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1. Introduction

Industrially, hydrogen is produced by hydrocarbon re-
forming. In general, the effluent of the reaction is composed 
mainly of hydrogen and carbon monoxide. To reduce the CO 
present at the reactor outlet the mixture pass through the 
water gas shift unit, where the CO reacts with water to pro-
duce more hydrogen, and carbon dioxide. 

One of the catalysts employed in the reaction is a Fe-Cr 
based material. However, recently, many efforts are made 
to replace these materials, due to the high toxicity of the Cr 
cations. In this way, non-noble metal-based catalysts such as 
Ni and Co supported on CeO2 have gained interest, because 
of their good performance in the reaction [1].   

 On the other hand, under the reaction conditions (300-
400°C and atmospheric pressure), methane can also be pro-
duced by methanation of CO and/or CO2; which is an unde-
sired reaction owing to consume of hydrogen. Ni-based cat-
alysts present a high selectivity to methane at temperatures 
lower than 400°C, while Co catalysts show the same prob-
lem, but with a minor effect [2].  

To enhance the catalytic performance of the Co-CeO2 
materials in the water gas shift reaction (WGSR), some stud-
ies have suggested incorporating different metals in the ce-
ria support such as Zr, La, or Mn which can increase the ox-
ygen vacancies of the CeO2 framework, necessary in the 
WGSR mechanism. The modification of the framework is re-
lated to the redox cycle that happens between Ce and the 
metal dopped (Ce4+ + Mn+ ↔ Ce3+ + Mm+) [3]. Nevertheless, 
these metals are expensive and could increase significatively 
the cost of the catalyst on a big scale.  

The use of Ce-Sn mixed oxides was studied in other reac-
tions such as the NOx reduction [4], but not in the WGSR. Sn 
can also participate in the redox cycle and presents a lower 
cost.  In this way, we proposed to study the effect of Sn on 
the catalytic behaviour of Co-CeO2 catalysts in the WGSR.  

Experimental 
1.1 Synthesis of materials 

Supports were synthesized via the co-precipitation 
method. Ce(NO3)3.6H2O (99%) and SnCl2.2H2O, 98% were 
employed as precursors of Ce and Sn, respectively. Sn pre-
cursor was diluted in HCl (37%) before mixing. NH4OH 
(28%v/v) was used as precipitating agent. The solid was 
washed, dried, and calcined at 450°C for 5 h. The content of 

Sn varied between 2.5-30%mol. Samples were called 
CeSn(X%), where X represents the tin loading. Co was incor-
porated on the support by incipient wetness impregnation 
technique using Co(NO3)2.6H2O (98%) as the precursor. The 
charges selected for the Co were 10 and 15%wt.  

1.2 Characterization 

Samples were analyzed by X-ray diffraction (XRD, 
Empyrean Panalytical), Raman spectroscopy (LabRam 
Horiba-Jobi-Yvon), X-ray Fluorescence (XRF, Shimadzu), X-
ray photoelectronic spectroscopy (XPS, Multitécnica Specs) 
and transmission electronic microscopy (TEM, JEM-2100 
Plus).  

1.3 Catalytic test 

The water gas shift reaction was carried out in a fixed 
bed reactor. The catalyst was diluted in quartz sand (70 
mesh). The samples were previously reduced in hydrogen at 
400°C for 2 h. H2O/CO molar ratio was 3. Two operating con-
ditions were selected for the reaction. One set of reactions 
was realized at 400°C with 120 mL/min of 40%CO using Ar 
as the carrier and 50 mg of catalyst. The second set was 
tested at 350°C, the flow was 120 mL/min of 10%CO diluted 
in N2 and 200 mg of catalyst. Reactants and products were 
analyzed in an on-line gas chromatograph. CO conversion 
(XCO) and hydrogen selectivity (SH2) were calculated with the 
following equations:  

XCO = (
ACO,in − ACO,out

ACO,in
)𝑥100 (1) 

𝑆𝐻2 = (
FH2

FH2
+ FCH4

)𝑥100 (2) 

 Where ACO,in and ACO,out correspond to the area under 
the curve of the CO signals in the chromatogram in the inlet 
and outlet, respectively. In the case of the selectivity to H2, 
the FH2 and FCH4 represent the hydrogen and methane flow 
in the reactor effluent.  

2. Results

2.1 Catalytic activity 

Fig 1 shows the CO conversion for samples with differ-
ent loads of Sn. The reference material (15Co/CeO2) pre-
sented a conversion near 95% and ca. 97% of selectivity to 
H2. On the other hand, materials with a tin charge equal to 
or more than 5% present a SH2 of 100%. 
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Fig. 1. Catalytic tests for 15Co/CeSn(X%) and 15Co/CeO2. 

Reaction conditions: T = 400°C, mcat = 50 mg, 120 mL/min of 

40%CO/Ar and H2O/CO = 3. 

 

In order to study the effect of Sn on the inhibition of the 
methanation reaction, the reaction conditions were 
changed to 350°C, 200 mg of catalyst, and 10% of CO instead 
of the used in the test reported in Fig 1. Fig 2 shows the con-
version and selectivity of the catalysts with 10 and 15%wt of 
Co supported on CeO2. For both catalysts, the XCO decreases 
with the reaction time. It is possible to observe that the cat-
alyst 15Co/CeO2 presented an initial CO conversion of 92% 
and decreased to 75%, with a SH2 of around 75%. On the 
other hand, the 10Co /CeO2 catalyst presented a decrease in 
CO conversion from 75% to 40% after 3 h of reaction, while 
the SH2 increased from 80% to 100%. 
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Fig. 2. Catalytic tests for 10Co/CeO2 and 15Co/CeO2 samples.  

