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ISOMERIZATION OF H-HEXANE ON Pd CATALYSTS INFLICTED
TO ACID-ACTIVATED MONTMORILLONITE IN Ca-FORM

Abstract. Pd/CaHMM catalysts have got and tested in the isomerization reaction of n-hexane. According to the
results, in the palladium content decreased from 0.35% to 0.1% leads to a decrease in activity, but the selectivity of
C, + remains stable and high enough 99.6-100%. The maximum conversion of n-hexane by 0.35% Pd-catalyst is
45.1% at a temperature of 400°C, and 0.1% Pd-catalyst is 32.4% at the same temperature. One of the most important
isomerization products is dimethyl butane; the maximum yield of 0.35% Pd contact is 21.3% at 350°C. Ata 0.1% Pd
catalyst, the yield of dimethyl butane decreases and is 16.5% at 400°C. The introduction of mordenite significantly
increases the activity and selectivity even on a low-percentage catalyst. At 0.35% Pd/CaHMM + HM catalyst, the
conversion of n-hexane increases to 54.1% at 400°C, and the yield of 2.2-dimethylbutane is 25.8%. On a 0.1% Pd + HM
catalyst, the conversion of n-hexane is 54.3%, and the maximum yield of dimethylbutane is 26.0% at 400°C, which is
slightly higher compared to 25.8% for 0.35% Pd.

The maximum yield of iso-hexanes on the non-zeolitic 0.35 and 0.1% Pd catalysts is 37.8 and 27.8%, respec-
tively. Mordenite containing 0.35% Pd/CaHMM +HM catalyst reached 46.4%, at a low-percentage 0.1% Pd + HM
catalyst 45.8%.

The increase in the octane number increases with increasing process temperature, as well as on catalysts mo-
dified with mordenite. The maximum increase was observed at 0.35% Pd/CaHMM + HM.

Keywords: isomerization, n-hexane, activated montmorillonite, catalyst, palladium.

Introduction. Natural layered silicates (clays) have the ability to ion exchange, high cation exchange
capacity, micro-, meso and nanoporous structure, have surface active centers of various types that are
widely used as high-performance components for the preparation of catalysts [1-3]. Montmorillonite
(MM) is one of the most interesting representatives of layered silicates, the structural features and
properties of which determine the wide possibilities of its use as a catalyst carrier are different processes.
A characteristic property of montmorillonite clays is a high cation exchange capacity — from 60 to
150 meq / 100 g [4, 5].

It is known that acid treatment of clay minerals leads to a sharp increase in their catalytic and adsorp-
tion capacity [6-9]. The results of the study of samples by the method of low-temperature adsorption of
nitrogen showed an increase in the specific surface area and a slight increase in the pore diameter.
According to the data of the X-ray diffraction study, the crystal structure of the samples activated by
solutions of mineral acids of low and medium concentration is preserved, and the results of the chemical
analysis of natural clays after acid activation showed complete washing out of sodium ions from the
structure of the samples and dissolution of a significant part of the octahedral magnesium, iron and
aluminum cations, as a result of which the Si02 content in the samples increases [10, 11]. In the case of
MM, acid treatment often also causes a rather strong decrease in the first basal reflexes [12].

The determining factor in increasing the adsorption capacity of natural clay minerals after their acid
treatment is the non-changing porous characteristics of MM, and the growth of the specific surface and the
dissolution and removal of all possible impurity phases leading to the production of a monomineralic

— 56 ——



ISSN 1991-3494 M 3. 2018

product, the destruction of the secondary structure, the increase in the accessibility of the adsorbed
component to the surface of the adsorbent and appearance of silica gel. Natural clays are one of the
available types of catalyst carriers for the reaction of isomerization of n-alkanes [13, 14]. In turn, as is
known, structural isomerization of n-alkanes is one of the most demanded catalytic processes for obtaining
high-octane additives to motor fuels [15-18]. The aim of this work was to study the texture, acid properties
of Pd catalysts supported on activated montmorillonite in Ca-form, depending on the content of the active
metal from PdCl, and the introduction of mordenite.

