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lnroduction 
This study investigates dimethyl ether (DME) stcani reforming 
for the.generation of hydrogen rich fuel cell fceds for fuel cell 
applications. Methanol has long been considered as a fuel for 
the generation of hydrogen rich fucl cell feeds due to its high 
energy density, low reforming tempcraturc, and zcro impurity 
content. However, i t  has not been accepted as tlie fuel of choice 
due its current limited availability, toxicity and corrosiveness. 
While methanol steam reforming for tlie generation of hydrogen 
rich fuel cell feeds has been extensively studied, tlie steam 
reforming of DME, CH30CH3 + 3H20  = 2C02 + GHz, has had 
limited research cffort. 

DME is the siniplest ether (CH30Cl-13) and is a gas at ambient 
conditions. DME has physical properties similar to those of 
LPG fuels (Le. propane and butanc), resulting in similar storage 
and handling considerations. DME is currently used as an 
aerosol propellant and has been considercd as a diesel substitute 
due to the reduced NOx, SOX and particulate emissions. DME 
is also being considered as a substitute for LPG fuels, which is 
used extensively in Asia as a fucl for heating and cooking, and 
naptha, which is used for power generation. The potential 
advantages of both methanol and DME include I O W  reforming 
temperature, decreased fuel proccssor startup encrgy, 
environnientally benign, visible flame, high heating value, and 
ease of storage and transportation. In  addition, DME has tlic 

. added advantages of low toxicity and bcing non-corrosivc. 
Consequently, DME may be an ideal candidate for tlic 
generation of hydrogen rich fuel cell fceds for both automotive 
and portable power applications. 

The steam reforming of DME has been demonstrated to occur 
through a pair of reactions in serics, whcre the first reaction is 
DME hydration followed by MeOH steam reforming to producc 
a hydrogen rich stream. The reaction scheme is 

CH,OCH, + H,O + 2CH,OH 

CH,OH + H,O + CO, + 3 H ,  

DME-Hydration 

MeOH-SR 

CH,OCH, + 3H,O + 2C0,  + GH, DME-SR 
DME-hydration occurs over an acid catalyst (e.g. y-alumina), 
while the MeOH-SR reaction occurs over the traditional 

Cu/Zn/A1203 catalysts. Thcrcfore, DME-SR requires a 
compositc catalyst or a physically niixcd catalyst chargc that 
contains both of these agents. 

Scopc of Rcscarch 
Investigate catalyst acidity on DME hydration 
characteristics, CH,OCH, + H,O + 2CH,OH 

Investigate physical mixtures of conimercial 
Cu/Zn/AI2O3 and acid catalysts on the DME-SR 
process, CH,OCH, + 3H,O + 2C0,  + GH, 
Investigate novel conipositc Cu/Zn catalyst 
preparations prcparcd via incipicnt wetness with 
varying degrees of catalyst support acidity 
Invcstigatc DME dccomposition charactcristics over 
various supports and catalysts 

l i  CSLl I IS 
Physical mixtures of comniercial Cu/Zn/AI2O3 (BASF K3-1 10) 
and acid catalysts (e.g. y-alumina, 21.02, ZSM-5, ctc..) rcsultcd 
in  complctc conversion of DME via stcam reforming producing 
a hydrogcn rich strcam at temperatures less 40OoC. The acid 
componcnt is needcd for the DME hydration reaction while the 
Cu/Zn/A1203 ,is needed for thc niehuiol stcam reforming 
rcactioii. DM E-SR did not proceed ovcr coninicrcial 
Cu/Zn/A I 203 cat a I ysts. 
I n  thc absence of water, DME dccomposition occurred ovcr all 
catalysts and supports tested for tempcraturcs lcss than 500°C. 
The main products wcrc methane, carbon dioxide, hydrogcn, 
carbon monoxide and carbon. However, i n  tlic prescncc of 
w t c r  DME dccomposition is suppresscd. 

con  c I u s I on s 
Convcision of DME to a hydrogcn rich fucl ccll fccd was 
obscivcd ovcr physical niixtuics of acid catalysts and 
coiiinici cia1 Cu/Zn/AI2O3 catalysis within the tcnipcratuic range 
of 25OoC to 40OoC. DME decomposition was also obseivcd to 
occur within the sanic tcniperature iange of DME-SR. DME IS a 
viablc d t e i  native fucl to methanol, cthanol, gasoline and 
iiicthanc for pioducing a hydiogeii rich fucl ccll fccd strcam for 
both poi table powcr and transpoi tation applications. 
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Objectives and Scope 

Fuels for Fuel Cells 
k Fuel cells show promise for high efficiency 
k Fuel cells have highest power density with operation on hydrogen . 

k Reforming of traditional hydrocarbons (gasoline, diesel, NG) require 

k Low temperature reforming have inherent advantages 
Objectives 
k Determine the feasibility reforming DiMethyl Ether (DME) for 

Scope 
P Does DME meet the criteria of alternative fuels? 
P Are there any thermodynamic limitations on DME-SR? 
P At what temperatures, experimentally, does DIME-SR proceed? 

o By what reforming mechanism does DME proceed? 
PWhat products are observed during DME-SR? 

