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Abstract — An atmospheric surface modification using plasma treatment method was applied to butadiene rubber to
improve its adhesion strength by plate type reactor. In order to investigate the optimum reaction condition of plasma
treatment, type of reaction gas(nitrogen, argon, oxygen, air), gas flow rate(30~100 mL/min), treated time(0~30 s) and
primer modification method(GMA, 2-HEMA) were examined in a plate type plasma reactor. The results of the surface
modification with respect to the treatment procedure was characterized by using SEM and ATR-FTIR. As the gas flow
rate and treated time increases the contact angle decreases. The greatest adhesion strength was achieved at optimum con-
dition such as flow rate of 60 mL/min, treated time 5 s and modification primer containing 2-HEMA for air. Due to the
atmospheric surface modification using plate plasma method consequently reduced the wettability of butadiene rubber
and resulted in the improvement of the adhesion.
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Fig. 1. Graft polymerization reactor for primer modification.
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Fig. 2. Atmospheric plate plasma surface modification reactor.
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Fig. 3. Variation of wettability for rubber surface (a)untreated (b)
treated plasma.
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Fig. 4. Peel strength for rubber/rubber adhesion after plasma treat-
ment under different reaction gas at 60 mL/min flow rate.
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Fig. 5. Comparision of contact angles at various treated time and
reaction gas flow rate for rubber.

olt}. FHEAo] Sl el & RS AT, HAHCE (aH™
E-go] 7Y Eek=ntE Mt A9 A" IR &
o] YAl 1=2A HZE & 5 ek

Zal=n} x)g]o)] 28t Rubber 2412 W #1812 284 9] Ws}
£ B3l ERlsl] fste] B HEFAE 4 itk RS F
7|2 kL 53S 22} 30, 60, 100 mL/min®z 343l HEEA17RS 0~30

ZALO|Z HSIAIA S50

Fig. 55 Z2k=n} A2|2 st Rubber 24| W] 257 W3}
(1015 ERIsk7] SJ8iM A ARk 71572 fs WsAA 4%
718 Z3st0] A4 v st Zlo|th. Fig. 5oll4] & 4= gl50] A7) A
Fro] AoA| a1 7152 0] T7Fe5 Rubber 3192 & H57t
| s 2 ATt SEARE Ak29] 0] 60 mL/min, 7]

3 =71o] ZUVehs @S Btk A5
= FACE Uei= Zlo|Be &
Zepzrt o3 o7 Q13 1 A
719] Fof "W FIFE Qg B
=31t} Fig. 52 Rubbers= #-917] 7]
L/min®] 1L, A 2] AlZte] 3 =4 w 7] %k
9] 4AE Hof Be] gl St Hi=
71 1579 3] 60 mL/min, 5% o4
57.6°, 10% 62.5°, 20% 58.7°, 30% 48.7°% 7+A
h= 218 B = itk 28u o] 100 mL/min 35 2715k
97.8%4 3%olA 47.7°, 10Z00E= 67.1°% F435] 7181t} 2030
T 72.6% 30%0lE 82.3°0.F i3] TSIt o|Est de &
gl WA 7FIAE B7)9] fRo] o e Eeknt A e a
A3l AAE AR F71E0] AF-E A YA Kl AEA
© 7 thA] F&o] Lehd Ay ®elt) o] AvE BkS uj
#HA ) 719 $32 60 mL/ming)-S 2Helsh 4= QIgit}

Table 1-= Rubber 22A412] Zefz2n} 22| A {hel] upE Eof tish 3
AAFR] ABZH 11102 ymimAE B 2%, v (ml/m?)
T LA E R Qs el B Eekmt ARt
o] Z7tell vlEslelar, thaell Fefz=nt Agalzk Wzl ulef 10
olatel M= vy, v, ¥ H yt BT ] Skl vlElsict £7F 100

mL/minoA = B A3}

=

3

O
pa

(O yE % 1o
= m}u“

>
e
: o)y P
HU oL, O
B~
Yy 2
T2
o N
kr
i

)

o
R
i
u\(
B>
rlr

o> 2 loy

>

i
kel
oot
%
A
l®)
o
T
q o
o|r

oL
o

o
i
32
B!
Y
o

di o o WO W
N
o

0

3

©°
~J
o o
=}
éoﬂ
N
v 10, ook
2 i 4o
il ok
mﬁ;
b
N

SO
(2 o
S
O
R ;‘Z ~
R ¥
P
M

-,

3-3. YRERAT W

A o2 Hay Zekzn nkgr)E ol galo] 917 7R ¥
719] §7%-& 60 mL/min®Z akal He] ARk 1032 43 3te] A
2] & Zebznt Ae] A $o) Hae)de Wk A

Fig. 6& 8418 2ol theh daule)des S4sto] Vet
W Zlolr}, Fig. 604 &R18 & Sl5to] Zebzmt A d 2714

|

[

Table 1. Variation of Surface Free Energy on Plasma Treated Rubber at the Various Treated Time (mJ/m?)

Treared 30 mL/min 60 mL/min 100 mL/min
time Y ¥ v ¥ 1Y v A ¥ 1
0 12.43 8.42 3.77 13.01 8.36 3.42 12.98 8.15 3.54
1 22.71 14.79 7.03 33.65 21.66 10.61 41.22 26.89 13.02
3 31.63 19.92 9.86 34.78 22.85 10.99 50.37 32.83 16.24
5 37.01 23.05 11.79 36.39 24.25 11.84 48.09 31.59 15.39
10 41.52 26.58 13.16 41.82 27.51 13.71 34.51 22.57 10.84
20 46.05 30.73 15.24 5241 34.74 17.13 30.09 19.62 9.27
30 62.98 40.41 19.97 69.64 46.02 22.59 22.89 14.76 7.06
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Fig. 6. Comparision of peel strength for non treated and treated plasma
at 60 mL/min air gas flow.
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Fig. 7. Comparision of peel strength for rubber/rubber adhesion at
various GMA concentration.
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Fig. 8. Comparision do peel strength for rubber/rubber adhesion at
various 2-HEMA concentration.
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Fig. 9. Comparision of peel strength for non treated and treated
plasma for modification primer at 60 mL/min air gas flow.
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Fig. 10. SEM image of rubber surface (a) untreated x450 and (b)
treated x450.
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Fig. 11. ATR spectra for non treated and treated rubber at 60 mL/
min of flow rate with air gas.
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