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CO, HYDROGENATION OVER BIMETALLIC
Co-Mo/ALO; CATALYSTS

Abstract: This work deals with carbon dioxide hydrogenation over the bimetallic Co-Mo/Al,O3 catalysts,
where the second metal is Mo — metal from the VI Group of elements. The effect of temperature on the CO,
hydrogenation over the synthesised catalysts has been studied depending on the amount of the second metal. Carbon
dioxide hydrogenation have been investigated under atmospheric pressure, GHSV= 2710 h', and varying the
process temperature within range of 400-700°C. It has been observed that the synthesized Co-Mo bimetallic
catalysts provide the production of methane by CO, hydrogenation at the certain temperature region. Increase in the
content of the second metal up to 2 mas.% is accompanied with the raising of the catalyst activity. Thus, extent of
carbon dioxide conversion reaches 62.0% at 700°C. The main product is carbon oxide under these conditions. The
number of physico-chemical methods such as BET, SEM, and TPR has been used to characterize the catalysts.
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I'MAPUPOBAHUE CO, HA BUMETA/UVIMYECKHUX
Co-Mo/ALO; KATAJIM3ATOPAX

AnHorammsi: B garHOH pabdoTe pacCMOTPEH MPOLECC THAPHUPOBAHUA JHOKCHAA YIJIepoJda Ha
onMerarmueckux Co-Mo/Al,O; karamm3aropax, TA¢ BTOpoH MeTamt — Mo oTHOCHTCA K VI -0l TpyIme 3JCMEHTOB.
Bbimo W3yueHO BIHAHHE TEMIIEPATYpPhHl NPOLECCAa M KOJNHYECTBA OOOABOK BTOPOTO METAalla HA IPOLECC
KaramaTaueckoro ruapuposaHusi CO,. [mapupoBaHHE THOKCHAA YIJCPOJa NPOBOTHIOCH HPH aTMOC(EPHOM
JABJICHHH, 00BEMHOM CKOPocTH — 2710 w', cooTHomenmu H,/CO=3,5/1 1 BAPSHPOBAHMH TEMIEPATYPHI B MPEACIAX
400-700°C. bpo oOHApY;KEHO, UTO pa3pabOTaHHBIC KATAIH3aTOPhI MMPOBOAAT IMPOLECC METAHUPOBAHHS JHOKCHIA
VIJEpoJa B ONPEICICHHBIX YCIOBHAX. YBCIMMCHHE COACP)KAHHA BTOPOTO MeTawia a0 2 Mac.% crocoOCTByeT
TMOBBIICHAIO AKTHBHOCTH KatanmsaTopa. [Ipu 700°C cremeHp KOHBEPCHH AHOKCHAA yIaepoaa mocruraet 62,0%, a
CAUHCTBCHHBIM TIPOAYKTOM B JTHX YCIOBHAX ABJLICTCA OKCHO YTICpOoOa. DOU3HKO-XUMHUYCCKHE CBOMCTBA
KATaIH3aTOPOB OBLTH W3YUCHHI psaaoM MeToa0B: BOT, COM u TTIB.

Greenhouse gas - carbon dioxide (CO,) can serve as an alternative carbon source. Disposal of carbon dioxide
has become an important global issue because of the significant and continuous growth of its concentration in the
atmosphere. In this regard, a great interest is the search for sustainable technologies based on the utilization of
greenhouse gases.

Kmrouernie cioBa: ['uapuposarne CO,, KATaIH3aTOP, MCTAH, KOHBCPCHS, CCIICKTHBHOCTD.
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In the past, several processes for the conversion of CO; and utilization as an energy source has been
proposed [1-4]. One of the processes used in the present time on an industrial scale, is a Sabatier reaction
(eq. 1)

CO, +4H, < CH, + 2H,0 (D

Methanation of CO, have been devoted several works using catalysts based on metals such as Ru [5-
9], Pd [10, 11], Rh [12-15], Ni [16-18], and Co [17-22] on various carriers. Catalysts based on noble
metals are characterized by high reactivity, reduced coke formation and more stable. However, the low
availability and high cost limit their use [23]. Therefore, in the best case, the noble metals can be used in
small amounts as promoters [24]. Currently, the main focus is on creating cheap catalyst with high
activity, stability, and resistance to coking. We used the Co-containing catalysts [22] showed that the CO,
conversion and methane yield is 15% higher on a cobalt catalyst supported on Al,Os, than on MgO and
Si02, prepared by an impregnation method.

The aim of this work was to study the new bimetallic Co-containing catalyst with the addition of a
second metal, not belonging to the group of noble metals in the hydrogenation of carbon dioxide. it was
studied the effects of process temperature and the amount of the second metal additives on CO,
methanation process over the synthesized catalysts. Physico-chemical propertiecs of the catalysts were
studied by a number of methods.

Experimental procedure

Bimetallic Co-M; / AL,O; catalysts, where Mo - the 6th group metal, have been synthesized in IFCE
n/a D.V. Sokolsky. The number of second metal Mo was varied from 0.25 to 4 wt.% of the weight of the
catalyst, and the amount of Co remained constant - 4 wt.%.

