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Catalytic performance of CuO/La;_,Ce,CrO; in the steam reforming of methanol
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ZHAO Ying-qi' , GENG Zhong-xing', GAO Zhi-xian'
(1. School of Petrochemical Engineering, Liaoning Shihua University, Fushun 113001, China;
2. Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001, China)

Abstract: A series of supported CuO/La,_,Ce,CrO; catalysts were prepared by the sol-gel method and the effect of
Ce doping in the A site on their structure, properties and catalytic performance in the steam reforming of methanol
were investigated. The results indicate that the Ce doping impacts mainly on the reduction performance of CuO and
the interaction between the perovskite support and CuO, which in turn influences the catalytic performance of
CuO/La;-Ce,CrO; in methanol steam reforming. In particular, the CuO/LaysCeo,CrO; catalyst demonstrates
adequate performance in methanol steam reforming; over it, the methanol conversion reaches 100% under 280 °C,

water/methanol molar ratio of 1.2 and methanol gas hourly space velocity of 800 h .
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1 La,.Ce,CrO; £54k# A XRD 1
XRD patterns of the La,—.Ce , CrO; perovskite supports

a: LaCrOs; b: Lag3Ce,CrOs; ¢: LagsCeysCrOs;
d: La{),zceo_gcrOjg
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Figure 2 XRD patterns of various CuO/La,_Ce , CrOs catalysts
a: CuO/LaCrOs; b: CuO/Lag3Ce,CrOs; ¢: CuO/LagsCe(sCrOs;
d: CuO/Lagy,CeysCrOs
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Figure 3 Relationship between the unit cell parameters of the
La,_.Ce , CrO; perovskite and the Ce/La molar ratio
a: LaygCey,CrOs; b: LagsCeysCrOs; ¢: Lay,CeysCrO;
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Table 1 Surface area and pore structure parameters of La,_.Ce , CrO; support and CuO/La,_,Ce , CrO; catalysts
Aggr/ Pore volume v/ . Cu surface area A/ H, production rate/
Catalyst 2 -1 3 -1 Bore diameter/nm 2 -l -1 -1
(m-g ) (cm™-g ) (M geu ) (mL-kgew s )
LaCrO; 10.6 0.02 3.06 - -
LaysCe,CrOs 15.3 0.06 3.44 - -
Lao,sCeo_5CrO3 22.6 0.12 3.66 - -
La{);Ceo_gCrOg 24.1 0.15 391 - -
CuO/LaCrO; 12.1 0.03 3.09 2.1 651
CuO/Lay5Ce(,CrOs 16.6 0.06 3.54 3.1 1056
CuO/LaysCesCrOs 25.5 0.13 3.73 2.8 746
CuO/Lay,CesCrOs 27.1 0.15 3.92 2.8 669
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Figure 4 N, adsorption-desorption isotherms of various . QM\
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Figure 5 H,-TPR profiles of various CuO/La,;_.Ce «
CrO; catalysts
a: CuO/LaCrOs; b: CuO/Lag3Ce,CrOs; ¢: CuO/LagsCe(sCrOs;
d: CuO/Lag,CepsCrOs
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Figure 6 Activity of various CuO/La;_,Ce , CrOs catalysts as a
function of temperature in the methanol steam reforming
a: CuO/LaCrO;; b: CuO/LagsCe,CrO;; ¢: CuO/LagsCeysCrOs;
d: CuO/Lag,Ce3CrO;
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Figure 7 Effect of reaction temperature on the CO content in
reformate over various CuO/La;_Ce , CrO; catalysts
a: CuO/LaCrOs; b: CuO/La,3Ce-CrOs; c: CuO/La, sCesCrOs;
d: CuO/LaO_ZCeo,gCrO3
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Table 2 A comparison of various catalysts in the hydrogen production rate

Catalyst Temperature #/°C Water/methanol mol/% GHSV/h ' H, production rate/(mL kg s ')
CuO/LaysCey,CrO; 280 1.2:1 800 1056
Cu0/Ce0,R" 240 1.2:1 800 378
Cu0/Ce0,"” 280 1.2:1 800 380
CuznCezi™ 240 1.2:1 1200 510
ZngCe Zr,0,"” 450 1.4:1 1500 808
3 % I%, AL TG Mk 4. HoH, CuO/LagsCeooCrO; 11k

W AE A I JCEH Ce JUR B LX) LaNiO;
AL — 2 A U, RGBT T Ce LEB
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RERYRE N . SR, 848 Ce JUR F L5 T i
A0 1 30 D M e R 2R AR 5 CuO AR R T, i 4
53 VR AR ] %) AF ELAE B , CuO B 3 T I 3 K
& 30k

I ELA 55w CuO-Z1 A4 1] A7 B.AE H, 7€ 280 °C, H,0/
MeOH (¥ 5 i & )= 1.2, GHSV =800 h ' i, H it
AL AR F] 100%. I, 1E & A Az kR BA
WA et RE, A — 2R, AT IE 2R
B FF AT
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