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Keywords Abstract

Electrical conductivity The present research work was aimed at developing conductive polymer-based composites in order to have a
Carbon black higher Conductivity than the standard level of the Energy Institute of America. In this case, the composites can be
Expanded graphite applied to make electrodes. For this purpose, carbon clack particles, carbon nanotube and expanded graphite with
Carbon nano tube different weight percentages (5%, 10%, 15%, 25%, and 35%) were added to the epoxy resin and the electrical
Electrical conductivity conductivity of the samples was measured according to the four-point standard method. The average electrical
threshold conductivity threshold for carbon clack particles, carbon nanotube and expanded graphite was determined at 25,

10, and 15, respectively. Furthermore, the effect of different construction parameters such as the use of vacuum
pumps and heating on the electrical conductivity of the composite samples was also investigated. The experiments
revealed that the use of the vacuum pump increased the electrical conductivity by 10.8%, 11.4% and 9.6% in
carbon black, carbon nanotube, and expanded graphite samples, respectively. In order to increase the mechanical
strength of the conductive polymer samples, ten layers of unidirectional carbon fabric were used. The results
obtained showed that the use of carbon fibers enhanced the electrical conductivity by 23.2%, 27.3%, and 24.7%
for carbon black, expanded graphite, and carbon nanotube samples, respectively. Ultimately, using the scanned
electron microscopy images, the quality of the nanoparticle distribution in the samples was investigated.
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Fig. 2 Schematic of four-point resistance measurement [41]
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Table 4 Properties of Carbon Nano Tube Particles [28]
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Fig. 1 Illustration of two-point resistance measurement [41]
[41] lakaiigs Siomiw bg, 4 bgs e Silos 1 S

1 two-point resistance measurement

608

J 940 L8 5 9Ud 9 ool 4y i

('}



93008 5)9Ud 9 pole Ay yuis

J

(¥

Ve 5 (503 (2lblb so=o

b3 536l oslaiul b w8 sal/ 2 55 Sl solS oo 58 ol sl 5l

Loy ai35 20 Gae @ ladiges 5l S ol 0l 8 Coles s 0gi oo 03
oo aSul s 4 08 o0 90 L2 L S5 caoy 5 Ladiged ool 18
0Ly Gl 5 ol 3B 1S ool anl (S5 2 (UL b 09
ol 00el 13 13 50 Jeaiiay ol Ol Sl 4 bgsye gl a5 o)l
5o olF il a0 90 les jo el 2 Sae 4 jeS 0 ladiges UL 4o
wged d Sl o (gl 45 Cenl 55 4y ¥ igdise o0ls 8 sl U5
Ouled 3 UKG j0 oS badiged ol olul s asle el 1SS e

Db oo yia due 200%20%2 sl 0s 00ls

— ZTT
E i ¥
L 1
R
50 mm 50 mm
200 mm >

mm
-+

Fig. 4 Carbon/epoxy specimen
S5l S R s5elS wised 4SS

S A2l 500 5 Lol yen (1) Gaige cSlu -4-7-2

ledges doosisS y olen 4 25, ilwools] I am Caend cpl o
ol atle gws guz aY gy SeS 4 O35k g5l S sl S
olan alinl 39 weye ojlail 4 I3 gl Gl plaST e Siy dey
7.25 g oo Jawase il 5715 (0p S g ¢ 710) soel ey (S xS
AOl oo A ST S BLI Y 00 Lol pan (0940

o gmbs -3

ouiS 5 glgil ol pod (3 wiged i -1-3

o9 )l o_x.;_;Sﬁ: 65"" &51‘“’4"54" 5 65")"5'” ;‘,mjl.'é.a 6)15").“'\51 &5‘)‘.’
Sade aSol a4y azgl b g, ol po il eolaiwl gladais e Koo
Sy 005 S ol5el Shae 5 330 Yl St oS ol ot
o lastinl Gllae aSul o ;500 ogw g el JSie el oy
e peae j0 13 w3y, 518 el e 30 5 wls byr @as Gl
Jlesl b coles o 5 o oolatwl caslite cod)bb b o5l S5l (g 505l
by,  @lhe <oy
F390-98

oyl 0 eas &l 2 4 1

[33] ASTM

p(Q.cm) =axTxLxdxR @

B (slcm) = 1/p @)

