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Fabrication and analysis of composite bipolar plates with expanded graphite to
increase electrical conductivity of fuel cells
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keywords Abstract

Bipolar plate Bipolar plates are one of the most important components in a PEM fuel cell. In this study, a bipolar plate made of
Fuel cell . stamping method is developed to increase electrical conductivity and mechanical behavior and manufacturing
Expanded graphite productivity of the fuel cell and to decrease electrical resistance according to DOE. For fabrication these plates,
Composite phenolic resins were used as matrix and expanded graphite to increase electrical conductivity and graphite to filler

Electrical conductivity and carbon fiber to increase flexural strength and optimize electrical conductivity. The electrical conductivity

increased up to 40 percent respect to the DOE. The flexural strength and impact strength of the measured specimens
were improved respect to the DOE about 11 and 170 percent, respectively. The experimental results are in
accordance with DOE. According to SEM images and test curves, electric conductivity increases with expanded
graphite fillers.
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Table 1 Specifications of Samples and Their Coding Method

Moyd (Fig ey oy oy bl G jamols oS a
59 bl S S Slgo (39 oo Aiged
S blu! L Y 3Y
asly
1 74 22 R22/EG3/G74/CF1 S
1 72 22 R22/EG5/G72/CF1 S,
1 10 67 22 R22/EG10/G67/CF1 Ss
1 15 62 22 R22/EG15/G62/CF1 Sy

Fig. 2 Charpie's Impact Test Device
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Fig. 3 Four Probe Point Electrical Conductivity Test Device

S2)940l5" (5)9US 9 pole &g ks

oS Colan ge3] oKiwe 3 S

Cem g b -3
s plSxiwl -1-3

3 Four Point Probe

467

Ol sl olel bsgio Jlaio s )85 L 4 (Si5 20,0 52 50 e (55
Sly e Sl lie 4 S5 5 b IS hes el
S1 diged el dgguine a5 jeboylos el oas ools L Sa b St sladigas
3 s plSoiul Ll sads  SiuSs jles 26.4 MPa L Ll i o
3575 Zawl YL DOE s laslinl Jlade 5l 00,0 5.6 ¢liee 4 55 diges oyl

ol oad i pies Canglie (I8l el aiged cpl jo o,S SLI

baiges el -3-2
w85 8 Galesl 950 5 a3l g alse s (b 905 slaaigad

il Bl bl § bl § d s s s 51 g 3] 4l 0
Oon ookl b Josbl ol jon a4y lge ol 0,8 BLIL g g8 3,
15 Goe & (Jools yaad s 2ol bolie aids 30 Sue 4 Sl
39290 Jobl b o eols 13 ol 5 il a0 100 sles ,o 91 ;o aids
[18]55 Lol gl oty 5 e e 3

3 gl Cou Gl g oS IB ] Cans 4 s adgl CSy 5l am
Hlad o ol 5 ile ax 10 100 4 Les oy 5l am al 0olo, 13 51> ey
B L s g o alBloaSs coli oyl ol 4iBs 30 o 4 B0 bar
Lyls ool ogd oo 0ols Lialidl ol F il ax 0 120 b 5.5 Les 4 140 bar
[18]0gs Jol> ol iy b 05 so ariloass cols 4ids 20 Sow 4

B Sy 0m,0 L g cpsy (Fig o0 22 jlade ladiges ol il yo
1S @ges nl )5 (Brae Joibl Gliee ol 485 a5 Sl &jg0m (S
559 o,y oaddiSle gladigel led jo el BOF slaaiges sl5l 4y CC
S5 (G5g weyd GRIBIL g s piie atdly blul cdIS 5 2l
WDl g oS Cedl S Sig doy sl bl

Lygosl ~4-2
ke 2100 Jus ' Jg5, g5 olKs 5l oolitnl b (gladatiam ies yge3]
slul b g 2 mm/min & ceyw L ASTM D790_03 o lastewsl b
e 1y s 03] diged paas 1 S ab plol 127%12.7%3.2 mm
Sleslital b g 361 sloo o o)l g9 5l apd (g3l o oo yLis Linlej]
L 3 ASTM D5045_99 5 ,lastiwl b Gllas SIT_20D Jue ¥plices oSiws
oaools (ylid 2 IS 40 o (yge3] olKiws .ol plesl 55X10X5 MM olul
0903 dadiges s (bl 55 (S0 Sl Zolan liee (6 S0l gl e
0 8 el Tl gz oy olfies jf eolizul b glibais gz colas
sanlive S0 Sl Eolan (yge;T olfitws 3 S 10 .o plil ez Lo Crio

