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The structural relaxation process in several Pd—Cu—Ni—P glasses was investigated by the electrical resistivity ésdhtheeMex-
periments. The change in the resistivip(300), and the corresponding slope(300) = (dp/dT)300, at room temperature was measured
after a given heat treatment. The change {800) with isochronal annealing below the glass transition temperaturg/@ K), starting from
room temperature, demonstrated that #t800) increased with temperature and decreased beyond 550 K. The isothermal annealing at 570 K
exhibited that the» (300 showed an increase, about 1%, during an initial annealing stagefer B0? s and remained almost constant up to
6.0 x 10° s, and hereafter monotonously decreased. The chang@@0) showed an opposite sign to that#300). The reversible change
in p(300) due to isochronal annealing was observed in the heat treatment repeated between 350 and 5504ssbaedvispectroscopy ex-
periments were performed at room temperature to investigate the local structure change due to structural relaxation. The isomer shift and the
quadrupole splitting for an annealed sample decreased in comparison with that of an as-quenched sample. Based on these results, the structural
relaxation process and the structure change were discussed within the framework of the free volume model.

(Received March 13, 2002; Accepted May 22, 2002)
Keywords: structural relaxation, electrical resistivity, weak localization, Mossbauer spectroscopy, free volume model

1. Introduction of the stress distribution in the amorphous structure. They
pointed out that the TSRO process corresponded to the relax-
Since Pd—Cu—Ni-P glasses posses a wide supercooled kdion of the hydrostatic inner stress and the CSRO process was
uid region ATy = Ty — Ty =~ 95 KY), a high resistance to connected with a redistribution of the shear stress component.
crystallizatior) and a small critical cooling rate (0.067 Rl Briining et al.*®) has examined the structural relaxation pro-
they are very interesting objects from a scientific point of vieveess in the P@NisoP,o glass. They confirmed that the struc-
and have a great potential for the industrial use. Some curiotige factorS(Q) changed according to Srolovitz's considera-
reports have been presented on local atomic struétther- tions. In addition, they examined the local structure change
mal property* 2 viscous flow behavidP, specific heat) elec- due to the structural relaxation byddsbauer spectroscopy.
trical resistivity) and so on. It is widely recognized that theThey concluded that TSRO and CSRO processes involved an
structural relaxation has a great influence on physical prope¥ssentially identical microscopic change, relating to the mo-
ties of metallic glasses. However, there are few studies on thien and rearrangement of metal atoms.
structural relaxation behavior of these Pd—Cu—Ni—P glasses.In the present study, we examine the TSRO behavior at rel-
Following the free volume modél,the structure relaxation atively high temperatures just below glass transition, mainly,
is the process that the free volume content approaches tolan means of the electrical resistivity measurement. We
equilibrium value by the annihilation of a quenched-in exalso perform Mbssbauer spectroscopy for 1 at¥%e doped
cess free volume. Since the atomic configuration is varidéd,cCusgNigFe Py glass to investigate the structural change
by a collective motion of atom groups, this process is calledue to the structural relaxation, mainly connected with the
the topological short range ordering (TSRO) procggdso, TSRO process. It was reported that the volume change via re-
there exits another relaxation process, suggesting that a colaxation was approximately 0.5%3 for the PdoCusgNi1oP2o
positional fluctuation in the sample becomes larger. This prgdass. This is comparable with a volume change, 0.13—
cess is called the chemical short range ordering (CSRO) pro-51%, reported as due to the structural relaxation in metallic
cess? In a thoroughly stabilized glass, possessing approxglasses”) Thus, itis predicted that the CSRO process extends
mately an equilibrium free volume concentration, the CSRGimilarly in Pd—Cu—Ni—P glasses through the rearrangement
process is possible to separate from the TSRO prdc¥¥s. of atoms due to the TSRO process. We examine whether or
The local change in amorphous structure due to the structuradt there exists the CSRO process in the present glasses and,
relaxation has been investigated by diffractive methiddg) if possible, the kinetics of the CSRO process using the relax-
In concerning with TSRO process for the Pd—Ni-Si glass, aation function.
thors pointed out that a tendency to phase separation appeared
after annealing just below glass transittthtogether with a 2. Experimental Procedure
effect of the free volume annihilation. However, this should
not be applicable to the metallic glass in general. The com- The master alloy with the composition of B&uzgNizoP2q
mon structural model about the CSRO process is not estalas prepared by arc melting using the mixture of elements,
lished so far. Srolovitzt al.}*) has previously presented a99.99%Pd, 99.99%Cu, 99.99%Ni and thedPdo alloy, syn-
model on the structural relaxation, obtained by the analysibesized by sintering as reported previodsijhe 1 at% 'Fe-
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doped PgyCusgNigFe P,o master alloy for Mbssbauer mea- 11
surement was similarly prepared. The¥C w7 5NiioP2 in-
got was prepared by sintering the mixture of each metal el- g 10|
ement and 99.9995%P (the granular red phosphorous) in arg
evacuated quartz tube and holding it at 1370K for 24 h, and &
then cooling it to room temperature. For theffelsgNizgPoq

