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Abstract: Polycarbonate/copper-exfoliated graphite nanoplatelets (PC/Cu-xGnP) composites were prepared. Prior to the
preparation of the composite, two types of Cu-xGnP hybrid powder were prepared: one is fully inserted xGnP and the
other is partially inserted xGnP in Cu-flakes. TEM images of hybrid powder showed the partially and fully inserted xGnP
in Cu-flakes. On comparing with the mechanical properties and thermal conductivity, PC/Cu-xGnP composite was better
than those of PC/Cu and PC/xGnP composites. The thermal conductivity of the partially inserted PC/Cu-xGnP composite
was higher than that of the fully inserted PC/Cu-xGnP composite at the same filler concentration. On the other hand, the
fully inserted PC/Cu-xGnP composite was superior to the partially inserted PC/Cu-xGnP composite in terms of mechan-
ical properties.

Keywords: polycarbonate, copper-exfoliated graphite nanoplatelets, composite, thermal conductivity, mechanical prop-
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Copper-Exfoliated Graphite Nanoplatelet 3}°]H 2= ¢
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& Fxo] ¥ (grapheney S} LTt sp? A=E 7}
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2x10°em’/Vs®] & ARl EEE 7K F 58 71414,
=24, sl8hd] B0 2 QA 5ol 7H EAIKS
Aal7] 918 A= 73 Al Qi) ol gk 2 st
717852t (chemical vapor deposition)H 2= 2|5 f]of|A]
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polyphenylene sulfide(PPS), polyethylene(PE), polypropylene
(PP), polyvinyl alcohol(PVA), polyvinylidene fluoride(PVDF)
59 272 Yo GnPE M AAM AL dHE=Tt
S 2= e A GnP el 10 wi%
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A AE F 79 AlxGnP dlo]Ed = Y= A x5
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HYS & 5 Ak 729 Al oiH] s of F v
ojx A== 1.5 et 22l 542 AU o
ol & A= ol A5 FAste] Alflake thAll Cu-
flakeS AH&-81o] xGnPe] APAH =S 26, AAF =
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7} 24 % CuxGnPE PCe} Egs}sle] 71413 E43 94
Ex 54 H3ls #Eslh

Al = |

Aok & MZ. 2 AFolM ARESE PCe ZHIHTEAA] SA-
1220 A& (Koreay 7riate] AR&3ITh YAte] Hit =7]
7} 100 pm<$! Cu-flake== Applied Carbon Nano Technology
(Korea)ollX &9k xGnP(M-5)= s} =8l (Korea)ol
A FEErol ARS-3FA T xGnPe| SR X} FA= 4
~5 ume} 6-8 nme|t}.

Cu-xGnP 3l0|HE|E XIe| MI=. Cu-xGnP 3lo|EZ|=
A2 A x8t7] Aol WA Cu-flake(97 vol%) 2} xGnP(3
vol%)E 100°ColA 587 AZE 3 & & 37]7F 5mm8]
high energy &' (attrition milling)*|A] 400 rpme] HE2 &
U A7dol| met EeIdTh ARSE B EEodd d9
HE 8710 @eet A 2540} (zirconia) &3 ol 344
o= FERH o5 Ao A, vEy 55 o) &
ste] Cuoll xGnP7F A2 = e WRCE SIS 2
Ak SA1ZHS B S F RS CuxGnP tolEE|= 4=t
7} dojA =] AA= Cu-flakeol] F5 44U CuxGnPE
TR 2P AFYE Cu-xGnPE B33

PC S&Hel M=. £ Aor= 30mm 3534 o5
4=71(LG Machinery, MT-30-S2-42C, L/D=42, ®30, Korea)
£ ©l83lo] CuxGnPe] 3ol 5, 10, 15, 20 wt%2! PC/Cu-
xGnP ESH|2 A 2319t} PC2F Cu-xGnPE AHH|E 1))
A=Fste] Eelodzl B-FollA] A S (pre-mixing)ys ¢ &
HE719 sHol dEFUS AL, AEE HE7]e 22
F 232 3-kneading disc block typeS ARSI oM A&
7] wjEe] X uoA dieZlA 200~270 °CE 4433
om 237 £ 80 ipmeE AT YE7]¢] thol
£ WA U strands 20 2= WslHA Lol AEE
o]-g-ste] A FE)2] PC/Cu-xGnP HHAE AZ3HAH

