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Temperature dependences of electric resistivity have been investigated in 300-950 K
temperature range for CoggsMeg 5(Si,B),g metallic glasses (Me = Fe, Cr). Several charac-
teristic temperature intervals have been distinguished in p(T) dependences. The minimum
of resistivity has been shown to be directly related with the presence of chromium and to
be of magnetic nature.

HccaemoBaHbl TeMIEPATYPHBIE 3aBUCUMOCTH JJIEKTPUYECKOrO COIPOTUBIECHHUA METAJJIH-
ueckux crexon CoggsMeg 5(Si,B),g (Me = Fe, Cr) B unrepsame 300-950 K. OGuapy:xeHbl
0CcO0EHHOCTH TTOBemeHu:A dyaeKTpoconporusierus P(T) B OIpPeneeHHbIX TeMIEPATYPHBIX WH-
repBarax. [[OKasaHoO, 4YTO MUHUMYM 9JJIEKTPOCOMPOTHBJIEHUS HEIOCPEICTBEHHO B3aBHUCHT OT

HaJu4Yusd IpUMeceil XpoMa M MMeeT MATrHUTHYIO IIPUPOLY.

Co-Si-B based metallic glasses (MGs)
were the subject of several investigations
due to their interesting magnetic properties
[1, 2]. The magnetic properties depend
heavily on composition and on chemical
short-range ordering [3]. Meanwhile, the
transport properties of these MGs are of
great importance for industrial applica-
tions, since the eddy current losses depend
strongly on the value of resistivity. The
doping of basic MGs is known to result in
essential variation of their performance
properties [4]. Recently, we have reported
our data on the influence of Cr and Fe
dopants on thermomagnetic behavior and
thermal stability of Co;5(Si,B),g, which was
shown to be caused by formation of differ-
ent types of magnetic clusters [5, 6]. The
aim of this work is to analyze the tempera-
ture behavior of resistivity of Co0,5(Si,B)sg
based amorphous alloys containing small
amounts of Fe and Cr with respect to their
magnetic properties. Co-based metallic
glasses of the general composition
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Cogs 5Meg 5(Si,B),g (Me = Fe, Cr) have been
prepared in a form of 10 mm wide and 20—
30 um thick ribbons by single-roll quenching
technique using the initial materials of high
purity. The melt temperature before ejecting
through rectangular nozzle was 100-150 K
higher the liquidus temperature, the speed of
the quenching disk made from -chromic
bronze (600 mm in diameter) was 820-
850 min~!. The ejection pressure was varied
within limits of 15—-25 kPa, depending on the
casting conditions. Thus, the gap between
nozzle and disk was 0.25-0.3 mm. The MGs
contents were controlled by X-ray fluores-
cence. Three CoggsMeg5(Si,B)og MGs with
different Co:Fe:Cr ratio have been pro-
duced, namely, the basic MG with Me =
Fe,Cr marked symbolically as #1 and two
model MGs with Me = Cr (#2) and Me = Fe
(#3).

All samples were analyzed by X-ray dif-
fraction before resistometric and magne-
tometric measurements. The results ob-
tained prove the amorphous structure of all
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Fig. 1. Temperature dependence of electrical
resistivity p (I) and magnetic susceptibility
% (2) for the MG #1.

as-quenched ribbons. No crystalline inclu-
sions were detected. The electrical resistiv-
ity R(T) was studied in the temperature
range 300-950 K under argon atmosphere
using four-probe method being realized in
computer-controlled experimental tech-
nique. The heating rate was 8 K/min in all
experiments. Magnetometric investigations
were carried out in the temperature range
300-950 K in the field of 550 kA/m under
purified argon medium using Faraday-type
magnetometer with microbalance. The accu-
racy of the susceptibility measurements
Ay/y was better than 1.5 % and that of the
temperature, AT < 0.5 K.

Measurements of the electric resistivity p
at room temperature (T = 300 K) have shown
that its values increase at decreasing chro-
mium content: for MG #2 p = (167+2) uQ-cm,
for MG #1, p =(17249) uQ-cm and for MG
#3, p = (18249) nQ-cm.

