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ABSTRACT

load on the electrical conductivity of carbon-epoxy composites containing
various nanoparticles. The developed samples, while having sufficient flexural
strength, must have the electrical conductivity proposed by the U.S Energy Institute to
be used in the manufacturing of electrodes.
Methods: For this purpose, carbon black nanoparticles, carbon nanotubes and
expanded graphite with unidirectional carbon fabrics and epoxy resin were used to
make the samples. Carbon black particles, carbon nanotube and expanded graphite
with optimum weight percentages (25, 10 and 15%) were added to carbon/epoxy
composite and the electrical conductivity threshold of the samples was measured
according to the four-point strength method. The average electrical conductivity
permeability threshold for composites containing carbon black, expanded graphite
and carbon nanotubes was 23.2, 27.3 and 24.7%, respectively. The samples were then
" subjected to bending load and for the 0.5, 1, 1.5, 2 and 2.5 mm transverse displacement,
carbon black particles, . .. . . h

the electrical conductivity value was measured during loading and unloading.
expanded graphite Findings: The results showed that the value of electrical conductivity loss in carbon/
particles, epoxy samples containing carbon nanotubes caused by bending was at lowest and in
the carbon/epoxy containing carbon black samples displayed the highest value. Then,
the flexural strength of the specimens was measured using a three-point bending test

l l ypothesis: The purpose of this study was to investigate the effect of bending

carbon nanotube particles,

electrical conductivity method. The pattern of nanoparticle distribution in the samples was studied on images
threshold, acquired by scanning electron microscope images. The result of this research could be
used in manufacturing of composite electrodes which are subjected to flexural loading

bending load (electrostatic desalting crude oil tanks) in services.
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Table 1. Properties of ML-506 epoxy resin, carbon black (CB), expanded graphite (EG), and carbon nanotube (CNT) particles [42-44].

Property Epoxy resin

CB particles

EG particles CNT particles

Figure/Color Liquid/ Yellow
Viscosity, 25°C (cP) 1450
Density (g/m?) 1.11
Pot life (min) 50
Gel time (min) 60
Primary curing time (min) 90
Final curing time (day) 7
Electrical resistant (€2.cm) -
Bulk dimension (mm) -
Bulk density (kg/m?) -
Figure -

Average dimension powder -

Humidity -

Purity (%) -

Density (g/m?) -
Diameter (pm) -
Thickness (nm) -

Purity (%) -
Electrical conductivity (S/cm) -
Density (g/cm?) -

Bulk density (g/L) -
Average diameter (nm) -

CNT length (nm) -

0.01-1 - -
30-100 - -
100-120 - -

- Powder -
- For 1000 mesh, 41.6 % -
above the screen
- 0.58 -
- 99.5 -
- 1.7 -
- 5 -
- 35 -
- - 95
- - > 100

- - 356
- - 10-20
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Fig. 1. Loading fixture and the specimen.
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Table 2. Dimensions and results of samples in the bending tests.

Bending
Sample Dimensions Deflection
Sample straight
code (mm) (mm)
(MPa)

Carbon/ Epoxy CE 200.20.2 285.5 42
Carbon/ Epoxy/ EG | CE-EGI5 | 200.20.2.7 361.66 2.1
Carbon/ Epoxy/CB CE-CB25 200.20.2.5 196.42 35

Carbon/ Epoxy/ CE-CNT10 200.20.3 393.06 3.8

CNT
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Fig. 3. Force-vertical displacement of carbon/epoxy speci-

mens filled with nanoparticles under bending.
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Fig. 2. Three point bending test fixture.
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Table 3. Electrical conductivity of carbon/epoxy composite containing carbon black, expanded graphite and carbon nanotube

under bending loading.