and the PghCusoNigFe Py alloys, the BOs flux (99.999%) - PolasCUaNieFe,Pon ;
treatment was made in preparing them by arc melting. The o9}
Pdy25Cu75Ni10P2o alloy was flux-treated by holding it at
1300K for 6 days in an evacuated quartz tube. Glass rib-
bons, having cross sections of approximatefy>1 0.04 mn?

for quaternary glasses and5 0.05 mn¥ for Fe-doped glass, T T T DI
were prepared by conventional melt-spinning method with the - 0 Temperature, T K ®
peripheral velocity, approximately 20 m/s, of a copper Wheel’ 1 The electrical resistivity as a function of the temperature for the
in an Ar gas atmosphere. The amorphous nature of Samp':é%dmCUgoNilono, the Pd4z,5éUz7,sNiszo o the PdprUwNigFeleo
was checked by X-ray diffraction using Cuefadiation and g aes measured at a heating rate of 0.67 K/s under a pure Ar gas flow.
differential scanning calorimetry (DSC), operated at a heating

rate of 0.67 K/s. The electrical resistivity measurement was

performed by usual d.c four probes technique. The residusdble 1 Thermodynamic parameters, Ty and Ty, for the PdagCusoNi1oP2o,
resistivity, p(300), at room temperature and the correspond- the Pdz 5Cuzz sNi1oP20 glass and P CuzoNigFe; Py glasses.

ing slope,(dp/dT)300, Were estimated by a least square fit

P, 5CU7 sNi10P2o

PdoCusoNizoPy

101

08

Nt Alloy T T
to the resistivity data measured between 293 and 343K afpd NP 5796 66;
ter a given heat treatment. The d.c current was supplied by %d‘“’ ;ﬁo '1:” 2°P o a0
. . 42.5-U27 51N110F20
Rigaku R6161 source meter and it was so stable that the ﬂucF_>d4oCu30NigFe1P20 574 665

tuation was negligible during the experiment. The Keithley
182 nano-volt meter, having a precision withitb0 nV, was
used to measure the voltage change. The density of the bulk
PdyCusoNiroP2o glass, prepared by water quenching, wader entering the supercooled liquid region. To examine the
measured at room temperature by Archimedes’ principle withifluence of the temperature on the evolution of the structural
a toluene as a working fluid. relaxation, the room temperature resistivity, p(300), and the
The Mdssbauer experiments were performed in conversiope, «(300) = (dp/dT )30, Were measured after annealing
tional transmission geometry at room temperature using @ as-quenched Pda, sCuz7.5Ni10P;0 glass ribbon isochronally
57Co (Rh) source driven in constant-acceleration mode. Afpr 1.2 x 10° sat each temperature. The experiment started at
isomer shifts were calibrated with respective to the center 6pom temperature. The results are shown in Fig. 2. Two ki-

