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ABSTRACT
Power plants using fossil fuels emit a great amount of CO2, CO, steam and the like to the air annually. The
emissions from power plants' chimneys are converted to dry gas upon water separation in a refrigeration
process. CO2 and CO are converted to combustible gas through combining with hydrogen in a catalysis process.
In this article, first, Co-Mo catalyst was prepared over Alumina bed using sedimentation technique. Then, CO2
and CO hydrogenation was examined in an autoclave reactor using the catalyst. In the hydrogenation of CO2 - at
pressure (12bar) and CO2/ H2 (1:3) at 700 oC and in half an hour - CO2 (%85) was converted to CO (%75) and
Methane (%10).
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Introduction
Increasing amount of CO2 emissions in the air,
fossil fuels consumption growth and their resources
decrease, as well as low efficiency of alternative
energies are among the main factors concerning CO2
utilization as a global challenge [1]. A wide range of
studies has been conducted regarding reforming of
CO2 to chemical and combustible materials [2-4].
CO2 is a thermodynamically stable and passive
compound. So, high energy catalysts are required in
CO2 chemical reactions. The reactions of CO2 are
also conducted through electrochemical [5-7] and
photochemical [8-9] processes. Although CO2 is not
so chemically active, studying its molecular structure
shows the spectrum of reactions feasible by CO2. It is
a linear molecule. Oxygen atoms present a low basic
(Lewis) quality in CO2, whereas it’s C atom is an
electtrophile (electron-absorbent). As a result, most
CO2 reactions are of nucleophilic (nucleusabsorbent) types in which chemical nucleusabsorbent groups (chemical agents able to give
electron) attach themselves to C atom. CO2 is easily
combined with water, alkyl oxides and amines to
produce carbonic acid and carbamic acid. It can also
form organic metals (organometalic) complexes with
nucleus-absorbent groups existing on solid surface of

some metals. So there are many methods for
activating it; however, since it is thermodynamically
stable, the energy level required for the reactions
must be supplied which is complicated and
expensive. Some of the materials activating CO2
reaction are: hydrogen [10-12], alcohols [13-14],
amines [15-16], acetals [17-18], epoxides [19-20],
alkans [21-22], alkenes [23-24], ethers [25-26], esters
[27-28], organometalic compounds [29-30], etc.
A variety of chemical materials are produced
from the combination of CO2 and other materials in
the above reactions some of which include: formic
acid, formic acid esters, form amide, methanol,
dimethylether, urea, urea resins, combustible
materials (gas and liquid hydrocarbons), hydrogen,
alkenes carbonates (solvent), B-oxynaftoic acid (raw
material for paint), salicylic acid and its derivatives
having pharmaceutical applications and still used as
food preservatives and the like.
CO2 chemical reactions are conducted in two
types of solvents; supercritical CO2 and other
solvents. Catalysts used in CO2 reactions are divided
into two groups:
Homogenous catalysts and heterogeneous
catalysts; the latter have some superiorities such as
sustainability, separation, reusability, feasibility, yet
the number of products produced here is limited.
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Most of the products resulting from CO2 reactions
employ homogenous catalysts.
In this article, CO2 hydrogenation is studied
using Co/Mo catalyst over the alumina bed.
Arranging Lab Activities and its Steps:
Preparing Catalyst:
0.1M
(NH3)6Mo7O24
hexaammoniumheptamolybdate (Merck) is dissolved
in 1L distilled water, the solution is white. 11g
Alumina (aluminum oxide – mesh 135) is added to
the
solution
for
every
3g
hexaammoniumheptamolybdate. The solution is
stirred by a mechanical stirrer for 10h so that
Mo7O246- ions seat on aluminum oxides particles.
Now, 0.2M (NH3)6CoCl3 (hexaammoniumcobalt
trichloride) complex (Merck) the which is dark
orange to red is dissolved in adequate amount of
distilled water. Then the cobalt complex was added
drop-wise to the chemisorbed/alumina slurry.
Stirring continued for 5 more hours. Consistent pink
formation on aluminum oxide particles and colorless
solution indicate the completion of the reaction. The
estate of the reaction below is explained in Equations
1 and 2.
(NH3)6Mo7O24 + Al2O3 → (NH3)6Mo7O24: Al2O3
(1)
2[(NH3)6Co] Cl3 + [(NH4)6Mo7O24]: Al2O3 →
(2)
6NH4Cl + [(NH3)6Co] 2[Mo7O24]: Al2O3
[(NH3)6Co]2Mo7O24 complex looks light pink
over Alumina particles. The complex is washed by
distilled water so that the other compounds formed
during the reaction are extracted.
The precatalyst was insoluble and unreactive in
water at 273-373 oK. The pre-catalyst was gently
dried in an oven. The formation of the pink [
precatalyst was
(NH3)6Co]2Mo7O24 : Al2O3
demonstrated by both the developed color of the
alumina as well as by potassium bromide disc
infrared spectroscopy which indicated the presence
of (NH3)6Co3+ ion by NH3 spreading modes and the
Mo=O units of Mo7O246- ion by strong Mo=O
stretching absorption. . The partial reduction of
cobalt/molybdate pre-catalyst was performed in a
batch reactor with hydrogen gas at pressure of 40
bars and Temperature of 873oK for 5 hours. During
reduction, the color of the pre-catalyst changed from
pale pink to dark black.
Catalyst Characterization:
The powder x-ray diffraction of unreduced CoMo/alumina was obtained using PW1840 powder Xray diffractometer with Cu tube anode operated at 40
kV and 30 mA with step size 0.02 from 10° to 90°.