Materials Displacement (mm) Conductivity (/cm) .
Sample 1 Sample 2 Sample 3 Mean SD

0 120.10 110.78 134.89 121.92 12.16

§ 0.5 118.36 105.33 131.11 118.27 12.89

é 1 114.29 101.22 122.21 112.57 10.6
Eg 1.5 110.25 98.57 115.47 108.1 8.65

g 2 100.11 96.92 107.22 101.19 5.57
2.5 96.41 93.15 96 95.19 1.78

0 151 118.82 142.96 137.59 16.75

% 0.5 148.56 115.39 132.61 132.19 16.59

é 1 138.5 111.01 129.6 126.37 14.03

% 1.5 133.52 109.74 127.65 123.64 12.39

§ 2 133.42 107.58 126.33 122.44 13.35

2.5 131.58 106.01 122.71 120.1 12.98

o 0 141.66 148.24 151.74 147.21 5.12
5 0.5 136.66 141.11 147.43 141.73 5.41

%‘ 1 132.22 139.33 145.11 138.89 6.46

Ej 1.5 130.58 137.22 136.11 134.64 3.56

'% 2 125.54 130.11 134.98 130.21 4.72
~ 2.5 124.87 130.23 133.62 129.57 441

“SD: Standard deviation
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filler specimen under bending loading.

Sl slade IS8l s s e 6 ,Sesll el S Sl
S Hsb0ler L Jleo 5 (ML Oy e 4 b yas (SG SI
Ll e Sials SOl Sl 5,0 Jesl b el jascio
s dlesl Jlagols b 5 Ol CBdS 51 e osliss (5 Sl
e 3 Sl a S S _Sasl Sle 5 Sl 4y o Sl
ol e s aalsl Y mm e sbals Jlasl B Gy, ol
SMae 4 (SO Sl Dlds ol b Lo glrals i
S eS palie SO SOl Sulo 5 da ol 5,0 Jlesl 31 i
DSl iy gl 31 6 5 sb0len as e OLE 1 iy Sl
oISy (Sol3 S b p S 4 ged el Lasiia Y SE 5 e
Jhsl bocopl by syls 1y SO (‘L(x:,.ﬂl Dlis s 2eS e3 93
LodiS b (B8 3l b alie 5o (B S SMas o %S

4 Ny
T 0971 L\ : Z
2C 0941
§ @ 091 1 il CB (loading)
;: *? 0.88 1 «++B ++ CB (unloading)
S5 085
=
58 0.82 1

Q
A 7079

0.76

0 OI.S 1 1.I5 2 215
Displacement (mm)
j‘i) o}jb—J,.Sﬁ‘—dJS 4.:}4.: g}‘gij’&” L;.,L:Lw) -7 J.{..Z
(8o 0k 5 @Sk
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120 1 110.65
z 1107 T 10082 —d— CNT
Z 1001 o—EG
_;:? 901 93.63
S g 80 ~i—CB
2a 704
S ~ 60.
‘g
L RYa
m 401 0w CPAESRETI LR MM [T
30 T T T T T )

0 5 10 15 20 25 30
Filler (wt%)
[Yq]uamﬂJJJM)JWJ;LAM}N&J;QK;MLAJ_\‘JQ;
Fig. 4. Electrical conductivity of specimens versus weight

percentage of fillers [29].

ool 53 By e ile 5 oSy plSotal YA 550
Jime LaediS & e fle 51 il Ol oS Anes e SujslS
Lol S nie b L Pl 45 sl 5L oy gl 3 35
Sl e Y dsds 5,8 s i Jlal &S sl L)
Sl S con 35 SlaediS 5 Sils S plp S slad sad S S
Sl et b 5 oS das e 0L 1y o SUSSL 5wl bl
A0 O /0 g a sdddles] b e slrals ldde Ll
Lo s ldde o3Il 4 I3 5l Ss g3l Hlade 63 YO MM Y
ol 0303 OLEs 45 5 sbolen ol S s Sl wlead S35
SN (Sl lie o250 plralr slie 1L el
Al Rl

