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The Effect of S Content in Deposit on Low-cycle Fatigue Properties of Ni Film Electroplated from Sulfamate Baths

Akira KuBoTA, Masato TAKADA, Tomonori NAKAO, Hiroaki NAKANO, Satoshi OUE,
Tetsuya AKIYAMA, Hisaaki FUKUSHIMA and Ryuta ONODERA

Synopsis

: Nickel was electrodeposited from sulfamate baths containing various amounts of thiourea. The effect of S in the deposit on the fatigue prop-

erties of electroplated Ni was studied by low-cycle fatigue test and by the observation of the fractured surface of the deposit. The results ob-

tained were as follows :

(1) In the deposit of low S content (1.3X10™* mass%), the low-cycle fatigue properties were able to be estimated by the tensile test on the

basis of Manson’s cogradient law. However, the result of tensile test was not applicable to the deposits of high S content (46X 10™* mass%)

because of their poor fatigue properties.

(2) The striation was recognized on the fracture surface of the deposit containing 1.3X10™*mass% S, which suggested that transgranular

fracture peculiar to the low-cycle fatigue occurred. On the contrary, the deposit of 46X 10~ mass% S was consisted of polycrystal colonies

with the polygonal shape (several millimeters in size). Since the strength in colony boundary was lower than that in colony itself, the fracture

proceeded along the colony boundary.

(3) During annealing, S in the deposits diffused into the boundary between grains recrystallized. Therefore, the fracture might occur along

the grain boundary embrittled by S.

Key words : low-cycle fatigue; fracture; electrodeposit; S content; polycrystal colony; striation.
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a) Tensile test (unit in mm)

b) Fatigue test

Fig. 1. Specimen configulation for tensile and fatigue tests.
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Fig. 2. Effect of concentration of thiourea in bath on S
content in deposit.
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Fig. 3. Effect of S content in deposit on vickers hardness
of electroplated Ni.
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Table 1. Effect of S content in deposit on mechanical
properties of electroplated Ni.

S content in Tensile 0.2%yield ) . Reduction of
deposit strength, 0  |strength, 5| E 0“3(‘}%3‘0“' € area, d
(X10"mass%) (MPa) (MPa) (%)
1.3 695 461 20.4 77.0
34 551 370 20.2 73.0
46.4 1078 715 13.8 73.0

@: Rolled & annealed Ni
O: Electroplated Ni, $;5x 10 4mass%
©: Electroplated Ni, $;46 X 1074 mass%
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Fig. 4. Relationship between number of cycles to failure
and strain amplitude of Ni.

Fig. 5. Cyclic stress—strain curves of electroplated Ni.
(S: 3.4X107* mass%)
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Fig. 6. Relationship between number of cycles to failure
and strain amplitude of electroplated Ni. (S: 1.3X
10™* mass%)
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Fig. 7. Relationship between number of cycles to failure
and strain amplitude of electroplated Ni. (S: 46X
10~ * mass%)
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a) Fracture surface
b) Portion of A
¢) Portion of B

Fig. 8. Fracture appearance of electroplated Ni. (S: 1.3X

10~* mass%)
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a) Fracture surface
b) Portion of B
¢) Portion of C

Fig. 9. Fracture appearance of electroplated Ni. (S: 46X
10™* mass%)
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a) Cross section of fracture b) Colony boundary

Fig. 10. Cross section of fracture of electroplated Ni. (S:
46X 10~* mass%)
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Fig. 11. Photomicrographs of electroplated Ni after an-
nealing. (S: 46X 10™* mass%)
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Table 2. Effect of annealing on mechanical properties of
electroplated Ni. (S: 46X 10 * mass%)

Tensile 0.2%yield - ton. & Reduction of
Annealing strength, o g |strength, 0 9 ong&)lon. area, ¥
(MPa) (MPa) %)
As Plated w078 |75 138 B
s00TXTh | 475 349 A0 51
1
146 x 10 * mass% & Elastic.St.amp.
600 x 1h O Ppiastic.St.amp.
QO Total.St.amp.
“ 0.1 & Elastic(calculation)
< e Plastic(calculation)
b= Total{calculation)
=
2 001 E
<
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w
=
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Fig. 12. Relationship between number of cycles to failure
and strain amplitude of electroplated Ni film an-
nealed at 600°C for 1h. (S: 46X107* mass%)
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a) Fracture surface
b) Portion of A
c) Portion of B

Fig. 13. Fracture appearance of clectroplated Ni film an-

nealed at 600°C for 1 h. (S: 46X10~* mass%o)
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Fig. 14. AES spectrum of fracture surface of electroplated
Ni film annealed at 600°C for 1h. (S: 37x107*
mass%)
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Fig. 15. EPMA image of S in electroplated Ni film an-
nealed at 600°C for 1 h. (S: 170x 1074 mass%)
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