o-Fe spectrum. netic phenomena, relating to the free volume and the chemical
order, compete with each other during the isochronal treat-
3. Results ment between room temperature and glass transition temper-

ature. The increase of p(300)/04s(300) demonstrates that
Figure 1 shows the electrical resistiviy(T)/p(300), as While the quenched-in stress is released with annealing, the
a function of annealing temperature for thefligoNiigPy, ~ chemical order is newly formed, because it remains at alow
the Pd2'5CU27.5Ni10P20 and the Pd)CUgongFelpzo glasses. level in an as-quenched g|ass’lO,18) and the quenched-in free
These glasses all show a negative TCR (temperature coeffflume is eliminated in direction to an equilibrium concen-
cient of resistivity) at room temperature and the resistivitjraion. Above 560K, the resistance startsto decrease. Thisis
decreases with increasing temperature. The glass transitié¥erpreted in such away that (1) the chemical order isdecom-
temperature]Ty, and the crystallization temperaturg,, are Posed, because the magnitude of equilibrium chemical order
defined from DSC curves, and are summarized in Table IS lower at high temperatures,'® (2) the free volume may be
The influence of Fe-doping on the thermodynamic propertig§oduced because the free volume decreasing with tempera-
is not significant, because both ©f and T, were almost un- ture reaches a equilibrium value, x¢(T), at a temperature T
changed for the RgCusoNisFe Pao glass in comparison with and hereafter increases so as to pursue the xo(T).2" The cor-
those of the PgCusoNioPso glass. The resistivity behav- responding change is also observed on the «(300)/cas(300)
ior in the supercooled liquid region seems to be complicate@rve. It is noticed that the «(300) becomes more negative
for the Pd,5Cu75Ni1oP2o glass, but it may be apparent andas the o(300) increases. After about 450K, «(300)/ctas(300)
not essential. Nishiyamet al. reported that the viscosity IS amost constant. These features of two curves reflect the
of the PdgCusoNi1oPso glass became significantly small in change in electron transport properties due to the structural
the supercooled liquid region. Thus, the shape of the sarfflaxation.
ple may be changed due to the surface tension of the samplel0 investigate the relaxation behavior at higher tem-
in a supercooled liquid state. Authors performed the resieratures, the isothermal change in p(300)/0s(300) was
tivity measurement using a bulk R€CusoNi P2 glas$) and  measured. Figure 3 shows the resistivity change,
confirmed the validity of this consideration. In fact, then, the?(300)/0as(300), annealed isothermally at 570K for as-
resistivity decreased steadily with increasing temperature afuenched Pds, sCuz75NioP2o glass. The o(300) reached a
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Fig. 2 The Changein the p(300) and the «(300) at room temperature for
the Pdaz 5Cup7.5Ni1oP2o glass after annealing isochronally for 1.2 x 10°s
at a given temperature, where the solid line is drawn as a guide of eyes.
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Fig. 4 Isochrona changein the p(300) measured between 350 and 550K.
The annealing time was the same as that in Fig. 2. The 1% run was per-
formed from 550K in adownward direction to room temperature and sub-
sequently the 2" run was performed up to 550 K.

the heat treatment, typically 10s on annealing at 575K for
the PdNisoPs glass.?Y) Thus the free volume concentration
and the degree of the chemical order presumably reached each
equilibrium state after annealing for 3 x 10?s. A subsequent
monotonous decrease of p(300) after annealing for 6 x 10%s
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Fig. 3 The change in the p(300) and the «(300) after annealing isother-
mally at 570K for the Pdp 5Cup7.5Ni1oP2o glass.

