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Introduction

Fossil fuels as the most important energy source in
the world are coming to an end, and replacing a new
energy source is always a major issue for scientists.
On the other hand, solving environmental problems
caused by human activity, including the elimination of
greenhouse gases, has always been a great challenge
[1]. Also, due to the needs of consumer markets, the
conversion of natural gas into a liquid fuel has been
considered by scientists in recent years. The direct
conversion of natural gas to liquid fuel is one of the
processes that has not been complicated due to the
constraints of the industrial process. In addition to
direct conversion, there is an indirect conversion
method in which natural gas is first converted to
synthesis gas (a mixture of hydrogen and carbon
monoxide). And then during reactions such as Fisher
Tropsch, liquid hydrocarbons are produced [2]. There
are various methods for converting natural gas to
synthesis gas, including steam reforming of methane
[3], auto thermal reforming [4], partial oxidation [5],
and methane reforming with carbon dioxide (dry
reforming). Since the H,/CO ratio of 1 in the synthesis
gas mixture used is better for achieving longer chain
length liquid hydrocarbons, dry reforming of methane
can be used to produce the synthesis gas required for
liquefaction processes. Also, due to the removal of
two greenhouse gases, methane and carbon dioxide
during the process and their conversion into valuable
materials, as well as the lack of need for purification
processes, dry methane reforming (DRM) has a special
place. The noble metals as platinum (Pt), ruthenium
(Rh) and rhodium (Ru) [6] show high activity in the
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dry methane reforming process. However, due to their
high price and unavailability, has not been widely
used in industrial process. In contrast, transition
metals such as nickel (Ni) and cobalt (Co) [7] also
show acceptable activity in the process of reforming
methane with carbon dioxide and due to easier access
and lower cost for this process are used. However,
since the dry reforming of methane process is an
endothermic reaction, performing the process at high
temperatures causes carbon deposition on the catalyst
[8,7], sintering [9], and ultimately deactivation of the
catalyst and reduced selectivity. Bimetallic catalysts
due to different chemical properties under the influence
of the synergic effect of two metals can give a chance
to make an active and stable catalyst [11,10]. Cobalt,
platinum, copper, ruthenium and rhodium are metals
whose use as active phase promotors has shown good
results in catalyst performance [12-17]. The addition
of a promotor to the support of the catalyst has also
been widely reported due to changes in the physical
and chemical properties of the support. Addition of
MgO due to high thermal resistance [18], CeO, due
to oxygen delivery to the catalyst [19], ZrO, due to
resistance to carbon deposition [20] to the support
cause stable activity of the catalyst during the process.
In this paper, we will study the synthesis of promoted
nickel catalysts and the effect of use of promotors
in the active phase and support of the synthesized
samples. After determining the physical properties of
the synthesized samples, we will report the evaluation
of the synthesized catalysts performance in wall-
coated microchannel reactors.
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Material and Methods

Catalyst Synthesis Method

The synthesis of the samples, as shown in Figure 1, is
followed by three steps: (1) preparation of the support,
(2) addition of the active phase and (3) catalyst post-
processing.
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Fig. 1 Schematic flow chart for the preparation steps of
impregnation synthesis of Ni-Co/Al,O,-MgO catalyss.

Also, the relative values of the active and support
phases are shown in Table 1.

Table 1 Synthesized catalyst and active phase, support and
promoters amount in the catalyst structure.

Catalyst name Ni/CO Al/Mg
1. Ni/ALO, - -

2. Ni-Co/ALO, 5 -

3. Ni/ALO,-MgO 5

4. Ni-Co/AL0,-MgO 5 5
Ni-Co/Al,0,-MgO .5 3 5

Results and Discussion

The results of X-ray analysis of the synthesized
samples are shown in Figure 2.

