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in surface layer of amorphous metal alloy
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The level of internal strain changes in the subsurface layer of Fe-based
(Fe,5NiyMo,Si,B,5 and FegyB,,) amorphous metal alloys has been analyzed. Optical meas-
urements were carried out for as-cast ribbons. . The noncircular form of the polar
dependence of light incidence principal angle indicates a high sensitivity to internal stress
variations arising during ribbon preparation.

IIpoaHanM3VpPOBAH YPOBEHb M3MEHEHUs BHYTPEHHUX HANPIKEHU! B MOBEPXHOCTHOM CJIO€
JIeHT aMOP(HOTo MeTaJJIHYecKoro ciasa Ha ocHose xejesa (Fe,5NiyM0o;Si,B s 1 FegyByy).
OnruyecKkue W3MepeHUs IIPOBEJEHBI [JIf CBEIKEU3rOTOBJIEHHBIX JeHT. Hexpyrosas (opma
MOJIIPHON 3aBUCHMOCTHU TJIABHOTO yrJa MafeHWs yKasblBaeT Ha CYIIeCTBOBAHUE U XapaKTep
U3MEHEeHUs BHYTPEHHUX HANPAKEHUHN B IJIOCKOCTU JIEHTHI, BOSHUKIINX B IIPOIlECCEe ee U3Io-
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TOBJICHU .

Amorphous metal alloys (AMA) on the
basis of iron are intensively investigated in
connection with their potential wide practi-
cal applications. Chemical, thermodynamic,
magnetic, mechanical, and other properties
of the AMA ribbons prepared from the melt
by spinning method differ considerably
from those of the ordered material. These
properties are defined not only by structure
features formed during manufacturing of
such material but by the further heat treat-
ment as well [1]. The former is main factor
influencing the physical properties of such
materials and nanostructures which depend
strongly on the preparation conditions.
That is why for these objects often not the
physics of a phenomenon as such is studied
but the physics of a specific sample is just
taken into account, since so-called techno-
logical polymorphism [2] is manifested for
the sample structure at the same composi-
tion of its chemical components due to
nonidentical preparation conditions. As a
consequence, the physical properties of such
materials are difficult to predict, and their
necessary precision as functional ones is not
yet reached, so the fields of their usage are
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narrowed. Besides, the elastic stressed state
within subsurface layer of the amorphous
alloy ribbons may be formed [1].

Meanwhile, to identify correctly the
amorphous state of a material, the existence
of similar influence of two independent fac-
tors, namely thermal and deformational
ones, on the structure of its nearest atomic
arrangement is to be taken into account [3].
That is why the aim of this work is to
discriminate the two mentioned constituent
factors to provide a correct identification of
initial amorphous state in a material in-
duced by its preceding preparation proce-
dure, and then to describe correctly the fur-
ther structural modifications in such disor-
dered material taking into account the
existence of an elastic-stressed state within
the subsurface layer.

Being made from the melt by means of
rapid quenching on a running disk at a
cooling rate of 106 K/s, a set of samples of
amorphous metal alloys Fe;sNisMo3Si;Byg
(MG) and FeggB,y was prepared as ribbons
of 10 to 15 mm width and 20 to 40 pm
thickness (d). The melt temperature was ad-
justed to 50-100 K above the melting
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point. Both contact side of the sample (i.e.
that being in contact with cooler during
preparation) and noncontact one (remaining
free during preparation) were investigated.
Optical properties were studied using a
home-made reflectometer-goniometer of
original design to test the freshly prepared
ribbons of AMA Fe;5NisMo3Si;Bg (MG) and
FeggBsg- The angular ellipsometry has been
proposed as an effective research method of
structural ordering in subsurface layers of
amorphous ribbons and their stress homoge-
neity [4]. The research of the reflected light
polarization allows to obtain the most com-
plete information on the dielectric function of
the subsurface layer. Angular ellipsometric
measurements for the samples of the men-
tioned alloys were fulfilled using a standard
LEF-3M laser ellipsometer. As a light source,
a He-Ne laser (632.8 nm wavelength) was
used. According to the optical scheme of this
measuring device, the phase shift A between
p- and s-components of the polarization vec-
tor and the azimuth ¥ of the restored linear
polarization were calculated.

