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Student : wei-ming chen Advisor : Ren-Haw Chen
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Abstract

In recent years, the vigorous greentechnology is developing in the world,
and the fuel cell is the top topig to be researched. Now fuel cell is facing the
challenges of popularization and miniaturization. The fuel cell of bipolar plate
with huge size and weight, cost the meost. At present, the majority of the bipolar
plate is formed by hot-embossing, but hot-embossing’s production cycle is
longer and the accuracy of product size, results in higher production cost.
Otherwise, the current material toward the diversification emphasizes the
material characterization and function, and hot-embossing lacks of the material
flow,so it’s not an advantage.

In this study, we use the method of injection molding to product the bipolar
plate,and this method can increase material flow and the connection between
materials.] used the high-proportion of powder to inject the double-sided bipolar
plate groove, and then measured properties of bipolar plate. In the injection
process, due to the presence of two types of fluid, the occurrence of internal
phase separation is significantly, and become more serious farther away from the

gate. In the material proportion with high ratio of graphite and nano-scale

II



carbon black,the strength, corrosion resistance, and thermal properties are
significantly improved, but the proportion of nano-scale carbon black affects the

performance of the overall conductivity.
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PR 99.7 % Bulk density 0.55 g/cm’
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weight
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ko FEUTEREWOR S Teoffiicd 340
kB Rg s ZEISS @ 0 4155 Axioskop 40 P &L F 10X #4018 55 5X
10X ~ 20X ~ 50X ~ 100X » # fie & ik 4x ~ 48 4 ~ CCD # i
P ks hofF] 3-5
Mg RS A~ RI/ G2 LT HIFR T s
# 4] : HITACHI S-4000 > 7 /& : Vacc (Accelerating voltage): 0.5
~ 30 kV ~ Vext (Emission extracting voltage): 0 ~ 6.5 kV > 2z < &
% 120 ~300,000 & > f#247 &  1.5nmat 25 keV o
r BEEE AN DARE F ¢ K H > A]5LINAPSON RT-7> 7 B2 &+ & <400
i B 4* /square > 4§ 3-6 o
M B 3 ¢ p &~ TECLOCK = @ #74 & 17 GS-702G 2. # & > 2 ASTM
D 2240 5 RIFE RS

\
A%
T
L
S
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BELR D AFHLI AR A+ 0 @ % TA Instruments 4 i 2 #%
e 0 4150 P TGAQS00 o # & 4544 3R & ~ 4 fRik 511 2
BRI N T AETRRLZEABER
g ik P F %K R 5 Jiehan 5600 electronchemical workstation » & & &
i s EiFpRRTREREERHE  4oR 37 -

33 FEiE i 8B
331 ET 2R
%ﬁﬁiiﬂﬁ%ﬁ%?ﬁ’ﬂ“ﬂ?%&uilm&Wp—i@ﬁ
Z £ 2 Wit kA (Department of Energy, DoE) = i 1G4 7 H & < Jf &
100S - ecm'[7]m1+ - A F 2% BBT %"f“f—fﬁ *AGE P iz w BREF SRR
BT RE T AR BIFEE R
P EEIE ARG R PIE S SRR B BFELY > B BHFEAY TR
o T bR BERER R @ﬂﬂ*@iﬁ’%ﬂﬂw1?mo¥?mmﬁ?
fwEgn koo MTIEH T HZT

B R-p I~ ArwiRE 7RI LR -HEofaf ¢ HER
AW BRII-ERSLRTEYL

L
R:W
t
EREDBLE TS T AR Y > BTy
rR=P
t

RN khfclE 5 RIL > TE RN R
SSeem o EPFSLQO T ETIES
H i o
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3.3.2 A ARl

ww*ﬁ dHBETARELEH L Sd BEINAFeE Y
T4 APARAFSEOEEE > AH A G hARL PR G - T
2 2% jx?,ag ® 11 p A& TECLOCK 2 2 #74 2 ¢ GS-702G fip & 214 A&
30 B ASTM D 2240 245 1% 5 R > i * 30 THAR & F o Ti8A & 5%
fbeng oA FEE AL A045 2. o Pl S X R RO0.1~30° Fl4E
Ao dE £ E A 0-44483 mN 2 FF o

