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Fig.  Conversion curves of C3H6, CO and NOx over the novel catalysts. 
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Improved Three Way Catalyst for Automobile 
(  Based on the results of NEDO PJ(2011) & METI PJ(2012) ) 

Standard catalyst  1%Rh/CeO2 : Pd/Al2O3 = 1 : 2 
Novel catalyst   Rh/Improved ceria : Pd/Novel heat resistance Al2O3= 1 : 4 

                            Ceria (－40%), Pd (－30%) and Rh (－40%)  

Significant reduction both ceria and noble metal was achieved 

using  combination of Heat resistant γ- alumina and  

high performance ceria       
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Stability of newly developed heat resistant γ -
AI2O3 was significantly improved compared to 
the existing γ -AI2O3. 

In the air, sintered at 1200° 
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We succeeded in development of new catalyst support which  
maintain a large surface area in the automotive exhaust gas conditions.. 

Stable at 1200℃ in the air 



Fresh Aged Fresh Aged 

TWC result of Improved ceria（2011ver.） 
(reference catalyst composition) 

Ceria： Alumina ＝ 1 ： 2 
1% Rh on Ceria 

2.5% Pd on Alumina 

TWC result of Improved ceria（2012ver.） 
(reference catalyst composition) 

Ceria ： Alumina ＝ 1 ： 2 
                        1% Rh  on  Ceria 

2.5% Pd on Alumina 
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Aged catalyst  shows  
higher performance than 
the reference catalyst 

Fresh, Aged catalysts show 
higher performance than 
the reference catalyst 
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Effect of improved ceria 

Result of the high Performance Ceria 
Obtained in 2011  

Result of the high Performance Ceria 
Obtained in 2012  



High performance ceria 
(Technology ２） 

Catalyst performance prediction 
software 

Seeds technologies cultivated  by Tohoku University and RER  

By prevention of 
sintering 
  ・Precious metal 
reduction 
 ・Ni catalyst  
performance 
improvement  

Heat resistant γ -Alumina 
（Technology １） The high performance  CO shift 

catalyst developed by the 
application of high- performance 
Ceria Improve efficiency of 

the catalyst 
development and 
process development   

Extra high performance 
desulfurization  

Desulfurize to the level of 
PPb  

Complete 
desulfurization  

Low S/C 
possible 

High performance 
Ru catalyst 

High SV 
possible  

CO conversion 
rate improvement  

Energy saving of 
CO2 removal 

Desulfurization 
Removal of 

sulfur 

Oil 
Natura
l gas 

Catalyst without  
CO2 poisoning  

（Technology ３） 

CO2  selective 
membrane 

（Technology ４） 

Steam reforming 
CmHn＋H2O→H2＋CO，CO2 

Produce  
hydrogen by 

reacting steam 
and hydrocarbon 

CO Shift 
CO＋H2O → H2

＋CO2 

Reduction of CO in the 
reformed gas 

Selective oxidation 
（remove CO） 

Ammonia 
Methanol 

Hydrogen 
station 

PEFC 

Chemical absorption 
method  （remove CO2） 

PSA（adsorption） 

Purification process 

The hydrogen production related technique which RER holds 



NG Desulfurization Steam- 

reforming 

 
 

CO2 

Sweep gas 

Pure H2 

（H2 station） 
H2 recovery 70% → 92% 

 ... efficiency improvement 

heating 

Off-gas vessel 
No need 

absorption tower 
adsorbent material 1/4 

The heating oven fuel source （ The reformed gas conversion ） 
Natural gas is a main fuel.. 

CO2 is removed ⇒ H2,CH4 only 
The fluctuation of the burning 

 becomes small. 

off-gas  : 30% → 8% 
NG : 0%   → 22% 

6.6% efficiency up 

CO shift  
Membrane reactor 

 

Effects of  advanced technologies (Hydrogen station) 

Conventional system 

3000 
1500 

PSA 
absorption 

vessel 

PSA 
absorption 

vessel 
CO shift CO shift membrane 

reactor 

PSA offgas vessel 

Volume 1/4 

occupied area 1/2 

Advanced system with membrane reactor 

Downsizing of Hydrogen  station (300Nm3/h) 



Next generation hydrogen production process 
can realize Hydrogen Energy Society 

Innovative  materials we developed 

１．Heat-resistant γ -alumina 
２．Hｉｇｈ Pｅｒｆｏｒｍａｎｃｅ Cｅｒｉａ 
can realize 
     Next generation hydrogen production process    

 

Conclusion 


