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The Study of Electrical Conductivity and Mechanical Strength on Bipolar
Plate via Different Surface Sputtering

Student : An-Yu Liu Advisors : Chang-Pin Chou

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

The bipolar plate has occupied 90% volumes in the fuel cell stacks and
affects the fuel cell’s conductivity and manufacturing cost. The traditional
bipolar plate materials include, metal ', graphite and carbon composite
material have several problems. This research used PMMA as the
foundation plate and different types of metallic-film were deposited by
sputtering.

Non-conductor metallization technique-was used prepare the bipolar
plate. The physical properties:‘of the " PMMA board surface could be
changed by the machinery roughen. treatment, then the board was coated
via sputtering method with different metallic film (Ti ' Cr ' Zr ' Cu),and
finally discusses influence in the PMMA surface the adhesion ' electrical
properties ' physical and chemical properties of the PMMA with the
different metallic films were tested and discussed.

From the results of performance test, it was shown that the Cu film is
better than others. This study results also showed that this pre-coated
copper film can provide good conductivity and future process of

electroplating.
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’BEBﬁg«"z»%fP\"ﬁ%’f#‘*‘E’J PlE KRR N R
Yo 12-9 o EAE A A A S EF T o de g BT S S
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2. Frank - Vander Merwetk 7* (= Lk &k i) ¢

B R R A R e G R S PR~ SR LG
Rt Ad e P HIEEH LRSI A - AT 2 e £ o
4o 2-10 o & F & fr(Homoepitaxy) (F % 22 &5 5 4p I 4442 )3) = &
EREET L - B o
3. Sranski - Krastanovi 3% (& &2 £ H)
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BR- TR TR R0 GRS R dof 2411 ¢
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1202 + ZH™ + 22 -»H:0

B 2-2 PEMFCa i® k32 [22]
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Bipolar- Plate with Flow Field

Membrane

Gas Diffusion Layer with Catalyst

End Plate

1. Oxygen radicals in Nz plasma react carbon @ Carbon (Surfaca material)
_ on surface

2. Polar group generation such as C-0, C-03 @ @ orygen {radicel

N2 Nitrogen (plasma source)

H Hydrogen
5 ©

3. Surface activation by oxygen bonding and
- broken honds.

Surface Activation
Improved Adhesion by radiecal irradiation

Surface Broken Increasing of
Roughening Boncis G-0 Bond
o o ©
- - 0 © = T~ H H
o4 o4 4

Substrate

B 2-4 25 Ei7 LB
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33 FREHRREBEANEL

331 R34 Eics (Atomic Force Microscope:AFM)

Jo+ 4 B s (Atomic Force Microscopy » AFM) &

£
/ﬁ }btl y

RA DA HRRIIRA ~ R ARBIFNA S F AR ke A kY A
8 * pieo] T AF (cantilever) K& B R+ 2 B 4 cngg it

® o MR AR W
d — B 100~500um & fc+ ¥ 500nm~5um 5 5 B & F L B
BI3-45MiE A S RESTADHATRY 2 BT+ B L 54 31

n WL Z\

ETTRS

AFM 4.4 % o

332 ¥R+ Bk (SEM)
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3.3.3 = 2ti¥F 4+ (Four-Point Probe)

wOBLIE 4T PR R R IR L e TR T S F R 2
B AV -BRENEAEFRSZRBEfRIE I T T
RV ETERrZMFRIZE po B 3-6 2w ZHIFLFHE - £ 3-3
B ARFEE o
334 S FAF R HFERERY

AR S T AT BT 5 RERME £ 34 5 A E

[

%+ load cell -

2. BER R -

3. KPRE®inE o

4, TRFE T o5 19min °
5. RBRIEER o

6. E = o

7. T ARG LR o

8. BT A2 T fE R4

9. BT START 4R 4385 ©
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B 37 § i fArakah 45 0 W)

# 3-1 AFM R4 4

) ¢ =10mm

¥4 b F 10gm X 10 #m
1 P i B 625000 point/sec
e s SRS IR Y £
[E 0. Inm
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332 g N F 3 MACEL(SEM) AR

fE47 & 1. 5nm(15kV) 3. Onm(1kV)
S x25 to x650, 000
Svik TR 0. b5kV to 30kV
FR R o <1 pA to >200nA

