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OPTIMIZATION OF TECHNOLOGICAL PARAMETERS
OF HYDRAGENERATION PROCESS OF ACETYLENE USING
A PILOT CATALYTIC PLANT

Abstracts. A pilot plant was launched and the modes of acetylene hydrogenation on cobalt catalysts were
worked out. It has been found that the modified 7% Co/ SiAl cobalt catalyst is active in the process of hydrogenating
acetylene into ethylene. Optimal conditions of acetylene hydrogenation on 7% Co/ SiAl catalyst were determined.
The effects of temperature, space velocity and the ratio of initial components in the hydrogenation of acetylene to
ethylene were investigated.

The textural characteristics of cobalt catalysts before and after the hydrogenation of acetylene were investigated
by the SEM method. The structure of cobalt catalysts after the hydrogenation of acetylene does not lose catalytic
activity and selectivity. It has been found that catalyst samples have channels of different sizes, flaky particles and
fibers located in the gaps between large aggregates are also present on the surface.

The optimum temperature was 180 ° C in the hydrogenation of acetylene into ethylene at conversion 73.0%.
Conversion of acetylene increases to 81.2% when temperature rises to 200°C, acetylene conversion decreases to 68%
with further temperature exceeding to 220°C. Acetylene conversion again increases from 68 to 73.6% at 140°C in the
ratio of acetylene to hydrogen 1:2. The selectivity of the catalyst 7%Co/SiAl to ethylene was studied depending on
the temperature in the acetylene hydrogenation reaction. The selectivity to ethylene decreases with increasing
temperature, since an increase in temperature activates side reactions.
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Indruction. The main factor of large-scale production of light unsaturated compounds such as
ethylene, propylene, butenes and other aromatic compounds (benzene, toluene, xenones etc.) is a pyrolysis
of petrol content such as naphtha and liquefied petroleum gases, at thermal conversion with olefins forms
acetylene and diene hydrocarbons in small amounts. Their selection is often economically ineffective.
Their presence as an impurity in product disable further use of olefins for polymerization processes [1-4].
Thus, acetylene hydrocarbons have a poison effect on polymerization catalysts of ethylene, and their
content in ethylene fraction supplied to polymerization should be below 1 ppm. In this regard, one of the
most important tasks when preparing raw materials in order to produce various polymers is a
hydrogenation of diene and acetylene hydrocarbons without complete hydrogenation of olefins, which
contain only one double bond in their composition to alkanes. In industry, for selective hydrogenation,
there are used precious metal based catalysts, predominantly palladium. The price of such catalysts has
been high for a long time due to significant metal content (1-5%). At present, it has been shown that it is
possible to create heterogeneous catalysts for selective hydrogenation of diene and acetylene hydrocarbons
with a low metal content and a narrow distribution in size [5, 6].

— 134 ==



ISSN 2224-5286 Series chemistry and technology. 5. 2020

Experimental part. The basic process flow diagram of the plant for hydrogenation of acetylene is
shown in figure 1. The plant for hydrogenation of acetylene includes a stainless steel reactor; rector
heating system (oven with thermo regulator), gas supply unit, gas supply system and measurement of gas
consumption; means of regulation and control of pressure, made in the form of solenoid valve, a gas
pressure guard and a pressure gauge; gas mixer (evaporator) and heater with thermostat, separator with
cold water circulation system and gas chromatograph.

2
A

Figure 1 - Scheme of catalytic plant for selective hydrogenation of acetylene

18

1,2, 3 - gas cylinder; 4 - gas pipelines; 5 - needle valve; 6 - gas rotameters; 7 - gas flow meter IRG;
8 - solenoid valve; 9 - gas pressure preserver; 10 - gauges; 11 - gas mixer (evaporator) and heater; 12 - thermostat;
13 - reactor; 14 - thermocontroller, 15 - thermocouple; 16 - container for catalyst;
17 - separator (a, b - cooling water); 18 - tap for draining and condensate collection; 19 - chromatograph

