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Figure 1. Schematic diagram of Atmospheric Pressure
Plasma (APP).

A Behzoke A Eezolo vslel 13 Aol

ri

Yax kon, 1atm(760 Torr)oll A ¥HE- AH §lo] AN
argleh, t71gollA e Zefzute) wAiTt QHYAd, i
T84, 334 B4 5ol ZAIE AEsh] S MY ZA
2 ), AF 7z P9 A (P&, Inc.)E A3

ou] 1356 MHz®| RF Power (Advanced Energy
Industries Korea, Ltd)S ©o]-&3to] Zat=uls WA
t}, Zejznt Mo AME A gEE 3719 A 7t
A ARt 7hxo] WhE Aol & vlwakglch A &t
Znjol| A RF Power?] &8 Agjnt A Azto] whg s}
92 G 3 2ARK, etz 29 A2 AL 5
¥t Fig. 2= RF &9

S LERSIT,

O

o] 2 Plasma length®] W

Figure 2. Plasma length with RF power,

Z

L1

Fig., 29} 2ol £ Ao ft2 Wizt A4S 9J3), RF
Power?] &8 AEL 150 W~350 W7HA] 50 We] {2
pPs mHo) A=sgtt APP System2 Roll-to—Roll /
Sheet TypeS TFEECE 2 AFo|A:= Fig. 39 &2
Sheet Type22 Ad3}3itt.

ps <+— Plasma head

Figure 3. Schematic diagram of sheet type Atmospheric
Pressure Plasma {(APP) system,

Rel Aol T sk AEE 8, He 450 23
95} Conveyors AR23}o] 1.8 m/min?) £E2 A7
Alzroll wel A slgict, 2pAd el A&AdES dotEy] ¢

= o=

Journal of the Korean Vacuum Society 18(1), 2009



4 Belx0IB 0|83 P

oo, THAUAE b Sstel ERelrfolmge
(Junsei Chemical Co, Ltd)2 AF&sto] HE7HE &4
k. B3 mEoholiz 24H 37 Amaye
dispersion force®} polar forceE ZHzh A4kl o, o]
S gol B9 oJuAE TokT
pse] :Hel 3eld AbElE X-ray Photoelectron
Spectroscopy (XPS, PHI 5800 ESCA System)E 0}-2:5}
ZA BA 9 280 252 = BAslgiom XpSe] B4
0,48 eve] Halsg 7
analyzer AlRy X—ray (hy = 1486,6)2} X-ray monochrometer
& o]83) 27X F(base pressure | 2x107'° Torr) 4ol 4]
Tﬁﬁﬁ‘}‘iﬂq Zyzye) 2ziow 3 AelE A Yol Cu ¥k
ASAEE ARgsIlen, FA)e] Wslel] wE pse} Cudtute]

concentric hemispherical

L RISk tod 4,000 Ax} 8,000 A9] FA= Z3s}
pil=A
0l Z3 & u3
Fig. 4 (a)=

U&5H F71E Argstol A Al RF Power
o &8 Aol W2 7 AR B3] HEZ HEE oo}
B7) 95te] & A 150 W~350 W7HR] 50 We] )
oA Aelatgla, Ml Azl wE pse] FHEZ wEE
Uoti 7] fJste] A7l &= 24L& $dto] Conveyorg
AMESEe] 1.8 m/min®] &%& 13]~43|71A] A2 A7

100 100
Raw Contact apgle : 91° Raw Contact angle : 91°
Y R %0
o {s0w \
80r * - 200W 8o
e 250W
~ T0p v 300W —~ 7
-3 Q
e, G- 350W| e
e _ @ @
D sl B 2 s}
< - <
g @ 3 4
3 - 3
S 30 \\‘B-, £ 30
8 v S
@4 ¥ 20
0 )’ () Air treatment wr (b} O, treatment
. . . . : 0l N . s
¢ 1 2 3 4 ] 4 2 3 4
APP treated Time (#) APP treated Time (#)

Figure 4. Change of contact angles of water on PS as a
function of treated time with RF power (a) Air

treatment (b) O treatment ; RF power {O) 150
W (@) 200 W(A) 250 W (W) 300 W (O) 350 W.

