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AHHOTALWA

WccnepoBanucb MeTan/ndeckne cTeKaa Npu MOMOUM 3EeKTPOHHOI Oxe-CneKTPOoCKOo-
nun /NEQ/ nyTem M3MepeHust pacnpegeneHnss KOMNOHEHTOB B M/IOCKOCTU W Mo rny6uHe
Ha 06enx CTOopoHax /ieHTh. Pe3ynbTaThl MokasbiBalwT ob6orauweHve aTtomoB Ni 1M o6eaHe-
HMe aToMOB B Ha MoBepxHOCTU. [NybuHa HeoAHOPOAHbLIX o6GracTeli cocTaBnsieT OKOJ/Oo
100 HM, a W3MEeHeHMe KOHUEHTpauuuM BHYTPU JNEHTbl AN BCEX KOMMNOHEHTOB MeHble, Yem
1 aT %. B HekoTOopbiX c/ydasix B MPUNOBEPXHOCTHLIX 061acTax Habnwoganacb Keasunepu-
oAMuHas (QNyKTyaluusi cocTaBa B peflakCalMOoHHbIX obpasuax.

KIVONAT

Fémivegeket vizsgaltunk Auger elektron spektroszkoppal (AES) mérve a
komponensek sikbeli és mélységi eloszlasat a fémiveg szalag mindkét oldalan.
Az eredmények azt mutatjak, hogy Ni feldusulas és B elszegényedés lép fel a
felileteken. Az inhomogén tartomanyok mélysége kb. 100 nm és a szalag belse-
Jében a koncentracié valtozas valamennyi komponensre kisebb mint 1 at.%.
Néhany esetben a felllet kdzelében kiuldonleges kvazi-periodikus oOsszetétel
fluktuaciot figyeltink meg a relaxaltatott mintakban.



ABSTRACT

Metallic glasses were investigated by Auger electron spectroscopy
(AES) measuring the in-plane and i1n-depth distribution of the
different components on both sides of the ribbons. The results
show a Ni-enrichment and a reduction of the B content at the sur-
faces. The depth of the i1nhomogeneous regions is about 100 nm and
the variation of the concentration within the ribbons was found
less than 1 at.% for all components. In some cases near the sur-
face a peculiar quasiperiodic concentration fluctuation was de-
tected In the relaxed samples.

INTRODUCT ION

Metallic glasses prepared by melt spinning or other quenching
method may have inhomogeneous distribution of the different com-
ponents. Such kind of i1nhomogeneity may affect strongly both the
magnetic and mechanical properties of the ribbons. The iInvesti-
gation of the nature and origin of these i1nhomogeneities may help
in producing high quality metallic glasses.

One of the most powerful methods for iInvestigating the i1nho-
mogeneous distribution of components on the surfaces and within
the ribbons is AES. In spite of 1t very few AES measurements can
be found In the literature made on metallic glasses [1,2]. We
have used this method to iInvestigate two metallic glasses pro-
duced by melt spinning the composition of which were
Fel7Ni163 gB.g 2 (material 1) and Fe3l sNi.g 2B12 3Si7 Qvateria=Jl)-

The spectrometer used was the scanning Auger microscope,
SAM-PHI-545_ 1t was operated at a primer electron energy of

5 KeV, a beam current of 9*10 = A and a beam diameter of 5 wHL.
The in-depth and in-plane distribution of the different components
were measured on both sides of the ribbons. The measurements were



carried out iIn the as-quenched and iIn the relaxed state. The re-
taxation annealings were performed in vacuum (~ 1.3"‘10_2 Pa) at
525 K for 15 ks and 563 K for 15.9 ks in the case of material 1
and Il respectively.

In some cases the whole energy spectra were also taken to
get informations about the presence of othef elements or Impuri-
ties besides the basic components. During the measurements of
these spectra Ar-ion sputtering was applied to clean the surface
so the appearance of Ar peak In the spectra iIs expected.

RESULTS AND DISCUSSION

1.) Impurities

From the spectra obtained on the different samples the fol-
lowing conclusions may be drawn on the existence of Impurities:

I. Fe-Ni-B_allgy

Impurities were found at several spots on the surface at the
roller side of the as-quenched ribbon. The spots contained oxygen,
carbon and sulphur. On the free side of the same sample and on
both sides In relaxed state the impurities did not exceed several
tenth of percent. On the basis of this observation i1t may be
stated that the low temperature heat treatment gets the surface
free from impurities.

H . Fe-Ni-B-Si_allgy

On the roller side of the as-quenched sample, carbon conta-
mintaion iIs significant at the surface. The structure of the AES
peak of carbon shows that it Is iIn chemical bond with the basic
components or at least with some of them. The situation iIs similar
on the free side except that the chemically bonded carbon can be
observed only iIn the deeper layers and not at the surface.

