ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print)

KA3AKCTAH PECITYBJIMKACKI
YJITTBIK FhUIBIM AKAJIEMUSCHIHBIH

XABAPIDbI ChbI

BECTHUK

HAILIMOHAJIBHOM AKAJIEMUM HAYK
PECITYBJIMKU KA3SAXCTAH

THE BULLETIN

OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

1944 XXbIJIJAH HIbIFA BACTAFAH
N3JAETCH C 1944 TOIA
PUBLISHED SINCE 1944

AJIMATBI
AJIMATBI
ALMATY

2018

MAY
MAU
MAMBIP



2 Clarivate

Analytics

NAS RK s pleased to announce that Bulletin of NAS RK 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 Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.



bac penakTtops

X. F. 1., ipod., KP ¥FA akagemuri
M. K. KypbiHoB

Pengaxunus axkachl:

Aobmues P.II. mpod. (Peceit)

AoumeB MLE. npod., xkopp.-mymieci (Kazakcran)
AspamoB K.B. npod. (Ykpauna)

Amnmnens FOpren npod. (I'epmanus)

Baiimykanos /I.A. pod., kopp.-mymeci (Kazakcran)
BaiinakoB K.M. nipod., akagemuk (Kazakcran)
Baiitymun U.0. npod., akagemuk (Kazakcran)
Banac Uozed npod. (ITonbima)

Bepcumbaes P.U. npod., akagemuk (Kazakcran)
Beanxos E.IL. mpo¢., PFA akanemuri (Peceit)
Tamuam3age ®@. npod., akagemuk (O3ipbaiikan)
TI'onuapyk B.B. npod., akagemuk (YkpanHa)
HasaeroB A.E. nmpod., kopp.-mymreci (Kazakcran)
Jxpoéamsin P.T. npod., akanemuk (ApMeHuUs)
Kanumouapnaes MLH. npod., akagemuk (Kazakcran), 6ac pen. opbiHOacapsl
JlaBepoB HL.II. mpoo., akanemux PAH (Poccus)
Jlynamky ®. mpo., kopp.-myureci (Mongosa)
Moxna Xacan Cesamat nipod. (Manaiizus)
MpeipxaasikoB K. Y. mpod., akanemuk (Kazakctan)
HoBaxk U3a6eana npod. (ITonpma)

Oraps H.IIL. nipod., xopp.-mymeci (Kazakcran)
Monemyk O.X. mpod. (Peceit)

IMonsieB A.U. npod. (Peceit)

Carusin A.C. npod., akageMuk (ApMeHwHsI)
Cary6aagun C.C. mpoo., akagemuk (Kasakcran)
Tatkeena I'.I'. mpod., kopp.-mymieci (Kazakcran)
YmberaeB U. npod., akanemuk (Kazakcran)
Xpunysos I'.C. npod. (YkpauHna)

Knnam6aes 10.A. npod., PFA kopp-mymeci (Peceit)
SAxyoosa M.M. nipod., akanemuk (ToxikcTaH)

«Ka3zakcran Pecny0nkachl YITTBIK FhUIBIM aKaJeMHUSCHIHBIH Xa0apuibIChD.

ISSN 2518-1467 (Online),

ISSN 1991-3494 (Print)

Menmrikrenytmi: «Ka3akcran PecyOnukachiHbIH Y ITTHIK FRUTBIM akagaeMuscbi»PKB (AnMartsr K.)

Kazakcran pecnmyOnukaceiHBIH MoIeHHET TI€H akKmapaT MHHHCTDIITIHIH AKIapaT >KOHE MyparaT KOMHTETiHIE
01.06.2006 x. 6epinren Ne5S551-7K mep3iMIik 6achUTBIM TipKeyiHE KOMBLTY Typalbl Kyollik

Mep3iMzimiri: )KeIIbIHA 6 peT.
Tupaxsr: 2000 gaHa.

Penakuusueig Mmekermxaiibl: 050010, Anmartsl K., IlleBuenko keur., 28, 219 6ei., 220, ten.: 272-13-19, 272-13-18,
www: nauka-nanrk.kz, bulletin-science.kz

© Kazakcran PecrryOnmukachiHBIH ¥ ATTHIK FRUIBIM akaneMusichbl, 2018

TunorpadusHsig Mekerkaiibl: «Apyna» XK, Anmarsr k., Myparbaesa kerr., 75.

