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Evidence of strong short-range order in(Fey ,C0p g)755ikB,s—, amorphous alloys
from EXAFS spectroscopy
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Liquid-quenched metallic amorphous alloffeeC9,sSiB were prepared with the aim of studying the influ-
ence of the relative metalloid concentration over the short-range order in these alloys. Room-temperature
X-ray-absorption spectra have been recorded on the Fe and €ige at the Daresbury Laboratory. Both the
extended x-ray-absorption fine structyEEXAFS) and x-ray-absorption near-edge structg&NES) spectra
present clear evidence of a very different chemical and topological short-range order around the Fe and Co
atom in all the studied samples. The XANES region suggests the existence of a strong chemical short-range
order characterized by a preferential coordination of B with Fe and Si with Co. This assumption has been
proven by the EXAFS study. Moreover, the gradual appearance of a shoulder at arourfdwhdn the Si
content increases, in the Reedge EXAFS spectra, has been proven to be evidence of the existence of a very
ordered structure involving higher-order coordination shells than the first one.

[. INTRODUCTION hyperfine field(B,; which are strongly related to both the
SRO and bonding properties involving Fe atoms. The depen-
The Fe-Co-based amorphous alloys have been the subjed¢nce of the hyperfine parameters»oandy was shown to
of several investigations with different experimental tech-be very different for the Fe-rich sidg/>0.5) than for the
niques due to their interesting magnetic propertigs.par-  Co-rich one(y<0.5). In the case of samples corresponding
ticular, the Fe-Co-Si-B amorphous alloys have good softo y<0.5, the large changes observed in the hyperfine param-
magnetic properties combined with high saturation polarizaeters as a function of botk andy were related to strong
tion, crystallization temperatures, and Curie temperatureSRO changes in this range of composition. Specifically, it
over wide composition rangésThe introduction of Co into was found that the SRO increases with both the Co and Si
Fe-B systems increases the magnetic p0|ariza];£omnd the content. It has been suggested that some quite defined struc-
addition of Si raises the crystallization temperature of theséural units exist in such range of Fe/Co concentrations.

amorphous alloys. Moreover, these alloys present positive [N the present work, we have used x-ray-absorption spec-
saturation magnetostrictions in the Fe-rich side and negativE0SCOPY, both EXAFS and x-ray absorption near-edge struc-
ones in the Co-rich end* A particular dependence on alloy tUré (XANES), to obtain a deeper knowledge about the SRO

composition has been found for the induced magnetiéjlfpec?deg(.:‘i’3 o”n thﬁ_h Si/B rﬁlativehconcentratiqn i?
anisotropy'® and the magnetostrictioriThese results support (sa?r; 2250:[(:03 %}é?t.iofF uste g\i’% ¢ ozgrnreg gﬁgﬁ}s 0
the existence of a short-range ord&RO with different P . P €200 9755k 25-X >ponaing

. . . to the Co-rich side of the system Fe-Co-Si-B with different
structural units over different ranges of sample composftion.

. : . . . 'Si/B relative concentrationg equal to 0%, 5%, 10%, and
Besides, a close relationship between stress-induced anisqleo, \we present the experimental details in Sec. II, the data

ropy and viscoelastic deformation parametas resistivity  naivis in Sec. i, the XANES and EXAFS results in Sec.
changes;’ has been interpreted as arising from changes ofy, and the discussion of both x-ray-absorption results in

the chemical short-range order as a function of compositiongec v, |n Sec. VI we briefly outline the main conclusions.
Extended x-ray-absorption fine structur€EXAFS)

studies! in (FeCo,_,);sSi;sB;o metallic glasses provide

strong evidence of different chemical and topologiqal envi- Il EXPERIMENT
ronments of the Fe and Co atoms as well as the existence of
a more ordered structure around Fe %6£0.2. A nonhomo- All the samples were obtained by the standard single-

geneous distribution of metalloids with a preferential coordi-roller quenching techniqdin the form of long ribbons with
nation of Fe with B and Co with Si was suggested as thdypical cross sections 0.5 mm wide and gén thick. The
main cause of the strong SRO changes observed in the Camorphous nature of the ribbons so obtained has been
rich side of the alloys. However, in that wdtkthe EXAFS  checked by x-ray diffraction and magnetic measurements.
analysis was performed assuming a Gaussian radial distribu- The room-temperature x-ray-absorption spectra on the Fe
tion function, causing the average distances and coordinatioand CoK edge were recorded in the 7.1 station at the Dares-
numbers to shift to smaller values. bury Synchrotron Radiation Source using #1%i) mono-