UFTSYYA 1811), 2009

olystyrene (PS)2] HHINE

k2 H&zko] WslE UeRHITh Fig. 4(a)ollA Ee v}
o} o) ekH 3712 AR W] HE4L AU &
E}ZU} A2 7] Hole 91°F fASkL " ARt
RF &9 AgL 150 W 189} HjA)7teg H2|eh $of It
58°7HA A& zbo) vholAl: dAdE B & qler, o
3}7“3} Zelof 23t Surface Cleaning G312 Az} %E}
RF 29 A3} A2 Azte) whet HEZre) 3717} oofs }
A Hsksigl e, RF &9 H2lo] 300 Wl A A A
e 432 AR HEDS Y 20°7HA] sk E}
Fig. 4(b)& Ak 7EAE ARESEe] A] A] Fig, 4(a)2t
ol wdst 24 W RF Powerd] &% Hgoj u}z Z}
Ae) Bike] H&7z w3kl A2 A7te] W psel 5
7} BizkE UEh Mﬂr. Fig. 4(b)ollA] Ei= vk} Zo| RF
£¢ AL 150W 132 HAFOR Abd 7FAE A
st} et 4 51717] Attt 45 3712 A
e 75"?‘54 BE3-A] 7IA|Q Ak 7EAR ARt ol |
Z ﬁ”“’ﬂ A% A ZE7)o] ot
A F Ao ‘/P“ﬂ

f
e

Ejo} 3t Arejo] eyt branch? } Kk *51% fﬂiol

9l
Abaot whgste] Fp] AE71E BAshe Wt &
%5 3712 A3 AR W3 1A Atk AR
AHejgt 9o HEZ o] Aolg Hole A =
F719] AR F didto] Ha(78.088 %)ol7] Wizl &2t
Zup 1R A7 weikE Adsle 4TS ok N
off 4k 7hag A Aol AEAt A2 al2|E due)
I geke welEn vhgele], Akaote] A e 5
7WA 7P g AeA7E sk Ao Hn 4t
& 7R AR Ao] dEE F7IE Aeshs AR
pse} Hapy F7bel BlS Al Aoz Ak

7 U.ésm b % 1a7ie] sk Uehiale, e
Power& 350 W& w38 EHQJ WA o A, 200 W
Helg ARe) AT W 20°0) BEZE 7147 B
S 3elg 7 A8tk RF &8 A¥E 200 W/250



O[B4 - MBI - AR - FTY - IS
70
(a) Dispersion force (b) Polar force
6o ——150W] | [ [—o— 150w -
E - 200W - 200W
O sol —4—250W] | | |——250W I
s v 300W —v--- 300W, X
g ~0- 350W —o— 350W] R
T 40+ L AT -
h
B
5 | - :
5 —o— 150W
Py - 200W)|
Q 20r - - —a— 250W
g - 300W
5 10 | —O-— 350W
(¢) Surface tension
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
APP treated Time (#) APP treated Time (#) APP treated Time (#)

Figure 5. Change of surface energy for PS surface as a function of Air treated time with RF
power (a) Dispersion force, (b) Polar force, (c) Surface tension ; RF power (1) 150
W (@) 200 W(A) 250 W (V) 300 W (¢) 350 W,

70
(a) Dispersion force (b) Polar force
50 ——150Wj | | -
e~ - 200W
g 50 ——20Wp L
-l —w-300W} | | e i
c —O— 350W g SR -
> )
S a0 - ] -
)
& 30} - .
5 —— —a— 150W
8 20} s —o— 1500 | | e ggga
£ o 20w <y 300W
- R
@ 10} s —v—300w | } 3508
o 350W (¢) Surface tension
1 I3 i 1 1 A 1. H 1 1. 1 1 ] i i
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
APP treated Time (#) APP treated Time (#) APP treated Time (#)

