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Abstract In the present study, the effect of Ni content on densification and grain growth in Ni doped W com-

pacts was investigated by using the dilatometric analysis. The Ni-doped W compacts with various amount of Ni
activator from 0.02 to 0.4 wt% were sintered in hydrogen atmosphere up to 1400°C. As the amount of Ni and
heating rates, the Ni-doped W compacts show a greatly different dilatometric behavior during the sintering. The
sintered specimen was densified over 98% of theoretical density by adding only 0.06 wt% Ni in sub-micron W

powder and the appropriate heating rate. It was also observed that the microstructure development strongly
depended on the change of the Ni amount. In addition, it was found that the critical content of Nj showing large

grain growth in microstructure was below 0.1 wt%.
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Fig. 1. Dilatometric curves obtained by heating with dif-

ferent heating rates for the specimen of Ni-doped W pow-
der compacts; (a) W-0.06wt%Ni and (b) W-0.4wt%Ni.
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Fig. 2. Changes of the shrinkage rate as a function of tem-
perature for the specimens of Ni-doped W powder com-
pacts; (a) W-0.06wt% Ni and (b) W-0.4wt%Ni.
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Fig, 3. The effect of Ni concentration on the shrinkage rate

of Ni-doped W powder compacts by heating up to 1400°C
with the heating rate of 3°C/min.
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Fig. 4. Sintered density as a function of the heating rate for
the Ni-doped W powder compacts sintered at 1400°C in
the hydrogen atmosphere.
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Fig. 5. SEM morphologies of W-0.06wt%Ni specimens sintered up to 1400°C with the various heating rates; (a) 1°C/min,
(b) 3°C/min, (c) 10°C/min and (d) 20°C/min.
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Fig. 6. SEM morphologies of W-0.4wt%Ni specimens sintered up to 1400°C with the various heating rates; (a) 1°C/min,
(b) 3°C/min, (¢) 10°C/min and (d) 20°C/min.

Vol. 8. No. 1. 2001



30 PEE - 7)od3) -

ol Y& vepidel. olalgt A HIF A
Ni §ge] Helx 5 28 2l W2 2%
M & A UEE 9F P 9SS vl o
= WAE 7V B4 aZAM A HAY 9
ole] e Nio| §S AA3gresy 74 et
& =13 £ gloke 7S BoFe A2ee
FF 10 $-5o] 7|

32. 20 M2 DjM=% Hs}

I3 5= W-0.06wt%Ni 22A9) 48 ol o
& Al webd S Jepdel 28ex He F=
ulel Zo] M AFE F, ¥ 200N FEE
7F 1°C/mint} 3°C/minol A sharp peakE ‘iehd
23 5(), (02 S 20 pme) ke FaE AAYAR
2474E Vepisiel. vk, pE5E A vlay ¢
kgt Ao FA-E eI 10, 20°C/mind
e 5 £xE 2T AHE ZAYY] =2t
10 ume)&e] vl s AAxAE Jepligic)

I% 62 $EF FA AIA 52 S A
o] ghukgt WiAlge] FAE BdFd W-0.4wt%Ni
27A 2] wlH ZA]o|th. aFM BefR]Re] 5
&xo FAlgle]l w AR =7171 10 ume] ¥
2 gds 22 2AL eI Niol Rkl &
Vg Hol & 34 &3 4 HolAuh ¥
S SxoA A2 BAA0.06 wiRyt H7ME W
A A 2ol & ZAY A epigdels A
AL AL Ni ol 24 9 ZAAH 4%
o $83 9 I F 5 . F, TR 5
& ZAgMY 2d FEAHL 04WBNIE A5
A8A7}F 0.06 wi%NiS 71t A3 e v wsle]
e A 55 A Byl AR AASE
7} %2 71L& Ni 0] 274 B4 $£48 8|3
e b, AY Aol 342N (Nirichd) 2
AR AAS whllsh= ZoZ wad. o8 Ni
ol ahe we] 84 2F A% f A 2A2
o Aol A ksl ¥} gkl

33. Ni g2l e 22 s ¥ oM =X 9sl
a3 72 7] oE Ni $ERIA 256 oE o
= Wizlel 550 WIS vehd Aot Ni =
o] w4 w2 A%<l 0.1-04 wt%Ni A3 A5,
o1 o] kgt 258 Mol ubd 0.06 wi%NiTh

Journal of Korean Powder Metallurgy Institute

20 L L L] L] L}
18 | ——o.06wtsNi ,.1-:
= 16| = —o0.08w%Ni 7
= -« 0.10wt% Ni /
o 14| —. -otzwuni ! 7
D q2f | =---04owuNi {l' ]
£ 10f ki ]
£ 8} " h
s 6f I K ]
Q - : <
g4 £y
aJ 2F £° .
0 i v 1 Y Y L
200 400 600 800 1000 1200 1400

Temperature (°C)
(a

L} T A T v L] L) L) v )
0.20 1| —— 0.06wt% Ni 1

| | = — 0.08wt% Ni {
- 0.10wt% Ni N

Lo
-
L3

-

— - =0.12wt% Ni !
=« - - 0.40wt% Ni

(=}

=

=3
T

0.05F

0.00} 3=

Shrinkage rate (%/min.)

800 500 10001100 1200 1300 1400
Temperature {C)
(b)
Fig. 7. Changes of linear shrinkage (a) and shrinkage rate

(b) for the W powder compacts doped by the various Ni
amounts.
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Fig. 8. SEM morphologies for (a) W-0.06 wt%Ni, (b) W-0.08 wt%Ni, (c) W-0.09 wt% Ni, (d) W-0.1 wt%Ni, (e¢) W-
0.12 wt%Ni and (f) W-0.4 wt%Ni sintered specimens, sintered to 1400°C at a heating rate of 3°C/min in H, atm,

Fig. 9. SEM morphologies of W-0.06 wt%Ni with similar sintered density (72° £1%T.D.) heated up to (a) 1114°C at 1°C/
min, (b) 1161°C at 3°C/min, (c) 1182°C at 5°C/min and (d) 1219°C at 10°C/min in H, atm.

Vol. 8, No. 1. 2001



32 AEE - Zodst -

(c)
Fig. 10. SEM morphologies of W-0.06 wt%Ni with similar sintered density (91 +1%T.D.) heated up to (a) 1153°C at 1°C/
min, (b) 1211°C at 3°C/min, (¢) 1251°C at 5°C/min and (d) 1302°C at 10°C/min in H, atm.
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Fig. 11. SEM morphologies for (a) W-0.06 wt%Ni and (b)
W-0.08 wt%Ni compacts, sintered to 1400°C at a rate of
3°C/min in Hj atm.

Fig. 12. Schematic diagram of two types of W doped with
monolayer of Ni.
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Fig. 13. Sintered density with Ni contents for W-Ni com-
pacts sintered to 1400°C at a rate of 3°C/min in H, atm.
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