The plant for study of hydrogenation of acetylene to ethylene contains a gas supply unit, consisting of
cylinders with argon, hydrogen and acetylene (1-3), gas pipelines (4), needle valves (5), flowmeter (6),
supply system and gas flow metering containing of IRG-3 (7), units for regulation and pressure control,
like a solenoid valve (8), a gas pressure regulator (9), manometer (10),gas mixer (vaporization device)
heater (11), with thermostate (12), catalytic reactor (13), with a heating system, consisting of furnace and
thermocontroller (14), thermocouple (15), container for a catalyst (16), a separator (17), with circulation
system of cold water (a), (b) dump cock and condensate collection (18), gas chromatograph (19).

The plant has 3 independent channels for measuring of flow rate by means of rotameters (6) that
determines the current volumetric flow rate, which is important to maintain the performance and
efficiency for further usage. The flow rate measurement can be carried out simultaneously using all three
channels. The measurement data for each channel is given in digital form with reduction to standard
conditions.

Results and discussions. A certain sample of catalyst is loaded into container and placed to the
reactor. The temperature of reaction zone is measured using a chromel-alumel thermocouple which was
placed to catalyst layer, and target temperature with accuracy of + 1 © is kept due to temperature
controller.

In order to reach a temperature, the developed catalysts are purged with argon. Heat treatment is
carried out at a temperature of 100-120 ° C for 60 minutes under argon (10 ml / min), after that the catalyst
is restored with hydrogen (10 ml / min) for 60 minutes. When target temperature is reaching reactor, a
reaction mixture flow with different rations is fed into reactor using IRG-3 flowmeter through a mixer
(evaporator), and during passing there is formed uniformly mixed gas. Acetylene and hydrogen were used
as reaction raw materials in a volume ratio of 1: 3. The setting and maintenance of gas flow rate is carried
out in automatic mode using computer. In mixer there is occurred a heating of gas mixtures to a
temperature of 200 ° C. Then the gas-vapor steam came from outlet of the reactor and directed to the
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separator. In separator, the hot flow of gas-vapor steam is initially cooled up to operating temperature, and
after that the liquid reaction products enter the condensate collector, but gaseous products are analyzing
using a gas chromotograpg «Chrome-3700» and Gas Chromatography with mass spectrometric detection
(Agilent 7890A / 5975C).

The separator is connected to chromatograph through a pipeline where a needle valve is installed.
Helium was used as a gas carrier. Reaction products were identified by comparing of their retention time
and reference substances in the same conditions, increasing the corresponding picking intensity with
addition of reference substances to reaction product mixture. Almost all studies have shown a relative
error of chromatographic analysis which is no more than 3%.

By using proposed plant, there is a possibility to carry out various sample tests with catalysts keeping
operating conditions such as (temperature from 25 to 500 ° C, pressure from 0 to 10 atm, gas consumption
from 5 to 2500 cm?/ min) in order to produce hydrogenation of hydrocarbon, the yield of target products
and selectivity of technological parameters.

In this work, a cobalt catalyst 7% Co/SiAl was chosen in order to optimize the technological
parameters of hydrogenation process of acetylene using a pilot catalytic plant.

The study of volumetric velocity effect was carried out at different temperatures from 180 to 220 °C
and ratio of C,H,:H»=1:2. Figure 2 shows the effect of volumetric reaction rate to ethylene yield during
hydrogenation process of acetylene using 7% Co/SiAl catalyst.
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Figure 2 — An influence of volumetric velocity on ethylene yield during hydrogenation process
of acetylene using 7% Co/SiAl catalysts

From figure 2 it can be seen that best results in formation of target products when output from reactor
are equal to the volumetric velocity and corresponding to 216 h™', at a temperature of 220 ° C, it reaches
the maximum value. At this rate, the ethylene yield increases from 48.37 to 52.38%. A further increase in
volumetric velocity leads to decrease in ethylene yield. From obtained data it can be seen that the optimal
volumetric flow rate of ethylene formation is 220 hours™.