Figure 6, Change of surface energy for PS surface as a function of oxygen treated time with
RF power (a) Dispersion force, (b) Polar force, (c) Surface tension ; RF power (O)
150 W (@) 200 W(A) 250 W (V) 300 W () 350 W,

W/300 W/350 Wo] Hej=

A
M3 Fashe BAe B % 3

Kt 7

2% PSQ] A|RoAE RF &9

e ot

deba o A7) AL

AE F7719 of2dt SiE &

E3te] A2 Zrlow v)oshe

B~

h A
A
&
LY

4% weba] GE2to]
ct. X5t 350 W2 A
d2jo] me Bish 7o)

REER EBEET 8

wo X2 <sjo the
Rog A#A 9},

by QolA] QHEE E719) Akh hAR Xeld ARE
o) BHOUAE B3} E2olnjo|ze] YEzto 2R 4
Absto] mlt,

Fig, 514 B viel o] & 2712 A2jH pse)
=9 oA A el7] Ao 45 dyne/emol A RF £
AL 150 Wol A A2NZHE 48l= H2d w1 oA

=
£ 55 dyne/emZHA] Z718199th, RF Power 8 &3}

Journal of the Korean Vacuum Society 18(1), 2009



4o Berz0ig of

iz

e 1 T wors
frery - 300W1Air] g
f= 300WAAI
=
8
f
©
el
2
7]
]
;E H i f !
- co
C=0: ; N
R S R e S .
294 292 280 288 286 284 282 280
Bindng Energy (eV)
{b) O1s ; FRaw
g - 300W1AIr
= 300W4AIr
=
-]
T
©
n
&
7]
~
&
£ L
.

540 838 536 534 532 530 528 526 524
Bindng Energy (eV)

Figure 7. XPS spectra of untreated PS and treated PS
{a) Cls peak Intensity, (b) O1s peak Intensity,

2] A7re] F7tol| wheh B9 || & F78t RF £¢
A& 300 WollA AAZhE 438 A3t Be= A
68 dyne/cmﬂ}Z} 2718190k Fig, 60)A]= AbA AR
#2ste] RF 23 A2ls 150 WollA A2|A7hE 432 A
23t B9 U= 58 dyne/ecm7tA] Z7F8HSITh RF
Power &8 =3}t 2] A|7he] 7o whet & ofjuf#]
T 3713t RF &3 H2e 300 WollA AA|7HS 48]
2 a3t A$= H) 69 dyne/cm7IA Z7V8kgc)
ASE TV} Abn TEAg ANl ARjt Eepant X

o] oJ3le] xgAdo] Z74E PS FHO] 348HY M
2 goli7] Y3t HeatA] e AlE3 mH A7}
89 dyne/em7}A] %718t RF Power 8 A2 300 W

A A=A
X~-ray Photoelectron Spectroscopy (XPS)E
A8k,

Fig, 73 Fig, 8°fA] Cls core—level (XPS) spectra ©]
A HehfSliel A ahA] b2 A thREe] Bha
T 284.6 eV B9 C-CAG o (-HEE 0 g ool

STt Ols core—level (XPS) spectra oA BEol:= Ols
beake] A9 PSe] Ewlol 37 FolM TR AL}

432 A2 ARt 18] AT A[RE
o3

V= FZ YR 18(1), 2009

£38t Polystyrene (PS}¢]

| N
T 1 ; o
— 300W102
t'é‘ 300W4A02 : /
S ‘ a
:D 1
= i
o i
et !
= i
0 |
=
£
= col/
S e S L e
204 292 290 288 286 284 282 280
Bindng Energy (eV)

{b) O1s o Raw |
= ! 300W102
c L. 300W402
=
-]

o
s
2
]
=
2
= .