saturation level, approximately 1.2% larger than that of an as-
quenched sample, during an initial annealing for 3 x 10°s
and remained almost constant up to 6.0 x 10%s. Hereafter,
the p(300) decreased monotonously up to 3 x 10°s. On the
other hand, the «(300) was decreased by about 2.5% after
annealing for initial 3.0 x 10's and remained almost con-
stant up to 3.0 x 10*s. Subsequently, the «(300) increased
abruptly. Various reports on the isothermal relaxation process
demonstrated that the CSRO process appeared in an initia
part of the isothermal annealing curve and the TSRO pro-
cess followed it.2%2) At high temperatures nearby Ty, the
CSRO process was reported to terminate just after starting

corresponds perhaps to a continuous transformation to nano-
crystallization and/or amorphous phase separation, because
no change except the amorphous halo pattern were detected
by X-ray diffraction for the sample annealed for 1.2 x 10°s.
An increase of the resistance observed in an initial stage
of curvesin Figs. 2 and 3 suggests the existence of CSRO
process. To confirm it, we performed the isochronal exper-
iment for the PdyCusgNiioPyo glass stabilized by annealing
for 6 x 10°s at 600K in the supercooled liquid region and
then cooling down to room temperature at a rate of 0.67 K/s.
The change in density was then measured using a water-
guenched bulk glass with the weight of approximately 0.3g.
The density of the as-quenched bulk, 9.318 4 0.007 gcm~3,
increased to 9.337 + 0.25gcm™2 after stabilizing. The ob-
served density change, about 0.2%, corresponds to the den-
sification due to an elimination of the quenched-in free vol-
ume. Figure 4 shows the change of ©(300)/0,(300) after
annealing isochronally for 1.2 x 10°s at each temperature,
where p,(300) is the resistivity at 300K after pre-annealing.
During cooling down to room temperature (1% run), the
0(300)/ pp(300) increases and then it decreases again accord-
ing to subsequent heating procedure (2™ run). Both curves
are almost in agreement with each other and this corresponds
to the reversible change peculiar to the CSRO process, show-
ing that the formation and the decomposition of a ordered
state occurred reversibly over a wide temperature range as
predicted from the activation energy spectrum model.? It is
truein general that the formation of the chemical order isnec-
essary to accompany with the annihilation of the free volume.
However, asthe present experiment shows, the CSRO process
exists actually that does not accompany with an remarkable
annihilation of the free volume, athough the formation and
the decomposition of a chemical order may occur at a sitein
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Fig. 5 Isothermal annealing behavior of p(300) at 450 (e ) and 510K (00).
Solid lineswere obtained by aleast squarefit using the relaxation function.

the vicinity of afree volume.

To examine the kinetics of the formation of an ordered
state, we performed the isothermal experiments. Figure 5
plots the isothermal change in p(300) at 450 and 510K ver-
susthe annealing time for stabilized Pd;oCusgNiqgPoo glasses.
The resistivity increases with time and this demonstrates the
extension of a chemical order. Solid lines also represent
curves fit by the relaxation function, ¥ (t) = ’;S;:—g((é); =
exp{—(t/7)"}, where 7 is the relaxation time. In the present
experiment, n =~ 0.5 in average was obtained and this gives
an evidence for the existence of the activation energy spec-
trum©) peculiar to the CSRO process. We conclude that while
the formation and the decomposition of the chemical order in-
creases and decreasestheresistivity, p (300), the release of the
guenched-in stress gives rise to an increase of it. In regarding
to the free volume, if we assume that the free volume pro-
duction occurs above about 570K in theisochronal annealing
treatment, the increase and the decrease of the resistivity may
correspond to the annihilation and the production of the free
volume, respectively. On the other hand, it should be pointed
out that the change in «(300) is always opposite in sign to the
changein p(300).

