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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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INFLUENCE OF SPACE VELOCITY AND TEMPERATURE ON THE 
ISOMERIZING ACTIVITY OF ZEOLITE-CONTAINING Pd- CATALYSTS 

DEPOSITED ON THE PILLARED TAGAN MONTMORILLONITE 
 
Abstract. The paper presents data on the isomerization of n-hexane on the zeolite-free and mordenite-

containing Pd -catalysts supported on activated and Al-Zr pillared montmorillonite in Ca-form. Elemental analysis of 
composites is shown that the content of alkali metals in montmorillonite decreases in the processes of activation and 
pillaring compared with initial clay sample. For example, the sodium content in Pd /AlZr CaHMM + HM- catalyst 
does not exceed 0.08%. After pillaring the average Zr content in this catalyst is equal to 9,34mas.%. 

It was shown that the introduction of mordenite promotes an increase in the conversion of n-hexane for the 1.5-
3.5 times and a significant increase in the amount of disubstituted isohexanes formed. The optimal space velocity of 
n-hexane feeding (0.64 h-1) was determined, at which the studied Pd- catalyst shows maximum isomerizing activity 
to form 44.7% of mono- and disubstituted isohexanes and 4,4% isoheptanes. The optimal temperature of n-hexane 
isomerization over Pd- catalyst was 3500C. The increase of octane number on this catalyst at 350-4000C is 45.4-45.6 
units. 

The correlation between isomerization activity and the number of medium and strong acid sites was revealed.  
Key words: n-hexane, isomerization, space velocity, temperature, selectivity, disubstituted isohexanes, octane 

number. 
 
Introduction 
One of the most environmentally friendly ways to improve the anti-detonation properties of straight-

run gasolines is to use the process of catalytic isomerization of n-alkanes to produce high-octane isomers 
[1-4]. Therefore, the creation of highly effective catalysts for this process operating under mild conditions 
is an actual task. Previously, we found that the isomerizing activity of Pt and Pd catalysts on Zr pillared 
CaHMM is significantly reduced during long-term tests [5,6]. When n-hexane was isomerized for 20 
hours, there was a strong decrease in the isomerizing activity of the Pt catalyst. This determines the choice 
of the Al-Zr composition as a pillaring agent, since it is known that the introduction of the second pillaring 
component significantly increases the thermal stability of the contacts, their specific surface area and 
acidity [7,8]. 

It is known that depending on the activity of the catalyst used, the composition of the hydrocarbon 
feedstock and other process parameters, the magnitude of the space velocity in the refining processes 
determines the achievement of equilibrium in the system, the direction of the reaction and the yield of the 
reaction products [9, 10]. The space velocity of the feed determines the specific loading of the reaction 
volume by the feedstock and characterizes the duration of contact of the reacting intermediates with the 
catalyst. The influence of contact time or space velocity of supply with feed is the same for many catalytic 
processes. As the contact time increases, the yield of the product for the reversible catalytic reaction 
increases, and the more active the catalyst, the shorter the contact time required to achieve a given yield of 
the product. Temperature, space velocity of raw materials feed and pressure affect the speed and depth of 
oil hydrocarbons conversion [11,12]. For each type of feedstock and catalyst, there is an optimum range of 
temperatures, pressures and space velocities of feedstocks. 
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The purpose of this work is to study the isomerizing properties of Pd- catalysts deposited on the Al-
Zr- bimetallic composition pillared activated montmorillonite (CaHMM) using isomerization of n-hexane 
as the temperature and the space velocity of supply with the raw material are varied. 

 
Experimental 
For the preparation of Pd catalysts deposited on the Al-Zr pillared Tagan montmorillonite, 

preliminarily clay was activated by treatment with a solution of H2SO4 and then pillared with a solution of 
aluminum hydroxocomplex [Al13O4 (OH) 24 (H2O) 12] 

7+. Al-Zr montmorillonite with a ratio Al: Zr = 1 was 
prepared by sequential addition of Al and then Zr into activated montmorillonite using early known 
procedure [13,14], followed by washing, drying and calcinations. Pd deposited on AlZr (2.5) CaHMM 
using PdCl2 solution. The values in parentheses indicate the initial concentration of aluminum in the 
hydroxocomplexes in mmol of Al3+and Zr4 + per 1 g of montmorillonite in Na- or Ca-forms. The activity of 
the catalyst was determined by the yield of isohexanes, isoheptanes, the total yield of isomers and the 
increase in octane numbers (o.n.). 