°)‘15 wsu.a )iJL..: u.\.?).: Lo 3T L .d <R ‘B‘p 69.9 Ja;‘s) 30 as
ol s cul wawlies o S Sl Gglie o S Sl Colas (SO Sl

50 Bedod ol 50 oads oolaiwl Colgd polie il so owdid ol g Leo

wload 3,55 Jsa

609

Blojtns 5 63 i b o olad BB 0,8 5 Glo b3 S,
ISt allan) il S Lo i &l (e Aol b anlie 5 sl

.3
current source and measurement
.-’T\
py
Fig. 3 Four- point resistance meausurment configuration
sl oz Kiomiw (g0 ,Sa 090 3 S

S SN Sl gy g e BAiges clw —7-2

A oS gyl (w55 diged el -1-7-2

eadaisle jelate pl Glp &5 SeSlew GBI lbaiges cole sl p
e b aids 10 e 4 saSeous boolyen o5, Tl 09 oo eolinl
@ baiges 6 IS 5l 09d 0 aBu, B 49,0 w9 00l bl
Syl g el e B I baiges dae glos jo el 24 s
Sygo gl JF 50 ol F bl ax 50 90 gles jo el 6 ae 4 Sl
0y 0

Sl 055 jauels gladises el -2-7-2

5 oS enbadl az by 5l Glise slagzr 4V b (Sl sleaises
lisl adiges Wigd oo aidlor (s oz (o) SIS 4 (Sl 005,
Cels 6 oo 5 s g 00l adgl S5y GGl sles Ho cele 24 Sioe 4
sl sbaiges ol Wi o oS iy ol F il az 0 90 gles (o
5 S e S izmes bl e e 200 X 20 X 20
o5l [42] ASTM D3171-06 o lastiwsl 51 oslazal b o j0m0lS (slodiges
Sl oo 00,0 53.5 g us 6,5

oS 3 £l (5255 s AIg0d Sl 372

o bancio bl S (CB) 0093 00iiS s £55 dw b oddiy (5, (slodiges
a3le 25 315 .10 & j9 slaas,s ,o (CNT) 0,5 dglsil o(EG)
hasgty 0018 51235 )50 oy b ol pad 15 Il jslate (pas gl s
b aids 45 Doe & s 9 39800 035 b akB 10 S ) (B (e
STyl 0gd o g oS il ax )0 40 sles o @ly 80 g
By Sz I anibgo Lle oy oabilaie codlS pld pleoniss
L oausSp )5 50 55 aado 5 a4 4o 5 o cudS 1 o dges 0,5
oy (50,5 Aol b s 08 o 13 0l Gl 4z 0 90 les
a5 5 Sise 4 ol Jybre ot Soipe a4 0555



Ve 5 (503 (2lblb so=o

b3 536l oslaiul b w8 sal/ 2 55 Sl solS oo 58 ol sl 5l

&S GlugFa o)l SoaS colaa il e ol 4 6 ol ol
Sladiges ;5 S92 90 lsp ool Bis b So xS Slgly aliw] jlade
10.8 3114 9.6 55 4 0395 5 (2,5 Wolgils condilaniie codl 5 (gl

28l ol as o

-
h
o

IIOﬁ

100.83
I |93 & T
Filler

Fig. 6 Electrical conductivity threshold for epoxy/filler specimens.
osisS y sol> 3, swaigad sl (So S 2lgl s alb16 Js<s

100 -

P [=2] =]
(=] [=] (=]
T T T

o
o
T

Electrical Conductivity Threshold (s/cm)

