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Effect of promoter on performance of hydrogen production
from steam reforming of dimethyl ether with a metal foam microreactor

HAI Hang'*, YAN Chang-feng'*>, HU Rong-rong', GUO Chang-qing', LI Wen-bo'
(1. Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; The CuO-ZnO-Al,O,/HZSM-5 catalyst prepared by co-precipitation and mechanical mixing with
HZSM-5 was used for hydrogen production from steam reforming of dimethyl ether. The effects of Cr, Zr, Co
and Ce promoters on catalyst performance were investigated by means of X-ray diffraction( XRD) , temperature
programmed reduction (H,-TPR), SEM and BET. The results showed that addition of promoter Cr can reduce
the average pore diameter and reduction temperature of catalyst effectively, and inhibited the form of Zn( OH),
in the catalyst preparation process. The conversion of dimethyl ether and hydrogen yield reaches 99% and 95%
respectively at low reaction temperature. The effects of reaction termperature, space velocity and steam-to-DME
ratio were investigated. At the conditions of 250 “C, the space velocity of 3 884 mL/(g. h), H,O/DME=35,
over 97% of DME conversion was obtained over the CuO-ZnO-Al,O,-Cr,0,/HZSM-5 catalyst and the catalytic
activity has no obvious deactivation during 50 h durability test.
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Table 1 BET and pore properties of different catalysts
Catalyst Aper/(m*-g™") v/ (em’-g™) d/nm
Cu,Zn, Al, ,/HZSM-5 190.6 0.291 6.06
CuyZn, Al, Cr, /HZSM-5 206.0 0.326 4.52
Cu,Zn, Al sZr, /HZSM-5 175.9 0.217 4.94
CuyZn, Al, sCo, ;/HZSM-5 186.3 0.252 5.37
CuyZn, Al Ce, ;/HZSM-5 186.6 0.294 6.29

Bl 1 RFEKEEEE A 5 K F1 0. 1 MPa, 25 3
5180 mL/(g-h) I, CuZnAlx/HZSM-5 Jifi & It

60
100 . n » .
£ sl .% / .
= o N
- & 74 —40 5
g 60 - =
5 =
= » - 8
S 40 P E
- R
2 / &)
20 - X
* #/2/—: * ¥
| | | " 1 1 | |
230 240 250 260 270 280 290
Temperature  #/°C
1

Figure 1

1 1R B R AR B CO e #81: Ft 7R E
HAZ AL

100 -

80 -

60

40 -

Hydrogen yield w /%

20

230 240 250 260

Temperature

270
t/C

280 290

AN [5) B X f A) AE A  BE A2 1)
DME conversion, CO selectivity and hydrogen yield over the CuZnAlx/HZSM-5 catalyst with

different promoter under the conditions of H,O/DME=5, p=0.1 MPa, GHSV=5 180 mL/(g-h)
m: Cu,Zn,Al, ;Cr, s/ZSM-5; A: CusZn,Al, ;Zr, /ZSM-5;
v CugZny Al ;Co, s/ZSM-5; % : CusZn,Al, ;Ce, /ZSM-5; ®: CusZn,Al, ,/ZSM-5
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Figure 2 SEM images of the CuZnAIX catalyst
(a): CuZnAl; (b): CuZnAlCr; (c): CuZnAlZr; (d): CuZnAlCo; (e): CuZnAlCe
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performance under the conditions of space
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t=250 C, CuZnAICr:HZSM-5=1:1( weight ratio)
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