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The ferro-paramagnetic phase transition in dilute Cr—Ni base alloys was investigated through
a qualitative study of their thermal conductivity as a function of temperature in the near vicinity
of the transition. A single apparatus [1] was used for measurements of the thermal and electrical
conductivities and specific heats of three thin rod samples having Cr concentrations 0f 0.12, 0.51
and 1.13 at.%.

A voltage vs. temperature (F vs. () relation was applied [2] to measure the ratio between the
thermai and electrical conductivities. The thermal conductivity data were then evaluated by
using the electrical resistivity results obtained from the measured current vs. voltage (f vs. V')
characteristic curves. A model describing the effect of Cr concentration on the (/ vs. V') curve
wasproposed and tested. The effect of Cr concentration on specific heat is presented.

Several recent experimental and theoretical investigations were concerned with
the nature of the magnetic phase transition in ferromagnetic metals and alloys. The
study of transport properties such as electrical and thermal conductivities and
thermoelectric power has received a good deal of attention [1-5]. In the present
work, the ratio between thermal and electrical conductivities, K/a, was measured by
the direct passage of an electric current through the specimen and by making use of
the V vs. 8 relation.

The electrical resistivity, p, was evaluated directly from the 7 vs. ¥ characteristic
curves. The data obtained agree quite well with those reported previously for the
same samples using the four-probe method {4]. In order to understand the effect of
Cr concentration on the [ vs. ¥ curve, and consequently on the electrical resistivity,
the following relation is proposed:

_ aVv
Sl+aV

where I, is a saturation current and a is an impurity parameter which varies with Cr
concentration. The best values of I, and a for pure Ni and each sample were
calculated by using a chi-square (%) test and a computer fitting.
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Experimental

A detailed description of the apparatus was given in a previous publication [6].
The method is based upon a relation between the maximum temperature, 8,,, at the
sample centre, attained for a given current, /, and potential difference, V between
the ends of the specimen. For the specific heat measurements, a homogeneous
constant Joule heating was imposed on the sample. The initial rise of 8, was
recorded as a function of time by using an X — Y recorder which gives a straight line
whose slope is inversely proportional to she heat capacity per unit volume,
regardless of heat losses.

The specimens used in this work were pure Ni and Ni base alloys with Cr
concentrations of 0.12, 0.51 and 1.13 at.%, supplied by the Central Research
Institute of Physics, Budapest, Hungary. They were prepared from high-purity
starting metals by vacuum melting. The compositions of the alloys were determined
by atomic absorption analysis. The dimensions of the Ni-Cr 0.12 at.% sample:
diameter = 2.6 mm, length = 5.1 cm.

Results and discussion

The thermal conductivity, K as a function of temperature, T, is shown in Fig. 1
for the three samples. The Figure demonstrates that for each sample K(T') falls
sharply with increasing T" up to about the critical temperature, 7,, where a fairly
sharp minimum is observed. This is in contrast to the picture found for Ni-Mn
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Fig. 1 Thermal conductivity K vs. temperature for three Ni-Cr alloys. O 1.13 at.%, A 0.51 at.%,
x 0.12 at.%
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alloys, where only a flat minimum was observed [3]. The reasons for this minimum
in K(T') and the critical behaviour of the magnetic thermal resistivity have been
analytically discussed for the case of pure Ni in a separate paper [7]. It can also be
seen from Fig. 1 that the critical temperature T, decreases linearly with increasing
Cr concentration, accompanied by a rounding of the minimum in K(7'). This is in
quite good qualitative agreement with the electrical resistivity results [4] and in
quantitative agreement with the specific heat data [5] on the same samples.

The electrical resistivity data, as calculated directly from the I vs. ¥ characteristic

Tabie 1 Electrical resistivity as calculated from 7 vs. ¥ curves for Ni-Cr 0,12 at.% sample, compared
with previously reported values

T, K ¢, Q-m- 108 present 9, 2-m-10® previous [4]
600 24.04 23.88
24.14 24.02
602 24.22 24.16
606 24.33 24.32
608 24.41 24.44
610 24.54 24.62
612 24.67 24.77
614 24.77 2491
616 24.89 25.10
618 25.06 25.27
620 25.20 25.42
622 25.27 25.49
624 25.35 25.56
626 25.41 25.63
628 25.57 25.72
630 25.64 2581
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Fig. 2 Current-Voltage curve for pure Ni and three Ni~Cr alloys. B Pure Ni, x Ni~Cr 0.12 at.%,
A Ni—Cr 0,51 at.%, O Ni—Cr 1.13 at.%
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curve in Fig. 2 and the sample dimensions, are given in Table 1, together with the
previously reported results for the same samples [4]. Figure 3 shows the relation
betwéen the impurity parameter @ and the Cr concentration for pure Ni and the
three samples; it is found to be linear in this dilute concentration range.

