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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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ISOMERIZATION OF LIGHT FRACTION OF STRAIGHT-RUN 
GASOLINE ON Pt-AND Pd-CATALYSTS SUPPORTED ON PILLARED BY 

Al, AlZr AND Ti MONTMORILLONITE IN Na-AND Ca-FORMS 
 
Abstract. The paper presents data on isomerization of the light fraction of straight-run gasoline on the zeolite-

free and mordenite-containing Pt and Pd- catalysts supported on activated and pillared by Al, AlZr and Ti 
montmorillonite in Na- and Ca-forms. The catalysts were characterized by BET, X-ray phase,and elemental analysis, 
and their acid properties were determined by thermal desorption of ammonia. It is shown that the isomerization of 
the light fraction of straight-run gasoline over mordenite-containing Pd / AlZrCaHMM, Pt / Al (2.5) NaHMM and Pt 
/ Ti (5.0) NaHMM catalysts at different temperatures leads to a significant change in the composition of gasoline and 
an increase in octane numbers. The greatest amount of isomers produced during the isomerization of the light 
fraction of gasoline was found on a Pt / Al catalyst (26.48%), followed by Pd / AlZr (23.56%), followed by Pt / Ti 
(23.15%). A comparison of the results on the acidity of the catalysts studied and their strength distribution shows that 
a correlation is observed between the total number of weak and medium acid sites and the isomerizing activity of the 
catalysts studied. For further practical use in the process of isomerization of light n-alkanes, 0.35% Pt / Al (2.5) 
NaHMM catalyst is proposed. The catalyst is characterized by a high yield of isomers, increased selectivity of 
isomerization of n-alkanes, operates at atmospheric pressure and a temperature of 350 ° C, and is characterized by 
increased stability. 

Key words: the isomerization, straight-run gasoline, easy n- alkanes, mordenite, a pillarization, Pt and Pd-
catalysts, octane numbers, selectivity. 

 
Introduction. The process of an isomerization of paraffin hydrocarbons of oil has acquired high 

relevance in connection with the transition to use of more effective and ecologically safe fuels [1-4] in 
recent years. One of the ecologically safest ways of improvement of anti-detonation properties of straight-
run gasolines is the use of process of a catalytic isomerization of n- alkanes with receiving high-octane 
isomers on effective Pt and Pd-catalysts [5-8]. Pt, Pd and Ni-catalysts on pillared montmorillonite have 
perfectly proved in this process [9-12]. On the example of the process of an isomerization of n- hexane it 
has been shown that the main advantage of these catalysts their high selectivity to isomers is represented. 
It has been noticed that on the developed catalysts at temperatures of 250-3000C reactions of 
hydrocracking practically don't go, and only at more high temperatures in products of reaction there are 
small amounts gaseous C1-C3 of the hydrocarbons which are formed as a result of hydrocracking [13,14]. 

The isomerization of the real light fractions of oil consisting generally of pentanes of C5 and C6 
hexanes gains the increasing value in connection with toughening of ecological requirements to motor 
fuels and need of production of alkylgasolines with high octane number [15,16]. Earlier it has been shown 
that on reduction of stationary isomerization activity in reaction of hydroconversion of n-hexane the 
developed Pt-and Pd-catalysts on pillared with various oxides montmorillonite it is possible to arrange in 
following row: Pt/Al (2,5) NaHMM (53.0%)>Pd/Al:Zr(1:1)CaHMM (35,0%)> Pt/Ti (5,0) NaHMM+ HM 
(34,0 of %)>Pd/Al:Zr (3:1) CaHMM(31,0%)>0,1%Pt/Al(5,0)NaHMM+HM(20,2%). Due to stated, the 
present article is devoted to a research of properties of the mordenitecontaining Pt-and Pd-catalysts 
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supported on pillared Al, AlZrandTi the activated montmorillonite in an isomerization of easy fraction of 
straight-run gasoline (b.b. - 700C) depending on temperature. 

Experimental part Clay of Tagandeposit (Kazakhstan), containing up to 95% of montmorillonite 
(MM) in Na-and Ca-forms transferred to the H-form processing 0,1n H2SO4 solution with the subsequent 
washing from SO4

2-ions. The activated clay was formed, dried in a thin layer at first at the room 
temperature, then at 1500C and further subjected to calcinating at 5000C. The prepared MM in H-form was 
used as initial material for a pillaring. 