Very recently, Mssbauer spectroscodyhas been per- chromator and 50% of harmonic rejection in the usual trans-
formed in (Fg,Co, _)75SikBos_« with the aim of studying mission geometry. The storage ring was running with an
separately the influence of the metals Fe and Co and thelectron energy of 2 GeV and a current between 120 and 250
metalloids Si and B on the isomer shif§) and the magnetic mA.
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FIG. 1. (a) Typical x-ray-absorption spectrurth) Raw EXAFS 1 20
spectrumy(k). (c) Fourier transform®(R) of x(k). (d) Inverse @
Fourier transform ofP(R), kxF(k), in the range marked by the 0.03 3 41000
arrows in(c).
0.01
IIl. DATA ANALYSIS ool
The normalized EXAFS functiong(k) [Fig. 1(b)] have
been extracted from the raw ddféig. 1(a)] using a standard : : : :

2 4 6 8 10 1 2

proceduré” The appearance of the Goedge at around 700 k (A RS(A)
eV above the F&K edge limits thek range for the EXAFS

oscillations in Ee up to 12 A Thl!s the a_bsorption abOV(_a FIG. 2. (a) EXAFS spectra of the C& edge corresponding to
the. edge[see Fig. 1a)] has beeg fitted using a three CLI'bIC (Féy ,C 0 575, Bys_, for x=0, 5, 10, and 15(b) Fourier transform
spline in thek range 2<k<14 A™* for the Co edge and in ®(R) corresponding to spectra {a).

2<k=<12 A! for the Fe edge. Figures@ and 3a) show
the Co and Fé&-edge spectrg(k) of (Fe,,Coy g)755KBos_« 2
for x=0, 5, 10, and 15, with a low noise level obtained in all k:[z_m (E—E )} )
of them. The origin of thek space has been taken at the h? e

inflection point of the absorption edge. In all the cases, the
Fourier transform ofy(k), ®(R) [see Fig. 1c)], performed

in thek range k=12 A~! with ak® weight and a Hanning m
window function, yields a broad peak well isolated at the
apparent position of 2 Asee Figs. &) and 3b)]. The in-

4 5 6

A Gaussian RDF, although working very well with har-
onic crystals, has been proved inadequate for disordered
systems?® The use of a Gaussian RDF gives rise to a first
verse transform ofb(R) in the region of the main peak §hel| distf_;lncg displaced to smallervalues than the gctual
interatomic distances obtained by x-ray and scattering mea-

allows us to obtain a fiiteredly"(k) signal ink space[see surements. This difference between EXAFS and x-ray dif-

Fig. 1(d)] which can be used to simulate the structure of thefraction (XRD) results is attributed to the occurrence of a

first coordination shell around Fe and Co in these glasses.very asymmetrical nearest-neighbor distribuf8i® In this
In the analysis of amorphous samples, a general approa . :
in terms of the partial radial distribution functiofRDF) Work we have used the following RDF, proposed by De

gj(r) should be used, where the EXAFS function is given byg;?:iicnegnzlfertw::d slghé?gsmfl?gq:g%l;d%fl-the dense random

iy o 2T Ik
kX(k):;fJ(k’W)e g f 2 L R, for r=R
. gj(r=1 9o, a 3
xg;(r)sin 2kr+ ¢;(k)]dr, 1) 0 for r<R;,

fj(k,m) being the backscattering .amplitude function of at\yhere R. becomes the distance between the centers of the
oms of typej around the absorbing atong; is the total J

4 . . tw hin hereg,, an is the root-mean-squar
phase shifte™2'i’% is a mean free path term that takes mtot o'to'uc g ,Sp eres), and 7D, s the root-mea SC]U(?I ©
account the inelastic losses, aalis the Debye-Waller fac- deviation of distances betwegnatoms and the absorbing
tor. k is the wave vector of the photoelectron, which isatom. The average distance will then be given Ry=R;
related to the electron massn) and the threshold energy *p,- BY introducing thisg;(r) in Eq. (1), one can obtain
(Eo) by the following expression foky(k):>
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TABLE I. Summary of EXAFS results on films and powder

