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Table 1

Al Si Fe Ni Co Other Type
Amount 
present
(/10 mm)

Major 
axis 
length
( m)

N1 N2 N3

1 5 0.0 0.39 0.003 0.0002 - 85 - 0.0 - 182 175 218 Comparative Example
2 18 0.5 0.41 0.002 0.0002 - 85 - 0.0 - 92 106 111 Comparative Example
3 36 1.5 0.49 0.003 0.0003 - 84 - 0.0 - 81 96 80 Comparative Example
4 46 1.5 0.55 0.003 0.0002 - 85 - 0.0 - 65 68 64 Example
5 55 0.5 1.05 0.003 0.0001 - 85 - 0.0 - 78 81 75 Comparative Example
6 55 1.0 0.68 0.003 0.0002 - 85 - 0.0 - 52 49 52 Example
7 55 1.5 0.54 0.001 0.0002 - 86 - 0.0 - 48 51 50 Example
8 55 1.5 0.51 0.003 0.0008 - 82 - 0.0 - 56 52 51 Example
9 55 1.5 0.53 0.008 0.0002 - 84 Ni-Al 2.5 1.9 68 72 65 Example
10 55 1.5 0.56 0.010 0.0002 - 85 Ni-Al, Ni-Al-Fe 4.3 2.9 71 74 70 Example
11 55 1.5 0.58 0.013 0.0002 - 86 Ni-Al, Ni-Al-Fe 6.0 5.4 86 91 88 Comparative Example
12 55 1.5 0.55 0.025 0.0002 - 84 Ni-Al, Ni-Al-Fe 8.7 6.6 126 138 134 Comparative Example
13 65 1.5 0.71 0.003 0.0002 - 85 - 0.0 - 59 58 58 Example
14 70 1.5 0.82 0.003 0.0004 - 86 - 0.0 - 99 105 92 Comparative Example
15 55 2.3 0.59 0.003 0.0000 - 85 - 0.0 - 59 56 59 Example
16 55 2.3 0.61 0.008 0.0002 - 85 Ni-Al 1.5 2.8 72 68 71 Example
17 55 2.3 0.58 0.010 0.0003 - 85 Ni-Al 4.7 3.6 69 75 72 Example
18 55 2.3 0.58 0.018 0.0002 - 85 Ni-Al, Ni-Al-Fe 6.8 7.9 131 129 141 Comparative Example
19 55 2.9 0.58 0.003 0.0002 - 84 - 0.0 - 65 64 60 Example
20 55 3.2 0.57 0.003 0.0001 - 85 - 0.0 - 61 66 65 Example
21 55 3.9 0.57 0.003 0.0002 - 85 - 0.0 - 68 73 72 Example
22 55 4.4 0.58 0.003 0.0002 - 86 - 0.0 - 79 84 86 Comparative Example
23 55 1.5 0.53 0.003 0.0198 - 84 - 0.0 - 58 57 59 Example
24 55 1.5 0.55 0.003 0.0503 - 85 - 0.0 - 64 63 64 Example
25 55 1.5 0.52 0.003 0.0821 - 86 - 0.0 - 69 68 68 Example
26 55 1.5 0.54 0.003 0.0920 - 85 - 0.0 - 74 75 72 Example
27 55 1.5 0.53 0.008 0.0002 V: 0.1 85 - 0.0 - 52 48 46 Example
28 55 1.5 0.61 0.013 0.0002 V: 0.1 85 Ni-Al, Ni-Al-Fe 5.7 5.5 70 78 81 Comparative Example
29 55 1.5 0.59 0.008 0.0002 Cr: 0.2 85 - 0.0 - 52 58 58 Example
30 55 1.5 0.62 0.014 0.0001 Cr: 0.2 85 Ni-Al, Ni-Al-Fe 6.0 6.3 76 77 72 Comparative Example
31 55 1.5 0.58 0.008 0.0002 Mn: 0.1 84 - 0.0 - 48 53 55 Example
32 55 1.5 0.58 0.015 0.0002 Mn: 0.1 85 Ni-Al, Ni-Al-Fe 6.5 6.2 78 90 76 Comparative Example
33 55 1.5 0.62 0.008 0.0003 Mg: 3.0 84 - 0.0 - 16 18 14 Example
34 55 1.5 0.59 0.108 0.0002 Mg: 3.0 85 Ni-Al, Ni-Al-Fe 8.5 7.1 77 68 65 Comparative Example
35 55 1.5 0.57 0.008 0.0002 Ca: 1.0 85 - 0.0 - 58 56 56 Example
36 55 1.5 0.61 0.020 0.0001 Ca: 1.0 86 Ni-Al, Ni-Al-Fe 7.2 6.8 98 85 80 Comparative Example
37 55 1.5 0.64 0.008 0.0002 Sr: 1.0 85 - 0.0 - 56 58 52 Example
38 55 1.5 0.58 0.012 0.0002 Sr: 1.0 85 Ni-Al, Ni-Al-Fe 5.8 5.8 76 82 79 Comparative Example
39 55 1.5 0.58 0.008 0.0002 Mg: 2.0, Ca: 0.1 84 - 0.0 - 20 22 26 Example
40 55 1.5 0.61 0.048 0.0002 Mg: 2.0, Ca: 0.1 85 Ni-Al, Ni-Al-Fe 12.1 8.9 78 76 70 Comparative Example
41 55 1.5 0.56 0.008 0.0002 Mg: 2.0, Cr: 0.2 85 - 0.0 - 19 16 23 Example
42 55 1.5 0.59 0.075 0.0002 Mg: 2.0, Cr: 0.2 86 Ni-Al, Ni-Al-Fe 13.2 11.3 91 76 81 Comparative Example
43 55 1.5 0.62 0.008 0.0001 Mg: 4.0, Sr: 0.1 86 - 0.0 - 18 19 21 Example
44 55 1.5 0.63 0.105 0.0002 Mg: 4.0, Sr: 0.1 85 Ni-Al, Ni-Al-Fe 14.8 14.2 80 76 73 Comparative Example
45 55 1.5 0.51 0.003 0.0002 - 46 - 0.0 - 68 72 58 Example
46 55 1.5 0.51 0.003 0.0002 - 100 - 0.0 - 54 48 52 Example
47 55 1.5 0.51 0.003 0.0003 - 126 - 0.0 - 51 50 50 Example
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Table 3

