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Abstract: We studied the adhesion characteristics of polymer films (PC, PET, EVA) treated by atmospheric pressure
plasma. The process parameters were the frequency, gas flow, and treatment time; we studied the effects of these
parameters on the adhesion characteristics of the polymer materials. We used de-ionized water and diiodomethane as
the polar and nonpolar solvents, respectively, for measuring the contact angles, and subsequently calculated the surface
free energy of each polymer film. The adhesion characteristics were studied by carrying out a 180° peel-off test. The
polymer films treated with plasma developed a hydrophilic surface, which led to increased surface free energy and
improved adhesion properties. From the results for contact angle, surface free energy, and adhesion strength, we
obtained the optimal plasma-treatment conditions.

Mo

-Z1=dd - yro o ERARAIUA BAAE
CDA :0,-21%+N, 7}~
cA o AFZ
EVA  : Ethylene-vinyl acetate 1. M =2

PC : Polycarbonate
PET : Polyester

A 122 A5 a7)FA AA7F EE 2 bl
7s o A A A B4, volo, AEA, BANY Aol A8
oo A BRI ol Mol met AT 7% AL 2E ¥ )
yPo s BRARlYA S8R E/de] g E L ok 1 T ZEEer AT

7l LA Ame] 7leAd Fof, Wi, 7ls

§ o] =S 2010 A% e |AIss] I FAskeTE] A Bhe Alx sol] A&ske] B AT X9 Hu
(2010.5.13-14., A=) LFE=E. glom, oufx] deF RFE 714 FAHom dEA
1 Corresponding Author, jdchung@sejong.ac.kr 9l= ATlE)% Hofolt}® =3), t)7)gF wrale]

© 2011 The Korean Society of Mechanical Engineers




446 2 RS o T
%E}zu}(masma) AU A e vjs)] 2
7F ZhAEta e AGS o] &3k wWhio] o] FofA
Z7] Advn]go] 2a, aEAte] 7E BEALS BT
stAA AR Z2]-318H4] g doA xd
Aze g 4 BEFE AA S EHOMD} T
AEAA A FAH] 7hsste] A 2 AAES
YA F e FHE A At‘r@ o] ol
gtEetzvtE o83k xuA e w3 A4 &
3] AP ar 9l AAolt) Kim et al. Y EVA A
Aol g3 Zetznl xuAE st 1H BerE
A& oy et vl BAE A Frlska, EVAQ}

PU Al H2E S A S7HA7= A& &4 3t
AT} Jung et al®& PLA LEo] diste] HE=7F 2
ARl YA & HAst & 5+ v S=vt 34
2718 AR 31EHA #57)e] WskE A e
ATE 3Pkt E3E Choi et al®F} Sim and
Seul”& ofe] Al Azl el ¥ HEHZ 4 A
2 S FFAI7I7] 9k 21S 3] 9§ EVA #
(foam), 7}=(Leather), 3L5-(Rubber), FZ X 27| Oﬂ
diste] W Jhde] 54 9 WstE dEske o
E T3ty A4l s E At )LE}ZU}
7F W5 A= GEgS ATE AT Ay
AE®

2 AT A= A ANA Bo] AREEE A}
A& Z PC, PET, EVA & A}-8-3}0] AF¢t Zej=uls
WA A B2 A8 THS X5 gHoR W
StA7]aL, 1o W ZHANAUXAE Fekal g
go] wsls #EelSIt) Di water 9 diiodomethane
B MS A& sessile drop Rl oJ&l HE5Z =
A & 2W AfrelvAE AXtssith ®Egh PET

=

o

AEl 371 FR e BEL AFst] 1A
A 8 Eehavt A A Fo A ASE BB
stk ATANE JRE ANTY P Mul) A
R LR El

o
e
%0
s
o
B>
s
i)
o
2 Lo,

s, Fghzar DA 9, 9bg 7FRY] {9

g Agtoltt, 2 AFoA = =9 FHFTI7,
7} e N, 742 W] CDA 9 $eF, A ARk
S MESIFE WAl A 7hAA L2 A5 %
H 54 WHE dFEglon, A Adx
< Table 1 3 2ot J£2 545 98l Fig. 1 %
o] Digital camera(Nicon D90), F¥ 5= 43}

.