. . . i . standards: coordination numbéxs interatomic distancdr, and
i 1 s00 Debye-Waller factorr (f, film standardp, powder standard€:, fix
from crystallographic datéRef. 22; *, the spectrum was obtained
i 1 80 at liquid nitrogen temperatuyeXRD data from Ref. 22.
L 4 4.00
| 1 200 EXAFS XRD
S s Sample N R (A) a? (A?) R (A)
bcc Fé 8.3(7) (F&  2.472(5 0.004 (4  2.482
5.5(6) (Fe 2.852(4) 0.005 (4) 2.866
4F (B) 2.126(5) 0.00094) 2.184
1¥ (Fe) 2.399(3) 0.000 (3) 2.383
Fe,BP 27 (Fe) 2.471(4)  0.00674)  2.455
4 (Fe) 2.668(5)  0.00494)  2.699
4F (Fe 2.713(5) 0.002a4) 2.712
Fe,SiP 53 (Fe 2.447(4)  0.006(4)  2.447
4F (Fe) 2.802(4) 0.011 (4 2.825
2.7 (S 2.447(3) 0.006 (3) 2.447
2F (Si) 2.802(3) 0.012 (4) 2.825
L 4 6.00
| fcC cd 12(7) (Co)  2.492(5)  0.002 (4) 2.50
- 12 Cosip 12" (Co) 3.811(4) 0.007 (4  3.794
e : ' : o b 8" (Si) 2.308(4) 0.005 (4) 2.323

FIG. 3. (a) EXAFS spectra of the F& edge corresponding to and F@Si. The results from these standards are presented in

(Fey ,C0p 9)75SiBos_, for x=0, 5, 10, and 15. The gradual appear- 1able 1. The interatomic distance values obtained from the
ance of a shoulder is observémarked with an arrojvat around 4 EXAFS analysis are in good agreement with those taken
A~L. (b) Fourier transform®(R) corresponding to spectra i@). from the XRD date?

The theoretical expressidd) becomes extremely compli-
cated for the case of alloys with four different backscattering

e 207k2g= 2T Ik 1 . ,
ky(K) =S Nifi(k, ) atoms, as in our cas@g-e, Co, Si, and B However, some
7R R12 \/1+4k20%_ restrictions can be taken into account that simplify the fitting
. process. One can assume that Fe and Co behave almost iden-
><sir[2kRj+tan*1(2kaDj)+ oil, (4)  tically as backscatterers. This is so because the backscatter-

ing amplitudes and phase shifts are very similar for Fe and

where the sum extends in our case over the four species &° atoms(_see Fig. 4 for bapkscattering am_p!itu@ie‘Ehus, in
backscattering atont§e, Co, Si, and B N; is the number the following, the contribution of both transition-metal atoms

of atoms ofj type around the absorbing atom. This expres-to the Fe and C&-edge EXAFS spectra will be considered

sion has already been proved to give good results in othefS coming from the same backscattering atom, nakteth
metallic glasses like RgB,0,t" COgoPso,l® and NiggPyo,l8 this way, the theoretical EXAFS function of the Co andkre

with good agreement between the EXAFS and XRD results.

However, EXAFS spectroscopy is able to give more detailed £(k)
results than XRD techniques since it is more sensitive to the
nearest distancB; than to average distan¢g .

In order to get structural information, i.e., coordination
numbers and distances of the atoms surrounding a given one,
it is necessary to introduce in E@) the backscattering am-
plitudes and phase shifts of the pairs involved, obtained from
calculations or experimental models. In our case such back-
scattering parameters have been taken from thHeF3
codes'® Using the backscattering parameters from the calcu-
lations of McKaleet al,?° very similar results to the ones
obtained in this study have been fodhih the CoK edge of
(F&y 2C0 8)755KkB 25 x- FIG. 4. Backscattering amplitudésaken fromrerF3 codes of

The optimization of scattering factors has been performeétoms located at the following distances from the absorbing atom:
using as reference compounds fcc Co, GoBtc Fe, FeéB, FeandCoat25A, Bat2 A, and Siat2.25 A.