(=]

oS S b olyen (35 Aiged s -2-3
Blls 2l 511y alls 5, sl o Bl Jole 5yl 0,8 S
SopSIl cglie ke ey cqm anle b Ul S o
Y od g Cida mh e b i 4 oladised (Sallin S St eels
Ol @l 5 oad aiBle (Sal (05 5 &> SIS Az )b
sl 00l 8 S o LT 5y Sl

cge Y slaws jiol58l 09l oo cnalin 8 Jso yo a5 jebiylen
oS el ol ] s Azl 095 o LSSl Culan s S5 i3l
il co DOE o jlastisl ojlusl 51 1S cdlo ol jo (oSl colas jlade
az 51 05 oo oolatul SO xS Colan ial58l Jale lsieds oaisS y 511A
G5l ol Lol 109 s oSSl
IRl g 009 oS Sl 358 o0 solatial buiiS 5l &5 (> ay Sos
IS e Ko atiged SilSe alSi 4y L Loy Slaws

Colaa ol Bl cow laay¥ olass ol33l

0 1 £lgil 9 ()5 S ol o (513 diged gl -3-3

G Sl Cojeels sleaised (oSl colae i cnl e
el 0uls oy 1S Aelsil 5 salilaniie CU3lS w0sgs sleoaisS
colan gl alin] S5 aoyo Jlade lea ladiges 10 0anS, i
ol oo solitul (5 ang> S5 az b ¥ 10 51 g eng o] (SG SUl
SalonS Caisels gln 1) oSl il al Jloges 9 S
Lis 0,5 dodeil g oadlaniie CodlS w0050 0uiS , £98 dw (gol>

")@')L.S'o

[41] S0l colan anlone slodarin b Jgu
Table 5 Electrical conductivity parameters [41]

S S Casglie R=VI
Cals d=0.2cm
i ol a=40.5
Cwls oli L=1 (for d/s <0.4)
Los culi T=1(at23°C)
Sionte alold S>5cm

ML-506 (ys5, oSl colan jlade vas o lid sdel sy mlis
3500051 0.000182 S/cm sgas> ,0) ail oozl Hlows 00iS s 9o
g wly ble) Szn ol (Al (n)) & S35 an Yy
oo Blay cams oy s By B L g bosssSy L o] w85
Redse Jol> Cojeels

6[;50.).;;5)3: 65l’ ) Lglmd.iyyd Lg‘/.g |) Gigrﬂl Colas u‘)a..o.K.w
ol G @iz laas s 1o )5 Aelgl g oalilanaie Cudl S oo
boaisS ;s Si9 woy0 Sl b ass o lis mlis a5 ol jlen a2 o
9 Sl G Oyg0 a ll Gl Gl e b e SRl (bl jlade
oddlanine Cudl)F 0090 odisS (gl o A a5 bl oo S Sl
il g0 DOE o lastisl Jsud BB (googume o (S xSl colas
roaisS  (gol> ML-506 (5, (So sl olsls asbiw] liee 6 JSi
oS jghilen om0 lis 1) 0090 g ()5 Woleil condlanie codlS
oS Wglail ar bgyye (SO Sl lol s ailinl jlade oy g Conl (aseie
ilen 0393 @ Lgye T (0 708

140 T T T T T
s EG J
Em - . CNT 4
S120f + CB i

& : —
.?110 o -
=100} 4
S 90 .
-2 L |
o B0 4
] L ]
= T0r E
.2 I 1
S 60| -

8 .

