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The local structures of the immiscible;;geCuy, alloys (x= 0, 10,

obtained for x>40, and bcc solid solution is obtained on the Fe-
rich side for x <20, and two phase region with coexisting fcc and
bcc solution for 20<x<40. However, the mechanism responsible
for significantly enhanced solubility is still a subject of debate.

In this paper, XAFS has been performed to measure the local
structure evolutions of Fe and Cu atoms iny&€u, with the
atomic concentration of x value in a large composition range. We
aimed at studying the local structure around Fe and Cu atoms: to
clarify the effect of the ball milling and investigate whether
immiscible Fe and Cu atoms form a uniformly supersaturated
solid solution alloy or not.

2. Experiment

Crystalline iron and copper powders with purity higher than
99.9% and with particle sizes less thanu2® were mixed to the
desired composition k&.Cu (x= 0, 10, 20, 40, 60, 80, 100).
The mixture and tungsten carbide balls were sealed inside a

20, 40, 60, 80 and 100) produced by mechanical alloying haveylindrical stainless steel vial filled with argon gas. The weight

been investigated by XAFS. For the foeCu, (x=40) solid

ratio of the ball to powder is 10 to 1. MA was performed in a

solutions, the local structures around Fe atoms change from bgdanetary ball with a rotation speed of about 210 r/min. The
structure to fcc one and the Cu atoms maintain the originabamples of Fgo..Cu, were obtained after k@.Cu, mixtures
coordination geometry after milling for 160 hours. On the were milled for 160 hours.

contrary, the local structures around Cu atoms in bothg€Eg

The x-ray absorption spectra ofEeyo0.x Samples at Fe and Cu

and FgyCuy alloys appear a transition from fcc to bcc structure. K-edge were measured at the beamline of U7C of National

We found that the Debye-waller factorof fcc Fe-Cu phase is

larger than that of bcc Fe-Cu phase, andah®.099A) around
Fe atoms is larger than that (0.089 of Cu in the Feo,Cu

Synchrotron Radiation Laboratory (NSRL) and the beamline of
4W1B of Beijing Synchrotron Radiation Facility (BSRF). The
storage ring of NSRL was operated at 0.8 GeV with a maximum

(x=40) solid solutions. This suggests that the mechanicallycurrent of 160 mA, The storage ring of BSRF was run at 2.2 GeV
alloyed FegCu, supersaturated solid solution is not a with a maximum current of 100 mA. The fixed-exit Si(111) flat
homogeneous alloy, and consists of Fe-rich and Cu-rich regiondouble crystals were used as monochromator. The XAFS spectra
for various compositions. A possible mechanism for bcc-to-fccwere recorded in transmission mode with ionization chambers
and fcc-to-bce changes in figCuy solid solutions is discussed filled with Ar/N, at room temperature. XAFS Data were analyzed
in relation to the interdiffusion and transition induced by the ballby USTCXAFS1 soft package compiled by Wan and Wei and

milling. UWXAFS3.0 software package according to the standard
procedures (Wan and Wei, 1999; Stetral, 1995; Sayerst al,

Keywords: XAFS, Fe 100xCux solid solution, mechanical 1988).

alloying.

3. Results and Discussions

The Fourier transform (FT) of the EXAFS oscillation function
1. Introduction k’(k) at Fe K-edge is shown in Fig. 1(a) for mechanically
Recently, mechanical alloying (MA) has been attracted muchalloyed Feg,Cuy solid solutions. A strong peak around A 2s
attention in the fields synthesizing amorphous alloy, intermetallicthe first nearest neighbor coordination shell. The magnitude
compounds and solid solutions (Huaataal, 1998; Schultzt al, intensity of the third peak (R=4.48), which is sensitive to the
1988; Kochet al, 1983). In particular, MA can drive binary or coordination geometry, is not observed in the FT fasdr€uy (X
ternary immiscible system with positive heat of mixing to form = 40). In contrast, it is clear that the FT of the Fe K-EXAFS for
supersaturated solid solutions which are never obtained witlreseCuig becomes similar to that of Cu K-EXAFS for metal Cu in
normal metallurgic and quenching methbe,Fe-Cu, Cu-Ta, Cu-  Fig. 1(b). The FT of Fe K-EXAFS for &€uwo shows that the
V, Cu-Ag, Cu-W binary metals (Shiget al, 1990; Fukunagat mechanical alloying changes the local structure of Fe atoms from
al., 1991; Gaffetet al, 1991; Sakuraiet al, 1990). The a bcc-like structure to a fcc-like one. The FT results of Fe K-
mechanically alloyed Rg.Cu, solid solution is an interesting EXAFS for FeCuyy and FexCuyo suggest that after 160 hour
system due to its electronic and magnetic properties depending anilling, the local structure of Fe atom remains to be a bcc-like
the composition. Therefore, the solid solubility and structure ofstructure, and the FT of Cu K-EXAFS changes from a fcc-like
FenoxCuU, have been widely investigated by Uenishi and Shingustructure to a bcc-like one. Using the amplitude |F(k,p)| and phase
et al (1990,1992), VYavaret al (1992), Crespet al (1993, shift f(k) of standard samples obtained from the dodee and fcc
1994), Huanget al (1996, 1998), Shillingt al(1996, 1990) and metal Cu, i.e, FgCus, powder mixture, and FEFF7 (Rehr et
Wei et al. (1994, 1997) with differential scanning calorimetry al.,1992), the curve fitting was performed (Sayers et al., 1988).
(DSC), x-ray diffraction (XRD), transmission electron The results are summarized in Table 1 and Table 2.
microscopy (TEM), Mossbauer spectroscopy and x-ray In order to study the local structural evolutions ofods€ux
absorption fine structure (XAFS) techniques. On the basis of theolid solution during the MA process, a series gbfEU (X=0,
results mentioned above, it has been concluded that alloying &0, 20, 40, 60, 70, 80, 100) samples with various compositions
atomic level occurs in the kg,Cu, system during milling  were selected for investigation. The EXAFS results in Fig.1 show
process. It is found that a single-phase fcc solid solution ighat the radial distribution functions (RDF) of :kgCuy solid
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Radial distribution functions for the MA kg.LCuw, Fe K-edge (a), Cu K-edge (b).

