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An analysis was given for previously reportod data on ke tompera-
ture dopendencoe ol the clectrical and thermal rosistivities of spoctro-
scopic Nickol and C-stoel samples

An exponential inercase of the spmn dworder ternm in the clectrical
resigtivity was found m the runge of temperature hetween Op
and 7% (Up-Debye temperaturo, T%-The Curie temperature) The spin
disorder term in the thermal resistivity roaches n maximum vahee
at Te  Caleulated Lorenz number for spm disorder seattoring varies
with temporature and numerically dilfer from that vsually considered
for noumagnetic moetals  These resulis wore compared. with provious
calevlations made for Ni and Fe

1. INTRODUOTION

The paper by Shoril el @l (1976) denlt with the design and construclion of an
apparatis which vses samples of small dimensions to investigate 1n o quick method
the effect of temperature on the thormal conductivity of metals and alloys
This apparatus is spocially suituble for measuremonts around the Cure tem-
perature of many ferromagnetic metals and alloys The rosulls of measirement,
of the temperature dependonce of the electrical rosistivity and thersal conduc-
tivity wero given for spectroscopic pure Ni and two C-stoel samples.

Tn the proseni work proposed an analysis of these results in the hght of pro-
vious data and theoretical works on this problem

Tho electrical resistivity of ferromagnetic metals display anomalous he-
haviour during transition from the ferromagnetic to the paramagnetic staic
This behaviour of the olectrical resistivity was a subject of many theoretical
investigations for example the works of Coles (1963), Mott (1964), Mott & Stevens
(1957), Kasya (1956, 1959) and Goodings (1963) It was found that the exchange
interaction botween the s- and d-clectrons give rise to an extra term m the resis-
tivity. This term is generally called the spin disorder resistivity. The total
oloctrical rosistivity p of magnetic motals may congist therefore of thice com-
ponents, the lattice resistivily ppp caused by scattering of conduction clectrons
due to thermal motion of atoms, thoe temperaturce independent rosidual rosistivily
term p; and tho maguetic resistivity torm p,. Woiss & Marrota (1959) wsing
Gruneison function calculated ppn for Nickel and Iron. We usod these calculated
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values to separate this componeit from the total resistivity and obtained the
temperstore dependonee of p,  The unpurity scattering term p, is neghgibly
small spretally in the igh {temperature range where both ppy and pg intensively
conbribute to the total 1esistivity (pg -2 0-1 £2Q CM for iron, Char 1967) We
applicd these coustderations Lo the results on the thermal vesistivity pp (pp — 142,
whote A 15 the thermal conduetvity) and obtained the temperature dependence
ol the spin disorder scattormng torm and the appropriate Lorenz number It
was fond that vnlike Bachlund (1961) and Chaai (1967) the Lorenz number for
spin seattoring torm varies with temporatuie and numerically differ from the
normal valoe

2. REsvnrs AND DISOUSSIONS
U Bleotricity resistivdy
Trgos T and 2 give the temperature dependence ol pg for Nickel and two
e-ibeol samples respoctively  Tor Nickel pg tonds to adtamn a constant value m
biwe tange ughor than T Tor won pg lincarly mereases with temperatw e higher
Whan Te The 1ate of inciease m thy case 15 lower for tre sample contammg,
lugher carhon content, (0 6%,). Tor Nickel accordmg to the results given by
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Ityg. 1. Tomperature dependones ol the cloetrienl rosstavity m Ni-samplo.
1—"Total rosstavity.
2—Phonon scuttorng torm ppp, -
3— Magnotie scaticring torm (p5).

Panahliov of af (1975), additivos of Nohiom up to 5 ab %, bad no « oot on (Ip/at’)
hygher than 7% This behaviowr of ressstivity in Nichel and iron may be duo 1o
the dilforent naturo of p, in both metals.
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Two approachos were introduced to explain the bohaviour of the cloctrical
resistivity m forromagnetic motals, the so-called band approach (or hand model)
given by Mott (1964) and tho spm-disorder approach given by Kusuya (1956) and
Do Gennes et al (1958).  According to tho first approuach, ps is associsted with
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g 2. Tomperaturs dopondenco of the eloctrical rosistivity 1or C-stool sumplos.
1—Total rosistivity for 0-6%, carbon.
2-—Totul rosstrvity for 0-29, carbon.
3—(ps) for 0-6 carbon.
4—(ps) for 0-2 curbon
5—ppy, for ron.