Figure 4 depicts the initial rise of temperature against time for pure Ni and the
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Fig. 3 Impurity parameter vs. Cr concentration
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Fig. 4 Recorded temperature rise due to joule heating of the wire vs. time at 27 “C, 1 Pure Ni.2 Ni Cr
0.12 at.%, 3 Ni-Cr 0.51 at.%. 4 Ni-Cr 1.13 at.%
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Fig. S Specific heat C vs. Cr concentration together with that of pure Ni

three diluted samples, from which the specific heat data were calculated. Figure 5
gives the specific heat C, as a function of Cr concentration. It is clear that C,
increases with the concentration in a nearly parabolic way. Although this behaviour
seems reasonable, a complete understanding is lacking.
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Zusammenfassung — Die ferromagnetische Phasenumwandlung von Cr-Ni Legierungen wurde iiber die
Temperaturabhingigkeit der Wirmeleitfahigkeit dieser Proben in der Néihe der Phasenumwandlung
untersucht. Mit einem einzigen Instrument [1] konnten fiir die drei Stibchenproben mit einem Cr-Gehalt
von 0,12, 0,51 und 1,13% die elektrische als auch die Wiarmeleitfihigkeit bestimmt werden. Zur
Bestimmung des Verhdltnisses von Wirme- und elektrischer Leitfahigkeit wurde eine Spannungs-
Temperatur-Beziehung[2] angewendet. Unter Hinzunahme des aus den charakteristischen Stromstérke-
Spannungsdiagrammen (I-U) ermittelten specizifischen elektrischen Widerstandes konnten dann die
Leitfihigkeitangaben ermittelt werden. Es wurde ein Modell zur Interpretation des Effektes der Cr-
Konzentration auf die I-U Diagramme entwickelt und getestet. AuBerdem wurde der Effekt der Cr-
Konzentration auf die specifische Warme dargestellt.
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Pesome — @PeppoMaruuTHEIi (a30BbIl nepexoa, HabMmogaeMbldl B pa3babiieHHsix clasax Cr-Ni,
OBl M3YYEH NYTEM KOJMYECTBCHHBIX H3MEPEHHH TeMHOepaTYPHOH 3aBHCHMOCTH TePMHYECKOH
HPOBOAMMOCTH 3THX CIUIABOB BOIM3M TeMmepaTyphl mepexoga. OmuH @ toT %e npubop Obig
HCNIOJIB30BaH AN M3MEPEHUH TEPMHYECKOH M 3JICKTPHYECKOH HPOBOJMMOCTH, a TaKkKe yIAenbHOMH
TENJIOEMKOCTH TPeX TOHKHX CTepKHEBUAHBIX 00pa3lloB CILIaBa ¢ KOHIEHTpalHei# xpoma pasroi 0,12;
0,51 u 1,13 aroMHLIx npouenta. Bojst-TeMuepatypHad 3aBHCAMOCTh ObUIa HCHONbL3OBAHA ANA
HW3MEPEHNS OTHOLUEHHAA MeXIY TEPMMYECKOH M WICKTPHYECKOH NpPOBOAMMOCTSMH. HAHHBIE IO
TePMUYECKOH NPOBOIMMOCTY ObIIH 32TEM ONPEAE/ICHD!, HCTIONL3YS QAHHBIC SNEKTPUIECKOrO YACIbH-
Oro CONPOTHBJICHHS, OJIYHEHHBIX U3 M3MEPCHHBIX BOJILT-AMIIEPHBIX XapakTepuctuk. Iipeanoxena n
HCIBITaHa MOJAEND, OTACHIBAIOLIAA BIHIHHE KOHLUEHTPAIMY XpOMa Ha BOJILT-aMIICPHAIC 32 BACHMOETH.
IMoka3aHo BIHUSHEE KOHLIECHTPALMH XpOMa Ha YASIbHYIO TEIUIOEMKOCTb.
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