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ABSTRACT The mechanism of activated sintering of tungsten powder was discussed in terms
of diffusion and segregation of activator atoms at W grain boundaries. Shrinkage behaviours of
W-0.2 wt% Ni, W-02wt% Cu or pure W powder compacts during sintering at low temperatures
of 900~-1200C were investigated. It was found that the Cu additive inhibits sintering process
causing lower densification than pure W compact while remarkable shrinkage occurred in the Ni
added W powder. Such contrary effect was explained by comparing self diffusion processes along
Ni or Cu segregated W boundaries in which Ni segregants enhance but Cu atoms retard the migra-

tion of W atoms at W boundaries.
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Fig. 1. The variations of volume shrinkages of W, W-
0.2% Cu and W-0.2% Ni powder compacts with sinte-
ring temperature (Specimens sintered for 1 h in H,
atmosphere).
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(¢) W-Ni powder compacts, sintered at 1000°C for
1h in H; atmosphere.
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Fig. 3. SEM micrographs of (a) W and (b) W-Cu
powder compacts, sintered at 1200°C for 1h in H,
atmosphere. ’
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Fig. 4. Arrhenius plots of grain boundary diffusion of
"5W in W and Ni segregated W.”

Table 1. Results of grain boundary diffusion for W
in W and Ni-segregated W boundaries at two tempe-
ratures” P=Dgp [(ms™")]

Temp.(C)  Pwnw Pwani-w  Pwinni-w/Pwinw
827 7.1 X104 2.2X107% 489
1327 45%X107% 22102 31

P: Grain boundary diffusivity, 8: Grain boundary wi-
dth, Dgp: True grain boundary diffusivity.
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Fig. 5. SEM micrographs of W grain structures of
(a) W- and (b) Cu segregated W-wire specimens, an-
nealed at 1400°C for 15h in H, atmosphere.”

ool M AL Tl fAge] BAHLA

2rd e #33t= 037 T, W2 §3) =
oA g}AlgHate] BalA el ARk ol
o} o) F EAEA0] tE UUOR Lee T
Guttmann'®3} Militzer $'%2] 1A4bAe] o] &4
272 W 7o) g AES 4o 7]&s) ghie}
22 W 23 WA AAEsEe] ANl
213k 22404 A AR e)e) o akE At vt vk
olo] MEw He|2xE FAHo AT YA
Holo] &7 W a7|&H4ake] HolAbaat Ni £l
&3 AR HY A Wel A-234adD
2A4g Agke] LS d3A Pt & 19 HAA
F:9] WARRE o)L v o] HFch I
23 A 2ol e g uss Yo F 2EA327C 9



Bl FHAA JAGAe] HqFg 83

827C)dl A &A= Wxt W-Ni Al#¢] q}A A7 &
AT wwshd W-Nio] #Lollxe 31ufeld]
HE L&A 480WiE =A Zrlslgch o)9t
e e Ao E FALE ALl L

FERASA ), a8n v2elyge e ApEud

qAZE BAHE Al 7)dlstke AeE, &

2947} JAZRE W dHEZ nge] A¥Ey

AE olFt A2dgelMe 9 2 JAFAA
49 FAYL 271 710 5 ok v8e] what
Niz} A% 73 wbike Jehlls daghe Jo 4
oz} MWL elutsith AT oley W glAA]
gate] Fgshs W B4s3E RS ey
#A31A g

o]4e] W-NiAl& FA42=23t 3142 W-CuAlof
T 5 o|8A EdelA HEE 5 i) HS
Vieregge 52 Aol wt2w Cu A= 1000T
o] 3te] Aol M W Aol ) o5 w2 B413
Bolr qiAle] HAHe) T} gAHAY Cu ¢
A7 W e} Fatel %A st
gated - o} B E v} glck 0]3 & A e
3Holsl7] s WAlel AdA 2 dAAR] vlAe
Cufl YATAL A7 AN w=Zy W A
S]FEEE Cu WA HAFEA =ZA &8sk
Ao byt 1% 5& o9 e AnE A
Wl o}, 2™ A B npel o) Cudl A
el ae] We 2R 24 JAHE AL &
g glek T4 AR A A9 qlA o] F-AFe)
JARZ|Z4be] s Pk A28 18 9
2% 59 A= Cu AR o8] W 2409
AAH £ A Az} B3 QAL e e
W-NiFlel] gk o124 )4 Edj2 & o, o]}
2o W-CuAle] %4 FAhe Nizle 23 Wi
AE 74 wpgag-g she Cu dAb WoslAd
HAM=le] W AR} &4aks 24 HARE g
Aog A9R® Jehd oj4e Cu IHE W
qA N L] A7) EAbel] i3 FAH Q) A chat
A 5L of7] Fojo & Aot}