Al Si Fe Ni Co Other Type
Amount 
present
(/10 mm)

Major 
axis 
length
( m)

N1 N2 N3

1 - - - - 182 175 218 Comparative Example
2 A 108 98 92 Comparative Example
3 - - - - 92 106 111 Comparative Example
4 A 76 85 89 Comparative Example
5 - - - - 81 96 80 Comparative Example
6 A 72 61 64 Comparative Example
7 - - - - 65 68 64 Comparative Example
8 A 48 44 42 Example
9 - - - - 78 81 75 Comparative Example
10 A 62 58 56 Comparative Example
11 - - - - 52 49 52 Comparative Example
12 A 31 33 33 Example
13 - - - - 48 51 50 Comparative Example
14 A 25 30 28 Example
15 - - - - 56 52 51 Comparative Example
16 A 31 32 33 Example
17 - - 68 72 65 Comparative Example
18 A 53 46 49 Example
19 - - 71 74 70 Comparative Example
20 A 58 57 55 Example
21 - - 86 91 88 Comparative Example
22 A 66 67 64 Comparative Example
23 - - 126 138 134 Comparative Example
24 A 98 87 98 Comparative Example
25 - - - - 59 58 58 Comparative Example
26 A 36 38 37 Example
27 - - - - 99 105 92 Comparative Example
28 A 72 75 73 Comparative Example
29 - - - - 61 56 59 Comparative Example
30 A 39 39 38 Example
31 - - 72 68 71 Comparative Example
32 A 53 51 53 Example
33 - - 69 75 72 Comparative Example
34 A 56 55 53 Example
35 - - 131 129 141 Comparative Example
36 A 98 111 105 Comparative Example
37 - - - - 65 64 60 Comparative Example
38 A 43 39 41 Example
39 - - - - 61 66 65 Comparative Example
40 A 45 43 43 Example
41 - - - - 68 73 72 Comparative Example
42 A 51 46 48 Example
43 - - - - 79 84 86 Comparative Example
44 A 61 59 63 Comparative Example
45 - - - - 58 57 59 Comparative Example
46 A 38 38 39 Example
47 - - - - 64 63 64 Comparative Example
48 A 42 45 45 Example
49 - - - - 69 68 68 Comparative Example
50 A 48 51 48 Example
51 - - - - 74 75 72 Comparative Example
52 A 52 56 55 Example

No.