E 50:‘ \ | | —.
a0 * 4

1 1 1 1 L 1 1

5 10 15 20 25 30 35

Filler Wt (%)

Fig. 5 Electrical conductivity versus weight percentage of fillers
0aiiS 5 o yd (gl31 50 adigas (S xSl Coloa § Sl

i o5 m e o5 8 S Sl 3 i 08 il 5 oot
A o,ll 5 3-7-2 iy ,0 a5 jebles ail 0 0.9 bar M3

610

J 92808 5)9Ud 9 pole &y yuiis

('}



Ve 5 (503 (2lblb so=o

b3 536l oslaiul b w8 sal/ 2 55 Sl solS oo 58 ol sl 5l

93008 5)9Ud 9 pole Ay yuis

d)

(¥

Colad i olsren g o)l al &l 54 psy o aS eaiS
@ byye OGS 5 505 Al sl Cajsels 4 bgye (S
S g0 0adline B JS& b avslie 10 yuizmen . Zewl 0395 (gol> Cy jgualS
wablinie Codl S ool sladisel sl oS il st &S
Uili8l 0o y0 23.2 3 247 27.3 lhse 4 oS5 4 0350 g (0,5 dlglgils
Oloied b aiged 10 (1S slaa¥ ogzg 51 LGU Lali8l ) as cnl assl

ol Ul S,

147.21

Y
[=1]
(=]
T
1

138.74

-

B

(=]
T

121.91

- -
=2 =3 (=] ~N
(=] (=] (=] (=]
T T T T T

Electrical Conductivity Threshold (S/cm)
B
=)
T

=]
(=] <
—T

Carbon/Epoxy/EG Carbon/Epoxy/CNT Carbon/Epoxy/CB
Carbon/Lipoxy/Liller
Fig. 9 Comparison of electrical conductivity threshold in
carbon/epoxy/filler specimens

00iiS ol S gl oS 6l o 5aralS (gl (Ko Sl Llgl 5 ailin] dslie 9 Sl

1959550 yglal 4 bgyyo gl -4-3
4 by ye CEM) 7 ciug; (59 2SIl 058y Soo pglai oo 5 4 10 IS
0353 0l rmaie ol S GoxS 5 3L ol yen @“S?‘/u"): o jaelS
39 e Ol Sled oSy jlade ams e plas 1) (n)S dgdell
oS sl boatS 5l S 2 Sl cglan gl ailin] 4 Ly e
oS Wodgil g 0090 cadlanie Co8l S gol> sladiged glp i S @
pyas Al 100 IS 0 yusren albe Sy oy 10 4 25 15
ol ool Lz Carbon/EPoxy/EG cojemlS (S9uSl gfwg,Sen
gy, o5 Conl Bty S8 oS oole Sy o lanerio Codl,S e
Ol l oS5yl 3y ol A Sy el (S3l5e Dlovio g0y
5 05,5 3985 0dd Jawie Codl T O3 slo 9,0 &5 Sjlu se el 1
Colad iali8l o 03 a5 WS sl 1) 6 5o eSs g pptreds JLSLo
0090 &lyd A was e olid moly jebay C10 S gl co (SO Sl
ol wloadsas ;o5 Carbon/Epoxy/CB o jselS (9,0 CleiSy jsboas
Lo o95wgSon polal @SSO 09b e ujenels Sl o sl
a6l S @l aes e las |, Carbon/Epoxy/CNT o jeunls 4
s b2y 09 9 oS S gy SIS (08 ) Sld Ojgen
Syl colas colblB YL Sble, Bds a4 a5 wileads auje8 <SSy
polas 5l pimen [43] wilos,S slml CujeelS s o 1, cnlis

1 Scanning Electron Microscope (SEM)

611

— 120

E J@‘ = Specimens Without Vacuum
< 110 | ® Specimens With Vacuum _
=
=
S 100 - i
E=]
=
3 90t J
g
£ 80 4
z 1
[z
O 70 4
=
%‘ 60 |- -
=9
[45) L L L L L

5 10 15 20 25

Filler Wt (%%)

— T T T T T
5 130 = Specimens Without Vacuum E
% + Specimens With Vacuum
= 120 - e
h4 L
=
ERRLIS .
=
< L
Z100} .
=
5 L
2
o 90~ 1
% L
= 80 g
=
=) L
=9
o 79 1 " 1 . .