Introduction in interlayered spaces of montmorillonite aluminum, aluminum - zirconium and titanic 
complexes was carried out by the known techniques. Synthesis of Al-ZrCAHMM was carried out 
sequential:at first pillared by Al, and then by Zr. The received pillared clays separated bycentrifugation, 
washed before negative reaction to Cl - ions, formed, dried at first at the room temperature, then at 1500C 
and further subjected to calcinating at 5000C.  

Pt-and Pd-catalysts on the basis of the modified clays in the mix with mordenite (15%, with the 
module 20) prepared by an impregnation method on moisture capacity of carriers water H2PtCl6 or PdCl2 
solutions. Samples formed, dried on air and in a drying cabinet, calcinated at temperatures of 200, 400 and 
5000C with decomposition of salts to oxides and the subsequent reduction of oxides to a metal state when 
processing by hydrogen at temperatures of 200 and 4500C. Content of platinum and palladium in catalysts 
was 0,35mas. %. Tests of catalysts carried out in flowing laboratory installation with a volume of catalyst 
of 5 ml at temperatures of 250-4000C, mass loading on hydrocarbon raw materials 0,8h-1, pressure of 
hydrogen 1 atm and a molar ratio hydrogen: hydrocarbons, equal 3,5. Products of reaction were analyzed 
on the gas chromatograph"Chromos GH-1000" supplied with a capillary column 100 m long, diameter 
0,25mm and the flame-ionization detector. 

Physical and chemical characteristics of the prepared samples have been determined by the X-ray 
method, the element analysis, low-temperature adsorption of N2 by BET method on the ACCUSORB 
device, and acid properties - an ammonia thermal desorption method. 

Results and their discussion 
According to the X-ray phase analysis(RFA) all catalysts contain the reflexes characteristic for Ca- 

and Na-forms of the MM (2,50; 4,45; 14,6), quartz (3,34), mordenite (3,44; 3,96; 6,5; 9,08; 10,2), 
platinum or palladium and also oxides of pillared ions-Al2O3, TiO2 – anatase, the tetragonal phase ZrO2 
(3,00 and 1,84). According to RFA on 0,35%Pt/Ti (2,5) NAHMM-catalyst besides the above-named 
phases metal Ti (ASTM 5-682) and metal Pt is identified (ASTM 4-802 on reflexes 2,26; 1,95; 1,39). 
According to a data of X-ray fluorescent analysis except the elements making a basis of aluminosilicates 
Al, Si, O, the catalyst contains small amounts of Mg, Ca, Fe, insignificant quantities of Na, S, Cl (table 1). 
Besides according to the element analysis, in 0,35% Pt/Ti (5.0) NaHMM+HM –catalyst 0,26% of Pt, 9,9% 
of Ti are found. 

 

Table 1 - The elemental analysis of Pt and Pd-catalysts supported on pillared MM and modified by mordenite. 
0.35%Pt/Ti(5.0)NaHMM+НМ 

 

Element С О  Na Mg Al Si S Cl Ca Ti Fe Pt Total 
Specter 1 9,04 48,18 0,08 0,71 11,59 19,68 0,04 0,17 0,20 9,81 0,19 0,32 100 
Specter2 8,24 48,9 0,10 0,72 1198 19,62 0,04 0,19 0,19 9,85 0,31 0,28 100 
Specter3 8,45 48,81 0,9 0,74 10,84 20,32 0,00 0,12 0,19 10,06 0,19 0,18 100 
Average 8,58 48,49 0,09 0,72 11,47 19,87 0,03 0,16 0,19 9,90 0,23 0,26 100 

0,35%Pd/AlZrCaHMM+HM 
Specter O Na Mg Al Si S Cl Ti Fe Zr Pd Total 
Specter1 49,55 0,09 0,87 15,32 23,72 0,06 0,14 0,09 0,69 9,36 0,14 100,00 
Specter2 49,46 0,07 0,82 14,34 24,78 0,06 0,10 0,14 0,74 9,34 0,14 100,00 
Specter3 49,79 0,09 0,84 13,92 24,67 0,05 0,11 0,11 0,79 9,43 0,22 100,00 
Average 49,60 0,08 0,84 14,53 24,39 0,06 0,12 0,11 0,74 9,38 0,17 100,00 

