

mailto:carlosf.imbachi@gmail.com

HYCELTEC 2022

VIl Symposium on Hydrogen,

Fuel Cells and Advanced Batteries
Buenos Aires, July 11-14, 2022

8" Symposium on Hydrogen, Fuel Cells and Advanced Batteries, Buenos Aires, July 11t-14t, 2022

904{ v - *
80|
704 —¥® . > - .
S ® 15C0/Ce0, M o
2 60| A 15C0/CeSn(2.5%)
8 v 15Co/CeSn(5%)
4 504 | @ 15C0/CeSn(10%)
40 | ¢ 15Co/Cesn(20%)
71 » 15Co/CeSn(30%) *
30- ¢
4 P 4
0] 4 h <
»— » »
10‘ Ll » ’ 4
0 T T T

T T T T T T T
120 150 180 210 240 270 300
Time (min)

0 3 60 90

Fig. 1.  Catalytic tests for 15Co/CeSn(X%) and 15Co/CeO,.
Reaction conditions: T = 400°C, met = 50 mg, 120 mL/min of
40%CO/Ar and H,0/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 CeOaz. For both catalysts, the Xco decreases
with the reaction time. It is possible to observe that the cat-
alyst 15Co/Ce02 presented an initial CO conversion of 92%
and decreased to 75%, with a Sw2 of around 75%. On the
other hand, the 10Co /CeO: catalyst presented a decrease in
CO conversion from 75% to 40% after 3 h of reaction, while
the Swz2 increased from 80% to 100%.
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Fig. 2.  Catalytic tests for 10Co/CeO, and 15Co/CeQ, samples.
WGSR conditions: T = 350°C, me: = 200 mg, H,0/CO = 3, 120
mL/min of 10%CO/Ar. Filled symbol: Xco, Empty simbol: Suz

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, me: = 200 mg, 120 mL/min of
10%CO/Ar and H,0/CO = 3. Filled symbol: Xco, Empty simbol: Syarhe

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 SnO,. 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 CeO; supports.
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Table 1 shows the XPS ratio between Sn and Ce species on
the surface of the materials. The samples present almost the
same Ce3*/Ce* ratio. The Sn?*/Sn** ratio decrease while in-
creasing the tin charge.

Fig 5. shows the H2-TPR results. Three peaks are ob-
served in the thermograms, named a, B and y, which corre-
spond to the reduction of Co304 to Co?*, Co?* to Co®, and Sn**
to Sn?*, respectively.

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

Samples a%Sn bSn2+/Sn%* bCe3*/Ce?*
15Co/Ce0, - - 0.72
15Co/CeSn(5%) n.d. 0.24 0.72
15Co/CeSn(30%) 27.8 0.07 0.68

aObtained by XRF, PObtained by XPS, n.d.: No data
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Fig. 5. H,-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
Co304 and Ce0: phases. The used 15Co/CeQ2 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/CeO: catalysts. At
400°C the reference material (15Co/Ce02) 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/Ce02 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 Hz. 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 Ce0O: 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 Co® 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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