EMEN. Cuflakeol] xGnP2] AYE HAEE LolR7] ¢
sto] T3} M2} dn|7(TEM, JEM2100, JEOL, Japan)y2 A}
|31 PC 54A] FelehkS: SAs] flstd FAF Ak &
1|73 (SEM, JEOL, JSM-6500F, Japan) ©]-&3}9t}. PC &
FA o] 7AIA A SRS S45] As Al AL
243 7](Pro-WDS80, Dongsin Hydraulics Co., Ltd., Korea)
£ AMgsle] 3 ASTM 5388 A3sle] oA o= 342
Z Axd S AET7]e Tl AHFEYUsI] A]H FE)
2 ARSI olnf Al 27& AKET]9] 2= SHA
=274 245280 °CE A3 S8 2EE 50 °CE fA]
st om WA 1552 BTt AEe IAE
& YFsAI 8 71(AG-Xpkus, Shimadzu, Japan)E ARS-3te] =
AR ojw] SOKN BEAS ARR3IGon FA2A3E X~
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Copper-Exfoliated Graphite Nanoplatelet 3}°]E2|= QRS ]85 PC HAY 71414 423} Gd== 563

T =+ 50 mm/minZ 3} gage lengthe 100 mmZ A%
SHATh QIAAES D638 A whet FA7E 3.2 mme|H,
A deo]7F 165 mme] 2L 32 13mmel™, £ A7t
50 mm FEHE AZEATE PC B3| 9] F49] w3l 91
EE WSAIR7E AREs] S-S Al ASTM D790
40 wat ¥4 32mm, Zo] 127mm, 23 =&
127 mme] A&AA| Feh2 AXHY o AR1FH = Ay
= 5 mm/ming G 3ISITh 71418 AEe] g2 Al 10
Mol Z4%ke et o] YepiSith PC E3HA0] Ex=s
= AHe Aol HgdS =A3 5 laser flash method
(LFA447, Netzsch, UK)E ©o]-&st] A= AL Z]Fo] 10
mme|3 FA7F 0.1 mm?] disk FEf] AJHo 7 =439}
g 3 EE

sloj=22|= Xte| SHEHE}. A|ZF CuxGnP lo]|H=
AA}e] TEM ARIS Figure 19 VERNSITE. H& A7) o}
2} Figure 1(a)oll 231 AAH 2A17+] EF38S AXH
xGnP7} GH-E-LS Cu-flaked] A YE L LpHA] HELS Cu T
Hol| =ZHo] e A S49Ae] 7t & =3
3, EFARE Ao 2 S8l S Figure 1(b)ol] 2ofxd
ZAAE Cu UF-oll xGnP ZA7F E071 & A 4] &
o|lHZ| =S AxT = Uk LH FAAM xGnPeE &
o] whzte] oJsfiA] Thjef S F27F A EHA A7) 2
FA7} 7H4skal, Cu-flakes LG olA 73st oFe vHAl
o] W7k -8 (cold welding)ol xGnP7} Cu WiH-oll 4+
= @o] At M2 XA Ho| A5 & Folgls &
AJ5HA |k, olul] W& AJ7bo] Bol A3E 4= xGnPe| A
7= oA, Cu-flake®] Z7]= W7F &5 oJsliA 7t
31, Cu Well xGnP7} t] Zo] Atk 2S¢ & At

(b)

Figure 1. TEM images of (a) partially inserted; (b) fully inserted
xGnP into Cu-flakes.

partially inserted
Cu-xGnP

(a)

6~8 nm| %
2 hr milling

5 hr milling

fully inserted
NG Cugere

(b)

Cu flakes

Hybrid particles after milling

Figure 2. (a) Schematic for the fabrication of partially and fully
inserted Cu/xGnPs hybrid particles; (b) SEM images of Cu-flakes
before milling and hybrid particles after milling.

Figure 20l Cu-xGnP &/34=}e] Az WS =2 3}ete] 3%
AlBtal SEM 248 Fdte] 2 4 A b

Foll= EAUA] =717 50 um FER B2 ZolEQIT)

PC S&tAlel 7|AI™ ME. Figure 32> PC/Cu, PC/xGnP
9 PC/Cu-xGnP &3¢ I Ee} I ES YERY
3 At} PC/XGnP E-gHA|ol A xGnPe] S Cu-xGnP &}
o|B= % 9] xGnP R 3 vol%s LEste] ALt
oAFth. PC/xGnP 5§49 9= xGnP el wet 1%
7Aee] e WElrt 913 PC/Cu E8A19] A% Cu
o wh A= o SUISHAIRE & Wshs HolX] Y=
t}. CuxGnP¢] dHeoll W} PC/Cu-xGnP E3H4] ] 21747)
T xGnP A= wet gk thEA] YeREAIRE Sl
mE 73S vz ot it A ¥ PC/Cu-xGnP
B3k o] 79 PC2l 55.8 MPadllX] Cu-xGnP7} 10 wt% E©]
7} PC/Cu-xGnP £ €] 58.4 MPa7kA| YA A Z7}alth
7} 22 o) el FepellME Fastal v v IRIE ¢ A
YE PC/Cu-xGnP H3A| 2] 17 10 wt%ollA] F 23k
¢l 63.3 MPaZ WERHIL 2 o] 9] afella= 2hastal S)
o} 1 9le Cu-xGnPe} PC 7] Hztg o] oFslo] E9A)
o] Q= e F7] wEoltt. &, A= E w3
gk B2o] AgS skt ole oFsk AW Haee
719 gl = A 22 a3t Aok CuxGnPe| F
o] WolAH 8 Yxr}t EoRA Ha A= A=
AgIE e A Hlet. o] A= Figure 4914 Hol= PC/
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Figure 3. Tensile strength (a); modulus (b) of the PC composites
with the content of Cu-flake, xGnP, and Cu-xGnP.

