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Effect of Plasma Modification of Woven type Carbon Fibers on the Wear Behavior of

Carbon Fiber/Epoxy Composites
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For a present study, woven type carbon fibers were surface-modified by oxygen plasma fto
improve adhesive strength between carbon fibers and epoxy. The change of hydrophilic
properties by the plasma modification was investigated through the contact angle measurement
and the calculation of surface energy of carbon fiber due to the oxygen plasma modification. FE-
SEM and XPS analyses were performed to study the chemical and physical changes on the
surface of carbon fibers due fo the oxygen plasma modification. Pin-on-disk wear tests were
conducted under dry condition using unmodified and plasma-modified carbon/epoxy composites
to investigate the effect of plasma modification on the wear behavior of woven type carbon/epoxy
composites. The results showed that the friction coefficient and the wear rate of plasma-modified
carbon/epoxy composites were lower than those of unmodified carbon/epoxy composites,
respectively. XPS analysis showed that new functional group of a carbonyl type was created on
the carbon fibers by the O plasma treatment, which enhanced adhesive strength between
carbon fibers and epoxy, leading to improve wear properties
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FolA Fatel Fl2EAC s w@AAe g4 9
= U8 #FNERY §UA AEA £Xg A
4% 4L e Jdoz 98A Yu E a7
e HaA F3o drMG/oEA B3l ¢l
of BaAfs} AFAL AW AFEG F4A
7171 A% PPo R, H4 @$AUFE AT F
gzu Ang EWAg siglen gdxgd o
E A A¥Y o] g2 {4/ FA HA B
FAe viEEAY WAE G ds s
th B AP ZHEAYI rlREA nAE
g&o] sl & olfE AF Z FIYEAH A+
of ¥l3] A =EH SRFHU wiEo))

2. AU

2.1 A8HAR

E dAfdME (FHFHIEe] He gaxidH
(CF3327NON)E AH23+93, matix A2 43
A A vadE A ¥ JdFA FX|(Diglycidyl
Ether of Bisphenol A-DGEBA, YD-115, (F)= £3}3})
-9} tjobd A (Dianiline, D-230, (F)FE3EH 48}
A2 do] 6:4 9 EFHZ 6h T AR B
A gh Aeel AA AL Table 1 o VERIS]
=3

2.2 Eof=0F EHXA

Eot=vt A aRE I 37 A A ¢
A 2 B2MHGE 48 h B oA E fMd A3
o EWHY AAAE AA F, THFAH Z
60T, 6h o ZAxAAFE FPs15th F=a}l A
Z7o] Qo) WA tA2E A4E, FngE
2.0 kPa, 71&FYS5E 3.15X10°%m¥s 2 450 W S
g, olm2Re HHe W g ANE FIs
7] 98+ 5 sec~60 sec 7hA] ©AH o R Zelzn}
o x&AIATH

Table 1 Specifications of woven type Carbon fibers

Hem CF332NON(Plain)
Width(mm) 1020

Yarmn WTR-3K
Thread Count(/inct) (13X13)
Weight(gr/m?) 209+ 13
Thickness(mm) 0.27

23 AHEY 57

Zgzn gdxge we g2xidfe A4A4
AEE HFHstua FHFSFE o1&t HA
e AW FHe g A9 AW F=
Z£74.& Wilhelmy Method” & &85 o0, &
Ao & AR de2 M4 Edd BF F, Fig
1 3 #o] ZFH5 WA 1z 24 F3& £ A
148 F & 54, o|Z25E AFZHe] /M FE

o M

to.

*

-F 1

cos @ = H

F=cosB-L-0o @

A AW, @A 6w AFARd A HEZ4E,
Fe AEFEE, L2 22 A7y dd9dolE, o

24 HE BAMFOIFA SERY HE

Aol Al AA. ¢ Eehz=vwt ZEAE ¥
gAaAd ol tdisted, AEFA 22 o] &, Hand lay-
up WA SR 4 ply B AS AT F autoclave oA
202.6 kPa 2] ¢&3tol 130C/6h B ZAAIA &
aAFPIEA 5EFAE Azegid.