kAN
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® (R) kX (k)
T T 1 T T T T T T T T T T T
s00 | *=10 —o®) 1 [ x=10" 1 o0
----- Fit L - FIG. 5. Left, Fourier transform of raw EX-
6.00 I i AFS, ®(R), with Fourier transform of the fit of
400 - ‘ i 0.00 kxT(k), and right, inverse Fourier transform
A kx" (k) plus the corresponding fit in the Og
2.00 - 1 L o010 ©€dge ofx=10.
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edge becomes a linear combination of three individuakensitive than the EXAFS to the location of metalloid atoms
EXAFS signals: the first one due to thé&-M pairs(M=Fe, like the Si and B in the first coordination shell around the
Co), the second one coming from tié-Si ones, and the metal atomgFe and Cp?

third one from theM -B pairs. The Debye-Waller factofs;), Figure 6 shows the XANES spectra of the Co andkFe
particular for each backscatterer, have been assumed to B€ges for the four amorphous alloys with different Si/B con-
equal for the four studied samples. No relevant change ogentration. It becomes clear at a first gIanpe that the Fe a}nd
structural parameters is obtainedoif is allow to vary. The €0 XANES spectra become completely different when B is
I, parametefwhich is related to the photoelectron mean freegradually substituted by Si. In the Co edge such substitution
path has been taken from the polycrystalline standargsiFe 1€ads 10 a large change of the shape of XANES. A peak
and FeB (I,=1 A~Y). These present a local structure that2PPears at around 20 eV above the absorption energy that

consists of multiple atomic shells very close to each othefreatly increases with increasing the Si content. The general
over the range 2—3 Asee Table ), more similar to the shape of the Fe XANES spectra remains almost unchanged,

amorphous structure than the other standards. During the fih— - very similar to that presented for the sample without Si,

i d the ch in the threshold betw =0. The very different behavior of the Fe and Co XANES
Ing procedure, the change In the threshold energy be eegbectra suggests a preferential location of the Si atom around

the metal and metalloidSAE,) was considered to be the o g one. A similar result has been previously reported by
same as that obtained in the reference compold@s~2  kizler?® of a preferred occurrence of the Ni-P and Fe-B pairs
eV for both metalloids Si and BAnyway, as we shall dis- in Fe,(Ni P, ,Bs amorphous alloys. The resemblance of the
cuss later, there are too many free parameters involved in Eqyj edge XANES with that of the binarygP,, alloys (T=Fe

(4) to face the fittings without other considerations. or Ni) and of the Fe edge XANES with the binafgB,,
Finally, the fitting procedure uses a least-squares algosupports the previous assertion. Taking into account the com-
rithm to minimize the standard deviation, defined as parison with Kizler’s results, Fig. 6 indicates a preferred oc-
currence of Co-Si and Fe-B pairs.
Ep(xg—xp)zkp We must point out that a quantitative analysis of the
= T;F))ka (5 XANES data requires the use of complex calculations in-

volving multiple scattering effect®. Anyway, the qualitative

where the sum extends over all the experimental pgints analysis of XANES has allowed us to obtain very clear in-
corresponding to the wave vectoy, x5, andy, are, respec- formation about the chemical short-range ord@SRQ in
tively, the values of the Fourier-filtered experimental data®ur alloys. This preferential chemical atomic arrangement
and theoretical function of Eq4) corresponding td,. The found from XANES has been taken into account in the quan-
obtained minima ofS are between 13410 2 and 6<10~4 titative analysis of the EXAF_S_data and SO it can be thought
for all the spectra. Figure 5 shows that the fits so obtained ar@c as a tool to simplify the initial complexity of our task.
rather satisfactory both iR space and space. The error bar B. EXAES results
of each parameter has been obtained by changing that par-
ticular parameter until the contribution of the parameteBto ~ As commented previously, the EXAFS analysis of a qua-
is twice the starting on# ternary alloy becomes very difficult due to the large number
The XANES spectra have been obtained first by subtract-
ing from the measured absorption coefficigra linear back-
ground extrapolated from below the edge. Then the curves
have been normalized to the height of the absorption step a .
the edge. g , TTANG

T T T T T T M
Co K-edge |(®) iy Fe K-edge

Absorptio

IV. RESULTS

A. XANES results

Figure 4 shows that, in the XANES regidlow-k range,
the backscattering amplitudes of low atomic number, like Si
or B, become greater than those of transition-metal atoms, FIG. 6. XANES spectra ofFe, ,Ca 97551 Bos_x (x=0, 5, 10,
like Fe or Co. Therefore, the XANES becomes much moreand 19 at the(a) Co K edge andb) FeK edge.

