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2 o ze BI4E A 71e¢ electron-ion technology (EIT) & o)&-8le AxA AAMHR/
nYUxE F2ed (CF/HDPE) B¥E & A& @M 4 ol FA) sinnge] AZE & A
AMA g AdARE 2l AW Bd viAE 3 didte] 70 diEA sizing? tun-
neling E9& 4 A B8 HHe Ax4E Y47 o, FA4Y AFA sizinge: F
F4q Eeldddael Aol glold BadAel Feldgazte] AWAgEE PgaAreR
A ZEA] sized §aMF (CF(S))& unsized ©24H (CF(U))o wisted BEo AR A <
2735 ek AEA sizinge @489 nucleating efficiency& Bol=&id CF(S)/
HDPE #&o°] CF(U)/HDPE &2t} 73480l ¥ W transcrystalline layer& B4
& #3g 5 Uyt

ABSTRACT: Electrically conductive carbon fiber/high density polyethylene (CF/HDPE) com-
posite films were fabricated by new method, so called electron-ion technology (EIT) and the
effects of CF epoxy sizing on the volumetric resistivity, tensile strength and interphase prop-
erties of the films were investigated, While epoxy sizing increased conductivity of composite
films resulting from enhanced tunneling effect, it reduced interphase adhesion between CF
and HDPE because polar epoxy sizing and nonpolar HDPE are incompatible. Consequently
epoxy sized CF(CF(S)) caused significant reduction in the volumetric resisitivity and tensile
strength of composite films when compared with unsized CF(CF(U)). Epoxy sizing reduced
nucleating efficiency of CF(8), therefore CF(S)/HDPE composite films showed nonuniform
transcrystalline layer when compared with CF(U)/HDPE composite films.

Keywords: conductive carbon fiber reinforced composites, high intensity electric fields, epaxy
stzing, interphase, transcrystallization.
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Figure 1. Schematic diagram for electroflocking proc-
ess (a: hot plate, b: Teflon-coated metal substrate as a
grounded electrode, ¢ polymer sublayer, d: aligned CF
layer, e CF in main alignment zone, f: main mesh
electrode, g: CF in pre-alignment zone, h: ancillary
mesh electrode, i: brush rollers, j agglomerated CF
flocks, k: resistor, ;: DC power supply).
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Figure 2. Four probe method for measuring volumet-
ric resistivity (a: Teflon, b: testing film, ¢ metal).
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Figure 3. Effects of CF sizing on the volumetric
resistivity of CF/HDPE films (C; 20 wt%).
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Figure 4. Temperature dependence of volumetric

resistivity of CF/HDPE films (C: 20 wt%).
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Table 1. Variations of TCR and CLTE Values De-
pending on CF Burface Modification for CF/
HDPE Film (C : 20 wt%)

carbon fibers TCR(10*K") CLTE (10°K™)
CF(U) 59 55
CF(S) 35 39
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Figure 5. Variations of thermal coefficient of

resistance (TCR) (a) and coefficient of linear thermal

expansion (CLTE) (b) with CF content for CF/HDPE

films.
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Figure 6. Optical micrographs of transcrystalline in-
terphase of (a) CF(U)/HDPE and (b) CF(S)/HDPE.

AAge] CR(U)wT grl watd CF(8)9 nucle-
ation efficiency7} CF(U)xt} Hold Holgh= #
& o4 4 glrh Figure 6& BAMH 399 &
AFZE HPEEE o] &AM BAE Apglelr).
CF(8), CF(U) 2% AH#Fd 322 trans
crystalline layer& 3481 A A& B F71 9L
Algt Eeldgdl sleydxe  CF(S)RY CF(U)
] whad transcrystalline layer& #A3ln ¢l
= A& 4 + Uk mEd CF(8) 7 CF(U) R
nucleation efficiency”} &2 A& ¢ 4+ AUt
Table 2& DSCE ©1§% E¥da Uge] 4%
A A@zjo|rh, HEHoll} AAFLEE A9 Alol7}
gizlgt CF(U)/HDPES] 248 =7} CF(8)/HDPE
Hr} & Ag ¢ 5 Uk olHAE CF(U)9 nucleat-
ing efficiency7} CF(S)x.t} zax, wats CF(U)/
HDPE®] transcrystallinty7t CF(S)/HDPEXRT} =2
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Table 2. Effect of CF Sizing on the Melting and Crystallization of CF/HDPE Films (C: 20 wi%)
carbon fibers crystallization peak melting temperature polymer crystalliz-  polymer melting

temperature (K) (K) ation enthalpy (J/g)  enthalpy (J/g) arystallinity (%)
CF(U) 393 411 166 170 58
CF(S) 393 411 155 161 55

Table 3. XRD Test Results of the Crystallinity
and Crystallite Dimension in HDPE and CF/
HDPE Films (C : 20 wt%)

crystallinity crystallite dimension

composite films

(%) (A)
CF(U)/HDPE 51 170
CF(S)/HDPE 49 166

50

S
(=]
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w
(=]
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n
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Tensile strength (MPa)

(a)

-
[=3
T

CF(U)HDPE CF(S)yHDPE
Figure 7. Effects of CF sizing on the tensile strength
of CF/HDPE films (C: 20 wt%).

71 @Eoltt. Table 3& X-ray HABNYE ol&
sl ZAst=s FYPAsg Lotttk CF(U)/
HDPE E@4& ¥§o] CF(S)/HDPERT} A4
=9 A7t & REg ¢ F Uk

Figure 71N B¢ 8 dge AAFEE vlas)
Hatth,  CF(S)/HDPEel <A#73=st CF(U)/
HDPERT @& A& & & e, AL F4U
A EA sizing} WS90 FelelH@ Alolo] W3}y
ol A AlHAYHl of5}r) mj&o|r}. Figure 8
& CF(S)/HDPE¢} CF(U)/HDPE E#xg 8 i L
o AgwHg SEMoz #@F Apdelt. CF(U)/ {b)
HDPES] A4 lEyszie $4 Hfo Figure 8. Fracture surfaces of (a) CF(S)/HDPE and
F217} @el #oUe ¥d CF(S)/HDPE: AlH4 (b) CF(U)/HDPE.
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