A Study on Polymer Surface Treatment Using Plasma
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Abstract : The plasma, ionized gas state, is generally composed as the 4th state in the universe. Generating the plasma
artificially has been studied by spending energy and it has been applied so much in human's life. There are several merits
to modify the surface of polymer using plasma. Above all, plasma maintains the properties of polymer itself, but changes
the property of polymer surface only. Also, it is the environmentally fraternized because there are no waste processing
from organic solvent. Furthermore, it is possible that continuous automated-processing in case of high-pressure plasma.
Therefore, we have tried the reforming of surface to rise the adhesive strength between the material of polymer, and have
experimented rising the adhesive strength through peel strength by virtue of processing time and using gas, of course,
confirmed the change of polymer surface through measuring the contact angle analysis and scanning electron
microscopy(SEM).
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Fig. 1. Peel strength of Leather (a) and PU foam (b) followed
by pre-treatment time

Journal of the KOSOS, Vol. 20, No. 1, 2005



E2i=nig ol

0

Peel Strength (Kg/2.5cm)
-]

I —@— Plasma Treated
~-O- Primer application
—+¥— MEK Washing

1] 1)0 2‘0 3‘0 4‘0 50
Leaving Time (hr)

Fig. 2. Peel strength of action leather followed by pre-

treatment time

2 °]
£
2
g8 47
@
? AT T T T T e —
§ 31 MR ~v
~———@——  Action léather
Qe PU foam
24 e~ Gament leather
.~ Evafoam
1 r v v T
20 40 80 80 100

Gas flow {sccm)
Fig. 3. Peel strength of various materials at oxygen (O2) flux

42 FAZIAo| Rl 2ost HEF

Fig. 3& Y7128 AARte AHSSI9 S 359
%2 30, 50, 80, 100scem(standard cubic centimeter
per minute) © 2 313 30237 A3 B9-E e
= 7o 24 Action leather= 3 100sccmol] 4] 7.03
kgf2.5cme] 27]858S 48 & Jth ¢
AANEE 2 ZAA AP AT &g, o
A AJA A Frd7ke] ol solddd wet
=& AFEE I8 F ot 200scemol A=
k& o]zt glo] Aol 150scem .2 3fe] A7}
o]FojH 1, FAAZ A Hdle EH/E Yehlle
AL A BE FAAC st Fd7k2F 50
scemo] A3l A& & ¢ AUk

43 ME24 58

Fetzul dAxel oa) HAAEY FURSE
ZRPozA AL AT 5 Y= HEA
(DAS100, w}El5-9)S 24314 Fig. 4, 5, 60l e}
ek 2] HZAAEL 94 FUMAE s

srEolxtSIR|, M20R M1, 20051

5 AEAlEE

lof Foixalof gtat i+

3to] H- 32 S0scem} 100scem 0.2 AT F-3F 100
scemol] ATILAS %R o] AAF A =
Al o] SAANE H| s

? Y
it PUfoam
~— -&—  Rubber
0 T
[ 20 40 & w0
Treated Time (sec)
Fig. 4. Contact angles followed by Plasma treatment (Oz gas,
flow S0sccm)
100

o
£
o
€
]
27 e EVAfoRM
g PUfoam
— —~@& —  Rubber
0 3 T T
1] 20 40 80 80
Treated Time (sec)
Fig. 5. Contact angles followed by Plasma treatment (Oz gas,
flow 100sccm)
100

Contact Angle

Garment
- Action

EVA foam
- PUfoam

0 1‘0 ,’;0 3‘0 4‘0 50 60
Treated Time (sec)

Fig. 6. Contact angles followed by Plasma treatment(OAr

(95/5) gas, flow 100sccm)

97



PUE BE AN HEZo] of 4124 Wa
b lon Fekzule) o3 ®E AHET}E o
1} 2e4e & At &3 A9 gl A
o2 Azt 1 9 e AFAEL vF S
7o) ZaHo] EBebzv} AX et Beed FHle
AH asael ozt AgAel FHoz WY
Askel 484¢ FINA Bt F& WARE
B Feith

Fig 7€ Zekzol Jelo] 98 284 F4& %
doz AU 3 XS A2 FIT
"*Ol e 179 44 B2 %

o] guAtg o2 Qgte] EH}-go)
*3715 Zi% B qlvh 2ev ekt dAElE
A =W ol d dido] glolA Eo] dAHL

2 n2/ 94 e 2 2 47 ek

A& AALAY HAAE EEHGE AS =
Z7h S3AEe] Bl glol AAeE B
% Hojd 4 vk 2g ovle

o] FAAZFANA FU7E2e] AR S 100
scemz A Zakzvl XEE P& A4+ EVA
foam 279 FHFHZro] Hyto g ZAH Y o]

=2

(o)
Fig. 7. Rubber surface wet ability of untreated (a), treated with
plasma (b)

98

2T, dH, o| 2RTS

)
Fig. 8. Scanning electron micrographs of leather untreated
(a), treated with plasma (b)

p e ]

Fig. 9. Scanning electron micrographs of EVA untreated (c),
treated with plasma (d)

Journal of the KOSOS, Val. 20, No. 1, 2005



S2A=01E o388t IFXEES EHXM|o| BE AT

vl Japd=e] Sk Hldshs A9E YehiA)
Z3ATh

AAHOZ PU foams A|ele A2AAEL F3F
o] A3 Akl A4E HEZo] FAhE] 2
g0l AT

Split leather= HE2F S4o1A 77|12 546 &
F A& AEE WE A7 BEgo] leather® §F
FHo HE4E FHskA Rtk