333 HBTAH

AR B¢ £ £ 447k (Thermogravimetric Analysis) 4 7 # 2 F 4
oo ARF N ERMPAFUEIRFLETHEIER P RE LK RES
i - BY AR REAERE DR FETHFHT 0 F
BREIAIHEMEY F-o MRS R R S NFRAR - F VERM
KEgFlezgd A3 ta @ L g gL > L L 2R PER

EEAR o MO A RE A BRI v 0 B R e R Y
E TR R 5 80~100C @t BANVIHH AT 7§ HEafigd o g
FATE AMUE T AT S R R I IR AR

AT RE T R KA RE

3.3.4 it A iR E

T R s Al pRE v ™ o 23 EF 2 R R
BT 4SO, HSO, $ 1/ T B F urrd 2ok B S # B
Wt 2 AR ARG FINERELSFEG - T An 0 9 e
T R A A o F 2B R oG FRE TR 2 AT e
3 16 L Alem®e oAb iE SpIzES 2P F 2L eh% 2% i (potentiostatic ) ~
# % = (potentiodyhamic ) #& it /2 » *F Z U T 24k jE s B A ERIE
GO R38EATT T AR REBEKS F L ER = ik(potentiostat) ~ 1 1F
% & (working electrode » WE) ~ %% & {&(reference electrode ° REF) wWEr R
#&(counter electrode » AUX) o H ¢ 1 (¥ 7 & 5 0B £ g & » Cl
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T WP TR ERT Y S R  BF ROuEAY
T R BA ] o d EREREFTEE S RILELF
o W AT A L IERIE W M R S B
v4 T = (Ecorr) > $fh s T i fdhi T B AR Do
& o (Icorr) endejz v & 5 $52 *3R/2 (Tafel extrapolation) ~ 4% |4 & it
;% (Linear polarlzatlon) AP ERUEES CHIRE G A PR MR E A AT
50mv i - AP EE A IRE L CBREL Y RS E
T 4t Mﬁ@$’¢%%iﬁ%%sﬁ Ton[31] -

3.4 Trei e

CAD/CAE(Computer-aided Design / Computer aided Manufacturing) # /&
PR SORE CEF  A e TR RIS ey A
13 & 2722 - o CAE eha 7 i et 20 A2 ikt 0 VORI
WP HAg 5 &4 ER P T e 45 iRl 3 5 b flig B A
PER TRnFE e AR RN P RSEME R &2 CAEHR AT
3 %8 Moldflow Plastics Insight-3& = fimin 4 47 MPI it 358 % 4L = 2 pF R
I~ RS freaniEs o T BINETREEXE > AT B SR FNE
PO AR R PR s I 2 e A

SR S R LA

1. ZE4

1% 3 & b % 03D CAD g B4R & (7 & sk st end &9 # 0] -
2. 4 T %~ Moldflow #x 4

#-F R RO # 4 2 Moldflow #it 88 #7 i £ % chH-4] 4 5% (40 STL ~ IGES -~
STEP... %) o

3. 24 Mesh ##

WP AL = £ 2% o d MPI P 201 24 & A 3 g
B> T 41* meshtool & {7 B4 scf Peteen ' R S A mAR B H A 45
2 %% BIRITE R WA o
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4, EHE SR LT

T R bt d A5 2 > B ATE st iR 0 TR TR JOL A e

B o

5. EHEHE

Moldflow Plastics Insight #t#8 3 p 22 X R PHFHRE > & 7 p [T » 737
]/;’Hf'm‘f”*?ﬁ

\

PLEE TR M SRR B AGIE (T AT ORRR R B 1T A AT i R (AR
A ER AT B B L8R REFE AL T S8
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Potentiostat
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Sclution bridge

Higs T s
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Fo 3-1 &5 R4

A5 SM-150
SR E AL
T %K A cm® 283
Lk 0z 9.2
(F %) G 260
4R BT mm 46
SR 4 Kgf/cm? 1580
e Cm®/sec 104.8
LR 4% {7 42 mm 170
Ve 413 rpm 0-170
ER LT g/sec 21.4
ﬁﬁ}&-
& H4 ton E[a ¢ 150
BT Az mm 350
Wb < BEAE mm 800
PR mm 160-450
@R FE mm X mm 425 x 425
i * mm X mm 640 x 640
o R TE 4 ton x mm 3 x 100
w4k kL
b R B 4 kw(Hp) 18.5(25)
THEE Kw 10.0
i SR Kgf/em? 175
Wi s R Liter 200
B
BE A L x W x H(m) 48 x 13 x 1.6
BELE ton 4.4
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Ze 32 LSRR