Dy

48,5 SEM jglai cied (sladigas ) oud a8l mhans (o) 2 512
S Cabe (shug) (9 gSmg S olfiws Ly polal ol ik
.o alxil VEGA3 TESCAN

Fig. 1 Three-point bending test device.
Slahiiaw e 05"}] olfws 1 Sl

1 Zwick/Roell
2 Santam



Obled 5 pliwss Ly sy

o pm‘ -2-3
oo, b as cl 1 Sl gl sl 00el 6 JSS 10 4,0 (yg05] gl
eadodz (5551 Oliee oot Sl ogzs 5 1 Jsaz 50 s92se (055 s
&l 5l eabeslita oy, 4wyl sl DOE o il ado 51 5YL
Wged Cunglie Jlade D90 o0 Spglie d2y0 Jlhe e 09l g0 Cumge s (3
a5640.53/M? 51 5YL 5L DOE o lasbis] 3,155 b 00,1y a0 o pl s 50
5 YL a0 170 oS el oaiw, 109.5 I/M? s 0 Gudioss ol o oS
<2l DOE s szl luis

ol Jlade ol 1S5 5L 4 55 weys 2 sl 8 g5l onl 5o
A Jgaz 50 ool gla S9 ao,0 b e Sa 55382 St sladiges jo 4,0
el Cews & (J/mM?) 106.25 107.5 109.25 109.6 L plp ey 4
wre 0303) 3l om 1y GRiseelS sladisai po 5l i Jlogai 6 S
B3 Olieayms 5l G B sVl S cos silioe oad Glales]

IR

120 | 109.5 109.25 1075 106.25

—= —=— =

100

80

60 405
40

Impact Energy (J/m?)

20

S1 S2 S3 S4 DOE

Samples

Fig.6 Impact Energy for Different Samples
Gl 6[.@4.154.5 6‘)‘.’ Q0 'ALX;&..;‘G ‘JS.&

2 58I Ul ) (39031-3-3

odiges catuin sla 539 duoyo b ldaiges Cilo | s 5 G903] ol o
Slga lime s (oSl Colan ojlasl .oz 5 15 iolej] 0,50 4L 4 plaS e
sS e ey el blussl cdl 3 i0dl 3 il ey jaaelS 10 59390
SoySUl colas e o JSE 0 ol (S cSle g, jelaiiens
IS Gollae .asleos 481 DOE o jlastiw! jlore b duslie ;0 9051 (slodiges
lesg o 1y (S uSUl Colan Jlade o 5SSt g i o yiies Sa diged 7
ol Qs y0 42.4 Lol ecdls o s 50 (il 8l oliae o0l

Slee il blasl cdlS aoys Sl b cousl aseie a5 jsbiles
blasl el 5 S conl o] jol cpl cde ol oo (ialidl (SO STl colon
Ol Bl s ol e gl CoBIF d Cid (6 5 S 5 Slras (gl lo il
Slrio a5 Jloy [18]0sd co sabaisly Cojemals o (oSl coloa
3 ey g iU sl e s il 55,5 CajeuelS yo atdl blusl cuél s
bloy 0gd oo el ol cpl s Wb oo Gl Ko axio 4 Glaxas

ik NREREE Y]

27.75 L ply o o ige (o ¢ S2 dgad j0 s plSoxiul iSlas
el YL ao,0 11 50 4 DOE 5 sl jlade 51 45 004 MPa

122 511, sy slaie olg cod badiges ol cl jo @S sl S5 LB
oSl colan ol d5gei o poliae (ialidl el ol ol 1y wls ol58l
D95 (50

26.8 §25.25 MPa .55 4 S4 4 S3 sladigel ;o (cdwes alSoxinl
Jade 5 YL wsys 7.2 91 jlade 4 cul i 4 a5 awl cuws 4 MPa
S350l 50 i S- i Hloges B S ,0 .zl DOE s jlaill
(s 4zl g Bl ogzg o a4y Cunl Sgpuine a5 jshailen .09 o odnlive
e Sy 4l a0 axhad g onl iy sies plSoiul 058
Sgei g 5551 5] (250 3 e Jlasl iges 41 e (55,05 o o
S 3l g 050 iz dia 5 08 BN basgs 5 o S (i
Cdl el a5 w0 Bl a5l AL (SaiS g cddy gl
ey Okl & 0905 5 00 Jloged ST

