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Abstract
Ni/SiC and Ni/SiO2 catalysts prepared by both wet impregnation (WI) and deposition–precipitation (DP) methods were 
compared for CO and  CO2 methanation. The prepared catalysts were characterized using  N2 physisorption, temperature-
programmed reduction with  H2  (H2-TPR),  H2 chemisorption, pulsed  CO2 chemisorption, temperature-programmed desorption 
of  CO2  (CO2-TPD), transmission electron microscopy, and X-ray diffraction.  H2-TPR analysis revealed that the catalysts 
prepared by DP exhibit stronger interaction between the nickel oxides and support than those prepared by WI. The former 
catalysts exhibit higher Ni dispersions than the latter. The catalytic activities for both reactions over Ni/SiC and Ni/SiO2 
catalysts prepared by WI increase on increasing the Ni content from 10 to 20 wt%. The Ni/SiC catalyst prepared by DP 
shows higher catalytic activity for CO and  CO2 methanation than that of the Ni/SiC catalyst prepared by WI. Furthermore, 
it exhibits the highest catalytic activity for CO methanation among the tested catalysts. The high Ni dispersion achieved by 
the DP method and the high thermal conductivity enabled by SiC are beneficial for both CO and  CO2 methanation.
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1 Introduction

CO methanation is an important chemical reaction for trans-
forming synthesis gas, a mixture of CO and hydrogen, into 
synthetic natural gas:

This reaction can be used to increase the value of bio-
mass, coal, and organic waste by gasification or to utilize the 
gas byproducts from the steel industry [1, 2].

CO2 methanation is considered to be a promising reac-
tion for utilizing  CO2 and reducing global warming due to 
anthropogenic  CO2 emissions:

This reaction exemplifies the power-to-gas concept, in 
which  CO2 separated from the atmosphere and hydrogen 
generated from water using renewable energy are converted 
into methane that can be transported and distributed through 
the gas grid [3].

Since these reactions are highly exothermic and ther-
modynamically limited at high temperatures, catalysts 
that exhibit high activity at low temperatures and catalyst 
beds with efficient heat transfer are required for designing 
compact reactors capable of high single-pass conversion. 
High catalytic activity and effective heat transfer are closely 
related to the active metal and support material in a catalyst, 
respectively. Ni is commonly used as the active metal in 
commercial catalysts because of its comparatively low price 
and high intrinsic catalytic activity [4–10].

The support material is the most important component 
in a catalyst besides the active component and promoter. Its 
major role is to disperse the active component, which can 
be, for instance, a metal, metal oxide, metal sulfide, or metal 
nitride. For practical applications, other important factors 
such as mechanical and thermal properties should be consid-
ered when selecting a support material that is appropriate for 
the active component and target reaction. A support material 
with high thermal conductivity is critical for highly exother-
mic or endothermic reactions in order to avoid hot spots in 

(1)
CO(g) + 3H2(g) ↔ CH4(g) + H2O(g)ΔH

o
(298K)

= −206 kJ/mol

(2)
CO2(g) + 4H2(g) ↔ CH4(g) + 2H2O(g)ΔH

o
(298K)

= −165 kJ/mol
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the catalyst bed or a significant radial temperature gradient 
in the reactor. In this respect, conventional ceramic supports 
such as alumina, silica, and zeolites are less favorable for 
these reactions than high-thermal-conductivity materials 
such as carbon, metal monoliths, and silicon carbide (SiC).