A5 SMO-3
bR 4 W x D x H(cm) 103 x 71 x 155
MR <1 W x D X H(cm) 60 x 50 x 90

Ci 6 KVA

& % 9

T 27 A

e Max 200°C

3 3SR E AR

51 _ sTM-120
RRER G-l SN LK S 95°C o gk Y 160°TC
T # Kw 4.5
Rp o F Kw 0.5
R B E L/min 40
R B RS Bar 3.5
A I B .4 #r Indirect cooling
BB BEp Lnch 3/8"(4 x 2)
H AR < WxLxH mm 260x670%x620
£E kg 65
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% 3-4 34 Ao B £ N %R

7 KD-3-10
hEr 4 Lx W x H(mm) 1120%x1050%2300
BoEd 1500Kgs
I i i 0 fih © 0-45 rpm & §h 1 0-36 rpm
A% R4t 100mme X 410mm S.T.
R LA
ol A FrRIEE W RER L
FIphir R KD s ##dhat T &, p B
i w ik 220 VAC/60Hz/3 Phase
I ¢ 10 HPAC 5 & +%4 %
B R #

Ktype d /R & A% »
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SR Al 2R da fre S 4E

4.1 &) =52 % A50 fF
BIOLEEEEF A
FEERE 0 FEE R LS
ﬁuaﬁ%biﬁgﬁﬁjﬁfﬁ
I AR R >
%ﬁ’ﬁAGmBﬁﬂij-ﬂ’#Wﬁiiuﬂﬁﬁ&awt\%m®4&.
877.78 keflem” ~ 58 100°C T it 75+ 41 o St S35 @it o iE % A S
Eﬁﬁ@ﬂ%%’U&iﬁﬂﬁﬁiT’ﬁﬁﬁéﬁﬁﬁ*%@’%¢
N R AP AT B ERF AT EART 310C ~ HAES 1197 keffem”
BB 105°C » St 225 5.7 2 B ehR A0 @ & TG3CB ¥ o H s k4L b i o
HoR o ds i id o AR RPF - 4 3 4GICB 3 4 0 2 XA chi AR 30
FAA 0 BoiE A7 %8s LR R 3100 MR 4 1117.2 kgffem” ~ #
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B O115°C » 2253 5 22 secr H A tmek TUE 2 4o d 4-2 977 o

BELRD = A e IR 0 R R AEL Y & R gy 3N R R ACAL D R
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LEEFD RS S UHTES 62 it SRR
(15 HHELA R R R S BRI B G BUR PR 285t
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P OEUBIRETG o A LT, 21 TG3CB S 1L 0 @ B
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AR T EE RSP R AR 4297 0 F Y BREE AR Y G
AR TG A 0 R S e (YRR LR T 5 A 42 2 B
R A PR o Mgt o 3
RN R e
Por it 4 R PR R
2RI 500 Bk B o
Fh ] Tl AP A BLANARP A 0 B 4-3 (b) T E T F R
fiw o BlP B R e S R L BRI o IR R RO E
RESNRE @ hr FRAH P S REE TP RSO AR ET
Feoo MR A AR G ARE 0 P DY B RFPBREOR AR RO
BEHEAALSBEEL L o Y HERN FEERZ R TR

I

IVE-T! N \%;_E;;H?'EE-E_F;;/\ ,l,,\.‘]-'f:y’?é\‘:‘
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Bo T EUD L D § 0T R T
A Kkno 2 G A p e a4 Bl 4-3(a)

AT FEH R EE > PP iEr 4 P

|

= \M E&
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“TH.

