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ABSTRACT

The native oxide layers formed on amorphous alloy Fe,B,.Si; before and after high energy
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heavy ion (Ni'™ 150 MeV) irradiation, were characterized by X-ray photoelectron spectroscopy
(XPS). The unirradiated specimen of the alloy consists of Fe** and Fe® whereas the irradiated
specimen contains only Fe®* species. The B 1s and Si 2p spectra shows the presence of B** and
Si** species most likely in the form of B,0, and SiO, on the surfaces of both unirradiated and

irradiated specimens of the alloy Fe,,B,,Si..

The native oxide layer on the irradiated specimen

contained higher amounts of oxides of B in comparison to unirradiated specimen.
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INTRODUCTION

Iron based metallic glasses metallic
glasses have been the focus of intensive research
because of their high magnetic induction, soft
magnetic properties and potentially low materials
costs'. Among the ternary Fe-based metal metalloid
glasses the Fe,B,.Si; is of particular interest for
two reasons (i) it is a parent alloy for many Finemet
alloys and close in composition to some commercial
metallic glasses targeted for many applications e.g.
transformer cores and high frequency applications,
and (ii) during crystallization it is possible to study
the phase transformation from amorphous to a body
centered cubic (b.c.c) (Fe, Si) and a body centered
tetragonal Fe,B phase®*.

The ion beam assisted techniques have
made substantial contributions as a selective tool
for understanding, fabricating and characterization
of amorphous alloys. lon penetrate a solid and are
slowed down (i) by direct transfer of energy to the
nuclei by elastic collisions and (ii) by electronic
excitation and ionization of atoms by inelastic
collisions. The two processes are known as nuclear

energy loss S and electronic energy loss S,
respectively. At high energies (i.e. fast ions), the
electronic energy losses are predominant and the
density of electron excitations and ionizations
becomes so high that new and collective effects
arise®8. Therefore it would be interesting to examine
the effects of high energy heavy ion beam
irradiation on the formation of native oxide layers
on the surface of amorphous Fe, B, Si.. Change in
surface composition of the native oxide layers
formed on amorphous Fe,, B,Si,, .Cu,Nb, after

high energy heavy ion irradiation (Ni'"*, 150 MeV)
have earlier been reported’.

Analysis of native oxide layers on Fe-B
based alloys by XPS has earlier been reported in
several investigations®'? but the effect of ion beam
irradiation on Fe-B based alloys are reported in
few studies only”'"'2. The characterization of
surface oxide layers is important to understand the
role of alloying elements in oxide film formation,
especially the metalloids like P, Si and B etc which
have been found to affect reactivity and corrosion
resistance’®'®. The present paper reports our
investigations on characterization of the native oxide
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layer on Fe-B-Si alloy surface before and after high-
energy heavy ion irradiation.

EXPERIMENTAL

Specimen, each of suitable size (1 cm x 1
cm) were cut from amorphous ribbon of Fe, B, Si.,
produced by melt-spinning technique and supplied
by Vakkumschmelze, Germany. Specimens were
cleaned ultrasonically in pure acetone prior to the
experiment. For irradiation samples were stuck to
the specimen ladder with the help of silver paint.
The samples were irradiated with Ni''* ion beam of
150 MeV energy at a fluence of 1x10™ ions/cm? at
Inter-University Accelerator Centre (IUAC), New

Delhi (India).

The surface oxide film on amorphous
Fe,,B,,Si; alloy was studied by XPS in an electron
spectrometer VG Scientific MK |l equipped with a
non-monochromatized Al (K ) source (energy ho=
1486.6 eV) and operated at 500 W in a base
pressure better than 1.0 x 10-'® m bar in an analysis
chamber using hemispherical electron analyzer at
a pass energy 50 eV corresponding to an energy
resolution of 0.5 eV for Ag 3d,, line. A Shirely- type
back ground subtraction was performed on the
recorded XPS data. The sub-surface layers in the
case of native oxide were analyzed by performing
sequential sputtering using Ar* ions of 3.0 keV
energy at an ion current of 1 nano-ampere.