4. Discussion

4.1 Changein p(300) and (dp/dT )30 dueto the change
in free volume

In the present experiment, the resistivity o (300) increased
by the elimination of the free volume and « (300) decreased,
on the contrary. We try, here, to give an explanation about
the changein p(300) and «(300) accompanying with the free
volume change. To go further the consideration, the electron
transport of the present glasses should be discussed. So, we
measured the low temperature electrical resistivity from 4.2K
to room temperature for the PdyCuzoNiioPyo glass. Figure
6(a) plotsthe electrical resistivity asafunction of the temper-
ature. The change in conductivity, Ac = o(T) — ¢(0), as
a function of the temperature was shown also in Fig. 6(b),
where ¢ (0) at 0K was extrapolated from a region propor-
tional to T. The result exhibits that the conductivity varies as
TY2 pelow about 40K and as T above that temperature, re-
spectively. The T¥/? dependence appears again near by room
temperature and it continued up to about 430K (not shown).
The similar behavior of theresistivity at low temperatures be-
low room temperature was reported for the Zr—Cu and Zr-Ti—
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Fig. 6 (a) thelow temperatureelectrical resistivity for the PdapCuzoNiioP2o
glass as a function of the temperature. (b) the temperature dependence
of the electrical conductivity change, Ao (T) = o(T) — o(0), where
0(0) ~ 4.20 x 10%/Q2m was obtained by the extrapolation of a T-linear
region of o (T) to OK.

Be glasses.? In this case, the behavior of the conductivity
was explained by the weak |ocalization and interaction of con-
duction electrons. Following this theory, the T-linear region
and the T /2 dependence at higher temperatures is due to the
localization of conduction electrons. The T2 dependence
of the curve at low temperatures is attributed to the electron-
electron correlation effect or the s-d interaction effect, and
they play so as to destroy the coherence of the electron wave-
function and decrease the resistivity. Within the localization
model,%>29 the temperature independent and dependent parts
of the conductivity are given by next equations.

_ 3 1 (e (kelo)?
GQ_@P_MW} @_Eiﬁ)m ’

oy

T 1\ 1
-5 (%) T @

where L2 = 1¢li(T)/2, le the mean free length of the electron-
ion elastic scattering, |; the mean free length of the electron-
phonon or electron-electron inelastic scattering, and kg the
Fermi wave number. At high temperatures (approximately
T > ©/3, where © isthe Debye temperature.), Ii‘l varies as
T and thus o T (T) varies as TY/2. Here, we use the same for-
mulation of |; asthat of the crystal metal and it is represented
as below?”

