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Fig. 16. Geometry of a particle contact region.
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Fig. 17. Influence of added metals on shrinkage of W-
12.125 wt.%Cu system, sintered at 1150°C in hydro-
gen atmosphere.
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Fig. 18. Schematic diagram of reaction sequence dur-
ing hydrogen reduction of dry mixed and ball milling
W-Cu oxide mixture.
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Fig. 19. Scanning electron micrograph of nanecom-
posite W-20 wt.% Cu powder prepared by ball milling

and coreduction of pertinent oxide powders.
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Fig. 20. Dependence of sintered density of W-20 wt.%
Cu MIM specimens on sintering temperature; sintered
for 2 h in hydrogen atmosphere.
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Fig. 21. Morphology of MA W-20 wt.%Cu composite
powder milled for 100 h; (a) SEM micrograph and (b)
bright field TEM image.
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Fig. 22. Sintered density vs. sintering temperature for
MA W-Cu specimens sintered for 1 h in hydrogen at-
mosphere.
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Fig. 23. SEM micrographs of the MA W-30 wt.%Cu sintered at various temperature; (a) 1100 °C, (b) 1150°C, (¢

1200°C and (d) 1300°C.

S Fold ZIAIA 3k W-Cu BEAEAE
1100CoANA 234 97% o449 A2WEE Rgo
™ 1300CAA 1A17F 23 735 A shAgh 24
37t o] RoiAr). o]3F & AFURAE B3}
3 713 2304 HodF ukel Zho] W AR A
w2 oJout] ekgpe}.”
ella A& ule} o] Z|AA I W oR
A Z38 W-Cu B-g8ute] L7442 w2 zglic}. o)
o} Zo] N\AA 37 W-Cu 29| 2 22N
Srjemr2 sl E3d WD 2R ¥
2AM ez Qe AR A Zh7te] 7]
AR g3y BgEule] EAlske F0A W A
A S = ey afe B LA LE &
FEo] Fks] z1PRch. oo wet Al 381
Cu 9=te} W AR g5 AR S5t
Cu A A3 = uds] Fej=dy W2 3
2] Cu 201} Cu Z(poolye A&k} o] F Cu A
2327} A FolAlel ule} gAgolshe] ke
Az Foiata) 22 F5AE-S Holw W glxlel] A
vz Z)AY sl W o ® AxE Eudee

rlo

Journal of Korean Powder Metallurgy Institute

Wal e Bl 274A ) 2Ustel 7]odahA Feh' 2
2] Cu] Faol @A 1 222 ol 2HF
244 s 2E 479 71AA F3RE E
Aujd & FA2r) o] A AAAL] U
95% o) Atell 37} o] R R 1 o]Atel| L
) 27Xk Az A 23F Afuld e &Jsted
E 5 AAUEE A Ho) a3 24 o] A
& Nk o g TAg 2ol

W % Cuf] §F AHS}ERUS Egsle] Bt
= 934 2L A s 35 Bg 71AA
gl oz Q= Al W-Cu v B3HE 2ol
BolFE £ £2AEAE Yar] W HAF o]
A zZEe = aALAAR vAstT FUdE
Cu 230 W& £ F-5A 23 2745 Aaid
EAow Ay 4 glch 2 71AA s
o] AA7Ye] welldx] By Hulehs A &
3 4712 8E2] Fe 5 44 449 fl7lsAd S
Al 4= ek AAR 50A7E o]k MAlels B
£E Y29 f4lo] FAEINE A 5 9lgol HJr&i
At webd, B5E Ao7} dAstedof & 4



W g W-Cu A8 #A2A A7)

125

Compact of MA powder

- Mean particle size(M.P.S.) = 4m
- Crystalline size(C.S.) = 25nm
- Relative density(R.D.) = 40%

Nanosintering of MA powder

- Solid state sintering at 1000TC

4 - Cu layer and Pools formation

-C.S. = 200nm, R.D. = 73%

1st rearrangement of MA powder

- Liquid phase sintering at 1100C
- Cu liquid formation and spreading
-C.S. = 600nm, R.D. = 95%

Continuous rearrangement of MA powder

- Liquid phase sintering at 1150
-C.S. = 800nm, R.D. = 96%

2nd rearrangement of W grains at 1200C

- The highest homogenous state
-C.S. = 1000nm, R.D. = over 97%

Fig. 24. Schematic diagram of the double rearrangement process of MA W-Cu powder.
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Fig. 25. Sintered density vs. sintering temperature for
the W-30 wt.%Cu MIM Specimens, which were pre-
pared by using the Cu powder fractioned before and
after the ball milling of Cu powder. (Cu* fractioned
after the ball milling)
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Fig. 26. Dependence of the tensile strength on the test-
ing temperature for the activated sintered W-specimen
in comparison with that of pure W.
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Fig. 29. The dependence of electrical resistivity on the
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Table 3. Properties of pure tungsten and copper

Table 2. The comparison of the measured half value Property Tungsten Copper

layer between the pure W-plate and the Ni-activated density, g/em’ 19.3 8.96

sintered W-plate for the various y-ray energy thermal expansion, ppm/C 45 16.6
y-ray Half value layer Ratio thermal conductivity, W/(‘Cm) 174 403
energy  pure W-plate Ni-activated sintered  (B/A) heat capacity, J/(kgT) 136 385
(MeV) () W-plate (B) elastic modulus, GPa 411 145
1.00 10.17 11.85 1.17 Poisson’s ratio 0.28 0.34
1.25 11.89 13.32 1.12 melting temperature, C 3387 1083
1.50 12.78 14.28 1.12 strength, MPa 550 120
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