WGSR conditions: T = 350°C, mcat = 200 mg, H2O/CO = 3, 120 

mL/min of 10%CO/Ar. Filled symbol: XCO, Empty simbol: SH2 

 

Figure 3 shows the catalytic test of the catalysts sup-
ported over CeSn(5%). In this case, is observed that the CO 
conversion was ca. 70% and 32% for the 15Co/CeSn(5%) and 
10Co/Ce(5%), respectively, remaining constant for 5 hours 
of reaction. Note that both materials presented a 100% of 
selectivity to hydrogen. 
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Fig. 3. Catalytic test for 10Co/CeSn(5%) and 15Co/CeSn(5%). 

WGSR conditions: T = 350°C, mcat = 200 mg, 120 mL/min of 

10%CO/Ar and H2O/CO = 3. Filled symbol: XCO, Empty simbol: SH2THE 

REACTION 

2.2 Characterization of samples 

XRD patterns are shown in Fig 4. The three supports pre-
sent the fluorite phase of the ceria. No peaks are observed 
associated with the SnO2. However, with the increase in Sn 
amount, the crystallite size of the CeO2 decreases. At the 
same time, there is a shift to higher angles with the increase 
of Sn in the support.  
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Fig. 4. XRD of the  CeSn(X%) and CeO2 supports.  

 

Table 1 shows the XPS ratio between Sn and Ce species on 
the surface of the materials. The samples present almost the 
same Ce3+/Ce4+ ratio. The Sn2+/Sn4+ ratio decrease while in-
creasing the tin charge. 

Fig 5. shows the H2-TPR results. Three peaks are ob-
served in the thermograms, named α, β and γ, which corre-
spond to the reduction of Co3O4 to Co2+, Co2+ to Co0, and Sn4+ 
to Sn2+, respectively.     

 

Table 1. %Sn and XPS surface ratio of Sn and Ce species.  

Samples a%Sn bSn2+/Sn4+ bCe3+/Ce4+ 

15Co/CeO2 - - 0.72 

15Co/CeSn(5%) n.d. 0.24 0.72 

15Co/CeSn(30%) 27.8 0.07 0.68 

aObtained by XRF, bObtained by XPS, n.d.: No data 
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Fig. 5. H2-TPR of selected catalysts.  

 

To compare the modifications of the catalysts after the 
reaction, the used solids were analyzed by Raman spectros-
copy (Fig 6). Calcined samples had bands corresponding to 
Co3O4 and CeO2 phases. The used 15Co/CeO2 sample pre-
sented the bands D and G, associated with the disordered 
and graphitic carbon species, respectively.  
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Fig. 6. Raman spectra of calcined and used samples.  

3. Discussion 

Synthesized materials were tested in the WGSR under 
different conditions looking to understand the effect of Sn 
doping on the catalytic properties of Co/CeO2 catalysts. At 
400°C the reference material (15Co/CeO2) presented a 
higher CO conversion in comparison with the 
15Co/CeSn(X%) catalysts. However, the material leads to 
carbonaceous species and methane formation during the re-
action.  

When the reaction was carried out in conditions, where 
methanation is thermodynamically favourable (350°C and 
high CO conversion), the 15Co/CeO2 catalyst presented a 

hydrogen selectivity of ca. 70%. The loss of activity in this 
solid would be associated with the deposition of carbon on 
the catalyst. On the other hand, the 15Co/CeSn(5%) catalyst 
presented high stability and selectivity toward H2.  In this 
case, no carbon deposits were detected by Raman spectros-
copy over this sample. 

Characterization of the samples suggests that Sn was dis-
solved on the CeO2 framework, determined by the shift of 
the peaks associated with the CeO2 phase to higher angles 
in XRD. In addition, the increase in the tin content leads to 
an increase in the metal-support interaction suggested by 
the displacement of reduction peaks to higher temperatures 
in the H2-TPR test.  

The lower activity of 15Co/CeSn(X%) catalysts could be 
related to the lower content of Co0 species in reaction con-
ditions. However, when the methanation reaction could be 
more favourable, the Sn doped catalysts were more stable 
and selective to hydrogen.  

 

Conclusions 
15Co/CeSn(X%) catalysts were synthesized and tested 

in the WGSR reaction at different conditions. The results 
showed inhibition of reaction methanation during the water 
gas shift reaction due to the incorporation of Sn. The mate-
rial 15Co/CeSn(5%) presented the best catalytic activity at 
350°C and 400°C, reaching a 70% of CO conversion after 5 h 
of reaction and a 100% of hydrogen selectivity. The decrease 
in the catalytic activity of the reference material could be 
associated with the deposition of carbon during the reac-
tion, the deactivation is more significant at 350°C than at 
400°C.  

These results indicate that 15Co/CeSn(5%) material is 
an interesting alternative for replacing the Fe-Cr catalyst 
employed in the WGSR at temperatures between 350-
400°C.  
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