There was studied an effect of reaction temperature and raw material ratio on ethylene yield in the
process of acetylene hydrogenation using cobalt-containing catalyst 7% Co/SiAl. Figure 3 shows the
results of ethylene yield depending on reaction temperature.

On cobalt-containing catalyst 7% Co/SiAl at reaction temperature of 180 ° C, the ratio CoHz:H, (1: 2),
and ethylene yield is 42.9%, but at a ratio of (1:3), the ethylene yield increases to 66.7%. A further
increase of a temperature up to 200 °C at a ratio of C;Hz:H; (1:2), the ethylene yield increases from 42.9 to
62.2%, but at a ratio (1:3), the ethylene yield increases to 62.9%. An increase of reaction temperature up
to 100-120 ° C leads to a decrease in target product from 62.9 to 52.9%.
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Figure 3 - Influence of reaction temperature and raw material ratio on ethylene yield
in the process of acetylene hydrogenation by 7% Co/SiAl

Thus, for this process, an optimal reaction temperature is 180°C in a ratio of raw material (1:3) is
positive, where the ethylene yield is 62.9%.

With an increase of hydrogen flow during hydrogenation process of acetylene 1:3 at reaction
temperature of 180°C, the conversion of acetylene was 73.0%, at increasing of a temperature up to 200°C,
the conversion of acetylene has increased to 81.2%, with a further increase in temperature to 220 ° C, the
conversion of acetylene is reduced to 68%. At 140°C in the ratio of acetylene to hydrogen 1: 3, the
conversion of acetylene increases again from 68 to 73.6%.

Figure 4 shows the selectivity data during hydrogenation process of acetylene to ethylene using 7%
Co/SiAl catalyst. The selectivity of catalyst 7% Co/SiAl catalyst was studied depending on temperature in
acetylene hydrogenation reaction.
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Figure 4 - Influence of reaction temperature on selectivity
during hydrogenation process of acetylene using 7% Co / SiAl

As can be seen from Figure 4, with increasing of temperature the selectivity of ethylene decreased,
because increase of a temperature activates side reactions.

The properties of applied catalysts are determined not only by composition and nature, but also by
texture features of a carrier and the particle size of active component. The most important strategic factor
is a choice of carrier and method of catalyst preparation. Although the clays do not possess a large amount
of acidic centers, but due to resistance to high temperatures and ease of surface modification, it is possible
to enhance the catalytic properties [5].
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The texture and morphological characteristics of obtained catalysts were studied by employees of
Xinjiang University, Institute of Chemistry and Chemical Engineering (Uriimqi city, PRC), using
scanning electron microscope JEOL JSM-6390 LA with an energy dispersive X-ray detector JED 2300.
figure 5 shows SEM photomicrographs on 7% Co / SiAl cobalt catalysts.

Figure 5 - Micrographs of 7% Co / SiAl cobalt catalysts

According to electron microscopy data, in samples 7% Co/SiAl there are presented microparticles of
different sizes, moreover, with an increase of it up to 1000 times, a lot of scaled particles and fibers are
becoming visible, that located in spaces between large areas (figure 5 (a, b)). The structure of samples
before (5b) and after (5g) hydrogenation of acetylene does not change and not lose catalytic and selective
activity. Samples of catalysts have channels of different sizes, and there are also scaly particles and fibers
at the surface, located in the intervals between large aggregates.

According to elemental analysis results, there is no any change in composition of 7% Co/SiAl
catalyst; this catalyst worked for 62 hours without losing a catalytic activity in the process of acetylene
hydrogenation.

