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Diffusion Layers of Electroplated Nickel on Plane Carbon Steels

Synopsis:

Ken OKADA and Shigeomi MATSUMOTO

A study has been made of the diffusion behavior of electrodeposited nickel on various plain carbon

steels.

Influences of carbon contents in the various steels used as substrate, heat treatment temperature

and holding time on the structure, composition, hardness are of produced diffusion layer are described.

The results are summerized as follows;

1) The diffusion layer is formed even after heat treatment at a comparatively low temperature such

as 600°C.

2) The diffusion occurs by volume diffusion process in the temperature range between 600°C and
800°C, while it occurs by grain boundary diffusion process in the temperature range between 900°C and

1000°C.

3) Some carbides are observed in the diffusion layer, but the kind and type of carbides were not deter—
mined by X-ray diflraction in the all steels tested has a comparatively good resistance against nitric acid,

and its hardness is as low as 170 in knoop handness.
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Table 1. Nickel plating condition,

Nickel bath composition Condition

NiSO,-6H,0
NiCl,-6H,0O
H,BO,

300 g/! | Temperature 50°C
45 g/l | Current density 4.5A/dm?
30 g/l | Duration 10 hr

i

PRI CE S T ETIHIEERAEREN S L &2
HEDHBRNY. Fim, Fe-NiflizkswnTix, &, &
BE T D LEBRIE2STE D, KRR IR AN,

Table 2. Compostion of Steels (%).

C | si | Mn S P
s15¢ 10.13]0.16 1 0.25 | 0.035< | 0.060<
$20C | 0.17|0.16 [ 0.30 | 0.035< | 0.030<
S22C ,0.22/0.20 0.32| 0.035< | 0.030<
$25C [0.25]0.23]0.37 | 0.035< | 0.030<
s30C |0.33]0.2¢|0.65| 0.035< | 0.030<
s35¢ 10.3610.2¢4 | 0.66 | 0.035< | 0.030<
s45C | 0.46]0.25 | 0.68! 0.035< | 0.030<
S48C | 0.56 | 0.25 0.65| 0.035< | 0.030<
S55C ﬂ‘ 0.55 ' 0.27 | 0.67 | 0.085< | 0.030<
SK 3 { 1.030.210.37 | 0.030< | 0.030<
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Photo. 1. Microphotographs of diffusion zone carbon steel-Ni couple

; diffused at 600°C, 800°C,
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Fig. 1. XMA line scanning chart showing the Fig. 2. XMA line scanning chartWshowing
concentration change of Ni, Fe, and C concentration change of Ni, Fe, and v
along the direction of the diffusion C, along the direction of the diffu-
couple (S15C-Ni) treated at 900°C for sion couple (835C-Ni) treated at 900
5 hr. °C for 5 hr.
5. 2 B o B Wb, Fe-Ni WOIE LR, 600°C o X 5 7 -
) ™ GRIE DM TS, JRELEDAEH D bt Fio, »
3-1 ARHREOAEBFEEE Fe-Ni 3§ D34 & R EREVOERRE R 0 IE 1 RV JEEL B A3
HENBEBEH TS TRONIINAE O RMESHEE M ek sBEmATRI . X5, 700°C, 800
DfFEHIZ Photo. 1 ZRL7z. THhODIEMEMEE °C LEEO LRSIV, BUGEEBMOERK Lo
DRDZ EDohrs. Tihbb, VWTNORESEED  THHEORESTRIN, JEEUS & B3 s OERM L
Composition Image e
»
-
7y

(S15C-Ni) treated at 900°C for 5 br,

-
bl
©
?-

Fe Ka C Ka Ni Ka
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Photo. 2. XMA scanning images of Ni, Fe, G, crossing the diffusion couple
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Photo. 3. XMA scanning images of Ni, Fe, C, crossing the diffusion couple
(S35C-Ni) treated at 900°C for 5 hr.
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Fig. 3. Ni-alloying thickness for heat treatment temperature as function of steels.
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Fig. 5. Microhardness gradient across diffusion layer of steels.
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