Tiller Wt (%6)
~ 110 T T T T

- T
E () «  Speeimens Without Vacuum
£.100 * Specimens With Vacuum T
= 40 .
B il ) 1
< e »
€ sof - o ]
=) P *
& 70t > &4 1
& ” ,
£ 60 % e
_.E ///l 3
a5 L Y 4
joal o0 s
& ¢/
o 40 7 E
2
S 30 L s L L L

5 10 16 20 25

Filler Wt (%)

Fig. 7 Effect of air bubble elimination on electrical conductivity of
epoxy/fillers: a) EG b) CNT and c) CB

S9l> (n)) ladiges (Sl colans () (2loj Sl 1T S
0390 (C 9 AJ5J5.\14 u.l)s (o ouds Ja.....‘...a M‘; (;DJI sLboJ.h.SJJ

2215
20.61

»n
(=]

-
(=]

Electrical Conductivity (S/cim)
—
o o

CE3 CES CE8 CE10

Number of Carbon Layers

Fig. 8 Electrical conductivity of carbon/epoxy versus number of
layers

Galises slaaY olaws b o jensls sladiges S iSIl culan 8 Y
Ssl> iy @l b oy cdllhs @bt sgboe abi>de &5 jebles



Ve 5 (503 (2lblb so=o

b3 536l oslaiul b w8 sal/ 2 55 Sl solS oo 58 ol sl 5l

Wlol b oS o onl Slo mbs wb anlie poly 5 s ol slabadslox
JETE N S VIR e et JERINSET QR
ol e o)l (So sl colaw ke b8l o ol 4 5B 0,350 o35
4 pols Badss (o a5 wil e baiges (SO SU gl 5 alin] lea jlade
40,010 515 25 )8 dysil g sadslancn CdlF g slp oo
ooliil aloz ) el ilis slayzally 5ol pimen ol Consy 355
3 oz 90 el (slo digad (S8l Culia (5 WS ey
Gl S mlae Dyl oolaial wisls las b bl cé 8
5 S Ao gl g 0050 slo diged 10 0oy 9.6 5114 0108 55
Sl Canglie 38l jskine 4y sl o0ls iyl o et codlS
5 o oolaiul atpm> ST 0,5 ax b aY ool sola (el sdises
232 sy aly Sopsl colan op,S GLL Sl eslaul ol sols ylas
g oddlavie ST (0090 (sl slo diges sl do 0 247 4 27.3
2959 Sen polas ladiges 5l Ll po Cewl ools il (on)S dlglgll
09 SLiglh celie mje 9She g liSlan, laslie g ol s
Sl 5o Gl oo el @bl 5l g eal aisle sy jeelS

Sg05 o0l bl ) slosg aSl

&xlm -5

[1] Kakati, B. K. and Deka, D. "Differences in Physico-Mechanical

Behaviors of Resol(e) and Novolac Type Phenolic Resin Based

Composite Bipolar Plate for Proton Exchange Membrane (PEM)

fuel cell". Electrochim Acta No.52, pp.7330-7336, 2007.

Du, L. and Jana, S. C. "Highly Conductive Epoxy/Graphite

Composites for Bipolar Plates in Proton Exchange Membrane Fuel

Cells". J Power Sources Vol. 172, No. 2, pp. 734-741, 2007.

Johnson, B. a. “Thermally and Electrically Conductive

Polypropylene Based Resins for Fuel Cell Bipolar Plates (Most

important refrence on Temp limits)". 2009.

Gholami, H., Shakeri, A. & Moosavi, S. H. "Preparation and

Properties Investigation of Conductive Polyaniline-Zinc Oxide

Nanocomposites". In Persian, Journal of Science and Technology

of Composites Vol. 2, No. 1, pp. 7-12, 2015.

Chen, S., Bourell, D. L. and Wood, K. L. "Fabrication of PEM

Fuel Cell Bipolar Plates by Indirect SLS". Proc Solid Free Fabr

Symp , pp. 244-256, 2004.