The acid characteristics of the contacts were obtained from the data of TPD ammonia. 
Analysis of the hydrocarbon composition and octane number of gasolines was carried out on a 

chromatograph "Chromatek-1000" with a flame ionization detector and a capillary column 50 m long; 
temperature of 2500C; carrier gas is helium. Registration and processing of the chromatograms were 
carried out with the application of the program "NetChrom-win" (products of the Meta Chrom LLC). 

Elemental analysis of composites was carried out with the help of energy dispersive - X-ray 
fluorescent spectroscopy on the energy dispersive microanalysis system INCA-Energy 450, mounted on a 
scanning electron microscope JSM6610LV, JOEL, Japan. 

 
Results and its discussion  
Elemental analysis of composites is shown that the sodium content in montmorillonite decreases from 

1,5% in the initial sample to 0.28% in pillared Al (5.0) NaHMM. Similar regularity was observed for the 
pillared by AlZr montmorillonite.The sodium content in Pd /AlZr CaHMM + HM- catalyst do not exceed 
0.08%. After pillaring the average Zr content in this catalyst is equal to 9,34mas.% (table 1).  

 
Table 1 - Data of elemental analysis of 0,35%Pd Al:Zr(1:1)/CaHMM+15%HM, [Al]=[Zr]=2.5 mmol/g clay,mas.% 

 
Spectrum O Na Mg Al Si S Cl Ti Fe Zr Pd Total 
Spectrum1 49,55 0,09 0,87 15,32 23,72 0,06 0,14 0,09 0,69 9,36 0,14 100,00 
Spectrum2 49,46 0,07 0,82 14,34 24,78 0,06 0,10 0,14 0,74 9,34 0,14 100,00 
Spectrum3 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 

 
Earlier, we observed [15] that the incorporation of mordenite into the composition of the Pt catalyst 

deposited on the pillared Al montmorillonite results in a change in the composition of the products formed 
from n-hexane, without significantly affecting the conversion. On this catalyst, a large number of 
disubstituted isohexanes - 2,2 and 2,3-dimethylbutanes, as well as isobutanes, isopentanes and 
isoheptanes, the number of which increases with temperature. The optimum space velocities of n-hexane 
feeding are determined at which the studied catalysts exhibit maximum isomerizing activity and maximum 
increase of octane numbers [16]. 

A study of the isomerizing properties of Pt / mordenite + Al2O3 catalysts and Pt catalysts on granular 
mordenite without binders showed that the incorporation of mordenite into the catalyst promotes an 
increase in the conversion of n-alkanes due to optimization of the acid properties of the catalysts [17,18]. 
Using the example of the isomerization reaction of n-heptane, it was shown that with an increase in the 
proportion of mordenite from 10 to 50% by weight, a gradual increase in n-heptane conversion occurs. In 
this case, the zeolite module has little effect on the activity of catalysts with the same zeolite content. The 
selectivity of isomerization depends only on conversion and does not change with an increase in the 
proportion of zeolite in the catalyst [19]. In connection with the foregoing, the best samples of Pd catalysts 
supported on aluminium-zirconium pillared montmorillonite modified with mordenite (HM) were tested in 
the isomerization reaction of n-hexane at various temperatures with a space velocity of 0.64 h -1. (Table 2). 
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It can be seen from Table 2 that the conversion of n-hexane on 0.35% Pd /AlZr CaHMM + HM- catalyst 
increases 4.2 times with increasing temperature from 250 to 4000C (from 12.8% to 53.5 %). 

 
Table 2 - Isomerization of n-hexane on 0.35% Pd /AlZr CaHMM + HM-composite catalyst (space velocity 0.64 h-1) 

 
Catalyst Т, 0С α, % SС6, 

% 
SС6+ 
% 

Yields of reaction products,% 
{С1-С4 i-B 2MB 2,2D 

МB 
2МP Σ С7 

0,35% Pd 250 12,8 60,2 100  1,3 0,1 4,5 3,2 3,7 
300 46,4 87,7 99,3 0,3 1,2 0,8 20,7 20,0 3,4 
350 53,4 83,7 98,6 0,7 1,0 2,6 23,3 21,4 4,4 
400 53,5 80,9 99,0 0,5 1,1 2,8 22,4 20,9 5,8 

 
*Σ С7 = 2,2- dimethylpentane(DМP), 2,4-DМP, 2,2,3-threemethylbutane(TМB), 3,3DМP, 2-methylhexane(МH), 3-МH, 3-

ethylpentane(EP). 
 
The selectivity to all the isomers is reduced from 100 to 99.0% with an increase in temperature from 

250 to 4000C, but remains very high (98.6-100%) in the entire range of studied temperatures. The 
selectivity to isohexanes is slightly lower, but if it take into account that the resulting di- and three 
substituted isoheptanes have high octane numbers, it can be assumed that the resulting mixtures of 
isomeric hydrocarbons also have high octane numbers. 