We have studied both ribbon sides,
namely, the freely formed (or noncontact)
side and that was directly contacted the ro-
tating disk in the course of manufacturing.
Visually, the reflected light at noncontact
surface presents a predominant mirror com-
ponent as compared to that at the contact
surface, which scatters light much more.
This indicates that the root-mean-square
roughness of the latter surface is several or-
ders of magnitude higher than the corre-
sponding value of opposite (noncontact) side
of the ribbon [1]. The value of roughness and
structural features of the contact surface is
defined only by the interaction character of
the melt of AMA Fe;5NiyMo3SisBys and
FegoByg with the rotating disk surface, and
thus by the disk surface roughness.

Optical measurements were carried out
for samples of Fe-based amorphous metal
alloys at 12 orientations of the ribbon lon-
gitudinal axis relatively to the plane of
light incidence. Having determined the de-
viations of ellipsometrical parameters for
the light reflected from the ribbon surface
as a function of its orientation in the ribbon
plane, the level of strain changes in the
subsurface layer of amorphous ribbons fab-
ricated by rapid melt quenching can be esti-
mated. The existence of elastic-stressed
state within subsurface layer for each rib-
bon side and the difference of the state
characteristics in as-cast ribbons of amor-
phous alloys on both sides can be also re-
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vealed. To that end, both sides of an amor-
phous alloys ribbon were probed by light
using experimental methods based on angu-
lar and azimuthal ellipsometric measure-
ments on rotating samples [5]. By rotating
a ribbon around a normal to its surface
within 860°, one can acquire the polar dia-
grams (so-called indicatrices of ellipsomet-
ric parameters over the longitudinal axis
azimuth with regard to the plane (p-plane)
of light incidence) as a result of such orien-
tation measurements.

The procedure of these ellipsometric ex-
periments comprises adjusting of the longi-
tudinal ribbon axis in its plane at 12 fixed
azimuths such as 0; = 0° (the axis direction
coincident with p-plane), and then at fur-
ther set of azimuths at 15° steps up to 6 = 180°
(at 87 = 90°, the direction of the mentioned
axis coincides with s-plane of the sample
reflecting light). The angular dependences
of ellipsometric parameters A and ¥ for the
noncontact and contact surfaces of as-cast
ribbon sample at various azimuthal angles
0 for different angles ¢ of light incidence
were measured to determine the prinecipal
angle @, of incidence at each azimuth 0 of the
longitudinal ribbon axis in its plane. Such an-
gular dependences A(p) for both sides of a
Fe;5NiyMo5SioB g (MG) AMA ribbon are shown
in Fig. 1 where straight lines are certain ap-
proximations of these dependences for several
azimuths 0 in the ribbon plane.

Experimental dependences @y(0) in the
polar and Cartesian coordinate systems are
shown in Fig. 2, i.e. azimuthal distribution
for ¢¢ is shown in the former system by
closed curves (indicatrices) in the ribbon
plane. The azimuthal angles 0, (i = 1,...,12)
are measured from the direction of the rib-
bon longitudinal axis. Similar measure-
ments of the A(p) dependence for a FegyByg
AMA ribbon (using 45° azimuthal rotation
of the sample in its plane) have been carried
out. The noncircular form of such indica-
trices reveals an orientation effect. It is
possible to allocate two characteristic direc-
tions of optical anisotropy (for ¢, value) of
such a surface layer for the ribbon contact
side at angles 6 = 60° and 135° relatively to
the ribbon longitudinal axis. Hence, the polar
dependence ¢y(8) is very sensitive to a vari-
ation of the internal stresses arising in the
course of the ribbon preparation. Meanwhile,
because samples were not polished addition-
ally the deviation of ¥ values is too large.
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Fig. 1. Angular dependences A(p) for contact (a) and

AMA ribbon.