Coating

Ch
em

ica
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n 
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at
m
en
t

Corrosion resistance

An
ti-
wh

ite
 ru

st 
pr
op

er
ty

W
or
ka
bi
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y

85 0.0 5 0.0 0.39 0.003 0.0002 

Remarks
Chemical composition (mass )

Coating 
weight
(g/m2

Ni compounds Corrosion loss 
(g/m2

Ev
alu

ati
on

84 0.0 36 1.5 0.49 0.003 0.0003 

85 0.0 18 0.5 0.41 0.002 0.0002 

85 0.0 55 0.5 1.05 0.003 0.0001 

85 0.0 46 1.5 0.55 0.003 0.0002 

85 0.0 

86 0.0 

55 1.0 0.68 0.003 0.0002 

82 0.0 

55 1.5 0.53 0.008 0.0002 84 Ni-Al 2.5 

55 1.5 0.51 0.003 0.0008 

1.9 

55 1.5 0.54 0.001 0.0002 

2.9 

55 1.5 0.58 0.013 0.0002 86 

55 1.5 0.56 0.010 0.0002 85 Ni-Al,
Ni-Al-Fe 4.3 

65 1.5 0.71 0.003 0.0002 

Ni-Al,
Ni-Al-Fe 6.0 5.4 

55 1.5 0.55 0.025 0.0002 

85 0.0 

84 Ni-Al,
Ni-Al-Fe 8.7 

55 2.3 0.61 0.008 0.0002 

55 2.3 0.59 0.003 0.0000 85 

70 1.5 0.82 0.003 0.0004 86 0.0 

85 Ni-Al 1.5 2.8 

0.0 

6.6 

55 2.3 0.58 0.018 0.0002 

55 2.3 0.58 0.010 0.0003 

85 Ni-Al,
Ni-Al-Fe

84 

6.8 7.9 

85 Ni-Al 4.7 3.6 

0.0 

85 0.0 

55 3.9 0.57 0.003 0.0002 85 0.0 

55 3.2 0.57 0.003 0.0001 

55 2.9 0.58 0.003 0.0002 

0.53 0.003 0.0198 84 0.0 

55 4.4 0.58 0.003 0.0002 86 0.0 

55 1.5 

85 0.0 

55 1.5 0.52 0.003 0.0821 86 0.0 

55 1.5 0.55 0.003 0.0503 

0.0 55 1.5 0.54 0.003 0.0920 85 



 

 

 

  

 

Table 4

Al Si Fe Ni Co Other Type
Amount 
present
(per 10 
mm)

Major 
axis 
length
( m)

N1 N2 N3

53 - 52 48 46 Comparative Example
54 A 31 30 30 Example
55 - 70 78 81 Comparative Example
56 A 62 59 64 Comparative Example
57 - 52 58 58 Comparative Example
58 A 33 34 33 Example
59 - 76 77 72 Comparative Example
60 A 60 62 61 Comparative Example
61 - 48 53 55 Comparative Example
62 A 22 21 19 Example
63 - 78 90 76 Comparative Example
64 A 63 59 62 Comparative Example
65 - 16 18 14 Comparative Example
66 A 2 3 2 Example
67 - 77 68 65 Comparative Example
68 A 61 52 58 Comparative Example
69 - 58 56 56 Comparative Example
70 A 35 36 36 Example
71 - 98 85 80 Comparative Example
72 A 68 75 69 Comparative Example
73 - 56 58 52 Comparative Example
74 A 38 37 35 Example
75 - 76 82 79 Comparative Example
76 A 64 60 61 Comparative Example
77 - 20 22 26 Comparative Example
78 A 5 5 2 Example
79 - 78 76 70 Comparative Example
80 A 61 58 59 Comparative Example
81 - 19 16 23 Comparative Example
82 A 2 3 1 Example
83 - 91 76 81 Comparative Example
84 A 65 70 68 Comparative Example
85 - 18 19 21 Comparative Example
86 A 4 2 3 Example
87 - 80 76 73 Comparative Example
88 A 60 62 58 Comparative Example
89 - 68 72 58 Comparative Example
90 A 42 38 40 Example
91 - 54 48 52 Comparative Example
92 A 32 35 36 Example
93 - 51 50 50 Comparative Example
94 A 28 30 33 Example

No.

Coating

C
he
m
ic
al
 c
on
ve
rs
io
n 

tre
at
m
en
t

Corrosion resistance

A
nt
i-w

hi
te
 ru

st
 

pr
op
er
ty

W
or
ka
bi
lit
y

55 1.5 0.53 0.008 0.0002 V: 0.1
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Chemical composition (mass )

Coating 
weight
(g/m2

Ni compounds Corrosion loss 
(g/m2
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n

