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THE INFLUENCE OF NEUTRON IRRADIATION ON THE
ELECTRICAL RESISTIVITY OF THE AMORPHOUS
Fe-Ni-B SYSTEM")

P.KOPCANSKY?), M. TIMKO?), Kosice

The effect of the increase of electrical resistivity of amorphous FessNizoBae and
Fe4oNisB-0 alloys is explained with the help of the T-matrix formulation of the extended
Ziman theory.

B paGore Ha ocHoBe T-maTpuunos dopmynuposku paclIMpeHHON Teopun 3aitmMaHa
RaHO OGBLACHEHHE YBENMYEHHS 3NEKTPHIECKOTO YACALHOTO CONPOTHRIEHNS 06pa3LoB
amopoubIx canaos Fe-Ni-B nocie ux oBnyyenus HedTpoHaMHY.

L. EXPERIMENTAL PROCEDURES

Thin ribbons of the amorphous alloys were prepared by rapid quenching from
the melt using the oneroller technique. In general the ribbons were 30 pm thick and
1.5 mm wide. The neutron irradiation was performed in a nuclear reactor at Rey.
The fast neutron doses (E>1 MeV) were 5.10" n/cm? and 10* n/cm’, respec-
tively. The temperature of irradiation was slightly above room temperature.
Resistivity measurements were carried out in a helium cryostat using a standard ac
four terminal bridge method. The absolute resistivity values determined from
directly measured dimensions of the samples were accurate to about 5 %. The
relative error in the resistivity measurement was =~ 10 ppm.

IL. THEORY AND DISCUSSION

The electron microscope photographs of the amorphous system FeuNi0B,o show
after irradiation regions of varying brightness: light and dark regions — Fig. 1. The
amorphousness before and after irradiation was checked by X-ray diffraction. The
macroscopis change of density is negligible (40~0.5 %) [1].

') Contribution presented at the 7th Conference on Magnetism, KOSICE, June 5—8, 1984,
?) Institute of Experimental Physics, Slov. Acad. Sci., Solovjevova 47, 041 54 KOSICE, Czechos-
lovakia.
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Fig. 1. The electron microscope photographs of the amorphous Fe.Ni oB,, alloy. A

i . ; ~— not irradiat
B — irradiated with the fluence 5. 10" n/cm?, C — 10'® n/em?, adiated,
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Fig. 2a

¢<.m shall assume a varying density in the light and the dark regions and do not
consider the concentration fluctuations. In [2] there has been calculated the
structural part of electrical _dmmm:.SQ of the model amorphous FeqB,, alloy by
means of the T-matrix formulation of the extended Ziman theory [3] as a function
of the packing density parameter n and the a =1 ratio of hard spheres [4]. The
8::.:% system Fe-Ni-B can be treated like a quasibinary system Fe-B because we
consider the structural contribution of the electrical resistivity only.
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Let 7o be the packing density parameter of a homogeneous amorphous structure
(before irradiation) and %, n,, ki, k, are the packing density parameters of the

-inhomogeneous structure (after irradiation) and the concentrations of the regions,

respectively. Then we easily obtain

ki k, 1
ki ke _1 1
m N2 N A v

The resulting resistivity (9, 12, a) of the inhomogeneous amorphous structure is
assumed to be between g,(n:, 1z, @) and o.(n:, B2, @), where
1 ki k,
= +
& (M, M @) o(m, @) o(n, @)

(2a)
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Fig. 3. The temperature dependence of the electrical resistiv
A — notirradiated, B

: : ity of the amorphous Fe-Ni-B system.
— trradiated with the fluence 5. 10" n/em?, C — 10" n/cm?>,
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0:(M, M, @)= kip(m, @) + k20(12, @) (2b)
and

0o (M, 2, @) S 0(N1, N2, @)= 04, Mo, @) . (3)

The change of the electric wave vector on the region boundaries is usually
Ak ~2m/a=~0,003 nm™' <2k (a is a dimension of regions ~20—35 nm) there-
fore we do not consider the contribution to the electrical resistivity on the
scattering of the regions. Fig. 2 shows the change of the electrical resistivity
Ap(An, a)=0..,(n, M2, @)~ o(no, @) as a function An= 1: — 12 for the typical
values a, ki, k; of the amorphous Fe-Ni-B system. The temperature dependence of
the electrical resistivity of the amorphous Fe-Ni-B system before and after
irradiation is shown in Fig. 3. From our model we can suppose. that with the
increasing dose of irradiation there increases the density difference between
regions.
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