
・Objective : Hydrogen generation from natural gas
・Comparison of candidate reaction

・Partial Oxidation of Methane (POX)
Can Large Exergy loss (EXL) of POX be reduced?

Exergy Analysis
Combination with the reaction
with exergy vector having opposite
direction to POX is promising.                                          

・MPOX : Membrane separation process + POX
(∆G＞０,∆S ＜０）

・Reduction of EXL of POX is achieved.

1. Advantages of MPOX (Partial Oxidation of Methane by using Oxygen Permeable Membranes) 

2. Ceria-based oxygen permeable 
membranes 

3.  Characteristics of MPOX reformer

Q

To produce 10 liter/min of hydrogen, stack of 20 modules is required.

MPOX effectively utilizes the free energy generated from partial 
oxidation reaction to Oxygen separation 

Exergy Analysis shows the advantage of MPOX 
(POX+ Gas Separation)

Ceria-MFO: (Ce,Re)O2 + MeFe2O4
・(Ce,Re)O 2: Oxygen Conductive Phase (Re is an acceptor)
(CGO (Re=Gd), CSO (Re=Sm) and CPO (Re=Pr))

・MeFe2O4 : Electron Conductive Phase

Ceria-MFO：(Ce,Gd)O2-17vol%CoFe2O4 fired at 1300℃ for 2 h

CGO CFO

CGO

CSO membrane made by tape-
casting tequnique: 5cm×5cm Oxygen permeation properties

Flow rate and composition of reformate gas

MPOX reformer module comprising of CSO.15MFO and 
ZMG232R (left) and its 20 stacks (right)
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drawbacks

Steam 
reforming

CH4 + H2O → CO + 3H2 150.843
250.176

(endothermic)
333.164 Slow Start-Ups: Approx. 1h

Partial 
oxidation

CH4 + 1/2O2 → CO + 2H2 -86.347
-35.654

(exothermic)
170.024 Large Exergy Loss

Grain boundary
・nano-sized CGO
・spinel-type ferrite   

grains.

http://www.jst.go.jp/tt/EN/ Copyright (C) 2012 JST All Rights Reserved.  

Newly developed H2 Generator using 
Highly-Oxygen-Permeable Ceria-based Membrane

Prof. Hiroshi TAKAMURA (Tohoku Univ.)