Experimental part

In the work, carefully used montmorillonite clay of the Tagan deposit without isolation of mono-
mineral fraction of montmorillonite. The H-form of Tagansky montmorillonite was obtained by treatment
with a solution of H,SO,, followed by washing from SO,> ions. The activated clay was formed, dried in a
thin layer first at room temperature, then at 150°C and then subjected to calcination at 500°C [19, 20]. The
prepared H-form of MM was used as a support for Pd catalysts.

The catalysts were prepared by impregnating the support with aqueous solutions of PdCl, followed
by drying, calcining and reduction of the oxides to the metallic state. The metal content in the samples was
0.1 and 0.35%. The textural characteristics of the samples were determined by the BET method for low-
temperature nitrogen adsorption on the ACCUSORB instrument. Elemental analysis of the composites
was carried out with the help of energy dispersive X-ray fluorescence spectroscopy on the energy
dispersive microanalysis system INCA-Energy 450 mounted on a scanning electron microscope
JSM6610LV, JOEL, Japan. The activity of the samples in the isomerization of n-hexane was investigated
in a flow reactor with varying the process temperature in the range 250-400 °C. The process was carried
out in a hydrogen flow at a feed rate of 0.82 hour™.

Results and its discussion

In table 1, there is data on the elemental composition of the initial calcium and activated H-form
Tagan montmorillonite, catalysts with different Pd content (0.1%, 0.35%) and modified with mordenite.

Table 1 — Element composition of initial and activated montmorillonite and Pd / CaHMM
with different content of Pd and modified with mordenite (NM)

Ne Example C (@) Na | Mg | Al Si S Ca Ti Fe Pd | Hror
1 | CaMM 14,35 46,40 | 0,25 | 2,20 | 10,53 | 23,46 1,30 | 0,13 | 1,37 100
2 | CaHMM 14,27 | 45,50 2,08 | 10,78 | 24,55 0,69 | 0,18 | 1,94 100
3 | 0,1%Pd/ CaHMM 429 | 50,97 1,41 (14,35]26,94] 0,05 | 0,29 | 0,19 | 1,23 | 0,27 | 100
4 | 0,35%Pd/CaHMM 5,13 | 49,48 1,47 (14,20127,39] 0,06 | 0,28 | 0,20 | 1,23 | 0,57 | 100
5 | 0,1%Pd/ CaHMM+HM 4,70 | 49,23 1,06 [ 13,561 29,77 | 0,06 | 0,24 | 0,15 | 0,98 | 0,24 | 100
6 | 0,35%Pd/CaHMM+HM 5,87 | 51,21 | 0,07 | 1,06 | 12,20 | 27,90 | 0,04 | 0,18 [ 0,13 | 0,76 | 0,57 | 100

From the analysis of the data in table 1, it follows that the acid activation of CaMM leads to the
removal of sodium from the clay, only small amounts of sodium are found in the sample (6). After acid
activation and Pd supported, the amount of calcium and magnesium is significantly reduced. According to
the elemental analysis, several overestimated amounts of palladium are found in comparison with the
impregnation method introduced.

In table 2, there is a data on the hydroisomerization of n-hexane by 0.35% and 0.1% Pd / CaHMM ca-
talysts at different temperatures.

Tests of 0.35% and 0.1% of palladium catalysts showed that the activity decreases with decreasing
palladium content, and the isomer selectivity practically does not change. As can be seen from table 2, the
conversion of n-hexane increases with increasing temperature and reaches 45.1% on 0.35% Pd-catalyst,
and on 0.1% Pd-catalyst is 32.4% at 400°C. The selectivity for C, , isomers at 400°C is very high 99.6-
99.7%. The maximum yield of dimethylbutane is observed at 350°C on 0.35% Pd-contact and is 21.3%.
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Table 2 — Isomerization of n-hexane on Pd / CaHMM-composite catalyst

T a S Seus Yield reaction, %
Kat. 0 > 0 > A > S 5 -
C Yo Yo Yo {C)-C,y i-b 2MB | 22/IMB OMII | Amount C,
250 8.6 69,6 100 - 0,15 025 3,60 242 2,24
0.35%Pd | 300 22.4 83,6 100 - - 0,56 11,2 74 3,11
350 433 90,1 99.7 0,15 0,16 0,97 21,3 16,5 3.0
400 45,1 81,7 99.6 0,18 0,32 0,69 17,8 15,5 7.0
250 6,5 74,3 100 - - 0.2 2.9 1,9 1,5
300 18,7 34,8 100 - 0.1 0,2 94 6.4 2,6
0,1% Pd
350 23,5 873 99,6 0.1 0.2 0,5 12,6 8,0 22
400 324 86,0 99.7 0.1 0.2 0,9 16,5 11,3 34
C; - 2.2 DMP - 2.2-Dimethylpentane; 2.4 DMP - 2.4-Dimethylpentane; 2,2,.3TMB - 2.2 3-Trimethylbutane; 3,3DMP -
3,3-Dimethylpentane; 2MG-2-Methylhexane; 3MG-3-Methylhexane; 3 EP-3-Ethylpentane.