For noncontact ribbon surface, a change
of the microrelief parameters may also
occur as a result of appropriate thermody-
namic processing under influence of inter-
nal mechanical stress fields in the ribbon.
These changes are caused by diffusion proc-
esses at the surface layer and structural
phase transformations in the superficial
layer. Such processes are accompanied by
migration of separate atoms on the surface
as well as of their associations including
hundreds and thousands atoms [5]. Thus,
one of the feasible causes of such surface
state as it is suggested up-to-date [6, 7]
might be the diversity of atomic coordina-
tion due to structural stressed state in the
nearest order topology at the same material
composition. Therefore, any change of such
state under external action may be regis-
tered experimentally. Specifically, a de-
tailed study of radial distribution function
for atoms in as-cast binary amorphous alloy
consisting of a transition metal and a met-
alloid (e.g., nickel-phosphorus [7]) and its
changes for such type of materials after an-
nealing (T = 250°C for 30 min) proves a
distinet difference between structural pa-
rameters in the nearest atomic arrange-
ment. Only due to such thermal factor, the
whole structure of this arrangement has al-
ready been rebuilt within the first 5 coordi-
nation spheres at correspond}ng interatomic
distances r from r = 2 or 3 A (the 1lst coor-
dination sphere) to 10-12 A (the 5th coordi-
nation sphere).

In our opinion, the result obtained testi-
fies the presence of structural microhetero-
geneity in the ribbons formed at their prepa-
ration and occurring as elementary structural
units which can act like a cluster or micro-
crystalline form [4]. The ¢y(6) dependence for
the ribbon contact side correlates appreciably
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Fig. 2. Dependence ¢y(0) for amorphous
Fe,5Ni;Mo;Si,B,g alloy ribbon in polar coordi-
nate systems.

with ¢g(0) dependence for noncontact one
(Fig. 2). But for the latter, the optical anisot-
ropy is much larger than in the former: the
appropriate amplitude deviations in both
curves confirm this statement. Such a rela-
tion testifies the presence of a stronger
straining factor for the noncontact ribbon
side caused by the preparation conditions. At
the ribbon formation, owing to a of cooling
speed gradient along its thickness, the internal
stress fields arise in the surface layer and local
microheterogeneities are formed in such amor-
phous structure. These stresses in the surface
layer can be decreased by subjecting the AMA
ribbons to additional heat treatment.

Thus, the ellipsometric measurements
prove that after manufacturing ribbons of
AMA Fe75N|4MO3S|zB16 (MG’) and FegoBzo,
their surfaces are in an intense stressed
state and the level of such strains can be
estimated from the parameters of polar de-
pendence of the principal angle in the rib-
bon plane. Then, residual strains are
formed in the ribbon due to rapid cooling of
the melt, and spatial distribution of the in-
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ternal stresses is determined by the ribbon
preparation conditions but not by the di-
rected roughness of the ribbon surface.
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ExincomMeTpuYHUM KOHTPOJHb CTYNEHS OJXHOPIAHOCTI
CTPiYOK aMOp(hHHMX METaJiYHHX PO3IJIaBiB

JI.B.Ilonepenkxo, M.B.O3epos

ITpoananizoBaHo piBeHb 3MiH BHYTPIIIHiX HAIPyr y HOBePXHEBOMY MIapi cTpiukum amopd-
HOT'O MeTaJiuHOro posmiaBy Ha ocHOBi samisa (Fe,5NiyM0;Si B g i FegyBy). Onruuni Bumipn
IIPOBEIEHO [IJIs CBiKeBUIroTOBJEHUX CcTPiuok. HekosoBa popma IIOISAPHOI 3aJ€KHOCTI I'OJIOB-
HOro yrJjia HajJiHHS CBiTiia BKasye Ha icHyBamHsA i xapakrTep Bapiamii BHyTpimiHiX Hampyr
VILIOIIAHI CTPiUKM, 3yMOBJIEHUX IIPOIECOM BHPOOHUIITBA.
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