Journal of Korean Powder Metallurgy Institute
Vol. 1, No. 2, 1994

OMZEE U 24
424 ool - el E - el
At F44 23 e

Microstructure and Physical Properties of Cu-10wt%W Sintered
Material Fabricated by Mechanical Alloying Method
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ABSTRACT Cu-10wt%W composite powders have been manufactured by a high energy ball
milling technique. The composite powders were pressed at 250 MPa and sintered in a dry hydrogen
at 1030C for 4 hours. After sintering, Cu-10wt%W composite materials were forged. And the arc-
resistance of forged materials which have the same relative density of 94% has been tested. Compo-
site particles, ie. tungsten particles distributed homogeneously in the copper matrix, was formed
after 480 min mechanical alloying. Densities of these sintered materials were ranged from 74 to
84%. Densification degree was due to the formation of composite powders. As the mechanical alloy-
ing time increased, the hardness was increased and tungsten particle size was decreased. Arc -
loss of the forged specimens was decreased as increasing the mechanical alloying time.
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Fig. 1. Schematic diagram of measuring apparatus of
the arc-resistance. (a) specimen (b) repulsive spring
(c) solenoid.
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Fig. 2. SEM micrographs of Cu-10wt%W powders
with various mechanical alloying times. (a) 90 min, (b)
200 min, (c) 480 min, (d) 600 min, (¢) 750 min.
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Fig. 3. X-ray diffraction patterns of Cu-10wt%W po-
wders mechanically alloyed for various times. (a) 90
min, (b) 200 min, (¢) 300 min, (d) 480 min, () 750
min, () 900 min.
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Fig. 4. EDS-image of 750 minute mechanically alloyed
Cu-10wt%W particle.
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Fig. 5. Variations of green, sintered and cold-worked
density of Cu-10wt% W alloys with mechanical alloy-
ing time.
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Fig. 6. Variations of densification factor of mechani-

cally alloyed Cu-10wt%W alloys with mechanical allo-
ying time.

Fig. 7. Micrographs of Cu-10wt%W sintered materials
with various mechanical alloying time. (a) 90 min, (b)
200 min, (¢) 300 min, (d) 480 min, (¢) 600 min, (f) 750
min.
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Table 1. Forged density with mechanical alloying time
(Relative Density)

Forged Ratio (%)
Mechanical alloying 0 10 20 30 40
time (min)

90 8% - 92 9“4 A
200 7 - - 8 89
300 77 83 8 88 90
480 7% 8 8 88 90
600 2 - - - 9
750 80 — 8 90 93
900 € - - - 9
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Fig. 8. Arc erosion versus contact number plots for
forged Cu-10wt%W alloys.
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Fig. 9. Variations of arc erosion with mechanical allo-
ying time after contacting 30,000 times.
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Fig. 10. Micrographs of mechanically alloyed Cu-10

wi%W powders for various times. (a) 90 min, (b) 200
min, (¢) 480 min, (d) 750 min, (e) 900 min.
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Fig. 11. Variations of hardness and W particle size
in Cu-10wt%W composite powders with mechanical
alloying time.
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Table 2. Theoretical interparticle spacings Ds of Cu-
W composite materials

Mechanical ~ W Particle Theoretical interpaticle
alloying time  size (um) spacing (um)

90 23.0 819

200 9.0 32.0

480 25 8.9

600 0.5 1.8

750 0.2 0.7

900 0.2 0.7

JRr= 7|9} HEAARE zAbsteiv) Fig 102 32
3 A7kl 2 2] g BeiF SEMARA
olrt. of7]A B Z|AAgFEAIZe] Fr)tel up
2k Welalz) vl A eks gl abA £x3k= 28 &
T ek IR A afie] WakelH, by 7]x] 4l
Cutbelnt, gEstxz714l (a)9} (b)ell A+ 20 um A
=2 vad zHi3 We] BFAAHoRE F¥ha
dE S B sleH, us I} A8
weld] W= wlAdlste U3t Exsls A
¥ 7 ok Fig 112 §334]70e) & Wil
BFa7)E Weplle 2oz $F5h2r]9 23 um
2] WAR7F 0.2 ym7bA] 3F528bm o)l whe} A w7}
F71he A€ & Urk =X WAk FEAE S
Baldwin®} Edelsono]® #1413 ()4& Qi £
A B AR g FAste] 2alsisich