b0l A K|

& 1 A A5 AEL2 PC, PET, EVA

o A8 918 4om x Sem 2 FHGE & A A
w3 AlF7E o]&ste] AAsIAH. HAEtE S

43171 913l Di water £} diiodo- methane 8-S 3

o, sessile drop W& ARE-8te] ETh=vl APl
Al §1ell 3 78] EeS "oy F 6 719 dlo]
HE 92 5 o 2 HA23Es ALk gk Hask

o2 AA3A}
¥l Ao WA= Young-Dupre 2] (1)l A]

1
W, =7, (+cos0) =207, 7, )2

R T )
+2(rs v ) +(rs v )2

Table 1 Experiment conditions

Parameters Value Remark
Frequency(kHz) 20, 25, 30 Power
CDA(%) 0.2,0.4,0.6 Flow
No. of repeat 3,5,7 Time

Substrate PC, PET, EVA Materials

Table 2 Surface free energy, dispersion, polar components,
measured at 20C

Liquids YU ¥4 v
(mJ/m?) (mJ/m?) (mJ/m?)

Water 72.8 21.8 51.0
Diiodomethane 50.8 50.8 0.38 ~0

.

Fig. 1 Measurement of contact angle



gt Sebz=rt Aol o)g nEA Ade] HH54 st 447

2 33X mA] THAFAYURAE 5] Y Table 3 Change of contact angle
s AWk om A mAI A A Aol H A Liquid Film No treated Treatment
Aol FFS T+ Fhkdispersive)Zt =43 (polar) 73
ol ow AT 4 k. EH Aol A g » -
G431 B 48 98 tes pe PET —
Owens-Wendt 2] ()& AH8-349 . DI water 59.3° 24.9°
. (1+cos0) PC 83.5° 30.4°
= COS
@=L f EVA 84.0° 44.2°
=205 7.2 +205"r,") )
NN prfrf & AR AGAE Al AR | PET - —
iiodo-
%/Ké %}:O]D:] Table 2 Oﬂ Xﬂ}\]é}'(/)j\q— ZE]J—J— 7/3'1 ﬂ' methane 30_80 16‘60
0 e A7 24 B AEo] Ao w, @ PC | e 17.4°
S A ot EVA 43.6° 21.9°

23 TEEH AlY

Zeh=nl Al g Hay wstE J&%}’é}ﬂ
#18 Advitt Z 25mm x 2] 200mm (=4 o]
150mm, ALAF-E 50mm)e] FA7]= FH|5Th A}
,Q_E]— ;GzLxﬂ‘— E/H NSC /\].o]]/q _,L]—HH o}b 3
PU A &A1l Aquace W-01 ¢} 7 3}A] ARF- 40 =
ARgsEel  FEAEZE 1005 ¢ HES 10 ®7H
200~300RPM o2 Z3t3le] HAAE wEQTh
AlH| HAAES =X = 60T oven oA 3~5 &
v As A7 348 A7F tl7] FollA Az AA
th. 712l PET Z& & 7|2 AEE 89 PC, PET,
EVA AAS& AF&ste] AdE FHlsGlth ol 2

Fig. 2 Schematic of 180° peel test

Azt od AeR ARV o183kl Fig 2 cpp e we ERAFIYA S ST Aol
9} o] 180° peel test & 4= 3} TE Cross head & Zalznl Ag A7ke] A4E, vkS 7pso] f8o]
10mm/min ¢ £E2 HZZo] 150mm _7} “é_oié_‘ o2 AaouUx= 7 Ugto :q 3 AR =
WA SAstR o el 23l 5 3 AR W ppp e A1e ouURTt A 2 AL Bl 8 4

Se emyE Wi L Ao A9 FAL grae pva, po, PET =0 Ao, ERAMol
U= EVA, PC, PET 2.2 AZIT} #Z7}o] wsle}
FHAFIUA 9] Wb whEeiths A & ?

3.1 M&E2Zto| w3} ek 3, Zelzul AE] A3 oy Wk

DI water &} diiodomethane 2] 2 & £H& A& BW PC 7} 30ml/m% PET 7} 20 mJ/m’, EVA 7} 25
o] 2y AZx7ty 2weo] 1S Table 3 mJ/m’? ©]™, Fig. 5 & W3 317 (74\’4’\]7} 3~7 3) 4
At 3 29 %A A=Zo|d Zgh=ul g CDA % #3K0.2~0.6%)°l thet FHA el
HEA dee #a o}oﬂ om PET I&9l A%, W =3 PC Ado] BF 44mlm’* ZA] PET, EVA

o

ottt 4 100mm o] whE] Hojeol tisto] 7] 9lt}. o] ZS Table 3 olAe] HE7 Ante} vwahy,

3. 22

=<

izt

o g o

DI water &< 59.3°, diiodomethane &Y Hoph 2 A& g1E 4 itk AR Di water 9]
235024 7 2 AE d9on diodomethane — HAEZelA= PC A o] 53°, diiodomethane o] 57}
o] DIwater ol B]&] HZE7Zto] 2 A3tE A} ol A+= EVA Aol 21.7°2A4 7P & A57 WskE
HAt) o= AN A| o] 72t il JdFs F

