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ABSTRACT : In this work, an Ar' ion beam was irradiated on carbon fiber surfaces to improve
the interfacial shear strength (IFSS) of the resulting composites using an ion assisted
reaction (IAR) method. A single fiber pull-out test was executed to investigate the basic
characteristics of the single carbon fiber/matrix interface. Based on Greszczuk's geometrical
model, the debonding force for pull—out of the fiber from the resins was discussed with the
applied ion beam energy. As a result, it was known that an ion beam treatment produced the
functional groups on fiber surface and etching lines along the fiber axis direction, resulting in
increasing the adhesion forces between fibers and matrix, which caused the improvement of
the IFSS in a composite system. And, it was also found that the maximum IFSS was shown at
0.8 keV ion beam energy in this system.

Keywords : interfacial shear strength (IFSS), ion assisted reaction (IAR), single fiber pull-out test,
Greszczuk's geometrical model, ion beam energy.
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EEW.=187 g - eq D& ARSI A3l A7)
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< Faraday cups °]-83te] S4s3lon, =2 A

A 0]L-2] k2 1x10' (Ar' ion dose, ID (ions/cm?))

Table 1. Characteristics of the Carbon Fibers Used

fiber type TZ-307 unit
filaments® 12000 [EA]
filament diameter 6.85 [um]
tensile strength 3528 [MPa]
tensile modulus 245 [GPal
ultimate elongation 1.5 [%]
density 1.80 [g-cm™]
weight 0.80£0.01 [g-m™]
specific heat 0.71 k] - g7'C]
thermal conductivity 62.76 [kJ - mh™'C]
CPE’ -0.1x107° [c™]
twist none -
sizing content 0.0 [%]

“diner © denier of the carbon fiber, diper = 0.597%.
’CPE : Coefficient of parallel expansion.
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Figure 1. Schematic diagrams of pull—out test device
and geometry of Greszczuk's model.
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Table 2. XPS Surface Element Analysis Data after
Ar* Ion Beam Treatment on Carbon Fibers

ion beam Cis Ny Ors

energy  BE' AT BE AT BE AT Ow/Ci

[keV] eVl [%] [eV] [%] [eV] [%]
0 284.6 746 400.8 1.6 532.7 19.6 0.262
0.6 2847 73.6 3982 1.4 530.7 20.2 0.274
0.8 2847 74.3 400.7 1.4 5325 24.3 0.327
1.0 284.6 71.6 4029 1.8 535.3 21.7 0.302
1.2 284.6 727 399.9 1.6 532.1 21.4 0.294
1.4 284.6 72.6 399.9 1.7 532.4 21.1 0.290

'BE: Binding energy.
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Figure 2. Debonding force (Fy) versus embedded
length (Z.). (a) elastic case and (b) elastoplastic case.
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Figure 3. Debonding force (F/y) of the single filament
carbon fiber as a function of ion beam intensity in an
epoxy cure system.
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EgH A267 A6 200249 11€

oF ol AA Lo oluielM = Tl
<

A4r2] pull—outA] &

TS Greszezuk's geometrical modelel'? 7]z8}h
o] Desarmoto]®® Agket Aol o]ahd pull-out Al
e B3l Tl rv Lo Zolrt 0Y ul Hu)
Fy 3 (Foad = 7FAH, T 21 (2) ) 2JaiA] Hof A
AE (rm) B T 5 AThL S8l

F,
I —(271 . Jxax[coth(a L.)xcosh(a - L,)—sinh(a - L,)] 2

() weore(s]
a= in b=y, xIn| —
‘ﬂ', by E; 2y,

1714, b= Greszczuko] 23t 351 Ad g
FAE, RS Cox7b! A3t Zow Avgs 7xe
wEE A WEE Yehdth wWiINASTE B, Gn, 1
A2 Young A%, Greszezuk A3l 9] mEE

20 AWAF, 283 A2 RS 242 ek

webs, g APl ARESE AR WEZ A
EAel gEahz Aderoln, Al AdxdelA T
Sk o] & b= Table 3o eI

Figure 6 o]/ AH2g &2/ o Ad
ARAE (rmad B A (2)F o] 835to] AAkst A3
£ Uehd Aoz A o]2WE Aol wet 1 ghol
AYsHA o2 'Rl vE & ae 7,

3] o]2Hl A7) 0.8 keV A7 7FF T T max %)Ca
eIt o] WA ARz RE g% 5 9l

o] olrel ofaf ' el g = W

o

fr

Table 3. Average Parameters Used in This Experi-
mental Condition
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Figure 5. Dependence of IFSS on embedded length (Z.) of the single filament carbon fiber in an epoxy cure system.

g W71 ATl o9 stel=sA] 3

7'<
7] 5 kY #5719 990] Badfe E‘?ﬂ 3
) 1:|
f i

o2 7k AghE s % 0}71] 0}01 %QP HE
7k Ado A 22 Ag ¥ van der Waals' force
5 A7) witolg Al Enh g, o] ®

724

etching spots®] F/d=o] Aol WlEY A Alo]d
=87 3o] 288 = Qe AYE Yo d9H o
Z ARARE 2 AstE 7P A dva Atsd
ole13t Aol diste] £ t AA3] A EE %lt'&
Aoz kAol g2 7] A s wEY
2 FAZ g s HsliM e e 2

Feol AstAe] dAx

WY (KU} Stofop st

Polymer (Korea) Vol. 26, No. 6, November 2002



gof vl

i
H

k<)

A+ AEE

A

]

AL BRA RS 275

\

Art o]l

wlom KR B9 o ueowp B OuE o7 e
Spp TRaslMoRE
Fay LAHE N e

o O
o LT G e U

= ooy ™ A e U N R Lt
xaoaowﬁﬁﬂuﬁooﬂﬂmlazﬁ/
T g A M o E D
I SR R RN AT
L@Jar%@@w?siﬁ%

. <0 R e BT oy M =S
BT R PEE KT E s
P Bl gD ag "2
) %m%ﬂoiﬂuwaﬂogo#oqéﬁﬂ
~ oo M <© ooy T W a0 T
& %WEW,%ETQ Muﬂ_&aﬂ
w0 ﬂ\Loﬁ_anﬂon EEVEEXHMO
G R A R N
X JﬂN:T J__Wﬂ .M%u %:omo‘q
A I T -
B BN N ea B Ay &
X b0 moop N i )
L ol =% X M o T =~ W
\ R F o g N
o N AR Ar e Mo << T T
= oor

<

—_

- L= N

0o 1

o] glolA ]

= &
7
5 Q
S o
= g
ma
£ .8
5]
~ &7 |
le 2 o' oz
== 1%“@@ \Lﬁtz
v%@.&.m OTE._
2 2 g = 9|
le ¢ = § b
°s5 o= A
o =) 3
S < A8 ® ol
2 E o No
3] N
e Eg ~ =
5] N
o mm BTUYW
- ro % g
——————y =3g oM
< o © o~ © zi
© © 0 © < &a% H_T_O#
(s ™ o g 5 H_lﬂﬁ
) .2 T K
o G
== B woRy

725

ion beam treatments by ion assisted

+

A 268 A6 2002 1149

2l

=

reaction. (a) no treatment, (b) 0.6 keV, (c) 0.8 keV, (d) 1.0 keV, (e) 1.2 keV, and (f) 1.4 keV.
=

Figure 7. SEM micrographs of the carbon fibers with and without Ar
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