540 538 536 534 532 530 528 526 524
Bindng Energy (eV)

Figure 8. XPS spectra of untreated PS and treated PS
(a) Cls peak Intensity, (b) Ols peak Intensity.

PS Az FA/doNA Hohe vl Aol 9%t Zor A
2}5]0] A& Intensity”7} TEHCE

#4 HEH pse) ©ao) gk XPS 24 A Cls
core—level (XPS) spectra & Ho g 7K U=
284.6 eV C-C AL FolET C-0 ZATH286.1 eV),
0=0(287.6 eV)o] Ajzo] BAFLe a3t = 9t
Ols core—level (XPS) spectra 2] 44 AHEY S Hi
9 A Ao vjs] ¥ A" psofA W& oFe] Ak
7F 2% 2l & 4 Sl }31?5} A B S7HE
PSEHO Ak A 2ol o3l Hoizl g Aksat vkl 2]
3l Ps Uil o7t A «1“15}"4 Eetzut Aelof ¢
3 co] &2 % “‘OPI’- 0o E&2 e ¢ &
ek, oA Zetznr AeapgoA Aadd B4%F 5

o} PSo ehand} g8} wh-g3lo] ©AE A5 e An

|

f-

F

-

Ay, Aazo] F7htel wet g Hgo] At Al
& B0 7RI AL X%EMX} | whe e 57}
2 o) o o] § ks Y] mhRolch, E3 ALk
AL 0|83 A% PS2 WA} 0% #Ed] ol
25 3718 o83 A9uT ghhel ¥gol o Yol T

(3]



sHA = ol=R e R JAE WA A7 AHE

Ag FHOZNE & 4 et

T AR E AZho] Aol wet A Ao
WA gk ol nEA 1) AHEE S5HOIL A
o 38 Eeio] Th2 Aol T FlQldieh, w3 &

g
2

—o— 300W4Water, ~o— 300W4Water]
90 o 300WAAIr 0 —e— 300W4A
80l {a) Air treatment 80} (b) O, treatment
—~ 70} — T0f
< ]
~ ~
e % N
=) e [
& 50 ! c 60 e A
< / <
g or 1 ] g wf
g 30 c 30 L‘{W
o [~} |
© % © 2 a/
10 10}
[} T Py U
02 4 6 810121416182022242628 0246 810121416182022242628
Time (hr) Time (hr)

Figure 9. Change of contact angles of PS with exposure
time in air and water conditions. (@) ; (a)
Air treatment (b) Oz treatment,

gp2ubg o] g3t Hejd LEAEY] ApAd7e B 9
gk A&l ofsf HA "o{A U7t ol o] 2&Al] 9%t
ARR} 12)9) Aeho] Qlo] Hrt [16],

Fig. 9+ (a) ¥5E 37|12 Asto] 2o 20°74] g2
SR, (b) Ak 7EAR A Esto] 17717 aste] 713
F& AE7] #IE e 212 RF Power 350
wel &9 277 43)9] HAztes #H /N E ARE
27} ti715 0 2500 Basigls i Azt 0E £
HEZ wsloltt, 2349 FEZo] 20°¢1 ¢ 3712
A3t Al E2g t7] Foll BHagt A &5e L= AlZto] X
ol w2k HEZo] AL F718te] 144417 Foll= 66°7F
A F7YHAARE, E&o] B3 AlRE 27] 2417 &
40°2 20°9] FFZo] F7Fe 3 o ol k= ¢l
o, 09| JEZ0] 17°Q] 44 7HAE AEjg A|EE o
7] Foll Bdt A g9 Ao AlZto] Adof wet JE7
o] A& F7ksto] 14447t Foll= 62°7HA] F7ksHAINE,
E<0] B3t A BE 27) 24A7F 3 37°8 17°9] H&Z
o] 3713t T AHE 3712 Agt AR FUSH © o]
&9 7= gl