SiC exhibits high thermal conductivity, high resistance to 
oxidizing conditions, a relatively high surface area without 
micropores, and chemical inertness [11–14]. Consequently, 
SiC has been applied as a catalyst support in a variety of 
highly exothermic and endothermic reactions, such as par-
tial oxidation [12], the Fischer–Tropsch synthesis [15], oxi-
dative coupling of methane [16], and methane reforming 
[17, 18]. A variety of supports with large surface areas and 
high thermal stabilities have been applied to CO and  CO2 
methanation, including  CeO2,  ZrO2, γ-Al2O3,  SiO2, and 
 TiO2 [19–24]. For example, Zhang et al. [25] prepared Ni/
SiC and Ni/Al2O3 catalysts by the impregnation method and 
compared their catalytic activities for CO methanation. They 
found that the Ni/SiC catalyst exhibited more stable catalytic 
activity than the Ni/Al2O3 catalyst, even though the former 
contained larger Ni particles than the latter. Furthermore, Jin 
et al. [26] prepared various Ni/Al2O3/SiC catalysts with dif-
ferent Al contents by the co-deposition-precipitation method 
and applied them to CO methanation. They concluded that 
the addition of  Al2O3 is beneficial to catalytic activity and 
stability. However, to the best of our knowledge, no studies 
comparing Ni/SiC and Ni/SiO2 catalysts for CO and  CO2 
methanation have been reported.

In this study, we have found that, along with the choice 
of support materials, the catalyst preparation method also 
exerts an important effect on catalytic activity. The Ni/
SiC catalyst prepared by the deposition–precipitation (DP) 
method shows a higher catalytic activity for CO methana-
tion than that of the Ni/SiO2 catalyst, which has a much 
higher surface area. The former catalyst also exhibits com-
parable catalytic activity with that of the latter for  CO2 
methanation. The effect of the support material on CO and 
 CO2 methanation activity in the presence of a promoter was 
also investigated. To that end, manganese was chosen as 
an effective promoter, allowing a direct comparison of the 
catalytic activities of Mn–Ni/SiC and Mn–Ni/SiO2 catalysts, 
because the addition of Mn to Ni catalysts has been reported 
to increase Ni dispersion [27] and provide a higher oxygen 
vacancy concentration [28], resulting in outstanding cata-
lytic performance for CO methanation.

2  Experimental

2.1  Preparation of Catalysts

Two different supports,  SiO2 (Zeochem, ZEOprep 60) 
and SiC (US Nano), were purchased and used as received. 

The supported Ni catalysts were prepared with the wet 
impregnation (WI) method or deposition–precipitation 
(DP) method. In the case of WI, a specific amount of 
Ni(NO3)2·6H2O (Junsei Chemical Co., Ltd.) was dissolved 
in 50 mL deionized water and mixed with 5 g support. The 
excess water was slowly removed using a rotary evaporator 
(BUCHI, Switzerland). The recovered powder was dried 
in an oven at 120 °C for 12 h and then calcined in an air 
stream at 500 °C for 3 h. For the DP method, the specific 
amount of Ni(NO3)2∙6H2O (Junsei Chemical Co., Ltd.) 
was dissolved in 50 mL deionized water. This solution 
was brought into contact with the support and mixed with 
a urea solution, in which the molar ratio of nickel:urea 
was fixed at 1:2, for 16 h by stirring at 90 °C to allow 
urea decomposition. The entire precipitation process was 
performed in a closed vessel. The powder recovered after 
filtering was dried in an oven at 110 °C for 12 h and cal-
cined in an air stream at 500 °C for 3 h. The same proce-
dure was adopted to prepare the Mn-promoted supported 
Ni catalysts except that the molar ratio of Mn:Ni was fixed 
at 1:10. Mn(NO3)2·4H2O (Sigma–Aldrich) was used as the 
Mn precursor. All the calcined samples were reduced in a 
 H2 stream at 500 or 600 °C for 1 h before reaction. In order 
to distinguish each catalyst, the Ni content and preparation 
method are indicated by the name of the catalyst, for exam-
ple, 10Ni/SiC-WI indicates a Ni catalyst supported on SiC 
prepared by the WI method containing 10 wt% Ni. For the 
catalyst reduced at 600 °C, the reduction temperature is 
also given. For example, 20Ni/SiO2-DP (600) denotes a 
20 wt% Ni catalyst supported on  SiO2 prepared by DP and 
reduced at 600 °C.

