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Abstract :

Oxygen plasma treatments were conducted to improve the adhesive properties of

UHMWPE (ultra-high molecular polyethylene) fibers. Oxygen plasma treated fibers were charac-
terized by dynamic contact angle analyzer and XPS(X-ray photoelectron spectroscopy), and in-
terfacial adhesion was measured by fiber pull-out test. The surface of all fibers were analyzed by
SEM. Surface free energy increased dramatically by the plasma treatment and polar component
was dominant, while dispersive component was negligible. According to the XPS results, in-
creased surface energy was attributed to the oxygen containing groups such as hydroxyl, carbonyl,
carboxyl and ester, which could be introduced onto UHMWPE fiber surface by plasma treatment.
In general, interfacial shear strength (IFSS) of oxygen plasma treated UHMWPE fibers was
much higher than that of untreated fibers. However, comparatively low IFSS values were found
at high plasma power, for example at 150W, which could be explained by surface degradation due

to strong plasma.

.M 8

2l DA (UHMWPE) 4 f< v =
Tc}"“i WA ek
Zgdo] e7HE g3l i
ofe] FopollA o] &H I
o] &3le] n&F A i
Az wol ol &HTHI-
3l :Laib} UHMWPE A fr& o2 717 Fdel= &
TEa AREAY vEg R ] EFAHRE A
ZAol| shER 2~ FR)oke] Aol ul§- Bttt
2 9de z2n sl @A o2 HHE A
98l UHMWPE A9 238744 dig B &
FEo] gatedxm ek 1 FollA 7t A W
Poz A rkaFeiznts ALY BHA el B
o] A& 3 rH4-6].

459

7t Zebzur R ofs gdfEHAE
ol &7 2 morphologye] WHale} HHEEZRA
2 Frou ] 74 2 A WaEiA = o] el vE
Y Fr)ote] Aol Had 5 599 E40]
aA Z7teA gt A O;gnu Zglz=n} 9 R 2
A A ‘7f‘° HArZe Sezn B A
TH % ol &

A7} ekl 1 sleh

arrier gas®

1o
dEsd

[4-8].

2 AT s FR[9]A nZHAD £ mor-
phology®! H3HE A2l g i Eehzrt e =
e w2 UHMWPE 4§ fr&de £21313t4 3,
53] Bz o kA stetxA ol st diste] 1
zstmat st e A fEHel Eejsdty vz
7P Ei}lﬂi«l AR Zoff w3 FEE v 7
kot shdvt

L




460 o7 HEH -

2.4 8§

2.1. AEAE ¥ MRHEBNZ

2 A3y AL$E UHMWPE A+ Allied Sig-
nal}e] SPECTRA-900 42 1,200 denierd] A& At
£3l9c). AREAo] AFZ n-hexane2 & 24A|THESL
soxhlet A& A&l BEES AARNL /TR
FAEA 60°C FFLEAN FE3] AZAINF AF
of AMEsltt. mE-A $Ae Mdsde] Vinyl-
ester A2 XSR-10& AHg3ta 7HAIAZ BPO
(benzoyl peroxide)E 1 wt% &3l AME-EIA T

Zg}z=r} EWX2) = parallel electrode type &
zrt A ZFRE Azeted AgetEEdl RF gen-
erator= Advanced Energy~t2l 13.56 MHz, 600 W

S A8t Carrier gas®+ 99.9%2] 1&%T A4

£ 10 scem® F#Fe 2 13l AREEYTE FH

7‘1?4*] chambertf ] 27X F%= 107 torr 2, AbA
Z9lF o= 107 torr W7} HEE $A 514 8
zu} Aele powerst HEAZHE 2+ 30 WellA
150 W7tx|2] 9ot 12oM 10870219 H el
A BEAlHed olo] Wl AN FRAUYES
A B YeRAATHI).