The specific catalysts surface arca was determined by the BET method. To determine the
recoverability of supported metal oxide catalysts were studied by TPR-H; methods. The morphology of
the catalysts was examined by scanning electron microscopy.

The hydrogenation of carbon dioxide was conducted in the IOC RAS in a flow reactor at atmospheric
pressure with a ratio H, / CO; equal to 3.5 / 1, the volume hourly space velocity (V,) 2710 hr-1 and the
process temperature is varied from 400 to 7000S. Analysis of the reaction starting and final products was
carried out by gas chromatography in "on-line" mode.

Results and their discussion

Testing the catalysts

The CO2 hydrogenation over 4%Co-0,75%Mo/Al,O; catalyst was carried out in the temperature
range 400-700°C. It was studied the effect of temperature on the conversion of carbon dioxide and
methane selectivity. Figure 1 presents data on the extent of CO, and CH, conversions on the catalyst
selectivity 4%Co-0,75%Mo/AlLO;.
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Figure 1 - The effect of temperature on the degree of CO, conversion
and the CH, selectivity on 4%Co-0,75%Mo/Al,O5 catalyst at H,:CO,=3.5/1, P=0.1 MPa, Vo=2710 h!

—212——



ISSN 2224-5286 Cepusa xumuu u mexuonozuu. Ne 5. 2016

As the temperature increases from 400 to 700°C, conversion degree of carbon dioxide increases from
10.0 to 50.0%. The reaction product is methane, selectivity of which at a temperature of 400°C is equal to
11.5%. At 450°C the CH4 selectivity reaches its maximum - 21.5%. With a further rise in the temperature
its formation is reduced and almost negligible at 700°C.

Under the same conditions the catalyst with a high content of the second metal Mo (2%) was tested.
Figure 2 graphically presents the effect of temperature on the degree of CO; conversion and the CH4
selectivity on 4%Co-2%Mo/AlLQO;.
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Figure 2 - The effect of temperature on the degree of CO, conversion
and the CH, selectivity on 4%Co-2%Mo/Al,O3 catalyst at H,:C0,=3.5/1, P=0.1 MPa, Vo=2710 h!

Catalyst with a higher content of the second metal exhibits greater activity in conversion of carbon
dioxide. At a temperature of 700°C degree of conversion of carbon dioxide reaches 62.0%, which is
higher than that for the catalyst with the addition of 0,75% Mo, where X(CH.,) under the same conditions
is 50.0%. With regard to the formation of methane it is maintained the same pattern: extreme dependence
with a maximum at 450°C - 21.0%, and a decline in the temperature range 500-700°C.

Thus bimetallic Co-Mo/Al,O; are catalyzed predominantly backlash water shift:

CO,+H, < CO+H,0 2

Physico-chemical study of the synthesized catalysts

BET method determined specific surface area of the initial samples of catalysts.

Table 1 shows the specific surface areas on bimetallic Co-Mo/Al,O; catalysts. Specific surface areas
of catalysts vary within 159,4-167,0 depending on the amount of the second metal - molybdenum.

Table 5 - The specific surface area of Co-Mo/Al,O; catalysts

Co:Mo ratio initial sample
4:0,75 167.0
4:2 159.4

By scanning microscopy method it was studied a morphology of synthesized 4%Co-2%Mo/Al,O;
catalyst, and it was conducted the elemental analysis and it was carried out metals distribution on the
grain surface of catalysts. Figure 3 shows an SEM picture of the fresh sample of the catalyst. Elemental
analysis obtained from three different places of this sample showed an uneven distribution of metal over
the surface.
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ZNekTpoHHoe naolpaxeHue 1

Figure 3 - SEM picture of the 4%Co0-2%Mg/Al,O; catalyst (Fresh sample)

TPR-H, was studied on a bimetallic 4%Co-2%Mo/Al,O; catalyst. Data on bimetallic catalyst are
given in Table 2.

Table 2 - H,-TPR cobalt catalysts

Catalyst Tiaxs °C
T, T, T, Ty
4%C0-2% Mo/ALLO, 190 365 460/600 795/945
4.5%Co/Al,04 - 276/400 400/750 -

When recovering the cobalt-molybdenum catalyst there are additional peaks specific for the complex
difficult to recover metal oxides in 700-945°C.

Conclusions

The obtained data show that the bimetallic Co-Mo catalysts is carried out with moderate activity
methanation of carbon dioxide. Maximum selectivity to 21.5% methane formation is observed in catalyst
with a lower content of Mo - 4%Co-0,75%Mo/Al,OQ; at 20.0% degree of carbon dioxide conversion at
temperature of 450°C, H,:C0,=3.5/1, P=0.1 MPa, Vo=2710 hr"". While the maximum conversion of the
carbon dioxide - 62% is observed on the catalyst with a higher Mo additive - 4%Co-2%Mo/Al,QO;, the
selectivity for methane in this case is 1% at a temperature of 700°C, H,:CO,=3.5/1, P=0.1 MPa, Vo =
2710 hr'. At high temperatures (600 to 700°C) Bimetallic Co-M/Al,O; catalyze predominantly backlash
water shift.

The work was carried out with the financial support of MES RK within the framework of the project
No5433/GF-4.
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