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2.1 Al  

Al

99.99% μm Al
9)

200-600 24 hr

 

2.2  

SUS304

Ni Watt

Sulfamate Table 1

Al 0.37-1.48 vol%

ic=0.2-2 A 

dm-2 Ni 10 μm
40˚C pH

 

 

Table 1 Ni  (mol L-1) 

 

2.3  
Ni-Al SUS304

Ar-8 vol%H2 3

70 hr Ni Al  

2.4  
XRD

Cu 40 kV-50 mA, DS, SS, RS

1˚ 1˚ 0.4 mm 0.02 deg.

SEM

 15 kV, WD=10 mm

(BSE)

SEM

EDS  

 

3  
 

3.1  
Fig. 1 200-600˚C 24 hr Al  

10 g L-1 Watt 10 μm
XRD

Al, Ni

Al

 

Al 20 g L-1 Watt

Al β EDS

Fig. 2 β Al

400˚C
Ni3Al Al

β=0.25 Ni-Al  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Ni-Al Watt 40 ̊ C
Al 10 g L-1 ic=1 A dm-2  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Ni-Al Al , β, Al

Watt 40 ̊ C Al

10, 20 g L-1 pH=4.5 ic=1 A dm-2  

 
Fig. 3 pH Watt

Al pH

pH=3 β pH

β pH>3.5

β 0.25  

 

Watt bath Sulfamate bath 

NiSO4 6H2O 1.02  Ni(SO3NH2)2 4H2O 0.9 

NiCl2 6H2O 0.19 NiCl2 6H2O 0.18 

H3BO3 0.65 H3BO3 0.65 

SDS *1 69 m   
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Fig. 3 Ni-Al Al , β,

pH Watt 40 ˚C Al 10, g 

L-1 ic=1 A dm-2  

 

Fig. 4 pH=5 Sulphamate
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Fig. 4 Ni-Al Al , β,

Sulfamate 40 ̊ C Al

5 g L-1 pH=5 ic=1 A dm-2  

 
Fig. 5
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Fig. 5 Ni-Al Al , β,

Al 600 ˚C Al

Sulfamate 40 ˚C 200 min-1 pH=5  

 

3.2 Al
 

Guglielmi

11)
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C
β Cx(1-β) C

 

Al α-

Ni-Al

Fig. 6

0.3 vol%

Guglielmi Fig. 7

Guglielmi

α-

Guglielmi  

Figs. 6, 7

Fig. 6 β
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Fig. 7 β
α- Al

Al 600˚C
Al

Al

-

1000 ˚C Al

600 ˚C
Fig. 1
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Al

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Ni Al -

Sulfamate

40 ˚C 200 min-1 pH=5  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Ni Al -

Guglielmi
11) Sulfamate 40 ̊ C 200 min-1

pH=5  

 
3.3 Ni-Al  

Fig. 8 Fig. 9 Sulfamate SUS304

10 μm Ar-8 vol% 

H2 800˚C 1000 ̊ C 3 70 hr

Al 25 at%

 

Figs. 8, 9 0 h

10 μm
line 1

Al line 2

Ni
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Al
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3 hr Fe, 
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Al Al
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1000 ˚C Fig. 9 Fig. 8
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Fig. 8 25 at% Al Ni-Al Ar-

8 vol% H2 800˚C 3 70 hr

Sulfamate 40 ̊ C 200 

min-1 pH=5  

 

 

Fig. 9 25 at% Al Ni-Al Ar-

8 vol% H2 1000˚C 3 70 hr

Sulfamate 40 ̊ C 200 

min-1 pH=5  
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