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Abstract — The comparison work was conducted for the methanol steam reforming among commercial Cu-based cat-
alysts, viz. ICI-M45, which is for the methanol synthesis, MDC-3 and MDC-7, which are for the water-gas shift reac-
tion. The catalytic activity for the water-gas shift reaction was also compared over three catalysts. Among them, MDC-7
showed the highest methanol conversion and formation rate of hydrogen and carbon dioxide at 473 K for the methanol
steam reforming. To find out any promotional effect between ICI-M45 and MDC-7, three different packing methods
with these two catalysts were examined. However, no synergistic effect was observed. The catalytic activity for water-
gas shift reaction decreased in the following order: MDC-7 > MDC-3 > ICI-M45. The highest activity of MDC-7 for the
methanol steam reforming as well as the water-gas shift reaction can be due to its high surface area, copper dispersion,
and an adequate Cu/Zn ratio.
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Table 1. Catalyst composition and structural parameters of the catalysts

23

Catalyst® Catalyst composition [wt.%] ol . Cu® dispersion C}f BET surzface area  Pore vsolume Average Pore
u 7n Al surface arealm~/g| [%] crystalline[nm] [m~/g] [em”/g] diameter [A]
ICI-M45 36.9 239 8.68 3.58 1.50 10.1 79.4 0.278 140
MDC-3 29.4 343 4.80 5.77 3.04 9.7 83.7 0.301 144
MDC-7 29.1 349 4.74 7.72 4.11 8.9 98.2 0.383 156

#Catalysts were reduced in H, for 1 h at 523 K.

The Cu surface area was determined by N,O titration at 363 K as reported by Evans et al. [12].

“The crystalline size of Cu was calculated using the Scherrer’s equation.
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Fig. 1. The temperature-programmed reduction patterns of the fresh
commercial catalysts, viz. ICI-M45, MDC-3, and MDC-7.
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Fig. 2. X-ray diffraction (XRD) patterns of the commercial catalysts

as received (A) and reduced at 573 K in H, (B). (@) Cu
(JCPDS No. 45-0973), () AIO(OH)(JCPDS No. 21-1307),
(A) C(JCPDS No. 75-2078), (¥) ZnO(JCPDS No. 47-1019), (¢)
(CuZn)4Al,(OH),,CO5-4H,0(JCPDS No. 38-0487).
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Fig. 3. The variation of methanol conversion with time on stream
for the steam reforming of methanol over different cata-
lysts at 473 K. The feed composition: 50 mol% H,O, 33
mol% CH;OH and 2 mol% N, in He. The gaseous feed flow
rate=30 mL(STP)/min. The weight of the catalyst=0.50 g.
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Fig. 4. The formation rates of hydrogen and carbon dioxide with
time on stream for the steam reforming of methanol over
different catalysts at 473 K. The feed composition: 50 mol%

H,O0, 33 mol% CH3;OH and 2 mol% N, in He. The gaseous
feed flow rate=30 mL(STP)/min. The weight of the cata-

lyst=0.50 g.
29 BAEEE 7507 B uof it A3 WA AES Felst
T A3tk FYF Cwzn EHE ZH= MDC-38F MDC-79] 74-9- v
B 757) NENES-S) RESAS2 Fvlle] v A7) Ado] Ol
A0 7 Holu, o]i= Bl N EHA S 7F Cw/Zn/Al FVil7} =2 o]
RS AsHE-S Hol: Agarwal S[18]9) A+Awe} Ax)sit},. 17

