C = Vol. 37, No. 3, 197-203 (2024)
mposItes DOL: http://dx.doi.org/10.7234/composres.2024.37.3.197
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Special Issue Paper

ELAXHAI QO CHEM ERALEE EHIF DOIE| DHX} HOtX|RO
CEREEL Y

A K # O kK, # sk -3 sckok, T =2 k%% T
ZIAH L ZYIIZIR A apER T g

F

Mechanical, Electrical and Thermal Properties of Polymer Composites
Containing Long Carbon Fibers and Multi-walled
Carbon Nanotubes

Min Su Kim**, Ki Hoon Kim**#, Bo-kyung Choi***, Jong Hyun Park***'!, Seong Yun Kim™*"**"

ABSTRACT: Mechanical, electrical and thermal properties of polymer composites can be improved simultaneously by
incorporating carbon fibers (CFs), which are beneficial for improving the mechanical properties, and multi-walled
carbon nanotubes (MWCNTs), which are advantageous for improving the conductive properties. In this study,
MWCNTs were incorporated into carbon long fiber thermoplastic (CLFT), which has excellent mass production
processability and excellent mechanical properties, to control electrical and thermal properties. The mechanical and
electrical properties of the prepared composites were most significantly influenced by the amount of filler
incorporated. On the other hand, the thermal properties were improved due to the formation of a filler network
interconnected by the incorporation of MWCNTs. By adjusting the filler amount, filler composition, and filler network
structure of MWCNT-incorporated CLFT, the mechanical, electrical, and thermal properties could be controlled.
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1. M E

EtA A 8- (Carbon fiber, CF) ¥ BFA1} =% H (Carbon
nanotube, CNT)&} 22 A2}l B4 &7l = -3k 7] A 4],
A714 2 94 BAor V@A PR =N =
ERba QIEH1-9]. g4 Af7E S AEA S Ee
et 74 B R a5 ARE dAsH] % A
FEEGARE F2 AL D ok Fao] uls) i
A mg A Re] A7) 9 A% B4 P AREE Ao
= A UrH10-13]. ¥bH, CNT7F 29J 5 24 59
g HZYolAd o] uEt GA% A7|4 A ol
2|9k, CNTO] Uhle Afo]=of o3t Ao stz
el A 7| A B4 FE A= AeRE Hilk
3L QAeH14]. kA, 71 A A, A7 A D DA EAS FA
of| A 4= = AL EA= ] AAPE a7 aL Qlok.

AEA B RO 71AA, A7A W A 542 de
o] Fejot o, v dejo] 24 9 Yo YEYA
Z 5ol el == A4 %= Ao= dEA UrH10,14]. 1
AU}, 7 EAE Avlsks AU S0] AR th27] oo
o] 2|3k Q1A 0] A A 3] Ao Eofofrt FA| A S F
A 4= UTH14-17]. S SFA RN A= UA Lol o]
ol e 2ol B avE A= 4= 9laL, geo 4
o7} A B Ayt AA= Aeg deA SlrH13].
webA], AFEAE 5 it 300 28 TheRt 7Y &
Hot B ans drsty] gl daddf 74 =
2} E] (Carbon long fiber thermoplastic, CLFT)7| To| A&
&3 lek REH, A A o] o] CNTE £{istoi = &4t
9 e Afo]zof whE Ao A 7] AA AFo] FAf 59
A= Qs AR 71AA 549 ol BalEa gtk
[13,18]. whepA], CLETO] CNTE] 714121 E91& 53 7]
AA, 714 D G2 549 A7t 7Fsd 4 AUk

= Aol A= MWCNTZE 2915 CLETo|A HA| He
9] &%, CFe} thY gra L} B H (Multi-walled CNT
(MWCNT))9] 24 W HIESA F-xof wE 7|44, 7]
A 9 g EAof thafA =25tk A1, CLFT9F
MWCNT vpA B Ui A& 242 A 2384, o] & 3t &
defztsto] stolBe = B RS A3t Al=H CF
2 MWCNT sto] B | = B34 & & 54 Aol w7
YZol ofsff &< Zejo] ot /4ol s A= tE A
= UEbth 243t EA4o] W oo ot 249
Z| 2| stof sl =2JstaL, 7t o= HAtu) 2| Bl =
d Sl s B7tskich

2. ¢ 4H
21 A M=
Z 2]z 2 I (Polypropylene (PP), M1600, LG Chem, Iksan,

Korea)& ntA 8 v 2] A 25 913t 7] A A &2 AF8-E] ).
MWCNT (Jenotube 8, JEIO, Incheon, Korea)= =322 9]
Ar s 213t del= HHE ek 742 npAE A

=3} PPE A|AF=E] CLFT:= BSM 4147 (Gunsan, Korea)
2RE FFuglth CLFTE 6 mme] CF7} 21 wt% EQ] 5]
At