2.) Basic components

The i1n-depth concentration distribution was measured on both
sides of the samples up to about 500 nm depth. These measurements



Fig- 1. In-depth profile curves at the Fig. 2. In-depth profile curves of
roller side /left/ and the free side FeY N7 ,, sample relaxed at
/right/ of as-quenched 521X $ r 8119ki

FejyNig™ 0°29 2 ~tellic glass

were performed at uwo spots iIn every cases except the relaxed
Fe-Ni1-B sample, where it was made only at a single spot. Some of
the in-depth profiles obtained for as-quenched and relaxed
Fe-Ni1-B samples are shown in Fig. 1 and Fig. 2, respectively and
the same curves for Fe-Ni-B-Si alloy are drawn in Figs 3 and 4.
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Fig. 3, In-depth profile curves of Fig- 4. In-depth profile curves of
as-quenched Fe?n JA£ @0 fiw F 22 81 saPe relaxed
sample T TR memy at 676 K for 110 8 ks

In Table 1 the deviations of the surface concentrations from
the bulk one are collected iIn a qualitative manner. The signs
(*) or (-) denote the cases when the content of the component in
question is higher or lower at the surface than in the bulk, res-
pectively. The double signs show stronger deviations (3-7 at.%)

while the triple signs correspond to the extremly high deviations
CG7 at.%) .



Table 1.
As quenched Annealed
Element Roller side Free side Roller side Free side
I. Fe-Ni--B First spot
Ni 0 + S + + +
Fe - + + + 0
B 4 - - 0 - - -
I. Fe-Ni--B Second spot
Ni 0 +
Fe + 0
B _ —
I1. Fe-Ni--B-Si First spot
Ni + + + + + +
Fe + 0 - - -
‘B — = —_ = + —_
Si - + 0 +
I1. Fe-Ni--B-Si Second spot
N1 + + + + +
F + - 0 - -
B - - 0 0 -
Si + + +

When the content of a component obtained at the surface was
approximately the same as i1n depth of 400-500 nm the note o was
used. As 1t can bee sen iIn the Table 1 and from the i1n-depth
profile curves the Ni content 1is generally higher at the surface
then deeply inside. (From 14 measurements there were only two
cases when the Ni content was lower at the surface and two cases
when 1t did not change at all.)

We have not found such an unambigous tendency in the Fe con-
centration. Only the Fe-Ni-B-Si metallic glass exhibits a little
depletion of the Fe content at the free side, which tendency be-
comes more significant in the annealed sample.

In the case of B the tendency of depletion was found as
significant as the enrichment of Ni. Comparing the results for
the as-quenched and relaxed samples it may be established that
due to the annealing the tendency becomes more apparent.

The Si has the most peculiar behaviour. In the case of as-
-quenched sample, the Si content decreases at the roller side and
increases at the free side of the ribbon. In the relaxed sample,



the Si enriched at both surface.

Summarizing the conclusions we have to admit that the number
of measurements is too low to check these tendencies statistically.
That 1s, why we must say that from the results of this iInvestiga-
tion only the increase of Ni concentration and depletion of boron
at the surfaces seems to be a general rule.

In the case of the other components deviations from the bulk
concentration were also observed but the magnitude and sign of.
them scatter In such a way which overspreads any tendency iIf it
exists at all. Because of that scatter (which exists In the case
of Ni and B as well), it 1Is necessary to suppose the existence of
in-plane concentration fluctuations at the surfaces which may
have the same order of magnitude as the iIn-depth variations ob-
served for Ni and B.

Fig. 5. In-depth change of Auger peak Fig. 6. In-depth change of Auger peak

intensity of various elements at the intensity of various elements at the
roller side of as-quenched roller side of relaxed

Fe 5Mg._dB12 3BT - : T T
numbers é%iorackets sﬁgmf?ﬁe relativ Fe3l.-SH 49.2B12.3517 sa'Vle

anplification of the spectrometer.

In Figures 5 and 6 a very iInteresting phenomenon, observed
in Fe-Ni-B-Si samples is shown. In these in-depth profiles the
values of the Auger peak intensity are shown. Comparing the curves
of as quenched and relaxed samples, 1t can be recognized that in-
-depth concentration fluctuations exist which are more pronounced
in the relaxed sample then in the as-quenched one. The amplitude
of this fluctuation converted it Into concentration is less than
-1 at.% which is nearly the same as the accuracy of the determi-
nation of concentration by AES. The fluctuations seem to be more



evident regarding the metalloid curves, but this is only an
apparent effect caused by the higher amplification used iIn the
spectroscope.

CONCLUSIONS

a) At both surfaces of the melt spun ribbons one can observe
concentrations which are different from the bulk ones. The con-
centration differences arise mainly from the Ni enrichment and B
depletion at the surfaces.

b) The depth of such iInhomogeneous distribution of different
elements is generally several hundreds of nanometer. In the
layers further off from the surface the material can be regarded
as homogeneous.

©) The in-plane distribution at the surface is also i1nhomo-
geneous. The amplitude of the concentration fluctuations is the
same order of magnitude as that of i1n-depth iInhomogeneities near
the surface.

d) In some cases one can observe in-depth concentration
Tfluctuations. Its amplitude i1s at least an order of magnitude
less than that of in-plane fluctuations. As this phenomenon was
observed mainly in relaxed samples it may be supposed that the
relaxation processes might lead to such quasiperiodic concentra-
tion fluctuations which may be regarded as a special phase sepa-
ration in the amorphous state.
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