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SUMMARY

| . Title

Development of Direct Methanol/Air Fuel Cell for Portable and

Transportable Applications (I)

1. Objectives and Importance of the Research

Direct Methanol/Air Fuel Cell(DMFEC) concepts offer the promise of fuel
cell power plant simplification. Complex fuél processing components which
can be eliminated include the separate reformer with its assoclated heat
exchangers and burner, water pumps and water purifier, as well as carbon
monoxide managing system. Simplification of the cell stack is a further
possibility with the reduction in the internal thermal control components in
the stack. All of these system benefits equate to a lowering of the cost of
the power plant. These benefits can also be expressed as a power plant
downsizing which is particularly important for the fuel cell which aims the
portable and transportable applications.

Thereby, the objectives of this research is the development of 1KW



level Direct Methanol/Air Fuel Cell Stack which can be operated at low

temperature and low pressure.

I1l. Contents and Field of this Research

In order to achieve the development of a 1KW level DMFC which 1s
our final goal, there are several technical difficulties we have to overcome.
Since successful operation of a DMFC system depends on appropriate
integration of the fuel cell components and accommodation of the need for
heat and mass transfer within the system. The features of the system that
might be considered separately and in an interactive fashion are field of
this research work.

The detailed contents can be classified into three groups, firstly the
characteristics of unit cell and stack, secondly the methanol feeding and

loss and finally the operating temperature and pressure of stack.

1. The characteristics of unit cell and stack;
~ Electrodes characteristics
- Electrolyte characteristics
- Removal of Product water and COZ

2. The methanol Ieeding and loss;

- Methanol feeding to stack



- Methanol loss
3. The operating temperature and pressure of stack;

- Thermal balance of stack

- Optimum operating temperature and pressure of stack

V. Results and Suggestions for their Applications

The target of this year’s work 1s the development of the electrodes for
DMFC. The necessary electrode {abrication conditions and process
including Teflon effects were established.

In order to test the developed electrodes performance, the half cell test
in sulfuric acid solution was carnied out. By this half cell test, methanol
oxidation and oxygen reduction characteristics for Pt/C and Pt-Ru/C
electrodes in sulfuric acid were investigated. These results can be applied
for the unit cell design using sulfuric acid solution as a electrolyte.

For the development of DMFC unit cell, we will consider other ways of
electrolyte utilization such as matrix or membrane.

Based on these considerations, in near future, good performance unit
cell and stack can be developed as a prototype for portable and

transportable power sources.
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Its Monohydrate(CFsS0OsH-H20)
Sulfonic Acids as Potential Electrolytes(RSOsH)
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TEA 7= W, HEHAZY HIHS TIAIA AMES= ¥, Proton

< A A T AlA AHES= UH

)

Exchange Membrane & ¥
5o A 3 FFE BF Agsta A,

53 g2 dg AN Hedo] 7tetd & YFE ARTIM He
29 &A% AZE Toofdta dEFoA AAAHE CO9 FHdtootdy
e Aotk =3 dggo] dajde 3] &a=ojor Hu A e
dojta] grojol et

oo M =8 3717 Weje] FHVE ANRA B A7} w)¢ =2k
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Gole AT Aol 5o} )
@ Ao Az Aol gflojor gt
@ o]L2] oo s EFRAHAR 2 B)9] o]Fo] FHojojstt}
@ 7} (gAtrts) Bt dsjA AW Z1A7E AFstA =Hol 2R

7) WIWA Fo] AolAE Fo FFo| Y7 Wl stxrt AR

® ¥ AL EE T dete) 2 7IAH A7 Aok 3
® A3t - ol i ek b Ado] Aok T

ole] AL UFAAFE EREANS SA AT vIeE Zo] "9
Dupont At} A 703k Nafion 117 2.2 ol Axd A#dlA 2F 0175 mm
o] FAE 7K1 Jen [ag 27]d derdutet 2o AEF ELz A3
2] FZ9 sulfonic acid7} X &= U= LEAZ THF A 7Hequivalent
weight)7} 1000-1500 FEolx TFZAL e (CFis-2s SOsHeolTh 44 <
sulfonic acid?7)1E¢ 23" AeHzE Nz TodA HEIE e Zgn ZZ
ol micell® S TXE AT dor o|HFT micellEC] = ion

channelS A3t ot 3 Nafione ©hE sl wls) WZF=u] Ao



- AleZ gdHAHUY. 1Y

~[(CF2-CF2)m-CF-CFz)n -—---- (PTFE backbone)