2.2  Characterization of Catalysts

N2 physisorption, temperature-programmed reduction 
with  H2  (H2-TPR),  H2 chemisorption, pulsed  CO2 chem-
isorption, temperature-programmed desorption of  CO2 
 (CO2-TPD), transmission electron microscopy (TEM), and 
X-ray diffraction (XRD) were used to characterize the pre-
pared catalysts. All the procedures are described in detail 
in the Supporting Information.

2.3  Catalytic Activity Tests

The catalytic activity tests were performed at atmospheric 
pressure using a continuous fixed-bed reactor system as 
described in the Supporting Information. Briefly, 0.10 g of 
the catalyst was loaded into the quartz reactor and brought 
into contact with a feed composed of 1 mol% CO or  CO2, 
50 mol%  H2, and 49 mol% He at a flow rate of 100 mL/
min.
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3  Results and Discussion

3.1  Characterization of the Catalysts

The physicochemical properties of the Ni catalysts sup-
ported on  SiO2 and SiC are presented in Table 1. The 
BET surface area of SiC is approximately one-tenth that 
of  SiO2. Neither support has micropores. The average pore 
diameters of SiC and  SiO2 were determined to be 9 and 
6 nm, respectively. In the case of the  SiO2-supported Ni 
catalysts, their surface areas decrease with the incorpora-
tion of Ni onto the support while maintaining their average 
pore diameters. This implies that the loaded Ni species are 
well dispersed throughout the support without pore plug-
ging. Conversely, there is no noticeable decrease in the 
surface area of the Ni/SiC-WI catalysts, irrespective of Ni 
content. Note that the surface area of Ni/SiC-DP increases 
to approximately four-times that of SiC. This indicates that 
the deposited Ni species contribute to an increase in the 
surface area of the catalyst.

The nitrogen adsorption and desorption data in Fig. 
S1 show that the Ni/SiC and Ni/SiO2 catalysts have type 
III and type IV isotherms, respectively [30]. This implies 
that the interaction between nitrogen and SiC is relatively 
weak and that the adsorbed nitrogen molecules are clus-
tered around the most favorable sites on the surface of 
the nonporous or macroporous SiC [30]. For the Ni/SiC-
DP catalyst, a type H3 loop is observed, which originates 
from a pore network consisting of macropores that are not 
completely filled with pore condensate [30]. Conversely, 
all Ni/SiO2 catalysts exhibit type H2(b) loops, which are 
frequently observed for mesoporous silica [30]. The pore 
size distribution of each catalyst is also given in Fig. S2. 

A broad pore size distribution ranging from 3 to 10 nm 
is observed for the Ni/SiO2-WI catalysts. The Ni/SiC-WI 
catalysts have a bimodal pore size distribution in which 
a sharp peak at 4 nm and a broad peak from 6 to 120 nm 
with a maximum at 40 nm are observed. However, all the 
supported Ni catalysts prepared by DP present the sharp 
peak at ~ 4 nm in the pore size distribution. This indicates 
that these pores develop, while other pores are blocked 
during the DP process.

In order to investigate the bulk crystalline structures of 
the catalysts, XRD patterns were obtained for all the cal-
cined and reduced catalysts. For all supported Ni catalysts 
prepared by WI and calcined at 500 °C, strong XRD peaks 
corresponding to NiO were observed and these peak intensi-
ties were strengthened with increasing Ni content from 10 
to 20 wt% (Fig. S3). On the other hand, no XRD peak due 
to NiO can be observed for all supported Ni catalysts pre-
pared by DP and calcined at 500 °C. This indicates that Ni 
oxides are highly dispersed on the support for calcined Ni/
SiC-DP and Ni/SiO2-DP samples. In the case of Ni/SiO2-DP 
calcined at 500 °C, very weak XRD peaks corresponding to 
nickel antigorite  (Ni3Si2O5(OH)4) were detected (Fig. S3). 
As shown in Fig. 1, strong XRD peaks corresponding to 
metallic Ni are observed only for the supported Ni catalysts 
prepared by WI and reduced at 500 °C. The crystallite size 
of Ni in Ni/SiC-WI was calculated to be much larger than 
that in Ni/SiO2-WI (Table 1). There is no significant change 
in the crystallite size of Ni in the Ni catalysts supported on 
the same support upon increasing the Ni content from 10 to 
20 wt%. This is consistent with the Ni dispersion determined 
by  H2 chemisorption (Table 1). No XRD peaks attributed 
to metallic Ni are observed for Ni/SiC-DP or Ni/SiO2-DP 
both reduced at 500 °C (Fig. 1b), indicating that the Ni spe-
cies are well dispersed over the supports in these catalysts. 

