-88% of the iso-components on the Co-HZSM-5-SO4
2-

/ZrO2 

catalyst. In this case the conversion of C8+  paraffins changes from 36 to 77%. 

The routes of the process of direct involvement of straight-run gasoline into the 

isomerization-disproportion process were shown, the rate constants of the reactions were 

calculated, and the kinetic model of the process was proposed. 
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