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1. Introduction 

 Dimethyl ether (DME) (CH3OCH3) 

Necessity of development of hydrogen production 
catalysts from DME steam reforming efficiently 

DME → Source of hydrogen for fuel cells and FC vehicles.     
           Carrier and storage of hydrogen. 

・Physical properties similar to those of propane and LPG. 
     Substitute of LPG.  Possible to use LPG infrastructure. 

・High cetane number.   Possible to use as diesel engine fuel. 
     Substitute of light oil (diesel oil).  

・Less harmful, and no sulfur. 

・No particulate matter (PM) and SOx, and less NOx. 

・DME price ≒ LNG price (Mass-production, direct synthesis) 

   ⇒ Clean fuel for the 21st century 
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 Mechanism of hydrogen  (less CO) production with DME steam reforming 

CH3OH + H2O  →  3H2 + CO2 

Steam reforming of methanol （Hydrogen production）： Cu 

    CH3OCH3 + H2O  → 2CH3OH （ Rate-determining step ）  

Hydrolysis of DME： g-Al2O3 （Lewis ac id sites） 

＋ 

CH3OCH3 + 3H2O  →  6H2 + 2CO2 

H2 production activity :  
“Single use of Cu-Zn/Al2O3 catalyst prepared using the sol-gel method” ＞ 
“Mixed catalysts: DME hydrolysis catalyst & methanol steam reforming catalyst” 

K. Takeishi, K. Yamamoto, Japan Patent No. 3951127 (2007); US Patent US 
7,241,718 B2 (2007); K. Takeishi, H. Suzuki, Appl. Cat. A: Gen. 260, 111 (2004); etc. 

Endothermic reaction: 24 kJ (mol-H2)
-1  (Cf. CH4 : 42 kJ (mol-H2)

-1) 
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Fig. 1. The conceptual figure of the 
general DME steam reforming 
catalyst (Mixing of DME hydrolysis 
catalyst and methanol steam 
reforming catalyst ) 

Fig. 2.  The conceptual 
figure of the DME steam 
reforming catalyst prepared using 
the sol-gel method (Singly use of 
Cu/Al2O3 (sol-gel)) 
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1. Introduction 
 Comparison between the mixed catalyst and the single type catalyst  

H2O H2O 

  Cu/Al2O3 catalyst prepared using the sol-gel method are more excellent 
for hydrogen production than the mixed commercial and impregnation 
catalysts. → The active sites for each reaction are existing closely, so the 
two reactions progress more consecutively over the single type Cu/Al2O3 
catalyst prepared using the sol-gel method than over the mixed catalysts. 
The single type catalyst is effective for DME steam reforming. 
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This  study  

  Promotion of this excellent DME steam  
   reforming catalyst prepared using the sol-gel  
   method. 
 

   ・ Improvement of preparation procedure. 
   

    ・ Addition effect of CeO2 (promoter for   
      methanol steam reforming). 
 

  Examination of the acid sites on the DME  
   steam reforming catalysts and the effects of  
   the catalysis activity by the acidity. 

1. Introduction 
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2-1. Catalysts  

   Two Cu(29wt%)-Zn（1wt%）/Al2O3 catalysts, and two 

Cu(29wt%)-Zn（1wt%）-CeO2(1wt%)/Al2O3 catalysts prepared 

using two sol-gel methods, the one-step method and the 

consecutive method. 
 

2-2. Pretreatment for catalysts 

     Calcinations at 500 oC for 5 h, and reduction with  
      hydrogen at 450 oC for 10 h.  

                 In order to prevent sintering of each catalyst at  

                 reaction, the each catalyst was suitably sintered  

                 before the reaction by this pretreatment. 

2. Experimental 
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Preparation of catalyst :  One-step sol-gel method 

Evaporation. 

Drying. 

e.g. 
Crushing under 150 µm，
Calcination： 500 oC×5 h， 
Reduction： 450 oC×10 h. 

Aluminum isoproxide 
 

Al [OCH(CH3)2]3 

Water 
H2O 

Dil. HNO3 aq. 

Alumina clear sol 

Dried gel 

Cu-Zn/Al2O3 catalyst 

Ethylene glycol 
 

HOCH2CH2OH ＋ ＋ 

ｐH: 1 - 2. 

70 oC heating, being stirred. 