Conclusions. As the results of experiments there are obtained following results:

1. A pilot plant was launched and the modes of acetylene hydrogenation using cobalt catalysts were
tested;

2. When studying the effect of volumetric velocity at different temperatures, a ratio is CoHy:Ho= 1:2
on 7% Co/SiAl catalyst, it can be seen that best results on target products formation are equal to
volumetric velocity and corresponds to 216 h™', at the temperature of 220°C and reaches maximum value.
At this rate, the ethylene yield rises from 48.37 to 52.38%;

3. The study of cobalt catalysts 7% Co / SiAl on scanning electron microscope - JEOL JSM-6390LA
have shown that in sample 7% Co / SiAl there are presented microparticles with different sizes, when

— 138§ ——




ISSN 2224-5286 Series chemistry and technology. 5. 2020

increasing 1000 times there are appeared many scaled particles and microfibers located in spaces between
large aggregates. The structure of samples before (5c) and after (5d) hydrogenation of acetylene does not
change and not lose catalytic activity and selectivity. Samples of catalysts have channels with different
sizes; there are also scaly particles and fibers at the surface that located in the spaces between large
aggregates.
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of nanocarbon catalysts for catalytic hydrogenation of acetylene» grant financing of the Ministry of
Education and Science of the Republic of Kazakhstan.

C.K. TannpGerenosa', JI.A. Tyrea6aesa', Epesen Hyps3aii?,
H.K. XKbLibi6aeBa |, B.K. Iunucranosa’

L«Kany npo6aemanaps! nactaTyTE PMK IIDKK, Anvarsl, Kasakcran;
2CUHBLBSIH YHUBEPCHUTETI, XUMHUS KOHE XMMHUSIBIK HEDKEHEPUS MHCTUTYTHL Y pimoxki, KXP;
30n-Mapabu aTbiHaarsl Kasak ynTTeIK yHUuBepcuTeTi, Anmatsl, Kasakcran

MIIOTTBIK KATAJIMTUKAJBIK KOHABIPFBIIA AIETHJIEHII THAPJIEY YIEPICTHIH
TEXHOJIOTUSLIBIK HAPAMETPJIEPTH OHTAWIAH/IBIPY

AHHoTanusl. [TUIOTTBIK KOHABIPFHI iCKE€ KOCBULABI JKOHE KOOANbT KaTaJIM3aTOpJapblHAA aleTHIICHII THAPICY
pexumaepi ermenni. Momudukanusutanran 7% Co/SiAl xo0anbT KaTtanm3aTopbl aleTWICHIl ATHJIICHTe THIAPICY
yzepicinne Oencenni OomarsiHbl aHBIKTaNABL. 7%Co/SiAl KkaTanM3aTOpbIHAA OHTAMIBI THAPHUpIEY MIApTTapbl
aHBIKTaNABl. ALETWICHAlI STWICHI'e THAPHUpJEYre TeMIepaTypaHbIH, KeJeM[l JKbUINAMIBIKTBIH JKOHE OacTamKbl
KOMITOHEHTTEP KaThIHACKIHBIH dCepi 3epTTEI/Ii.

COM omiciMeH KOOAIBT KaTalW3aTOPNAPBIHBIH TEKCTYPAJIbIK CHIIATTaMalaphl aleTHICHI THApIeyre AeHiH
JKOHE KeiiH 3epTTeil. AUeTHUIIeH THAPHUPIICYACH KEeHiH KOOaJbT KaTalu3aTopiapblHbIH KYPhUIBIMBI KaTaluTHKAJIBIK
OeJICeHILTIKTI JKoHEe CEeJIEKTUBTUITIH XoFantnaiapl. Karanusarop yirinepi Typ:i Kesnemueri apHanapra ue, CoHJai-
aK OCTiHJC YJIKeH arperarrap apachiHIa OpPHAIACKAaH KaOBIPIIAKTHI OOJIIIEKTep MEH TallIbIKTap 0ap eKeH.Iri
AHBIKTAJIJIBL.

AneTwieH i STUIICHTe THUIpIIey YAEpiciHiH oHTainsl TeMneparypackl 180°C, anerwieHHiH KoHBepcusichl 73,0%
Kypaiinsl. Temneparypa 200°C-ka neiiiH keTepreH Kesje aneTwieH KoHBepcusichl 81,2%-ra meiliH jxorapbuIaiiibl,
onaH api Temmneparypanbl 220°C-ka OeliH apTThIpFaH/ia aleTHICH KOHBepcHsichl 68%-Fa neiiin temenaenai. 140°C
Ke3iHJIe alleTIICH MEH CyTeTi KaThIHACH 1:2 OosFaHa aeTHiIeH KOHBEpCHiCH 68-1eH 73,6%-Fa IeifiH apTasl.