 
0,35% Pt/Al(2,5) NaHMM+HM 

Specter O Na Mg Al Si S Cl Ca Fe  Pt Total 
Specter1 51,51 0,13 1,30 24,20 21,91 0,03 0,07 0,18 0,42  0,24 100,00 
Specter2 51,65 0,13 1,27 24,76 21,33 0,02 0,05 0,17 0,39  0,27 100,00 
Specter3 51,99 0,16 1,35 23,44 22,07 0,04 0,05 0,20 0,39  0,30 100,00 
Average 51,7 0,14 1,31 24,13 21,77 0,03 0,06 0,19 0,40  0,27 100,00 
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The elemental analysis of the 0,35%Pd/AlZrCaHMM+HM-catalyst has also shown decrease in 
concentration of alkaline and alkaline-earthmetals in the course of activation, pillaring and supporting 
active metal. The amount of sodium in the ready catalyst doesn't exceed 0,08mas. %. From data of table 1 
it is visible that the average content of palladium in powder of the catalyst is 0,17% that in ~ 2 times are 
lower, than calculated. Besides, small amounts of chlorine are found in powder of the catalyst, other 
results of quantitative elementalanalysis of the catalyst in comparison with the support after palladium 
introduction practically don't change. Similar results have been received in case of 0,35%Pt/Al (2,5) 
NaHMM+HM –catalyst. According to the analysis the amount of platinum in this catalyst is 0,27% that is 
close to the introduced his quantity. 

Textural properties of three studied catalysts are characterized by small decrease in a specific surface 
of the catalyst when supporting platinum from 172,7 to 169,0 m2/g in a case 0,35%Pt/Al (2,5) 
NaHMM+HM (table 2) and from 190,7 to 182,7m2/g for 0,35%Pt/Ti (5) NaHMM+HM. The support of 
these catalysts differs in the considerable maintenance of micropores which quantity grows when 
supporting platinum. In case of the Pd-catalyst supported on pillared by Al and Zr montmorillonite in Ca-
form more essential reduction of a specific surface area and decreaseof quantity of microporesis observed. 

 
Table 2 – Comparative structural and adsorptive properties of Al (2,5) NaHMM+HM, Ti (5) NaHMM+HM, AlZr (1:1) 

CaHMM+HM, 0,35%Pt/Al (2,5) NaHMM+HM, 0,35%Pt/Ti (5) NaHMM+HM and 0.35% Pd/AlZrCaHMM+HM- catalysts 
 

 
Sample 

Sav., m
2/g Total true volume 

of a pores, cm3/g 
Relative quantity, % 

Micropores 
0-20 Å 

Mesopores 
20-80 Å 

Al(2,5)NaHMM+HM 172,7 0,161 38,7 61,3 

0,35%Pt/Al(2,5)NаНMM+НM 169,0 0,194 46,9 53,1 
Ti(5)NaHMM+HM 190,7 0,190 32,2 67,8 
0,35%Pt/Ti(5)NaHMM+HM 182,7 0,176 33,7 66,3 
AlZr (1:1) CaHMM+HM 249,9 0,167 70,7 29,3 
 0.35% PdAlZrCaHMM+HM 228,6 0,153 54,0 46,0 

 
It is possible to see the growth of the amountof microporesand the decrease of amount of a mesopores 

when supporting platinum by comparison of curves of distribution of a poresby the sizes in the support 
and in Pt/Al (2,5) NaHMM+ HM - the catalyst (fig. 1). 
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Figure 1- Distributions of a poreson their effective radiuses on Al(2,5)NaHMM+HM 

and 0,35Pt/Al (2,5) NaHMM+HM-catalysts. 1)Al(2,5) NaHMM+15%HM; 2)0,35Pt/Al (2,5) NaHMM+15%HM 
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The listed above samples of catalysts, optimum on the isomerization activity, have been tested in an 
isomerization of easy fraction of straight-run gasoline (b.b.-700C).  Light fraction of straight-run gasoline 
(b.b. – 700C) according to the chromatografy analysis contains C3-C15-hydrocarbons which on to group 
composition consist from 15,9mass. % of paraffins, 12,5mass. % of isoparaffins, 1,0mass % of aromatic 
compounds, 13,6mass. % of naftens and 43,9mass. % of olefins. The total number of the identified 
compounds in initial light gasoline is 87,0% (table 3). 

