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Surface Modification of Polymeric Material Using Atmospheric Plasma
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=5 A Ao B9 Ee=et dAe] WS Z8AIA polyurethane foam(density : 0.27) 2} rubber
(butadiene rubber) AA 3EHC] HE2t 9 HAS RIAZI Eebzrl w79 H2 8] Wg2s Ak}
71 S AR 1R (A, ok, Ak, 37D, 7158 FH(30~100 mL/min), 12131 A2 ARHO0~30 s)
5= W3IAA MAESkAL polyurethane foam?] 79 X132 Fef=rkAz] WA A5 Hlwsielt) #$17] 715
Q1 Noo] 35 100 mL/min®E 47 & polyurethane foam 10 s, rubbers 3 s %< AA 23S ) 71 =&
ARG AEE JepIlch X & 2419 ¥ Wehs SEMZ ATR-FTIRS o]83slo] S4slsick 4740
T e Zepek 22 waef o3k AP R Al B A3 Y AZu ot /A E S-S ERIsIh

Abstract: An atmospheric plasma pre—treatment method was applied to polyurethane foam (density :
0.27) and rubber (butadiene rubber) to improve its contact angle and adhesion using atmospheric plate
type reactor. In order to investigate the optimum reaction condition of plasma treatment, type of
treatment gas (nitrogen, argon, oxygen, air), rate of gas flow (30~100 mL/min), and treated time (0~
30 s) were examined in a plate plasma reactor. The result of the surface modification with respect to the
treatment procedure was characterized by using SEM and ATR—FTIR. Due to a decrease of the contact
angle of various materials, the greatest adhesion strength was achieved at optimum condition such as
flow rate of 100 mL/min, reaction time of polyurethane foam 10 s and rubber 3 s for an atmosphere
nitrogen gas. Consequently, the atmospheric plasma treatment reduced the wettability of the poly—
urethane foam and rubber also resulted in the improvement of the adhesion.

Keywords: plate plasma, contact angle, adhesive strength, surface pre—treatment, peel strength.
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-S-7] (atmospheric plate
plasma reactor) = A7 1‘]]7“*]4’1 Kl ?ﬂ 7155 AWy, of=
(Ar) 2 8|Z71A|, A0 2 22 WA 1A, B2 571 (air)
5 AHSkL, 7RIS 30~100 mL/min, A32] AlZFE 0~30 s
2 RISAA A TS a7 EekkE o]83le] At aRdell
EAS AL Qlek AFell AREE &A= AR polyurethane foam,
butadiene rubberE TItE ARESIITE 2] & M=t A9

SEM 9l ATR-FTIRS ©l8slo] Fiists Yol 8418 3
Aol et zh 2APE gl AR HHuedEE S7ssl
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#& k87 )= Figure 1914 Hoix= o] MW Zeh=r} 2
712 2.45 GHzS] S92} 5~30 kV(P-P7PH) o] &8¢0
AR ARt 29t} Chambers= aluminum %! oF13 A2
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S Al AREE 2 AlE 578 NSCellA] =] Qle
HE 8718 H&AQ Bond Ace 5100UZ AM-8F L, rubber
€ 39 A *gl= D-PLY 0072 toluenes ©]§3t] 2%= 3]
Agt = ARSIt EAA S &A= A9 polyurethane foam
(density : 0.27), rubber (% : 50£5, &5+ : butadiene rubber)
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A1) 22 e 10000~16000 volts Wb 7he] B aE
3 rubber?] 73-$- 15000 volt, polyurethane foam-< 14000 volt
2 AR 3 XY silvk maEs skt sk 7 2418 100
X 150 mme] F7|2 kst H feeding bed -4l E1 LAt

2o A 7179 9% 30~100 mL/min=, {312 AJI7F
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i

1. rreqL}nCy generator 2. electrode 3. sample
4. feeding bed 5. gas inlet 6. gas outlet
7. gas tank 8. feeding bed controler 9. chamber

Figure 1. Atmospheric plate plasma reactor.
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Table 1. Plasma Reactor Condition of Different Polymer Material

Polyurethane foam Rubber

Input voltage (volt) 14000 15000

Frequency (KHz) 2.45

Discharge electricity distance=3 mm

Table 2. Test Liquid Data to be Used for Surface Free Energy
Measurement (mJ/m?)