the iucreaso of d-states avwlable for scattoring of cloctrons as the spontancous
magnetization decrcasos At the Curie tomporature the spontancous magnetliza-
tion vanishes and consoquontly the numbor of d-states for scattoring of s-olecirons
roaches its maximum value This in turn moans that p; atlaing a maximum
value at 7. We may consider that pg in Nickol ig mainly due to this mochanism.
Small additives of Nobmun to Nickel slightly affects the band structure and
thereforo would have no offoct on ps in this cage According to the second
approach digordered magnetic moments are considered to act ad additional
soattoring centers for conduction eloctrons These gpin imperfections available
for scattering of clectrons increase witr temperature having maximum otfect
also at the Curic tomperature but still oxist in the rangehigher than 7. We *
suggest that this moechanism may give the main contribution to ps in iron and
consequontly the non-magnetic impurity contont will str9ng1y affeot ps in the

wholo temporature range lower and higher than T H
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We tried to fit the 7' law given by Backlund (1961) for p, in iron, but our
results woro better fitted to an exponential lJawer than to this powor law  The
spin disorder resistivity for our Ni and Fe-C samples cxponontially increases
with temvperature in the ferromugnetic region between @p and the Cuire tem-
u ratura (?p--is the Dobhyo temn-rature, @p = 456°K and 467°K for Ni and Fo
respoctivoly) Tt was also found that tho results given by Schwerer ef al (1970)
[or tiw lemparature dspdsnce of py in pure Ni and Fe samples also display an
oxpomoential variation with temporatrre in the rauge between fp and 7, (see
figure 3). Thorefore, we may write the rolation for the spin disorder resistivity
for Ni and ¥e in the tompcraturo rango between Op and T, as

(ps = Aexp BT)
whore A and B are listed in table 1  From table 1 it is soen that A is ahout
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Fig. 3. Log ps a8 a function of 7'
1—For 0 69, C-steecl.
2—For 0-29, C-stoel.
3—Tor pure iron sample (Results of Schworer 1970).
4--FKor pure Nickel samplo (Results of Schwerer 1970).
6—For sopetroscopie pure Ni.

one-two orders of magmitudes lower for Ni than for won and C-steel samples.
This may be duc to the differont nature of p, in Ni and Fo as pointed out in this
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section. Wo found also that the constant B is inversily prooortional to tho
atomio magnetic moment () (Bg 18 nearly constant for nickel and iron sambles).
(p—for Nickel is 0-6 Bohr magnetons while for iron it is 2:22 Bohr magnetons
Weiss & Marrotta 1959).

Table 1. Values of 4, B and By for Ni and Fe  Samples Numbor
3 pure iron and number 4 pure Nickol taken from the work of
Schworer et al 1970

Sumplo A Bx10t B.p »10¢
Number (#Q.CM) ("K-?) (°K ' gn)
1 6-76 4-20 936
2 3176 5-18 11-50
3 2-04 590 1310
1 0-11 16-20 9-10
5 0-028 17-60 10-06
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Fig. 4. Tomperature dependonce of the thermal rosistivity m spectroscopic pure Nickel.
1—Total thermal resistivity.
2—Calculated ph ing torm,
3—The magnetic contribution pz(s).
4—The Lorenz number for the spin scatiermg torm.
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TI. Thermal resistivity

In contrary to the eloctrical resistivity, it is impossible in the pregent state
of the theory to provide a completely {ull oxplanation of the high temperature
thermal rosistivity of transition moetals (Patrott & Stukes 1975). Using thoe
normal Weidemann-Frauz Lorenz law Backlund (1961), assumed the followmg
oquation for the components of the thermal resistivity pr,

= Por . s Pi
pr=portimtoy ()

where ppr, ps and py are the components of tho electrical resistivity and L, is
tha normal Lorenz numbar = 2:45x 10-F V2deg=2  We applied this equation to
our results but wnlike Backlund we wsed the valeo of the notmal Lorenz number
only for the lattice seatloring term We caleulated this phonon scattering term
and then hy simple substraction from oxpvermmental data for the thermal resis-
tivity we ohtained the temperature dopendonce of the spin seattering torm  pp(s)
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Fig 5. Temperature dependence of tho thermal resistivity m 0-69, C-stoel
1—Totul thermal reswstivity.
2. -Tho spin contribution pr(s).
3--Tho Lorenz number for spin sealtering term.
4—~Calculated phonon seattering torm,

The impurity scattaring torm can be neglected in the invostigated range of tem-
perature (Backlund 1961) Woe also neglected the lattico thermal rosistivity
whioh is generally small in motals  Rosults are shown on figure 4 for Ni and
on figure 5 for 0-6 C-steel sample. In both casen the phonon scaitering torm
pp(ph), woakly deponds on temp raturo The value of pp(ph) for tho Fe sample
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is 1-16 em dog /W. which agrees with the value (12 em.dog /W) caleulated for
iron by an mdepondent mthod (Chari 1967) The magnetic scattaring tarm
in the thermal 1esistivity prp(s) for hoth Nickel and iron strougly depends on tem-
parature and reaches a maximum vahwo near the Cuire temperatwie  The maxi-
mum value being about (2 76 em dog /W) for 06 C-steol sample agrees well with
the value caleulated by Chari (1967) The maximum value of pp(S) for nickel
bemg only (0-6 cm deg /W) is more than four times lower than that Lo won
This may also bo duc to enhaneed effoet spin disordor scattering in iron than in
Nickel.

Using the cloctrical rosistivily data we caleulated the Lorenz number for
the spin scattoring torm  Resilts of waleulations (see figures 4 and 5) showed
that the Lorenz number in this case is not constant as previously assumed
(Chari 1967) but strongly depends on temperature and nunmcrically ditfer {from
the normal Lorenz number wsually considered for nonmagnetic metals
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