aln

Ds=(2d*1—1)/3)" M

3714 D, d, f& #2247k 217, 27 °
FuE-golr). 919 Ao ARAupgon =AW
2= 75 dslste] HEYAZE A= E 7 A
% Table 2o vhehiiglch HollA Holsie] 7]4
AigEiAzbe] 7kl ulel Wedabe] ar)e 2
of L YA}t A% FelAE A& &4 4 ek
webd Wl wlA#Ad, Cus) AWy 7tz
& Cu 7)#)7} W oz WS WYAE 44 4
AgA|Zl oz Cug) 24E AT = 9l7] W &E
oz, Wizl7} #dstA] Rxgoza JAg A=
F FHEAAAM olmde] g FHHA CuFde
WA S 9l7] wlEel Aoz Y



714 Fasidel] o8 MzH Cu-lowt%W 2ZAe] vz 4 &4 173

4.4 £

Cu-WE3tiule] BAs) 2Z4AYY ZAAE &
o2 & A Ashd o7 2ok

1) 7)A A g5 7o) 4808 ] Avid FFshe
R £dsle] Byt Av]E Wt A
9] f14en, Jahs flaked el 2 Hch

2) TF37F A7) B Cu-WE R Do
WAt Fostz ol AlEA X3 235 e
Wsich

3) 2449 MUFAEE AP HoArE
ZF7istglen, 943 AT} o]Fol2 480%
o] Foll= A9 dAsAch

4) F2FA7re] 7kl nhebd B
Welzlzzle Zraslga, o wa) oz irake
gl

HALS 2

£ a7 19934 % AR T Xl 23
FAHARNTS #H3H old 2 HE =Rk

1. C. G. Gitzel : Treatise on Powder Metallurgy, Vol
II, Interscience Publisher Inc, New York (1950)

oo s W o

o =

10.
11

12.

13.

14,

15.
16.

17.

18.

N. S, Hoyer : Metals Handbook, 9th Ed., E. Klar
(Ed.), ASM, (1984) 624

. N. Frukawa : Powder Metall, 33 (1990) 213

. Metals Handbook, 9th Edition, ASM, 7 (1983) 480
. G. Stempel : Metall, 32 (1978) 1001

. G, Stempel : Werkstatt und Betrieb, 111 (1978)

194

. C. Williams : Ceramic Bulletin, 50 (1991) 714
. ]. S. Lee, W. A. Kaysser and G. Petzow : Modern

Developments in Powder Metallurgy, 15 (1985)
489

. K. G. K. Warrier and P. K. Rohatgi : Powder Me-

tallurgy, 29 (1986) 65

J. Kaczmar : Powder Metallurgy, 32 (1989) 171
W. J. Huppman and H. Riegger: Acta Met., 23
(1975) 965

AeE, W F, oA RS A, 30 (1992)
203

B. L. Mordike, J. Kaczmar, M. Kielbinski and K.
U. Kanier : Powder Metallurgy International, 23
(1991) 91

J. S. Benjamin and T. E. Volin: J. Am. Cer. Soc.,
5A (1974) 1929

M. F. Ashby: Acta Metall, 22 (1974) 275

]. S. Hirschon : Introduction to Powder Metallu-
rgy, APMI, New York (1969) 96

N. C. Kothari;: Powder Metall. Intern. 14 (1982)
139

B. I. Edelson and W. M. Baldwin : Trans. ASM,
55 (1962) 230

Vol. 1, No. 2, 1994



