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The Anti-Corrosion Performance of Zn-Al Thermal Sprayed Coatings

C.H.Chang, H.J.Bor, J.C.Wu, and Y.T.Lin 

ABSTRACT
Metal spraying has been utilized for the deposition of Zinc and Aluminum coatings for the

corrosion protection of Steel. Aluminum coatings have the advantage of passive film formation.

Zinc coatings have the advantage of electrochemical activity which enables them to provide

excellent cathodic protection to Steel. The anti-corrosion mechanism of Zinc-Aluminum coatings

are similar to Zinc sprayed. This paper evaluated the corrosion protective performance of Zinc-

Aluminum coatings by salt spray (fog) accelerative and electrochemical test. The experimental

results indicated that the corrosion rate and polarization curve of Zinc-Aluminum coatings are

more slow than Zinc. The Zinc-Aluminum coatings exhibited combining the long-term protection

of Aluminum and the cathodic protection performance of Zinc. 

Keywords: Zinc-Aluminum Alloy, Thermal Sprayed Coating, Anti-Corrosion.



-220-

91 12

(

/ )

1992 ISO 9223 

1

(Galvanized) 55% - (Galvalume)

( ) 

2

( )

(AWS) 

19 3 LaQue

34

4

( ) 19



(Pitting) 

-

95 % 5 % (

) 85 % 15 % 95 / 5 

85 / 15 

5 6

/ (

)

1010 5X10

G40

85 / 15

A C I K

3.5%

18M -

Milipore Mili-Q SP U.S.A

7 2 

(CEG&GPARC Model 273 U.S.A)

(CEG&GPARC Model 1025 U.S.A)

(SCE)

EG&G M352

(Electro chemical Impedance Spectroscopy

EIS) EG&G M398

100KHz 0.01Hz

Open Circuit Potential AC 5mV

1020

85 / 15

/

/

"X"

3M

ASTM  B117

401

-221-



45

A C I K

3.5%

1 I

K

( A C )

1 A C I

Activation

Control -800mV

K

-700mV

A C I

K

A C

Linear Polarization

2 

3 2 

3 

I

35

100 mV

1 4

90 m

6

2 A 100 m

C 200 m

7

100 m

-222-

91 12



7

55%

Bode 4 90 m

2X106 2 130 m

1.5X107 2

5

(Time Constant )

3.5%

41

6 

ASTM D4541

6 

ASTM  B117

7 

ZA6

X

288

1

3144

39

3

50 m

-223-



150 m

- ( )

75 m 8

25 m

1.

6-9 Nov.

(1995)

2.B. Fitzsimons, Thermal Spray Metal Coatings for

Corrosion Protection, Corrosion Management, Dec.

(1995).

3.Corrosion Tests of Flame-Sprayed Coated Steel 19-

Year Report, AWS (American Welding Society),

(1974).

4.R. A. Sulit, AWS Guide for the Protection of Steel

with Thermal Spray Coatings of Aluminum and Zinc

and Their Alloys and Composites , National Thermal

Spray Conference, Anaheim, CA, 7-11 , June

1993 .

5.B. A. Shaw and P. J. Moran, Characterization of the

Corrosion Behavior of  Zinc-Aluminum Thermal

Spray Coatings, MP, Nov. (1985)

6.B. A. Shaw and A. G. S. Morton, Marine Thermal

Spray Coatings?Marine Performance and

Mechanisms, Corrosion  Branch  David Taylor

Research Center Bethesda, Maryland, USA. 

7.J. C. Zoccola, H. E. Townsend, A. R. Borzillo and J.

B. Horton, Atmospheric Corrosion Behavior of

Aluminum-Zinc Alloy-Coated Steel, ASTM  STP

646, (1978).

8.E. R. Sampson, Thermal Spray Coatings for

Corrosion Protection: An Overview, MP, Dec.

1997 .

-224-

91 12



1 .

Table 1. contrast between corrosion classification and

corrosion rate

2 .

Table 2. Specification of unsealed thermal spraying

specimens 

3 .

Table 3. Specification of sealed thermal spraying

specimens 

1020 

Randoiph MIL-P-23377  TYPE1 

MIL-C-83286  PU 

4 .

Table 4. Specimens specification for salt spray (fog)

test

1020 1020 

83286 MIL-C-83286  PU 
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5 .

Table 5. Specimens specification for outdoor

atmospheric exposure test

1020 1020 

83286 MIL-C-83286  PU 

6 .

Table 6. Specification of unsealed thermal spraying

specimens 

*

7 .

Table 7. Specification of unsealed thermal spraying

specimens 

1 . 3.5%NaCl 

Fig.1 polarization curve of four different specimens

after immersion in 3.5% NaCl solution 

2 .

Fig.2 Curves of corrosion current vs time of four

different specimens
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3 .

Fig.3 Curves of corrosion potential vs time of Four

different specimens

4 . 3.5%

NaCl Bode 

Fig.4 polarization curve of four different specimens

after immersion in 3.5% NaCl solution 

5 . 130 m 

3.5%NaCl Nyquist 

Fig.5 Nyquist plot for sealed Zn-Al coating after

immersion in 3.5% NaCl solution

6 .

3.5%NaCl 41 Bode 

Fig.6 ode plots for Zn-Al coating with distinct

sealing thicknesses after 41 days of immersion

in 3.5%NaCl solution 
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1 . A

Photo 1 Electrochemical testing result, Specimen A 

2 . C

Photo 2 Electrochemical testing result, Specimen C

3 . I

Photo 3 Electrochemical testing result, Specimen I

4 . K

Photo 4 Electrochemical testing result, Specimen K
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