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Abstract—A study is performed of the catalytic properties of Cu–Zn catalysts on Al2O3 and SiO2 supports
(Acros) in the reaction of CO2 hydrogenation to obtain methanol. A sample of 30Cu15Zn/Al2O3 displays
great selectivity toward methanol. A sample of 30Cu15Zn/SiO2 has the highest methanol performance. The
methanol performance of a sample of 10Cu5Zn/Al2O3 is doubled when the pressure is raised from 10 to
30 atm, and a 94% increase in selectivity is observed. A sample of catalyst 10Cu5Zn/SiO2 does not lose its
activity after 10 h of a catalytic reaction, and its methanol performance grows with repeated use.
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Table 1. Texture characteristics of our carriers (V is pore
volume, ρ is bulk density)

Carrier Ssurf, m2/g V, cm3/g ρ, kg/m3

Al2O3 (A) 150 0.15 490
SiO2 (A) 747 0.43 710
INTRODUCTION
Many works of the last two decades have been

devoted to the hydrogenation of CO2, which proceeds
with the formation of such chemical compounds as
CO, methane [1], other hydrocarbons [2–12], and
methanol [11, 13–20]. Methanol is widely used as a
solvent and serves as a valuable chemical raw material
for the production of formaldehyde [21, 22], olefins
[23, 24], aromatic compounds [25, 26], and biodiesel
fuel [27, 28]. Promising catalysts for obtaining metha-
nol from CO2 are supported Cu–Zn catalytic systems,
due to their efficiency and low cost [29–34]. Al2O3
and SiO2 supports are efficient in this process, due to
their large surface areas, high mechanical stability, and
accessibility [35]. Raising the pressure improves the
reaction of CO2 hydrogenation for the production of
methanol and prolongs the service life of the catalyst
[31, 36]. When studying this reaction in [37], we used
commercial supports from Saint Gobain (SG): Al2O3,
Al2O3 with added SiO2, SiO2 with added Al2O3, and
SiO2. All catalysts were shown to be efficient in the
production of methanol. The greatest selectivity
toward methanol was displayed by a sample on an
Al2O3 support, and a sample on an Al2O3 support with
added SiO2 had the highest methanol performance.

There is a wide variety of other commercially avail-
able Al2O3 and SiO2 adsorbents. The aim of this work
was to synthesize catalysts based on copper and zinc,
supported on widely used Acros (A) commercial
58
adsorbents Al2O3 and SiO2, and to perform a compar-
ative study of their catalytic properties at different
pressures. Adsorbents Al2O3 (A) and SiO2 (A) are
more available and less expensive than Al2O3 (SG) and
SiO2 (SG). In addition, SiO2 (A) has more surface area
than SiO2 (SG), but Al2O3 (A) has less surface area
than Al2O3 (SG).

EXPERIMENTAL

Synthesizing Samples

Bimetallic Cu–Zn catalysts were prepared via
impregnation from aqueous solutions of a mixture of
copper and zinc nitrates. We used commercial granu-
lated alumina Al2O3 (A) and silica gel SiO2 (A) as the
support for preparing samples of the catalysts. Table 1
describes the textural characteristics of these media.

Supports (Al2O3 or SiO2) with a mass of 2 g and
fractions of 0.25–0.5 mm were impregnated with 5 mL
of a joint solution of metal precursors. Precursors of
2
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Fig. 1. Dependences of CH3OH selectivity on the tem-
perature of the reaction at P = 20 atm for samples of
CuZn/Al2O3.
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Fig. 2. Dependence of CH3OH selectivity on pressure
(atm) for a sample of 10Cu5Zn/Al2O3 at 170°С.
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the active metals were copper(II) nitrate,
Cu(NO)3)2⋅3H2O trihydrate (99%, Acros), and zinc
nitrate hexahydrate Zn(NO3)2⋅6H2O (98% Acros).
The resulting impregnated samples were dried in air
with continuous stirring at a temperature of 50°C,
then stirred for 10 h at 100°C, and finally calcined for
4 h at 450°C. The obtained bimetallic catalysts were
10, 20, 30 wt % copper and contained enough zinc for
the molar ratio to be Cu : Zn = 2 : 1. We therefore
obtained samples of catalysts 10Cu5Zn/Al2O3,
20Cu10Zn/Al2O3, and 30Cu15Zn/Al2O3 deposited on
Al2O3 and 10Cu5Zn/SiO2, 20Cu10Zn/SiO2, and
30Cu15Zn/SiO2, deposited on SiO2.

Catalytic Tests
The hydrogenation of CO2 was done at pressures of

10, 20, 30 atm in the 170–210°C range of tempera-
tures, using a f low catalytic setup with a steel reactor
that had an inner diameter of 6 mm. The gas mixture
was fed into the reactor in volume ratio H2 : CO2 =
3 : 1 at a f low rate of 80 mL/min. Before loading into
the reactor, a 0.1 g sample of the catalyst was diluted to
1.4 mL with ~1.9 g of quartz. The products of the reac-
tion were analyzed on a Chromatek-Krystal 5000 gas
chromatograph with three thermal conductivity detec-
tors and an FID. Our columns were an M ss316 NaX
(80/100 mesh, 2 m × 2 mm), a HayeSep R
(80/100 mesh, 1 m × 2 mm), an M ss316 HayeSep Q
(80/100 mesh,  2 m × 2 mm),  and  a Zebron®
ZBFFAP (50 m × 0.32 mm × 0.50 μm).