30 40 20 30 50
E (eV)
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————r This method allows one to avoid the correlation between
---Fit the amplitude and the phaselgf(k) due to the presence of
the termop, in both[see Eq(4)].

— /AR

1.00 ~

1. Co K edge

Following the previous approximation, E) fits rather
well the phase of the EXAFS functiork{"(k)/A(K)] cor-
responding to the sample with=0 [see Fig. 7a)]. This
clearly indicates that the approximations made during the
fitting are correct: Fe and Co can be considered as the same
backscatterer, and the B contribution in this sample is negli-
gible. The values of the nearest-neighbor distarRg, ()
and mean deviationop_ ) S0 obtained have been used to
fit [see Fig. )] the total EXAFS function, which now de-
pends only on the coordination number Bf around Co
(Nco-m), and Debye-Waller factowrcq.y -

If we do not neglect the boron contribution, the fitting
must be accomplished directly for the whole EXAFS func-
6 3 0 12 tion. The coordin.ation numbemNc,.y) and mean deviaFion
k(A-l) (aDCO_M) so obtained preserve the values attained with the

previous procedure. Only the Qd- distance results in a

FIG. 7. (a) Inverse Fourier transform divided by its envelope shghtl_y _hlgher value. Table Il summarizes the results for

function, ky"(k)/A(K), with the corresponding fit for the i POth fitting procedures.

0.00

-1.00

0.10

0.00

-0.10 |

edge ofx=0. (b) Inverse Fourier transfornky" (k) plus the fit The COK'que EXAFS of=5, (FQ).ZCOO.8)7_55i5320' can
assuming only one CM contribution, withR and o, fixed from  be fitted following the same procedure usecir0, neglect-
the fit in (). ing the Si and B contributions. Again, the introduction of B

almost does not affed,., and Dy We have only ap-

of free parameters involved in the fitting procedure. We havepreciated a slight increase &, . However, the relative

started the fitting process with the spectra corresponding tincrease ofR¢,y from x=0 to 5 is the same as the one

the simplest sample, the ternary amorphous alloyobtained neglecting the B contributidsee Table I).

(Fe&y 2Ly 9)75B25 (x=0). Once reliable coordination numbers  In the case ok=10 and 15 (Fe, ,C0y g)75Si,Bos_,], the Si

and interatomic distances have been achieved, the analysigfluence over the XANES region of x-ray-absorption spec-

has been extended to the samples with increasing Si contenta indicates that the Co-Si pair contribution cannot be dis-
The B atom backscattering amplitude is much smallercarded. Therefore, both Co-B and Co-Si pairs have been

than theM atom one fork>3 A~ (see Fig. 4 This fact taken into account to perform the fit. However, the B atom

together with the small relative concentration of B in the coordination numbers around Gbl, ) obtained from the

alloy should allow one to consider the B contribution negli- fitting process are close to zero both fo=10 and 15(see

gible. If this approximation is reliable, the Fe and Co Table ).

EXAFS of x=0 should fit to only one EXAFS signal, com-

ing from theM-M interference. Therefore, the phase of the

X . : L 2. Fe K edge
experimental inverse Fourier transform deduced by dividing
kx" (k) by its envelope functior(k)[kx" (k)/A(k)] should For the samplex=0, (Fe,,Cayg7sBs5, €xpression(6)
fit very well with a single sine functiof’ does not fit the phase of the EXAFS signii[ (k)/A(k)].
This fact clearly indicates that the B contribution cannot be
sin 2kR+tan *(2kop) + (k) ]. (6) neglected. The results obtained considering theViFend

TABLE II. Values of structural parameters relative to the neighborhood of Co atoniBdpsCay, g)75SikBos_x amorphous samples: co-
ordination numbersN, nearest interatomic distand® mean deviation of interatomic distancep , and average interatomic distance
R=R+ op .