— 3 —



FmaBHBIE penakTop

I. X. H., mpo¢. akanemuk HAH PK
M. K. Kypunosn

PengaknuoHHas KOJNJIET U :

Aomues P.II. npod. (Poccust)

AoumeB MLE. npod., uren-kopp. (Kazaxcran)
AspamoB K.B. npod. (Ykpauna)

Amnmnens FOpren npod. (I'epmanus)

Baiimykanos . A. ipod., wi.-kopp. (Kasaxcran)
Baiinaxos K.M. mpod., akanemuk (Kasaxcran)
Baiitymun U.0. npod., akagemuk (Kazaxcran)
Banac Uozed npod. (ITonpma)

Bepcumbaes P.U. npod., akagemuk (Kazaxcran)
Beanxos E.IL. mpog., akanemuk PAH (Poccus)
Tamuamsane ®@. npod., akanemuk (Azepbaiikan)
TI'onuapyk B.B. npod., akagemuk (YkpanHa)
HdasaeroB A.E. npod., un.-kopp. (Kazaxcran)
Jxpoéamsin P.T. npod., akanemuk (ApMeHHs)
Kanmumoanaes M.H. akanemuk (Kazaxcran), 3am. TJI. pe/I.
JlaBepoB HL.IL. mpod., akanemux PAH (Poccus)
Jlynamky ®. mpod., wi.-xopp. (Mosgosa)

Moxna Xacan Cesamat nipod. (Manaiizus)
Mpeipxaasikos K.Y. nmpoo., akanemux (Kazaxcran)
Hosaxk U3a6enna npod. (ITonpma)

Oraps H.IIL. nipod., un.-kopp. (Kazaxcran)
Moaemyxk O.X. nmpod. (Poccus)

IonsieB A.U. npod. (Poccust)

Carusn A.C. npod., akageMuk (ApMeHwHs)
Caryo6aagun C.C. npoo., akagemuk (Kazaxcran)
Tatkeena I'.I'. mpod., wi.-kopp. (Kazaxcran)
YmbetaeB U. npod., akanemuk (Kazaxcran)
Xpunysos I'.C. npod. (YkpanHna)

Knnam6aes 10.A. npod., wieH-kopp. PAH (Poccus)
SAxyoosa M.M. nipod., akagemuk (TamKUKUCTaH)

«BectHuk HanmonanbHoii akagemun Hayk PecnyOaukn Kazaxcran».

ISSN 2518-1467 (Online),

ISSN 1991-3494 (Print)

Coo6ctBennuk: POO «Haunonansnas akanemust Hayk PecrryOnuku Kazaxcramy» (r. AiaMarsr)

CBHUETENHCTBO O TIOCTAHOBKE Ha YYET MEPHUOAMYECKOro IedaTHoro nigaanus B Komurere nndopmanum 1 apxmuBoB
MunucrepcTBa KyabTypsl 1 uH(Gopmanuu Pecriy6onuku Kazaxcran Ne5551-7K, Beinannoe 01.06.2006 r.

[TepuoguvaHOCTH: 6 pa3 B TO1
Tupax: 2000 >x3eMIuIIpOB

Anpec pepaxkiuu: 050010, r. Anmatel, yi. [lleBuenko, 28, koM. 219, 220, ten. 272-13-19, 272-13-18.
www: nauka-nanrk.kz, bulletin-science.kz

© HammonansHas akagemus Hayk Pecyonuku Kazaxcran, 2018

Anpec Tunorpadun: UIT «Apyna», r. Anmarsl, yi. Mypar6aesa, 75

— 4 —



Editor in chief

doctor of chemistry, professor, academician of NAS RK
M. Zh. Zhurinov

Editorial board:

Abiyev R.Sh. prof. (Russia)

Abishev M.Ye. prof., corr. member. (Kazakhstan)
Avramov K.V. prof. (Ukraine)

Appel Jurgen, prof. (Germany)

Baimukanov D.A. prof., corr. member. (Kazakhstan)
Baipakov K.M. prof., academician (Kazakhstan)
Baitullin 1.0. prof., academician (Kazakhstan)
Joseph Banas, prof. (Poland)

Bersimbayev R.I. prof., academician (Kazakhstan)
Velikhov Ye.P. prof., academician of RAS (Russia)
Gashimzade F. prof., academician (  Azerbaijan)
Goncharuk V.V. prof., academician (Ukraine)
Davletov A.Ye. prof., corr. member. (Kazakhstan)
Dzhrbashian R.T. prof., academician (Armenia)
Kalimoldayev M.N. prof., academician (Kazakhstan), deputy editor in chief
Laverov N.P. prof., academician of RAS (Russia)
Lupashku F. prof., corr. member. (Moldova)

