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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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COBALT CATALYST ON THE BASIS OF THE KENDYRLIK SHALE
AND ITS APPROBATION IN FISHER-TROPSH SYNTHESIS

Abstract. The method of preparation of the cobalt catalyst and the results of the Fischer-Tropsch synthesis on
the resulting catalyst, in which the shale of the Kendyrlik deposit was used as the support, zirconia was used as the
promoter. The shale was pretreated by carbonization in an inert argon medium in the temperature range of 25-700°C
and activation by steam at 850-900°C for 60 minutes. The catalyst (composition of 10%Co/1%Zr0,/89%slate) in a
volume of 100 ml was prepared by double impregnation, wherein salts hexahydrate of cobalt nitrate Co(NO;)2-6H,0
and zirconium oxonitrateZrO (NO;);-2H,0 were used. Further, the resulting catalyst was tested in Fischer-Tropsch
synthesis in order to produce synthetic hydrocarbons. The catalyst was preliminarily reduced in a hydrogen
atmosphere at 350°C for 1 hour, at a hydrogen space velocity of 1000 h-1 and a pressure of 0.2 MPa. The synthesis
was carried out (at a molar ratio of H,/CO/N, = 2/1/0.2) in the temperature range 160-220°C, at a space velocity of
500 h-1, and a pressure of 1.0 MPa. Chromatographic analysis of the hydrocarbons C4-C,; obtained showed that
mainly alkanes and arenesare formed during the synthesis.

Keywords: catalyst, cobalt,shale, Kendyrlyk, activation, Fisher-Tropschsynthesis, hydrocarbons.

Introduction. At present, much attention is paid to the implementation of selective Fischer-Tropsch
synthesis (FT synthesis), in particular, to the synthesis of linear alkanes C;,-C;s, Cs-Cy isoalkanes, solid
linear paraffins [1]. This catalytic process occurs by hydrogenation the carbon monoxide with hydrogen
and includes the steps of polymerization, oligomerization, alkylation.

In FT synthesis, iron-containing and cobalt-containing catalysts are commonly used. In addition, Ni
and Ru catalysts are also active, but their use seems ineffective due to low selectivity to higher hydrocar-
bons (Ni) and higher costs (Ru) [2].

To maintain high activity and selectivity of FT synthesis catalysts, in addition to varying the compo-
sition and conditions of preparation, a special organization of the catalytic layer is necessary in order to
reduce the probability of overheating and reduce the gas-dynamic resistance. Particularly negatively affect
the catalyst overheating, accompanied by coking and deactivation of the catalyst [3].

The main requirements for the organization of the catalytic layer for FT synthesis are: high con-
centration of the catalytically active component in the reaction volume, small characteristic particle size of
the catalyst, high effective thermal conductivity of the catalyst layer, thermal stability and high mechanical
strength of the catalyst, low hydraulic resistance [4].

However, these requirements do not always correspond to the requirements of existing process
schemes using conventional catalysts in a suspended, fixed or fluidized bed [5]. In this regard, increasing
the efficiency of the process of obtaining hydrocarbons from synthesis gas requires the development of
new catalysts.

Products of FT-synthesis are of great practical importance as carbon-chemical raw materials, espe-
cially in connection with the fact that they contain many olefins, mainly of normal structure. The develop-
ment of catalysts with improved catalytic properties and directional selectivity is of particular practical
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interest and includes the study of new supports, catalytic compositions, and the conditions for their
formation. Promising catalysts for the synthesis of hydrocarbons from CO and H, include cobalt systems
that allow selective production of linear alkanes [1]:

nCO + (2n+ 1)H,= CyHopert nH,0

Usually, Al,Os, SiO,, TiO, are used as support for cobalt catalysts [6]. Their main disadvantage is the
intensive interaction with the metal, leading to the formation of mixed compounds, which lose the active
phase and have a very high reduction temperature. One way to solve this problem is to use carbon sup-
ports that have little interaction with metal catalysts. Carbon supports have a number of unique structural
properties and are of interest for catalysts in heterogeneous catalysis [6]. Carbon materials used as sup-
ports can be divided into several groups: activated carbon, carbon black, graphite, carbon nanotubes [7].

Especially it is necessary to allocate catalysts on cement (alumo-calcium) basis, which are
characterized by high activity and productivity, mechanical strength, and also the ability to prevent them
from carbonization [8].

The source of carbonaceous catalyst carriers can be shale rocks, which are available in Kazakhstan in
sufficient quantities for their industrial use. Thus, the creation of fundamental and technological funda-
mentals for the production of new materials for gas-phase synthesis becomes particularly relevant.

The aim of this work is to prepare Co catalysts in which the shale of the Kendyrlik deposit was used
as the support, followed by their testing in the Fischer-Tropsch synthesis to produce liquid hydrocarbons.

