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Abstract: In this work, the therma and mechanical properties of vapor grown carbon nanofibers (VGCNFs)-reinforced
difunctiona epoxy (EP) composites were investigated in the presence of the 0, 0.1, 0.5, 1.0, and 2.0 wt% VGCNFs. The
thermal properties of the VGCNFSEP composites were studied by thermo-mechanical analysis (TMA) and dynamic
mechanica analysis (DMA). The mechanical properties of the VGCNFSEP composites were also examined by universal
testing machine (UTM), falling impact test, and the friction and wear tests. From experimenta results, the thermal and
mechanica properties of the VGCNFS/EP composites were improved with increasing the V GCNFs contents. This was due
to the increase of crosdinking structure of the composites, resulting in improving the mechanical interlockings between
VGCNFs and epoxy resinsin the present composite system.

K eywor ds: vapor grown carbon nanofibers, epoxy resin, therma and mechanica properties, crosslinking structure, mechanical
interlocking.

2]
P dukRon Zelolgde 3
A Al(pitch) = A= A Aol o] 8¥=H, Hl
T AR gl ARNE VAR Az 7 A
dfr(vapor grown carbon nandfibers, VGCNFs)ell thgh o7} 2hil3)
3ot}

VGCNFsi= Aola4-& SVi2 1000~1300 Cof L&oflAf wlglo
3

o ekl ge weh fe] ARale) ge AR
& 2] o] Bl 24jo] offa B P HEAGOE

To whom correspondence should be addressed. E-mail: pgin@krict.rekr

481

mEZ 2 el #dgh ko] o EAIHS 7hAaL gk,
TR7F wlg vdstel Aol A7, dolrh of B A %
ow, 71 ugo] artoth et} VGONFsS] 2= AR E &
o slo] Eodo] o] wekow HGE FTxE ztown 3814
o7 ul$- ¢kg3te] VGONFs7l aiate] ZalAs ALgE w) u)7
T, g, 4 R, WA el ol w4 HIRT vE A

259 Ble) 953 AES 7 JrkP® 183 VGONFs=
Al AFE SHHRE S Aol glo] ddEAe] ek mhEk m)
I Fofow= &-go] 753 EAS z2Ea 9rpte
oNZEA FX= AV|H A, |
A, Wgd aela UekEA S0l 9575k] whitol
BRI, AR A, A2A|, Bz EHA
= Y EEE wi§ He el ZA ARREa
T e o EA] 2119 )23t o 71| AHelx Eeta
v T A, e dWAlS 2 1] vl wiifel] 7b
He 7= 47 JeHFHA, britlenesy == wdo] glo o]2igh
o] FA] ] shkg AN HeiA el FA] FA o AEAlE H

701-



482 u1570 - of

7¥sle] 749173E A1) 93 B dATEe] s a glup A2

waba, B Aol A= VGCNFs gl whE VGCONFol|ZA] &
FAIEL] TMASE DMAS SA431311L, VGCNFse] &gkl wha 714
A B24s oty g8 UTM 2 whavlil Bl~ES Aot
o|F Fd GG B npEASTE S48 e™ VGCNFse| 3
2 Walyt Bebae] 43 2 JAH B4 nXe= ddl st
o n@stazt S8l

2.

>
oo

21 M=

Aol A ez AR e d Showa DenkorF] vepor
grown carbon nancfiberVGCNFg)o ™, TiEZ AR ARS-E o] ZA] 42
= AAl 38T ==8kel(F)9] diglyddylether of bisphenol A(DGEBA)
A YD-128(Y %117 g am®, H % ]1500~13500cps, EEW=185~190
geq)E Mgt AR Ad7)Ake] AlEQ] 44-daminodiphenyl-
methang(DDM)-S- 218315121 Table 191 AFE-3F VGCNFs2] &2,
Figure 101 ARE-EF ol %A =28} AstAe] shehs F24S 247
HERA ATt

22VGCNFs/M|ZA| S&HRL| M=
VGCONFYO| ZA] B3RS E A|xslaz), o EA] S 10002
AASHA 3kl VGCNFse] A 22 70 €T a0 1 AN ZE A

zato] 8 9 2 &ulE A7 $ VGONRse] #S 0, 01,
05, 10, 20 wt%= WA 7| Z5Hellth o5 60 TollA o 24

7t &k & Bl EE whlkst 3 DDME 21 phrS H7Fsle] DDM

o] £3] %EHEJ T AFEAA st 7IE T5 g7k,
AP E a5 1M Ho R o fEjw Bud £ AlRE FYS
% ZFQ EolA %% £1L5 5 T/minZ 3ke] 70 T(30 min), 140 C
(2 h) 2731 180 C(1 he] 397 A3} AlelES #-8-3te] VGCNFY
A EA] BARE Axsth? AxE VGCONFgolEA] B34
.

E% VGCNFs9| &5 &=Alo] wel 2+ VE-0.0, VE-0.1, VE-05,
VE-10, 12]3. VE-20& W™ s}3ich

Table 1. Characterigtics of the VGCNFs Used

Characteristics Values
Young's modulus(GPa) 150~200
Maximum tensile strength(GPa) 1~3
Diameter(nm) 100~200
Specific surface area(m? + g*) 37
Length(um) 10~20
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Figure 1. Chemica structures of the DGEBA and DDM used.
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Figure 2. Thermd expansion curves of VGCNFS/EP composites.

| 208
—0O— below T
75.0
L204
O
g 725 1200
E 1196
I 70.0
5 L192
67.54 L188
00 05 10 15 20
VGCNFs content(wt%)

Figure 3. Coefficients of thermal expansion(CTE) of VGCNFSEP com-
osites asafunction of VGCNFs content.
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Figure 4. Storage modulus(E’) vs. temperature plots of VGCNFSEF
composites as afunction of VGCNFs content.
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Figure5. Losstan 3 vs. temperature plots of VGCNFS/EP compositesas @
function of VGCNFs content.
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Figure 6. Kicvalues of VGCNFS/EP composites as afunction of VGCNFs
content.
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Figure 8. Impact strength of VGCNFS/EP composites as a function of
VGCNFs content.
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Figure 9. Friction force and coefficient of VGCNFSEP composites as &
function of VGCNFs content.
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Figure 10. Wear loss of VGCNFSEP composites as a function of
VGCNFs content.
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