A Faet-A 4107 #2350 p.21~28 1979

Wel Cu-#rR BRIBH#ES] BURE el 2tste

HETK S - BgHF - ol

KT R
' %)
AN e Feeke Cudl W sy galel A 224 Mo Rkl WA & BAKE, BUZKE, MR

A 7R o B «}_*PB'PE- Beigtt rol =hEss dgiee] A% oF °I gk},

A R MR RN A vk ZEd ghE ek e ERFE KEA A=
°§%°] dA Al vebytn ool o fE fjﬂgﬁ'l s RBIES g Helx] ggteh
CU“‘W-“} *“J*ﬂ oA HART ¥ Ayl A adel HH o] whE R/AY =2 YR J 1

i *W‘Bc'ﬂ*l Bk T YRR Be] Rlvh
2FA 2AEA g 208, AAd Fel A A e JA G4 AFel Wlkel wlAl

= 9%E s

-
<
f_{

s)

e
Oi
ot
2

Lo

Anisotropic Shrinkage during Sintering of Tungsten and
Copper Powder Compacts

Kwon, Young-Soon - Lee, Jong-Hwa » Moon, In-Hyung
Dept. of Materials Science and Engineering

{Abstract)

The anisotropic shrinkage during sintering in compacts made of tungsten and copper powder
with irregular shape has been investigated as function of powder particle size, compacting pressure
and sintering time. The behavior of radial/axial(R/A) shrinkagc ratio throughout the sintcering
process has been studied.

Tungsten powder compacts showed more stable value of R/A ratio for smaller particle sizc.
The influence of compacting pressurc on R/A ratio for coarsc powder compacts was pronounced
in the early stage of sintering but became negligible in the later stage.

In the case of coarser powder compacts of copper, the R/A ratio was found to bc strongly
affected by the sintering process and the compacting pressure; c.g., the lower the compacting
pressure was, the higher the R/A ratio was observed.

The possible morphological changes of residual pores in the carly and later stages of sintering,
such as anisotropy and densification due to rearrangement of particles, was discussed together

with other factors to cxplain the phenomena.
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Table 1. The relation between compaction pressure and green density of W and Cu powder
compacts for the various particle size.

material E Copper (mesh) Tungsten(pm)
| ‘ ; ‘
compaction | —100+140 | —170--200 —325 L0 i 3.5
pressure ¢ green density| green density ' green density | green density | green density
(ton/em®) | “(porosity) (porosity) | (porosity) i _(porosity) } (porosity)
0.5 5.05(43.2) |  471(47.0) ' 4.51(49.2) | |
1 ! 5.71(35.8)  5.43(38.1) |  5.16(42.0) |  7.10(63.2) J
2 | 6.39(28.2) | 6.30(20.2) | 6.08(3L.6) |  8.22(57.4) | 9.95(48.2)
3 L 7.02(21.0) 6.88(22.6) ! | 8.75(54.9) | 10.84(43.5)
4 | 7.41(16.6) ‘. | 9.34(51.6) ‘ 11.53(39.7)
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Fig.2. Porosity vs. sintering time and comp-
acting pressure at 1,100°C for Ni-doped

W compacts with various particle size.

—_— —mwe_g}l ® :0.5ton,/cm
50 me— ! —170 —200mesh e: lton/cm
e A1 2ton,/cm’ i
e L 3ton/cm
= B B ¢ dton/cm?
=, 30T :{
101 -*j

! . L .
5 10 50 100 500

Sintefing time (minY

Fig.3. Porosity vs. sintering time and comp-
acting pressure at 900°C for Cu-powder
compacts with various particle size.
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Fig.4. Shrinkage ratio vs. sintering time

and compacting pressure at 1,100°C
for Ni-doped W compacts with various
particle size.
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Fig.8. Comparison of microstructure of radial and axial direction.
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1 : sliding of particle due to rearrangement
[l : densification during 2nd or final stage of

sintering.
0
N L
4
| /""\\\ /// . // ——
< S
/ e o2
J L 1 f N
\ ‘l | ~
\ 7/ \
e L N
~ ~

Fig.11. Pore distribution of radial and axial

direction.
b owhsbake] FEEEAIC] A A kel wle], ~20pm
ulwke] HAe A= Ly L1 (Fig. 132) =}e] 7}

Bes nelFErh oln e iwmoﬂ fFLo] Ryt
A, 3 I v el BikE A R

o] E‘]ﬂ- #£7.9 roun-
A o SAd BRE



o] FAlel, & FhHiE FAlol A48 A A FAA
orabiRe] BAY = AvF felRA %Zi“’]ﬂ%-
ad 279 Aozeld L2akoowel d9e FA
IRILEHL BRIES 3 5‘L°i WEete A& Flg
11e] ZeRstd o Fig. 115 -2 3KT &3
w4 o7k Fobske 27 A G® FAA
4= D7t ﬂzl". ‘“/H*ﬂ o2 k7t #retd AL/ Lo
oz dolrpAl geh. whebAd HREH
‘%*z F A et 271200 9 4%*“1 7. 2]
Joll A= 09 4eE FEF Fo] e
A s m VFEP* 4D/Dye| 3o
ghapA] olelviAl "ok & E5H =

b el A

Pl L ARl Wi mﬁ%%ﬁH
0%‘; Ziel A& L% od Lpia o]
firel 5 mA webd Aoz
Al gkrER] 2 "i':
Ay Hrpes

oz 9]
Yol

ftha i

b
r*

%8
X} n}] }" O] ?‘i[ﬁ 0]
wheh
A=)k, «al
o3 Yokl

Rl uf A 0 7

g (driving force)d

anisotropic stress, #EiE 7 7% A
anisotropic pore®l

skl ek,

LG
e,

FERE A

BREES Sl

115 o] ok

)

o 4 £F 271 KT AMAEe EEez &
A Well w59 K f(anisotropic pore)e] A
Hrl o]zie] Wk FAHom EAsAH
B2 # XM
1. A.J.Shaler, Trans. Am. Inst. Min. Met.
Eng. 185 (1949) 796.
2. F.V.Lcnel, et al. Powder Met. No.8(1961)

25,
3. F.V.Lenel, ibid, No.10 (1962) 190.
4. L. E.EL-Shanshoury, M.Y.Nazmy, ibid, No.

11 (1968) 63.

5. M.Y.Nazmy, M.S.Abdel-Azim,

et al,

ibid, No.33

(1974) 13

6. I.H.Moon, W.J].Huppman, PMI, Vol.6¢ (19
74) No. 3.

7. FRlY, BERGEET, FyA(1975), 117,

8. H.E.Exner, G.Pctzow, P. Wellner, Sintering
nand Related Phenomena, G.C. Kuczynski,
Editor, Plenum Press N.York p.191 (1973).

9. E.H. Algeltinger, R.T.Decltoff, Met. T'rans.
ABA (1975) 1853.

10. A.Medalia, J.Colloid Interface Sci.
67) 393.

11. R.Walanabe, et al,
4.

12, SCATIE, MESHE, WET4HE 113 (1975)158

13. I.H.Moon, ¥.S.Kwon, Powder mectallurgy
17(1974) 363.

S4TSR, 2

24 (19

PMI Vol.10(1978) No.

5l AH(1975)