Experimental part. For the catalyst preparation (10%Co/1%Zr0,/89%shale), the following reagents
were used: cobalt nitrate Co(NOs),-6H,O six-water salt, zirconium oxonitrate ZrO(NO3);-2H,0. Table 1
shows the main characteristics of the reagents.

Table 1 — Characteristics of reagents

Reagents Content, %
CQ .......................... 99.000not less
CoMOs)- 610 Sultes. 0003 not more
Chlorides.................. 0.001 not more
ZrO(NO3); - 2H,0 99.95
Cco 99.999
H, 99.95

To use Kendyrlyk shale as a carrier, it was preliminarily ground on a hammer mill (Molot-200) to a
fraction of 0.1 mm and granulated samples with a diameter of 0.8 cm were obtained from the obtained
powder on a tablet press (model 1000).The samples were then subjected to processes of carbonization in
an inert argon medium in the temperature range 25-700 ° C and then activation by steam at 850-900 ° C
for 60 minutes.

The quantity of ingredients for the preparation of catalysts in a volume of 100 ml (weight 77 g) was:
shale support— 68,53 g, metal Co - 7.7 g, zirconium Zr - 0.77 g, salt (for dissolution with water) - 2.22 g,
distilled water - 13,23 ml.

The catalysts were prepared by the double impregnation method as follows. The metal salts of
ZrO(NOs),-2H,0, Co (NO;),-6H,0 were dissolved in distilled water in a certain proportion. The concen-
tration of solutions was selected based on the desired content of the active metal and the promoter in the
catalyst. The resulting solution was gradually added to the support, continuously mixing it. Then, it was
left at room temperature for 1 hour, so that the solution completely absorbed onto the support. The sample
was then dried at 100 °C for 12 hours, followed by calcination in a Thermogravimetric Analyzer
"ThermosterEltra" at 350 °C for 1 hour in an inert argon medium. The prepared catalysts were stored in
desiccators.

Catalytic tests of the obtained Co catalyst were carried out in a laboratory flow-through installation
with a tubular reactor with a fixed catalyst bed at atmospheric pressure (figure 1). For the synthesis,
cylinders with gases (CO, H,, N,) were used, the degree of purity was not less than 99%.
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Figure 1 — Scheme of the Fischer-Tropsch bench installation:
1 — cylinders with gas; 2 — gas flow regulator; 3 — oven; 4 — tubular reactor; 5 — hot separator; 6 — cold separator;
7 — refrigerator; 8 — pressure sensor; 9 — pressure regulator "up to itself"; 10 — gas meter; 11 — control unit; 12 — thermostat

Reactor (4), an inner diameter of 20 mm with a thermocouple inlet, was filled with 100 cm’ of a cata-
lyst diluted with 30 cm’ of quartz.

Prior to the synthesis, the apparatus was purged with an inert gas of N, for 30 minutes, at a space
velocity of 500 h™'. The reduction of the catalyst was carried out at a temperature of 350°C in hydrogen
medium for 3 hours, at a hydrogen space velocity of 1000 h™, pressure 0.2 MPa.

The synthesis of liquid products was carried out as follows. In the first stage, the temperature was
raised to 100 °C and held for 30 minutes to remove moisture. In a second step, the reactor was gradually
heated to a temperature of 300 °C at a rate of 1 °C/min. At this stage, hydrogen was fed into the system at
a space velocity of 100 h'. The third stage is directly the catalyst reduction process described above. The
fourth stage is cooling the reactor to the synthesis temperature (160-220 °C). When the predetermined
synthesis temperature (160 °C) was reached, CO was supplied. The pressure in the system is created
by the pressure regulator "up to itself" (9), and the indicators are fixed by the pressure sensor (8).
The required gas flow was set using the flow regulators (2). The gas mixture, at a molar ratio of
H,/CO/N, = 2/1/0.2, was sent to the preheating furnace (3) and then to the tubular reactor (4). Further, the
mixture consisting of reaction products and unreacted synthesis gas passes hot and cold separators (5) and
(6). In the refrigerator (7) condensation of gaseous products occurs. The total gas flow was determined by
the gas meter. The temperature in the reactor and furnace was recorded with Pt-100 thermocouples. The
temperature in the reactor was maintained with an accuracy of = 0.5 °C. The synthesis was carried out at a
pressure of 1.0 MPa and a space velocity of 500 h™.

Thermalan (Silica S4) was used as a coolant. Circulation of the coolant through the system was
carried out using a thermostat. The liquid synthesis products condensed sequentially in the hot separator
(5) and in the cold separator (6) were collected and extracted with diethyl ether. Unreacted gases and light
hydrocarbons that do not condense in the separators were sent to the vent.

