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Abstract The mechanical alloying (MA) effect in immiscible V-Cu system with positive heat of mixing was
studied by not only the neutron and X-ray diffraction but also the analysis of DSC spectra. The total energy,
AHt accumulated during MA for the mixture of VsCusy powders increased with milling time and approached
the saturation value of 14 kd/mol after 120 h of milling. It can be seen that the free energy difference between
the amorphous phase and the pure V and Cu powders with an atomic ratio 5:5 is estimated to be 11 kJ/mol
by Miedema et al. This is thermodynamically taken as one of the evidences for the amorphization. The
structural changes of V-Cu MA powders were characterized by the X-ray diffraction and neutron diffraction.
We take a full advantage of a negligibly small scattering length of the V atom in the neutron diffraction
measurement. The neutron diffraction data definitely indicate that the amorphization proceeds gradually but
incompletely even after 120 h of MA and bce-Cu Bragg peaks appears after 60 h of MA.
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Fig. 1. Equilibrium phase diagram of V-Cu alloy system.
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Fig. 2. X-ray diffraction patterns of VssCusy powders as a
function of MA time.
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Fig. 3. Scanning electron micrographs of Vs,Cusy powders mechanically alloyed for (a) Oh, (b) 30h, (c) 60h, (d) 120h
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Fig. 4. DSC spectra of V5Cusy powders as a function of MA
time.
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Fig. 5. X-ray diffraction patterns of Vs¢Cusy MA powders after
Ist run and 2nd run in the DSC measurement, respectively.
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Fig. 6. Number density of VsgCusy powders as a function of
MA time.
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Table 1. Coherent scattering length of V and Cu atoms for X-
ray and neutron, respectively.
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Fig. 7. Neutron diffraction patterns of VsyCusy powders as a
function of MA time. The dotted lines represent Bragg peaks
of calculated bee-Cu crystal.

12
oX,

SAFAE] Cuol 2R H|s] FAIE
T2 Z7] wFol| fec-CuAte] ¥ A3 A
gHoz dg F At Fig. 704 & F 9
7kl MA %719 SAIZF MA AlBdlE AA
Cud fec 3| AFE o] AaH) 3+ o] A
MA] &3t g Fo] gojA3 A% dEle
wslste] Hg s eS¢ AUk B3 MA
120/7F A8l = Q=425 2 530A"0) Zz A=
& 31" g3zt #EEY o7 AR 3d F3E Cu
PAE AATE TPgete) 7 AANEE WAL Al
bee-Cu?| 3)AHE (Fig. 70 BH o= vehd A) F 7zt

ox‘i)
b 3o

oo fuorle e o Y
=
[
i
[o]

(200) 2 (211) IFAAF} & AEL & F UuAHY.
o]A& MAY 93t CudA7t vell %%’2 2R 95
bec FEA7E AAHA S A= lE‘r

VsoCusy = 1o o3t

el EFEEE MA iiﬂlo}~
bee L BA7E AT AMS BB EAlske V
o] 1ALBA FGe] HIHFH R Hold rbede Al
A]'gl":‘ Zoltt, AAZ B A9 34 A1 ViCuy
R VooCuyo 249 EFETo] et MA XA B
4 bee ALEA7H AojA, Hojx Vol Cue] ZE=7F 30
at% 7HA] HHEFH Ao 7 Hof ‘—% A AU
A 71E3 ke o] MA HET VsCusy AN EE
gdodstzo g 83 nAgA o] AAME £ glon X
AR F47 SAvEe] WS WolAi MAS AN



of

352 o]

of met fee-Cu 289 223 A W=7t A3 Hdast
= A%z e s AdEHe Ao addn &
H Fig. 401 Jebd ule} o] 120 A1 MAAIES
DSC=4dol A H] el ARl e dg 2d o
A7y #FHA o FAAAIHANAE bee-Cu A7)
EAE BE3 & F Ut

ol/de] AE FH3I BH AH,; >0 VsoCuso
dof dejr MA Aol 2t dx} G T2
FolAu 1 &3 AHle sEH o FdsA &
o2 3184 ZA4 fluctuation (chemical composition fluc-
tuation)e] £A3}= Ao g AZETE. 2 Voich § 24