 
Table 3 - The group composition of initiallight fraction of straight-run gasoline, in mass. % 

 

Group on C-
hydro-carbon 

Paraffins Isoparaffins 
Aromatic 
compounds 

Naphtenes Olefines 
Oxygen- 
containing 

Sum on 
C-group 

1 0,001 0,000 0,000 0,000 0,000 0,000 0,001 
3 0.030 0.000 0.000 0.000 0.000 0.000 0.030 
4 2,270 0,438 0,000 0,000 0,498 0,000 3,205 
5 11,748 0.049 0.000 0.000 0.353 0.000 12.151 
6 0,000 0,000 0,000 0.000 0,203 0.000 0,203 
7 0,000 6,087 0,000 8,614 41,458 0,000 56,159 
8 0,000 4,146 0,913 4,880 0,149 0,000 10,088 
9 0,791 1,495 0,013 0,082 1,338 0,000 3,719 
10 1,040 0,271 0,044 0,052 0,000 0,000 1,407 
11 0,043 0,006 0,045 0,000 0,000 0,000 0,094 
12 0,013 0,000 0,000 0,000 0,000 0,000 0,013 
15 0,002 0,000 0,000 0,000 0,000 0,000 0,,002 
Сумма 15,937 12,491 1,0158 13,628 43,999 0 87,072 

 
The octane number of this fraction by a research method is equal 41,8 units.  

Influence of temperature of an isomerization on the group composition of light fraction of straight-run 
gasoline and change of the octane numbers in the course of hydroconversion on the studied catalysts is 
presented in tables 4 and 5. 

 
Table 4 - Influence of temperature and the nature of catalysts on the group composition of light fraction  

of gasoline in the course of a catalytic isomerization 
 

Sample Т,0С Paraffins Isoparaffins Aromatics Naphtenes Olefines Oxygenconta-
ining 

 
0,35%Pd/AlZrCaHMM
+HM 

250 0.807 23.565 0.160 6.158 27.834 24.871 
300 0.181 10.543 8.697 17.292 31.713 0 
350 8.727 7.522 9.116 6.309 31.481 13.321 
400 14.912 21.046 3.743 3.068 42.916 0.287 

 
0,35%Pt/Al(2,5)NaHM
M+HM 

250 0.667 10.401 1.787 19.032 55.836 0 
300 6.935 5.460 2.757 8.337 59.706 10.834 
350 24.530 26.484 6.854 24.523 1.193 0 
400 3.812 2.483 4.973 2.857 9.442 52.661 

0,35%Pt/Ti(5.0)NaHM
M+HM 

250 6.896 23.151 0.998 21.457 40.641 0 
300 9.368 19.364 3.808 9.807 50.585 0 
350 7.227 9.184 9.221 12.655 52.299 0.004 
400 4.022 4.154 10.046 2.426 21.782 0 

 
The isomerization of light fraction of straight-run gasoline on 0,35% Pd/AlZrCaHMM+HM - catalyst 