Shen, C. hui, Mu, P. and Yuan, R. zhang. "Sodium

Silicate/Graphite Conductive Composite Bipolar Plates for Proton

Exchange Membrane Fuel Cells". J Power Sources, Vol. 162, No.

1, pp. 460-463, 2006.

Jin, J., Lin, Y., Song, M., Gui, C. and Leesirisan, S. "Enhancing the

Electrical Conductivity of Polymer Composites”. Eur Polym J

No.21, PP.992-1000, 2013.

Dweiri, R. and Sahari, J. "Computer Ssimulation of Electrical

Conductivity of Graphite-Based Polypropylene Composites Based

on Digital Image Analysis". J Mater Sci. No.42. PP.10098-10102,

2007.

Hsiao, M.-C. "Electrical and Thermal Conductivities of Novel

Metal Mesh Hybrid Polymer Composite Bipolar Plates for Proton

Exchange Membrane Fuel Cells". J Power Sources No. 195, Pp.

509-515,2010.

[10]Liao, S. H. "Preparation and Properties of Carbon Nanotube-
Reinforced Vinyl Ester/Nanocomposite Bipolar Plates for Polymer
Electrolyte Membrane Fuel Cells". J Power Sources Vol. 176, No.
1, pp. 175-182, 2008.

[11] Liao, S. H. "Novel Functionalized Carbon Nanotubes as Cross-
Links Reinforced Vinyl Ester/Nanocomposite Bipolar Plates for
Polymer Electrolyte Membrane Fuel Cells". in Journal of Power
Sources No. 195, PP. 7808-7817, 2010.

[12]Sun, L. Q. "LiFePO4 as an Optimum Power Cell Material". J
Power Sources No 189, PP. 522-526, 2009.

[13]Park, S. M. Jung, D. H. Kim, S. K. Lim, S. Peck, D, and Hong ,W.,.
"The Effect of Vapor-Grown Carbon Fiber as an Additive to the

[2]

[3]

(4]

[5]

(6]

[71

(8]

[]

Catalyst Layer on the Performance of a Direct Methanol Fuel Cell".

S laaiges 5l Ol Bi 0l b aS 00,5 o cdalive 95wy ,Sen
o 095 45 sl 00385 adiges ;0 759 ¢ 5 alS 4 oeis WS cany
Ded oo CajealS (SO S Colan il

SEM HV: 30.00 KV
SEM MAG: 1.00 kx
View field: 144.5 um

WD: 7.0626 mm
Det SE
PC: 12

VEGAN TESCAN

Performance innanospace

. = “p o
SEMHV:30.00KV  WD: 7.8492 mm VEGAL TESCAN
SEMMAG: 2000 kx  Det SE {

Viewfield: 7.223um  PC. 14

Perormance in nanospace I

VEGAWTESCAN

SEM HV: 30.00 kv WD: 7.0327 mm
SEM MAG: 7.00 kx Det SE
View field: 2064 ym PC: 16

Fig. 10 SEM micrografs of carbon/epoxy composites containing a)
EG b) CB c¢) CNT particels

Jols oS5l is5 Slees5eelS’ gy (535S 5Sns Sn osts 10 S
oS Wil (7 0990 (@ odlanie ool T (W slaoass

5um
Performance in nanospace I

SrSami -4

abige Yo bl Gl b Cojemls colo Bua jol> guios o
b 1 50l (65,5 crazl o Juailiw] sagame j0 (oble, (ylime a5 glasgSa
Aedgil g ondilanan o83 wage wld ol olboaiS , jekaie (pay
Sob> o0y Sdiges (oS Colas gk LAl uSal gy 4 S
Admi Ghgy b @b gl ol (Sl S lacageals 5 S5 5l
612

J 92808 5)9Ud 9 pole &y yuiis

i


https://www.sciencedirect.com/science/journal/03787753/189/1

Ve 5 (503 (2lblb so=o

b3 536l oslaiul b w8 sal/ 2 55 Sl solS oo 58 ol sl 5l

9US 9 pgle Ay i

gs0lS 5)

=x4)

2018)

[36] Antunes, R. A., De Oliveira, M. C. L., Ett, G. and Ett, V. Carbon
"Materials in Composite Bipolar Plates for Polymer Electrolyte
Membrane Fuel Cells: A review of the main challenges to improve
electrical performance". J Power Sources No0.196. Pp.2945-2961,
2011.