AAEe=AE o]gste] P HE AEsL, 1 9

“z

. APP treatment

Figure 10. 8,000 A of Cu thin film deposited on (a)
untreated PS, (b) treated PS by Tape test
(ASTM D3359).

ofl 4,000 Az} 8,000 A9) 8] wrehg AFAWE o83}
of Szttt

Fig. 102 71 A3 A 9] AA =¥ pse| H&
g& HAE sgSUL 2 AR 2] uhake] At
Ao Brie nEAet 349 YRS v|wsh=
Wo| A= Hio] T B|AE(ASTM D3359) 2.2 uhatol
F54 1007 @ T Ho|ZE G} wlA 1 HojA Uzk
ot =2 2 A2 vlustglch uh A9 65% o
}o) Gal=|w 0B, it AA7} QHgsithd 5B, 2 &
o] u}g} 1B~4BE E &=, 2 A A= RF Power?)
&9 Ayt A A7kl nhe} gaeo] ol £43t H¢-
a2z dRg s 49 5ol At 4=E 3719
Ak 7hco] w2 Bishe UehtA] 2 AR Holo
200 W o]42] RF Power2 A |3t Aj&o] 79 32 o]
o}F £33 5B FMlZ X2|H PS EHo] HstA] ¥
Ao wlgte] 2ol =SS SISttt

=

o

=

[

v,

[I~]

Polystyrene EH-Z ARt Zet2nt X2 #W 7|4 3}
o] A5AdE F7HAFT Polystyrene®] E32] =2t
Y ouze 4EH 3718 ARESH 150 W 9] RF
Power® 13] A2]3t9& ] 42 91°04] 58°2 48}
gor o] o Y ofYR|= 45 7404 51,68 dyne/cm
Z71elgitt, $Yg RAAA At ARt 2 ASE
o HEZ 9104 51°2 WEsgoH, W AUA=
4574904 54.19 dyne/cm Z7}5}%th 300 We] RF
Power 2 43| A3lH& o &2 91°04 20°2 s}
gon, o] wj A oUx|E 45 7494 68,48 dyne/cm
Z7lelgleh. BUS 2ANA Akh TEATEC R 300 WO
RF Power® 43} A33l9S u] H=27 91°0)4 17°2 W

Journal of the Korean Vacuum Society 18{1], 2009



A2t E2tX0IE 0|8t Polystyrene (PS)2| HHINE

agiom, W AR = 45 74914 69,73 dyne/cm F
7retent. AREA) b AReh hEH 371, Ab TpAR
Ae)g A2 XPs A7} 4o 2RE ARl Sekxol A
2lo]| 9j3j pse} FHo| FAH A7l Cc-0, ¢c=0 2
Tog IESG ti7] Fofl BaE AlRE A7k A3
of w2t A BHANMAZE HAR g4t ou, &
Zo) B AEE A Zekzol APH 27138 A7
o AT FHsA YRS FAA BE & S A,
AY SRS o83t pso] BHE JRstAL, 1 Yo
4,000 Az} 8,000 A9} 7] wlere S-S o] &3]

25t & 2} AR} Ff Blare] AWl e] HAe L H|
01_ E|2E (ASTM D3359)Z o835t 22)d ps &9
A2)e}] G Aol vlsto] o] FAFEGLS Bl
skt

o)

o3

Lt

[1] H.S. Uhm, Joumal of the Korean Vacuum Society.,
Vol 15, 117 (2006).

[2] A. Holl nder, J. Behnisch, and H. Zimmermann,
J. Appl. Polym. Sci., 49, 1857 (1993).

[3] S. Yuan and R. E. Marchant, Polymer Preprints.,
31(Q2), 665 (1990).

[4] G. Akovali, Z. M. O. Rzaev, and D. G. Mamedov,
Eur. Polym. J. 32, 375 (1996).

[5] D.W. Fakes, J.M. Netwon, J.F. Watts, and M.J.
Edgell, Surface and Interface Analysis., 10, 416
(1987).

