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The paper presents a vapor fed direct dimethyl ether 
(DME) fuel cell based on a high temperature PEM fuel 
cell.

Direct methanol fuel cells are a quite well
established technology today. The conversion efficiency 
is not as high as for hydrogen powered cells, but the 
energy density and ease of handling and storage of 
methanol offset this in several applications. DME is a 
comparable synthetic fuel [1] with a specific energy 
similar to ethanol, i.e. significantly higher than methanol. 
Why not convert DME directly in a PEM fuel cell like we 
do with methanol?

DME is a gas at ambient conditions, but when 
compressed to ca. 5 bar overpressure it liquefies. The 
vapor pressure is actually between that of propane and n-
butane. This means that handling is comparable to that of 
liquefied petroleum gas. It is mostly non-toxic and 
moreover, and it has been shown that it is an excellent 
diesel fuel with a cetane number of 55-60. When 
combusted in a diesel engine it produces no soot. The 
reason for this is that the molecule contains no carbon-
carbon bonds unlike the hydrocarbons that constitute 
conventional diesel. DME is already common in East 
Asia and it may soon become an important fuel 
worldwide. Volvo conducts experiments with DME 
fuelled busses.

The absence of carbon-carbon bonds and its 
resemblance to methanol make it obvious to consider it 
for direct conversion in a PEM fuel cell, but the limited 
number of attempts with perfluorosulphonic acid based 
cells have not been very successful. Key problems are 
those already known from direct methanol cells (fuel 
crossover and slow kinetics) but of similar importance,
DME is a gas at ambient conditions with limited 
solubility in water. When a liquid fuel-water mixture is 
fed to the fuel cell it may separate into two phases. This 
problem can be mitigated by pressurizing the system, but 
this consumes energy and is generally not a very 
attractive option for direct fuel cell systems which are 
meant to be simple. 

The high temperature PEM fuel cell (HT-
PEMFC) system based on phosphoric acid doped 
polybenzimidazole (PBI) capable of operation at 
temperatures above 100ºC has been undergoing a 
significant development recently [2]. It has also been used 
with direct methanol fuelling [3]. If a HT-PEMFC is fed 
with a vapor mixture of water and DME, the phase 
separation problem is no longer present and any desired 
DME-water molar ratio can be applied [4]. Moreover, 
crossover should be less than for methanol due to the less 

polar character and thus lower solubility of DME as 
compared with methanol.

In this study the solubility problem is discussed 
and quantified, single cell performance is presented and a 
comparison with direct methanol HT-PEMFC is made.
The experimental setup is shown in Figure 1. The cell was 
operated a temperatures between 150 and 200°C with a 
peak power density of up to 70 mW cm-2.

Figue 1. The experimental setup for the vapor fed direct 
DME fuel cell.
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