4. 4 =

a4 W AR uhe QAR s Fol
Nzt 2BxI|RANNY W BH2A7TE

eolaglth, 2AAFAF, Nigk Cu 727t 4
WE A4ESGE Jehidn & 02% Nie 3A%
£ANYHE Fra v, FU2AY Cue W 2
Ag At o]2F Azke YARAR Ni, Cu
QAEo] W dAAZ g4kl ke dukg F7)
B Folct. W 9abs} g FshEe Ad Nie o
AT wel 27k 2Re) Adse W date) A
718 FRshd whe, A PEEAS e
Cu A= W 9A19] -84te uhalalr] wfFoldt.
obgw 1100T HeolA WAH Baldae]l gAbH
o) FMAE AAZI|wHA e W A AY] e
d Zeldol & Fo Aotk olsh el 43
AT ALY 2 TRENYA AT
A7)} a7}

#Ate| 2

2 dte AARTHATA Y Ao
Fsg.en olo] A=Yk

a2 9

1. G. W. Samsonov and W. L. Jakolew: Z. Metallku-
nde, 62 (1971) 621

2. R. M. German, P. E. Zovas, K. S. Hwang and C.
J. Li: J. Met.,, 35 (1983) 28

3. R. M. German: Science of Sintering, 15 (1983)
27

4. G. H. Gessinger and H. F. Fischmeister: J. Less
Common Metals, 27 (1972) 129

5. G. H. Gessinger and H. F. Fischmeister: Acta Me-
tall, 21 (1973) 715

6. ]. S. Lee, K. Vieregge and Chr. Herzig: Scripta
Metall,, 22 (1988) 1639

7. ]. 8. Lee, K. Klockgeter and Chr, Herzig: J. Phys,,
C1 51 (1990) 569

8. I. H. Moon: Int. J. Powd. Metall. Powd. Techn,,
11 (1975) 27

9. W. Schintlmeister and K. Richter: Planseeberichte
fur Pulvermetallurgie, 18 (1970) 3

10. I. H. Moon, K. Y. Kim, 5. T. Oh and M. ]. Suk:
J. Alloys and Compounds, 201 (1993) 129

11. T. G. Nieh: Scripta Metall,, 18 (1984) 1279

12. ]. S. Lee, T. H. Kim and K. H. Lee: Material Scie-
nce Forum, 126 (1993) 399

_Vol. 1, No. 1, 1994



84 o144 - 3

13. 5. Friedmann and J. Brett: Trans. Metall. Soc.
AIME, 242 (1968) 2121

14. M. P. Seah and E. D. Hondros: Proc. R. Soc. Lond.
A, 335 (1973) 191

15. W. Gust, M. B. Hintz and B. Predel: J. Phys, C4
46 (1985) 529

16. H. Hofmann and S. Hofmann: ibid., p. 633

17. o)A A), Fal¥, o]l AbdH=] AEAE =EA
(M 3=53ts) 3 (1991) 52

18. M. Guttmann: Surf. Sci, 53 (1975) 213

19. M. Militzer and J. Wieting: Acta Metall,, 35 (1987)

Journal of Korean Powder Metallurgy Institute

c el

11

. K. Vieregge and D. Gupta: Tungsten and Tungsten

Alloys-Recent Advances, (Ed. A. Crowson and E.
S. Chen) The Minerals, Metals & Materials So-
ciety, (1991) 231

B TPHGL A EE (1994)
. J. W. Martin and R. 'D. Doherty: Stability of Micro-

structure in Metallic Systems, Cambridge Univer-
sity Press, (1976) 131

. A. R. Miedema and A. K. Niessen: Physica, 114B

(1982) 367



