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Abstract: Cerium dioxide nanomaterials were synthesized by hydrothermal method under different roasting
atmosphere. Subsequently, CuO/CeO, catalysts for methanol steam reforming were prepared by
impregnation method. SEM, XRD, BET, H,-TPR and N,O titration and XPS were adopted to characterize
these materials. The effects of CeO, morphology on the structure, properties and performance of the
catalysts were investigated. The results showed that the CuO impregnated on CeO, nanorods (CuO/CeQ,)
catalyst demonstrated the best catalytic performance mainly due to a strong interaction between CeO,
nanorods and CuO, and many lattice defects and oxygen vacancy on the surface, which led to the increase
of Cu content on the surface phase of the CuO/CeO, catalysts. The reduction temperature decrease of Cu
species on the surface phase enhanced the catalytic activity. When the reaction temperature was 260 °C, the
water/methanol molar ratio was 1.2 and the methanol gas hourly space velocity was 800 h™', the methanol
conversion was 100% and the CO molar fraction of 0.16% was obtained in steam reforming reaction.
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RS2 120 H, F A miirat 15 2] 40~80 H 1L
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BIGF A Hy, CO,. CO SARFEA SP1000 (b4
B ) SAHOREFEL AT, o IR eAE, HERE
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X /% = Fr x[x(CO) + x(CO,)]x (32 +18w) /

(F x px22.4x1000)x100 (1)

Y(H,) =[Frxx(H,)x P]/(RT x meat x 60) (2)

Sco /% = x(COY/[ x(CO)+ x(CO,)] x 100 (3)
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Fig. 2 XRD patterns of CeO,-X and CuO/CeO,-X
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Table 1 Physical characteristics of the prepared catalysts and hydrogen production rate in methanol steam reforming
AL CeOytod  CeOrmix  CeO,-cube  CuO/CeOs-rod CuO/Ce0,-mix CuO/Ce0,-cube
deuo/nm — — 21.9 27.9 28.4
Sppr/(m/g) 60.5 58.6 48.2 423 52.4
LA /(cm’/g) 0.14 0.27 0.11 0.17 0.19
Cu 7ML /% — — 16.01 12.55 11.30
Cu [LERHF/(m/g) — — 9.23 7.24 6.50
FrA R ( umol/(kg-s) ] — — 18727.7 14321.4 11227.7

@ CuO MR SHE CuO 260=38.7°4b15; @5 S RIEAE N IR A 260 °C, n(K)/n(FEE)=1.2, H AR 23 800 h!

WIS —2R B IR U o
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Fig. 3 H,-TPR patterns of the CuO/CeO,-X catalysts
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Fig. 4 Cu 2p XPS spectra (A) and Cu Auger spectra (B) of
CuO/Ce0,-X catalysts
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Y, Kk, & 4B Y 917.6 Fi1 914.6 eV Fif~
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VLIATE AL R TAFE Co” Il Cu' A Cu® P,
{H XRD B H, JFBEA B Cu,O0 RAFAEAT I,
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B, 20 Cu™Wifh e T a4 Jm 5 48k ny 2w ik
AR Cu" B PR BRI Cu 5 Ce K4 TH
SRAAH AR, fif3 Co™ B Tk Cu' B F (Ce’”
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[ 5 281 CuO/CeO,-X LTI Ce 3d X HF £t
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& 5 AT, BT Ce BY 3d BEZU H HEHLE 7
2L, LI T 8 MR, Hr u~u"H Ce 3d3)
() [ BERLIE B ERE IS, v~v"Ky Ce 3ds, B [ e iE
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)8 N Ce> B F 1 3ds, A1 3ds, HHLT45 G 8E, HE
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Fig. 5 Ce 3d XPS spectra of CuO/CeQ,-X catalysts
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Cu0O/Ce0,-mix Fl1 CuO/CeO,-cube 1E1L5F 1, Bl 40
KFEIR CeO, S/, Ce¥ S L, MM
rh TR SR R AR D, IR AT PR . 3R
2 RS THAERIRE Cu T SRR
%, CuO/CeO,-rod AL Cu J5i 1 EE,

AL ORI RN 2 —, X 5% 1 F
Cu 1Y b R MR ZE R —2,

2 LAY Cu LMM AES Fll Ce 3d XPS HiZ4ll&445
Table 2 Cu LMM AES and Ce 3d XPS curve-fitting analysis
results of catalysts

AL Cu & /%" Ce™ & /%” n(Cu)/n(CutCe)
Cu0/Ce0y-rod 44.97 20.09 0.193
Cu0/Ce0,-mix 43.49 1431 0.186
CuO/CeO,-cube 43.25 13.92 0.173

1 QML PR 098 B 7L Cu LMM AES Tl ; @
AT P R Ce™ i BEAE Ce 3d XPS HHilllf5 .

6 " CuO/CeO,-X HEALFIH O 1s X HZk It
THETE . 529.0 eV Kb AR AEIEXT R A% 4 (O7) 1Y
M F45 408, 531.1 F1 532.8 eV AbMASAFIGERT i 3
T B (O, ). R F K /3T F23k (—OH)
A CEl ) 2 0T B AG B R ki AR Y 45 A BERY

529.0; Ols

529.0;

53281 5314 ‘
b

529.0;

5310,
. T

536 534 532 530 528 526 524
Binding energy/eV
Bl 6 CuO/CeO, fiEfLH O 1s iy XPS i F

Fig. 6 XPS spectra of O ls binding energy region obtained
from CuO/CeO,-X catalysts
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Fig. 7 Conversion of methanol as a function of the reaction
temperature
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Fig. 8 Profiles of molar fraction of CO as a function of the
reaction temperature
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Table 3 Comparison of CO selectivity at almost the same
methanol conversion
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Table 4 Comparison of Cu based catalysts for methanol
stream reforming
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