When the palladium content is reduced to 0.1%, the vyield of Cs-disubstituted isomers is reduced and is
16.5% at 400 °C. The yield of hydrocracked products does not exceed 0.18%. On a 0.35% Pd catalyst at
350°C, the Cs isomer content is 37.8%, with a decrease in palladium content of up to 0.1%, the isohexane
yield is 27.8% at 400°C.

Data on the yield of isohexanes, selectivity and conversion of the process of isomerization of n-he-
xane by 0.35% and 0.1% Pd-contacts at different temperatures are illustrated in figure 1.
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Figure 1 — Isohexane yield, selectivity and conversion of the isomerization of n-hexane
by 0.1% Pd / CaHMM (1), 0.35% Pd / CaHMM (2) catalysts depending on the process temperature

The tests of 0.35% and 0.1% palladium catalysts showed that their activity decreased insignificantly
with decreasing palladium concentration. The conversion of n-hexane and the yield of isomers increase
Wiﬂ’é increasing temperature on both catalysts and at 350°C reach constant values on 0.35% and 0.1% Pd at
400°C.

The presence of C,-isomers in reaction products probably indicates side processes in the isomeri-
zation of n-hexane.

Table 3 and figure 2 show some of the physicochemical characteristics of palladium catalysts based
on activated montmorillonite.

As you can see from table 2, when the clay is activated, the specific surface of the sample rises from
89.2 to 99.2 m*/g. With the addition of palladium, the specific surface area and the total pore volume
increase, a Pd content reduction of up to 0.1% on Pd/CaHMM leads to an increase in the specific surface
area of the sample from 107.8 to 127.6 m*/g. The total pore volume rises from 0.095to 0.117 cm’/g.

The changing porous structure is clearly illustrated by figure 2.
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Table 3 — Specific surface area and effective pore volume and their distribution for Pd / CaHMM-catalyst

Relative quantity , %
S, Total pore volume, R, -
Example m%g e A Micropores, Mesopores,
(0-20A) (20-80A)
CaMM 89,2 0,075 12,0-70.0 46,1 53,9
CaHMM 99,2 0,086 12,5-70.0 40,7 593
0,35%Pd/CaHMM 1078 0,095 10,0-70.0 473 52,7
0,1%Pd/CaHMM 1276 0,117 10,0-68.0 57,1 42.8
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Figure 2 — Pore distribution curves for their effective radius in the Pd / CaHMM-composite catalyst depending
on the metal content of CaHMM (1).
The signs of the curves: CaMM (1); CaHMM (2), 0.1% Pd / CaHMM (3); 0.35% Pd / CaHMM (4)
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Calculation of pore size distribution showed that when Pd content is reduced to 0.1%, the amount of
mesopores decreases from 52.7 to 42.8%, and the number of micropores increases from 47.3 to 57.1%,
which is reflected in a decrease in activity.

Table 4 and figure 3 show the isomerization activity of Pd / CaHMM + HM, modified with mordenite
depending on the metal content.