Cu®} PC/Cu-xGnP HFA| €] 2e-g Hol= SEM ARzlel
Az & = 9tk PC/XGnP E5HA12] SEM AFzlollA xGnPE
7] o 9] 2 ARl wiA|SISATE. Figure 404 & ©olg
2] Cu ¥ oy} CuxGnPE & <= A&t o= PColel oF
s AW F2EE Yepl AL 9tk 22y Cu-xGnPe] o]
10 wt%2] Figure 4(b)E X Cu-xGnP2] YA} =77} &
E AL & U ol AHeE F AFAES] B2 v
ERASITE. CuxGnP2] gHaFo] 20 wt%S! Figure 4(c)E KA
Figure 4(apllx Hol= & Wolg]9] Cust HIS=gE A7]9] Cu-
xGnP ©ol2]7} #&=E = o] CuxGnPel To] Bolx
H ebd AYE xGnPe| &= ARA AL DR FA oA Cu
o] SRl o FElsHl vehA HaL o] = st Q1%
7328] Zko] Cu 20 wt%2l PC/Cu E-gHA4|¢} B3k 78 1
BRI Tk,

Figure 3(b)ollA Ho]3 & PC E3A9] A4 ES
filler®] ol wel s Sk A3 Holil ot

Zan, A|4548 A43, 20213

Figure 4. SEM images of (a) PC/Cu-flake composite at loading of
20 wt% Cu-flake; (b) and (c) fully inserted PC/Cu-xGnP compos-
ites at loading of 10 wt% and 20 wt% Cu-xGnP, respectively.

o] PC U¥] ez Exlske fillerrt BA 732 (rigid)
3] wEe] Yeh= dare 2 B = 9ith PC/Cu E-ak)|2)
eI E-LS PCY 1750 MPaoll A CuZt 20 wi% S &
GA] 2333 MPa= ¢F 33%°] S7F5 B3 PC/xGnP £%
A2l 749= xGnP7} 20 wit% +-E B3] eMdEC] 2092
MPaZ ¢} 20%2] 718 EATh 8 A4YE PC/Cu-xGnP
EHakA o] o1 AeAHELS PCe 1750 MPaol A Cu-xGnP7} 20
wt% SH-E E3HA9] 2382 MPaZ 36%2] =715 B ¢
7 A1El PC/Cu-xGnP B3] 749+ Cu-xGnP7} 20 wt%
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of| Al 2842 MPaZ 62%°] 57+ UeRo] ¢ Ad® PC/
CuxGnP E-3H19] QA E0] o] A4 SHE AL o]
3 A= BB AE CuxGnP dlo] 2= ) 4&7
oA PCe} B3atE w & Augro o8] ¥4 F&
XxGnP7} Cu-flake2H-E wpxvpe & dAo g s &= 9l
t}. o] Fo] LEE? PC/AI-CNT E5HA| o] Ao e o=
540A CNT7} Al-flakeZHE Lo} 59449 74|12
A S Tkl Bt £ o4 A4 E Cu-
xGnP &lo|Ba|= QJrle] F9= PCefe] AEFANA dHF
xGnP7} BEAVRO AR 77 A= F Al Z9-Ho g
I A3} 28 gl o =2 AFAEAE o] doixit
At 24 PC tiH] 7|2 PC/XGnP %+ PC/GnP E-3F
Al 739-3¢ AFEGES] ST GnP 7wt 7152 Z 50-
52% A= Z7IEIAEE £ Aol CuxGnP slo] B =9
A2 RS B3 o] A 10 wt%eol A xGnPE AME3F B

—

xGnP Contents (wt%)
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=
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Figure 5. Flexural strength (a); modulus (b) of the PC composites
with the content of Cu-flake, xGnP, and Cu-xGnP.
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Figure 6. Thermal conductivity of PC composites with the content
of Cu-flake, xGnP, and Cu-xGnP.
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