3.2 EHXAROILX| | #5t o] PC AJAe] SR WS 222mim’, EVA

Fig. 3, 4 = &2 T35 30kHz o o, vHE3lpel o] FadEo] WskEe 95mim® 24 7 2



448 NeE - A

<~ Vr—1r—"7+—""T"—T—T"T—r
£ —aPC
g 801 —e—peT 1
= —A—EVA o« — o 2
g 70- ./l/. -
c s A— A
® 604 !
®
o °
=
o 50- ]
o
‘1(:3 | ]
= 401 a E
w
30 L} L} L} L} M ) M ) L) )
2 3 4 5 6 7
No. of repeat
Fig. 3 Effect of Plasma treatment time on surface free
energy
90 T T T T T
—n—PC
851 —e— PET .
—4A—EVA
80- -

75 e
o« n

704 _/ ]

[ —
|

65- A————A ]

-

Surface free energy(mJ/m?)

o2}
o

02 03 04 05 06
CDA flow rate(%)
Fig. 4 Effect of CDA flow rate on surface free energy

8 5 T T T
S I CDA
5 4 [ Process time |
=
©
B 3 1
¢ E
c =
)
o £ 2 -
g
8 1 ]
£
@ o
PC PET EVA
Materials

Fig. 5 Change to surface free energy by process conditions
(CDA & No. of repeat)

ws AUk o= A wEt oF she AFeld
Ao el 2= e o4 7 3

Fig. 6~Fig. 8 oAl A&l whe} ¥ Aoy
A2 Ba 9 SAPRO R TR BolET)

R

o 120 T T T T T T T T
E —u— Polar
= 1001 _o— Dispersion |
> 80 —A— Free energy |
) A——A
S 60 / ]
Q )
5] e i
S 40{ ¢ 1
3 .
20 . = .
g /
5
®» of = 1

No. of repeat
Fig. 6 Surface free energy for PC film

S 120 T T T T T T T T
}E’ —u— Polar
I 1001 —e— Dispersion T
= —A— Free energy
> 804 4
o) A A A
c
g 60- A/ ]
(9] ° L) [ ]
&= o————
g 40+ .
g 204 /l n . ]
3
(%)) u
O T T T T T T T T

No. of repeat
Fig. 7 Surface free energy for PET film

o 120 LN B S B S B S B S B S B S B S
>E> —u— Polar
g 1001 —e— Dispersion 1
= —A— Free ener
S 80 o ]
2
) i A A A |
$ ) /
= ° ® ®
o 404 ¢—— .
®
£ 20 . . . -
%) -

o—r T

-1 0 1 2 3 4 5 6 7 8

No. of repeat
Fig. 8 Surface free energy for EVA film

F9 Ae A PET BE59] 49 =54 A
11.33mI/m> 22 ¥¥ #5771 ddEo] e
ANe)S & 4~ 9ird 18]a PC ¢ EVA ZE
o] 2.1mJ/m* T} 2.6mJ/m*> ©. &

Sh

Vo
o ¥ Lok (i oo b O

77 = T T
PC ¥ PET AELS FWAZ & BAF AR &
SHA] k3 A AEol TUEtE Ae T
ATt o= WA 93 ¥H #AEU| 5



get EehEvl Al 9% aEgA AL HHAEA W) 449

Table 4 Comparison of adhesion strength

No treated(kgf) Treated(kgf)
Films
Aver. Max. Aver. Max.
PC 0.19 0.3 0.29 0.34
PET 0.11 0.18 0.33 0.4
EAV 0.03 0.08 0.18 0.22
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Fig. 9 Comparison of contact angle, adhesion and polar
energy

