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Abstract: The effect of different surface treatments(pulse current anodizing, direct current anodizing
and acid pickling passivating) on painting adhesion and galvanic corrosion behavior of titanium alloy
Ti-6 Al-4V coupled with aluminum alloy 2024 treated chromic acid anodizing was studied. Result of
microstructure and tape adhesion tests shows porous film on the surface of titanium alloy treated by
pulse current anodizing can effectively improve its painting adhesion . It was demonstrated by galvanic
corrosion test that anodized films on titanium alloy can significantly reduce the susceptibility of gal-
vanic corrosion between titanium alloy and aluminum alloy. Pulse current anodizing process shows
better performance than direct current anodizing and acid pickling passivating in application by the re-
sults of these comparison.
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Table 1  Chemical composition of titanium alloy Ti-6 A4V (mass fraction/ %)

Al Fe Si A% O C N H Others Ti
5.56.8 <0.3 <0.15 3.5-4.5 0.2 <0.1 <0. 05 <0.015 <0.4 Bal
1.2 ( )

1.2.1 o
2 o 1.3.2
( .
2 . ) . 24h
Table 2 Parameters of pulse current anodizing , 7 , 7
Manipulate condition Parameter 1 s (
Organic acid 17 200-250mL/L
T, , 4 , 3mm,
Organic acid 27 25-35mL/L
Temperature Ambient ) ’ 4
Current density 2-5A/dm? (7 ).
Voltage 100-110V
Cathode Pb
Duty ratio 1:1
Time 5-18min
— Tape
1.2.2
3 .
P
3 Testing area
Table 3 Parameters of direct current anodizing (90° scribes 3mm.
I approximate apart)
Manipulate condition Parameter
Sulfuric acid 100-120mL/L 1 90°
Temperature Ambient Fig. 1 90° crosshatch scribes for tape adhesion test
Voltage 18-21V
Cathode Pb 1.3 3
Time 2-15min U
( N .
)
1.2.3
2024 2 o
’
Y b o
1.3 ’ ’
ZRA-2 s HB 5374—87 “
1.3.1
7 20h,
Quanta ( ’
) 100mm X 20mm X 2mm, 3. 5% NaCl

o , 5 o
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Table 4 Standard for degree of adhesion failure Table 5 Standard for degree of galvanic corrosion current
Rank Adhesion fail D Galvanic current
an dhesion failure cerec Rank ) ., Restriction for use
10 No loss of paint along scribes Qualified density/(pA « em™*)
. . . A <0.3 Permit contact
9 Very slightly beyond scribe Qualified
B 0.3-1.0 Contact under condition
lightl i lifi
8 Slightly beyond scribe Qualified C 1.0-3.0 No contact, protection in use
7 To 0. 8mm beyond scribe Qualified D 3.0-10.0 No contact, protection in use
6 1/8 of paint in scribe area gone Ungqualified E >=10.0 No contact, protection in use
1/4 of paint in scribe area gone Ungqualified
4 1/2 of paint in scribe area gone Ungqualified 2
3 3/4 of paint in scribe area gone Ungqualified
2 No paint left in scribe area Ungqualified 2.1
1 No paint left on panel Unqualified
Quanta
Plastic insulated washer °
Vitanium alloyl _ x1ominim alloy 3. 3(a) )
Copper conductive plate
b
—___— Plastic bolt and nut
. 1!11’1’1 ’ ’
Cap
b b o
i Scaling arca .
|____.__ ity S Electrolyte ’ 3(b) °
[ [ 1—— Testing arca
— — . b
b
z N ’ 3(e) o
3
(a) ;(b) ;(0)
Fig. 3 Surface morphology of titanium alloy treated by different processes
(a)pulse current anodizing; (b)direct current anodizing; (¢)acid pickling passivating
N 4 ° 4 ( a) ’
b b 7 b
b o b b b
2. 2 10 ) H
1.3.2 , 7 ,
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Fig. 4 Painting adhesion test of titanium alloys treated by different processes

(a) pulse current anodizing; (b)direct current anodizing; (¢)acid pickling passivating
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Fig.5 I curves of titanium alloy treated by different

processes coupled with aluminum alloy treated by

chromic acid anodizing process

Table 6 Rank of galvanic corrosion between titanium
5 alloy treated by different processes and aluminum alloy

treated by chromic acid anodizing process

Average galvanic current
Rank

Galvanic couple
density/(pA » cm™ %)

Titanium alloy treated by pulse

current anodizing-aluminum alloy 0.49 B

treated by chromic acid anodizing

Titanium alloy treated by direct
0. 25 A

current anodizing-aluminum alloy

treated by chromic acid anodizing

3uA/
Titanium alloy treated by acid pick-
ling passivating-aluminum  alloy 0.95 B

treated by chromic acid anodizing
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Fig. 6 Surface morphology of aluminum alloy treated by chromic acid anodizing

process alter galvanic couple corrosion test (a)coupled with titanium alloy by pulse current anodizing;

(b) coupled with titanium alloy by direct current anodizing; (¢) coupled with titanium alloy by acid pickling passivating
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Fig. 7 Change of voltage with time during ’ ’ N

pulse current anodizing of titanium alloy
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