Table 1  Physicochemical 
properties of support materials 
and supported Ni catalysts

All catalysts were calcined in air and reduced in hydrogen at 500 °C
n.d. not detected
a Specific surface area, pore volume, and average pore diameter were determined by  N2 physisorption
b Ni dispersion and CASA were determined based on  H2 chemisorption data
c Crystallite size of Ni was calculated based on XRD data using the Scherrer formula [29]

Catalyst Specific surface 
area  (m2/g)a

Pore volume 
 (cm3/g)a

Average pore 
diameter (nm)a

Ni disper-
sion (%)b

CASA 
 (m2/gcat.)b

Crystallite 
size of Ni 
(nm)c

SiO2 477 0.73 6 – – –
SiC 43 0.09 9 – – –
10Ni/SiO2-WI 380 0.58 5 1.9 1.3 11
20Ni/SiO2-WI 322 0.45 6 1.9 2.5 12
10Ni/SiC-WI 59 0.22 15 1.1 0.7 22
20Ni/SiC-WI 48 0.23 20 1.5 2.0 22
20Ni/SiO2-DP 358 0.48 5 7.1 9.4 n.d
20Ni/SiC-DP 164 0.60 15 8.1 10.8 n.d



1540 Topics in Catalysis (2018) 61:1537–1544

1 3

Higher Ni dispersions were measured for the catalysts pre-
pared by DP than for those prepared by WI (Table 1). Weak 
XRD peaks corresponding to metallic Ni are observed for 
the supported Ni catalysts prepared by DP and reduced at 
600 °C (Fig. 1b). However, the crystallite size of the Ni 
could not be determined because of the low peak intensity, 
indicating that the metallic Ni particles are highly dispersed 
on the support, even after reduction at 600 °C.

To assess the reducibility of nickel oxides on different 
supports,  H2-TPR patterns were obtained for supported Ni 
catalysts calcined in air at 500 °C, as shown in Fig. 2. In 
the case of the catalysts prepared by WI, the onset of the 
TPR peak is observed at a lower temperature for the SiC-
supported Ni catalysts than that for the  SiO2-supported Ni 
catalysts. This implies that the interaction between the Ni 
oxides and the support is weaker for SiC than that for  SiO2. 
Generally, the weaker interaction between metal oxides and 
the support results in the formation of large metal particles 