CE>

CF>

>OsH

m = 5 oA 15

n =~ 1000
7z =1 oA 5

(29 27] Nafion 1178 A #+=x*



3. Bipolar Plate

GHAAE HFANA §3FS FUe) AskdE BADAY BAAA Afo]

o] 7kxeol Ete WAt H7H 2o AZHE A3t bipolar plates} #

2] ¥o] "3t Bipolar plates T34 vty Ade]l F F/HIF o 1

548e g3 2o

7}. v Z A Bipolar plate(non-porous)
(1) A=
N = ERC(Energy Research Corporation)ol|l A A|Zgt 5" x 15" 9 bipolar
platee] AZWHS A/NSH oS3 o}
() Carbon powder®} phenol-formaldehyde(PF) resin &%

Carbon powder(473 6um) 309 —

+ PF resin (15~30%)
Carbon powder(478 50um) 70% —
O 4,300 psi, 350°F ¢ 587 b=
O °F 3000CTAM 22 (=84 712 £471)

(2) 244 54

vl t}-3 A Bipolar plate(non-porous)241 8.7 5+ SAL oS3 2o
O 2 374 A
O =24

O ELS 7144 =

i



o]& gt 5 E-2 bipolar plateA| &A1Y resing o T4 ¢S WA @G}

ERColA Hxd Ztztel SA4E& S4HEHA [O4 2.8] ~ [2¥ 29]¢ 29 O
d 2690 vehd upel 2ol resin® FFol F7HEl wet AP FrstAL
B AT F#L 0005~0042cne HA dErsth resin®g F Frbel wa)
A= Zastgen, (28 29]d REAZ uieh Zo] Wxeo ®ee 17~

19g/ccE YERT <H 24> 71414 A9 g R824 50% Asbury
A99, 18% Asbury 850 graphite % 32%2l colloid 8440 resin®. 2 F A]Hoj

gt 71AlA HAE A F5olth

}. OFA Bipolar plate(porous)
(1) Az
U E Kureha Chemical Co.8] AZWHE AHEH &3 Ao},
(O Carbon fiber, PVA(polyviny! alcoholl) ¢ phenol resin &%
O 1ZF & #d PVAY && 5~20% =2 249 (ESE F4
O 100~200TCoA 5~100Kg/cne] YdHOE 2~60%3F U=
O 1500~2400CA 2Z2(E8A 714 471

O34 bipolar plate= gas channel2 7}A< ribbed layer®} non-ribbed

layer®] & FEL o2 740 HY o F FEo S48 <& 25> Zot

(1”28 29 <X24 25>



{l-cm
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35

Resin, wt %

[t 2. 8] Bipolar plated] *#]3}



HE, g/cc

1.9

1.8

10

|18 2. 9]

20 25

Resin, wt %

Bipolar plate?] ¥

30

35



<¥ 24> Bipolar plate 71Al% &4

Jd A A = ASTM—D—638

(ASTM—D-—638)

# 1 10,700 psi

¥ 2 9,870 psi

¥ 3 9,130 psi

¥ 4 9,140 psi

#5 10,440 psi
21 = (ASTM—D~—732)

#1 4,030 pst

¥ 2 4,020 psi |

9 | 3,800 psi

R

¢ = | (ASTM—D—785)

1 o 112 *

% 2 112

# 3 113

¥ 4 113

¥ 5 112




<zt 2.5> Bipolar plate(Porous)2] A

— Ribbed layer non-ribbed layer

340 m%/hr cm® mmAq
160 kg/cm? |

26 X 107° Q2 cm



t}. a3 (Separator)
G AR HFA| AREe BB HAI|AGol Fa, 7AFEFS o] FHO
o w7l Zolok 3t} A ZWH-L graphite®} glassy carbon?] ZE3HE o

resing 718t At AA3th dE 2 Kobe steel# Tokai Carbon

Aol A ARSI QQE Helwe] BAL <X 26>, <E 27> 2t Tokai
CarbonAte} T2183 #-2]H2 glassy carbony} graphite® T@EZ FAdo] H
QO glassy carbon® graphite AHAZ THE E2|¥3e FA8INE <HA

2. 7> Ye] AT

It 3t Tokai carbonAlol A= porous bipolar plate(ribbed electrode#}il%®

st
dA3hHe dHs 2Este Eo#e] el HAA FHe E&E&Ed

(Hybrid separator)S AZ3dk1 k. o]#3t e #A7H A3 9 IF
&8 ZAAZE 7 floen iAo &S A 9 + U 88T
el (21 21018 2om EA4E <E 28> YeTh

2



<3 26> BEFH9 EA( Kobe steelAl)

& [ e [ ean [ s

FHtj 2 7] 1000 X 1000mm

F A 0.8~1.0mm

AA=(37])) | £ 02mm{/700mm)

HaT + 0.5mm

il }2.5Rz

1.40~—1.55¢g/cm*
3.5~4.0m{2 cm
800~ 1200kgf/cm”
— 1000kgf/cm’

~ 10 * cm*/min cm’

eyl

10Rz

1.53g/cm’

3.7m{) cm

1810kgf/cm®

10 *cm®/min cm?