_1 1 szsz

= ver  mc2dh? T ®
where 7 the relaxation time of electron-phonon inelastic scat-
tering, C the deformation potential, d the density of the sam-
ple and ¢4 the sound velocity. The volume and temperature
dependent term in eq. (3) is represented as |7t ~ kg/C2T
using the relation, C ~ Ep, and the free electron approx-
imation. It is necessary to estimate values, kg and I, to
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advance further the discussion. We assumed the relation,
Qp ~ 2k, used frequently for metallic glasses having a neg-
ative TCR, where Qp, isthefirst peak position of the structure
factor. The structure factor of the PdCuzoNiipP2o glass was
derived from the X-ray diffraction pattern measured with a
Mo-ka radiation, and Q, &~ 0.291nm~ was obtained. The
0(0) = 4.19 x 10° Q1 m~* was obtained by the extrapola-
tion of the T-linear region of the o (T) curve to OK. Values
ke and o (0) were substituted into eg. (1) and le ~ 0.290nm
was calculated. The value, kele &~ 4.2, is comparable with
those reported for other glasses? that the electron transport
was well represented by the weak localization model. The
changesin Ap/0a5(300) and Aa/a55(300) dueto the freevol-
ume reduction were calculated using above equations under
the assumption that the free volume reduction causes homo-
geneously the volume contraction of the sample. Thefreevol-
ume annihilation is expected to cause the volume contraction,
AV/V =~ 3Al/1 = =38 (B > 0). Then, the correspond-
ing changes are expected to occur in K, |, and ¢s, where we
neglect the contribution due to the CSRO process. From a
simple consideration, the change, Ao (0) = o (0) — 04(0),
after the free volume reduction, was given as o,5(0) 8, where
A(kele) ~ 0 was used. Similarly, the change, Ao T(300) =
o T(300)(8 — Acs/Cs), was derived. Therefore, the total
change of the conductivity at 300K, is given as Ao /o =
(A0 (0) + Ao T(300))/0as ~ B — (! (300)/0(0))(ACs/Cs)
where we used the relation, o (0) > o T (300). The changein
the sound velocity AcZ/c? during structural relaxation was
measured for the PdsNigPs glass.?? In this case, by the
isothermal annealing at 575K nearby the Ty, the total change
in an as-quenched ¢ = 10.1 x 10° m?/s® reached approx-
imately 0.5 x 10°m?/s® after an equilibrium was attained.
This gives rise to the change, Acs/cs ~ 0.2. The 30%Cu
atoms in the Pd4oNisP2o glass are substituted for Ni onesin
the present glass. However, the thermal properties of both
glasses are not so different, having the similar glass tran-
sition and crystallization temperatures. We believe that the
same order of the change, Acs/cCs, asthat of the PdsoNisoPsg
glass will be observed by the free volume reduction in the
Pd—Cu—Ni—P glasses. The ratio, o T (300) /0 (0) ~ 0.04, was
experimentally estimated from the conductivity curve of the
Pd4oCusgNiqoP2g glass Thus, (O’T(300)/0' (0))(ACS/CS) ~
8.0 x 1072 is obtained and this value is larger than g ~
1.7 x 103, presumed from the volume change, approximately
0.5%,'9) between an as-quenched and relaxed glasses. This
leads to a negative Ao /o =~ —0.6%, i.e. an increase of
the resigtivity. Since an observed Ao /o IS approximately
—1.0% after reaching a saturation on annealing at 570K, the
calculated result becomes slightly smaller and is perhaps due
to an under-estimation of Ao T (300) because of a simplified
model for the change, Al;(300), or no considerations on the
CSRO contribution. The free volume production causes the
volume dilation, leading to a negative 8. Then, the Acs/csis
reported to be a negative value.?Y) So we may expect a posi-
tive Ao /o4, i1.€. the decrease of the p(300). Thisexplainsthe
decrease of p(300) observed in Fig. 2. The similar consid-
eration was applied for «(300) = (dp/dT)s00 (< 0) and the
change, Ax(300)/55(300) ~ —(B + Acs/Cs) Was derived
and it explains qualitatively the reason why the experimen-
tal Aa(300)/aas(300) isafew timeslarger than Ap/ pas(300)
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and shows an opposite sign to it.

4.2 Mossbauer spectroscopy for the TSRO process at
570K

Room temperature Mossbauer measurements were per-
formed for an as-quenched Pd4oCusgNigFe; P2y glass and one
annedled at 570K for 1.2 x 10*s. Figure 7 shows the
Mossbauer spectra for as-quenched and annealed samples,
where the horizontal scaleisreferred to the isomer shift of «-
Fe. Each spectrum shows atypical asymmetric doublet pecu-
liar to the metallic glass® 2% without the magnetic order. Be-
cause of a predicted distribution of the electric field gradient
at a>"Fe nucleus, the peak width broadens. We decomposed
the spectrum by two symmetrical lorenzian doublets. Each
half maximum width of the peak is0.377 and 0.311 mm/s, re-
spectively. These arefar larger than aline width, 0.244 mmy/s,
of two inner lines of astandard «-Fe spectrum and it suggests
that the spectrum is comprised of the superposition of vari-
ous doublets with different field gradients. Thus, it will be
best way to calculate a distribution of the quadrupole split-
ting, QS from Mosshauer spectrum, because QS is directly
proportional to the component, V,,, of the electric field gra-
dient. However, it is sufficient to use a two-doublets fit for
the tentative investigation on the change in the isomer shift
and the quadrupole splitting relating to the free volume re-
duction at 570K. Figure 8 represents the change in average
quadrupole splitting, QS, and average isomer shift, IS, for in-
dividual lorentzian doublet. Both of them decrease by an-
nealing and this feature is in agreement with that of a re-
laxed PdagNisoPso glass.'® The decrease of QS means an im-
provement of the asymmetrical configuration of atomsaround
a >Fe atom and it is perhaps induced by the relaxation of
the inner stress due to the annihilation of the free volume,
as pointed out by Srolovitz et al.*¥ The ISis proportional to
the s-electron density at the 5’Fe nucleus and is given by the
equation,