SRS a5 (SN Sy S 0 S
53 s e Ol et 610850 L5 1y oyl st gl bedd
Sie & b sad S sl Sailay Hliie ¥ SS (63 508 5 ye
O JSa 55 a8 b0l . Lilod Jlo 5 (65108 5L 0oy S 53 alis
23 ez b dlesl G SOl Sailey ralS s e edss
Dle o i (61 e 93 oS 1 WSl S sk gl
—S sl > S (Swily Al pames
33 el Sl 1S syls S gl ediS L glls S !
Sld Al 5 el 5 RS s e e L dlesl
s Al Rl O3 Aol (X pd el Sl (S s
5 Slasmio O3 s (el y3 a0 ol S (o diis
035 feS ls (sloyd KA 45 e3ss 4 S Al cpl gl
Ailazils SaSy b st ol e D3 el ol

S LI (Sl S 6 (S (Sl 7S
Jb oS3l 5 L Sl e 45 e e OLES 1 enss
Sl e £romin iS5 e 5358 e 4ty edidles!

WA oLT - 023093 A o los ©93 9 Jlw sl SI9leiss 9 PoAE (DY 3y - (sole Alxo



S Obled 9 59:8) 85 p0

L
T : ¢

A
L a

097 F
0.94 |
0091 |
088 |
0585 |
082
0.79
0.76

5 A
s CNT (loading)

«ssgeee CNT (unloading)

conductivity ((Y/Q)

Normalized ¢lectrical

0 05 1 15 2 25

Displacement (mm)
S Al Sk S Wl SSUl Saila - IS
o150k 5 L 5
Fig. 8. Electrical conductivity of carbon /epoxy/carbon nano-

tube specimen under loading and unloading.

Lo ) 5U s o OLES ) 2aS sl 5 deoy o5 (L1080 51 i
rarie S ol (e (Sl ol il 03
SLIs 01 5l eddag CujpelS a0 Sol 45 Als (63 ey
53 a8 sbolea ol by sl Jo SO 5 Sasle; ol
3l SSIE (Sasla als s s b oo oin ¥ IS
g SOl (Sasbe, Slae 5o sl b b e SL Jlesl
Vomm jl zin plrals Jlesl b bl gy o of 51 il
oy g (S Jlest 3l i e 4 SO ST Sl Sl

Badhse S ek )l 658 LaiselS Gl 51,5 lesl b

9 SIFTN (2 55w9 S0 (w3
SEM) iy S @ sSas S pslad i 4 4 S
oS oSy DL L eler (Sabin S CuipelS @ b
s Ol s DL 5 1y S AU s ess sl LU
sl wbad @ bge S doss Jllie Oles odiS I
Sy ey & CnlbbediS 5l e SsSUl Sl
3V N0 op S Il 5 enss wslblogl Cdl 3 (glls (glad gas
—0S sl SEM st @) 4 S8 sl G VY
sl bl bl § il sl oals olad anl bl ol $— .S 5l
Glaamin S5 4 Of jllag ) 8 cl i, K2 S o3le
33k igr w1 OGl (pl (oS sl (s oS S35 el (S350
Sl 5 o3 8 358 anbblasl cdl S ols gy 058 S
SEly Sl o 45 LS byl | S5 5 e
Db ez o 0L =ty ssbay (0) 4SS bl o (S S
oS AP S e S a5l D0 SHESG s sbaeass
S (Sl o D3 S S w5 opl LS 55