3

PR A R T fgﬁ’&ﬁiﬁ,@\gi\%&g* Bl a4 %5 ¢ R HA
Bl o @ B ingE E k- E AR e R ML ST
A AR R R B e A 2 - 2 R SR

AR R > A B s B R
R B S G A AR T AR B E > Bl 4-5
dOLRERE R F R RPN T Ak s F

)‘;JfLé‘f’Jl]‘g—ﬂi » AP %gﬁ”i_%_j’i7 Tr 4 ‘E/ﬁ—gﬁi\ 7L A o ’Hﬁ’l‘l’f‘hzﬂﬁfﬁaﬁ

SRS N R AR T A %F‘Tf’“f]?ﬁ??\i LA ULt th B e
BUo I LB HEEHIERET R HRREI LR
AP EFSELT A Ao P T ER > PR RR TSI L PR o

4.2.2 SEM Pl % %

W SEM BLREw e > w0 B 42 R EHKETOIERT
PP RFagm 24 P ier 4 ipd L nkn > AT nge e @
TR MR RTTREED G - PROLR AR5 ke @ 8 ¥ SEM
BELTFEOFRS LTI QT E% 4 hi Ba 424 %l
254 4 > Bl 4-6 5 SEM BLB|F2, o ¥ BN SEE B Flind A 4 0
gRm R ET T 4 T WRP ARG B KA RDITR 2 0 4oF 4-6



(a)> @ BRI Eur BlinAas RIS T 5 (5% 4 1T > SnA T IR
7D MFEAS 0 4ol 4-6 (b)o d 3 AR BHEID A e S Ao F
SHREIRL T @ LS T BRI GARP B T e wa4i
ﬁw’ﬂfﬁwwﬂﬁﬁﬁap{ TR P TR E 3§ﬁ%wi
b R P @@@&Fiiﬁéi’ﬁ47%?ﬁmm%@ﬁm
Joegh 4 2L Ry MoFeRE L[32]
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43 22552 A
43.1 ET oA R LR

BRMEEROING AP R v BAFAGEF T G TR R R
PTG oL e TG o d Bl 437 g T F e 2R e FR
Fo P e 3R RELBEERT FAK PR AR 4S5 E
ISR IPY- £ STRN N LT L e R A e MR P S
THERLY > AHJapH AEERE D e > HET R L LT 2 5 h
R o B RRGEAS T BER R AN LR RAT A LT
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cenfiers o P BRI fee o X PRI

éﬁm—¢KWA’“w%/ﬁ@T VI T AR R AR A
T ABRY PHRES P2 S AL RETER TS > B FREREHRE
PEERE - @ FE S A RERERAT A A gk
“rifl e B T T A R 4o 4GICB . R A A B ARIEED
2GR E KT ST S 0 R R T 7 A2 S 0 T
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P A B end I 2 TG3CB v 4GICB R 3F 5 R 49 ST REHAE 2
Rehi Rl - BlP PR FEILARIE AR TS > PR AFFE
PEBPLTEUREBEAR  RFALAFAGAC > SPRT B EDEFIRE
“’&ﬁ%ﬁiﬁﬁﬁT@@ﬁET%°Fﬁ¢mﬁﬁ@ﬁﬂ’ﬁwa’

B EAA S RE G ST S AR /’i%ﬂ¥¢ﬁz F ER R
MRz g oo ptdr OM “TRPIIE D] ehifi?) > Flg &2 s § 4 iF

?Jlﬁr,)é]la];’%,_rg ﬁl‘.i’r’f%%gﬁl:"; "—g ;#Bk\aﬁtf—i{ﬁmwv’/ﬁac’

432 BT A AL T

P B B E 4 471k (Thermogravimetry Analysis ) s 1 & & 47 1%
Bod TR RMERS AR ERE L TRA AT A2 HEA
Ao BARERNEE - R RSLEEHN L E 5% & B 4-10 5 4GICB
ZRMELATE S d B YT P e g SR i 250C 1 4 B AR A
AHBELFE SRS NEREL IEER . &9 475CHF > BipPd ang 4
iz m B R g do 4 128 A 2. 350C = 23 4% A8 B 5 470C = % >
B 41 1T 56 Wi E & 18 R B AR R AL 2 8 0 9 125°C >
BEAE MR RAHETEACH 411 5 TG3CB 2 #1 & A 474 & -
1P 4GICB & s+ m’éﬁﬁ%wm%ﬁ’%ﬁﬁﬁggﬁgﬂ,yﬁ
AT AL RS Tl RPN TR R IR LB s T
FEEMEFOLEFEN L o