Index peaks according to JCPDS standard 01-073-
1519, at corresponding angles show the formation of
NiO crystal structure. The crystal structure of Co,O,
corresponds to the peaks specified in the index angles
according to JCPDS 01-076-1802. The crystal structure

of Mg Al O, spinel according to JCPD standard 00-
001-1157 is observed. The peaks marked at an angle
also prove the formation of MgO crystal structure
according to JCPDS standard 01-077-2364.
Comparing the graphs, it is clear that by adding
magnesium oxide and cobalt as promotors to the
catalyst structure, the crystallinity of the catalyst
structure is improved, which is evident by increasing
the height of the corresponding peaks. Alteration of
the active phase structure by changing the Ni/Co ratio
from 3 to 5 shows that with the reduction of cobalt in
the active phase structure, the amount of crystallinity
decreases and the catalyst tends to become more
amorphous, which it can increase the active phase
dispersion. This is expected to give the reactants better
access to the active phase.

Cat |

Car 2

Catl

Car 4

Cat 5

Fig. 2 XRD patterns of impregnation synthesizedNi-Co/
AlO,-MgO catalysts.

The formation of the MgAl O, spinel phase during
the calcination process can also improve its efficiency
during the process by changing the nature of the
catalytic acidity. Because CO, is an acidic gas, it is
better absorbed and converted to a more alkaline
catalyst.

BET analysis was used to determine the specific
surface area of synthetic samples. The y-AlL O, used
as the base has a specific surface area of 116 m*g. By
adding MgO as a promotor to the support, the specific
surface area of the support is 72.6 m?/g. This decrease
in specific surface area is due to the fact that MgO
particles cover the alumina surface and occupy part



of the surface pores. Ni/AL O, catalyst has a specific
surface area of 77.58 m?/g. Addition of cobalt and
magnesium oxide as enhancers significantly reduces
the specific surface area of catalysts, which it is due
to the surface occupation as well as the pores of
the catalyst structure. Also, by changing the Ni/Co
ratio from 5 to 3 the specific surface area decreases
significantly, which is due to the fact that the surface of
the samples is covered with Co, as expected.

The first point that is very clear in the general view
of the FESEM images is shown in Figure 3 is that the
scale of the structure of synthesized samples is in scale,
and the structure of synthesized catalysts is proved.

It is clear that the addition of cobalt has caused an
irregularity in the arrangement of surface particles, and
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the surface structure of the catalyst has been affected.

Comparing the images related to catalysts, it is clear
that the addition of MgO to the base structure has
reduced the volume of the surface pores, which it is
due to the occupation of part of the alumina surface by
magnesium oxide. As mentioned earlier, the addition
of magnesium oxide to the catalyst base reduces the
surface area of the pores due to their occupation by
magnesium particles. On the other hand, it is observed
that by adding cobalt oxide to the structure of the
catalyst, the surface structure changes, and the type
of metal arrangement on the surface is different.
Increasing the ratio of Co to Ni in the catalyst structure
causes the particle size at the catalyst surface to
become larger and the uniformity of the particle size
distribution to be disturbed.

Fig. 3 FESEM images of synthesis Ni-Co/Al,0,-MgO catalysts.
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The result of the stability test for synthetic catalysts is
also shown in Figure 4.
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Fig. 4 Stability test of synthesis Ni-Co/Al,0,-MgO catalysts
at 800 °C.

It is clear that after 1080 minutes of reaction, the
promoted catalysts showed more stable activity.
In addition to the effect of magnesium oxide on the
thermal resistance of the catalyst, modification of the
catalyst surface morphology due to the presence of
cobalt and expansion of the particle size distribution
function has a great effect on the catalyst stability.

Conclusions

Ni / Co catalysts show acceptable activity in the dry
reforming of methane process, but inactivation during
the process is one of its challenges. The use of cobalt
as an active phase promotor as well as the use of
magnesium oxide to enhance the support, improves its
activity and stabilizes it. Simultaneous use of active
and base phase promotors also dramatically improves
the performance of Ni-Co/ AlLO,-MgO synthetic
catalysts. This can be attributed to the effect of cobalt
in modifying the surface structure and the effect of
magnesium oxide on the thermal resistance of the
catalyst.
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