at various temperatures leads to essential change of composition of gasoline and increase its octane 
numbers (table 4,5). At 2500C the amount of the isoparaffins which is formed fromlightfraction of 
straight-run gasoline on Pd/AlZrCaHMM+HM considerably grows from 12,49 to 23,56 mas. %, and 
amount of paraffin and aromatic hydrocarbons decreases (paraffin from 15,93 to 0,80 mas.% and aromatic 
hydrocarbons from 1,01 to 0,16 mas. %). Such change of composition of gasoline is followed by growth 
of octane number for 29 units by a research method and for 13 units by a motor method. Temperature 
increase of an isomerization on 0,35%Pd/AlZrCaHMM - the catalyst to 3000C decreases the amount of 
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paraffins from 15,93 to 0,18mas. % in comparison with the initial composition oflightfraction of straight-
run gasoline. In these conditions, the amounts ofisoparaffinsand olefinesalso decreaseby2 and 12% 
accordingly. At the same time, the content of aromatic compounds grows more, than by 8 times. The 
increase of octane number makes 11 units by a research method possibly due to increasein the amount of 
aromatic hydrocarbons. At 3500C the content of paraffins and naphtenes decreases almost twice, and the 
amount of aromatic hydrocarbons grows from 1,01 to 9,11mas. %. On this catalyst at 3500C the increase 
of octane number makes 25 units by a research method. At 4000C the amount of paraffin decreases, and 
isomers grows from 12,49 to 21,04mas. %. However anincreaseof the octane number of gasoline in these 
conditions small (5 units) in comparison with octane number of initial gasoline that is possible caused by 
the decreaseof a quantity of the identified compounds for 10,5%. It is possible to draw a conclusion on 
isomerization ability of the studied catalysts by the amount of the isomers which are formed in process in 
comparison with their quantity in initial gasoline. The greatest number of isomers, equal 26,48%, is found 
on the Pt/Al-catalyst at 3500C (table 4), it is followed by Pd/AlZr (23,56%) at 2500C, and further Pt/Ti 
(23,15%) at 2500C. The largest value of conversion of hydrocarbons about which it is possible to make a 
conclusion isanincreaseof octane numbers was observed on the Pt/Ti-catalyst (table 5) 
 

Table 5 - Influence of temperature and the nature of catalysts on the value  
of octane numbers of light fraction of gasoline after an isomerization 

 
Catalyst Т,0С O.n.byresearch method Increase of о.n. О.n. by motor method 
0,35%Pd/AlZrCaHMM+HM 250 70.96 29,1 63.23 

300 52.81 10,95 40.62 
350 67.15 25,29 53.62 
400 46.75 4,89 42.38 

0,35%Pt/Al(2,5)NaHMM+HM 250 46.83 4,97 50.68 
300 67.82 25,96 53.10 
350 53.52 11,66 51.06 
400 34.57 7,29 37.44 

0,35%Pt/Ti(5.0)NaHMM+HM 250 54.02 12,16 58.0 
300 74.81 32,95 60.78 
350 60.03 28,20 55.59 
400 33.20 8,66 30.92 

Initial gasoline  41.86  50.32 
 

On reduction of a increase of octane numbers of the studied catalysts settle down in the sequence: 
Pt/Ti(33,0)>Pd/AlZr(29,1)> Pt/Al(26,0). The highest increase in o.n., equal to 33.0, was observed on Pt / 
Ti-catalyst at 3000C. All studied catalysts provide a high increase of o. n. not only due to the formation of 
isoalkanes, but also aromatic compounds with high o. n.From data table.4 it can be seen that the quantity 
of aromatic compounds increases with increasing temperature on all catalysts, but the greatest quantity is 
formed on Pt/Ti-catalyst at 350 and 4000C-9.2 and 10.0%, which explains the raised increase of o.n. 
gasoline on this catalyst. 

It is known that the selectivity of the isomerizing action of bifunctional catalysts is determined by the 
ratio of acidic and hydro-dehydrating activities of the catalyst. In this regard, it is of interest to compare 
the acidic properties of the studied catalysts (table.6) according to NH3 thermal desorption data. 

When modifying mordenite Pt and Pd-catalysts, supported on pillared MM, redistribution of the acid 
centers for the strength is observed (figure 2 and table 6). This is illustratedby figure 2 on the example of 
Pd/AlZr. 

From figure 2 it can be seen that the introduction of mordenite in Pd/AlZrCaHMM-catalysts a small 
decrease in the total number of acid centers of different strengths is observed, regardless of the content of 
Pd. 

