Journal of the Korean Institute of Electrical and Electronic Material Engineers. Vol. 14, No. 10, pp.821~827, 2001.

Zct=0lx2jo] g o ZA| SEN R FHEM

Surface Properties of Epoxy Composites by Plasma Treatment
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Abstract

In this study performed to identify a degradation mechanism in macromolecular insulating material,
the contact angle, surface potential decay, surface resistivity, and XPS analysis were compared after
exposure of FRP laminate to plasma discharge

In the case of contact angle, the surface of specimen untreated showed weak hydrophobic property
of 73 ° . However, the contact angle was decreased to 20 ° in the plasma-treated specimen. In the case
of chemical changes arising from plasma treatment, carboxyl radicals were generated mainly in the
surface treated, which was rapidly changed to the hydrophilic one. In the corona potential decay study
to determine the electrical changes of the surface, positive charges were rapidly decreased when
compared with negative charges, leading to negative property in the surface of specimen not treated.
However, in the case of the hydrophilic surface, lots of carboxyl radicals acting as positive polarity
were generated, resulting in positive surface. Owing to such positive surface, charges of negative

polarity applied were rapidly decreased.
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Table 1. Specification of the FRP laminate.

Component Spec. of the sample
Composition Glass—cross laminate
Molding method Press molding
Glass fiber E-glass
Surface pre-treatment Epoxy silane
Specific gravity 19
Glass Weight 69 %
content Volume 52 %
Manufacturer Arisawa Co.(Japan)
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Table 2. Estimation of binding state of Cis.

peak | @ @ ® ® ®

Estimated| C-C | C-0 c=0 -COO- | Silicon
bindings | C-H |R-O-R’ -COOH | Carbide

33 BUNY HARY
Ect2al Muld FRPAIES A&7 2 XPS &
Mg 8, EHEEs e 53 2Esdy



z9] URE AAHF LFHEUTE ol nEX E
wel syt WY HrFH EAdIE o
e FEE FeXNE Yotr7) dd mEY
HAEALE o8 Aae 2d AHSEHE B4
FRTh 22U dde FAHL FHWV) ¢ 29
= AKV)E FA FHFIE AR 123V
(A2 80 %, 4220 %) FollM FY=HUG, o =,
TEY ol % AAE P A3t oAt
(VoE 10 kVE dAsga, 249 2d49A 9
Aapel g FHde FSWA # 27 dAAY
Fo 24 & dste 2= (Ve 1kVaE
A FrAEA ML) 189 43¢ dd=
Hoeg ANugdd B34 4 ¥34ez 44 F
Pt A Aol we B AP E FA
SdHch =¥, 34 dA4#7H @& 271 Sk
5819 d&Hd &4 F, HEH2E FHAE 2
st

a9 4 #2327 X8 FRP ¥ A - 7
T2 FYE EUASY AR Had mE »
2% vebd Ae2A, FHFL =EE A
ol F7HEFE BEUAS IHTHo FAHF
Adtge ¢ F AL, ol FIHeE EW 44
B4 A2 ouid E=W, Pl g¥ug
FRste] s 4% m2A YAHu, Hst 2
FHEA B4 Hste 1€ d™d JAF 27 oA
o " oA A REe 27 dAAAE e
AT o] RE WA WE HEZ FAFHAM= &
T UKol A8 EUo] A3 AsLRE L4
A 7jddn. &, du#E oF LF3a 9l
€ HdAe Aage iAoz HYEo AFAH B
e Az, Fuer FI4 FIHFEG
A4 FAAEI =2 AT AARAM, AL
7] R AAERAIIY gF Gz dF Asde
FHYer DEAEHE A4 =3 EUAE
EHE FAEA He Aol

34 2% NYE

HeAlgel A7)d A AYe) g
AT FH3 2 FHAFE 4 A=A g of
3 33t &3 ARvye=Hy W AY
& AdEen, oy EH AYEY FHL
EUANE A Y A5 durEd H
g A3 st FYP3iH

Eelzxol Ao w& FRP ¥9W 9 XN¥E ¥y
€ 29 59 dehdog. J¥eM RE nbel 2o,
WA MEHE AZte] e Wt BEY AYE

SExY

B MAA RGN =84 Vol. 14, No. 10, October 2001.

826

o] A&He2 Zadte 44 Ay Aol 89X
10" Q9 AYgE YehiEe Re ¢ + AUt

2 hours
‘ 4 hours
3 hours }
V

untreated
¢ 1hour

Surface potential{V}

S
&
<
& 150 4
o
& 300
Treated Time [hour}
(a)
untreated 2 hours 4 hours
4 thowr |  3bo I
+ I
-900
=
o
£
% -600) ....
g
£
of 1 -
2 300 "tk
> Decay trend
é?Q
& 150
& s

Treated Time [hour]

(b)

a8 4. Ee=v MEld @& FRPY EBR A%
2 B4 ((a) AFY, b) 34 ).

Fig. 4. Surface potential decay according to the
plasma treatment of FRP.
((a) polarity,
polarity).

positive (b) negative



J. KIEEME Vol. 14, No. 10, October 2001.

10]6
—_ 1015 T
g_. Untreated Sample
£
14
,E 1014
]
%
-4
b+ 103
8]
e
=
w2
1012 F . Staadard: JIS. K-8911
Voitage: 500[V}
Electrode: Al
11 ' L ] H
10 0 1 2 3 4

Treated Time [hour]

a3 5. E=v Mg =& FRPY E¥ AYE
Lk 3

Fig. 5. Surface resistivity according to the
plasma treatment of FRP.