[37]Karimi, M., Ghjar, R. and Montazeri, A. "Investigation of
Nanotubes ’ Length and their Agglomeration Effects on the
Elastoplastic Behavior of Polymer-Based Nanocomposites. In
Persian”, Journal of Science and Technology of Composites No4,
PP 229-240 ,2017.

[38] Umasankar, Y. and Chen, S. M. "Multi-Walled Carbon Nanotubes
with Poly(Methylene Blue) Composite Film for the Enhancement
and Separation of Electroanalytical Responses of Catecholamine
and Ascorbic Acid". Sensors Actuators, B Chem No.130, PP.739-
749, 2008.

[39] TORAYCA® | TORAY. http://www.torayca.com/en/. available in:
4 September 2018.

[40] Wafers, S. "Sheet Resistance of Thin Metallic Films With a
Collinear Four-Probe Array 1". Measurement 98, PP 1-4 , 2003.
[41]Janesch, J. Two-Wire vs. "Four-Wire Resistance Measurements:
which Configuration Makes Sense for your Application". No. May,

pp. 1-3, 2013.

[42]Standard Test Methods for Constituent Content of Composite
Materials. Annual Book of ASTM Standard. D3171. 2010.

[43]Hosseini, Hadi , Kokabi, "Mehrdad and Golshan Ebrahimi,
Nadereh Vertical ~ Electrospinning of UHMWPE/ZnO
Nanocomposite Fibers at High Temperature”, In Persian Iranian
Journal of PolymerScience and Technology, Vol. 27, No. 2,
PP131-141, 2014.

613

Electrochim Acta , Vol. 54, No. 11, pp. 3066-3072, 2009.

[14]Bourell, D. L., Leu, M. C., Chakravarthy, K., Guo, N. and
Alayavalli, K. "Graphite-based Indirect Laser Sintered Fuel Cell
Bipolar Plates Containing Carbon Fiber Additions”. CIRP Ann -
Manuf Technol No.60, PP.275-278, 2011.

[15] Guo, N. and Leu, M. C. "Effect of Different Graphite Materials on
the Electrical Conductivity and Flexural Strength of Bipolar Plates
Fabricated Using Selective Laser Sintering”. Int J Hydrogen
Energy No 37 ,PP. 3558-3566, 2012.

[16] Taherian, R., Hadianfard, M. J. and Golikand, A. N. "Manufacture
of a Polymer-Based Carbon Nanocomposite as Bipolar Plate of
Proton Exchange Membrane Fuel Cells". Material Design
NO.49,PP.242-251, 2013.

[17] Taherian, R., Golikand, A. N. and Hadianfard, M. J. "The effect of
Mold Pressing Pressure and Composition on Properties of
Nanocomposite Bipolar Plate for Proton Exchange Membrane Fuel
Cell". Material Design No.32,PP.3883-3892, 2011.

[18] Taherian, R. A "Review of Composite and Metallic Bipolar Plates
in Proton Exchange Membrane Fuel Cell: Materials, fabrication,
and material selection”. J Power Sources. No.265PP.370-390, 2014.

[19] Modarresi-alam, A. R." Preparation of New Conductive
Nanocomposites of Polyaniline and Silica under Solid-State
Condition". In Persian Iranian Journal of PolymerScience and
Technology, No.29, PP.387-398, 2016.