AnerwieHni THApICY peakUMsACHl TeMIepaTypachlHa OTHICH OoifbiHma KatanusatopablH 7%Co/SiAl
CEJISKTUBTUIITIHIH TOyenaimiri 3eprrenai. TemmepaTypaHBIH >KOFapbhlIaraHAa JSTHJIEH OOMBIHINA CENEeKTHUBTLIIK
TOMEHJEHIi, OIITKeHI TeMITepaTypaHbIH KOFaphlIayhl )KaHaMa peakIisapIsl OeJICeHICHIIpei.

Tyiiin ce3qep: KaTaMUTHKAIBIK KOHABIPFEL, THIPIICY, alleTHIICH, STHIICH, KaTalu3aTopap.
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OonTUMM3ALNUS TEXHOJTOI'MYECKUX TAPAMETPOB ITIPOHECCA THIPUPOBAHUSA
AHETHUJIEHA HA IMJIOTHOU KATAJIMTHYECKOU YCTAHOBKE

AHHoTanms. brputa 3amymieHa NWIOTHas yCTaHOBKA M OTPaOOTaHBI PEKMMBI TMIAPHPOBAHMA alleTHICHAa Ha
KOOQJIbTOBBIX KaTaJM3aTopax. YCTaHOBIEHO, 4TO MoxuduuupoBaHHbiii 7%Co /SiAl koOaibTOBBIA KaTamu3aTtop
SBJSIETCSl aKTUBHBIM B IPOLIECCE THIPUPOBAHUs aueTwieHa B OSTHieH. OmnpeneneHbl ONTUMAaJbHBIC YCIOBHS
runpupoBanus anerwicHa Ha 7%Co /SiAl karanmsarope. MccnemoBaHbl BIMSHAS TEMIIEPATypbl, OOBEMHOM
CKOPOCTH ¥ COOTHOIIEHHE UCXOJAHBIX KOMIIOHEHTOB B THAPUPOBAHNY AllETUIICHA B 3THJICH.

Metonom COM wuccnenoBaHbl TEKCTYpPHBIE XapaKTEPUCTHKHM KOOAIbTOBBIX KaTaJM3aTOPOBAO M IOCIE
runpupoBanus aneTwieHa.CTpyKTypa KOOalbTOBBIX KaTajlM3aTOPOB IOCIE TMAPHPOBAHMS AlETHIICHA HE TEPSIOT
KaTaIUTHIECKYI0 aKTUBHOCTh M CENEeKTUBHOCTh. OOHApyXeHO, 4TO 00pa3Ibl KaTaJm3aTopoB 00IamaroT KaHaIaMHU
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pa3HBIX pa3MepoB, TaK)Ke€ MPUCYTCTBYIOT HAa MOBEPXHOCTH YeUTyWdaTble YAaCTHIBI W BOJIOKHA, PACIOJIO0XEHHBIE B
MIPOMEXYTKAX MEXIY KPyITHBIMH arperaTramMu.

OnTtumanbHas TeMIlepaTypa Mpollecca THAPUPOBaHHUsS aneTuiieHa B dTwieH coctasiseT 180°C, koHBepcus
anetmiiena — 73,0 %. [Ipu noBeimenuun temmepatrypsl 10 200°C koHBepcuM aleTuieHa ypennuusatorcs 10 81,2 %,
IIpU JajbHEHIIeM IPEeBbIICHUN TeMIepaTypsl 10 220°C koHBepcHs aleTuiIeHa yMeHbInaeTcs 10 68 %. ITpu 140°C B
COOTHOILIEHUY alleTUjIeHa U BOoAopoJa 1:2 KoHBepcHus aleTHIIEHA CHOBA yBeJIMYUBaeTcs oT 68 1o 73,6 %.