Fig. 1 presents the temperature depend-
ence of electric resistivity p(T) for the basic
alloy #1. Some characteristic temperature
intervals are distinguishable in the p(T) de-
pendences: I — p decreases slightly with
temperature elevation (T ~ 290 to 380 K);
II — p increases nonlinearly (T ~ 380 to
605 K); III — p(T) dependence becomes al-
most linear at T = 605 to 750 K; IV — p
value increases sharply (T ~ 750 to 835 K);
V — a drastic decrease of electric resistiv-
ity (T > 835 K).

Fig. 2 presents the temperature depend-
ence of electric resistivity p(T) for the MG
#2. Similar peculiar intervals are also ob-
served at this dependence: I — T =~ 290 to
350 K; II — T ~350 to 640 K; III —
T ~640 to 790 K; IV — T = 790 to 840 K;
V — T > 840 K. A specific feature of p(T)
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Fig. 2. Temperature dependence of electrical
resistivity p (I) and magnetic susceptibility
¥ (2) for the MG #2.

dependence for MG #2 as compared to the
basic composition is the relatively low resis-
tivity increase within the interval IV. The
drastic two-stage decrease of p is observed
at the subsequent heating.

p(T) dependence for sample #3 (Fig. 3)
differs radically from those presented in
Figs. 1 and 2. No resistivity minimum has
been revealed. Besides, nonlinearity within
the interval II (T = 290 to 505 K) is mani-
fested weakly. The linear part of p(T) de-
pendence in this case is expanded enough
and is ranged from 505 K to 790 K. A
slight decrease of p occurs at temperatures
exceedingr 790 K. Then, the resistivity in-
crease and abrupt decrease are observed.
Such a behaviour is inherent of typical
transition metal based MGs at crystal-
lization.

Figs. 1 through 3 present also the tem-
perature dependences of magnetic suscepti-
bility %(T) obtained at the same heating
rate, since the heating rate influences es-
sentially the crystallization temperature of
amorphous alloys. This permits to compare
the peculiar regions obtained from magnetic
and resistivity measurements. Besides, the
obtained y(T) dependences permitted us to
determine the values of ferromagnetic Curie
temperature T.: 400, 370, and 507 K for
specimens #1, #2 and #3, respectively.
Magnetic properties of these alloys are dis-
cussed in [5, 6] in more detail. Comparison
of p(T) and y(T) dependences allows to
state the peculiarities of resistivity at
T>T70K, T>790 K and T > 790 K for
#1, #2 and #3, respectively, occur due to
crystallization. An additional arguments for
the above statement follows from the X-ray
diffraction studies of the MGs annealed at
the appropriate temperatures. Before, we
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Fig. 3. Temperature dependence of electrical
resistivity p (I) and magnetic susceptibility
% (2) for the MG #3.

have found [5, 6] that the crystallization is
two-stage for these MGs. «-Co0,Si phase
(NisIn-type crystalline phase; space group
P6g/mme, a = 0.3881 nm and ¢ = 0.4850 nm
is formed at first stage; P-Co,Si (space
group Pnmm, a = 0.49255 nm, b = 0.37445 nm,
¢ =10.71082 nm) and distorted (Co,Me)zB
(space group Pmmm) phases are formed at
the second stage. Fig. 4 displays as an ex-
ample the parts of diffraction patterns for
MG #1 obtained for different annealing
temperatures. So, the anomalous behaviour
of p in the near-crystallization region is
caused by the formation of a-Co,Si phase
with relatively high resistivity. The sub-
sequent decrease of p is caused due both
to formation of (Co,Me);B and poly-
morph a-Co,Si » B-Co,Si transformation.
The p(T) behavior near room temperature
is especially unusual. A low minimum of
electric resistivity is observed in this region
for the alloys containing Cr (#1 and #2).
Such type of minimum for the non-ferro-
magnetic MGs with magnetic impurities is
conditioned by the Kondo effect [7, 8]. In
some cases, this minimum occurs at a rela-
tively high temperature (T,,;, ~ 500 K for
Pd—Cr-Si amorphous system at a high chro-
mium content [7]). The "modified” theory
of the Kondo effect has been developed to
explain the nature of such p behaviour in a
case of ferromagnetic glasses [9]. The es-
sence of this theory conditioned by the fact
that the distribution of effective local mag-
netic fields H acting on magnetic ions in
some amorphous systems could be essen-
tially widely tailing down to zero or even
negative H values. As a result, an ex-
tremely low magnetic field acts on some
spins, so they could be involved into the
Kondo scattering. Though the experimental
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Fig. 4. Parts of the X-ray diffraction patterns
for the MG #1 as-quenched (1) and annealed at
750 K (2), 820 K (3) and 870 K (4).

