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Johnson Matthey講演OHP

Group Overview 

• British Company -Established in 1817 in London 

• World leader in Advanced Materials Technology 

・Employing6，000 People in 38 Countries. 
• Operating Profrt of E147m on a Turnover of E3.4bn骨.

・SolePGM Marketing Agent for Amplats 
(formerly Rustenburg Platinum Mines Ltd) 

• flgur時 takenfrom1鈎9annual rep町t

Opera'泊onalS廿UC'旬開

Johnson Ma枇heyPlc 

Corporate Research Centre 

Autocatalysts fOlatlflulll F 3brlcatloll Decor司tlveCerallllcs 

Flkl Cell Syslell1s -F'GM MarketlflS1 どirconMlrler司15

-Ptlarall1c目utlcals Gold Bulllofl Perlite 

Ctlemlcals 同 Plgments

-PGM Reflfllng Glass 
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Fuel Cell Technology 

Fuel Cell I 
Stacks 

Impact of Transpo瑚 .tion

F晶ct
USA in 1997骨

Energy consumption 

・31% by transportation sect明

Emissions due to on-roacl vehicles 

・570/0CO， 30010 NOx， and 27弘voc

.Soune. EPA :ii; www.ep札gov/ttolcbief/trends971b四W崎 .btml
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Johnson Matthey講演OHP

Fuel Cells...・・・

..have been identified as the most promising 

technology that can meet our future needs for transport 

applications， because they.・・ u ・

e have high efficiency over a wide power range 

• produce no harmful emissions (H2 +邑 O2= H20) 

• are quiet 

Hydrogen 

-陶・・園.is one of the most abundant elements on Earth， 

and.... 

• can be produced from ( fossill renewable ) fuels or water 

・isa gas and has a very low energy density at ambient 
pressure and temperature 

(>3000 times less energy per voJume than gasoline) 
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Johnson Matthey講演OHP

Hydrogen Storage 0凶ons

• Physical ・Compress(200・600bar) ・bulky，difficult refueling， no inf悶structure
・Liquefy(20 K， 2 baり
+energy intensive， insulation， no infrastructure ・Absorptionby metal:・>metal hydride 
• heavy， no infrastructure 

• Chemical ・Hydrogengeneration from Hydrocarbons or al∞hols 
• more complex system 

+easy refueling 

On・以細川H2genera舗on

Pow・r
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Johnson Matthey講演OHP

On占oardH2 generation: Refonner 

Fuel Refonner 

• Steam Reforming (endothermic) 
，.. CH30H + H20 ・>3H2 + CO2 
，.. CH4 + 2H20 -> 4H2 + CO2 

-向性ialOxidation (exothermic) 
，.. CH30H + 0.502 ・>2H2 + CO2 
，.. CH4 + 0.502 ・>2H2 + CO 

CO + H20 ・>H2 + CO2 

・AutothermalReforming 
• Combination of SR and PO or combustion 

• Undesired side reaction 
，.. CO2 + H2 <・>H20+ CO 
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Johnson Matthey講演OHI

Conven舗onalAuto働ennalRefonning 

Exhaust 
H20， CO2， N2 
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HotSpotAu旬IthennalRefonning 

Reformate 

H?， N?，H?O， CO~ ， CO 2' "2" '2 
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HotSpot Auto'世lennalRefonnlng 

• Advantages 
u relatively small 

u fast s箇rt-up

u good dynamic response 

心goodefficiency 。modulardesign， easy s凶 i争 up
• Can be applied to all types of HC's and alcohols 
心developmentmost advanced for methanol and NG 

恥同

CH30H HotSpot Refonner 

Standa同 operation

・6，000litres of H2 per hour 
・58%H2 (d叩product)
・2.4..2.5 mol H2 I mol CH30H 
・Volume .... 6 litre 

・Mass .... 9.5 kg 

• Power ら7kWe

Start-up with heated feed section 

・start-up20 s to 75% 
• start-up 50 s to 100% 
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CH30H HotSpot Refonner: s肱比四up

Hydrogen 
Output 
I.h-1 

o i子二I1600
1 

400 ~ 暗 .. ---..情軸ト 400
lJ J HI  

l i/l2 
ば|
o 100 200 

τime/s 

TI~mperature 
。c

20 kW methanol HotSpot re伽nner
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On-board H2 generation: GO ~J8~lJJ-' !Jρ 

1 

COclean-up 

....Developed a multi-stagesystem mainly based on 
preferential oxidation.日・

• Tested with various reformate compositions 
U system can easily be adapted 

U methanol or water vapor has no detrimental e宵ect
u sensitive to sulfur components， but reversible 

• ExωIIent Sta件upand Transient Response 
u CO breakthrough negligible 

U 100% to 50% in seconds 

u CO spikes (2・4times steady state∞ntent)... 
.. can be attenuated e'仔'ectively
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C:O clean-up 

CO breakthrough during start-ul~ 
20 

18 

16 ‘ 

14 

官12
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丘町~MeQlll坦~oJFP)__一一

C:O Clean-up 
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Johnson Matthey講演 OHP

COclean-up 
Testing with Epyx gasollne reformate 
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Af恰rbUm8r

-・‘.Catalystsystem develloped for two functions.... 

• During norma~ ()perath:m 
u Bum any combustible pr剖 uctsin anode exhaust 

u Make harmful emissionls negligible 

u Heat HotSpot f，eed seCition 

• During start-up 
心 Combustmeihanol to c:ontribute to..‘・

一一fastHotSpClt s泊rt-up

A靴arbumer

Meα. breakthrough durh"ig剖art-upfor di偽問、t1ca旬Iys旬
T田t問110m削減納糊折噌aげl'uelr捕08andto旬IfIowr蜘 sln川cro-reactor
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Johnson Matthey講演OHP

Afterbumer 

On却施吋H2generatlon: 20 kW FP句sts
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(}ohnson Matthey講演 OHP

20 kW FPs'旬rt-up恰sts

..…Peげ0町nedat -27010 ()f m語ximumthroughput...." 

1 -start methanl:>1 and air tlow to afterbumer 

-start methanol and air tlow to HotSpot reformer 

under very lean combustion conditions 

-start air flow tOl CO cl'earトupsystem 

2 圃 startwater feed to HotSpot refonmer 

3・tumdown air' feed to HotSpot reformer to SS value 

20 kW FPs'組成副up加sts

.--・・・由崎嗣・・・崎町縄問l

Hydrog・nsls~nal 
rarb托raryunii旬1
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20 kW FP start，・up加sts
Maximum CO breakthrough 20 ppm 

2∞ 40 
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CIDncluslons 

• Developed and demonstrated FP components suitable fClr 
automotive appUcations 

u HotSpot問fonner

心COclean-up 

uca旬Iyticafterburner 

• Demonstrated the start..up of 20 kWe FP subsystem 
心 reforrnateproduced in 2 minutes 

u no CO breakthrough 

Future Woホ

• Improve fuel processor system 
u system size and weight 

u engmeenng 

heat exchange，α:mtrol， dynamic performance， pressure drop>， 
fuel， water and air supply 

u reduce cost.. • .reduce∞st..固... reduce cost... .reduce ∞st 

• Further develop HotSpot reforming 
u LPG， higher hydro領巾ons
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