XRD patterns of unreduced Co-Mo/alumina showed
the specific peaks of Al2O3. The promoter Co-Mo
was ray amorphous. Cobalt/molybdenum prompter
with impregnation method affected only slightly the
textural properties of alumina. XRD pattern of
reduced Co-Mo/alumina catalyst only one peak of
MoO2 at 2θ = 53.6 and other peaks of MoO2 which
appear in the same position as Al2O3 that include
peaks at 2θ = 25.8o, 37.4o, 57.6o, 66.6o, 84.7o. The
lines corresponding to cobalt are not observed,
probably because of its very low proportion. The
specific surface area of the Co/Mo catalyst powder
sample (73.13m2/g) was determined by nitrogen
adsorption in accordance to the BET method, with
Quanta Chrome Quantasorb.
Reactor:
The catalyst was examined in a one liter
autoclave reactor was made of 316 stainless steel.
The reactor is equipped with an electric thermal
device and accurate electric control system as well as
a magnetic mixer. It can be operated up to150bar and
1100ok.
Preparing Combustible Gas:
To synthesize combustible gas from CO2 and H2
reaction, we place a certain amount of the catalyst in
the reactor first, and then reach the reactor to a
certain temperature. In the end, we inject CO2 and H2
gases into the reactor in a ratio of 1:3 and a total
pressure of 12bar, and turned on the magnetic mixer.
After a certain time, we pass the reaction products
through a condenser so that the steam inside and or
other probable products turn into liquid. We collect
gas products in a special container and gas
chromatography is used for separation and
determination of the amount of existing materials.
Results and Discussion
Annually, 8 trillion of tons CO2 are emitted by
industrial plants, power plants, automobiles and the
like into the air. In the last few years, at least two
environment-friendly power plants are established in
the U.S. where the emissions of the chimneys are
converted into combustible gas after a series of
operations feasible to be used again as fuel in the
plants. The process is highly valuable which prevents
Co2 from being released in the air. The process of
converting power plants chimneys emissions is
conducted in different methods two of which are
described here. First, emitted gas is converted to a
relatively dry gas after water separation which
combines with suitable methane catalysts [31] in
high-temperature reactor and produces H2 and CO
gases. The reaction is showed by Equation [3].
CO2 + CH4 → 2CO + 2H2

(3)
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The mixture of H2 and CO is a combustible gas
which can burn by O2 in torches and produce heath.
The combustion of these gases is shown by
Equations 4 and 5:
2H2 + O2 → 2H2O

(4)

2CO + O2 → 2CO2

(5)

In the second method, CO2 combines with H2 at
the presence of the catalyst to produce CO and water;
after steam separation - and the CO then can combine
with H2 and convert into methane. The mixture of
methane and CO is a combustible gas. Respective
reactions are shown in Equations 5 and 6:
CO2 + H2 ↔ CO + H2O

(6)

CO + 3H2 → CH4 + H2O

(7)

To enhance thermal value of the above
combustible gas, we can combine it with hydrogen in
a reactor, in the presence of a suitable catalyst,
almost its total CO content will be converted into
methane.
Co- Mo catalyst activity over Al2O3 bed for CO2
hydrogenation was examined at a pressure of 12bar
and at a temperature of 600 in a CO2:H2 ratio 1:3.
In 20min, CO2 (%63) is converted into CO and less
than %1 methane is produced, as well. After 10h,
CO2 (over %87) is converted into CO (%72) and
methane (%15). Water is the coproduct of the reverse
water gas shift reaction. Figure (1) displays the
estate of CO2 conversion into CO and methane.
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Fig. 1: the percentage of CO2 hydrogenation reaction products (in pressure 12bar and temperature 600
CO2:H2 ratio 1:3).
The effect of temperature on CO2:H2 reaction
was studied in the presence of the above catalyst.
573ok is the minimum temperature in which the
catalyst is active (threshold temperature). In half an
hour reaction time and at a temperature of 573ok
,

, and

CO2 (about %6) is converted into CO, but at a
temperature of 973ok and the same span, CO (%72)
and methane (%5) are produced. The effect of
temperature on CO2 hydrogenation is illustrated in
figure 2.
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Fig. 2: the effect of temperature on CO2 hydrogenation (in 30min and 12bar with CO2:H2 ratio 1:3).

Fig. 3: XRD spectrum of reduced alumina supported cobalt/molybdenum catalyst
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Fig. 4: FTIR spectrum of alumina supported dihexaammoniumcobaltheptamolybdate
[(NH3)6Co]2 Mo7O24 : Al2O3.

Fig. 5: BET graph of alumina supported cobalt/molybdenum catalyst
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Previous experimental studies of our group
demonstrated that CO (%80) is converted into
methane in CO hydrogenation and in presence of CoMo catalyst over Alumina bed (in 30min, 35bar,
573ok and CO:H2 = 1:4). So, it is concluded that CoMo catalyst over Alumina bed is suitable for
converting CO2 into CO and methane. Accordingly,
power plants chimneys emissions or the similar
plants releasing great volumes of CO2 can be again
converted into combustible gases by separating the
steam and placing them in reactors with appropriate
catalysts to be combined with H2 and, by so doing,
we can prevent the CO2 emissions into the air.

6.

7.

8.

Conclusion:
The reverse water gas shift and hydrocarbon
reforming reactions in which carbon dioxide converts
to carbon monoxide. Carbon monoxide is a major
chemical feed stuck. The above mentioned reactions
can be used to recycle CO2 produced by major fossil
fuels consuming plants such as power plants. Today
few power plants in USA recycle the CO2. Let’s
hope in near future by worldwide reduction in fossil
fuel consumption and the improvement of the other
sources of energy we are able to prevent the global
environment devastation.
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