2.1X10 “/C
49Kcal/mh C

JIS B0601

E{t] H} &L

- O O

JIS R7212 20mm(]

N., 23} 0.2kgf/cm* lmm-~+ 7
RT~200C

200C, Ruby laser &



<& 27> T &4( Tokai Carbon A})

— T2183 glassy Carbon | graphite(G347)

Y Z(g/cc)

1.72~1.76 1.46~1.50 1.80
714 & (mQ cm) 1.2~1.6 4.0~4.5 1.1
A== (Kcal/mhC) 7 7~8 100
7} 2% 34 (ce/cm? min) 107 | 107 | 10°~ 10"
2 Q73 = (kg/cm?) 1050~ 1150 1000~ 1200 530
Young’s Modulus(kg/mm?) 3200~ 3500 3000~ 3300 1180
%247} = (kg cm/cm®) 6.5~7.5 2.1~3.6 2.9
g ZA 5 (X107¢/C) 09~14 2.0~2.2 4.0

| 73 = (Shore) 75~ 82 100~110 | 50

& A A 32
7t 2% 2§ (cc/cm’ min) 10°° NH. &4t 3
A 71 A A (mO cm) 10~15 A vk
A E(m’h C/Kcal) 1.1~3.6X107° TA W
A 47 & (kg/em?) 200~ 240
437 = (kg/cm?) 31~32




2] EF

t}l-Z2Z Carbon

2AE] &
=] I

(29 2.10] &8 E23( Hybrid Separator : Tokai Carbon Co.)



A 4 A AzEY TA

<E 29> AHWEE A5HAY AHF oL 7=
1L A5 54
7y 29 g g dA 54 2. AEd 54
3. Bb3 AAH = 2 CO: AlA
odgE 3 % &4 1. 289 g FF
2. AlehEe] &4
2] 25 XA
th. 28 LHBA V& L 282 |
2. ¢ A=Y 9He

o3 o2 71X mslol @ WHEo] Bou, AHMBLARAA] Al
del 73 2 W ARs)e) 2he 3 dugwe] fol4, FYRFA
o] 7bs, Alade] 28T 7}

=
At} @A 7 21€AQ olelge Meg Ashiso] My BeHoz 2

olf
oy
O

$5 Be ATNL AHo] o4

=

AojuA she Zule] Aol glon, ol Fule) o] FHvEe AR

WA o) MLSES} DEY otm 2 4 ok
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AHE- 7HE
@ WEH2z M| F3 2 BF

R A AFHALe] AL ; dEEH PEM (proton exchange mem-

brane)
- AA Y] EF FA(Water Balance)E FASIEF AlLF HAE 3
o HHPA e 59 FTE dAHSA FASHL, WlEYH AU 1A A 3

Aot ALgAlelE AsjAel Fwoll FlooddE ¥l =g B9 #

2712 AAFHE 22 AHE A$E A2"HoMe dZdeldz AR

(AFC)$t #AS AR 2AM &5 AASH, A2 =& A #AIs
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o FAE ARt CO; & AAT + Aok FH F71= vl 7|Stream2 o
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- Hggo] FVFE TR/ FUF wiv|EE g 4 wjE
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THd ATEE Bo F31 Jok. (2" 211104 d85xA] d84d dxs

g AMgsl FFSAL, o AR &AL AHVLE wET dEEE

23§ #37t FAH Y. d8t d5¥aE ¥y dasdA=E THEY
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4, 9714 dEade 1Ek HHE P 945E FHY A8 #HJl
TSt 987} Cathode = FO2 32w 4571 SAstEE HF oA

zo AR(MEL)FEE 10% AFEZ 3t ot
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7= 371 st F7|He FEHL, W Fele ¥ AR Z
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HZ 58 MYLo2M9 diAXe M2 BAANE R4HT JTH).

a2 75 A duUAZ EANZ 5 b= HolM 758 d5HA 9 3

L)

H2ZAM= Ao FElE2 AYEHIT JAY”.

