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=R IR oA HEE ZetErt dxy] BaS ALAlA polyurethane foam (density @ 0.27) 3 rubber
(butadiene rubber) 44 Ewo] H=7t @l M-S AT} Zeban) wker)e] FHH | weFA S 2A8E
71 el A7 IR (EA, ok2E, Ak, B7D), 7159 $%2(30~100 mL/min), Zela WXl AIZH0~30 s)
55 WIAA AXlskal polyurethane foam®] 7% 232 Zelzrkxe] waa A% wiasigdch £997] 7%
Q1 N2l 38 100 mL/min® A4 & polyurethane foam< 10 s, rubbers 3 s Z<F #X2|Pe u) 7P 2
AEEEAdEs vehigth X F 249 9 wshe SEM3 ATR-FTIRE olg3le] &7gsigict dudo
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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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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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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 N> 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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Figure 6. SEM images of Polyurethane foam. (a) untreated x
200 and (b) treated X500.
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Figure 7. Comparison of contact angles at various treatment
time with N3 gases for rubber.
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Figure 8. SEM images of rubber. (a) untreated X500 and (b)
treated x500.
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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 N gas flow).
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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 7 r& e 7 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 7 s 7k 7s 7 b 7 75 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
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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 Ng gas flow).
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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 N, 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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Figure 13. ATR spectra for non—treated and treated PU
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