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Nickel electrodeposition from sulfamate bath has several benefits such as low internal stress, high current
density and good ductility. In nickel deposited layers, sulfur induces high temperature embrittlement, as
Ni-S compound has a low melting temperature. To overcome high temperature embrittlement problem, adding
manganese is one of the good methods. Manganese makes Mn-S compound having a high melting temperature

above 1500C.

In this work, the mechanical properties of Ni-Mn deposited layers were investigated by using various process
variables such as concentration of Mn(NH,SOs),, current density, and bath temperature. As the Mn content
of electrodeposited layers was increased, internal stress and hardness were increased. By increasing current
density, internal stress increased, but hardness decreased. With increasing the bath temperature from 55
to 70°C, internal stress of Ni deposit layers decreased, but hardness didn't change by bath temperature.
It was likely that eutectoid manganese led to lattice deformation, and the lattice deformation increased hard-
ness and internal stress in Ni-Mn layers. Increasing current density and decreasing bath temperature would
increase a mount of H, absorption, which was a cause for the rise of internal stress.
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Fig. 1. Effect of Mn(NH,S0Os),4H,O addition on the hardness of
Ni-Mn electrodepoits.
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Fig. 2. Effect of Mn(NH,SO;),-4H,O addition on the internal stress
of Ni-Mn electrodepoits.
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Fig. 3. Effect of Mn(NH,S0s),-4H,O addition on the Mn concen-
tration of Ni-Mn electrodepoits.

Concentration of Mn [ ppm ]

1

N
>
8

_‘_\
N A D o D N
S 8 8@ 8 & &8
S A P s i
u
[ ]

Concentration of S [ ppm

0O 10 20 30 40 50
Mn(NH,SO,) 4H0[ g/l ]

Fig. 4. Effect of Mn(NH,S0s),-4H,O addition on the S concen-
tration of Ni-Mn electrodepoits.

Fig. 5¢| Mn 341 A&= AT 781 LHH%E_:}
ABHAAE HERI ST MnJ J_H%ko] Zr}se2 A
59 At 543 4ae A vol 9, 1ol
Fig. 4°ﬂ’\14 A= vy So| FA ko] I/ WaleA &

)
¥ o

<

& Aozt A% 7k 9 Mnel FAF] s
3 g o ek ol Ni-Mn o] Ni whgow
ZAsk= Ao 7 5El H7HE Mno] Ni 942 x| ghspA L}
Bl ARgfol AR WA, Wl 2%
7h 81 52 ol Wsldtel Aok Skt Slow A

D Fg 501] urE}»H Mn 4% 53-8

01
L
2
N
it
=

[eNNe] wTl, O [e] gl
Hhgo] bl A9 Sadte] Bk o AxAE
So] olf® WAGE Ao oA AR s

104

400 5 __
m Hardness “E
— O Internal Stress 14 E
Z  350- . 3
S . =
- g 8=
0
¢ 3004 7]
8 o 1, 9
: e
5 (/7]
g 250 | 8
* " §
et
200 r N <

0 500 1000 1500 2000 2500 3000 3500 4000

Concentration of Mn [ ppm]

Fig. 5. Effect of Mn concentration on the hardness and the internal
stress of Ni-Mn electrodepoits.
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Fig. 6. Effect of current density on the hardness of Ni-Mn electrodepoits.
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Fig. 7. Effect of current density on the internal stress of Ni-Mn
electrodepoits.
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Fig. 8. Effect of bath temperature on the hardness of Ni-Mn
electrodepoits.
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Fig. 9. Effect of bath temperature on the internal stress of Ni-Mn
electrodepoits.

ABANSE AL, ARF P FAFHE o

il y T

A1717] el

3.4 717 M=ol nlxls SYxHe| A
2 Arellr A2Ee] Fis Mn 3 H-99] Mn(NHzS0,)»
o] A7kl met Sl on], AR ULl AFewe] W
ol wlehdis A WaA ekgkeh Mn(NH:SOy)» H7H]
me} AtEel Mn 4] 2 S7kekger, F4 Mn
o] AZPAY S sl ARE SV Aoz AZtE )
rgee ggxAe W wel 2 wsks B,
Mn (NH2SO3) 28] 71l whe} Mn a4 &0] S7sk3il o
m, F4E Mno] 9 AP o Yr-gEe] FrHE A
o AZkETh B Y-S AFUE b uhe}
SRt om, AL Ee] Srbel webAli Zastich A
FUE 9 AT Asle] uleh i-gele] ek ol g
Gl =

25 -2 ool o3 Zlow Azbdn dRder

i

-

= = cathodeoA 9 L& 27 S7167] WlE
TAARLS SET STl ZoE A7EY, dEs

S% = 9 XA 5O] A el A4 3]
259 T7FE Niol HRbg&Es Srkehal 4%d
. cathodeol A =491
S cof wheh AR i) asheo] Wsleby,
A AR Ul 71y 5= @Adste] A Mys

O

B AT Ni-Mn AH59] 7142 o] I
A 4% $AE00) B FEse] the) e A8



2)

3)

106

JI-WUNG SHIN, SEUNG-GI YANG, AND WOON-SUK HWANG

g2 S7kerlom, Mn B SO FA % S/l
Mno] Ni %5l F4j=r A7) Mg fosta
= A7k

7 A% ARG} gl At Ao
ARUE} F71E ) G 2

o1 ™

o X
fu =

v, gage] 27 ehgieh, ARUEI Sk )

<

T

K

olAde) A 9 A 9lsk BAa o) 5o) S}
o el R BT FHstel 7ha

o ZAF=RIT,

o

R

=
=

—

[JSIN )

e A AAAGAR] 20129 % 7|EHAAY
7]

AFFY 45YAE 9% Ni-Mn-B 39 FHET

W oA o] dgkow FRE I om, ofof FAFERLE

References

M. J. Kim, J. S. Kim, D. J. Kim, H. P Kim, and S. S. Hwang,
Corros. Sci. Tech., 12, 185 (2013).

. S. W. Kim and D. J. Kim, Corros. Sci. Tech., 12, 132 (2013).
. D. Baudrand, Met. Finish., 7, 15 (1996).
. C. L. White, J. H. Schneibel, and R. A. Padgett, Metall. Trans.

A, 14A, 595 (1983).

. J.N. Lee, S. W. Han, J. Korea Foundrymen's Society, 4,

62 (1984).

. I. Kim, K. Kang, J. Lee, S. C. Kwon, M. Kim, and J. Y.

Lee, J. Kor. Inst. Surf. Eng., 38, 21 (2005).

. M. H. Seo, D. J. Kim, and J. S. Kim, Met. Mater. Int., 13,

365 (2007).

. J. W. Dini and H. R. Johnson, Thin Solid Films, 54, 183

(1978).

CORROSION SCIENCE AND TECHNOLOGY Vol 13, No.3, 2014