Co-M Co-B Co-Si
Sample s N RA oA RA N RA oA RA N RA oA RA

1.39x1072 12(1) 2.360(2) 0.23(3) 2.59(3)

4.14x107% 11.3(9) 2.372(5) 0.21(2) 2.58(2) 1.1(6) 2.06(6) 0.00(1) 2.06(7)

4.89x10°% 12(1) 2.373(5 0.26(2) 2.63(3)

6.17x10°% 11.2 (4) 2.384(3) 0.25(1) 2.63(1) 0.8(4) 2.04(3) 0.00(3) 2.04(6)

x=10 4.26x10°% 11.1(9) 2.389(7) 0.27(2) 2.66(3) 1 (1) 2.23(3) 0.00(2 2.23(5)
x=15 569%10°° 11(1) 2.392(8) 0.26(2) 2.65(3) 1.19) 2.25(4) 0.00(3) 2.25(7)

x=0

x=5
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TABLE lll. Values of structural parameters relative to the neighborhood of Fe atom&&rCo, g)75Si,Bos_, amorphous samples:
coordination number$\, nearest interatomic distand& mean deviation of interatomic distanag, , and average interatomic distance
R=R+op.

FeM Fe-B Fe-Si

Sample S N RA op R RA N RA oA RA N RA opA RA

x=0  7.11x10°3 10.6 (8) 2.371(6) 0.23(2) 2.60(4) 3.4(9) 2.17(4) 0.01(3) 2.18(7)
8.0 X103 10.5(9) 2.366(6) 0.24(2) 2.61(4) 2.9(9) 2.18(4) 0.00(3) 2.18(7)
3.47x10°3 10.3(7) 2.367(4) 0.24(2) 2.61(2) 2.9(7) 2.16(3) 0.00(3) 2.16(6) 0.9(5) 2.68(4) 0.00(5) 2.68(9)
x=10 4.3%10°3 9.9 (7) 2.365(5) 0.32(2) 2.68(3) 2.6(8) 2.12(4) 0.02(5) 2.14(9) 1.8(4) 2.67(4) 0.00(3) 2.67(7)
x=15 7.49<103 8.7 (6) 2.349(7) 0.37(3) 2.72(4) 2.5(10) 2.14(6) 0.01(6) 2.15(9) 2.9(3) 2.67(4) 0.01(5) 2.68(9)

x=5

Fe-B contributions in the fitting of the sampte=0 are pre- suitable parameter to evaluate SRO changes in amorphous
sented in Table IIl. In order to fit the EXAFS spectra of thealloys involving Fe. It was observed that though the main
samples with increasing Si concentration, we have used thfluence over the HFD comes from the Fe/Co relative con-
qual!tat|ve information obtained from XANES. We deduced centration in(Fe-C9,5(Si-B), the increase of Si content at
previously by XANES that the location of Si as nearestthe expense of B yields a reduction &é of the HFD with-
neighbor of Fe should happen very scarcely, and so we cagyt affecting the shape of the HFD. This result together with
assume that onlj! and B atoms are located in the nearesthe dependence of the magnetic hyperfine field and isomer
neighborhood of Fe atoms. In this way, the EXAFS spectrunypitt on the metal and metalloid concentrations suggests a
of x=5 is fitted rather well with a smaller B coordination large SRO increase in the Co-rich side of the system
nur_nb_er(NFe?B) than in x=0, as can be expected from the (Fe-Co+5(Si-B) which is strongly affected by changes of the
stoichiometric composition [(Fe, ,C0y g)755iBos_] (See Si/B relative concentratio?

Table 1ll). However, the use of only these two contributions Table 11l shows that the mean deviation of the Repair

Xrem @nd xrep (0 fit the EXAFS spectra 0k=10 and 15 1000 6o. ) increases notably with Si concentration,
does not yield any reliable results. In these samples it be- Fe-M

comes clear that we have to take into account the Si contrisPecially forx=15. In this caserp_ , becomes much higher
bution in the first coordination shell. than for the other samples and also than those results found

The introduction of the Si atom around Fe at a distancedy other author$>*"*827f ¢ is understood as a measure of
similar to that found for the Co atorRe..s~2.25 A) does the FeM disorder, the previous result stands in contradiction
not fit properly the spectra. This clearly indicates that the Swith the longer-range-order increase deduced from the raw
atom is not placed as a touching sphere to the Fe one in BXAFS spectrum ok=15 and the Mesbauer results. More-
model of hard spheres. Allowing the Fe-Si distance to varyover, Table Ill presents a value &.y=2.35 A for x=15
inside the limits of the first coordination shéll—3 A), the Si  that is shorter than the Ré- interatomic distances obtained
atom places at 2.67 A from the Fe atonxis10 and 15see  in the other samples, and the total metalloid coordination
Table Il). No reliable fit can be obtained neglecting the Fe-Bnumber around Fe is quite higiNge sitNe. g=5.5 (see
contribution, in agreement with the XANES results. Table I11).