Analysis of the reaction products showed that the isomerization of n-hexane on the mordenite-
containing palladium catalyst proceeds to form C4-, C5-, C6- and C7- isomers. It should be noted that the 
amount of isohexanes on this catalyst reaches 44.7% at 3500C, with more than half of this amount being 
2,2-dimethylbutane.Quantities of isopentanes and isoheptanes increases with increasing temperature. 
Thus, the content of isopentanes and isoheptanes increases from 0.1% and 3.3% at a temperature of 2500 
to 2.8 and 5.8%, respectively, at 400° C. 

Comparison of the obtained results with the data on the catalyst without mordenite shows that the 
isomer selectivity remains high on this catalyst (Table 3), although the introduction of mordenite promotes 
an increase in the conversion of n-hexane by 1.5-3.5 times, and at 3000 conversion n-hexane increased 
more than 8 times (Tables 2 and 3). The selectivity to all isomers at temperatures of 350, 4000 is 96.0-
92.9%. The selectivity to isohexanes at 250, 3000 is significantly lower on the mordenite-containing 
catalyst due to a higher conversion of n-hexane. It should be noted in the same way that the introduction of 
mordenite promotes a significant increase in the amount of disubstituted dimethylbutanes formed. At the 
optimum temperature, the amount of 2,2-DMB reaches 23,3%, in addition, there are significant amounts 
of isopentanes and isoheptanes, especially at temperatures of 350,4000С, which may be due to the change 
in the number and strength of acid sites. 

 
Table 3 - Isomerization of n-hexane on Pd / AlZrCaHMM- catalyst at different temperatures (space velocity 0.64h-1) 

 

  
It was shown that with an increase in the amount of palladium from 0.1 to 0.35% in the case of 

mordenite-free catalysts, an increase in the relative total amount of acid sites from 220.3 to 249.3% is 
observed, mainly due to an increase in the content of medium and strong acid sites, while the number of 
weak acid sites decreases. Such a distribution of acid sites should promote the growth of the isomerizing 
activity of Pd-catalysts, which we observed experimentally[20]. 

When modifying the catalysts with mordenite, a slight decrease in the total number of acid sites of 
different strengths is observed, and when mordenite is introduced, as in the case of an increase in the Pd 

Ratio Al:Zr, 
Zr=2,5 
mmol/g 
MM 

Т,оС α,% SC4+ SC6 Yields of products,% by weight 

ΣС1-
С4 

i-BUT ΣPen+ 
i-Pen 

2,2- 
DMB 

2,3- 
DMB 

3-M 
Pen  

i-Hep 
 

 
1:1 

250 5,4 100 100 - - - - - 5,4 - 

300 5,3 100 100 - - - - 3,5 1,8 - 
350 15,4 96 86,2 - 1,5 0,6 0,8 8,9 3,6 - 
400 39,5 92,9 70,6 0,9 5,6 4,4 2,8 14,7 10,4 0,8 
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content, the number of weak acid sites(a.s.) decreases, and the content of medium and strong 
(a.s.)increases. 

Based on the results obtained, it can be concluded that a decrease in the amount of palladium to 0.1% 
and modification of Pd-catalysts by mordenite lead to an increase in isomerizing properties with the 
formation of significant amounts of mono-and disubstituted isohexanes, which is due to an increase in the 
number of medium and strong acid sites[20]. 

To select the optimal n-hexane feeding space velocities to the Pd / AlZrCaHMM+HM the composite 
catalyst was tested at a space velocity of 1.28 h-1(Table 4). An increase of n-hexane feed rate from 0.64 to 
1.28h-1 reduces the overall conversion from 53.4 to 51.4% at 3500C, due to a reduction in the contact time 
with the catalyst surface. In addition, a comparison with the results obtained at a space velocity of 0.64 h-1 
(Table 2) shows that with an increase in the space velocity up to 1.28 h-1, together with a decrease in the 
conversion of n-hexane, the selectivity to all isomers decreased from 98,6 to 95.5%. A slight decrease in 
the yield of isohexanes and 2,2-dimethylbutane is observed with an increase in the space velocity of n-
hexane. Thus, the amount of isohexanes under these conditions is 41.6% compared to 44.7% at the space 
velocity of n-hexane of 0.64 h-1. 