Liquid name Surface Disperse/  Polar/acid—
tension LW part base part
Water (Strom) 72.80 21.80 51.00
Water (Rabel) 72.30 18.70 53.60
Water (Gebhardt) 72.80 26.00 48.80
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Drying time(h)

Figure 2. Comparison of peel strength at different treatment
gases for PU foam.
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Figure 3. Comparison of peel strength at different treatment
gases for rubber.
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Figure 4. Comparison of contact angles at various treatment
time with Ny gases for PU foam.
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Figure 5. Variation of contact angle for PU foam with different
treatment technique.
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(b)
Figure 6. SEM images of Polyurethane foam. (a) untreated x
200 and (b) treated Xx500.
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Figure 7. Comparison of contact angles at various treatment
time with Nz gases for rubber.

20|, 43298 #A5%, 20089

Eaye ]

}g."l—‘ﬂ

rubber 28] ZEk=rt AR A5 v Alrw ZEk=a)
2] A Figure 8(a) 2 70| ¥wel] 2 Tyo] EAlB= AX %
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Figure 8. SEM images of rubber. (a) untreated X500 and (b)
treated *500.
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Table 3. Variation of Surface Free Energy on Plasma Treated PU Foam at the Various Treated Time (mJ/m?)

Treated 30 mL/min 60 mL/min 100 mL/min
time 7s 7 7% 7s 7 7 7s 7 7
0 7.89 5.23 2.66 7.89 5.23 2.66 7.89 5.23 2.66
1 10.01 6.64 3.37 10.01 6.64 3.37 10.47 6.94 3.53
3 11.43 7.58 3.85 10.94 7.26 3.69 11.93 7.58 3.85
5 12.93 8.60 4.37 12.96 8.60 4.37 13.50 8.95 4.55
10 14.05 9.31 4.73 16.97 11.25 5.72 23.64 15.68 7.96
20 15.18 10.07 5.11 22.22 14.74 7.49 26.13 17.33 8.80
30 16.97 11.25 5.72 25.09 16.64 8.45 28.86 19.14 9.72
Table 4. Variation of Surface Free Energy on Plasma Treated Rubber at the Various Treated Time (mJ/m?)
Treated 30 mL/min 60 mL/min 100 mL/min
time 7s 24 7E 7s 7 75 7s 7 7%
0 13.55 8.99 4.57 13.55 8.99 4.57 13.55 8.99 4.57
1 23.64 15.68 7.96 34.09 22.61 11.49 41.89 27.78 14.11
3 31.21 20.70 10.51 35.48 23.52 11.95 50.91 33.76 17.15
5 36.05 23.90 12.14 37.44 24.83 12.61 48.92 32.44 16.48
10 40.98 27.18 13.81 42.47 28.16 14.31 35.31 23.42 11.90
20 47.55 31.53 16.02 53.08 35.20 17.88 30.82 20.44 10.38
30 62.21 41.25 20.96 70.33 46.64 23.69 23.64 15.68 7.96
10 2.0
1.8
— 91 —
E E 164
v 8 10 144
g g
S 4l 5 121
£ £ 104
g 61 2 sl
7 =]
5 5 % 0.64
& S 044
4 —&— none treatment
’ -t 02, 5 P
3l . . . : . 004 ; ; : ; :
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Drying time(h)
Figure 9. Comparison of peel strength for PU foam/PU foam
adhesion with a solvent type of PSA before and after treat—
ment (treated under 100 mL/min of Nz gas flow).