The introduction of the Si contribution for the sample In the previous paragraph, we have takenas a measure
x=5 improves the fit, and the results are very similar to thosef the disorder. However, the increaseaf_  can be re-
already obtained neglecting this contributieee Table Ill.  garded as a consequence of a splitting of théVFdistances

in the first coordination shell, like in a bcc structure. This
V. DISCUSSION effect would cause the mean deviation of distan@gs to
increase. Table IV shows the values of the structural param-
eters obtained fok=15 by considering the splitting of the

The experimental EXAFS spectpdk) of the Fe K edge Fe-M contribution of the first shell. So the theoretical
[see Fig. 8)] show(marked with an arrowthe appearance EXAFS function becomes a linear combination of four EX-
of a shoulder at around 4 A&, very clear forx=15, which ~ AFS signals, tWoxrem PIUS Xre.s aNd xre.si. The results
grows gradually with the increase of the Si content. Such @hown in Table IV(Rgey =2.36 A andNg, s+ Npo.g=4) are
feature can be reproduced performing the inverse Fouriemore consistent with those obtained for the rest of the
transform of ®(R), in a range 1.4R<5.1 A that includes samples than the previous one for15 presented in Table
the following bumps of the Fourier transform qfk) for 1.
x=15. So it is evidence of the existence of a longer short- The splitting of the Fe environment on two different
range order involving more coordination shells than the first'subshells” suggests the existence of a structure similar to a

A. Topological short-range order

one. bce one. In fact, the relation between the two subshells is
The results obtained from Msbauer spectroscopy in 1:1.19, very similar to that found in bcc Fe.
(Fe-Co.,5(Si-B) (Ref. 12 support the idea about the en-  In addition, a further indication of the order increase lies

hancement of the short-range order(ie,(Cogp)755ikBos_«  in the fact that it is possible to reproduce the raw data spec-
when the Si concentration increases. The standard deviatidnum of x=15 considering two addition@l contributions at
Ao of the hyperfine field distributiotHFD) proved to be a 3.37 and 4.11 Asee Fig. 8 So the shoulder iry(k) can be
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TABLE V. Structural parameters obtained assuming a linear combination of four EXAFS signalg-twoplus xre.g and Xg..g;in
(Fey.2C0p 8)75Si15B10-

Fe-M Fe-B Fe-Si
Sample S N RA oA RA N RA oA RA) N RA oA RA
7.1(6) 2.361(6) 0.25(3)
x=15 1571073 2.71(4) 2.2(7) 2.14(4) 0.00(4) 2.14(8) 1.8(6) 2.65(3) 0.09(5) 2.74(8)

29(7) 2.82(1) 0.13(3

unambiguously related to an atomic order extending to sevthe Fe atom. The Si atom is located at a distance @67 A
eral atomic shell$up to~5 A). We suggest that the appear- around Fe, which indicates that the Si atom is like a “sec-
ance of such a shoulder in a given spectrum should be takeshd” neighbor inside the first coordination shell.

as an indication of such a degree of order. The value of the Co-Si pair distancgee Table
(Reo.s=2.25 A) is close to the sum of covalent radii as is
B. Chemical Short_range order indeed the case for the Fe-B pair diStar(&e_BEZJS A)

(see Tables Il and Y These results are very similar to

The most outstanding feature found by both EXAFS ano& . . >y -
3 . . . hose found in other metallic glass&s? This fact indicates
XANES analysis in(Fe,Cos)755KkBas IS the existence of the covalent character of the %:o—Si and Fe-B bonds.