4. 4 B

¥ A7t FIYHRZ B dIAEL FRP
8] Eetzu AN wE EHEd ¢4 ¥ F=
€ M43yl Aste A W A7)H Wi
dagAE T¢ BEY dHMAUFTE v B4
g g3 2 AF}E U

() 271 73 °9 %254 dBiE HNe
Ede wAAAz 20 'z 34¢ 944 Ed
WoE Ve

(@ #HeTze] WRE ZHY XPS E4IA,
Y A%3E FA4 a7t Basd 249
Z7hst @A 42717t 348 FARYD, S
F7HY MaE U139 AsExe g 7
2297 drigge gAstgoh

(3 EY £xp7z Wz e W ANE
Mg Asys g, Fzot Held of
9ol g€ WaE Ae W AEN Ew
¥34 E¥E RPou, U5 EHE A=
47 eune EgSs 334 Aoz A
334 EWoE wBsd 23y Ast W
A o

2 e ore fdu A

826

(4) B9 HAEAH L ZAIS BEHAYE A
oA 27] 36x10° Q& JehiY Ewol Eat
zuop Aa o]FlME 89x10" Q9 AYge
Yehol ERgAdste Jusse AuaAs
=K 3=

Ay 2
o] =& 200089 % Euigtmel R o 9

8o A5 A& (INHA-21363)

&1 28

[1] K. Dusek, "Epoxy Resins and Composites”,
Springer-Verlag, Berlin Heidelberg, pp.
24-54, 1985.

[2] M EE, AFEIEHE "“RETHKRY) =-2n
LoBE®", BEB &3, Vol 18 No. 4 pp
347-354, 1994,

(31 M. H Geier, “Quality Handbook for
Composite Materials”, Chapman & Hall, p.
4, 19%4.

(41 & & W, “BoHFe8", ®t, p. 350, 1985,

(5] Dr. A. Brent Strong, "Fundamentals of
Composites Manufacturing”, Society of
Manufacturing Engineers, pp. 15-21, 1989.

6] /MARK, BHB, “BEAHESTHHERNE
Lo BEREEH A, Vol 111, No.
2, pp. 97-102, 1991.

[T R. G. Weatherhead, B. Sc, "FRP
Technology”, Applied Science Publishers
Ltd., pp. 1-6, 1980.

[8] Nicholas P. Cheremisinoff, Paul N.
Cheremisinoff, "Fiberglass Reinforced
Plastics”, Noyes Publications, pp. 1-42,
1995,

[9] B. S. Lee, T. Motoyama, K. Ichikawa, Y.
Tabata. D. C. Lee, "The analysis of surface
degradation on UV-treated epoxy/glass
fiber by corona-charging  properties”,
Polymer Degradation & Stability, Vol. 66,
pp. 271-278, 1999,

[10] B. S. Lee, D. C. Lee, "Surface Degradation

Properties of Ultraviolet Treated
Epoxy/Glass Fiber”, IEEE Trans. on DE],



[11]

{12]

(13]

[14]

[15]

(16]

171

Vol. 6, pp. 907-912, 1999.

o, w2, ¥y, Y. TABATA, “=9
A2 LEANN o¥ FRPEJARSY 43}
B4 #d A7, dgdrIgy, 459 123,
pp. 1727-1734, 1996.

oM, oY, ‘AAYS KNS B B
FARY 2714 L 1AH 42 WAE 3
7, A7NARARE =82, 119 3%, pp
174-180, 1998.

AAY, ol¥s, FYH, YEI, ojHF, ‘T
G3tel] ME AFA HIAEL HIEA
T A", A7|AAAEHY =22, 124 5
3, pp. 416-422, 1999.

w2, S, HEH, 2EF, o9, Hil
B, “FRP B¥A=Y FHHEA uixEe
g d¥, ArAAAME A, 108
1%, pp. 45-53, 1997.

AE, APH, F4Y, oFEL, ‘AN F
A2 g3 wE EA EFAry 92t
A AF B, A7ARARYA, 8 63,
pp. 759-767, 1995.

EEERE, WEX BLME, “KVzxFau
T4 ILADBERNE L BNEROMEMN, JIEE,
Vol. 91, No. 2, pp. 85-90, 1971.

Micheal L. Owen and Patrick J. Smith,
"Plasma treatment of polydimethylsiloxane”,
Polymer Surface Modification: Relevance to
Adhesion, K. L. Mittalled), VSP, pp.
319-325, 1995.

[18] O. D. Greenwood, R. D. Boyd, J. Hopkins, J.

[19]

[20]

P. S. Badyal, “"Atmospheric silent discharge
versus low-pressure plasma treatment of
polyethylene, polypropylene, polyisobutylene,
polystylene”, Polymer Surface Modification:
Relevance to Adhesion, K. L. Mittal(ed),
VSP, pp. 17-32, 1995.

Micheal L. Owen, Patrick J. Smith, "Plasma
treatment of polydimethylsiloxane”, Polymer
Surface Modification: Relevance to
Adhesion, K. L. Mittalled), VSP, pp.
319-325, 1995.

S. Halim Hamid, Mohamed B. Amin, and
Ali G. Maadhah, "Handbook of Polymer
Degradation”, Marcel Dekker, pp. 3-27, pp.
219-261, 1992.

AZIAAA R GB =E X Vol. 14, No. 10. October 2001,

827