25 MPa 5l sV o jo ies plSowiul oS DOE jLas 4 4> L
Gy Al o 4l e pp ) 4 Baiod cpl jo A4S 340 oo o line ol
L 5o 1) 0 Ol Olgies (sieS plSouul i 4z e I
Syl colan lie jo el cpl aSl Jds 4 Ll wle ol58l adaiges
Aoy il 5l s oo o LEalS a4 pmie 5 0l usSas azl ladigal

D (5,0093 G5y a5l Gl (S5

30| 264 27-;5 2507 2684

25
25 | [7] — ] =

20
15
10

Flexural Strength (MPa)

S1 S2 S3 S4 DOE

Samples

Fig. 4 Flexural Strength for Different Samples
I GEN Lglmm'}u' Lﬁ‘ﬁ 6..4} r:\.iz;...:l‘l JS.&)

30

25 —» sl
g
= X —e2
=
2 15
-
§ 10 —es3
o
=}
B 5 s4
o

o
-0.5 5 4) 0.5 1 1.5 2 2.5

Strain(%)

Fig. 5 Flexural Stress-Strain Diagram
e Pl (3,5 T Jlaged 5 S

468

0940l (5 )9Ud 9 pole &y puiss



0940l (5)9Ud 9 pole &y puiss

bl 5 Yl sy by g

el 2 il 381 s aisly bl S b ) 9aelS oaloB s wilmio Julots 5 wilus

Tl lzd oloml o ctad alSoxil fyge3l 5o [18]asl (iul38l ojle (ives
93980 (25 a7k 9 SLI (oS Ll s g e CenSD ey
(O JS8) 398 o0 e 51 SLIN ot 00028 (g el Sule 5o

sokailen .09 co ounlive S8 diges oul A adaie o 10 S0 5o
Slriao S pie Jad 0 o 0 (0) (o5 4zl wgd e conlie &S
Jlesl 5lamy (0,5 az b BLIN S 068 o camlice wojls 1,3 (@) g
Oorm ey 510 5l g Cuglin ol cuws S L pu,S Azl SLI &S
Sloads oS

S a5 3535 oo s0nlie S5 digas s 415 alaite wlaws 11 S5 o
Llse shls ol cnl a5 condon) g Sialoal & g0t Zojonsls 5| ()8
alyd el Oyge a4 0,5 BU 1 eslain] ©jee o Ll olee
Sheslital b g gwd Sygods 1) o] Gl ce g 00dd oduzy eole cilu
poe & Olgioe jb (he) (nl celee jlandlo S bslie 1l ) slaclstins
S8 BB oS o lal Koo alads 4y adais S 5l plaie jeb 4y o ye xSl o lan
Cel wls )8 CojamlS jo Jlocgs Oygoa |y 0, BLIL Hlgn STl el
[18]0g8 o0 oy (ctns plSominl il 38l 5 (o STl Colan il 58l

ol 0,5 BLII as 555 o odnlive Sa diges ghaie mhaw 12 S 0
Cadl S b ien g o)l 18 ehdgs Slbras (C) ey S @) ()5
S Camd $5S,p Olbo 45 0gd 0 saslie (0) 4Bl bl
oSl colan @il blugl el 3 o (S5 Jdo 4 g 0)ls codl 3
dbee Gl

-

. -
WD: 16.21 mm | VEGA3 TESCAN
Det: SE 100 pm
SEM MAG: 500 x  Date(m/dly): 10/24/18

View field: 415 pm

Chemistry & Chemical Engineering Research Center

Fig.8 SEM image of broken cross-section of sample S, in bending test
with a magnification of 500x
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1 Scanning Electron Microscope (SEM)
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WD: 14.27 mm

Det: SE 200 pm
Date(m/dly): 10/24/18

=N

SEM HV: 20.0 kV
View field: 755 ym
SEM MAG: 275 x

VEGA3 TESCAN

Chemistry & Chemical Engineening Research Center

Fig.11 SEM image of broken cross-section of sample S in bending test
with a magnification of 275x
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Fig.12 SEM image of broken cross-section of sample S, in bending test
with a magnification of 300x (a) Crushed Carbon Fiber (b) Expanded
Graphite (c) Composite Field
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with a magnification of 400x (a) Crushed Carbon Fiber (b) Composite
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with a magnification of 400x (a) Bipolar Plate (b) Carbon Cloth
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