5313930 L 034 sy S 93k 205 S 950l ST 5 Jiilw) s el L I

Syod coonl 3 ashr (K (Sl fals) el s
oS b baslie 53 Sl e 0393 Ll onS s-cp S
e s a8 3 el [y LSSl Sl el ke o i
o baedis  ple 4 S O mm) (513500 S ey plralr
ol oS 5yl b L lde S Sl Sl slie 2SS
el D3 50l sl eslital (glacys guse ¢ 525
oS Sl S b S wges SGSI L;J;JL.U\/ I
5 GME,L Sl s a8 s e 0L Al s 1y asbbludl el
Foomin G238 1 e s A azdb p edidlesl U s Seslul
Il e s LSl el SSUl Sl e
b5 85 O i & bk sad S sl Sila, Sl
wlralr Gy Jhsl Sl e ol jasie oS sbolea LS
ezt Sl e S S Sl e 5,0 2l 5 b 5)/0 mm
GOMHSL Sl i sl 51 2aS sl 5 e oad iy 3lis @
el g oo T IS5 55 a8 Hsboles das o LS| s
Szl 51l a5l Bll oS Sy Sl S i S
(sl 0395 oS 5 Gl Sl S gl 5l i SO
oSy DI w4 ol e NS e Jlesl Ll by
st (S SN Sy n) i s 0355
Sy eSS Wl S Sl i A I
5 GAELL Sl e a8 s e OLES Al 5 1y o S g6l S
Sl £ min CuidS 3l ey 5 el andls pediles! HU (g 1S3l
Sae A SE s s LSl el SSIE Salag
L Jlo i (8L Ok s 4 ek ges S Sl
oo wralr Gy Jlesl 51 g ccl jasin oS5 bola
Slie 4 Kos S Sl Sailay Jlis s, o2ils » L5 Y/0 mm

F

b
I :
L

0941 ANy LT } ——EG (loadin.g)

++ EG (unloading)

Normalized ¢lectrical
conductivity ((Y/Q)

0 05 15 2 25
Displacement (mm)

Cdl S Sabop S ws S Sl v S
(8o 20k 5 S L 5 el bl
Fig. 7. Electrical conductivity of carbon/epoxy/expanded

graphite specimen under loading and unloading.

WAA i 3)1 = (2398 A 0 lasds (093 9w U poals 539I9355 9 okt (MDY J3 - ok Alxo



313930 b 0.3 33 S g3l p2)5 LA H9a0lS 5K ISl 5 by 3 Hired b HI

(b)

u.:Js JJJ);L (C) 9 639> (b) chllame‘ C,.:_.‘)‘Jf (a) LA@.L.SJ.! JALJ: L;WS‘}.“:‘—UJJS le.hg;i)):xls SEM L;u)&ﬁ) -4 J_{AZ
Fig. 9. SEM micrographs of carbon/epoxy composites containing fillers (a) expanded graphite, (b) carbon black, and (c) carbon nanotube.

Sl s s anslie oa by (5 Se 3l sl e (6ol
Sl (S Sl Sl w3 sl 03 Silsl b &S el ol
Sl ol 3 a3 8l xin 05 Sl &S L B AL
sl ol Oles Slads ol oS 5 l0 S Sl Sl
5 LBl Sl S s Gl S a5 Seladiped (S
W g05 ¢ s ool Camsts S35 V0 5 Y0 YO o S W0
YN0 /0 b plralr Gl 4 e las s o
gl o ol S Sasle, lade 5 s S 415 Y0 mm
FAsn ol s )l S5kl wslie e slay s
oo lil e (I8 L Ly Sl Sl ialS 4 oly e
5 it S AP0 Gl (SRl L) pl S sk S
e (S (S12 oL b caals) sl e eS 6393 (6
Glp b patie 5 8ol 5 S Sl s
5 aBlblos Cl 3 w355 O3 b L ol jan S gl S & gas
2o el Yomm 5100 5l Gy 5 5w S A0
e e 4 (SO (Sl e (phes G 5l Jeol
Som s @lralr polie ol 5 i s e S 01380
2ok ol i SO Sl lade Oles (ks b
IMRe a5, SOl l b o2 S s Ol e el )
e bl ey o 50 dlasl 31 i Sl & SOSIE Sl
Sl 5 LS o i LSS 4 Ky, opl asede 5ol )
oetm D S et s Rl b LT S
e ols OLis (gladadian st ;)yﬂ @b RRCOV R WP
AP0 A 5 b SRl O3 EL 03551 L SEIS el