after reduction. As shown in Table 1, the larger crystallite 
size of Ni was obtained for the SiC-supported Ni catalysts 
than that for the  SiO2-supported Ni catalysts prepared by 
WI. This is consistent with the TPR data. Several TPR 
peaks below 500 °C imply that various Ni oxide species 
with different sizes interact with the support. Generally, the 
low-temperature TPR peak in the TPR pattern for the sup-
ported Ni oxide sample can be ascribed to the reduction 
of bulk NiO interacting weakly with the support and the 
high-temperature TPR peak is due to the reduction of the 
well-dispersed NiO which is binding strongly onto the sup-
port. The intensities of these peaks increase with increasing 
Ni content from 10 to 20 wt% without the formation of new 
TPR peaks. The weak TPR peak at 665 °C observed for 
Ni/SiC-WI is attributed to the reduction of surface nickel 
silicate strongly interacting with SiC [31]. It is worth not-
ing that most Ni oxides in the supported Ni catalysts pre-
pared by WI can be reduced at 500 °C. Conversely, in the 
case of the catalysts prepared by DP, a single TPR pattern is 
obtained at a temperature higher than those of the catalysts 
prepared by the WI method. This indicates that the interac-
tions between the Ni oxides and the support are stronger in 
the Ni catalysts prepared by DP than in those prepared by 
WI. It is worth mentioning that the presence of nickel anti-
gorite  (Ni3Si2O5(OH)4) was confirmed by XRD for the cal-
cined Ni/SiO2-DP sample. Ni/SiC-DP presents a TPR peak 
at a lower temperature than that for Ni/SiO2-DP. Unlike the 
Ni catalysts prepared by WI, which can be fully reduced at 
500 °C, the Ni catalysts prepared by DP are only partially 
reduced at the same temperature and need to be reduced at 
a higher temperature to increase the degree of reduction for 
the Ni oxide species. Nevertheless, the Ni dispersions of the 
catalysts prepared by DP are higher than those of the cata-
lysts prepared by WI (Table 1). This is closely related to the 
difference in the dispersion of nickel oxide in the calcined 
catalysts (Fig. S3). The Ni dispersions of Ni/SiC-DP and Ni/
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SiO2-DP catalysts reduced at 600 °C were determined to be 
11 and 8.3%. This implies that Ni dispersion increases with 
increasing reduction temperature from 500 to 600 °C, which 
is closely related to the increased degree of reduction for the 
Ni oxide species based on the  H2-TPR pattern (Fig. 2). Since 
the crystallite size of Ni in the Ni/SiO2-DP and Ni/SiC-DP 
catalysts cannot be determined by XRD, TEM images were 
obtained to investigate the particle size of the Ni metal par-
ticles for each catalyst. As shown in Fig. 3, well-dispersed 
Ni particles are observed for all the supported Ni catalysts 
prepared by DP. The average particle sizes for Ni/SiO2-DP, 
Ni/SiO2-DP (600), Ni/SiC-DP, and Ni/SiC-DP (600) are 4.5, 
4.9, 5.6, and 5.2 nm, respectively (Fig. S4).

3.2  Catalytic Performance in CO and  CO2 
Methanation

The performances of the catalysts for CO and  CO2 metha-
nation were evaluated over supported Ni catalysts prepared 
by WI. Figure 4a shows that the low-temperature catalytic 
activity for CO methanation decreases in the order 20Ni/
SiO2-WI > 20Ni/SiC-WI > 10Ni/SiO2-WI > 10Ni/SiC-WI. 

This order is closely related to that of the catalytically active 
surface areas (CASAs) given in Table 1. Thus, a higher 
CASA guarantees a higher catalytic activity for CO metha-
nation. Methane is the major product of CO methanation 
at all reaction temperatures (Fig. S5). The yield of ethane 
increases with increasing CO conversion and reaches a max-
imum value, after which it decreases with further increase in 
reaction temperature (Fig. S5). The maximum ethane yield is 
observed at intermediate CO conversion. Note that the yield 
of ethane is much lower for Ni/SiC-WI than that for Ni/SiO2-
WI (Fig. S5). The formation of propane is observed only for 
the most active 20Ni/SiO2-WI catalyst (Fig. S5). In the case 
of  CO2 methanation (Fig. 4b), the low-temperature catalytic 
activity decreases in the order 20Ni/SiO2-WI ~ 10Ni/SiO2-
WI > 20Ni/SiC-WI > 10Ni/SiC-WI. Unlike CO methanation, 
no close correlation between catalytic activity for  CO2 meth-
anation and CASA is observed. This implies that there is 
another factor that is more important than Ni dispersion for 
catalytic activity in  CO2 methanation. Methane is observed 
as the only product during  CO2 methanation over all these 
catalysts except for 10Ni/SiO2-WI, over which the formation 
of small amounts of CO is observed (Fig. S6). This might 

Fig. 3  TEM images of 20Ni/
SiO2-DP (a), 20Ni/SiO2-DP 
(600) (b), 20Ni/SiC-DP (c), and 
20Ni/SiC-DP (600) (d)
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be related to the fact that, unlike the other catalysts, which 
have higher catalytic activities for CO methanation than for 
 CO2 methanation, the 10Ni/SiO2-WI catalyst has compara-
ble activities in both CO methanation and  CO2 methanation.