 
Table 4 - Isomerization of n-hexane on Pd /AlZrCaHMM + HM composite catalyst (space velocity 1.28 h-1) 

 
Cat. Т, 0С α, % SС6, 

% 
SС6+ 
% 

Yields of reaction products,% 
{С1-С4 i-B 2МB 2,2  

DМB 
2МP Σ С7 

0,35% 
Pd 

250 7,7 68,8 92,2  0,5 0,1 3,1 2,2 1,8 
300 40,1 78,3 98,8 0,1 0,1 0,3 17,0 14,4 8,2 
350 51,4 80,9 95,5 0,5 0,3 1,5 21,1 20,5 7,5 

 
Reduction of the space velocity of n-hexane to 0.43 h-1 slightly increases the isomerization activity 

and selectivity of this catalyst (Table 5) compared to the results at a feed space velocity of 1.28 h-1. The 
yield of isohexanes at this space velocity of n-hexane at 3500C is 44.1%, which is close to the results 
obtained at a space velocity of 0.64 h-1. Comparison of the results presented in Fig. 1 shows that the 
optimum space velocity for a Pd / AlZrCaHMM + HM catalyst can be considered to be 0.64 h-1. 

 
Table 5- Isomerization of n-hexane on 0.35% Pd / AlZrCaHMM + HM composite catalyst (space velocity 0.43 h-1) 

 
Cat. Т, 0С α, % SС6, 

% 
SС6+ 
% 

Yields of reaction products,% 
{С1-С4 i-B 2МB 2,2DМB 2МP Σ С7 

0,35% Pd 250 21,8 67,9 100 - - - 7,8 7,0 7,0 
300 46,2 86,8 98,7 - 0,1 0,5 20,3 19,8 5,5 
350 53,7 82,1 94,0 0,7 0,4 2,1 23,5 20,6 6,4 
400 56,1 76,3 90,9 1,1 0,7 3,3 22,8 20,0 8,2 

 
The dependence of the yield of isohexanes and isoheptanes on 0.35% Pd /AlZrCaHMM + HM on the 

temperature at a various space velocity of n-hexane is shown in Fig. 1, from which it can be seen that the 
yields of all isomers increase with increasing temperature and reach a maximum at 3500C. At all space 
velocities, the catalyst exhibits a sufficiently high isomerization activity with the formation of 41.6-44.7% 
isohexanes and 4.4-8.2% isoheptanes. The highest yields of isomers on this catalyst were observed at a 
space velocity equal to 0.64 h-1. 

To estimate the octane-raising properties of isomerizates obtained on a Pd / AlZrCaHMM + HM- 
catalyst, calculations of the increase of octane numbers (o.n.) based on an analysis of the products 
obtained by isomerization of n-hexane on this catalyst (figure 2). It can be seen from Fig. 2 that on all the 
catalysts studied, regardless of the space velocities of n-hexane, there is an increase in o.n. with an 
increase in temperature, which is associated with an increase in the yield of isomers under these 
conditions, especially disubstituted with high o.n. For a 0.35% Pd/AlZrCaHMM+HM-catalyst, a constant 
value of the o.n. increase is characteristic at 350-4000С. The data presented in Fig. 2, allow to draw a 
conclusion about the optimal space velocity of n-hexane, providing the maximum increase of o.n. on this 
catalyst. It is shown that for the 0.35% Pd / AlZr CaHMM + HM catalyst, the optimum space velocity is 
0.64 h-1. Increase o.n. on this catalyst at 350-4000C is 45.4-45.6 units. 
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Figure 1 - The yields of isohexanes and isoheptanes on 0.35% Pd / AlZrCaHMM + HM catalyst as  

a functions of temperature at different space velocities: a) 0.43 h -1, b) 0.64 h -1, c) 1.28 h-1 
 

 
 

Figure 2 - Dependence of the increase in the octane number of the products obtained by isomerization of n-hexane over 0.35% Pd 
/AlZrCaHMM + HM on the temperature at different space velocities (1.28h-1, 0.64 h-1, 0.43 h-1) 
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Conclusion 
Thus, based on the analysis of the results obtained, it can be concluded that a sufficiently high level of 