＊This method makes the 

metals dispersed more than 

the next method. 

Nitrate solution etc. 
(Ex. Cu(NO3)2, Zn(NO3)2 aq.) 
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Preparation of catalyst :  Consecutive sol-gel method 

Being stirred.  

Evaporation. 

Drying. 

e.g. 
Crushing under 150 µm，
Calcination： 500 oC×5 h， 
Reduction： 450 oC×10 h. 

Aluminum isoproxide 
 

Al [OCH(CH3)2]3 

Water 
H2O 

Dil. HNO3 aq. 

Alumina clear sol 

Dried gel 

Nitrate solution etc. 
(Ex. Cu(NO3)2, Zn(NO3)2 aq.) 

Cu-Zn/Al2O3 catalyst 

Ethylene glycol 
 

HOCH2CH2OH ＋ ＋ 

ｐH: 1 – 2. 

70 oC heating, being stirred. 
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2-3.  Characterization 

 ・ BET specific surface area (-196 ℃ ）.                  

 ・ CO adsorption（0 ℃）. 
 ・ Pyridine adsorption（50 ℃, app. 20 mmHg,  
     30 min）, and observation of acid sites using 
     vacuum and heating type Diffuse Reflectance  
     Infrared Fourier Transform Spectrometry.  
   

  
Closed 
circulation 
type 
reaction 
system 

DRIFTS 

2. Experimental 
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2. Experimental 

2-4 Steam reforming of DME, and analysis method 
 

 ・ Atmospheric pressure flow reactor system  
 
 

 ・ Catalyst: 0.１g  
 

 ・  Reaction gas: DME-water = 12-36 mmol g-cat
-1

 h-1    

                                           CH3OCH3 + 3H2O → 6H2 + 3CO2 

                    (Ar: For dilution, and GC internal standard) 

              (Total GHSV： 75x1000 h-1,  

              DME-water GHSV： 1.6x1000 h-1) 
 

    

  ・ Analytical method for reactants and products: GC  
                                               (TCD, FID, Methanyzer) 
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3. Results and discussion 
      Difference of the catalyst properties by the two sol-gel    
     preparation methods 

 The catalysts prepared using the consecutive method have smaller 
specific surface area, amount of CO adsorbed (this factor relates to the 
amount of active sites), and metal dispersion than those prepared using the 
one-step method.  The addition of CeO2 did not affect to those physical 
data remarkably, because the addition percent was small like 1 wt%.  

Catalyst BET surface area  
(m2 g-1) 

Amount of CO  
adsorbed (mmol g-1) 

Metal dispersion 
(%) 

Cu-Zn/Al2O3  
(One-step method) 

209 0.18 3.9 

Cu-Zn/Al2O3  
(Consecutive method) 

190 0.14 3.1 

Cu-Zn-CeO2/Al2O3  
(One-step method) 

208 0.19 4.0 

Cu-Zn-CeO2/Al2O3  
(Consecutive method) 

202 0.15 3.1 

  Table  Physical data of the Cu-Zn(29-1wt.%)/Al2O3 catalysts 
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 The H2 production rate of the Cu(29wt%)-Zn(1wt%)-CeO2(1wt%)/Al2O3 

catalyst prepared using the consecutive method is fastest, even if the 
physical properties, such as CO adsorbed amount, are lowest among the four 
catalysts.  CeO2 addition promotes the methanol steam reforming activity.  

3. Results and discussion 
 Difference of catalysis activity for H2 production by the two   
 sol-gel preparation methods 

Figure.  DME steam reforming over four catalysts prepared by the two sol-gel methods.  
            ( Reaction temperature dependence for H2 production rate.) 
           （Catalyst weight： 0.1g, reaction gas： DME-H2O = 12-36 mmol g-cat

-1 h-1） 
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Figure.  Kubelka-Munk conversion spectra of DRIFTS after the each temperature evacuation 
of pyridine adsorption over the Cu-Zn/Al2O3 catalyst prepared using the consecutive method. 

3. Results and discussion 
  Pyridine adsorption over the Cu-Zn/Al2O3 catalyst prepared 
using the consecutive method  

 Even if the catalyst was heated and evacuated at 450 ℃, the peak of 
1450 cm-1 (pyridine adsorption to Lewis acid sites) is left.  → It means 
there is strong adsorption and strong acidity.  → The strong acidity 
hydrolyzes DME to methanol well, and the H2 production is accelerated. 