2.2 OAE HiX| M=

A AREE T& AAE A8l i 284 80°CY =
Lol A 24A17F E9F AZRE QI PP MWCNTE= &3 &
aFof ury AFE it o|%, Thinky mixer (ARE 310,
Thinky Corp, Tokyo, Japan)E ARSI 2000 rpmoflx] 287t
=4 &3tE 9tk E3HE-2 160 mm x 160 mm x 2 mm2]
Eof A% 3 Hot-press (D3P-20], Dae Heung Science,
Incheon, Korea)E AF8-5}o] 55 7} 2 MPazZ ¢r&5 & 28
7015 MPazz #7160 % QEEo] WS Fei ARE
oh Al 2% wpAE uix] o] MWCNTE] S5 252 5 wt%
i},

2.3 SEME M=

CLFT9} upg w2 BF o2 E A 2e S &
O Al2F 5782 Fig. 1of] EAI= QU S & Aldts Sl
%732 Table 10]| 7141 =)l et. WA, vbAE W] A52 5
Tl A AR - FRHE O CLETE 32| A F=9l o
L%, whAE A EES ARk ol §1X]A1X1 % Hot-press
S o83t 57t 15 MPao] o & fste] ZolAy

A ™ y 4
Misrare + IPPACNT manterbarch
Hoe preing

CLFT PRCNT masterhaick . .

4 CLET + PPONT composite
Hougresiing

Fig. 1. Schematic for fabrication process of the composites

Table 1. Compositions of the fabricated composites

Sample code CF MWCNT | Total filler
(Wt%) (wt%) | contents (Wt%)

CLFT 21 - 21

MWCNT masterbatch - 5 5

CLFT18.9/MWCNT 0.5 18.9 0.5 19.4
CLFT16.8/MWCNT 1 16.8 1 17.8
CLFT12.6/MWCNT2 12.6 2 14.6
CLFT8.4/MWCNT3 8.4 3 11.4
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= A ztabgich. A 28 234 2 9] CLETx/MWCNTy 2
B o, xot yi= 212F B R o) CFeF MWCNTY)

%% B89 ojujsitt,

2.4 EM35}

HEAR Y3 RERAL AR (Field
emission scanning electron microscopy (FE-SEM), SUPRA40VP,
Carl Zeiss, Oberkochen, Germany)E &-8-5}0] 2 kVe] ¢t
Soll A TE QT 24 Qolo] WAL Holsh] 9l
AT E| Y A|AE](lon Sputter E-1030, Hitachi High Technologies
Co., Tokyo, Japan)2 AMg-8}o] A5 =4 S|4 150% 7+ 1Y
S Tsiolc). BeAIR o) Q14 BB ASTM D3039 7
Ao we} 9Hs9l1 %Al F 7] (AUTOGRAPH AGX-1Knvd,
SHIMADZU, Kyoto, Japan)E AR-3}¢] 10 mm/min®] &&=
2 249k Az BeRlRe) 2u Age Geo)y
(Fluke 17B+ MAX Digital Mutlimeter, Fluke Corporation,
Everett, WA, USA)E AH&-Ste] A= 34 T d53
Alzd 5FAEY J5 AdS Eol7] flste], & Fo|=
E2 24 o] Exelgich BalA R A/ AEEL:
oo} o] 24 23 Aa, AR Un] 8 FAS v
Adsto] AibE et

o = L/Rwt

o7, Lik R 247} A28 B R Zojet 248 2
S AL FFei7Ieh 1o ek e A|EE BalA R v
Hloh A2 Fhelzic Qs BalA e At 249 &
& 242 Y EQ T H47]|(E8364, Agilent, California, USA)
= 218310 ASTM D4935 772402 ZAE9lon], 30 MHz~
15 GHzo] F3k4e o eloll 4] 24 Fole). Bkl o) 5
4 AUEEE Hotdiskid S 2H8a QA% 277 (TPS-
25008, Hot disk AB, Gorthenburg, Sweden)2 =74 &| ¢]t}.
EEA RS WY e 120°C2 A4 3t E|o|E o
AHS &8 & T 20% Fof A& 74 2H(FLIR E54,
Teledyne FLIR LLC, Oregon, USA)S &-&5}o] 24 3}9c}.
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CLET®] whgeia} nhe] wjx] o) sheteio] Fig. 20 44
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S 9} d e E CRS o] B 9lrhFig. 20). A|ZH v}
28] W R o 4= MWCNTS ] 257 £Akw o] §l&o]
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Fig. 2. FE-SEM images of the fractured surface of the fabricated
composites (a) CFLT, (b) masterbatch, (c) CLFT with low
magnification, (d) filler networks in CLFT, (e) CLFT18.9/
MWCNTO.5 with low magnification, (f) filler networks in
CLFT18.9/MWCNTO.5, (g) CLFT16.8/MWCNT1 with low
magnification, (h) filler networks in CLFT16.8/MWCNTT,
(i) CLFT12.6/MWCNT2 with low magnification, (j) filler
networks in CLFT12.6/MWCNT2, (k) CLFT8.4/MWCNT3
with low magnification, (I) filler networks in CLFT8.4/
MWCNT3
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Fig. 3. Tensile modulus of the fabricated composites
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Fig. 4. Fracture images of the composites after tensile modulus
testing (a) CLFT, (b) CLFT18.9/MWCNTO.5, (c) CLFT16.8/
MWCNT1, (d) CLFT12.6/MWCNT2, and (e) CLFT8.4/MWCNT3
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Fig. 5. Electrical conductivity of the fabricated composites
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Fig. 6. Images of fabricated electromagnetic shielding speci-
mens (a) CLFT, (b) CLFT18.9/MWCNTO.5, (c) CLFT16.8/
MWCNT1, (d) CLFT12.6/MWCNT2, and (e) CLFT8.4/
MWCNT3
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Fig. 7. Electromagnetic shielding efficiency of fabricated com-
posites