*- high temperatures, complicated systems, start-up difficulties 
e .  

automotive and portable power-fuel cell applications 
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DME: A Multipurpose Fuel 
Dimethyl ether (CH3 - 0 - CHJ 

I 1 

P Transportation 
o Diesel Substitute (cetane#: 55-60) 

o Diesel Additive 
o Demonstrated lower diesel emissions 

Particulates, SOX, NOx 
o Hydrogen carrier for Fuel Cells? 

P Domestic Fuel 
o Liquefied Petroleum Gas (LPG) Alternative 

Household Heating Fuel 
Cooking Fuel 

> Power Generation 
o Gas Turbine Fuel 
o Stationary Power via Fuel Cells 

I 

Source: Hansen, J, DME 
as a Transportation Fuel 

r 
Courtesy of NKK Corp. 
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Criteria for Alternative Fuels Applied to DME 

P Methanol reforming has been examined for on-board hydrogen production 
l+ MeOH concerns include infrastructure, toxicity, water contamination, etc. 

o DME addresses the concerns with methanol 

DME Characteristics 

PHealth > Safety 
o Used as an aerosol propellant o Analogous to LPG 

Non-toxic 
Non-Carcinogenic Non-corrosive 
Non-Mutagenic 
Non-Teratogenic Non-peroxide forming 

Storage and handling 

Visible blue flame 

PInfrastructure No odorant needed 

o DME can be distributed using the pre-existing infrastructure 
existing for natural gas and LPG fuels 
o Japan potentially implementing DME (by end of decade?) 

n 
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Criteria for Alternutive FMek Applied to DME 

P Environment and Emissions 

o Ozone depletion potential of zero, ODP = 0 
o Never reaches stratosphere (ozone layer) 
o Global warming potential ( G W )  - negligible 
o Zero potential for ground water contamination or spills 
o Significant reductions in emissions (as diesel fuel:) 

Particulate matter 
Carbon monoxide 
Reduced NOx and Sox 

k National Security 
o Fuel source or raw materials can be non-petroleum 

o Renewables or Fossil Fuels 
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DME-SR Thermodynamics 

I 
Plot of the Difference in theThermodynamic Equilibrium Product Mole 
Fractions of H2 and CO as a Function of S/C ratio and Twnperature 

I 7 I 

CH OCH +3H 0+,2CO +6H 3 3 2 2 2 

-100% XDME - - 

The DME-SR process exhibits a 
wide range of operating conditions 
resulting in 10Oo/o DME conversion. 
(P = 1 atm) 

No Thermodynamic Limitations: 
+ Exception is CH, 
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What We Know 

P DME hydration occurs over acid catalysts, ZrO, and y-Al,O, 

2CH30H Acid 

CH30CH3 + H,O, Catalpt 

PDME decomposition occurs over BASF K3-I I O ,  ZrO, and y-AI,O, 

P DME hydration and reforming occurs over Cu/ZnO diluted with y-Al,O, 

CH30CH3 + 3H20 6H2 +2C02 2CH30H+2H20 - Culzn \ Acid 
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Comparison of MeOH-SR to DME-SR 

140 - 

120 - 
n s - 100- 

>MeOH-SR occurs over all 
Comparison of MeOH-SR to DME-SR over Various Catalysts; incipient wetness( IW) prepared 

MeOH-SR-tau = 1 .Os, S/C = 1 .O, DME-SR-tau = 1 .Os, S/C = 1.5 
1 cata I ysts 

- 0 -  MeOH-SR:BASF K3-110 (Commercial- CulZn/A$O,) 
- x - DMESR:Cu/Zn/~-Al,O, (Prepared via Incipient Wetness) P Inefficiencies include WGS 
- 3 - DMESR:Cu(Zn/Z(25) (Prepared via Incipient Wetness) and/or unconverted DME/MeOH 

DMESR:Physical Mixture of BASF K3-110 and Z(25) 

J 
I I . I I I I I I 

1 50 200 250 300 350 400 

Temperature ("C) 

T CASE 

K3 + Z(25) @ 275 "C & 
99% DME Conversion 

co = 3.9% 
MeOH = 0.0% 

Cu/Zn/y-AI,O,-00 @ 400 O C  & 
99.9% MeOH Conversion 

CO = 9.2% 
DME = 0.0% ".- 

BASF K3-1 I O  @ 250 "C & 
99.9% MeOH Conversion 

co = 3.0% 
DME = 0.0% 
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Conclusions 

> DME is potentially a viable alternative fuel for fuel cells 
o Infrastructure, toxicity and other issues not a severe as with MeOH 

>Thermodynamics of DME-SR 
o Produces a hydrogen-rich fuel-cell feed without conversion limitations. 
o Occurs over a wide range of T and S/C ratios 

T > 200 "C and S/C ratios > 2.0. 

>DME decomposition 
o Carbon formation was observed over all supports and catalysts tested. 
o Decomposition occurs in same temperature range as DME-SR 

Care must be taken to prevent unwanted side reactions 

PDME was observed to form methoxy and formate species over both 
y-Al,O, and ZrO,. 
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