Table 1 Table 2
Th_e structural parameters ofigCu, solid solutions The structural parameters of, g8 Cuy solid solutions fitting for Cu K-
fitting for Fe K-edge EXAFS spectra
edge EXAFS spectra
Sample Bond type R(A) a(A) N AE, Sample Bond type R(A) o(A) N AE,
Fe powder Fe-Fe  2.48:0.01 0.07@0.005 8.2¢0.5 2.97 FeClho Cu-Cu 248001 00780005 2803 3.1

Fe-Fe 285001 0.07%0.005 6805 50 CuFe  24&001 00730.005 6205 -5.0

- 84001 0.0780. 805 50
FeFe 248001 00780005 8@05 -4.01 Cu-M 284001 00780005 580.5

FeyCuyo R

FFe'fA” z'gig'gi 8'8228'88? g'ggé 15'509 FexClho Cu-Cu 25001 00820.005 3.40.3 48
e B0- -08%0. =0 : Cu-Fe 249001 008%0.005 5805 4.0
FaClhy  Fe-Fe 248001 008%0.005 7.405 -2.01 CuM 282001 00820005 5205 50
PeCY 2anoo1 00000 tA0Z S FeCwo ~ Cu-Cu 258001 00820005 7.805 2.7
O DEE0. 0. : CuFe 255001 0.08%0.005 4.60.5 0.9

- . 705 064
FeseCllo Egéi 3'2:8'81 8'8828 882 g :g g s FefCly ~ Cu-Cu 256001 00820005 8405 -3.9
DR DI 0. : CuFe 254001 00820.005 3.30.3 -4.3

F Fe-F 2. .01 A 5 .90. 499
€1Clo F:—CE 2 gg 81 8 83:8 882 g :8 2 s FexClyo Cu-Cu 255001 0.0820.005 9.20.5 -1.8
DR PIRD R : CuFe 254001 008%0.005 2.30.3 -3.8

F Fe-F 2. .01 . 5 J#0. 4.96
o iy 5 Eig 81 8 82:8 882 2:8 2 594 FexClio Cu-Cu 255001 0.0820.005 9.805 -2.1
' ’ ' ' o Cu-Fe 2.54r0.01 0.0880.005 1.50.3 -4.6

FenClo Fe-Fe 258001 0.0980.005 5805 495
FoCl 258001 00980.005 1305 345 Cupowder  Cu-Cu 255001 0.0820.005 12.805 0.4

M= Fe, Cu

increases by about 20% for theyde®yo and FgyCuly,, compared

with the intensity of Cu atoms in feCu, (x = 40) solid
solutions still preserve the polycrystalline structure after MA solutions. The results indicate that the Cu atoms are incorporated
process, since the magnitude peaks of the higher coordinatiomto the bcca-Fe phase for Rg.Cu, samples (x<20) by MA.
shell appear. Our previous results have indicated that the MA cahat the local structures of Fe atoms ofgEeyoand FgoCuy do
drive the Feno.CuUy X solid solutions into nanometer grains but it not change into fcc-like is possibly related to the fact that of Cu
does not greatly destroy their crystalline structure.(Wei et al.ratio (Cu <20%).
1997). For FeCuand FgCuyo, the EXAFS results in Fig. 1 (a) For the FeCu (x = 40) solid solutions, it was found that the
and (b) demonstrate that the bcc-structure is maintained for Fgtensity of the main peak in the FT of Cu K-EXAFS does not
atoms but the fcc-structure Cu atoms change into a bcc-like onghow a noticeable change (smaller than 10%) with the x value
after milling, and the structural parameters in table 2 furthernwhile the main peak intensity for the Fe K-EXAFS abruptly
illustrate that the bond distanceq(R.= 2.50A) and coordination  decreases by half. Moreover, the RDF intensity of Fe atoms is
number (N = 8.1) are 0.08 shorter and 4 smaller than those of apout 30% lower than that of Cu atoms inokgCu (x 2 40)
the Cu powder, respectively. In addition, it can be noted that thgolid solutions, despite the RDF intensity of Fe powder is slightly
magnitude of the prominent peak in the FT of Cu K-edge EXAFShigher than that of Cu powder. This suggests that the MA can
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drive the local structure around Cu atoms in samples4R) to Fe00xCu solid solutions (= 40). The results indicate that the
produce a smaller defect but the local structure of Fe atoms imechanically alloyed RKE€uex is an inhomogeneous
seriously modified. The local neighbor environment around Fesupersaturated solid solution, and there are Fe-rich and Cu-rich
atoms is evidently different from that of Cu atoms in a MAof=e  regions in the MA Fg.«Cu, solid solutions.

+«CUy solid solution. Hence, It can be concluded that thgoeuy,

supersaturated solid solution is an inhomogeneous alloy, anfcknowlegments
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