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Nickel Induced Recrystallization of Doped Tungsten Wire and Diffusion of
Nickel to It

Takehiko ITAGAKI, Takashi KIMURA, Toshiharu KOBAYASHI and Takashi ARAI

Synopsis :

Nickel-induced recrystallization of tungsten wire was investigated using a lamp-grade tungsten wire of
1mm diameter having a 40 um thick layer of nickel formed by electrolytic plating. The wire was exposed to
hot argon environments of 1200 to 1300°C and the resulting microstructural changes were examined in
correlation with the distribution of nickel atoms detected by electron probe microanalysis (EPMA).

The examination revealed two different microstructural states corresponding to the primary and the
secondary recrystallization. In the primary-recrystallized region extending inwards from the wire
periphery, the presence of nickel atoms was detected by EPMA. Individual grains therein were hardly
visible with standard technique of optical metallography but clearly observed on a room-temperature fracto-
graph of the wire. These grains had the <110> preffered orientation. The secondary recrystallization,
‘on the other hand, was characterized by a coarse grain structure. By applying an immage processing tech-
nique to one of the EPMA results, it was demonstrated that nickel atoms were enriched in and around the
grain boundaries. Although the high temperature strength of the wire was little affected by the recrystal-
lizations, the ductile brittle transition temperature (DBTT) considerably increased. While DBTT was as
low as 200°C for the nickel-free wire even after heat treatment at 1 300°C for 100 h, it was around 400°C
and 900°C for the nickel-coated wire after the primary and the secondary recrystallization, respectively.
Key words : FRM ; TFRS ; tungsten ; recrystallization ; diffusion of nickel ; grain boundary ; ductile brittle
transition téemperature.
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(a) As-received wire
(b) Nickel-plated wire after S5h heating at 1 250°C. For marks A and B see Fig. 1
(¢ ) Nickel-plated wire after 200 h heating at 1 250°C

(d) Nickel-plated wire after 500 h

Photo. 1.

Cross sections of wires.
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Fig. 1. W-LI and Ni-K, line profiles taken from
the inner (A) and outer area (b) in Photo. 1b. Nickel Fig. 2. Plots of the depth of light etched zone
was detected only in the outer area (B). (area B in Photo. 1b) against time.

Photo. 2. Fractographs of nickel-free (a and b) and nickel plated (c, d and e) wires. Areas A
and B correspond respectively to the areas A and B in Photo. 1b.
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(a)  As-received (b)
1100°C for 1000h (e)
1250°C for 500 h

Fig. 3. Inverse pole figures
taken from the as-received and
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o%7 rd nickel-plated wires.
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Fig. 4. Nickel distribution of nickel-plated wires
heated at 1250°C. Rx refers to the area of re-
crystallized coarse grain structure.
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Fig. 5. Stress-strain curves at 1100°C of the

as-received and of heated wires. Note that the
UTS of nickel-plated wires is comparable to that
of nickel-free wires.
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Fig. 6. Ductile Brittle Transition Temperatures
(DBTT) of heated wires.

Photo. 3. Two dimensional dis-
tribution of nickel in the nickel-
plated wires heated at 1250°C
for 1 000 h.

Nickel content decreases in the
order of white — red — yellow
— green — blue.
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