Mohd Hassan Selamat, prof. (Malaysia)
Myrkhalykov Zh.U. prof., academician (Kazakhstan)
Nowak Isabella, prof. (Poland)

Ogar N.P. prof., corr. member. (Kazakhstan)
Poleshchuk O.Kh. prof. (Russia)

Ponyaev A.IL prof. (Russia)

Sagiyan A.S. prof., academician (Armenia)
Satubaldin S.S. prof., academician (Kazakhstan)
Tatkeyeva G.G. prof., corr. member. (Kazakhstan)
Umbetayev I. prof., academician (Kazakhstan)
Khripunov G.S. prof. (Ukraine)

Yuldashbayev Y.A., prof. corresponding member of RAS (Russia)
Yakubova M.M. prof., academician (Tadjikistan)

Bulletin of the National Academy of Sciences of the Republic of Kazakhstan.

ISSN 2518-1467 (Online),

ISSN 1991-3494 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of Information and Archives of the
Ministry of Culture and Information of the Republic of Kazakhstan N 5551-K, issued 01.06.2006

Periodicity: 6 times a year
Circulation: 2000 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz /, http://bulletin-science.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2018

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 5 —



Becmuux Hayuonanvrot akademuu nayk Pecnybnuku Kazaxcman

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 3, Number 373 (2018), 56 — 63

UDC 665.656.2;622.361.16
L. S. Djumabaevaz, N. A. Zakarina', G. J. Eligbaeva2

'Institute of Fuel, Catalysis and Electrochemistry named after D. V. Sokolsky, Almaty, Kazakhstan,
’Kazakh National Technical University named after K. I. Satpaev, Almaty, Kazakhstan.
E-mail: djumabaevals@mail.ru nelly zakarina@rambler.ru gulzhakh@yandex.ru
n.zakarina@ifce.kz

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
C4 + 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 SiO2 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
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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 (0] 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 4,29 | 50,97 1,41 | 14,35 126,94 | 0,05 | 0,29 | 0,19 | 1,23 | 0,27 100
4 | 0,35%Pd/CaHMM 5,13 | 49,48 1,47 | 14,20 | 27,39 | 0,06 | 0,28 | 0,20 | 1,23 | 0,57 100
5 | 0,1%Pd/ CaHMM~+HM 4,70 | 49,23 1,06 | 13,56 | 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 C4 , 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 Sce Scas Yield reaction, %
Kat. 0 o o o .
C Yo Yo Yo {Ci-C, i-b 2MB | 22JMB | 2MII | Amount C,
250 8,6 69,6 100 - 0,15 0,25 3,60 2,42 2,24
0,35%Pd | 300 22,4 83,6 100 - - 0,56 11,2 7.4 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 84,8 100 - 0,1 0,2 9,4 6,4 2,6
0,1% Pd
350 23,5 87,3 99,6 0,1 0,2 0,5 12,6 8,0 2,2
400 32,4 86,0 99.7 0,1 0,2 0,9 16,5 11,3 3,4
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 yield of C¢-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 Cq 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.

1007 . _— ot ) .
—n—Selectiviy for G__ —a—Seieclvity for G,
80 —»—Yield i-hexane 80 —e«—Yield i-hexane
G onversion n-hexane Comversion n-hexane
B0 - B
40 4 40 /o‘_“--.___‘
N / 20 )
. . . ./ ‘
350 300 360 w € 250 300 0 awn -C
1 2

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
Witl‘(l] 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 0.095 to 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/r A Micropores, Mesopores,
(0-204A) (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 59,3
0,35%Pd/CaHMM 107,8 0,095 10,0-70,0 473 52,7
0,1%Pd/CaHMM 127,6 0,117 10,0-68,0 57,1 42,8
dv/dvmax dv/dvmax
1,0 10
1
0,8 0.8
0;6 0,6 If
04 0,4
0;2 0,2
01—+ R(A) o+—r——r——7—1— R(A)
0 20 40 60 80 0 20 40 60 80
1 2
i dV/DVmax
|13 1,0 ]
- 08 /
- 1
% 06 .l’
a 04 \
. e
. 4N
- ~"\. ) —
- '—|_|_|___. 0,0
[ 1] A1 11— R(A)
'TITTFITITIT' 10 20 30 40 50 60 70
0,35%Pd/CaHMM
0.1 "Sid FOaHM
3 4

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 ’ Qa, % SCG; % Sc4+, % "
C {C,-C; | i-B | 2M B | 2,271 MB | 2MII | Amount C,
250 7,9 81,6 100 - - 0,2 3,9 2,5 1,3
300 27,0 94,2 100 - 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 15,4 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 3,2 1,08
300 33,3 92,3 99,9 0,04 0,15 0,6 18,0 12,2 1,8
0,1% Pd+HM
350 | 51,1 93,8 99,8 0,1 0,3 0,5 26,3 19,7 2,27
400 54,3 88,9 99,7 0,16 0,4 0,4 26,0 19,8 5,12
Iso-C;: 2.2 DMP - 2.2-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 C4.- 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 Cg-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.