RESULTS AND DISCUSSION
The main products of carbon dioxide hydrogena-

tion were methanol and water. Competing reactions
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo
produced such reaction by-products as carbon mon-
oxide, methane, and dimethyl ether. Note that since
the yield of dimethyl ether was less than 1% through-
out the range of temperatures, its contribution to the
overall selectivity was not considered when calculating
the selectivities of the reaction products.

Hydrogenation of CO2 on Bimetallic 
Cu–Zn/Al2O3 Catalysts

Figure 1 shows the dependence of methanol selec-
tivity on the temperature of the reaction for a series of
CuZn/Al2O3 catalysts. At temperatures of 170–190°C,
the selectivity toward target product methanol on all
synthesized catalysts was 92–95%, slightly lower
(by 3–4%) than on similar catalysts based on SG com-
mercial supports [37]. The selectivity toward methane
for the obtained samples in the same range of tem-
peratures was 2–6%, and the selectivity toward CO
was 1–4%. In the 170–180°C range of temperatures,
the higher the content of copper and zinc, the greater
the selectivity toward methanol and the lower the
selectivity toward methane. When the temperature was
raised to 200°C, all catalyst samples displayed a drop
in selectivity toward methanol and methane: the
higher the content of metal, the larger the drop.

Figure 2 shows the selectivity toward methanol as a
function of pressure. From the sample of
10Cu5Zn/Al2O3, we can see there was a nonlinear
increase in selectivity when the pressure was raised.

Figure 3 shows methanol capacity (η) as a function
of temperature. For all synthesized samples of cata-
lysts based on Al2O3 (A), there was an increase in pro-
ductivity as the temperature of the reaction rose. The
30Cu15Zn/Al2O3 catalyst displayed the best perfor-
mance with regard to methanol. It roughly doubled for
l. 97  No. 4  2023
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Fig. 3. Dependences of CH3OH performance (η) on tem-
perature at P = 20 atm for samples of CuZn/Al2O3.
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Fig. 4. Dependence of CH3OH performance (η) on pres-
sure (atm) for a sample of 10Cu5Zn/Al2O3 at 170°С.
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Fig. 5. Dependences of CH3OH selectivity on temperature
at P = 20 atm for samples of CuZn/SiO2.
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Fig. 6. Dependences of CH3OH performance (η) on tem-
perature at P = 20 atm for samples of CuZn/SiO2.
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the worst of the three catalysts in Fig. 3
(10Cu5Zn/Al2O3) when the pressure was raised by
~2 times from 10 to 30 atm (Fig. 4). It should also be
noted that the methanol capacity of the catalysts based
on the Al2O3 (A) support was ⁓25% lower than those
of catalysts based on Al2O3 (SG).

Hydrogenation of CO2 on Bimetallic 
Cu–Zn/SiO2 Catalysts

Figure 5 shows the dependence of the selectivity
toward methanol on the temperature of the reaction
for a series of CuZn/SiO2 catalysts. All of the synthe-
sized catalysts display a methanol selectivity of 87–
RUSSIAN JOURNAL O
93% at temperatures of 170–190°C, which is slightly
lower than that of catalysts on Al2O3 (A) and SiO2
(SG) supports. In the same range of temperatures, the
selectivity toward methane is 1–4%, and the selectivity
toward CO is 4–11%. In the 170–180°C range of tem-
peratures, the higher the contents of copper and zinc,
the higher the selectivity toward methanol and the lower
the selectivity toward methane. As the temperature rose
to 210°C, all catalyst samples displayed a notable drop
in selectivity toward methanol and methane: the higher
the content of metal, the greater the drop.

Figure 6 shows the temperature dependence of the
methanol performance of catalysts based on SiO2. The
performance of catalysts based on SiO2, and of cata-
F PHYSICAL CHEMISTRY A  Vol. 97  No. 4  2023
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Fig. 7. Dependence of CH3OH performance (η) on tem-
perature at P = 20 atm for a sample of 10Cu5Zn/SiO2
when it was used a second time.
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lysts based on Al2O3, grows along with temperature.
The best performance is observed for the
30Cu15Zn/SiO2 catalyst. The methanol performance
for catalysts based on an SiO2 (A) support is lower than
for catalysts based on SiO2 (SG).

Figure 7 shows the temperature dependence of
methanol performance when a sample of
10Cu5Zn/SiO2 was used twice in the hydrogenation of
CO2 to obtain methanol. Using the 10Cu5Zn/SiO2
sample as an example, it was shown there was no drop
in catalytic activity after 10 h of using the catalyst in
the hydrogenation of CO2 to produce methanol. A rise
in methanol performance was observed when the sam-
ple was used twice in the 170–190°C range of tem-
peratures.

CONCLUSIONS

Compared to catalysts based on Al2O3 and SiO2
(SG) supports, bimetallic Cu–Zn catalysts synthe-
sized on Al2O3 and SiO2 (A) supports are just as effi-
cient in the hydrogenation of CO2 in terms of the
selectivity toward methanol and less efficient in terms
of the methanol performance of catalysts. The highest
selectivity toward methanol was obtained using a sam-
ple of 30Cu15Zn/Al2O3. In the 170–190°C range of
temperatures, the selectivity toward methanol for this
catalyst was 92–95%. The highest methanol perfor-
mance was obtained for a sample of 30Cu15Zn/SiO2
at a reaction temperature of 210°C. The methanol per-
formance of a sample of 10Cu5Zn/Al2O3 doubled
when the pressure was raised from 10 to 30 atm, and its
selectivity rose slightly to 94%. There was no drop in
the catalytic activity of a sample of 10Cu5Zn/SiO2 cat-
alyst after it was used for 20 h in the hydrogenation of
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo
CO2 to produce methanol. Its methanol performance
rose when it was used a second time.
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