LA Y o AF B * Jiehan 5600 electronchemical workstation &
TR B F Rapid TR 5 05SM HpSOy4 -k i3 32 7 s 5 20x20mm
Bl 4-12~ B] 4-13 ~ B 5 4GICB 2 2 7G3CB £ d 27 = &R*TE B F I ik
it AR e ARSI RERSH LD E AT (Tafel region ) » &5
ERFW AR A FREFETNE S E O HEIRR LA
T PRAFAES > FAT AR L AR AR c HR T KhhT
ERATE FAT AR ML BMARMET AT F 2 RIS
B o KR 4-12~ Bl 4-13 2 [515 it & 2 R BTt e R i R
BT % 5 AGICB 2 Fra 3 in % 5 -1.60x10* Alem® ~ &8 3 74 % -8.3x

‘.‘T_"l‘ “
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102 mv ; 7G3CB 2 F4: 3 7% 5-9.93x10° Alem® ~ B4 3 =4 5-9.6x107

mve AR ESFLRET S8 RRATIS FF ElhL R o aR G
AR R L 'mi\gm@q\f BE -EFRaGAATOGZERAFET ISR

#5116 Alem’® s 4GICB 112 7G3CB 2 frab € im ¢ -] >R & » F]

EeFFA LR > kARG - TavkEE e

4.4 HAmA 45

£ 41* Auto CAD % 1453) » #-H & » MPI ¥ & = Rl > & >3 )
= AR E Aok Y o Ao 4-14 ~ B 4-15 HFT e dmdpeiE 2L R §ﬁ“
B3R Rdhrd 420 & MPL RGP T o Bl A b chiE R T L iR E
Fope s PIRFF KR FIna R TR AR E A ARG ¥
B> AABERED AR o F 2R ‘%?f'ﬂ“:': A5+ bt el L 4o MPL
TR D - o B R AR R MR R R ER > B
W AP R Ared » B 4-16 3 M RE A B -

%“ﬂ}r‘%it%:':s‘@%i%éfﬁ ORI L g AR PR e > MPI
TR D) R Ao ] 4-17 5 F S5 R iR < 3R e E: ¢ohck i) o
R E o Beded > @ AF '%;hm**» ToA LR T
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25.8kV X580.09 680 Frm

(a) &2 Bl fim

(b) ® BB

& 4-6 SEM %= 3|5
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(a) BIFIR % (b) MEE =% FZM

25.8kV X1lee 388rm

(c) FIRE A 2 hz 4

B 4-7 SEM %% 2|5 BB 2 B R
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e Ll

—

(a) & {734 2§ (b) £E * 4~ & F
TATIE HERE

iRaE 4G1CE TG3CE 4G1CE TGEECE
1 1013 5.94 6.41 4 34
2 16.04 617 3.62 598
2 797 551 349 970
4 1365 .07 3.38 706
3 10,36 £.24 2.20 7.28
£ 9.05 6.02 1015 567
F 9.26 478 6.87 6.30
8 10.87 6.0 3.52 5.27
9 705 4 82 9.94 569

£ Bify %1035/ cm

(¢) T ¢ ERRERAE

Bl 4-8 T o T HR&S HIF
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Current density / Iog{Acm'z}
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T Deflecthm all effects:Deflection
<-\"'{“ﬁ‘_\.*“" SR “Scale Factpr\‘fR]' 000
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< Lt '.»c i g
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Wi £ §
LS
TR | BAAE | RRER | FE | 2AREL | RAER
4G1CB 40% 10% 50% 56. 29% 1. 9% 41. 8%
7G3CB 35% 15% 50% 52. 4% 3. 03% 44. 5%
£ 42 B0 H AR TR
e 4G1GB 7G3CB
FE R R 310°C 310°C
g 3 79.4 cm’/sec 79.4 cm’/sec
i R 4 1197 keffom’ - | 1117.2 kef/em®
R PR 0.2 sec 0.2 sec
L Ar 15 sec 15 sec
HE R R 105°C 115°C




5.1 &3
AR BB A R T D s PR 0 R o enle s A G

T Aol R~ BB = AR o T R U R TRV T

BooBCE o AT s S e AR (T IR R R RE) 0 °
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