The catalytic performances for CO and  CO2 methana-
tion of the supported Ni catalysts prepared by DP were also 
evaluated. Figure 5a shows that the Ni/SiC-DP catalyst is 
superior to the Ni/SiO2-DP catalyst when both catalysts are 
reduced at the same temperature. The 20Ni/SiC-DP catalyst 
exhibits better catalytic performance for CO methanation 
than that of the 20Ni/SiO2-WI catalyst, which is the most 
active of the Ni catalysts prepared by WI. A higher catalytic 
activity for CO methanation with increasing reduction tem-
perature is observed for the Ni/SiC-DP and Ni/SiO2-DP cat-
alysts. These results are closely related to the increase in Ni 
dispersion with reduction temperature. Methane is the major 
product of CO methanation at all reaction temperatures (Fig. 
S7). The formation of ethane is also observed over all the 

catalysts prepared by DP. However, the Ni/SiO2-DP cata-
lysts produce much smaller amounts of ethane than the Ni/
SiO2-WI catalysts. In the case of  CO2 methanation, the Ni/
SiC-DP and Ni/SiO2-DP catalysts exhibit similar catalytic 
activities, except for Ni/SiC-DP reduced at 500 °C (Fig. 5b). 
This clearly demonstrates that Ni dispersion and catalyti-
cally active surface area do not fully explain catalytic activ-
ity for  CO2 methanation. To resolve this issue,  CO2 uptake at 
room temperature and its adsorption strength on the catalyst 
were investigated using pulsed  CO2 chemisorption and TPD, 
respectively. The  CO2 uptakes for 20Ni/SiO2-WI, 20Ni/SiC-
WI, 20Ni/SiO2-DP (600), and 20Ni/SiC-DP (600) are 3.0, 
0.6, 1.4, and 1.3 µmol/g, respectively. These are lower than 
those of Ni catalysts supported on different aluminum oxides 
(except for those on α-Al2O3) [24]. Note that the 20Ni/SiC-
WI catalyst, which showed the lowest  CO2 methanation 
activity, has the smallest  CO2 uptake among the catalysts 
compared. The  CO2-TPD data reveal that the adsorption of 
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 CO2 on the  SiO2-supported Ni catalysts is stronger than that 
on the SiC-supported catalysts (Fig. 6). Therefore, it can 
be concluded that Ni dispersion as well as  CO2 adsorption 
capacity is essential for  CO2 methanation activity. Methane 
is the main product of  CO2 methanation, but the formation 
of CO is observed only over Ni/SiO2-DP catalysts (Fig. 
S8). The longevity tests for CO and  CO2 methanation were 
also carried out over 20Ni/SiC-DP catalysts. The reaction 
temperature for each reaction was chosen not to achieve a 
complete conversion of CO or  CO2 in order to monitor any 
change in the catalytic activity. As shown in Fig. S9, there 
was no noticeable change in the catalytic activity for 24 h. 
These results reveal that the Ni/SiC catalyst prepared by DP 
method is stable for CO and  CO2 methanation.

3.3  Effect of Mn Promoter

Since the  CO2 uptakes for all catalysts are relatively small, 
the effect of support material on  CO2 methanation is lim-
ited. Therefore, Mn-promoted catalysts were prepared by 
DP to enhance  CO2 uptake and were applied to CO and 
 CO2 methanation. These catalysts have similar textural 