%
100% . - 1007 = - . -
—=—Selectivity for C_ —n—Seleclivily foi G,
80 —=—Yield i-hexane 80 —=—Yield i-h?zana
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40 /'FAE" 404 ’//_./
20 / 20 7
/
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1 2

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 5), 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 , %
E | S, Total pore volume, R, -
xample m>2 /g sm’ /g A Micropores, Mesopores,
(0-204A) (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 C¢ 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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II[. B. Coxonbckuii ateinaars! JKanapMaii, KaTanns xKoHE JIEKTPOXUMUS HHCTUTYTHI, AnMatsl, KazakcTan,
’K. W1. CotbaeB aThiHarsl Kasak yITTBIK TEXHUKAIBIK 3eprrey yHuBepcuteti, Anmarsl, Kasakcran

H-'EKCAH/IbI Ca-®@OPMAJIATBI KbIIIKbIJIIBI-BEJICEHAIPIJITEH
MOHTMOPWJIJIOHUTKE KAFBIUIFAH Pd-KATAJIN3ATOPJIAPJIA U3OMEPJIEY

Annoranus. Pd/CaHMM katanu3atopiapsl allbIHBII KOHE H-TEKCaHIIBI H30MEpIICy PEaKIMAChIHIA CHIHAJFAH
0onaThIH. AJBIHFAH HOTWOKENep OOWBIHINA aHBIKTaNFaHBL mnamtaauiain memmepin 0,35%-man 0,1%-ra azaifty
OesceHALTIKTIH ToMeHAeyiHe oKkenenl, anaiina C,. OOWBIHIIA TYPaKThl JKOHE OapbIHIIA KOFAphl OOJBIT Kalajbl -
99,6-100%. H-rexcannsir 0,35% Pd-katanmsaTopsiHaars! eH xorapsl kouepcuscs 400°C TeMIepaTypa *KargalbIH-
na 45,1%, an 0,1% Pd—karanu3aTopsinaa Typa col Temreparypa karmaiibiana 32,4% xypaiiael. V3Mepneyid aca
MaHBI3/IbI OHIMIEpiHiH Gipi muMernnbyTan Gombin Tadbimansl, 0,35% Pd-xanacynarsi eH kem mbiFysl 350°C sxar-
naiibiaga 21,3% xypaiizet. 0,1% Pd-kaTanusaTopbiaaa IMMETHIOY TAHHBIH MIBIFYbI a3aiibin xone 400°C sxarnaitbiaia
16,5% kypaiinel. MOpACHUTTI KOCY TilTi TOMEH HMalbI3Ibl KaTaaH3aTOPIbIH 631H/1¢ OCICEHAUTIK IICH CEIeKTUBTLUTIKTI
enoyip aprreipansl. 0,35%Pd/CaHMM+HM-karanu3atopelHIa H-TEKCAHHBIH KOHBEPCHUSCHI 400°C sxarmaiibiHzna
54,1%-ra aprtazpl, an 2,2-TAMETHIOYTaHHBIH MBIFYB 25,8% Kypaiinet. 0,1%Pd+HM-kaTanmu3aTopia H-reKCaHHBIH
KOHBEpCHUACH 54,3%-1b1, all AUMETHIOYTAHHBIH €H KOII IIBIFYHI 400° sxarnaiibiHaa 26,0% xypaiigsr, oy 0,35% Pd
KaTallM3aTOPBIHIAFG! 25,8% MenmiepiMeH CallbICTBIPFaH/a a3/lall KOFaphl.

U3zorekcanaapasiy neonutciz 0,35 sxone 0,1% Pd-karanuzaropnapia eH ker MeJiep/e MbIFybl COFaH Coiikec
37,8 xone 27,8% xypaiiapl. Kypambeinaa mopaenuti 6ap 0,35%Pd/CaHMM+HM-katanuzatopna Cg-nzomepiepaiy
by Menuiepi 46,4%, Temen naiibizant 0,1%Pd+HM karanuzaropaa 45,8% kypaiibl.