n-hexane conversion, equal to 53.4-53.7%, with a high isomerizing activity of the mordenite-containing 
Pd catalyst to form 44.7% of mono- and disubstituted isohexanes and 4,4% isoheptanes is reached at a 
temperature of 3500C. The optimal space velocity of n-hexane (0.64 h-1) were determined, at which the 
studied catalyst shows maximum isomerizing activity and maximum increase of octane numbers. 
Comparison with the data obtained on a 0.5% Pt-catalyst deposited on mordenite in H-form without a 
binder and on a Pt / SO4 / ZrO2 / Al2O3 catalyst [18,21] showed that these catalysts are significantly 
inferior to those developed by the selectivity the formation of isohexanes (83.0-86.0%) and the yields of 
disubstituted isohexanes. The correlation between isomerization activity and the number of medium and 
strong acid sites was revealed. 
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ТҮРЛЕНДІРІЛГЕН ТАҒАНДЫҚ МОНТМОРИЛЛОНИТКЕ ҚОНДЫРЫЛҒАН ЦЕОЛИТҚҰРАМДЫ 
Pt-КАТАЛИЗАТОРЛАРДЫҢ ИЗОМЕРЛЕУШІ БЕЛСЕНДІЛІГІНЕ КӨЛЕМДІК  

ЖЫЛДАМДЫҚ ПЕН ТЕМПЕРАТУРАНЫҢ ƏСЕРІ 
 
Аннотация. Мақалада Al жəне Zr-мен пилларирлеген жəне белсендірілген Ca формалы монтморилло-нитке 

қондырылған цеолитсіз жəне цеолитқұрамды Pt-катализаторлардың қ-гексан изомеризациясы бойынша алынған 
мəліметтері келтірілген. Композиттерге жасалған элементтік анализ белсендіру мен пилларирлеу процестерінде 
монтмориллониттегі сілтілік металдардың мөлшері азаятынын көрсетті. Мысалы, Pd / AlZr CaHMM + HM-
катализаторындағы натрий үлесі 0,08%-дан аспайды. Пилларирлеген соң бұл катализатордағы Zr мас.үлесі 9,34%. 

Морденит енгізу қ-гексанның конверсиясын 1,5-3,5 есе арттыратыны жəне пайда болатын қосорынбасарлы 
диметилбутанның мөлшерін айтарлықтай көбейтетіні көрсетілді. Зерттелген катализаторлар максималды 
изомерлуеші белсенділік танытып 44,7% моно- жəне қосорынбасарлы изогександар мен 4,4% изогептан түзілетін 
қ-гексанның тиімді көлемдік жылдамдығы (0,64 сағ-1) анықталды. Pd-катализаторындағы қ-гексан изомерленуінің 
тиімді температурасы 3500С болды. Осы катализаторда 350-400°С кезінде октан санының өсуі 45,4 - 45,6 бірлікке 
тең. 

Изомерлеуші белсенділігі мен орта жəне күшті қышқылды орталықтар санының арасындағы байланыстар 
анықталды.  

Түйін сөздер: қ-гексан, изомерлеу, көлемдік жылдамдық, температура, селективтілік, қосорынбасарлы 
изомерлер, октан саны 
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ВЛИЯНИЕ ОБЪЕМНОЙ СКОРОСТИ И ТЕМПЕРАТУРЫ НА ИЗОМЕРИЗУЮЩУЮ 
АКТИВНОСТЬ ЦЕОЛИТСОДЕРЖАЩИХ Pd-КАТАЛИЗАТОРОВ, НАНЕСЕННЫХ 

НА МОДИФИЦИРОВАННЫЙ ТАГАНСКИЙ МОНТМОРИЛЛОНИТ 
 

Аннотация. В статье представлены данные об изомеризации н-гексана на бесцеолитных и 
морденитсодержащих Pd-катализаторах, нанесенных на активированный и пилларированный Al-Zr 
монтмориллонит в Ca-форме. Элементарный анализ композитов показал, что содержание щелочных металлов в 
монтмориллонитах уменьшается в процессе активации и пилларирования по сравнению с исходным образцом 
глины. Например, содержание натрия в Pd / AlZr CaHMM + HM-катализаторе не превышает 0,08%. После 
пилларирования среднее содержание Zr на этом катализаторе составляет 9,34 мас.%. 

Было показано, что введение морденита способствует увеличению конверсии н-гексана в 1,5-3,5 раза и 
значительному увеличению количества дизамещенных изогексанов. Определена оптимальная объемная скорость 
подачи н-гексана (0,64 ч-1), при которой изученный Pd-катализатор показывает максимальную изомеризующую 
активность с образованием 44,7% моно- и дизамещенных изогексанов и 4,4% изогептанов. Оптимальная 
температура изомеризации н-гексана на Pd-катализаторе составляет 3500С. Увеличение октанового числа на этом 
катализаторе при 350-400°С составляет 45,4 - 45,6 единиц. 

Выявлена корреляция между изомеризующей активностью и числом средних и сильных кислотных центров. 
Ключевые слова: н-гексан, изомеризация, объемная скорость, температура, селективность, дизамещенные 

изомеры, октановое число. 
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