
ACTUATORS & POWER MEMS MEMS@MIT RESEARCH ABSTRACTS 200751

Autothermal Catalytic Micromembrane Devices for  
Portable High-purity Hydrogen Generation
K. Deshpande, M.A. Schmidt, K.F. Jensen  
Sponsorship: ARO MURI

The high efficiency and energy density of  miniaturized fuel cells 
provide an attractive alternative to batteries in the portable-
power-generation market for consumer and military electronic 
devices [1-3].  The best fuel cell efficiency is typically achieved 
with hydrogen, but safety and reliability issues remain with cur-
rent storage options.   Consequently, there is continued interest in 
reforming of  liquid fuels to hydrogen.  The process typically in-
volves high-temperature reforming of  fuel to hydrogen combined 
with a low-temperature PEM fuel cell, which implies significant 
thermal loss. Owing to its high hydrogen content (66%) and ease 
of  storage and handling, methanol is an attractive fuel. However, 
partial oxidation of  methanol also generates CO, which can poi-
son the fuel cell catalyst [1]. 

Previously [4] we have successfully demonstrated hydrogen pu-
rification using thin (~200 nm) Pd-Ag membranes using electri-
cal heating. Further, integration of  these devices with LaNiCoO3 
catalyst allowed methanol reforming at 475oC with 47% fuel con-
version [5]. In the current work, we fabricate a novel autother-

mal reformer for hydrogen generation and purification using bulk 
micromachining techniques. This device combines the reforming 
unit with a catalyst loaded microreactor for combustion of  hy-
drogen not recovered through the Pd- Ag membrane, generated 
CO, and unreacted methanol. The energy from the combustion 
heats the reformer to the operating temperature (~450C). High 
thermal conductivity of  silicon ensures efficient heat transfer 
from combustor to reformer. In the first phase, Pd-Ag membrane 
stability post-fabrication was tested; results indicated a pin-hole- 
and crack-free layer. Further, we successfully demonstrate high-
pressure operation (up to 1.6 atm) of  the device for enhanced 
hydrogen flux. The microburner has also been characterized with 
hydrogen oxidation over platinum catalyst. Work on reforming 
methanol for hydrogen generation and characterization of  ther-
mal responses is currently under progress. 

Figure 1: Fabricated reformer-burner unit with palladium 
membranes.
p Figure 2: Hydrogen flux comparison as a function of 

applied feed pressure. 
p
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