2.2. SHYEA £F

AeEH g 54 HEZ AL CahnAtel
DCA-322 A&7t 23718 AH831% 29 probe li-
quid 2 ¥ deionized water®} methylene iodide(CH.I,)
E Abgste. 32 HHE 3 mm 9 AXHo
2 ANz OA Ade 232 dhEete] Y3
Mg A olu Zele shE(F)22RE (1)2] 2
8 &7} O(receding angle) S ATt

F=P ycos 8 (1)

714 Pe AfFHAe li’ﬂ ARTEE d3ez

Ayztetd nx%!%‘( 38 um)°] =¥ vy liquidd] E¥
o)t
ol EHAIAE A3t A4

g3 2ol
WA o 2yl 224 (2%
Aare FogM ¥

ot LA FEAL Aol
(33 Zol FP8x9 ¥=

A},
v =+ (2
Vv =Ys +7s (3)

Akl

£ 34 84 Z, dipole-dipole interaction %9 H]
A B (dispersive force)ell 2]3F  go|t},
Young's equation®} A<} mAjAlo]e] FHNIAR]

veoll that A& 2% 4 (W)E & F Ao,
111
1+cos0=2yi Ny + 2NN v (4)

7]4 liquid pairy& ol &3l HFH7HE FF8td
2] (2), (3) £ ()2 B¥| Zrze] e st A
Abgt 4= gle}. Liquid pair2+ deionized water$}
methylene iodide?] %€ & F U=t °]a4 Eds]
Aol A *—E—% deionized water-J 2 yiE 22
mj/m*] 3l y}¥ 50.8 m]/m’c]H methylene iodide
= 242 49.8 mJ/m*®# 1.6 m]/m’e]t}. £3] methy-
lene iodide y/7} 1.6 mJ/m*’S.2 Agl FAE =

2 22 u24 Az i) o3 g 23]
710l Agatci{11].

2.3. XPS(X-ray photoelectron spectroscopy) £

b2 Zatzel Xe]d3e] UHMWPE /-3 ¥
th3led LVG ScientificAke] ESCA LAB MK, spec
trometer2 ¥We| 324 & St 1x107
torre] A-F LA 20 mAS] emission currentt 15
kV anode voltage =722 AIK, X-rayE A}-£3}]
binding energy A &% +0.2 eVE 23315t} Lo
A Cys spectra® FE 7|& polyethylene peak %%
9] 285.0 eVE F-E|9 shifts 338w =38 7
ztel peak WA Z HE AR FFE A
t}.

2.4. Fiber Pull-out A&
A Eebzol e AF o] UHMWPE H+/9 A
™A E (interfacial shear strength)& 273 317]

28} single fiber pull- out AEE Ptk AlH9
Az UHMWPE d/5€ 238 $32 1 9o 7]
H & wireZ AF2-8lo] vinylester A& n| ¥ "o
e X192 (micro-droplet) & FAAHAY. Az€

A& oven©ll ¥31 3 °C/min®| $-&&E R 95°C7A]
2 F 208 /A% $£AE AT 2 E

Al BE o)A -& A48l embedded lengthE &7 5}

At} Al@ L Instron model-11228 A18-3te] Q1A R
zolM Ay, RS grip? FAEES FolF
71913} microvise® A4-3t1T}. Cross head speed=
1 mm/min2 3t en Aol a5gt o2 RE 039

FYFEG, A 34F A 75 19974



sAaSe)zo) Hel7t UIMWPE A #Ede] Segetad wslel Adgze) vxe 9%

(5)4 & B3t ARAITE(7)

]

Alkstct.

F

7= DL (5)

1714 D A#<l Aol 3 L& embedded length,
£ 239 gl Adel ¢2d AU st
HE JEOLAMY JXA-840A FARAAE =73 (SEM) 2

2 #astg.
3. & ¥ &

3.1. MRS EHOLX] HE}

UHMWPE A& ¥9S oz 2404 daZe=
nlz Haldly] A7 T Ry ¥isE Fig-
wre 19 JERHSITE A Al T oUx] & v waf &
o 2 ede] AL 32 mj/mol ot B Ao AlE
H nEe Zalzolxa] 2H0M 18309 HedAE
248 2715 Vehir) o] % Zal2o} powers}t A
A 7ho] E7EFE A ZIRErt ol AR o]
A e o o] F718IA] ¥ A ¥ 4 qlrh

FAxGNIA ()8 FAH a4 9% F(yHFH
H) 24 g 2o o8 F(yHoz F3 ARES Fig-
ure 29 YERARICH 28ollA w]S A 23 a2 A
o] Wby}l glud) B sted FA 2 & b Fat

]

o}, 2 AAAQ #FHNUR 2 F7le UEE S 2
A9l 27t &F AHolgtes RS & F Uy o
80 \

o 70

E

-

£

< 60 -

o

[

&

o 50

&

5

n 404

30

Treatment Time (min.)