The element composition, structure and dimension of the Co catalyst were studied by energy
dispersive X-ray spectroscopy using a SEM device (Quanta 3D 200i) with an attachment for energy-
dispersive analysis from EDAX.
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An analysis of the component composition of the liquid products of FT synthesis was carried out on a
chromatograph called Chromos GC-1000.

Electron microscopic images (with magnitudes x30000 and x100000) and elemental composition of
Co catalyst are presented in figures 2 and 3. Analysis of the obtained data showed that the structure of the
catalyst is represented by large aggregation of metal particles (Co, Zr) of various geometric shapes
deposited on the surface of shale supports, the sizes of which are 200-350 nm.

Figure 2 — SEM-image of Co-catalystat magnifications:
a) x30 000; b) 100 000

cliedax3?\genesisi\genmaps.spe 23-Jan-2017 20:54:51
LSecs: 613
0.8 Element W,%
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*2 7 co Ca 5.45
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Energy - keV

Figure 3 — Elemental composition of Co-catalyst

As can be seen from figure 3, the elemental composition of the prepared catalysts, with satisfactory
accuracy, corresponds to their assigned composition (10%Co/1%ZrO,/89%shale). The deviation for cobalt
and zirconium is, respectively: +2.3% and +7%.

The results of the Fischer-Tropsch synthesis are presented in table 2. The component composition of
the liquid hydrocarbon fractions formed is represented by a set of compounds Cs-C,; (alkanes, isoalkanes,
isoalkenes, arenes, isocycloalkanes). Alkanes and arenes are predominantly formed during the synthesis,
among which the main share is 1-methyl-2,4-diethylbenzene, n-tridecane, n-oscadecane, i-butylcyclohexane.
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Table 2 — Component composition of liquid products of FT-synthesis

Components Concentration, wt.%
n-hexane 1.580
n-undecane 0.570
1-methyl-2,4-diethylbenzene 9.078
n-dodecane 0.331
c6-Benzene-2 0.453
tridecene-1 1.270
n-tridecane 8.744
n-okadekan 6.363
2,4-dimethylhexane 0.093
1,2,4-trimethylbenzene 1.346
t-butylbenzene 0.884
i-butylcyclohexane 10.194
1.2.3-trimethylbenzene 2.873
butylcyclohexane 0.440
2-methyl-n-butylbenzene 1.291
1.2.3.4-Tetramethylbenzene 0.667
Naphthalene 2.172
1.2.4-triethylbenzene 0.694
n-tetradecane 0.670
n-Cyg 4.876
n-Cy 4.649
n-Cy 4.284

Conclusions. A distinctive feature of the new cobalt-containing catalysts obtained in comparison
with many catalysts used in petrochemistry (based on AlLO;, SiO,, etc.) is that Kendyrlyk shale was
chosen as the carrier, which was previously activated in the process of high-temperature treatment in a
water vapor medium. Such an influence promotes the formation of a developed microporous structure, an
increase in the specific surface and other adsorption characteristics [9, 10]. This directly affects the
increase in the activated properties of the catalyst and the selectivity with respect to the formation of
synthetic hydrocarbons, in this case C6-C21. Thus, the use of activated shale (when modified with Co and

Zr metal ions) as a catalyst support can be a promising direction in catalysis.

The present work was carried out within the framework of the scientific and technical program No. 0020/PTF-
15 on the topic: "Development of technologies and creation of a pilot complex for deep processing of Kazakh shales
with a feedstock capacity of 250 tons per year", funded by the Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan.
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«Kemip xumusicsl sxxone TexHonorus nHCTUTY T JKIIC, Actana, Kazakcran