Figure 9+ polyurethane foam2] F2R7J =S vepd o]
t}. Figure 994 Xi= 713} 2] polyurethane foam/polyurethane
foam & Al Skl AAE] A 27 AFuEdE 3.92 ker/
2.5 cm, ] HERRAE 6.81 kg/2.5 cm, $7] IS
7.26 kgi/2.5 cmE YERGI O Sefzent AAY 5 27] g2t
Y= 4.61 kgi/2.5 cm, “FE] HEEEAIE 8.32 kgi/2.5 cm, ¥

7] A2ERAE 8.76 kgi/2.5 cmE ERO] 23}7‘”} A2

213 polyurethane foam¥} 72 H]AEAS] Wk Fwo] Zaf
zu]. HLxﬂ /\] HLAgE]‘— tﬂ—;(—1 X%Oli ﬁﬂ J:‘JL_L .ﬁg—/‘ﬂo] 71/\9
O FZA HEAAR} 22 AAF m=xE S Qs WAoo STk A
T

k) yst Z7heRE 218 2RI 5 919

.ﬂ

Drying time(h)

Figure 10. Comparison of peel strength for rubber/rubber
adhesion with a solvent type of PSA before and after
treatment (treated under 100 mL/min of N» gas flow).

Figure 10¢]] YFeRd rubber/rubber?l H&IA] Zel=n} 2%
g A 27 AFEEdE 0.00 keg/2.5 cm, A AT 0.45
kgt/2.5 cm, 7] HAREAE 0.74 kgi/2.5 cmol|A Z=F=nl A
A $ 31H f7lee] g oR AAEY 7] AT 0.51
kgi/2.5 cm, ] HAERIAE 1.32 ke/2.5 cm, $7] Hapet
% 1.64 kg/2.5 cm=z gE AR EE B 5= 3l

Figure 11 rubber/rubber?t F2+ A] Ze}=u} dAAlg] 3 A A
YAE AP w AP EE =73 Zlo|th Figure 11014
£ giRo] Zukmt AYE ok gk A ﬂ\“/lxﬂ ARERE o
8.14 kgi/2.5 cm®] 7] A2 E VeSO Sekzmt A
A2 3 A A2AE AFSEE W 9.21 key/2.5 cme] $7] {2t
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Peel strength(kg#/2.5 cm)

44 —e—rubberfrubber plasma + primer
—C—rubberfrubberprimer

0 10 20 30 40 50 60
Drying time(h)

Figure 11. Comparison of peel strength for rubber/rubber
adhesion with a solvent type of PSA before and after treat—
ment (treated under 100 mL/min of Nz gas flow).
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Figure 12. Comparison of peel strength for PU foam/rubber
adhesion with a solvent type of PSA before and after
treatment (treated under 100 mL/min of N gas flow).
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S o] gsfo] 7+ 24 W spectrumS 9T ©]E Figures 13
3} 149 YERITE Figure 132 100 mL/min®] No7 |5 dfollx]
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N=C=0, C—-N, C-0, C—H &2 73 Flo] A r]xto] Hoj3]
of wpzt ¥ frlEe] avaoR A STtehe As B S5 3l
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Figure 13. ATR spectra for non—treated and treated PU
foams under 100 mL/min of flow rate with N gas. (a) C—H,
N=C=0 bond and (b) C—0, C—N, C=N bond.
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7155 AFERS v polyurethane foam?] 7% 8.77 kgi/2.5 cm,
rubber= 1.66 kg(/2,5 cm& 713 =& Ak M) es vt
Uz, 448 44 F7RINE NoZ /8 AH-3E W poly—
urethane foam 0.99%, rubber 4.21%% 7} w& A2 71rs
UERSITE

2) 254 7} A polyurethane foam % rubber &5 Ny7]
o] o] A3 AAE AlRte] dojda= &) fhashke 4
S Btk F 24 B 100 mL/min®] 2475 slellA poly—
urethane foam<> 302, rubber= 3%37F HA2 S u] HFH7+
Ho 74 28} /M W2 457 45 eIt
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Transmittance(%)
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Figure 14. ATR spectra for non—treated and treated rubber

under 100 mL/min of flow rate with Ny gas. (a) C—H bond
and (b) C—Cl bond.
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