0

1

2

3

4

5

6

7

14001450150015501600

λ / cm-1

K
u
be

lk
a-

M
u
n
k 

/
 a

. 
u
.

50℃

100℃

150℃

200℃

250℃

300℃

350℃

400℃

425℃

450℃

The peak is still existing. 



14 

Figure.  Kubelka-Munk conversion spectra of DRIFTS after the each temperature evacuation of 
pyridine adsorption over the Cu-Zn-CeO2/Al2O3 catalyst prepared using the consecutive method. 

3. Results and discussion 
  Pyridine adsorption over the Cu-Zn-CeO2/Al2O3 catalyst 
prepared using the consecutive method 

 Even if the catalyst was heated and evacuated at 450 ℃, the peak of 
1450 cm-1 (pyridine adsorption to Lewis acid sites) is left.  → It means 
there is strong adsorption and strong acidity.  → The strong acidity 
hydrolyzes DME to methanol well, and the H2 production is accelerated. 
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Figure.  Kubelka-Munk conversion spectra of DRIFTS after the each temperature evacuation 
of pyridine adsorption over the Cu-Zn/Al2O3 catalyst prepared using the one-step method. 

3. Results and discussion 
  Pyridine adsorption over the Cu-Zn/Al2O3 catalyst prepared 
using the one-step method  

  The peak of 1450 cm-1 (pyridine adsorption to Lewis acid sites) was 
disappeared, when the catalyst was heated and evacuated at 450 ℃.  In 
case of the one-step method, addition of ZnO and/or CeO2 weakens 
the Lewis acidity of the Al2O3. 
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Importance of the acid sites of catalysts in DME steam reforming 
   Mechanism of hydrogen  production with DME steam reforming 

CH3OH + H2O  →  3H2 + CO2 

Steam reforming of methanol （Hydrogen production）： Cu 

    CH3OCH3 + H2O  → 2CH3OH （ Rate-determining step ）  

Hydrolysis of DME： g-Al2O3 （Lewis ac id sites） 

＋ 

CH3OCH3 + 3H2O  →  6H2 + 2CO2 

  DME hydrolysis of the first step of DME steam reforming is the rate-
determining step. The catalysts with strong acidity (consecutive method) 
hydrolyze DME to methanol well.  Therefore, H2 production rates of the catalysts 
(consecutive method) are faster than those of the catalysts (one-step method).  
Moreover, in case of the consecutive method, addition of CeO2 promotes the 
methol steam reforming, and the H2 production rates become faster.    



4. Summary 

・ The order of the H2 production rate:  Cu(29wt%)-Zn(1wt%)-CeO2 (1wt%)  
  /Al2O3 (consecutive method） ＞ Cu(29wt%)-Zn(1wt%)/Al2O3 (consecu 
  -tive method ） ＞ Cu(29wt%)-Zn(1wt%)/Al2O3 (one-step method） ＞   
  Cu(29wt%)-Zn(1wt%)-CeO2(1wt%)/Al2O3 (one-step  method）. 
  

・ According to the pyridine adsorption analysis, the Lewis acidity of  
  the catalysts prepared using the consecutive method is stronger than  
  that of the catalysts prepared using the one-step method. 
 

・ It is speculated that the reason why the H2 production rate by the  
  catalysts with stronger acidity and the catalysts prepared using the  
  consecutive method is faster than those of others is that DME hydrolysis   
  (the rate-determining step) occurs faster by the stronger acidity.   
 

・ In case of the consecutive method, addition of CeO2 promotes the  
  methanol steam reforming and H2 production without weakening the acidity. 
 

・ Sol-gel method, especially consecutive method, is very optimum  
  catalyst preparation method for DME steam reforming.  

 I examined about the improvement of the excellent DME steam 
reforming catalysts prepared using the sol-gel method, especially on the 
catalyst preparation procedure and CeO2 addition effect. 
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   Single use of Cu-Zn/Al2O3 prepared by the sol-gel method produces 
DME in higher selectivity under lower reaction temperature and lower 
reaction pressure than mixed catalysts.  → High quality catalysts for 
economical DME synthesis process (DME direct synthesis process) 
 

Cu-Zn/Al2O3 (sol) catalysts  

Thank you very much for your kind attention. 
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