IS= A{I[yI=(0)7 - [y 2}, )

where the constant, A, contains the change in diameter of the
5"Fe nucleus between the ground state and the excited one,
and take a negative value. Thus, a decrease of the ISis con-
nected with an increase of the s-electron density at the >'Fe
nucleus. The IS of Fe atom was estimated by self-consistent

o &}R".
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Pd,,CugNigFe, Py

Absorption

- as-quenched
— annealed

Velocity, v /mmg

Fig. 7 Mosshauer absorption spectrafor as-quenched and annealed (570K
for 1.2 x 10*s) PdgoCuszgNigFe; Pog glasses.
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calculations® for different configurations of the valence elec-
trons. Following this calculation, the ISis determined by the
valence electron number, N(= Ns + Ng) and Ns, where Ng
and Ny are 3s- and 4d-electron numbers. The theoretical ex-
pression of ISis given by the next equation.?®

IS= —1.99 — 4Ns + 0.56Ng + 0.36Ns(Ns + Ng).  (5)

When N is constant, the IS decreases linearly with increas-
ing Ns. On the other hand, the IS increases with increasing
N at constant Ns. The free volume reduction is expected to
result in an effective increase of N by the volume contrac-
tion. However, under the assumption that a positive changein
AN/N was occurred at constant ratio, Ns/Ng, as expected
from the volume contraction, an observed average isomer
shift, —0.02mm/s, was difficult to be explained by eq. (5).
Thus, achangein ratio, Ns/Ng, should be taken into account
to explain the observed isomer shift. But, this is connected
with a change in the bonding nature between atoms based on
a compositional change around Fe atom and it suggests that
an atomic rearrangement, accompanying with alocal compo-
sitional change, may occur at the annihilation site of the free
volume.

5. Summary

The structural relaxation of melt-spun PdsoCuzoNiigPoo,
Pd4 5Cus7 5Ni1oPso, glasses was examined by means of the
change in the residua resistivity, 0(300), and the corre-
sponding dope, «(300) = (dp/dT )z, @ room tempera-
ture after a given heat treatment. The local change in amor-
phous structure due to the structural relaxation was investi-
gated by the Mosshauer experiment at room temperature for
the PdsoCuszoNig®’Fer Py glass. While the p(300) increased
with eliminating the quenched-in free volume, the «(300) de-
creased and showed a few times larger change than that of
0(300). Theexistence of the CSRO process was confirmed by
the reversible isochronal change in the p (300), because there

O. Haruyama, H. M. Kimura, N. Nishiyama, A. Inoue and J. Arai

may be few free volume change during annealing due to the
stabilization for 6 x 10?s at 600K in the supercooled liquid
region. The formation and the decomposition of a chemical
order gave rise to the increase and the decrease of p(300), re-
spectively. The change in 0(300) and «(300) with respect to
the elimination of an quenched-in free volume and the pro-
duction of the free volume to an equilibrium value was un-
derstood qualitatively by considerations based on the weak
localization model of conduction electrons. The Massbauer
experiments showed the movement of the isomer shift and
the quadrupole splitting to a lower position after the sample
was annealed to reduce the free volume. Then, it was aso
suggested that a compositional local change occurred in the
vicinity of sitesthat the free volume disappeared.
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