85 - 0.0 -

85 Ni-Al,
Ni-Al-Fe 5.7 5.5

55 1.5 0.59 0.008 0.0002 Cr: 0.2 85 - 0.0

55 1.5 0.61 0.013 0.0002 V: 0.1

-

6.3

55 1.5 0.58 0.008 0.0002 Mn: 0.1 84

55 1.5 0.62 0.014 0.0001 Cr: 0.2 85 Ni-Al,
Ni-Al-Fe 6.0

55 1.5 0.62 0.008 0.0003

- 0.0 -

55 1.5 0.58 0.015 0.0002 Mn: 0.1

Mg: 3.0 84 - 0.0 -

85 Ni-Al,
Ni-Al-Fe 6.5 6.2

55 1.5 0.57 0.008 0.0002

55 1.5 0.59 0.108 0.0002

Ca: 1.0 85 - 0.0 -

85 Ni-Al,
Ni-Al-Fe 8.5 7.1Mg: 3.0

55 1.5 0.64 0.008 0.0002

55 1.5 0.61 0.020 0.0001

Sr: 1.0 85 - 0.0 -

86 Ni-Al,
Ni-Al-Fe 7.2 6.8Ca: 1.0
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Mg: 2.0
Ca: 0.1 84 - 0.0 -
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Ni-Al-Fe 5.8 5.8Sr: 1.0

55 1.5 0.56 0.008 0.0002
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Mg: 2.0
Cr: 0.2 85 - 0.0 -
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Ni-Al-Fe 12.1 8.9Mg: 2.0

Ca: 0.1
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Mg: 4.0
Sr: 0.1 86 - 0.0 -
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Ni-Al-Fe 13.2 11.3Mg: 2.0

Cr: 0.2

55 1.5 0.51 0.003 0.0002

55 1.5 0.63 0.105 0.0002

- 46 - 0.0 -
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Ni-Al-Fe 14.8 14.2Mg: 4.0

Sr: 0.1

0.0 -
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55 1.5 0.51 0.003 0.0003 - 126 -

55 1.5 0.51 0.003 0.0002 - 100 - 0.0
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Table 7

Al Si Fe Ni Co Other Type
Amount 
present
(/10 mm)

Major 
axis 
length
( m)

N1 N2 N3

1 5 0.0 0.39 0.003 0.0002 - 85 - 0.0 - T1 80 100 100 Comparative Example
2 18 0.5 0.41 0.002 0.0002 - 85 - 0.0 - T1 120 100 120 Comparative Example
3 36 1.5 0.49 0.003 0.0003 - 84 - 0.0 - T1 160 180 100 Comparative Example
4 46 1.5 0.55 0.003 0.0002 - 85 - 0.0 - T1 240 260 240 Example
5 55 0.5 1.05 0.003 0.0001 - 85 - 0.0 - T1 180 160 180 Comparative Example
6 55 1.0 0.68 0.003 0.0002 - 85 - 0.0 - T1 320 320 320 Example

T1 340 320 320 Example
T2 320 300 320 Example

8 55 1.5 0.51 0.003 0.0008 - 82 - 0.0 - T1 300 320 320 Example
9 55 1.5 0.53 0.008 0.0002 - 84 Ni-Al 2.5 1.9 T1 260 240 240 Example
10 55 1.5 0.56 0.010 0.0002 - 85 Ni-Al, Ni-Al-Fe 4.3 2.9 T1 200 220 200 Example
11 55 1.5 0.58 0.013 0.0002 - 86 Ni-Al, Ni-Al-Fe 6.0 5.4 T1 160 140 160 Comparative Example
12 55 1.5 0.55 0.025 0.0002 - 84 Ni-Al, Ni-Al-Fe 8.7 6.6 T1 120 120 140 Comparative Example
13 65 1.5 0.71 0.003 0.0002 - 85 - 0.0 - T1 300 300 300 Example
14 70 1.5 0.82 0.003 0.0004 - 86 - 0.0 - T1 140 160 140 Comparative Example
15 55 2.3 0.59 0.003 0.0000 - 85 - 0.0 - T1 300 300 300 Example

T1 200 220 200 Example
T2 220 200 200 Example
T3 180 160 180 Comparative Example
T4 160 180 200 Comparative Example
T5 160 140 140 Comparative Example
T6 160 180 200 Comparative Example
T7 200 160 160 Comparative Example
T8 180 160 180 Comparative Example
T9 180 180 180 Comparative Example
T10 160 180 140 Comparative Example