Dy SaiaelS Dltle s GlaNobe 5 glaNO s b
— oSS CeiselS 4 by SEM nslal (©) 4 IS
oS3 IS & S A5 s e e OLE | o S A5G
08 SHESS sba s 0550 5 oS SU sy S e S
1 cmmlin S SISl ol sl sUle, sy oS s
s bsaiS (6 Sgr [F)] Wlos 8 slaml S elS pLas 3
sl sl g oS b 4 Jgb il 5 Do en s 4 e Sle
35 oS P50 Gl was e 0L SEM sl o 5 sboles
ol s A ol Sy lls sddantle slacysulS
el 03 g1 ilis O3508 gy e e UL ol S g
Sl S5 dd; 5l @S ln el olad oS
Sl S S 6 558 e ol bl il S s Ll e
e Yz g3ose el &S Lleddodz va (55, ool g 3

Db CuiealS ol g SO el 0Ud s

S 5 4o

sl (S (Sl Slle s Sl A
o3sde 3 ol JMRe &S (osbas g et 5L 5 Ll
S pleeaS e p b il S el (6551 el 310kl
—0e S SislS 4 op S A0 5wl bl bl S s ss )
Shls cpis sl Sl Sl 5 Ll dlsl .S
oo b ol sl glls S el S glacy 5 nelS 5 il 350

WA oLT - 023093 A o los ©93 9 Jlw sl SI9leiss 9 PoAE (DY 3y - (sole Alxo



0395 1 S plip S sad it f&:ﬁ&.«:‘ PR RvApLY
Shealg 5o cdl ials YOU Jluie 4 WS plcp S ased
Gollasy Olaalin 5 Ul 4y oKy S skl baa 5ol
sddatle glacyselS 050 O350 il &5 S
Llay lass Sl el s Ol o0 g5 o G IBIEE

23 S eslaxal

&y

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, Electrochimica Acta, 52, 7330-7336, 2007.

2. Du L. and Jana S.C., Highly Conductive Epoxy/Graphite
Composites for Bipolar Plates in Proton Exchange Membrane
Fuel Cells, J. Power Sources, 172, 734-741, 2007.

3. Bidi A., Liaghat Gh., and Rahimi Gh., Effect of Nano Clay
Addition to Energy Absorption Capacity of Steel-polyurea Bi-
layer, J. Sci. Technol. Compos., 3, 157-164, 2016.

4. Johnson B.A., Thermally and Electrically Conductive
Polypropylene Based Resins for Fuel Cell Bipolar Plates,
Thesis, Michigan Technological University, 2009.

5. 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., 44, 1755-1765, 2004.

6. Gholami H., Shakeri A., and Moosavi S.H., Preparation and
Properties Investigation of Conductive Polyaniline-Zinc Oxide
Nanocomposites, J. Sci. Technol. Compos., 2, 7-12, 2015.

7. Chen S., Bourell D.L., and Wood K.L., Fabrication of PEM Fuel
Cell Bipolar Plates by Indirect Selective Laser Sintering (SLS),
Proceeding of Solid Freeform Fabrication Symposium, 244-256,
2004.

8. Wang Y., Conductive Thermoplastic Composite Blends for Flow
Field Plates for Use in Polymer Electrolyte Membrane Fuel
Cells (PEMFC), Thesis, University of Waterloo, 2006.

9. Kakati B., Sathiyamoorthy D., and Verma A., Electrochemical
and Mechanical Behavior of Carbon Composite Bipolar Plate
for Fuel Cell, Int. J. Hydrogen Energ., 35, 4185-4194, 2010.

10. Shen C., Mu P, and Yuan R.Z., Sodium Silicate/Graphite

5313930 L 034 sy S 93k 205 S 950l ST 5 Jiilw) s el L I

Cn&.x:,..:\ Rl el iy s Sl sl s s o S
S s Sl (551 el 3kl 5z SO
jlw;djljjudb\sdmsﬁ_l—w;aw&L&r&ulﬁl»
S rman 3L Rl VAL s 4 S e op S 4 ged
Shaslbblsl bl F gy S pl S € gad e Sl

Conductive Composite Bipolar Plates for Proton Exchange
Membrane Fuel Cells, J. Power Sources, 162, 460-463, 2006.