Table 4 — Isomerization of n-hexane on Pd / CaHMM + HM-composite catalyst

T Yield reaction, %
Kat. 0 . o, % SC6, % Sc4+, % -
C {C1-Cy i-b | 2M b | 22 Mb | 2MII | Amount C,
250 7.9 81,6 100 - - 0,2 3,9 2.5 1,3
300 27,0 942 100 - 0,2 0,4 15,6 9.8 0,9
0,35% Pd+HM
350 41,0 933 99,7 0,1 0,3 1,0 22.8 154 1,3
400 54,1 85,7 99,8 0,1 0,2 2.4 25,8 20,6 5.0
250 9.2 86,0 100 - - 0,2 4.8 32 1,08
300 33,3 923 99,9 0,04 0,15 0,6 18.0 12,2 1.8
0.1% Pd+HM
350 51,1 938 99,8 0,1 0,3 0,5 26,3 19.7 2,27
400 543 88,9 99,7 0,16 04 0.4 26,0 19.8 5,12
Iso-Cs: 2.2 DMP - 22-Dimethylpentane; 2,4 DMP — 24-Dimethylpentane; 2,2.3TMB - 2.2 3-Trimethylbutane;
3,3DMP - 3 3-Dimethylpentane; 2MG-2-Methylhexane; 3MG-3-Methylhexane; 3 EP-3-Ethylpentane.

The incorporation of mordenite into Pd / CaHMM significantly increases its isomerizing activity and
isomer selectivity. Over 0.35% Pd / CaHMM + HM catalyst, the maximum yield of isohexanes is obser-
ved at 400°C, which reaches 46.4%, with the yield of 2,2-dimethylbutane being 25.8%. The conversion of
n-hexane increases to 54.1% with a Cy.- selectivity equal to 99.8%. For comparison, the maximum yield
of isohexanes on zeolite-free 0.35 and 0.1% Pd-catalysts is much lower and is 37.8 and 27.8%, respec-
tively (table 2). On 0.1% Pd + HM catalyst, the maximum yield of dimethylbutane from n-hexane is
26.0% at 400°C versus 25.8% for 0.35% Pd. According to the total content of Ce-isomers (45.8%), 0.1%
Pd-catalyst is only slightly inferior to 0.35% Pd (46.4%). It was found that in the investigated temperature
range the selectivity for the C, + isomers for all catalysts remains quite high 99.7-100%. At the same time,
the yield of hydrocracking products does not exceed 0.1% on 0.35% Pd/CaHMM + HM at 400°C.
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Figure 3 — Isohexane yield, selectivity and conversion of the isomerization process of n-hexane
on 0.1% Pd / CaHMM + HM (1), 0.35% Pd / CaHMM + HM (2) catalysts depending on the process temperature.

Based on the data of low-temperature nitrogen adsorption (BET), the texture characteristics of
Pd-catalysts modified with mordenite were determined.

As you can see from Table 5, the addition of mordenite to palladium catalysts supported on CaHMM + HM
leads to a significant increase in the specific surface area for 0.35% Pd from 107.8 (table 3) to 129.4 m*/g
(table 3), the effective pore volume is increased from 0.095 to 0.101 ml/g. In the case of 0.1% Pd, modifying
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Table 5 — Comparative structural and adsorption characteristics of Pd-contacts based on CaHMM modified with mordenite

Relative quantity , %
Examole S, Total pore volume, R, -
p. mY/g sm/g A Micropores, Mesopores,
(0-20A) (20-80A)
0,35% Pd/CaHMM+HM 1294 0,101 10,0-68,0 52,0 48,0
0,1% Pd/CaHMM+HM 159,2 0,125 10,0-74,0 51,9 48,1

with mordenite leads to an even more significant growth of the specific surface: from 127.6 to 159.2 m*/g,
and an effective pore volume from 0.111 to 0.125 cm’/g. The growth of the specific surface and pore
volume is accompanied by a small a change in pore size distribution, with the number of micropores
slightly higher (52.0-51.9%) than mesopores (48.1-48.0%), regardless of the palladium content.
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Figure 4 — Pore distribution curves for their effective radii on a Pd / CaHMM +HM composite catalyst, depending
on the metal content.
Signs of the curves: 0.1% Pd / CaHMM + HM (1); 0.35% Pd / CaHMM +HM (2)

Thus, the introduction of mordenite into the catalyst results in a change in the texture characteristics
of the Pd catalysts. The substantial growth of the isomerizing activity and yield of Cs and C; isomers in
the isomerization of n-hexane is probably due to an increase in the specific surface area and the number of
mesopores when modifying with mordenite. Thus, on 0.1% Pd/CaHMM + HM, the mesopore number
increases from 42.8% to 48.0%. On this catalyst, the maximum conversion of n-hexane is observed, equal
to 54.3% at 400° C. There is a correlation between the isomerizing activity and the amount of dimethyl-
butanes formed on Pd-catalysts with the amount of mesopores.