So, for the 0,1%Pd-catalyst the total acidity decreases from 220,3 to 211,0 mcmol NH3/g, and in case 
of the 0,35%Pd-catalyst mordenite reduces acidity from 249,3 to 230,0 mcmol of NH3/g. Such reduction 
of the total acidity is followed by redistribution of a.c.on strength. At the introduction of the mordenitethe 
quantity of weak a. c. decreases, and keeping of middle and strong increases. 
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Figure 2 - Curves of thermal desorption of NH3 from Pd/AlZrCaHMM-catalysts with various quantity  

of Pd and modificationby mordenite 
 
 

Table 6 – Distribution of acid centers in the mordenite containing Pt-and Pd-catalysts supported on pillared Al, Al-Zr and Ti 
montmorillonite 

 
Sample Quantity of acid 

centers 
Acid centers 
Weak <2000С Middle 200-

3000С 
Strong> 
3000С 

Total acidity 

0,35%Pt/Al(2,5)NаН
MM+НM 

% 49,81 40,19 10,0 100 
mcmolNH3/g 106,89 86,24 21,46 214,6 

0,35%Pd/Al:Zr 
CaHMM +HM 

% 44,51 42,55 12,94 100 
mcmolNH3/g 102,38 97,87 29,76 230,0 

0,35%Pt/Ti(5.0) 
NaHMM+HM 

% 45.42 44.06 10.52 100 
mcmolNH3/g 84.10 81.58 19.48 185.2 

 
Comparison of results on acidity of the studied catalysts shows that on reduction of total acidity 

catalysts it is possible to arrange in the following row: Pd/AlZrCaHMM+HM (230,0 mcmol NH3/g)> 
Pt/Al(2,5)NaHMM+HM(214.6)> Pt/Ti(5.0) NaHMM+HM (185.2). The same row on the decrease of the 
sum of the weak and middle acid centers is observed for studied catalysts:Pd/AlZr (200,25)> 
Pt/Al(193,13)>Pt/Ti (165,68 mcmol NH3/g). In the same sequence, the catalysts are arranged to reduce 
the content of isomers formed during the hydroconversion of the light fraction of straight-run gasoline, 
which indicates that the isomerizing activity is determined by the sum of weak and medium acid centers at 
which isomerization is carried out. 

Now the most modern of technologies of a skeletal isomerization of n- alkanes which are already used 
in the industry [17-21] are the technologies with the use of Pt-catalysts on sulfated oxides of metals 
developed in the late 90-ies by firms UOP (USA) - and JSC NPP Neftekhim (Russia, Krasnodar). 
Comparison of the results received on the catalysts developed by us will be carried out with data on 
sulfated zirconium oxide catalysts of UOP and JSC “Neftekhim” (table 7). From table 7 it is visible that 
depth of processing of light alkanes on the example of n-hexane which was defined as the relation 
2,2ДМБ/ΣС6, masses %, (depth of isomerization of n-hexane, DIH), hesitates in ~ identical limits 30-32 
and 30-31 on the RussianCИ-2 catalysts in process of Izomalk-2 at two different plants while in JSC 
Ufaneftekhim depth of an isomerization of n-hexane was 18-22 that is possibly connected with more high 
temperature of the process. On the similar catalyst of UOP of the brandPI-242 value of DIH was 20-27 
that is also explained by more high temperature of process. 

The laboratory and enlarged laboratory researches of the catalyst developed in IFCE have shown 
higher depth of an isomerization of hexane equal 28-39mass. %, in comparison with modern 
Pt/ZrO2catalysts. Despite more high temperature of carrying out process of an isomerization, the 
selectivity on isomers remain very high -98-99%. The developed catalyst is characterized by increased 
stability, easily regenerated and is certainly of interest for practical use. 
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Table 7 - Indicators of isomerization process of n-alkanes on industrial UOP, JSC NPP “Neftekhim” and ITKE catalysts 
 

Catalyst Petroleum refining plant  Process Processparame
ters 

Octane 
number 

Depthofanisomerizati
on, % 

Pt/ZrO2-SO4(CИ-2) CJSC 
RyazanskayaOilRefinery 

Isomalk-2 Т=1300С 
Р=2,8-2,9 MPа 

83-84 DIH=30-32 

Pt/ZrO2-SO4(CИ-2) JSC Ufaneftekhim Isomalk-2 Т=170-1800С 
Р=3 МPа 

81-82 DIH=18-22 

Pt/ZrO2-SO4(CИ-2) Kirishinefteorgsintez Isomalk-2  85 DIH=30-31 
Pt/ZrO2-SO4 (PI-242) UOP Par-Isоm Т=140-1900С 

