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This work is devoted to the study of the influence of aluminum oxide content
on the activity of cobalt catalysts in the reaction of selective hydrogenation
of acetylene to ethylene. Cobalt catalysts modified with aluminum oxide
having size between 50 to 500 nm were synthesized. Chemical contents
and structure of carrier were investigated. The catalytic activity of 5% Co/
clay and 5% Co/SiAl catalysts at acetylene hydrogenation was studied in the
temperature range 100-180 °C, with a ratio of 1:2 of acetylene and hydrogen.
The ethylene yield is 87.8% in modifying the cobalt catalyst with aluminum
oxide, whereas with the same process parameters, the ethylene yield is 72%.
5% Cobalt catalysts modified with 1.5% aluminum oxides are more active in
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hydrogenation acetylene process than 5% Co/clay 450 °C catalyst.
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Inrtoduction

Industrial production of  unsaturated
hydrocarbons is usually based on cracking and/or
dehydrogenation of oil alkanes, starting with light
C,-Csfractionsand endingwith heavy fractions, such
as naphtha and gas oil [1, 2]. The target products
are usually alkenes — ethylene and propylene.
However, at the same time, extremely undesirable
admixtures of acetylene and diene compounds
are inevitably formed, which have an irreversible
deactivating effect on the catalysts of many
subsequent processes of processing the obtained
olefins. For example, during the polymerization
of ethylene, these impurities quickly poison the
Ziegler — natt catalysts and sharply reduce the
quality of the resulting polymers. In this regard,
the content of acetylene impurities in olefins of
polymerization purity should not exceed 10 ppm
[3-5]. The most promising method for purifying
olefins from acetylene impurities is their selective
hydrogenation into olefins
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Currently, various applied catalysts are
used in the industry as selective hydrogenation
catalysts, which increase the surface of the active
component, prevent sintering and save expensive
material. Platinum group metals are used as
active components of deposited catalysts for
hydrogenation of multiple carbon-carbon bonds
in industry: Pt, Rh, Ru, Pd deposited on different
carriers, and copper, cobalt, and Nickel on carriers
are also used. Despite the high selectivity of
hydrogenation, the use of catalysts containing
precious metals increases the cost of the process.
Cheaper, for example, Nickel and copper systems
perform this reaction at high temperatures
and pressures, which significantly complicates
the hardware design and safety of the process
[6-7]. The most applicable is a cobalt-based
hydrogenation catalyst, which has a high activity
and relatively low cost compared to noble metal-
based catalysts.

The selectivity of hydrogenation is even more
important for the process of ethylene purification
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from acetylene. In this work, we used cobalt as the
active component of the studied catalysts, which,
like the platinum group metals, also has a high
activity in hydrogenation reactions.

The possibility of using nanostructured
carbon materials as carriers is of great interest.
Among such materials, carbon nanotubes and
nanofibers have remarkable physical and chemical
properties, which allows them to be used as
carriers in heterogeneous catalysis, including
for hydrogenation reactions [8-11]. A number of
studies have shown that a specific metal-carrier
interaction has a significant effect on the behavior
of metal-carbon catalysts in hydrogenation
reactions [12-13].

The characteristicofcarrierefficiencyinordered
aluminosilicates is mainly due to the presence of Si-
0-Al bonds in acetylene hydrogenation reactions.
The size of the pores and the distribution of pore
volumes along their radii ensures the availability
and transport of reacting molecules. In this respect,
the nature of clays with a catalytic property, as
well as a carrier containing an active mass, plays
an essential role in the development of catalysts.

Thisworkis devoted to the study of the influence
of aluminum oxide content on the activity of cobalt
catalysts in the reaction of selective hydrogenation
of acetylene to ethylene.

Experimental part

Clay from Tonkeris depositwasused as a carrier,
the structure of which contained montmorillonite
(Al,[OH]; {Si,0,0}rmH,0), a valuable clay mineral.
The main feature of the mineral is the ability to
adsorb various ions (mainly cations) and to ion
exchange. The dominant (~60%) mineralogical
form of montmorillonite [14] is typical of which is
the aluminosilicate module [Al]/[Si] ~ 1/3, which
corresponds to the composition of clay (Table 1).