[6] D.Briggs, D.G. Rance, C.R. Kendall, and A.R.
Blythe, Polymer., 21, 895 (1980).

I RIZOBIR} 18(1), 2009

[7] Y. Tkada, M. Mori, and Y. Uyama, J. Polym. Sci.
A, Polym. Chem. 32(9), 1683 (1994).

[8] N. Inagaki, S. Tasaka, and H. Abe, J. Appl. Polym.
Sci. 46, 595 (1922).

[9] Y. Yao, X. Liu, and Y. Zhu, J. Ades. Sci. Techno.
7(1), (1993).

[10] S. Kuniyoshi, K. Kudo, and K. Tanaka, Appl. Surf.
Sci. 43, 447 (1989).

[11] J. Amouroux, M.Goldman, and M.F Revoil, I
Polymer Sci., 19, 1973 (1982).

[12] LH. Loh, M. Klausger, R. F. Baddour, and R. E.
Cohen, Polymer Eng. Sci., 27, 861 (1987).

[13] R.P. Livi, Nuclear Inst. & Meth. B10/11, 545
(1985).

[14] S. Jacobson, B. Jonsson, and B. Sundqvist, Thin
Films., 107, 89 (1983).

[15] J.E. Griffith, Y. Qiu, and T.A. Tombrello, Nuclear
Inst. & Meth., 198, 607 (1982).

[16] S. Jung, J.S. Cho, S.C. Choi, and S.K. Koh, Korean
Journal of Materials Research., Vol. 9, 450 (1999).

[17] S.B. Lee, Y.K. Kim, and J.S. Kim, Korean Journal
of Materials Research., Vol. 16, 543 (2006).

[18] J.S. Kim, H.S. Uhm, and H.S. Kim, Elastomer Vol.
39, 3 (2004)

[19] J.W. Seok, S.C. Choi, H.G. Jang, H.J. Jung, W.K.
Choi, and S.K. Koh, Journal of the Korean Vacuum
Society., Vol. 6, 200 (1997).

[20] S. Tang, O.J. Kwon, N. Lu, and H.S. Choi, Korea
J. Chem. Eng., 21(6), 1218 (2004).



< Research Paper> Journal of the Korean Vacuum Society Vol.18 No.1, January 2009, pp.1~-8

Surface Modification of Polystyrene (PS) by Atmospheric Pressure Plasma

Jong-Su Lee, Hyun-Seok Shin, Jin-Woo Seok, Gyu-Wan Jang, and Yeong-Hwan Beag

Research & Development Center, P&I Corp, Seoul 131-221

(Received October 13, 2008, Revised January 15, 2009, Accepted January 22, 2009)

Hydrophilic Surface modification of Polystyrene (PS) was performed by Atmospheric
Pressure Plasma (APP). Air or O, gases were used for carrier gases and RF power was
changed from 150 to 350 W. We controlled the treatment time as 1 time to 4 time passing
through the plasma region. when the carrier gas was air, the water contact angle on the
PS surface was decreased from 91° to 20°. And the surface energy increased from 45.74
dyne/cm to 68.48 dyne/cm. In case of the O, plasma treatment, at 300 W of RF power
and 4 times treatment, the water contact angle on the PS. Surface was decreased from 91°
to 17° and the surface energy was increased from 45.74 dyne/cm to 69.73 dyne/cm. The
surface energy was increased by polar force not by dispersion force. Improvement of surface
properties can be explained by the formation of new hydrophilic groups which is identified
as C-O, C=0 by XPS analysis. The contact angle of APP treated PS surface kept in air
was increased with time elapse, but maintained same value when it was kept in water. We
treated the PS surface by APP and deposited Cu as 4,000 A and 8,000 A by thermal
evaporation. The adhesion between sample and Cu thin film improvement of treated PS
surface against untreated sample. could be verifiable by Tape test (ASTM D3359)

Keywords : Atmospheric pressure plasma, APP, Surface modification, Polystyrene, PS
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