=

3L Shen®} Song[15]= Cu/Zn EH]7} ¢k 10]v], TRoksl B EWH A&
7H FuilE 7P 5 nl A 7R Sl Edo) M =5
Huspglet, s, fAFSE B34S ZHs Cw/zZn FaljelA] Cue] &
AP 9} wjghE dslgo] HlEISthE Lindstrom 51412} Alejo 5
[19]¢] -8 MDC-7, MDC-3, 18] I ICI-M45 Zu2] v w232
o} Tt AEES HolFal Qlth. CwZn/Al 4] EmjlolA] Cu
o] & BAAT} AN} wighE Hskgel 394l Y¢S Tk
Huang ‘5-[20]¢] A3A7-A 79} AAsh= Z1& ERIgk = Qi ICI-
M45:= MDC-39} MDC-7¢1] H|3l1A] 35 Cw/Zn w115 23l Q&
5 Bt vt Al 7H] A gFullellA] 7 W weke:
5 1ol Fet) o= A3 Cugt Znite) AT Ao T3k
HolFE= Avelar £ 5= 9)v}. Huang S[201S Cw/Zn ZH|7}F 172 ~
2/1 W99 EmS Axslo] 523 KoM mlghe 571 2nks-2l
38 A8t 1 A, Cu/zn BH)7F 1Y o, 95k vjgke A
-85} QPgAS 7R o83 A3l THE MDC-32F MDC-791|14]
Cus} Zno] o] vghe H3ho)] T3 TS svh= 2& &
AT}, T3 Cu/zn B417F 10/0~0/10 912 S 8] w3t Huang 5
2112 Wang 5[22]2] ATIME 4/6~6/4 WS 2] SuljSo] Hghe:
F57] WA 8t @448 BT 1283l CwZn BH)7)
8291 10/0%] FHlE2] 735 FA4] ¢ S w3t olejet Aul=
Cu o] =& Svll= sk Adee] Sullxo] /d=]of mghe:
Aol T2 ks 71A]7] wfiZo|t}8,23,24]. Fogh Takeguchi
5251 vleke 57 ANARES el Cu SRk} el ke
Cus} Aol WAS @AV ok Baski).

N,O F243= npgho 2 TOFsZ AXLE 193 vghs: 5]
NARES A3S 473 KoM 3siQlt. o A3 et 5dst =
ZAeflA Full k& 0.10 g ARE3te] Xgsict. L A3 MDC-7
|7} 12.42%% 71 32 WigkE 18E-S 190w, MDC-39} ICI-



Algke 5571 PaRkgelrM ] A= nlawdT 25

M457} Z12F 10.87%%} 9.75%2] wlehe: 3-84S Rt} o] kA
9} m A2 HEke Askeo] cu THA T Bk AL el
= St} o] & v o & 7k Zujlof ti$k TOFsE AXISHA 1CT-M45,
MDC-3 233 MDC-7°] 22} 0.0312, 0.0229, &)1 0.0197 572
e BYS o & ok Wang S[261 Cu BT 7HE £ cuw/
Zw/Al FA)7} vehE 57 ERES el =2 wlEhe H3kes B
oL}, TAlo] W& TOFs 8 S ¥ st

gk $57] ZiARESo] Mgk w8l vk 97 gks
o] d#e] A% wkgo 2 Tk gk 34 whe-% FHul
ICI-M459} A7~ ARS8 F1iQl MDC-72 243] 2319
7t ZulE e 0 7 A}E3E ARt} 22 WA o] i) rbse
Aoz o3k 4 glvk whiEbA ICI-M458F MDC-72 %315k Sl =
ol AdAve} Z47te) A8 Fnll B0 b AEAANE A
“Fefjell A T8kl Fig. 581 60l YERASITE T30 WS WA 242<]
FE 025 gd S v, T FHlE Erdsil £ste] kg
53} AEA17]= 749 (ICI-M45+MDC-7), MDC-7 & Bk3-53}

o = A LA

9 o

m
N ——
= 304
=
5 - _I_ —I—
@ ER
5
Z 20 -
=]
S
=
)
§ 10 9
0 2 Yoy g, %
(& C,
2y, Mo Moe Mo Mog
7y O > e, e, o,
Dy gy O
s 95 ~>

Fig. 5. The steady-state methanol conversion for the steam reform-
ing of methanol over different catalysts at 473 K. The feed
composition: 50 mol% H,0, 33 mol% CH3;OH and 2 mol%
N, in He. The gaseous feed flow rate=30 mL(STP)/min. The
weight of the catalyst=0.50 g.
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Fig. 6. The steady-state formation rates of hydrogen and carbon diox-
ide for the steam reforming of methanol over different cata-
lysts at 473 K. The feed composition: 50 mol% H,O, 33
mol% CH;0H and 2 mol% N, in He. The gaseous feed flow
rate=30 mL(STP)/min. The weight of the catalyst=0.50 g.
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Fig. 7. The reaction rate of CO, R, (umol, g, "*s™) during the
water-gas shift reaction over the commercial catalysts at 473 K.
Feed composition: 6.7 mol% CO, 6.7 mol% CO, and 33.2 mol%
H,O in H,. The feed flow rate=100 mL(STP)/min. The weight
of the catalyst=0.10 g.
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