355 84 ;% Schottky Field
Emission Gun

/225 mm x & A& 10 mm

1280 x 1024 pixels

3%‘#%%@3%@1
X#h 2 70 mm
Y#bh : 50 mm
g qE © 360°

Z#h © 3 mm to 41 mm
AL & R -5 to +60°

%33 2 BIEET I RARAR

e Model 2000
[had - & 2ofE
E 7 R UIEY] 10
AT LS
®ATCR 100nV
B F e 1000V
ANERRE 0. 002%
®ACR 10nA
Fih 4 [F) 10mA-3A
A~ RRRE 0. 03%
w4 (2/4)
FARR 100 Q
AR 0. 008%
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34 g PR AR L

Rated load capacity 500N/bH0kgf
Absolute maximum load capacity 150N/ 7bkgt
Test space Between load cell and lower joint:MAX.500mm
Size 380mm X D450mm X H720mm
Weight Approximately 2bkg
Speed range 0.5 to 500mm/min
Speed setting resolution Ilmm/min(l to 500mm/min)
fE47 2 0. 01mm
T H0 -~ EH] 2 Al
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Frd BERAFEHG

F TR A 2 F ST AR 0 & T PMMA 5 1F S R

\H

*E R

TAEBFEZAF I AF AR REETE A 2EA
WE Ti~Cr~ZrfeCue 84343 P £ v d o F 2% 4 112
gk 2 T R R
41 AFM 4 & fedeR £ 7
— A ENOR R & FR L R I F A PR 4
F b AERER HOTEHF 4 RS A R £ BT g o Rk n
b iy o

20 R4 Ti B AFM 4o Bl 41 #5 2 F & B 5
10000nm*10000nm * 4% % A& 2000nm -’ Ry & = 201.45nm -~ % & &
# Cr &% AFM 4o ®] 4-3 “rmd dida e/l 5 10000nm*10000nm > 47
$o 8 B 5 2000nm > R, & 5 236.12nm © % & 3R 4E Zr & % AFM 4@
4-5 “77 2 F 45 4~ % 5 10000nm*10000nm - 45 & & 5 2000nm > R,
B 5 312.88nm- % & 4% Cu & AFM 4r ) 4-7 “77 2 fs 2 ] &
10000nm*10000nm > %5 & A 5 2000nm > R, & 5 209.23nm °

Bl 4-2 - B 4-4 - B 4-6 ~ B 4-8 &~ %] 5 Ti &%~ Cr &% ~ Zr %%

A

2 Cu @ AFM > 8- % 4-1PMMA 84573 & B2 4

-~

BER A 47 5T
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SO R SR e A g R RER o 1] R & R R

e

BF{FE4r PMMA Y »d % 4-1 k5 Ti £ BEWCr &

7
4y

ﬁ\"_ﬂ
P3¢
%

uE BRI RER RS BIT o n Zr £ B E KR R o

% 4-1 PMMA £ 8487 I & B2 e kb i A 47 FE 4

ERBERER Ra RMS Rmax

Ti &g s 2041, 45nm 249.27nm 1366. 27nm
Cr &usE s 236."12nm 286. 6 7nm 1372. 68nm
Ir ErgaR e 312..88nm 379. 45nm 1998. 90nm
Cu &5 5 209. 23nm 245. 27nm 1145. 94nm
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42 PMMA =487 F & & E % SEM £ 45

AR SR W 25KV IFTREF e AR P RE LT L

PMMA 8 e Hdp ¥ > 3p 4% 5 5 100007 5 -
Bl 4-9 ~ B 4-10 ~ B 4-11 §c B 4-12 & A 5 PMMA & 45 Ti &%