FU7EE 2dk 100%0)4 G2 5% EFeto]
FY7tAd MEE F3 FUAE NS e
% 100scemol] A A 2JAZE 3052 #f 4.63kgf/2.5
cm®] Z7|HALEE AUk

44. SEM £3

Fehznt Ae)d3 A5 gUvgE S9ko
2 8] Yste] SEM ZAZA7E Fig 83} 99
VFERHSICE Fig 89 o3t Leatheri= 4ta Fah=
up Aol ojste] ] f7EBEC] Wo| AAH
o] HAzte) Zaek HAHY Ftd I} S
£ & < 1., Fig 994 EVAFA = gk 33
F7189 AA olofl EE|A, 3}t Wl 2]k
EHNAE Bl 4 AT

5. 2 &

Fehxrlg olgd REAEWY BA B
@ ATATRE T3t 2ol 2ok F 3tk

1) 71&9 8AE AMESH H&AY f7)18S
AAs = A B primerE AHE-R A v
W aglal o] FAE &8sl AMEshe Wy
Hw3lH E53HA #4343 WHo|mHA Hz
g2 FUIAY Frhe RS & F ATk

2) Egl=zntE o] &3 FUAIE AAg A,
FA7IEE AR SRS 739 S0scemo] 4] Action
leather7} 30%, PU foamo| 353, EVA foamo] 40%,
Splite leather7} 509 32 A9 AAg Az
dE& F dATh

3) 7t g3 mExE A7S seFd
g w2 e s A8 55 UAT Aot =
o M= TZAe] WEo] dojvtm, EetEvlzy
B Ty AE @2 IEAES FHA Eaolat
9] s}Ehir-go] drste] FHRA A BAYEE Tk
of Qg A7t st

s=olXIEts|X|, X203 ME, 20054

FuEe

ek

1) Y. H. Kim and R. P. Wool, “A Theroy of Healing
at a Polymer-Polymer Interface”, Macromolecules,
16, 1115, 1983.

2) W. Jia and X. Chen, “Effect of Polymer Filler
Interactions on PTC behaviors of LDPE/EPD M
Blends Filled with Carbon Blacks”, J. Appl. Polym.
Sci., 66, 7885, 1997.

3) E. Papirer and D. Y. Wy, “Study of the Behavior
and Conformation of Linear Hydrocarbon Chains
Grafted on the Surface of Carbon Black”, Carbon,
28, 393, 1990.

4) 8. ). Park and J. S. Kim, “Modifications Produced
by Electrochemical Treatment on Carbon Blacks:
Microstructures and Mechanical Interfacial Proper-
ties”, Carbon, 39, 2011, 2001.

5) J. S. Kim, Y. K. Kim, and K. H. Lee, “Effects of
Atmospheric Plasma Treatment on the Interfacial
Characteristics of Ethylene-Vinyl acetate/Polyurethane
Composites”, J. Colloid Interface Sci., 271, 187~
191, 2004.

6) N. Inagaki, “Plasma Surface Modification and Plas-
ma Polymerization”, Technomic, Lancaster, 1996.

7) Y. Babuktty, R. Prat, K. Endo, M. Kogoma, S.
Ozaki. and M. Kodama, Langmuir, 15, 7055.
1999.

8) J. Y. Jeong, J. Park, and 1. Hennins, J. Phys.
Chem. A, 104, 8027, 2000.

9) J. F. Friedrich, Sh. Geng, W. Unger, A. Lippitz, J.
Erdmann, H. V. Gorsler, Ch. Woll, A. Schertel,
and K. Bierbaum, “Plasma Functionalization and
Reorientation of Macromolecules at Polymer
Surfaces”, Surface and Coatings Technology, 74~
75, 664~669, 1995.

10) S. Dahl, D. Rats, J. L. Martinu, and J. E.
Klemberg-Sapicha, “Micromechanical Characterisa-
tion of Plasma treated Polymer Surfaces”, Thin
Solid Films, 355~356, 290~294, 1999.

11) Q. S. Yu, C. M. Reddy, M. F. Meives, and H. K.
Yasuca, “Surface Modification of Poly(terafluoro-
ethylene)by a Low-Temperature Cascade Arc Torch
and Radio-Frequency Plasma”, J. Polym. Sci.,
Polym, Chem., 37, 4432, 1999.

12) G. Z. Xizo, “Effects of Solvents on the Surface
Properties of Oxygen Plasma-Treated Polyethylene

99



weig, olzel

and Polypropylene Films”, J. Adhesion Sci Tech-
nol.,, 11, 655, 1997.

13) S. Kanazawa, M. Kogoma, T. Moriwaki, and S.
Okazaki, “Stable Glow Plasma at Atmospheric
Pressure”, J. Phys, D: Apply. Phys, 21, 838, 1988.

14) 1. K Kang, O. H. Kwon, Y. M. Lee, and Wemer,
“Preparation and Surface Characterization of Func-
tional Group-Grafted and Heparin-Immobilized Poly-

100

455, olP, BB

urethanes by Plasma Glow Discharge”, J. Biomed.
Mater. Res., 50, 340, 1996.
15) I. Ichimaru, “Basic Principles of plasma Physics :

A Statistical Approach”, Harper Collins, New York,
1973.

16) M. A. Libermamn and A. J. Lichtenberg, “Principles

of Plasma Discharge and Materials Processing”,
John Wiley, New York, 1994.

Joumnal of the KOSCS, Vol. 20, No. 1, 2005