11. JinJ.,, Lin Y., Song M., Gui C., and Leesirisan S., Enhancing the
Electrical Conductivity of Polymer Composites, Eur. Polym. J.,
49, 1066-1072, 2013.

12. Dweiri R. and Sahari J., Computer Simulation of Electrical
Conductivity of Graphite-Based Polypropylene Composites
Based on Digital Image Analysis, J. Mater. Sci., 42, 10098-
10102, 2007.

13. Rhodes S.M., Higgins B., Xu Y., and Brittain W.J.,
Hyperbranched Polyol/Carbon Nanofiber Composites, Polym.
J., 48, 1500-1509, 2007.

14. Barton R., Keith J., and King J., Development and Modeling of
Electrically Conductive Carbon Filled Liquid Crystal Polymer
Composites for Fuel Cell Bipolar Plate Applications, J. New
Mater. Electrochem., 10, 225-229, 2007.

15. 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, 195,
509-515, 2010.

16. Liao S.H., Hsiao M.C., Yen C.Y., Ma C.C. M., Lee S.J., Su
A., Tsai M.C., Yen M.Y., and Liu P.L., Novel Functionalized
Carbon Nanotubes as Cross-Links Reinforced Vinyl Ester/
Nanocomposite Bipolar Plates for Polymer Electrolyte
Membrane Fuel Cells, J. Power Sources, 195, 7808-7817, 2010.

17. Liao S.H., Hung C.H., Ma C.C. M,, Yen C.Y,, Lin Y.F,, and
Weng C.C., Preparation and Properties of Carbon Nanotube-
Reinforced Vinyl Ester/Nanocomposite Bipolar Plates for
Polymer Electrolyte Membrane Fuel Cells, J. Power Sources,
176, 175-182, 2008.

18. Du L. and Jana S.C., Hygrothermal Effects on Properties of

WA a3l = 23958 A 0 losds (293 9o Jw ol 53919iS5 9 pole a9 Sy - ol dlzo “



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

313930 L 0.3 sy S 9k 925 S I950lS ST 5 3w 3 S HL S

Highly Conductive Epoxy/Graphite Composites for Applications
as Bipolar Plates, J. Power Sources, 182, 223-229, 2008.

Sun L., Cui R., Jalbout A., Li M., Pan X., Wang R., and Xie H.,
LiFePO ,asan Optimum Power Cell Material, J. Power Sources,
189, 522-526, 2009.

Park S.M., Jung D.H., Kim S.K., Lim S., Peck D., and Hong
W.H.,The Effect of Vapor-Grown Carbon Fiber as an Additive
to the Catalyst Layer on the Performance of a Direct Methanol
Fuel Cell, Electrochimica Acta, 54, 3066-3072, 2009.

Shokrieh M.M., Esmkhani M., Vahedi F., and Shahverdi H.R.,
Improvement of Mechanical and Electrical Properties of Epoxy
Resin with Carbon Nanofibers, Iran. Polym. J., 22, 721-727,
2013.

Bourell D., Leu M.C., Chakravarthy K., Guo N., and Alayavalli
K., Graphite-Based Indirect Laser Sintered Fuel Cell Bipolar
Plates Containing Carbon Fiber Additions, CIRP Annals-
Manufact. Technol., 60, 275-278, 2011.

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, J. Hydrogen
Energ., 37, 3558-3566, 2012.

Hosseini M. and Zandi Baghche Maryam A., Electromechanical
Response Analysis of a Rotating Piezoelectric Cylinder with
Functionally Graded Material under Thermomagnetic Fields, J.
Sci. Technol. Compos., 3, 59-72,2016.

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, Mater. Desing, 49, 242-
251, 2013.

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, Mater. Desing, 32, 3883-3892, 2011.