Figure 5 shows the dependence of the increase in the octane number (0.n.) of isomerization products
of n-hexane on palladium catalysts, depending on the Pd content and upon modification with mordenite.

As can be seen from Fig. 5, the increase in the octane number significantly increases with an increase
of the process temperature and on the catalysts modified by mordenite, which is due to the growth of
yields formed from n-hexane isomers, including disubstituted, with high octane numbers. The maximum
increase o.n. was observed on 0.35% Pd/CaHMM + HM.

Based on the results, it is possible to conclude that the Pd catalysts supported on acid-activated
montmorillonite in Ca-form are promising, which are characterized by high isomerizing activity and se-
lectivity during the hydroconversion of n-hexane to produce high-octane isomers.
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Figure 5 — Temperature dependence of the increase in the octane number of isomerization products of n-hexane
on the 0.35% PdCaHMM and Pd/CaHMM +HM catalysts studied by the calculation method
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J. C. ixymataesa’, H. A. 3akapuna’, I'. 7K. Exmréaesa’

1}:[. B. CoxrombCkuii aTBIHAAFH JKaHapMaii, KaTamu3 jKoHE 3ICKTPOXHUMHEA HHCTATYTHL, AnMarsl, Kasakcras,
*K. Y. CotbaeB aTeiHaars! Kasak yITTHIK TEXHUKATIBIK 3epPTTEY YHHBEPCHTETI, AMaTsr, Kazakcran

u-TEKCAH/BI Ca-®OPMAJJAFEI KBIIIKBLTIBI-BEJICEHAIPLITEH
MOHTMOPWIOHATKE KAFBLIFAH Pd-KATAJIM3ATOPJIAPJIA H30OMEPJIEY

Annoramus, Pd/CaHMM kaTamu3aTopiaapsl axbIHBII JKOHE H-TEKCAHIBI H30MCPIICY PCAKIHACHIHIA CHIHAFAH
0onaTeIH. ANBIHFAH HOTIGKENED OOMBIHINA aHBIKTANFaHBl maxnaguiain Memmepid 0,35%-man 0,1%-ra azaity
OcNCEeHAIMKTIH TOMEHACYIHE oKeneni, anaiizna C, OOWBIHIIA TYPAKTHI JKOHE OAPBIHINA KOFApbl OOJNBIN KANambl -
99,6-100%. H-rexcannsix 0,35% Pd-kaTaams3aTopsIHIars! €H xkoraphl korBepcrsack 400°C Temmeparypa sKarJaHbIH-
ma 45,1%, an 0,1% Pd—xarammsaTopsiHaa Typa coJ TeMmreparypa skarmaiisrana 32,4% kypatinel. U3mepreyaig aca
MAaHBI3IbI OHIMICPiHIK Oipi HuMerTHnOyTan Gombim TabbutamsL 0,35% Pd-xanacymars! eH xen mbEysl 350°C xar-
maiismaaa 21,3% xypaiime. 0,1% Pd-kaTaau3aTopsiHaa IHMETHIOY TARHBIH IIBIFY B 3B xkoHe 400°C sKarqaibiHaa
16,5% kypatiasl. MOpACHATTI KOCY TiNTi TOMCH MAMBI3ABI KATATH3ATOPIBIH 631HAC OCACCHAUTIK ICH CCICKTHBTLTIKTL
emoyip aprrepamsl. 0,35%Pd/CaHMM-+HM-kaTanns3aTopsiHaa H-rekcaHHbiH, koueepcuackl 400°C sxarmaiibiama
54,1%-ra aprazgsl, an 2,2-nuMeTHIOYTAHHBIH IIBEFYH 25,8% Kkypaiinet. 0,1%Pd+HM-karannzaTopaa H-TCKCAHHBIH
KOHBEPCHACH 54,3%-BI, A JUMETHIOY TAHHBIH ¢H kom mbFysI 400 sarmaiteaa 26,0% xypaitast, 6y 0,35% Pd
KaTamn3aTopbIHAAFSI 25,8% MenmiepiMeH CalbICTHIPFAHIA a3/all KOFapHL.