T Fiber Holder -

Forse, mi }

e Sinvgghe Fiber
Air

= Watted Length,

Fig. 1 Receding contact angle of single fiber
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olg-g WA &7 #5e] AE 30mm o 2" A
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(MPD  Friction & Wear tester, MPWI110(Neoplus),
KOREA)SF A7 12.7mm 9] A 23:Yo} B& ALE,
ball-on disk ¥y * o2 FdsFch NPdxdeR
Fohzrt A f-Fod e Agde giste 2
kef 9 315 2 0.18m/s ¢ £EF 800sec E9F
14451m & &3] o]2HY nfAAS H wiE
Edg mE3givh. B AT uEAY 21&
Table 2 o] v}eRRAT}

20mm

Carbon fepmy
COMposite

102mm | |

Bonding

PR

o steel

Fig. 2 Schematic diagram of wear specimen

Table 2 Condition of Wear test

Load(kgf) .2

Sliding Speed(m/s) 0.18
Stage Temp(C) 23.5
Counter Limit (cycle) 2000
Track Radius (mm) 115

2.6 EH TXl Z3(Surface Profiler)

- Needle(sensing)

Fig. 3 Schematic diagram of surface profiler

AEAE EAS v Ed digte] TH @A
24 7]{Surface Profiler, Dektak 150(Veeco), USA)E

olg, slREAY FHd B WY Rug =
zaqc. EW 24 Fg 3 9 2¥% 2ol
0.002m Zolof <l Al AP B £
66um 2 28 WHoZ FAIA. Z4 ol
Bl A3 4@)EFEH =28 vfREHY A4
2 Ry dA epRgs 7l

A= [f(x)dy &

V= [2nrdA e

A: PEEEHS] WA
V: vtREH ] 5.3

27 XM EEX 2EHEAM(X-ray photo-electron
spectroscopy, XPS)

Zetzvl ZuA e we mFolAe e
A2 Esly) 918 WHeE XA FHA %
E437|(XPS, K-Alpha (Thermo Electron), UK)E-A1 &
Fstgeh A A7 AuA el WEd AL
% BAF 8ol F£8 Cls, 0ls 93 Ui
Bals 2B& Waste sk 7579 ¥aE
A8kt

HEH

2.8 FA ®X ®OIF
micros copy, SEM)
R o) EA FAS wa AHe AGH
9 gagee aEe dAsel FAU dvF
(SEM, Stereoscan 440 (Leica Cambridge), UK)E °] &
o AAHQ nrE 2 1i&s T8 AR
g A FAsS

£4(Scanning electron
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Fig. 4 Variation of contact angle as a function of
treatment time
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 d7dAAE SE2e HFA T gE gh
AR BAEZGY Holg vludted FAHe ZE=
v A 24893 1 2HE Fig 4 o U
BRI Fig. 4 o e Ql50] 40sec o1 HEF
Ztol 74 A FAEHUL o] REE VFELR
40sec & Ao THAFAZIC R AAsle] B
A& AZ3GATE. Fig. 5 & 29 ZAA
e v WEE JeEbd 28T o)t} Fig 5
o EAE o 0‘501 E2=vl AF A v@AAgLE
A 0.2~025 & YU 9oy, E82v B9
AHE 3 A%, 0.15~02 9 vpEASF & el
i A w}ﬂw np@dAee EEEet Mg F o
2% #23e o 4 vk Fig 62 ¥4 wal 4
g % Etﬁ«l E‘r‘ﬁ R HolE &A% Aol
o Fig 69 BHOE H@)E o§ste] AHg E
&, vt S nws g, ezl g W5
Eg A9 vtnAdL 247} 5.9539x10°m’(Fig. 6(a))St
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1#=0.2~0.25(before plasma treatment)
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Wear Distance m}
Fig. 5 Variation of friction coefficient with and without
plasma treatment
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(a) before plasma treatment

40 Ares=2 42x10%umm’

Rawlum)
e

Latersifum)
(b) after plasma treatment
Fig. 6 Variation of wear rate with and without plasma
treatment
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(b) after plasma treatment

Fig. 7 XPS results of cls peak with and without plasma
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Fig. 8 XPS results of Ols peak with and without plasma

treatment
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(b) after plasma treatment
Fig. 9 SEM photographs of
catbon/epoxy woven composites with and

of worn surfaces

without plasma treatment
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