BAZ % Qe 7o a9low deiA ol AxE 2
29| A7) AEE7} Fig 5o AAE ek vhAg wiz|e] &
o] 142 AxE B A7 AREs 7
3bo] BholE|gieh. CRto] £91% B3t 60.8 S/mo]
AZNAEEE G v, vhaE W7} Hg A2 29
8 2R 4 18 s/mo] A7 AEES eyt 5
AR A HEEL A4 "l Fo] 24 o) Ea)7]
w2l o] 2§t AHs nhAE WA B wE A Wel
srerel ztae] Zldga AR E Y A x2E B R
AJ2pE) FApukake] A (Fig. 6)9) Al o] TS Fig. 7
o et CFeto] 295 &35 = 400 MHz-1.2 GHz
o) W glol A 2 256 dBL SAFL}. oA =olel A7)
== Aatel 48517 npAE WX 7 E9E B R ol
9] 582 CPyto] kel Bajro] v o we Az}
A= epith ol mRE Baw o] Axu} A9 4%
© AA) Do) ko] 2 YRS we Ao BhelE ek
. 2| wero] vhaE wix7L £905 Bafao A
5 d9olA AAT Au) mgo] FAs 27
= AL BHIE 2= 9l9lek. A7 AR R AHSER] o
AR uo] AXw Av) BEI B4 Fus dgolo] F

g oh m ok



Mechanical, Electrical and Thermal Properties of Polymer Composites Containing Long Carbon... 201

12

H rp

® CLFT

A CLFTI18.9MWCNTO0.5
CLFT16.8MWCNT1

x CLFT12.6/ MWCNT2

‘ CLFTS8.4/MWCNT 3 ‘

1.0 5
0.5
0.6
e A Vv ¢

0.4

0.2 49

Isotropric thermal conductivity (W/m-K)

0o

Fig. 8. Isotropic thermal conductivity of fabricated composites

A e AR ASE Bel HEYD PRz A
=3t 5 9t} 2717} Th2 ol Welel CFek MWCNTS] &
212 CES} CFe] 7121 Afolo] MWONTZ} $17]3t 1| =921
P28 WAL 2 ArhFg 2D, olefe P20 =L A
54 9 st sS4 A B 5 9ol HR
= Qitt. Zhou 5([19]2 1A} MWCNT H|-gof o2 A
A 249) Bs ATSHT, AAk A HEe A 2
2 o Bt o]F mﬂﬁiﬂ vlgo] whet F4" YEHA
Zo|| o 2 S WSS Bk E3F B4 Fulae
AollA e 5 AT B89 g2 Alxd 5F Q=7 EA

O

o YED 25 71N T 9SS AlAFErTH20). oot
A ShM PEE mEE o)A SHelE CEot CE Ao] o]

MWCNTYO] 2= AAtu) 219 88 A 7| = F8
f9lo]glgo] gl E itk mehA, SHE A 2w A
Aut 2w Lo Wejo| gamut ohe YEYI 12
o= L whgol BT

AzH B3RS 9HEEE Fig 8o YeRglct. uf
28] wj 2] o] S7sHH AA| de] ko] fadtol=
B8}, uhAaE WA So] Z7FaRE A2 Ay
259 dHEEY} F718H= A Ol 1= et CFe &ta}
A st 34 F A 2= W EeE A ol 9
3) MWCNTO]| 8] 4ojz oz wamg 24 72 9 o
o AAAES Yehdt) o] 2 ¢ls) Yub o2 CF (180 W/
m-K[21])= MWCNT (3000 W/m-K[22])o]] B]3}] Atj& oz
W AT veldit) wieba, A D ko] 2ha
o= Az B3R GAEE7} F718Hs o] 4= ¢
2 AL A5S ST 4 9l MWCNTE &9
7|1tk ar HetE o) % 3], upAEH) 2|7} H ) geFo g
ZUE B RN FA% ddEE0] o] B9
t}. CFe} CF Afo]o] MWCNTA ZA= A g A Fo| A
diA ez Aol ¥ @ S Aozl Hes &
LEsto] A7t SAEEY S o7 4= leH23]. whet
A, 2o o] mhaE w27 EdE 5= 54
AL ot Hd EAEEE G4 =8 20L&

)

\
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