of wEEs & 4 vk 1Y EVA A9
$, ®WAE F S

7} &te] A dAE F7F A7 =

) ool= ¥ o ayel ¥d #AE7)7F T4

Zoh=vt A7 HR e wAe s
ZAVEH7] 98 =8 F3b4 30kHz, CDA 3
0.6%, &3l 7 3|9 o s AEREWUS A
g A3 A A &2 S vkl Table 4
EUAY A o g 43 ANE HAFE
. PC B EVA © wl&l] PET A&e] Hat 2
o] 0.33kgf =4 7Hg - don, HFZHDi
water : 24.9°, Diiodomethane : 16.6°)2 73 2ta, X%
H2F ol | %] (75.3 mI/m? , SAAIE: 26.6m)/m* |
AR 487 mi/m? )= THE 58 Aot E AL
st AvE At o]Zl PET A2 %W #5
7178 dgEo] i AAY EAozA THd
A7y ZA &1 =k aEla Het e &
7W7F 7P e @S EVA 24 0.03kgf oA

ot

2t

o
i

[-40
o

0.18kgf = 6 v A= T7} 3 AL & T
th. EVA A& ®Wstgo] 7PE 3 &
diiodomethan °l A2l HZ7h21.7°)3 F AR}
Ao AR R9.5mim?) olth o] A&
AR FAT A o] FAI = 5444w A S7F
gl whe} 4 A= Az

Fig. 9 A& A Ad 8 24, 2ol A
o] ST i AEFE BAE T 2EA
Frold=el 544w 7SS Hagoel F7t
sh= AdFol o] Aoy SA4A
Hol| FE=A ¢ o Sl

2ol B

=

o

W AT AgHer wol AFEEE AL
A} A|AQ1 PC, PET, EVA & dldo 2 A4 &
op APE sho] ®He 548 WshA7a,
e W AHFlUAE ek A FHl A=
IS dgHem Ayt

() 545 Fd AfrelluAst A2 Al
w2} EVA, PC, PET <02 #A|1l,

Q) =t=vk Ag Ao mEAreluA e W
3}%2 PET,EVA,PC =22 & g

() Zzk=vk A" AdFo AR W
EVA Alde] 7p¢ 2 6 wie] WstE Hola o
O F PET,PC o & WstE Hlth
(4) EWAfrelUA el W= PC, PET Al
- =770l o=k, EVA A 45 =4
AR B 9% Erh

(5) o= Agate] A Au B FHe] Ago

=

;

—

(1) Grace, J. M. and Gerenser, L. J., 2003, “Plasma
Treatment of Polymers,” J. Dispersion Sci. Tech.,
24(3), 305

(2) Roth, J. R., 2001, “Industrial Plasma Engineering,”
Vol. 2: Applications to Nonthermal Plasma Processing,
Institute of Physics, London

(3) Inagaki, N., Tasaka, S. and Park, Y. W. 1998, “Effects
of the Surface Modification by Remote Hydrogen
Plasma on Adhesion in the Electroless Copper/
Tetrafluoroethylene—Hexafluoropropylene Copolymer



oy

450 3

(FEP) System,” J. Adhesion Sci. Technol., Vol. 12,
1105

(4) Kim, J. S.,, Uhm, H. S. and Kim, H. S., 2004,
“Atmospheric-Pressure Plasma Treatment of Ethylene-
Vinyl Acetate(EVA) to Enhance Adhesion Energy
between EVA and Polyurethane,” Elastomer, Vol. 39,
No. 1, pp. 3~11

(5) Jung, J. S., Liu, X. Choi, H S., 2009, “Surface
Characteristics of PLA(Polylactic acid) Film Treated
by Atmospheric Pressure Plasma,” Korean Chem. Eng.
Res., Vol. 47, No. 1 pp. 59~64

(6) Choi, M. J., Kim, D. H. and Kim, G N., 2008,

A F9e - A%

“Studies on the Surface Changes and Adhesion of EVA
Foam by Plasma Treatment,” J. Adhesion and
Interface, Vol. 9, No. 1, pp. 9~15

(7) Sim, D. H. and Seul, S. D., 2007, “Adhesion
Enhancement of Polymer Material Using Atmospheric
Plasma(3),” J. Adhesion and Interface, Vol. 8, No. 4,
pp. 23~31

(8) Lee, C. J., Lee, S. K. and Kim, B.M., 2008, “The
Evaluation of Surface and Adhesive Bonding
Properties for Cold Rolled Steel for Automotive
Treated by Ar/O, Atmospheric Pressure Plasma,”
Trans. of the KSME A, Vol. 32, No. 4, pp. 354~361.