In the natural form of clay, the acidic centers
of the framework are occupied by mobile cations,
primarily Na* and K%', whose exchange for

cations of heavy metals (forming poorly soluble
aluminosilicates) actively proceeds in an acidic
environment at pH = 2-4 with a sorption value of
~ 0.1 mmol/g. A solution of nitric acid was added
to the crushed clay to a homogeneous state for
acid activation of the carrier, followed by thorough
washing with distilled water. Clay dough formed
in the form of granules was dried and carburized
at different temperatures. Cobalt was applied to
clay by impregnation by water capacity from an
aqueous solution of Co(NO3;),.

The metal content in the synthesized Co/clay
catalysts is 5 %. Synthesized Co/clay and Co-Al/
clay catalysts have been investigated by a number
of physical methods.

The effect of the method of introducing the
optimal concentration of aluminum oxide on
the activity of cobalt catalysts is studied. To
modify the cobalt catalysts, the finished carrier
was impregnated separately with Al, after
impregnation it was kept for 3 hours, after which it
was impregnated with cobalt salts, the conditions
for further processing were the same.

High-resolution scanning electron microscopy
(SEM) was performed on a JEM 2010 instrument
(JEOL, Japan) with a lattice resolution of 0.14 nm.

The catalytic activity of the synthesized
catalysts was studied on a flow-type hydrogenation
unit at atmospheric pressure and without in the
temperature range 100-180 °C. The catalyst was
pre-treated in an argon current at a temperature
of 100-120 °C for 80 min., then restored in a
hydrogen current for 60 min. The temperature in
the reaction zone is measured by a thermocouple.
When the set temperature was reached in the
reactor, the flow of acetylene and hydrogen was
dosed at different ratios. At the hydrogenation
unit, acetylene and hydrogen are pre-mixed and
heated to the desired temperature.

The hydrogenation unit consists of a reactor
and gas rotameters. The catalytic activity of
the synthesized catalysts was studied using a
developed hydrogenation unit. The reaction
products were analyzed using a gas chromatograph

Table 1

The content of components in the composition of the clay
Content SiO, Al,04 CaO Fe,04 MgO K,0 Na,O TiO,
%, mass 55.16 15.52 6.51 5.33 2.73 1.0 0.83 0.81
The molar composition 9.18 1.52 1.16 0.48 0.67 0.11 0.13 0.10




158 AN. Aitugan / TOPEHME U [IJIABMOXUMHUA 18 (2020) 151-161

«Chrome-3700» and gas chromatography
with mass spectrometric detection (Agilent
7890A/5975C). Helium was used as the carrier
gas. The analysis was performed in the following
mode: sample volume (gas) 4 plinnon-flowdivision
mode, chromatographic capillary column DB-35MS
(Agilent, USA) 30m x 0.25 mm, film thickness 0.25
microns, column thermostat temperature: 35 °C
(10 min exposure), evaporator temperature: 80
°C, detection mode - ion monitoring in the range
m/z 10-550.

Results and discussion

According to chemical analysis, clay consists
of half of silica SiO, (Table 1), and according
to the content of aluminum oxide, it belongs to
semi-acidic materials. Alumina Al,0; is found
both in the composition of clay-forming minerals
and in the free a-state. Clay contains about 30%
montmorillonite, and the total proportion of clay
minerals including chlorides is about 50%. Oxygen
atoms can be bound to two silicon atoms by Si-0-
Si bridging bonds, or to one by Si - 0o non-bridging
bonds.

The elemental analysis of the carrier is shown
in Fig. 1.

The structural features of the catalyst carrier
- clay from Tonkeris deposit-were studied using
a scanning electron microscope. According to Fig.
2, montmorillonite crystals less than 1 microns
in size have the appearance of thin leaves with
irregular outlines.

