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The Electroforming of Nickel-based Alloys
' Ren-Jiang Tzou, Hang-Shin Chou
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ABSTRACT
The purpose of this study is to understand the relationship among the electro-
chemical parameters. mechanical properties and microstructures of electroforming
nickel-based alloys.
This study investigated the tensile properties of the electroforming (EF) nickel
at different current densities (3~13A/dm?) and EF nickel-manganese alloys with
different Mn content (Mn%=0.14, 0.25%) which were annealed in an argon-
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purged furnace at 300~700°C for 4 or 22 hrs at room and elevated temperatures
(300~600°C). Finally, microstructures were examined by transmission electron mi-
croscopy (TEM) and scanning electron microscopy (SEM).

The results of investigations showed that the higher the applied current de-
nsity, the lower the tensile stress and the higher elongation of EF Ni are. The ten-
sile stress was 892 MPa at current density of 3 A/dm?. As the test temperature
was higher than 400°C, the fracture surface revealed intergranular brittle cracking,
caused by sulfur embrittlement.

~The tensile stress of an EF Ni-0.25%Mn alloy achieved 1233.8 MPa, and its
fracture surface showed no high temperature sulfur embrittlement and belonged to
ductile fracture characteristic. .

Based on TEM observations, the microstructure appeared fine grains (0.2~0.
7Tum). high density dislocations and twins, which strengthen the EF Ni alloys. In
addition, Mn had the solid solution strengthening effect for the EF Ni-Mn alloys.

Key words: Electroforming, Sulfur embrittlement, Nickel alloy.
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.......................................... 81g/1
e BOric acid -+ rereerrreemrereesiinees 40g/1
* Wetting agent (ABP) *b »weceeee 0.7g/1
Anode: e reiiieeiiian, S-Nickel *c
Temperature ........................ 50+ 2°C
pH .................................... 3.8N4 2
* Surface tension ==r+eereerees 39dyne/cm

* Agitation -** Air and circulation pump
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* Mn(from Mn Sulfamate) *@ - 5g/1
» Boric acid = rrrrrrererreereennennnnas 40g/]
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Wetting agent(ABP) *beeeeeeeenee 0.7g/1
Anode rerrrreeeresenneaans S-Nickel *¢
Temperature ........................ 4712 C
PH weeeseresesnssssssrss s 38~4.2
+ Surface tension =r*=coreeeeee 39dyne/cm

* Agitation ‘' Air and circulation pump

*a: M & T Chemical Inc. Rahway, NJ.

* b: Lutensit ABP, BASF Company, West

Germany. '

* ¢: Inco S Nickel Ltd, NY.
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Fig. 1 A schematic diagram of the electro-
forming apparatus.
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Fig. 2 Effect of current density on the ulti-
mate tensile stress of EF Ni.
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Fig. 3 Effect of current density on the

elongation of EF Ni.
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Fig. 4 Effect of test temperature on the

UTS of Inconel 718 and EF Ni-Mn
alloys (C. D. =2 A/dm?).
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Fig. 5 Effect of test temperature on the
UTS of EF Ni.
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Fig. 6 TEM of EF Ni (C. D.=3 A/dm?, as
EF, 37500 X).
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Fig. 7 SEM of fractured surface of EF Ni
(C. D. = 5 A/dm?) annealed at 500

°C for 4hrs and tested at 600°C.
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Fig. 8 SEM of fractured surface of EF Ni
(C. D. = 5 A/dm’) annealed at 500

°C for 4hrs and tested at 600°C.
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Fig. 9 SEM of fractured surface ol EF Ni-

Mn (C. D. = 2 A/dm*’, Mn=0.
14%) annealed at 500°C for 4hrs
and tested at 600°C.
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