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Abstract The solid state reaction by mechanical alloying(MA) generally proceeds by lowering the free
energy as the result of a chemical reaction at the interface between the two adjacent layers. However, Lee et al. 1-5)
reported that a mixture of Cu and Ta, the combination of which is characterized by a positive heat of mixing of
+2kJ/mol, could be amorphized by mechanical alloying. This implies that there exists an up-hill process to raise
the free energy of a mixture of pure Cu and Ta to that of an amorphous phase. It is our aim to investigate to what
extent the MA is capable of producing a non-equilibrium phase with increasing the heat of mixing. The system
chosen was the ternary CuzgTayg Mo, (x= 35, 10). The mechanical alloying was carried out using a Fritsch P-5
planetary mill under Ar gas atmosphere. The MA powders were characterized by the X-ray diffraction with Cu-K
o radiation, thermal analysis, electron diffraction and TEM micrographs. In the case of x=35, where pure Cu pow-
ders were mixed with equal amount of pure Ta and Mo powders, we revealed the formation of bec solid solution
after 150 h milling but its gradual decomposition by releasing fcc-Cu when milling time exceeded 200 h. How-
ever, an amorphous phase was clearly formed when the Mo content was lowered to x=10. It is believed that the
amorphization of ternary CusgTaggMo;g powders is essentially identical to the solid state amorphization process
in binary CusgTayy powders.
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Fig. 1. Equilibrium phase diagrams for Cu-Ta, Cu-Mo and
Ta-Mo system
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Fig. 2. X-ray diffraction patterns for TasyMos, powders
ball-milled for various milling times.
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Fig. 3. X-ray diffraction patterns for Cu30Ta3;sMo35 pow-
ders ball-milled for various milling times,
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Fig. 4. MA time dependence of lattice parameter deduced
from Mo diffraction lines in the Cu3gTazsMozs MA pow-
ders.
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Fig. 5. X-ray diffraction patterns for CuzyTazsMo;5 pow-
ders ball-milled for 200 h and those after heating up to
600 °C in DSC.

e BT vl oA Cud dFvt A3 Ta-
Mo bee -840 285 3l5-E Ve Aol
Fig. 52 200 hr MA3F CuygTaysMoys &
DSCollA 600 °C7HA] 5245 20 °C/min® G#{2]
g F XA 3o o3t FxRMsE Vepldd o
2o 93} Cuwt MEEI Ta-Mo bec L8
"] ¥ FARANSE o 5 ek ool
bee T-8A|0) AAYTE 320A28 oJFH3] Ta-Mo
LA Curl U ZEE] e Ao s
.
Fig. 62 Ta®] & S7M1Z) CuygTagyMoy, 4
o] TS A AIZFEr MAXEIRE W XA
3| Q)| 98t 23S Bk MA 50 heellA Cu
2] HHA peak= A8 2AET Ta I Mol 28
389 7t A FRaEE 9eE B 4 9
ol &3 Ta®] 34 peaks= FASHA Fo] goiA|
l(broadening) =7} 7haste] Bl ajA A
AR Z77F A Aol FAlo By WY
(strainje] ZA| F7IER 2 o 4= Qe o)A
Y2 E ALsid Ta ¥ Mo A 7h=r}
oS Zkasle] 200 hr FollE ZE FHAe] 2
o] ujAAAle) B33t halo patterno] FHFEHT ¢l
< & 4 vk Fig. 72 200hr MAZF CusgTagMoyg

5 Song
o =4 -
= = £
§: 50h
2
&
Z 100h
Vi
]
&
=
W
200h
A‘*‘ T T 1 (.
40 50 60 70 80

26 (deg)

Fig. 6. X-ray diffraction patterns for CuzyTagyMo;, pow-
ders ball-milled for various milling times.
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Fig. 7. Typical TEM image and SAD pattern for
CuzyTagyMo, powders ball-milled for 200 h in which halo
pattern clearly shows the formation of amorphous phase.
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Fig. 8. DSC spectra for CusyTagyMojy powders ball-
milled for different time intervals.
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Fig. 9. X-ray diffraction patterns for CusyTagyMo,y pow-

ders ball-milled for 200 h and those after heating up to
600 °C in DSC.
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