[20]Rhodes, S. M., Higgins, B., Xu, Y. & Brittain, W. J.
"Hyperbranched Polyol/Carbon Nanofiber Composites". Polymer
(Guildf) , Vol. 48, No. 6, pp. 15001509, 2007.

[21] Barton, R. L., Keith, J. M. and King, J. A. "Development and
Modeling of Electrically Conductive Carbon Filled Liquid Crystal
Polymer Composites for Fuel Cell Bipolar Plate Applications". in
Journal of New Materials for Electrochemical Systems.
No.180,PP.368-379, 2007.

[22]Mighri, F., Huneault, M. A. and Champagne, M. F. "Electrically
Conductive Thermoplastic Blends for Injection and Compression
Molding of Bipolar Plates in the Fuel Cell Application". Polym
Eng Sci No. 44, pp.1455-1465, 2004.

[23] Wang, Y. "Conductive Thermoplastic Composite Blends for Flow
Field Plates for Use in Polymer Electrolyte Membrane Fuel Cells
(PEMFC)in Chemical Engineering ",Waterloo Uni, 2002.

[24] Kakati, B. K., Sathiyamoorthy, D. and Verma, A. "Electrochemical
and Mechanical Behavior of Carbon Composite Bipolar Plate for
Fuel Cell". Int J Hydrogen Energy No.5, pp.484-494, 2010.

[25]Du, L. and Jana, S. C. "Hygrothermal Effects on Properties of
Highly Conductive Epoxy/Graphite Composites for Applications
as Bipolar Plates". J Power Sources. No 182, PP. 223-229, 2008.

[26] Shokrieh, M. M., Esmkhani, M., Vahedi, F. and Shahverdi, H. R.
"Improvement of Mechanical and Electrical Properties of Epoxy
Resin with Carbon Nanofibers". In Persian Iran Polym J, Vol. 22,
No. 10, pp. 721-727, 2013.

[27] MokKarrar Industrial Group. http://mokarrar.com/en. available in 4
September 2018.

[28] Shimimarket.  http://www.shimimarket.com/.
September 2018.

[29] Song, L. N., Xiao, M., Li, X. H. and Meng, Y. Z. "Short Carbon
Fiber Reinforced Electrically Conductive ~ Aromatic
Polydisulfide/Expanded Graphite Nanocomposites”. Mater Chem
Phys , Vol. 93, No. 1, pp. 122-128, 2005.

[30] Celzard, A., Maréché, J. F., Furdin, G. and Puricelli, S. "Electrical
Conductivity of Anisotropic Expanded Graphite-Based Monoliths".
J Phys D Appl Phys. N0.33,PP.3094-3101, 2000.

[31]Zheng, W., Wong, S. C. & Sue, H. J. "Transport Behavior of
PMMAV/Expanded Graphite Nanocomposites". Polymer (Guildf) ,
Vol. 43, No. 25, pp. 67676773, 2002.

[32] The, G. and Eg, T. "Novel Electrically Conductive Polypropylene /
Graphite Nanocomposites". October , pp. 213-214, 2002.

[33]Pan, Y. X., Yu, Z. Z,, Ou, Y. C. & Hu, G. H. "New Process of
Fabricating  Electrically ~ Conducting  Nylon  6/Graphite
Nanocomposites via Intercalation Polymerization". J Polym Sci
Part B Polym Phys .N0.38, PP.1628-1633,2000.

[34]Chen, G. H., Wu, D. J.,, Weng, W. G. & Yan, W. L. "Preparation of
Polymer/Graphite Conducting Nanocomposite by Intercalation
Polymerization". J Appl Polym Sci Vol. 82, No. 10, pp. 25062513,
2001.

[35]AMG Graphite - Graphit Kropfmihl GmbH. Available at:
https://www.gk-graphite.com/home/. (Accessed: 4th September

available in: 4



Ve 5 (503 (2lblb so=o

b3 536l oslaiul b w8 sal/ 2 55 Sl solS oo 58 ol sl 5l

614

J 9408 5 9Ud 9 pgle d i

('}