Micrographs of SEM of cobalt catalysts modified
with aluminum are shown in Fig. 3. Cobalt
particles of different shapes with a diameter of
10-100 microns are observed in Fig. 3 (a). There
are disordered channels inside which cobalt
particles are present as can be seen from figure
(3a). According to electron microscopy data, the
Co-Al/clay sample contains particles of different
sizes and located in the intervals between large
aggregates. Figure (3b) shows images of a cobalt
catalyst modified with aluminum by separate
impregnation. According to SEM data, in samples
of cobalt catalysts modified with aluminum,
cobalt particles are uniformly deposited on the
surface of the catalyst (3b). Sample 2 consists of
agglomerates with cobalt particles ranging in size
from 50 to 500 nm. The average content of evenly
distributed cobalt particles in the sample is 4.5%,
and trace amounts of aluminum were detected.

The catalytic activity of 5% Co/clay and 5%
Co/SiAl catalysts at acetylene hydrogenation was
studied in the temperature range 100-180 °C, with
aratio of 1:2 of acetylene and hydrogen.

Optimal modes were determined on cobalt
catalysts for acetylene hydrogenation processes.
The results are shown in figures 4. As can be seen
from figure 4, when modifying the cobalt catalyst
with aluminum oxide, the ethylene yield is 87.8%,
whereas with the same process parameters,
the ethylene yield is 72%. 5% Cobalt catalysts
modified with 1,5% aluminum oxides are more
active in hydrogenation acetylene process than
5% Co/clay 450 °C catalyst.
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Fig. 3. Electron microscopic image of pure clay.
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Fig. 4. The influence of modifying additives on the yield of ethylene at different temperatures: 5% Co-1,5% Al/clay 450
°C catalyst, 2 -5% Co/clay 450 °C catalyst.
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Conclusion

Modified cobalt catalysts with aluminum oxide
were synthesized. Chemical contents and structure
of carrier were investigated. Clay consists of
half of silica SiO,, and according to the content
of aluminum oxide, it belongs to semi-acidic
materials. The structural features of the catalyst
carrier - clay from the Tonkeris deposit -were
studied using a scanning electron microscope.
Montmorillonite crystals less than 1 micron in size
have the appearance of thin leaves with irregular
outlines. According to electron microscopy data,
the Co-Al/clay sample contains particles of
different sizes and located in the intervals between
large aggregates. Cobalt particles have size from 50
to 500 nm. The catalytic activity of 5% Co/clay and
5% Co/SiAl catalysts at acetylene hydrogenation
process was studied in the temperature range
100-180 °C, with a ratio of 1:2. The ethylene yield
is 87,8% in modifying the cobalt catalyst with
aluminum oxide, whereas with the same process
parameters, the ethylene yield is 72%. 5% Cobalt
catalysts modified with 1,5% aluminum oxides are
more active in hydrogenation acetylene process
than 5% Co/clay catalyst.
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MoaudunupoBaHHbIe KOGAAbTOBbIE KaTaaHU3a-
TOPBI JJ11 TUAPUPOBAHMS YIJI€BOJ0POAOB