a strong chemical short-range ord&SRO which yields B . . o
to place preferentially near Fe and Si close to Co. This TherM average distancBy.y increases with increas-
chemical affinity is deduced by the XANES qualitative study N9 the Si contentsee Tables I1-1¥. The values found, be-
as well as by the quantitative EXAFS study. Taking into tween 2.58 and 2.71 A, are similar to those found in the
account that the metalloid atoms avoid direct contact and ariierature from EXAFS spectroscopy, (B2, (Ref. 33 and
exclusively bonded to metal atorffs; it becomes clear that C07gB2 (Ref. 32 (Rgo.c=2.57 A), and from diffraction
the chemical affinities must induce great atomic rearrangetechniques, FgPig (Ref. 34, FesP,s (Ref. 39 (Reere=2.61
ments when both the Si and B concentrations are compd), FeB,o (Ref. 36 (Ree.r=2.57 A), and FesB,5 (Ref. 37
rable. Although EXAFS analysis does not allow one to dis-(Rge.r=2.60 A).
tinguish between Fe and Co as backscatterers, metal The coordination humber of metalloids B and Si around
rearrangements must also occur in order to conform the ravl obtained from the quantitative EXAFS analysis also
quired bonding conditions of the metalloids. agrees with the general trends of the CSRO advanced from
Figure 9 shows the dependence on Si concentratipiof  the qualitative analysis of XANES. So Fig. 10 shows that the
the first neighbor distances Mé-and CoM (Rg.yy and  coordination number of B around Fe, though decreasing
Rco-m). The latter increases monotonically with while  when the B concentration does, remains around values
Reem decreases slightly wher increases. This behavior (Ng..z=2.2) greater than the coordination number of B
could be due to the preferred location of the Si atom as around Co in the B-richest sample. When the B concentra-
nearest neighbor of the Co one, but not of the Fe atoms. Ition begins to decreag@crease ok), the contribution from
this sense, th&q,.y increase, when increasing the Si con- Co-B pairs can be completely neglected in the EXAFS of the
tent, could be explained by the larger Si atomic size withCo K edge.
respect to the B one. On the other hand, when increasing the The Si contribution is not clearly observed in the XANES
Si contentRe..y decreases slightly. This suggests that the Siegion of the Fe edge as it is in the Co one, although for
atom does not substitute to the B one as a nearest neighborxf15, the coordination number of Si around Fe,
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FIG. 9. Dependence oM-M nearest-neighbor distance as a

FIG. 8. Raw EXAFS spectrum of=15 compared with the fit of ~ function of Si concentratior in (Fe, 5Cqg g)755iBo5_x amorphous
the inverse Fourier transform df(R) performed in the range 1.4 samples. The values &,y are from Table 1I[(J, considering
<R<5.1 A. The fit was performed using the Re-contributions  only a CoM contribution; M, considering CaV and Co-metalloid
corresponding to the first coordination shélable 1V) plus two  (Si or B) contributiong. The values oRg.,, are from Tables Il and

other FeM contributions(one at 3.37 A and another at 4.12.A IV (for x=15, @, from Table llI; O, from Table I\).
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Nee..s=1.8(6), is of the order or even higher than that found pair distances are close to the sum of the covalent radii,
in the Co neighborhoodNc,.s=1.1(10). However, the Si indicating the covalent character of these bonds. Although
atom is placed at 2.65 A from the Fe one, while it is locatedthe number of Si atoms located in the first coordination shell
at a covalence distance2.25 A around the Co atom. This of Fe is similar to that found in the Co edge, the Si atoms do
can be the reason that underlies the minor influence of Siot place at a covalent distance of the Fe one. This means
over the XANES region of the Fi§ edge. that when increasing the Si content, the Si atom does not
Figure 10 also shows that the overall coordination numbeenter the place of the B one in the structure of
of Si and B in the first coordination shell both around Fe andFe,jCog4)755iB,s5_ alloys.
Co remains roughly constant within the fitting error The increase of the mean deviation of KMepair dis-
(Npe.siNpee.g=4, Nco.sit Neo.sg=1). The coordination num-  tancesgp , with increasing the Si content, can be understood
ber of metalsM, both around Fe and Co, in Fig. 10, lies as due to a topological short-range-order increase of the first
between 10 and 11. So all of them are the same within theoordination shell. The strong chemical affinity of Si with Co
fitting procedure errors and no trend of change is observetesults in theM atoms around Fe splitting into two “sub-
with the Si concentration increase. This behavior is expectedshells.”
taking into account that the total concentration of metal at- The shoulder that appears at around 2*An the FeK
oms, Fe plus Co, is the same in the four studied samples. edge when the Si concentration increases has been related to
the existence of a longer-range order than that concerning the
VI. CONCLUSIONS first coordination shell.
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