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Dry Aluminum Surface Treatment Using Nonthermal Plasma Process
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The conventional process for treating aluminum surface employs a series of wet processes: grease or organics removal
followed by drying, chromate process followed by drying, and finally chemical treatment to achieve hydrophilic
property. However, the use of chromium (Cr'® in the chromate process creates an environmental problem. A simple
and economic dry process was investigated to replace the conventional aluminum surface treatment, i.e., nonthermal
plasma followed by the chemical process. The adhesive characteristics between the aluminum surface and the
corrosion-resistant chemical were evaluated by the accelerated corrosion test. Among several plasmas, RF plasma
with more than 30 seconds of exposure time followed by the epoxy-type corrosion-resistant coating showed the best

performance over the conventional chromate wet process.
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Fig. 1 Conventional wet process and novel process for
aluminum surface treatment.
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Fig.2 Cross-section of the aluminum surface.

80 mm

| High-voltage
resistance

| Insulator

Electrode

Sample

3 2R L2 60Hz 7’7 A ¥ =y hOWHEX
Fig.3 Cross section of 60 Hz plasma jet using air (d=10mm).
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Fig.4 Cross-section of RF plasma jet using He (d=5 mm).
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Fig. 5 Experimental setup using the pulse plasma using air or
He (d=5mm).
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Fig. 6 Contact angle measurement as a function of elapsed time
up to 60 min for AC plasma.
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Fig. 7 Contact angle measurement for a long range up to 5 days
for AC plasma.
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Fig. 8 Contact angle vs. elapsed time as a parameter of plasma

exposure time (10, 30, 45 and 60 s) for RF plasma.
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Fig. 9 Long-range contact angle measurement up to 5 days
for RF plasma.
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Fig. 10 Aluminum surface temperature for various plasma
exposure time of RF plasma.
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Fig. 11 Contact angle measurements vs. elapsed time as a
parameter of plasma exposure time (0.5, 1 and 3 min) for the
pulsed corona.
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Fig. 12 Long-range contact angle measurements up to 5 days for
the pulsed corona.
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Table 1 Total corroded area and corroded ratio with 600

mm?on each condition.

#£2 600mm* 2T DL AEE L AT
Table 2 Total corroded area and corroded ratio with 600

mm? on RF plasma exposure time.

Total corroded ~ Corroded area Total corroded area ~ Corroded ratio
area (mm?) ratio (%) (mm?) (%)
o .. RF plasma
500°C for 10 min in oven 2.33 0.39 1.74 0.29
exposure time 10 s
Alkali cleaning 2.77 0.46 RF plasma
0.67 0.11
exposure time 28 s
AC plasma cleaning 222 0.37
RF Plasma
. 0.11 0.07
RF plasma cleaning 0.67 0.11 exposure time 45 s
Alkali cleaning Conventional 1.35 022
+ AC plasma cleaning 171 0.29 chromate treatment
* 2
Pulsed plasma cleaning 131 0.22 Exclude corroded area under 0.01 mm
Conventional .
chromate treatment 135 0.22
* Exclude corroded area under 0.01 mm?®
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Fig. 13 Structure of plasma treated metal coated on resins.
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