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Abstract W-12.8wt%Cu-7.2%Pb powders were milled at room temperature and -1007 to investigate the
mechanical alloying behavior of immiscible W-Cu-Pb system and the effect of milling temperature on the extent
of alloying and microstructural refinement. W-Cu-Pb powder reached steady stite after further extended milling
due to Pb addition, compared to the W-Cu system. The cryomilling at -100°C caused the more refinement of
powder particle size, and enhanced the solubility of Cu or Pb in W, compared with milling at room temperature.
In W-12.8wt%Cu-7.2%Pb powder cryomilled at -100°C, the monotectic temperature of Cu-Pb as well as the
melting temperature of Cu was decreased by refinement of Cu crystalline size, and the most amorphization was

occurred after milling for 150 h.

LM &

71A13 sHF3H(mechanical alloying, MA) uh-2
H)A} 2l (amorphous) ¥, nanocrystalline )%, ¥
#}.37-4-| (supersaturated solid solution)¢} Z+-& 1v]H
3y A EE Azshed] de] ARE = e} &
= k2] £ (positive heat of mixing)2- 712l A
& 238A9 W-Cy,” Fe-Cu,™® Ta-Cu,” W-Fe® &
2] A A= g G771 8= 2 9l

B AT FANE 7144 FE oe) Alzd B
T5A9 W-Cu 2 Cu-Pb Aol B3 A7-F F=3h3 w}
Ak 7 A5} W-Cu AdlA e QA7) Fel A 2
A e} 27340] =) =T 7188 DA W-
Cu A9 £42x ¥} 100T oAk e LxoAx
A 2gslE 2448 9L 5 Yk’ =% CuPb
Ao A Aol A AT -850} A9 gldelm
F7ety 71A1d gastel 23 Cuell i3 Pb2] 1
43to] 10 wi%Pb7x] S7lgicke AnE Add®

3, HZelle= AHIA o]Ake A 't 714
7 ggstol 2% g4 2 A g A7 4

290

Az 9o A Gavt Azt FE 4R Y
AdlAE 77t A ol FAXA| o glv}. wa}
A, £ ATl 45 Eag AdA Z1AA §
& Agel B AF-F 918 W-Cu-Pb AZ A3}
ot} W-Cu,”” Cu-Pb,”” W-Pb"™ 2}7be] Al E & 1}
el o9 1942 & 5 9 wislh el W, Cu, Pb
= Cu-Pb Agte] 955CelA HALES 2 AAA
d AL HIRJ‘ELL— 2} Z}o] tﬂﬁﬂ AZAEET} Y

$4 % W1 24 50} 34 WoAAE A= Aol
i “H—\L'°ﬂ {3%1A412] nanocomposite 7A-Z AT-EH=
A= 23 Aot

B o7 7]28] Cu-Pb, W-Cu A9 o712
HE vie® A% B89l W-Cu-Pb 4H1AIS A
Hste] DPA7) A LHLxo g MA 758 &
AbstaL A2 AL 7)A= W-Co-Pb 53
o] BA ol e d7eial it

2. AlEHH

Agol| A" WX 99.9%), Cu(E 99.5%),



B34 W-CuPb AAS S|AH Gast A= 991

Atomic Percent Tungsten

L3 n ? L - ’ 'l‘| L. 12
/‘I ' ' \
o L+ Lp ‘\h
7 1 e
i e 1
Suilld ~ny
o o S
@ /
(=) 3
= o atm) /
*;: H
5 )
= !
E .
# I-““P-_‘. 1 b
la—tCu) .
) w® - 1a [ [ ™ " . - n
o Weight Percent Tungsten’ Y
(a)
[ s pt ] 20 » 40 58 48 Te gew0 100
1280 — - + e S
1083.4
o e —————
s SV 7Y
o 56
2 me] o0
]
e 3
£ "
E- o Cuyt
o 79.9%
= e
we] M 95 100
-326T
100

RERRRERRL

Jan*

Joo
SO0

Py ~ W

I7 Fao) Fid -4
W% w

(c)

Fig. 1. Phase diagrams of (a) W-Cu, (b) Cu-Pb and (c)
W-Pb systems,
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Fig. 2. SEM morphologies

of MA W-20(Cu-36Pb)
powders with milling time, milled at (a) RT and (b)
-100°C.
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Fig. 3. The changes of mean particle size as a function
of milling time for MA W-20(Cu-36Fb) powders.
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Fig. 4. XRD patterns of MA W-20(Cu-36Pb) powders
with milling time, milled at (a) RT and (b) -100°C.
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Fig. 5. W crystalline size of MA W-20(Cu-36Pb) powd-
ers milled with various milling times.
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Fig. 6. XRD pattern for W (110) plane of MA W-20
(Cu-36Pb) powders milled for various milling times at
-100°C.
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Fig. 7. The changes of internal strain as a function of
miling time for MA W-20(Cu-36Pb) powders.
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Fig. 8. (a) SEM micrograph and (b) bright field TEM
image of MA W-20(Cu-36Pb) powders milled for 75 h
at -100°C.
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Fig. .9 DSC curve of MA W-20(Cu-36Pb) powder mill-

ed for 75 h at -100°C.
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Fig. 10. XRD pattern of MA w-20(Cu-36Pb) powder

milled for 75h at -100°C, wihich was vacuum hot
pressed at 300 °C for 1 h under 500 MPa,
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Fig. 11. FE-SEM micrographs of MA W-20(Cu-36Fb)

powder milled for 75 h at -100°C, which was vacoum
hot pressed at 300°C for 1 h under 500 MPa.
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