Cr %~ Zr 3 % SEM T 5 jiL% Bl f- PMMA 4% Cu 3% SEM T &

Ti & Zr 2. & BEWEE T2 AL sk 4 480 3adp = 3N 49 5 i o
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S
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2.558Q > Ti JEMzE F g 4 > H TiaE

% 51.243Q > Cr 4 Zr 35
REE LR A L 18.204Q-46.409Q° PMMA # 6 B4E 2 & B iEwT

{4 (5 Bl4cB] 4-14 ~ B 4-15 ~ B 4-16 ~ B 4-17 #771 o

% 4-2 "PMMA 2 g BETi o F %

Ti 1 2 3 4 5

A 55.374 56.934 58.493 52.076 45.658
B 55.055 53.385 51.716 48.805 45.895
C 54.735 49.837 44,938 45.535 46.132
D 48.983 50.201 51.420 51.127 50.834
E 43.231 50.566 57.901 56.719 55.536

A = 51.243
(¥ =:Q)
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% 4-3 PMMA % o 4% Cr BT A T 4

Cr 1 2 3 4 5

A 16.961 18.113 19.264 20.131 20.998
B 16.509 17.939 19.369 19.842 20.315
C 16.056 17.765 19.474 19.553 19.632
D 15.540 17.147 18.754 18.624 18.493
E 15.023 16.529 18.034 17.694 17.354

& T 18.204
(% Q)

# 4-4 PMMA # w B4 Zr & %7 A 7 4

Zr 1 2 3 4 5

A 51.174 53.234 SE VA %) 47.376 39.458
B 50.855 49.006 47.157 43.426 39.695
C 50.535 44.778 39.021 39.477 39.932
D 44.783 45.822 46.861 45.748 44.634
E 39.031 46,8606 54.701 52.019 49.336

BT 46.409
(¥ =:Q)

# 4-5 PMMA # w 4% Cu 5T o & 4

Cu 1 2 3 4 5
A 2.957 2.691 2.424 2.582 2.740
B 2.743 2.612 2.481 2.599 2.717
C 2.529 2.534 2.538 2.616 2.694
D 2.489 2.441 2.394 2.512 2.631
E 2.449 2.349 2.249 2.409 2.568
T3 2.558

(% #:Q)

52



44 BEES A
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s i 4% F R S0 P FIRTIERT AR R i 2 2 R4 T4
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441 BN v F A4 LT

ARIEPE S SRS BT L HEFRR o

STiE ek WO H 4 4505 S00N 52 Bl E S 5 4mm o
B R EREAE B 0 N AR TR R 2T R
B % 10min o F Sk ® £.0 eid RIS e%ds 1 am > ¥5 - R Pt
MRH=Z X o

PMMA % 6 &4 Ti & CE o R A58 % 40 F] 4-18 » B 4-19 -~
4-20 22 @) 4-21 » & B 5 PMMA % 6845 Cr %% ~ Zr %2 Cu 4
IR Bl 422 LW AR v ES LR A 46 L LT A
BAEWE A D a4 E o B 424 WD 2 EFS B ITT B
Bl 4-25 BeE £ B EEHRLR Y o

FHESHET L Cu EF% A PMMA el v ¥4 ik > 4
57.550N > Zr &5 % 4 gL 0 5 38.725N 0 Ti &% Cr % » '

% 4 5 48.237N 4r 43.667N -
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Ti
Test B e A E
1 50. 150
2 47.900
3 46. 662
= 48. 237
Zr
Test BT w4 B
1 37.125
2 40. 500
3 38. 500
= 38. 725

Cr
Test B dwdd @
1 43. 400
2 43.100
3 44. 500
= 43. 667
Cu
Test Bt wdd @
1 62. 450
2 59. 150
3 51. 050
Sk 57.550
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442 EENRIeNFS A7

Pl s 4 E& Y I 2 5 RADERER A RIET B &
%5 PMMA 025 » 428 6 4% 5 10*15mm’ » 48559 % &2 PMMA
WERAMZRFIE RS RPIY T AL R AR F R R
W o

Bl 4-31 4Rl % 4 07 BB 0 B 4-32 5 PMMA R4k £
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