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The Evaluation of Surface and Adhesive Bonding Properties for Cold Rolled
Steel Sheet for Automotive Treated by Ar/O, Atmospheric Pressure Plasma

Chan-joo Lee, Sang-kon Lee and Byung-min Kim

Key Words :  Atmospheric Pressure Plasma(th 7] ¢4 &2} Zw}), Surface Treatment(E B 2] 2]), Adhesive
Bonding Strength( 27} &), Cold Rolled Steel Sheet(*d & 73 )

Abstract

Cold rolled steel sheet for automotive was treated by Ar/O, atmospheric pressure plasma to improve the
adhesive bonding strength. Through the contact angle test and calculation of surface free energy for cold
rolled steel sheet, the changes of surface properties were investigated before and after plasma treatment. The
contact angle was decreased and surface free energy was increased after plasma treatment. And the change of
surface roughness and morphology were observed by AFM(Atomic Force Microscope). The surface
roughness of steel sheet was slightly changed. Based on Taguchi method, single lap shear test was performed
to investigate the effect of experimental parameter such as plasma power, treatment time and flow rate of O,
gas. Results shows that the bonding strength of steel sheet treated in Ar/O, atmospheric pressure plasma was
improved about 20% compared with untreated sheet.
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Table 1 The conditions of Ar/O, atmospheric pressure
plasma surface treatment

Plasma Power [W] 150, 200, 250, 300, 350

Treatment Time[sec] 25, 50, 75, 100, 125

Flow rate of O, Gas[scem] | 1,2,3,4,5

Temperature [C] 251
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Fig. 1 Contact angle between liquid drop and solid
surface in equilibrium state
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Fig. 2 The schematic principle of wetting after adhesive
application on the substrate

(a) Before plasma treatment (b) After plasma treatment

Fig. 3 The change of contact angle before and after Ar/O,
atmospheric pressure plasma treatment
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Table 2 The dispersion (}’Z ), polar(y¥; ) components

rh

and free energy of distilled water and
diiodomethane
Liquid yf mym? | Y] mim?) |y, (mim?)
Water 21.8 51.0 72.8
Diiodomethane 48.5 2.3 50.8
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Fig. 4 Changes of contact angle with Ar/O, atmospheric
pressure plasma treatment power
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Fig. 5 Changes of surface free energy with Ar/O,
atmospheric pressure plasma treatment power
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Fig. 6 Changes of contact angle with Ar/O, atmospheric
pressure plasma treatment time
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after Ar/O, atmospheric pressure plasma treatment
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Fig. 11 Changes of section A-A’ profile before and after
Atr/O, atmospheric pressure plasma treatment
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Table 3 Surface roughness before and after Ar/O,
atmospheric pressure plasma treatment

Roughness R, [nm] | R, [nm] R, [nm]
Before Treatment 265.04 232.43 915.16
After Treatment 272.21 235.60 1007.69
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Fig. 12 The shape and dimension of the single lap shear
joint with SPRC 440 substrate

(a) Interface of untreated steel sheet

(b) Interface of plasma treated steel sheet

Fig. 13 The adhesion state at the interface between the
adhesive and cold rolled steel sheet before and
after Ar/O, atmospheric pressure plasma
treatment
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