Figure 1. Total surface energy of oxygen plasma
treated UHMWPE fibers as the treatment power
and time varied.
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Figure 2. Separated surface energies of plasma treated UHMWPE fibers; (a) 30 W -5 min, (b) 60 W-5

min, (¢) 100 W - 5 min, and (d) 150 W - 5 min.
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Figure 3. Deconvoluted XPS peaks of plasma treated UHMWPE fibers as the treatment condition varied;
(a) Untreated, (b) 30 W -5 min, (¢) 100 W - 5 min, and (d) 150 W - 5 min.
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Figure 6. Interfacial shear strengths of UHMWPE/
vinylester composites as the plasma treatment con-
dition varied.

233k eyt Bgalgel Add ) n)x
FEE AT A o2 e AE2L 4k

gtzot gHA ] o/s) UHMWPE 4%
+ carbonyl, ketone, carboxyl % ester”|

O
£ o

MRS kel olo] wel Tl

YAz F43] Z7lstA .

2. FRAYRAE T re v as e Balsid
2 23 daZazaet Al 9o Bdduz| e
Frle dFog FH s Ftd 23 AL
ok 4= Ui

3. 2ke Fepz=e Al osted UHMWPE A&
TR 7] ARHGAEE nlHelA] 2o} 36 A
T &AEdY

4. 7+t Fetzalol A FAIZHGRE)A) 22l
ARAGZ =7 543 dadded ole
HEH| degradation® 2 {1&}ed, Al 5h7) A
S o3 dFEAZo] g4 2eldE fiber
cohesive failure7} Yejvir] wj Folc},

)

Dok ood
M Fo e

Hd

ES

1. D. F. Adams, R. S. Zimmerman, and H. W.
Chang, SAMPE ]., 21(5), 44(1985).

2. B. Z. Jang, L. C. Chen, L. R. Hwang, J. E.
Hawkes, and R. H. Zee, Polymer Composites,
11(3), 144(1990).

3. D. ]. Bettge and G. Hinrichsen, Comp. Sci. and
Tech., 47, 131(1993).

Figure 7. Fracture surfaces of UHMWPE/vinyl-
ester composites after fiber pull-out test as the
plasma treatment condition varied; (a) Untreated,
(b} 100W - 5 min, and (¢) 150 W - 5 min.

4. S. Holmes and P. Schwartz, Comp. Sci. and
Tech., 38, 1(1990).

5. N. H. Ladizesky and L. M. Ward, J. Mat. Sci.,
18, 533(1983).

6. 5. Gao and Y. Zeng, J. Appl. Polym. Sci., 47,
2065(1993).

7. M. S. Silverstein, O. Breuer, and H. Dodiuk, /.
Appl. Polym. Sci., 52, 1785(1994).

8. H. Rostami, B. Iskandarani, and 1. Kamel, Po-

SRR, A 34 Y A7 19974



AxEehznt A2lzt UHMWPE A #2989 Sejsiehs dgel ARyEd vlale 9% 465

fud

lymer Composites, 13(3), 207 (1992). Sci., 13, 1741(1969).
9. S. G. Lee, J. I. Yuck, C. W. Joo, and T. J. Kang, 11. F. M. Fowkes, J. Physical Chem., 66, 382(1962).
J. Korean Fiber Soc., 33(4), 376(1996). 12. B. Tissington, G. Pollard, and I. M. Ward,
10. D. K. Owens and R. C. Wendt, /. Appl. Polym. Comp. Sci. and Tech., 44, 197(1992).

Journal of the Korean Fiber Society, Vol. 34, No. 7, 1997