 
81-83 DIH=20-27 

Pd/AlZrCaHMM+HM Laboratory of Institute of 
fuel, catalysis and 
electrochemistry 

Isomeriza-
tionn - 
hexane 

Т=300- 3500С 
 

 DIH=28-39 
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Al, AlZr ЖƏНЕ Ti-мен ПИЛЛАРИРЛЕНГЕН Na- ЖƏНЕ Ca-ФОРМАЛЫ МОНТМОРИЛЛОНИТКЕ 
ЕНГІЗІЛГЕН Pt- ЖƏНЕ Pd-КАТАЛИЗАТОРЛАРЫНДАҒЫ ТІКЕЛЕЙ АЙДАЛҒАН БЕНЗИННІҢ  

ЖЕҢІЛ ФРАКЦИЯСЫНЫҢ ИЗОМЕРИЗАЦИЯСЫ 
 
Аннотация. Бұл жұмыста Al, AlZr жəне Ti-мен пилларирленген жəне белсендірілген Na- жəне Ca-формалы 

монтмориллонитке енгізілген цеолитсіз жəне морденитқұрамдыPt- жəне Pd-катализаторларындағы тікелей 
айдалған бензиннің жеңіл фракциясының изомерленуі бойынша мəліметтер келтірілген. Катализаторларға БЭТ, 
рентгенфазалық жəне элементтік талдау əдістерімен сипаттама берілді, аммиак термодесорбциясы бойынша 
олардың қышқылдық қасиеттері анықталды. Бензиннің жеңіл фракциясын изомерлеу процесінде пайда болатын 
изомерлердің көбірек саны Pt/Al(26,48%), сосын Pd/AlZr(23,56%), одан кейін Pt/Ti (23,15%) катализаторларында 
табылды. Зерттелген катализаторлардың қышқылдық нəтижелері мен олардың күштері бойынша таралуын 
салыстырғанда, əлсіз жəне орташа қышқылды орталықтардың суммалық мөлшері мен зерттелген 
катализаторлардың изомерлеу белсенділігі арасында өзара байланыс болатыны көрсетілді. Бұдан əрі қарай жеңіл 
қ-алкандарды изомерлеу процестерінде қолдану үшін 0,35%Pt/Al(2,5)NaHMM-катализаторы ұсынылды. 

Түйін сөздер: изомерлеу, тікелей айдалған бензин, жеңілқ-алкандар, морденит, пилларирлеу,Pt мен Pd-
катализаторлары,октан саны, селективтілік. 
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ИЗОМЕРИЗАЦИЯ ЛЕГКОЙ ФРАКЦИИ ПРЯМОГОННОГО БЕНЗИНА НА Pt-  
И Pd-КАТАЛИЗАТОРАХ, НАНЕСЕННЫХ НА ПИЛЛАРИРОВАННЫЙ Al,  

AlZr И Ti МОНТМОРИЛЛОНИТ В Na- И Ca-ФОРМАХ 
 
Аннотация. В работе приведены данные по изомеризации легкой фракции прямогонного бензина на 

бесцеолитных и морденитсодержащих Pt и Pd-катализаторах, нанесенных на активированный и 
пилларированныйAl, AlZrи Ti монтмориллонит в Na- и Ca-формах. Катализаторы охарактеризованы методами 
БЭТ, рентгенофазового и элементного анализа, определены их кислотные свойства по термодесорбции 
аммиакаНаибольшее количество изомеров, образующихся в процессе изомеризации легкой фракции бензина, 
найдено на Pt/Al-катализаторе (26,48%), за ним следует Pd/AlZr(23,56%), а далее Pt/Ti (23,15%). Сопоставление 
результатов по кислотности изученных катализаторов и их распределению по силе показывает, что наблюдается 
корреляция между суммарным количеством слабых и средних кислотных центров и изомеризующей активностью 
изученных катализаторов. Для дальнейшего практического использования в процессе изомеризации легких н-
алкановпредложен 0,35%Pt/Al(2,5)NaHMM-катализатор. 

Ключевые слова: изомеризация, прямогонный бензин, легкие н-алканы, морденит, пилларирование, Pt и Pd-
катализаторы, октановые числа, селективность. 
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