17 55 2.3 0.58 0.010 0.0003 - 85 Ni-Al 4.7 3.6 T1 200 200 200 Example
18 55 2.3 0.58 0.018 0.0002 - 85 Ni-Al, Ni-Al-Fe 6.8 7.9 T1 140 120 120 Comparative Example
19 55 2.9 0.58 0.003 0.0002 - 84 - 0.0 - T1 260 240 240 Example
20 55 3.2 0.57 0.003 0.0001 - 85 - 0.0 - T1 220 240 220 Example
21 55 3.9 0.57 0.003 0.0002 - 85 - 0.0 - T1 220 200 200 Example
22 55 4.4 0.58 0.003 0.0002 - 86 - 0.0 - T1 180 180 180 Comparative Example
23 55 1.5 0.53 0.003 0.0198 - 84 - 0.0 - T1 300 320 300 Example
24 55 1.5 0.55 0.003 0.0503 - 85 - 0.0 - T1 240 240 260 Example
25 55 1.5 0.52 0.003 0.0821 - 86 - 0.0 - T1 220 200 220 Example
26 55 1.5 0.54 0.003 0.0920 - 85 - 0.0 - T1 200 200 200 Example
27 55 1.5 0.53 0.008 0.0002 V: 0.1 85 - 0.0 - T1 300 320 300 Example
28 55 1.5 0.61 0.013 0.0002 V: 0.1 85 Ni-Al, Ni-Al-Fe 5.7 5.5 T1 180 160 180 Comparative Example
29 55 1.5 0.59 0.008 0.0002 Cr: 0.2 85 - 0.0 - T1 300 300 300 Example
30 55 1.5 0.62 0.014 0.0001 Cr: 0.2 85 Ni-Al, Ni-Al-Fe 6.0 6.3 T1 200 180 180 Comparative Example
31 55 1.5 0.58 0.008 0.0002 Mn: 0.1 84 - 0.0 - T1 340 320 320 Example
32 55 1.5 0.58 0.015 0.0002 Mn: 0.1 85 Ni-Al, Ni-Al-Fe 6.5 6.2 T1 180 180 180 Comparative Example
33 55 1.5 0.62 0.008 0.0003 Mg: 3.0 84 - 0.0 - T1 640 640 620 Example
34 55 1.5 0.59 0.108 0.0002 Mg: 3.0 85 Ni-Al, Ni-Al-Fe 8.5 7.1 T1 200 200 180 Comparative Example
35 55 1.5 0.57 0.008 0.0002 Ca: 1.0 85 - 0.0 - T1 300 300 300 Example
36 55 1.5 0.61 0.020 0.0001 Ca: 1.0 86 Ni-Al, Ni-Al-Fe 7.2 6.8 T1 200 180 180 Comparative Example
37 55 1.5 0.64 0.008 0.0002 Sr: 1.0 85 - 0.0 - T1 300 320 300 Example
38 55 1.5 0.58 0.012 0.0002 Sr: 1.0 85 Ni-Al, Ni-Al-Fe 5.8 5.8 T1 180 160 180 Comparative Example
39 55 1.5 0.58 0.008 0.0002 Mg: 2.0, Ca: 0.1 84 - 0.0 - T1 580 600 600 Example
40 55 1.5 0.61 0.048 0.0002 Mg: 2.0, Ca: 0.1 85 Ni-Al, Ni-Al-Fe 12.1 8.9 T1 180 200 180 Comparative Example
41 55 1.5 0.56 0.008 0.0002 Mg: 2.0, Cr: 0.2 85 - 0.0 - T1 640 620 620 Example
42 55 1.5 0.59 0.075 0.0002 Mg: 2.0, Cr: 0.2 86 Ni-Al, Ni-Al-Fe 13.2 11.3 T1 160 180 180 Comparative Example
43 55 1.5 0.62 0.008 0.0001 Mg: 4.0, Sr: 0.1 86 - 0.0 - T1 700 680 680 Example
44 55 1.5 0.63 0.105 0.0002 Mg: 4.0, Sr: 0.1 85 Ni-Al, Ni-Al-Fe 14.8 14.2 T1 180 200 180 Comparative Example
45 55 1.5 0.51 0.003 0.0002 - 46 - 0.0 - T1 240 220 240 Example
46 55 1.5 0.51 0.003 0.0002 - 100 - 0.0 - T1 360 360 360 Example
47 55 1.5 0.51 0.003 0.0003 - 126 - 0.0 - T1 380 360 400 Example

W
or
ka
bi
lit
y

Remarks
Chemical composition (mass )

Coating 
weight
(g/m2

Ni compounds
Time to initial red 

rust
(cycles)

Ev
alu

ati
onPaint layer 

conditions

Corrosion resistance

0.0002 - 86 -

No.

Coating

0.0 -7 55 1.5 0.54 0.001 

16 55 2.3 0.61 0.008 2.8 0.0002 - 85 Ni-Al 1.5 
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