O

w0, N

FANME Cudl bee-VIEATE 4B T Cu-
rich 3+ ZA QA= vAA ) Jastr Qe Ao

2 #orEn gEba HAE VCusy 24¢] ol
MAo] 2}sted B3} bee L&A 9] TGl A
H Aoz AL UE # Yr} oA Ut

& FRA old Macl <lztel Wl 7US AR
o] AMEE A v uRF Aot &+ U

1o
m
(o
fu
koo rlo |

o

B QoA AAIg ¥ 58 V-CuAlY] MA Eﬂ%
**1}9} x4 g

4 g
%3 e ABg 9

1. HZE VsCusp 289 EFELE 120A77HA]
MAA 2 & Y5t HIAHST bee-(CuV) L&A S| EF
Aol AAE S ek £ 9

2. MAAE]3 VsCuso ]E_g] HEA O] o3 A
3 g sUs SHOZRE o FEAldA HBAsst
2 #estdrt
el g 44 Ao e Vv 3

o)«

3 V5()Cll50 EJ
Cudz}e] F44Ate) et Ateks xpo)& o838k fee-Cu
ATy FxusE dedoz Fad £ UANoH,
MA 60 2 120417 A1ZOIA bee-Cu Aol A

- A

BABE T 5 AT,
AL

® ATE Flereld AP 2003 S F
Fol8 TG AvH] ALOE FYIYFT

f 1

I
o
rat

1. I. S. Benjamin, Met. Trans., 1, 2943 (1970).

2. R. B. Schwarz and C.C. Koch, Appl. Phys. Lett., 49, 146
(1986).

3. L. Schultz, J. Less-Common Metals, 145, 233 (1988).

4. J. M. D. Coey and H. Sun, J. Magn. Magn. Mater., 87,
L251 (1990).

5. C. C. Koch, O. B Cavin, C. G. McKamey and J. O.
Scarbrough, Appl. Phys. Lett., 43, 1017 (1983).

6. R. B. Schwarz, R. R. Petich and C. K. Saw, J. Non-Cryst.
Solid, 76, 281 (1985).

7. L. Schultz, J. Less-Common Metals, 145, 233 (1988).

U. Mizutani and C. H. Lee, J. Mat. Sci., 25, 399 (1990).

9. K. Uenishi, K. F. Kobayashi, K. N. Ishihara and P. H.
Shingu, Mater. Sci. & Eng., A, 134, 1342 (1991).

10. J. Kuyama, H. Inui, S. Imaoka, S. Nasu, K. N. Ishihara
and P. H. Shingu, Jpn. J. Appl. Phys., 26, L854 (1991).

11. Y. Ogino and R. Sakai, J. Non-Cryst. Solids, 117/118, 737
(1990).

12. J. C. Kim, B. H. Koh, S. T. Oh and L. H. Moon, J. of
Korea Powder Metallurgy Institute, 3, 33 (1996).

13. C. H. Lee, M. Mori and U. Mizutani, J. Non-Crys. Solids,
117-118, 733 (1990).

14. T. B. Massalski, Binary Alloy Phase Diagrams, 2nd ed.,
ASM, (1990).

15. F. R. de Boer, R. Boom, W. C. M. Mattens, A. R.
Miedema and A. K. Niessen, Cohesion in Metals, p.265,
North-Holland, Amsterdam, (1988).

16. T. E. Faber and J. M. Ziman, Phil. Magn., 11, 153 (1965).

17. T. Fukunaga, Y. Homma and K. Suzuki, Mat. Sci. and
Eng., A, 134, 987 (1991).

18. J. L. Finney and J. Wallace, J. Non-Cryst. Solids, 3, 165
(1981).

I



