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Effect of calcination temperature on the catalytic performance of
the hydrotalcite derived Ce/Cu/Zn-Al catalysts for hydrogen
production via methanol steam reforming
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Abstract: ZnAl-LDHs was prepared by in-situ synthesis method on the surface of y-Al,O,, and then a series
Ce/Cu/Zn-Al catalysts were prepared by ordinal wet impregnation method. All the catalysts were characterized
by XRD, BET, H,-TPR and XPS to investigate the effects of calcination temperature on the surface structure of
Ce/Cu/Zn-Al catalyst and its catalytic performance in methanol steam reforming. The results showed that
calcination temperature mainly influenced the specific surface area of copper, surface oxygen vacancy content and
the interaction between Cu and Ce. When the calcination temperature is 500 C, the specific surface area of Cu is
larger, the content of oxygen vacancy is higher and the interaction between Cu and Ce is stronger. Therefore,
the catalytic activity of the catalysts for methanol steam reforming is the best. When the calcination temperature
rises to 700 C, the Cu species mainly exist in the form of stable CuAl,O, spinel, which is not conducive to the
reaction of methanol steam reforming, resulting in lower catalytic activity.
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Figure 1 XRD patterns of the catalysts calcined

at various temperatures
a; Ce/Cu/Zn-Al-400; b: Ce/Cu/Zn-Al-500;
c: Ce/Cu/Zn-Al-600; d; Ce/Cu/Zn-Al-700
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Table 1 Physical characteristics of the prepared catalysts and hydrogen production rate in methanol steam reforming
Ager Pore volume Pore size Cu surface area® H, production rate”
Catalyst N Cu dispersion’/ % R
/(m?-g™") v/ (em’-g™") d/nm A/(m’-g™) /(cm’ kg™ .s7")
Ce/Cu/Zn-Al-400 84.7 0.35 15.6 4.8 2.7 603.3
Ce/Cu/Zn-Al-500 109.6 0.41 15.3 11.5 \6.3 810.7
Ce/Cu/Zn-Al-600 77.2 0.38 18.8 3.7 2.0 505.4
Ce/Cu/Zn-Al-700 72.2 0.37 20.7 2.7 1.5 330.3

*. determined by N,O experiments;

®. reaction conditions: atmospheric, 240 C, W/M=1.2:1, GHSV=800 h™', no carrier gas
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Figure 2 H,-TPR profiles of the catalysts
calcined at various temperatures
a; Ce/Cu/Zn-Al1-400; b; Ce/Cu/Zn-Al-500;
c: Ce/Cu/Zn-Al-600; d; Ce/Cu/Zn-Al-700
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Figure 3 Zn 2p XPS spectra of the catalysts

calcined at various temperatures
a; Ce/Cu/Zn-Al-400; b: Ce/Cu/Zn-Al-500;
c: Ce/Cu/Zn-Al-600; d; Ce/Cu/Zn-Al-700

4 R AS [R5 B IR BE R il 4% 1) Ce/Cu/Zn-Al
AL AL 2p B9 XPS 1EE], 74.3 eV BT A9 RRAE IG
X AL B T HFE5 A RS I 4 AT, AN TE
SRR T AL AL AO 25 A RESEACH ], UL RF
PRV WAL 7 2 T 9 Cu-Al F1 Ce-Al [8] 44 B.4E

MK,



1486 wooR 4k

g,
¥

il 46 &

L
&

Intensity / (a.u.)

1 1

80

R

Binding energy  E /eV

4 AFIRBEIELEE T fl & AL R B9 Al 2p B9 XPS $E5 5]

Figure 4 Al 2p XPS spectra of the catalysts
calcined at various temperatures

a; Ce/Cu/Zn-Al-400; b: Ce/Cu/Zn-Al-500;

c: Ce/Cu/Zn-Al-600; d: Ce/Cu/Zn-Al-700
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Figure 5 Cu 2p XPS spectra of the catalysts
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Figure 6 Cu Auger spectra of the catalysts
calcined at various temperatures

a; Ce/Cu/Zn-Al-400; b; Ce/Cu/Zn-Al-500;

c: Ce/Cu/Zn-Al-600; d: Ce/Cu/Zn-Al-700
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Figure 7 Ce 3d XPS spectra of the catalysts
calcined at various temperatures
a; Ce/Cu/Zn-Al1-400; b: Ce/Cu/Zn-Al-500;
c: Ce/Cu/Zn-Al-600; d: Ce/Cu/Zn-Al-700
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Figure 8 O 1s XPS spectra of the catalysts
calcined at various temperatures
a; Ce/Cu/Zn-Al-400; b; Ce/Cu/Zn-Al-500;

c: Ce/Cu/Zn-Al-600; d; Ce/Cu/Zn-Al-700
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Table 2 Ce 3d and O 1s XPS curve-fitting results of catalysts calcined at various temperatures

Oads/( Oads+O—OH+Olal[ ) W/%

Catalyst ce**/(Ce*+ Ce*) /%
Ce/Cu/Zn-Al-400 21.77
Ce/Cu/Zn-Al-500 21.89

Ce/Cu/Zn-Al-600 21.61
Ce/Cu/Zn-Al-700 20.58

0.62
0.40
0.39
0.27
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B, 78 SN R E A 250 °C B, B 5 Ak Rk
100% K5 HEiR A 700 Ty AL TGP 22 | 16 N
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Figure 9 Catalytic activity as a function
of the reaction temperature
[1: Ce/Cu/Zn-Al-400; £Z74: Ce/Cu/Zn-Al-500;
E=: Ce/Cu/Zn-Al-600; [: Ce/Cu/Zn-Al-700;
X thermodynamic equilibrium
(reaction conditions; W/M=1.2:1,

GHSV =800 h™", no carrier gas)
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Figure 10 CO molar concentration as a function
of the reaction temperature
72743 Ce/Cu/Zn-Al-400; ES: Ce/Cu/Zn-Al-500;
M. Ce/Cu/Zn-Al-600; XXY: Ce/Cu/Zn-Al-700;
[1: thermodynamic equilibrium
(reaction conditions; W/M=1.2:1,

GHSV =800 h™", no carrier gas)
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