KEHAIPJIK CJJAHEIl HETT3THAE KOBAJIBT KATAJIM3ATOPBIH AJTY
7KOHE OHbI ®UHIEP-TPOIIII CHUHTE3IHJE AITPOBALIUAJAH OTKI3Y

Annoranus. XXymeicta «KeHaipimik» KeHIIIIHEH aJbIHFAH CIAHEI HeTi3iHAe KOOalbT KaTalH3aTOPBIH HaWbIH-
nay omici sxoHe @umrep-Torm cuHTe3iHAE anpoOaIs HOTHKeIepi KeNTipireH, IpOMOTOpP peTiHIe IUPKOHUN JTHOK-
cuai Kosnaubuiasl. ClaHen aibIMEH aproH KarbIChiHIa, MHEPTTI opraga 25-700 °C reMieparypa MHTEpBaJbIHIA
kapOonmzanus sxoHe 850-900 °C apanbikta 60 MUHYT KeJieMiHze Cy OybIMEH aKTUBAIMs daiciMeH exaeni. Karanm-
3arop (Kypambil0%Co/1%Zr0,/89%cnanen) exi per CiHipy omiciMeH HaWbIHOANIBI, alThl CyJBl KOOAIbT HHUTpPA-
TIHBIH Co(NO3),-6H,0 xone nupkoruiH okconutpatr ZrO(NO;);-2H,0 Ty3mapsl KOJAaHbUIABL. AJBIHFAH KaTaju-
3aTOp CHHTETHKAJIBIK KeMipcyTekTep any yuiiH dumep-Tpomm cuHTe3iHae anpodanusaiaanasl. AJIBH aja KaTaid-
3atop 350 °C-ta 3 caraT KeIeMiHJe TOTHIKCHI3IAHIBIPBUIIE, CYTEriHiH KeIeMIiK KpuriamasEsl 1000 car' xone
kpicbiM 0,2 MIla xypansl. Cunte3 (H,/CO/N,=2/1/0,2 monpaik karteiHacta) 160-220 °C Temneparypa MHTEpBa-
neiHga, 500 car! KenmeMIiK KbULIAMIBIKTA HKIHE 1,0 MIla kpiceiMaa xyprizingi. Tysinren kemipcytektepain Cy-Cy
XpoMaTorpadusUIBIK Tajllaybl HET131HEH alKaHAap MEH apeHIepAiH TY3UIr'eHIH KOpCeTTi.

Tyiiin ce3mep: karanmmuzatop, koOaneT, cnaHen, Kenaipiik, aktuBanus, dumep-Tpomm cunTe3i, KeMipcy-
TEKTep.

b. T. EpmaramoeT, H. Y. Hypraaues, M. K. Kazankanosa,
K. M. KacenoBa, A. B. Xos01, 9. Cailipan0ek, JI. /I. Abbuirazuna

TOO «MHCTUTYT XUMHH YIJIA U TEXHOJIOTum», ActaHa, Kazaxcran

HOJYYEHUE KOBAJIBTOBOTI'O KATAJIM3ATOPA HA OCHOBE KEH/IBIPJIBIKCKOI'O CJIAHIIA
M ET'O AITPOBAIIUA B CUHTE3E OUIIIEPA-TPOIIIIA

AnHoTanusi. B pabote npuBeeHbl METO IPUTOTOBIIEHUS KOOAJIBTOBOTO KaTall3aTopa U pe3ylbTaThl CHHTE3a
Oumepa-Tponma Ha MOJTyYEHHOM KaTajlM3aTope, B KOTOPOM B KadeCTBE HOCHTEINS MCIOJIB30BAJIM ClIAHEell
MecTOpOXIeHUS « KEeHIBIPIIBIK», TPOMOTOPOM CITYXKHJI JUOKCH] IMpKOHNUS. ClaHelr mpeaABapuTeIbHO 00pabaThiBaIN
MyTeM KapOOHM3aIlMK B MHEPTHOM cpejie aproHa B wHTepBaie temeparyp 25-700 °C ¥ akTHBAIMH BOASHBIM MApOM
npu 850-900 °C B teuenme 60 munyT. Kartammsarop (cocraBa 10%Co/1%ZrO,/89%cnanen) roroBuim MeToa0M
JIBOMHOM TPONHTKH, TJE HWCIOJIH30BATHM MICCTUBOMHYI0 coib HuTpata kobameTa Co(NO;),:6H,O m okconmTpar
mupkoHUs ZrO(NOj);-2H,0. Jlanee momydeHHBIH Katanm3aTtop ampobupoBanm B cuHTe3e Dumepa-Tpormma mmst
MOJTy4eHHs] CHHTETHYECKHX YIIEBOXOPOAOB. [IpeaBapuTenbHO KaTalin3aTop BOCCTAHABIMBAIHM B CPEAE BOJOPOIA
npu temneparype 350 °C B TeueHHe 3 4acoB, MpH 06BEMHOI ckopocTH Bogopoaa 1000 u” u mapnennem 0.2 MITa.
Cunre3 npoBoguinu (rpu mMonbHOM ortHomenun H,/CO/N, = 2/1/0.2) B unrepBane temneparyp 160-220 °C, npu
o6BemHoii ckopoctr 500 4™, mapnenun 1.0 MITa. XpomaTorpaduuexuii aHaIN3 HONy4eHHbIX yriIeBoaopoaoB Ce-Co
MOKa3all, YTO B IIPOLIECCE CUHTE3a 00pa3yoTCs NPEMMYIIECTBEHHO alKaHbl U apEHBI.

KiroueBble cioBa: katanusaTop, KoOaubT, cinaHel, KeHabIpibik, aktuBaius, cuate3 @umrepa-Tporiia, yrie-
BOJIOPOJBI.
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