properties to those of the un-promoted Ni catalysts pre-
pared by DP (Table 2). However, the Ni dispersions and 
CASAs increase upon addition of Mn (Tables 1, 2). The 
 H2-TPR data indicate that the presence of Mn promotes 
the reduction of the Ni oxide species (Fig. S10). Although 
the formation of metallic Ni for Mn-promoted catalysts 
reduced at 600 °C was confirmed based on the XRD data 
(Fig. S11), the crystallite size for the Ni particles can-
not be determined owing to the weak peak intensity. The 
 CO2 uptakes at room temperature for Mn-20Ni/SiC-DP 
(600) and Mn-20Ni/SiO2-DP (600) are 11 and 13 µmol/g, 
respectively. These are much larger than those of the un-
promoted Ni catalysts. The  CO2-TPD data for the Mn-
promoted Ni catalysts also confirm that the addition of 
Mn enhances the adsorption strength of  CO2 on the cata-
lyst surface (Fig. S12). Consequently, Mn-promoted Ni 
catalysts show superior catalytic activities for CO and 
 CO2 methanation than those of un-promoted Ni catalysts 
(Fig. S13). Among the tested catalysts, Mn-promoted Ni/
SiC-DP (600) exhibits the highest CO methanation activ-
ity. This catalyst also exhibits a similar  CO2 methanation 
activity to those of Mn-promoted Ni/SiO2-DP (600) cata-
lysts. The catalytic activities for CO and  CO2 methanation 
of all the catalysts presented in this work are compared 
with those of other supported Ni catalysts reported previ-
ously in Table S1. For comparison, some important phys-
icochemical properties of each catalyst are also included. 
The temperature achieving 50% conversion of CO,  T50 
for CO methanation, appears to be closely related to the 
CASA irrespective of support. The  T50 for CO methana-
tion decreases with increasing CASA for all catalysts. This 
implies that the higher catalytic activity for CO methana-
tion can be achieved by increasing CASA of the supported 
Ni catalysts. In this work, the DP method and the Mn pro-
moter are confirmed to be effective to increase the CASA 
for the  SiO2- and SiC-supported Ni catalysts. On the other 
hand, the temperature achieving 50% conversion of  CO2, 
 T50 for  CO2 methanation, is mainly dependent on CASA as 
well as  CO2 uptake. Additionally, the moderate adsorption 
strength of  CO2 was also claimed to be essential for high 
catalytic activity for  CO2 methanation [24].
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Fig. 6  CO2-TPD patterns of the supported Ni catalysts such as 20Ni/
SiO2-WI, 20Ni/SiC-WI, 20Ni/SiO2-DP (600), and 20Ni/SiC-DP (600)

Table 2  Physicochemical 
properties of Mn-promoted 
supported Ni catalysts

All the catalysts were calcined in air at 500 °C and reduced in hydrogen at 600 °C
a The specific surface area, pore volume, and average pore diameter were determined by  N2 physisorption
b The Ni dispersion and catalytically active surface area (CASA) were determined based on the  H2 chem-
isorption data
c The  CO2 uptake was determined based on the  CO2 chemisorption data at RT

Catalyst Specific surface 
area  (m2/g)a

Pore 
volume 
 (cm3/g)a

Average pore 
diameter (nm)a

Ni disper-
sion (%)b

CASA 
 (m2/gcat.)b

CO2 
uptake 
(µmol/g)c

Mn-20Ni/SiO2-DP 389 0.52 5 9.0 12.0 13.0
Mn-20Ni/SiC-DP 132 0.46 14 11.2 15.0 11.0
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4  Conclusion

H2-TPR confirmed that the Ni catalyst prepared by DP 
exhibits stronger interaction between the nickel oxides and 
the support material than those prepared by WI. The former 
catalyst has a higher Ni dispersion than that of the latter. The 
catalytic activities for CO and  CO2 methanation increase 
with Ni content from 10 to 20 wt% over Ni/SiC and Ni/
SiO2 catalysts prepared by WI. The Ni/SiC catalyst prepared 
by DP shows superior catalytic activities for CO and  CO2 
methanation than those of the Ni/SiC catalyst prepared by 
WI. Furthermore, it exhibited the highest catalytic activity 
for CO methanation among the tested catalysts. The high Ni 
dispersion achieved by the DP method coupled with the high 
thermal conductivity enabled by SiC are beneficial both for 
CO and  CO2 methanation. Further enhancements in the cata-
lytic activities for CO and  CO2 methanation were achieved 
by the addition of Mn to the supported Ni catalysts owing 
to the increased Ni dispersion,  CO2 uptake, and adsorption 
strength of  CO2 on the catalyst surface.
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