AW
s

2 TAstE AR APY TAM L ARV AT Qe DFY BALS

= AdEE F2 B0 ASHER FAL JANLL ste AxATe) o




A e daAA Hgsr) A AT AR e Be 49
o] 93] A¢tElm AAAE At Goodenough” & MEH EFHE 7HREY
o] A7) A=A FA717] H3lA ojAstgAE o] 83t 930ToA A A

A

393, Swathirajan” € Pt-Ru/C ¢ AZE A Zstyd 3

__EI__
HF9 ol FujoAy a2 3 e, FHgS 48 Jelz2 E2445= A
o] FHFe AT FL JF&FE v Hus T o]l =
Landsman” & &zZtg] As)a A9 Pt/C, Pt Ni/C, Pt-Rw/C £2 Zuj

EAN BFL 5937 Nakamura”= Pt-Sn/Ce Zu] EAd gl 13519

t}. Watanabe” & BFE3E|e] A=22L A 25ldd DMFCE A= 380 ojsh
A

N

4= Pt/C Eejel A=y Pt-RuwC & ¥F 29 =& A|Rste ==

3t a, oluj= Wl ®|EA 5 (Specific activity, mA/mg), HIZE g3

eAeTo ME AFEo)e] 45 F2 BANAL, ofey AI BetA =

4 B2 5% ol%o] AT



A2 A2 AFA=EE 7IE

ALL-EFg o ZHa|d Aol Eo|l EHENIIA 7]Fo] vl AL WA E}

7] 98t A 2l (wetproofing) SR WAde @AhFOlE o 20wk

i

FEP(Dupont Co.)oll 20-30 &3+ €@ 3 tl7] Fo 5 HdEst 3507T

O

ol A 18 3 LAt HFAAAZ ARESHATH <& 31>& & A+ ARE

st A=A 2A ] EACoEAM £ F TGP-H-090 & T2 AHESHAT




<% 3.1> Toray Carbon paper% A

Properties TGP-H-030 | TGP-H-060 | TGP-H-090| TGP-H-120{ TGP-H-510
thickness{mm) 0.09 0.17 (.26 0.35 15
tk '
bulk density 0.42 0.49 0.49 0.49 0.51
(g/cm’)
porosity (26) 75 73 73 73 72
gas
permeability 28 32 32 32 40
(mmaqg/mm)
electrical
resistivity 0.07 0.07 0.07 0.07 0.07
through plane
(2 .cm) in 0.005 0.005 0.005 0.005 0.005
plane( & .cm) |
thermal |
conducivity 6x 10% | ®6x10°% | 6x 10D | 6 x 107 | 6x 107
(cal/cm.sec. C)
flexural
strength (260) (260) (260) (260) 260
(kg/cm®)

() shows data estimated from thicker samples.
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o7 Aol WIol FAHASAT AZAAA B Fv)Ee] WEAAS 93
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ATH [18 32| AFX XA 2] SEM(Scanning Electro Micrography, Philips
X1L30) #& AE Ho F3 A F IHE (a)= HEZE g3 A7 A
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(213 34l AFF0FY AEE AMEHE 20wt%Pt/C-45wt%PTFE°] &
3lxl E28 320C(a)et 370C(b)ollA 2087 €A% 2] SEM 3z Al

2 ®HgFn gtk (29 340 vehd AnE BE Pte AR AdMe 2

BaEct APRAAOA BREE FHE BEHYe A= FHYA FH A 9 T
o}l F 7|2 R F1 ALL & F U=d ol Vulcan XC-72 7}EE2 9

2§ 27 xHR Y ¢ F U (a)dlME HEZE HIXA
(bridge)”} #Z =1 Aded ole HIE fdo] FIREH Y J|F £o03 F
HEoj7t AEEe uigict 22y 370C oA 2083 EXEE ASbe
HlZ &2 Byx7F AHA ¥3 Jded ol HEEe] §55Ho 7HEUAS}
o] RHAY) osle PO 7 AuEI Aoz sAH.

(1@ 35]& 718 Edo) WF 20wt%Ptoll 32wt%e] HEZEo] T¢H A=
Zuje] TEM #Z ZAzolg. #AZFAF vehve PtEFue A7) oF 20 -

30A o2 FHEEYA o 21F EXH UeE & F UHn
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1. 02in 2. O2 out 3.Working electrode 4. Current
collector 5. Pt wire to current collector
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B : flow meter TC : temperature controller
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D : IBM AT computer R : reference electode

F : Potentiostat/Galvanostat H : heating mantle
(EG&G model 273)
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