Taherian R., A Review of Composite and Metallic Bipolar Plates
in Proton Exchange Membrane Fuel Cell: Materials, Fabrication,
and Material Selection, J. Power Sources, 265, 370-390, 2014.
Modarresi-Alam A.R., Soleimani M., Pakseresht M., Farzaneh-
Jobaneh E., Zeraatkar V., Tabatabaei F.A., Shabzendedar
S., and Movahedifar F., Preparation of New Conductive
Nanocomposites of Polyaniline and Silica under Solid-State
Condition, Polym. Int., 29, 387-398, 2016.

Tabatabace M., Taheri-Behrooz F., Razavi M., and Liaghat
G., Electrical Conductivity Enhancement of Carbon/Epoxy

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

WA oLT - 023093 A o los ©93 9 Jlw sl SI9leiss 9 PoAE (DY 3y - (sole Alxo

Composites Using Nanoparticles, J. Sci. Technol. Compos., 5,
605-614, 2019.

Zhang L., Deng H., and Fu Q., Recent Progress on Thermal
Conductive and Electrical Insulating Polymer Composite,
Compos. Commun., 8, 74-82, 2018.

Chen Y.F, Li J., and Tan Y.J., Low Magnetic Field-Induced
Morphological Regulation in Isotactic Polypropylene/Poly(e-
caprolactone)/Carbon Black Composites for High Electrical
Conductivity and Conductive Anisotrop, Compos. Commun., 9,
58-62,2018.

Akhlaghi R., Bahramian A.R., and Kashani M.R., The Effect
of Graphite Nanoparticles on Thermal Stability and Ablation
of Phenolic/Carbon Fiber/Graphite Nanocomposites, lran. J.
Polym. Sci. Technol. (Persian), 27, 241-249, 2014.

Karimi M., Ghajar R., and Montazeri A., Investigation of
Nanotubes’Length and Their Agglomeration Effects on the
Elastoplastic Behavior of Polymer-Based Nanocomposites, J.
Sci. Technol. Compos. (Persian), 4, 229-240, 2017.
TORAYCA®|TORAY, http://www.torayca.com/en/, Available 4
September 2018.

Standard Test Method for Flexural Properties of Polymer Matrix
Composite Materials, Annual Book of ASTM Standard, D7264,
2007.

Standard Test Methode for Sheet Resistance of Thin Metallic
Films with a Collinear Four-Probe Array, Annual Book of
ASTM Standard, F390-98, 2003.

Pan YX., Yu Z.Z.,, Ou Y.C, and Hu G.H., New Process
of Fabricating Electrically Conducting Nylon 6/Graphite
Nanocomposites via Intercalation Polymerization, J. Polym. Sci.
Polym. Phys., 38, 1628-1633, 2000.

Standard Test Methods for Constituent Content of Composite
Materials, Annual Book of ASTM Standard, D3171, 2010.
Shokrieh M.M. and Esmkhani M., Experimental Investigation on
Fatigue Behavior of Epoxy Resin under Load and Displacement
Controls, Iran. J. Polym. Sci. Technol. (Persian), 27, 373-382,
2014.

Shokriech M.M. and Safarabadi M., Influence of Physical,
Thermal and Mechanical Parameters on Micro Residual
Stresses in Polymeric Composites, lran. J. Polym. Sci. Technol.
(Persian), 24, 355-368, 2012.

Hosseini H., Kokabi M., and Ebrahimi N.G., Vertical
Electrospinning of UHMWPE/ZnO Nanocomposite Fibers at
High Temperature, lran. J. Polym. Sci. Technol. (Persian), 27,



3133930 b 0.3ub 3y S g2l 325 S 3920l 5o iU 5 il ) 3 el Hb I

131-141, 2014. September 2018.
42. Mokarrar Industrial Group, http://mokarrar.com/en, Available 4 44. AMG Graphite-Graphit Kropfmiihl GmbH, https://www.gk-
September 2018. graphite. com/home, Available 4 September 2018.

43. Shimimarket, http://www.shimimarket.com, Available 4

WA i)l = (2393 A 0)lasds (093 9w Jw e resls (S39I9iSS 9 pole (g 34 — (ole Ao