temperature values corresponding to resis-
tivity minimum are quite low (are equal to
several tens of Kelvins) for the majority of
ferromagnetic metal-metalloid systems [10],
the value of T,,;, ~ 210 K was reported for

Nevertheless, even this value is notice-
ably lower than the values of T,,;, observed
for the studied Cr-containing MGs. A cer-
tain correlation between the values of T,
and T,., namely, the higher is T, the higher
is T, could be detected just for these
alloys. Taking this into account, the origin
of resistivity minimum could be supposed to
be of magnetic nature. According to calcula-
tions presented in [9], the required distribu-
tion of the local magnetic fields is not
reached if only the direct exchange between
neighboring magnetic ions and long-range
RKKY interaction are considered under rea-
sonable values of involved parameters. Only
the accounting for additional strong indi-
rect antiferromagnetic exchange between
the magnetic ions separated by the metal-
loid atoms could provide the compensation
of strong direct exchange and result in the
required result. Therefore, it looks reason-
able to suppose that it is just chromium
admixtures that provide the strong indirect
antiferromagnetic exchange in the studied
MGs and results in high values of T,;,.
This is confirmed by the formation of Cr-
based antiferromagnetic clusters in such al-
loys [6] and by the absence of the resistivity
minimum for MG with Me = Fe (#3).

Here, we discuss one of the possible rea-
sons for the origin of resistivity minimum.
Meanwhile, the alternative explanations
(refer, e.g. to [12]) could not be totally ex-
cluded. Finally, it is worth to note that the
decrease of p values at room temperature
with increasing chromium content could be
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of the similar nature as for MGs on the
base of Fe-Si-B system we have studied be-
fore [13]. This is caused by the shift of the
Fermi level to the left toward the maximum
of d-band state density at partial Co substi-
tution by Fe and Cr atoms, which possess
lower number of d-electrons.

Thus, temperature dependences of elec-
tric resistivity have been investigated in
300-950 K temperature range for
C0655M665(SI,B)28 metallic glasses (Me =
Fe, Cr). Several characteristic temperature
intervals are distinguished at p(T) depend-
ences. The resistivity minimum has been
shown to be directly related with the chro-
mium admixture and to be of magnetic na-
ture.
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AHoManbHA MOBEMIHKA €JIEKTPOOIOPY MeETaJiuHHUX
crekos Ha ocHoBi Co-Si-B

M. Ba6uw, B.K.Hocenxo, M.Il.Cemenvro,
I'.B.€pvomenxo, M.I1.3axapenko

HocaimsxeHo TemmoepaTypHi

3aJIesKHOCTI

€JeKTPUYHOTI'O0 OIIOPY METAJIiUHUX CTEKOJI

Cogs sMeg 5(Si,B),g (Me = Fe, Cr) B inTepBani 800-950 K. BuasieHo 0COGIHBOCTi MOBETiHKHI
enextpoorniopy p(T) B meBHUX TeMIepaTypHUX iHTepBajax. I[lokasaHo, 1o MiHIMyM ejleKTpO-
omnopy 0OecriocepeqHbO 3aJEKUTH Bif HAsSBHOCTI AOMIIIKH XpOoMy i Mae MarHiTHe IIOXOMIMKEH-

HdA.
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