Hsorexcarnmapasy neomutcis 0,35 sxore 0,1% Pd-xatamisaropinapaa ¢H Kol MeIICPAC IIBIFYEl COFAH COMKEC
37.8 xome 27,8% xypaiapl. Kypamsiana mopaeruti 6ap 0,35%Pd/CaHMM+HM-karammzatopaa Cs-n3oMepaepain
ey Meymepi 46,4%, TemeH maieaet 0,1%Pd+HM karamasaropaa 45.8% kypaimsl.

OKTaHIbIK CAHHBIH 6CY1 MPOLECTIH TEMIICPATyPachl 6CKEH CaHbIH, COHAAH-AK MOPACHHUTIICH TYPJICHIIPIITCH
KATaJIH3aTopIapaa apTeim OTeIPaabl. OKTAHABIK CaHHBIH OapsiHIma ocyi 0,35% Pd/CaHMM +HM karamu3atopbHaa
GalKanabL

Tyiiin ce3aep: u3oMepey, H-TeKCaH, OCICHEAIPLITEH MOHTMOPHIUIOHHT, KaTaIH3aTop, MallIaaui.
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M30MEPHU3AINSA H-TEKCAHA HA Pd-KATAJIM3ATOPAX,
HAHECEHHBIX HA KHCJIOTHO-AKTUBHPOBAHHBIM MOHTMOPWIJIOHHUT B Ca-©@OPME

Annoramus. beum monyueHs! n ucnbransl Pd/CaHMM-karanu3aTopbl B peakIHH H30MCPH3AIHH H-TCKCAHA.
[To moy4eHHBIM pe3yIbTaTaM OBLIO OTMEUCHO, UTO CHIDKCHHC CoAcp kaHmst namtamus ¢ 0,35% mo 0,1% mpuBoauT
CHHDKCHHIO AKTHBHOCTH, HO CCICKTHBHOCTH MO (4. OCTACTCA CTAOMIBHOM W AOCTATOYHO BBICOKOH 99,6-100%.
MaxkcuManbHas KOHBEpCHs H-rekcana Ha 0,35% Pd-katammsarope cocrasmset 45,1% npu Temmeparype 400°C, a Ha
0,1% Pd-karanm3arope cocraBiuser 32,4% mnpu 3ToH ke Temmeparype. OJHHM W3 BAKHCHIONX NPOIYKTOB
HM30MEpPH3AINA SIBBICTCS AUMETHIOYTAH, MAKCHMAIbHBIH BbIXx0x Ha 0,35% Pd-konTakre cocrasmier 21,3% mpu
350°C. Ha 0,1% Pd-karammsaTope BBIXOJ IMMETHIOYTAHA CHHKACTCS H cocTaBmier 16,5% mpu 400°C. Beencnue
MOPICHHTA 3AMETHO IIOBBINACT AKTHBHOCTh M CEICKTHBHOCTH JAKC HA HU3KONPOLICHTHOM Kartamu3arope. Ha
0,35%Pd/CaHMM-+HM-katanm3atope, KOHBEPCHS H- TSKCaHa pacter 10 54,1% mpm 4000C, a BBIXOm 2,2-
maMmeTua0OyTaHa coctaBmier 25.8%. Ha 0,1%Pd+HM-katamm3aTope KOHBEpCHS H- TEKCaHA coctraBmiet 54,3%, a
MAKCHMATBHBIH BBIXOJ TUMETHIOYTaHA 26,0% mpu 400°, 4TO HE3HAYMTETHHO BBINE TO CPABHCHHIO C 25.8% Ha
0,35% Pd.

MakcuMaTbHBIH BBIXOJ H30TCKCaHOB Ha OecrcomutHbX 0,35 m 0,1% Pd-karaimsaropax coctasmieT 37,8 u
27,8% cootsercrBeHHo. Ha mopmenur, comepxameM 0,35%Pd/CaHMM+HM-karamzarope Boxoa Cs-H30MEpOB
mpocruraet 46,4%, Ha Hu3konpoucHTHOM 0,1%Pd+HM karammsarope 45,8%.

[TpupocT OKTaHOBOTO YHMCIA PACTET C YBEIMUYCHHECM TEMIICPATYpPhI IPOIECCA, a TAKKE HA KATAIM3ATOPaXx,
MOIH(PHIMPOBAHHBIX MOPACHUTOM. MaKkCHMAIbHBIH PHPOCT 0.4. Habmomancs Ha 0,35% Pd/CaHMM+HM.
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