Wzyuena cenextuBHOCTh 7%C0/SiAl Karanm3aTopa Mo STHIEHY B 3aBUCHMOCTH OT TEMIIEpaTyphl B PEakLHu
THIPUPOBaHUs aneTuieHa. CelleKTUBHOCTH 0 STHJICHY C MOBBIIMICHUEM TEMIIEpaTyphl MMaJaeT, TaK KaK IOBBIIICHHE
TeMIepaTyphl aKTUBU3UPYET MMOOOYHBIE PEaKITIH.

KiroueBble cJI0Ba: KaTaTUTHIECKAs yCTAaHOBKA, THAPUPOBAHHE, allETHIICH, STHIICH, KaTaIN3aTOPHI.

Information about the authors:

Tanirbergenova Sandugash Kudaibergenovna — candidate of chemical Sciences, leading researcher, RSE on REM «The
Institute of Combustion Problems», 050012, 172 Bogenbay Batyr street, Almaty, Kazakhstan, sandu2201@mail.ru.
https://orcid.org/0000-0002-6377-0913;

Tugelbayeva Dildara Abdikadyrovna — master of chemistry, Junior researcher, RSE on REM «The Institute of Combustion
Problemsy, 050012, 172 Bogenbay Batyr street, Almaty, Kazakhstan, dilya.12@mail.ru. https://orcid.org/0000-0001-7860-5710;

— candidate of chemical Sciences, Xinjiang University, Institute of Chemistry and Chemical Engineering,
Uriimgqi city, PRC. https://orcid.org/0000-0001-6430-8280;

Zhylybayeva Nurzhamal Kydyrkhankyzy — candidate of chemical Sciences, leading researcher, RSE on REM «The Institute
of Combustion Problems», 050012, 172 Bogenbay Batyr street, Almaty, Kazakhstan, icp30@mail.ru. https://orcid.org/0000-0001-
8047-916X;

Dinistanova Balaussa Kanatbayevna — candidate of chemical Sciences, senior lecturer of the Department of chemical
physics and materials science, Al-Farabi Kazakh national university, 050040, 71 al-Farabi Ave., Almaty, Kazakhstan.
b.dinistanova@gmail.com. https://orcid.org/0000-0002-7064-0295

REFERENCE

[1] Aksenov L.A. (2014) Nanostructured catalysts of selective hydrogenation of acetylenic and diene hydrocarbons:
dissertation, candidate of chemical sciences.: 02.00.13. - Moscow. 150 p. (in Russian).

[2] David L.M, Trimm D.L., Liu 1.O.Y., Noel W.C. (2008) The oligomerization of acetylene in hydrogen over Ni/SiO2
catalysts: Product distribution and pathways // Journal of Molecular Catalysis A: Chemical, 288: 63-74.
https://doi.org/10.1016/j.molcata.2008.03.022 (in Eng).

[3] Sadykov V.A. (2019) Low-percentage Co/clay catalysts in the process of oxidative conversion of c¢3-c4 saturated
hydrocarbons // News of the National Academy of Sciences of the Republic of Kazakhstan, Series chemistry and technology.
2(434): 6-11. https://doi.org/10.32014/2019.2518-1491.11 (in Eng).

[4] Carlsson A.F., Baumer M., Risse T., Freund H.J. (2003) Surface structure of Co-Pd bimetallic particles supported on
AlLO;3 thin films studied using infrared reaction absorption spectroscopy of CO // Journal of chemical physics.119:10885-10894.
(in Eng).

[5] Tyurina L.A., Nikolayev S.A., Gurevich S.A., Kozhevin V.M., Smirnov V.V., Zanaveskin K.L. (2008) Selective
hydrogenation of acetylene using nanosized catalysts // Catalysis in industry. Nanotechnologies in catalysis — prospects of
breakthrough innovations, XXI century. P. 86-91. (in Russian).

[6] Eschenko L.S Technology of catalysts and adsorbents. Minsk, BGTU, 2015. 76 p. (in Russian).

— 140 ——



