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Abstract

Tensile properties and hardness of nickel electroform from chloride-free nickel sulfamate electrolyte at 50°C
and PH 4.5 were investigated. Current density varied from 20 to 60 mA/cm’. The deposit thicknesses were
360, 480 and 980 wm. It was found in 480 pm thick electroform that highest tensile and yield strengths and
hardness of 83.7 ksi, 53.6 ksi and 216 DPH, respectlvely were obtained at a current density of 40 mA/cm®
and they were slightly decreased at 20 and 60 mA/cm’. However the ductility was lowest of 7.9% at 40 mA/
cm®. Such a high strength and low ductility at 40 mA/cm® seems to be related to the narrower columnar
structure than those of other current densities. All the deposits exhibited pronounced necking behavior. Tensile
strength, yield strength and ductility increased as the nickel electroform thickens. Initial strong (200) texture
developed on stainless steel mandrel decreased and (111) and (220) textures increased as deposit thickness
increased, whereas (200) texture was preferred as the current density increased.
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Fig. 1. Tensile test specimen machined from flat nickel
electroform according to ASTM E-8 (gage length:
2 inch, width: 0.5 inch).
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Fig. 2. Effect of current density on tensile properties of
electroformed nickel at 20 mA/cm?, 40 mA/cm?
and 60 mA/cm?.
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Fig. 3. Effect of current density on hardness.
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Fig. 4. Effect of thickness on tensile properties of electro-
formed nickel at 50°C, PH4.5 and 20 mA/cm?.



24 A

rk

9 /ARERT

3] 38 (2005) 21-27

2t}h. ¥HA H. R. Johnson'” & 5.5 mil~144 mil
FA e YA E%L%% Agg A3} 90 mil o)/l
e 30%, ©] olstllME ok 11%S BAstal 9
o} vbE AN EE 56 mil o)A E T0ksiE o
A3 ¥hd 56 mil o3l E FAZF AagrE F
A F718be] 5.5 milolA 87 ksiZt FoIFTh =3 L
im'?%52 0.2~9.5 um 572 Watts Y& =FFo
== FAC #Agle] tha dASIHA T &
= 3um °]3tollA oF 2uf FrlelRaz, A
0~7%i HA 3] Wiy BAsint olxE Y
Ta359 FA e AFEg st 2+ A+
259 A teFsiAl Elﬂl ALt o=
FEoIHE =589 T/ T2 AlEHH
A gt OWM@{H a5l T2 Wi
Ao R AtgEo] oo gt AAA] A3t &
Hr}.

a¥ 5 gdHe FANEE Jepdoh ’T‘”ﬂ
980 um /*]-‘?34 034"_1%%

o o
O\l

ﬁ
rlr

N, odE o o 5

2

)

mV

oL 2 {2 tlo

O
‘?4]4% 744 %é&i
A4ag as) o

st Agst

Fig. 5. Nickel electroform of varying thickness after
tensile testing, showing significant necking in all
three specimens: (a) 360 um, 11.7% elongation,
(b) 480 um, 11.7% elongation, (c) 980 um, 19.2%
elongation. X50
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Fig. 6. Hardness variation with thickness of 980 pum
nickel electroform.

Fig. 7. Cross sectional SEM image of nickel electroform
at 20 mA/cm?,
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Fig. 8. Cross sectional Optical Micrographs of nicke!
electroform at (a) 20 mA/cm?, (b) 40 mA/cm?, (c)
60 mA/cm?. (50°C, PH4.5: X200).
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Fig. 11. XRD of nickel electroform at different thickness.
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