AH. Avityran?, C.K. TanHup6epreHoBa?,
E. Tuney6epau'?, /. Tyrenn6aeBa®

'KasaXxCKkMi HalMOHAJbHBIH YHUBEPCUTET UM.
anb-®apabu, Anmarsl, Kazaxcran

MiHCTUTYT NMpo6JieM ropeHus, AIMaTBhI,

KaszaxcTan

AHHOTALUA

JlaHHas pab6oTa MOCBsAIlEHA U3YYEHHUIO BJIHS-
HUSl COJIepXKaHHUsS OKCHJA aJIIOMUHUS HAa aKTHUB-
HOCTh KOGAJbTOBBIX KaTaJlW3aTOPOB B PeaAKIHUHU
CeJIEKTUBHOTO TH/IPUPOBAHUS alleTHUJIEHA 10 3TH-
seHa. KobanbToBble KaTa/lW3aTOPbI, MOJUPHUILIH-
pOBaHHbIE OKCHU/IOM AJIOMHUHUS pasMepoM oT 50
o 500 HM OBLIM CUHTE3UPOBAHbI. XUMUYECKUHN
COCTaB U CTPYKTypa HOCUTEJISA GBI HUCCIE/[0Ba-
Hbl. KaTasuTuyeckass akTHBHOCTb KaTaJau3aTo-
poB 5% Co/raunHa u 5% Co/SiAl usyvanu B npo-
1ecce TUJPUPOBAHUSA aleTUJieHa B WHTepBaJie
Temnepatyp 100-180 °C npu cooTHoweHuu 1: 2
aleTUJeHa W BOJOPOJA COOTBETCTBeHHO. [Ipu
MOJUPUKAIIMA KOGATBTOBOr0 KaTaJu3aTopa OK-
CUJIOM aJIlOMUHHSI BBIXOJ| 3THUJIEHA COCTaBJISIET
87,8%, Torja Kak mpy Tex e napaMeTpax Hpo-
1ecca BbIXOJ 3THJieHa cocTaBisieT 72%. 5% Co/
SiAl KoGanbToBble KaTaJau3aTopbl 6oJiee aKTHB-
Hbl B Ipollecce THAPHUPOBAHUsS alleTUJIEHa, YeM
kaTasusatop 5% Co/rivHa.

Karouesvie csn06a: TUJPUPOBAHUS, alETHUJIEH,
3TUJIEH, KATaJU3aTOPhI, KOGAJBT.

KemipcyTekTi rugpseyre apHairaH mMoaudu-
LIiMpJIEeHI'eH KaTa/Jlu3aTopJap

A.H. Atityran!, C.K. Tanup6epreHoBa?,
E. Tiney6epai'?, [l. Tyrenb6aeBa?

Anb-®apabu aThiHgarbl Kazak YJATTBIK YHHUBEpCH-
TeTi, AnMaThbl, KazakcTaH

“Kany npo6JieMasiapbl UHCTUTYThI, AJIMaThI,
KaszakcTan

AHHOTALIUA

ByJ1 2KyMbIC alleTU/IeH/i 3TUJIEHT€e CeJeKTUBTI
TUppJiey peaKUUsChbIH/AA ATIOMUHUYN OKCU/Ii MeJI-
HepiHiH KO6aIbT KaTaJIMU3aTOPJIAPbIHbIH OeJICeH-
AiniriHe acepiH 3epTTeyre apHaJjFaH. AJTIOMUHUMN
okcujJiiMeH MoauduuupJseHres, esieMi 50-500
HM 60JIaThIH KOGAJbT KaTaJlUu3aTopJiapbl CHHTE3-
geapi. TacbkiMangayublHbIH, XUMHUSAJIBIK KYpaMbl
MeH KypbLIbIMbl 3epTTenai. 5% Co/ca3 xoane 5%
Co/SiAl kaTanusaTopJiapbIHbIH, KaTaJUTHUKAJbIK,
GeJsiceHiniri auetuseH ruapsey ypaicinae 100-
180 °C Temmepatypa Auana3oHblHZAa 1: 2 arne-
TUJIEH MeH CYTeKTiH KaTblHacblHJA 3epTTeJfi.
Kob6anbT KaTasu3aTOPbIH aJllOMUHUUN OKCUJ[IMEH
MoaubUKalnusaay Ke3iHJe 3STUJIEHHIH UIbIFYhI
87,8 % KypaiiJibl, aJ1 COJ POLEeCC TapaMeTpJIEPiH-
Jle 9TUJIeHHIH WbIFybl 72% Kypahabl. 5% Co/SiAl
KaTasusaTtopJsapbl 5% Co/ca3 kaTajausaTopbIiHA
KapaFfaH/a alleTUeH i ruipjey npoieciuje 6e-
CEeH/Ii.

TyliiHOi ce3dep: TuapJey, alleTHUJIeH, 3TUJIEH,
KaTaJjiu3aTopJiap, Ko6aabT.