OKTaHJBIK CaHHBIH 6CYyl MPOIECTIH TeMIepaTypachl 6CKEH CaibIH, COHIANH-aK MOPACHUTIICH TYPJICHIIPLIreH
KaTaJu3aTopiiapia apThin oThipaasl. OKTaHABIK caHHBIH OapbiHiia ecyi 0,35% Pd/CaHMM +HM karanu3atopbiHaa
Oarkanpl.

Tyiiin ce3nep: u3omeprey, H-rekcaH, OEJICHEAIPUITeH MOHTMOPHIIJIOHHT, KaTallu3aTop, Najulanii.

J. C. IlmyMaﬁaeBaz, H. A. 3akapuna’, I'. %K. Eauréaesa’

'AO «MHCTHTYT TOTIIMBA, KaTanu3a u dnmekrpoxumun uM. /1. B. Cokonmsckoro», Anmartsl, Kazaxcran,
’Kazaxckmii HaIMOHAJBHBIN HCCIIe0BAaTENbCKUH Texandecknil yauBepeuteT uM. K. U. Carnaesa,
Anmatsl, Kazaxcran

N3OMEPHU3AIINA H-TEKCAHA HA Pd-KATAJIM3ATOPAX,
HAHECEHHBIX HA KUCJIOTHO-AKTUBUPOBAHHBIM MOHTMOPWIVIOHUT B Ca-®OPME

Annoranus. beum momydens! u ucnbitansl Pd/CaHMM-katann3atopsl B peakiiui H30MEepU3aliy H-TeKCaHa.
ITo momyueHHBIM pe3yabpTaTaM OBIJIO OTMEYEHO, YTO CHIDKEHHE coaepskanmst namiaaus ¢ 0,35% mo 0,1% mpuBogut k
CHIDKCHHMIO aKTMBHOCTH, HO CEJIGKTHBHOCTh MO (4 OCTaeTcs CTAaOMIIBHOW M JIOCTATOYHO BBICOKOH 99,6-100%.
MakcumanbHasi koHBepcusl H-rekcana Ha 0,35% Pd-karanuzarope cocrasisier 45,1% mpu temiieparype 400°C, a Ha
0,1% Pd-xaramuzarope cocraBmsier 32,4% mnpu 3TOit ke Temmneparype. OZHUM M3 BaXHEWIIMX INPOAYKTOB
HM30MEpHU3AIMK SIBISCTCS TUMETWIOyTaH, MakcuMaibHbld Bbixoa Ha 0,35% Pd-konTakte cocrasiser 21,3% mpu
350°C. Ha 0,1% Pd-kaTanusaTope BBIXOJ JMMETHIOYTaHA CHMKAeTcs M coctaBiser 16,5% mpu 400°C. Beenenue
MOpJICHHTa 3aMETHO IIOBBIIIACT AKTUBHOCTH W CEJIEKTHBHOCTh Jake€ Ha HU3KOINPOLEHTHOM Karamu3arope. Ha
0,35%Pd/CaHMM+HM-katanusatope, KOHBepCHs H- rekcaHa pacter 10 54,1% mnpu 400°C, a Beixom 2,2-
muMeTtnnOyTana cocrasiser 25,8%. Ha 0,1%Pd+HM-karanm3aTope KoHBepcHs H- TekcaHa coctaBisieT 54,3%, a
MAKCHMAIbHBII BBIXOJ TUMeTHI0yTaHa 26,0% npu 400°, 4TO He3HAUMTENHHO BHINIE 1O CPaBHEHHIO ¢ 25,8% Ha
0,35% Pd.

MaxkcuManbHBIA BBIXOA HM30rekcaHoB Ha OecreonutHbiX 0,35 u 0,1% Pd-karanmsatopax cocrasmser 37,8 u
27,8% coorBercTBeHHo. Ha mopaenur, conepxariem 0,35%Pd/CaHMM+HM-karanuzarope Bbixos Cg-H30MepoB
mocruraet 46,4%, Ha HuskonpouentHoM 0,1%Pd+HM karanusarope 45,8%.

[TpupocT OKTaHOBOTO YKCJIAa pacTeT C YBEIMYEHHEM TEeMIepaTypbl MPOLEcca, a TaKKe Ha KaTalu3aTopax,
MO (UIIMPOBAHHBIX MOPIEHUTOM. MaKkcuMalbHbIN PUPOCT 0.4. Habmoaancs ua 0,35% Pd/CaHMM+HM.

KaroueBble ci10Ba: n3omMepusanus, H-TeKCaH, akKTHBUPOBAHHbBI MOHTMOPHJUIOHHUT, KaTAJIN3aTop, NaJUIagni.
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