RESULTS

Fig 1 (a) represents the Fe 2p peaks
obtained from the native oxide on the as-received
surface of the unirradiated specimen and after
sputtering with Ar* ions for 10 and 15 minutes. The
Fe 2p,, peak occurs at 711.4 eV on the as-received
surface and another small peak at 707 eV is also
noticed which corresponds to Fe in elemental form.
Fig. 1(b) shows the Fe 2p native oxide spectra of
the irradiated specimen at the fluence of 10 ions/
cm? and after sputtering with Ar* ions for 10 and 15
minutes. The Fe 2p spectra of as-received irradiated
specimen shows only single peak of Fe 2p,, at
711.0 eV'415,

Fig 2 (a) shows B 1s spectrum for
unirradiated specimen from the as-received surface
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and after sputtering with Ar* ions for 10 and 15
minutes. On the as-received surface B 1s has two
peaks appearing at 188.2 eV and 192.3 eV
corresponding to boron in pure and oxide form. After
sputtering for 10 minutes the oxide appears at 193.0
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Fig. 1: Fe 2p XPS peak from the native oxide film
on Fe B, Si, alloy: as received,—

after 10 min sputtering,.................
after 15 min sputtering (Sputter ion (Ar")
energy=3 keV) (a) before irradiation (b) after
irradiation at fluence 10" ions/cm?
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eV showing a shift to higher binding energy side by
about 0.7 eV and after 15 minute sputtering the
boron peak at 188.2 eV grows in intensity while the
oxide peak at 193.0 eV reduced drastically (Fig 2
(a) dotted line curve). Fig 2 (b) shows B 1s spectra
for the irradiated specimen at a fluence of 10 ions/
cm? and after sputtering with Ar* ions for 10 and 15
minutes. For the as received surface and specimens
after 10 and 15 minute sputtering two peaks appear
at 188.2 eV and 192.3 eV corresponding to
elemental B and B,O, oxide but intensities of peaks
are larger that of virgin specimen’s.

Fig 3 (a) shows the Si 2p,,, spectra for the
as received surface of the virgin alloy and after
sputtering with Ar* ions for 10 and 15 minutes. For
the as received surface and specimens after 10
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Fig. 2: B 1s XPS peak from the native oxide film
on Fe B, Si, alloy: as received,—

after 10 min sputtering,................
after 15 min sputtering (Sputter ion (Ar?)
energy=3 keV) (a) before irradiation (b) after
irradiation at fluence 10"“ions/cm?
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and 15 minute sputtering two peaks appear at 102.7
eV and 99.2 eV corresponding to Si oxide and
metallic Si [16,18]. After sputtering for 10 minutes
again two peaks appear at 99.2 eV and 102.5 eV
corresponding to Si in elemental and oxide form.
After sputtering for 15 minutes the metal peak grows
in intensity and become equal to the intensity of
oxide peak. Fig 3 (b) shows Si 2p,,, spectra for the
irradiated specimen and after sputtering with Ar*
ions for 10 and 15 minutes. The presence of Si in
the oxide and metallic form was observed and the
peak intensities get reduced as comparison to
unirradiated specimen [18]. Fig 4 (a) and Fig 4 (b)
depicts the O 1s spectra from the native oxide on
unirradiated and irradiated specimens. The O 1s
peak from as-received surface appears at 531.2
eV which may be attributed to the presence of OH-
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Fig. 3: Si 2p XPS peak from the native oxide film
on Fe B, Si, alloy: as received,—

after 10 min sputtering,..............
after 15 min sputtering (Sputter ion (Ar?)
energy=3 keV) (a) before irradiation (b) after
irradiation at fluence 10"“ions/cm?
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ion on the surface. After sputtering for 10 minutes a
broad peak appears at 532.0 eV with clear
asymmetry on the high binding energy side 532.7
eV. After sputtering for 15 minutes the O 1s peak
appear at 532.8 eV and the clear asymmetry at the
lower binding energy side 530.8 eV. The peak at
532.8 eV may be attributed to mixed oxide of boron
and silicon'®' and peak at lower binding energy
side may be due to Fe-O bonds. It was also observed
that after sputtering on irradiated specimen the
intensities of the peaks are much larger as
compared to the sputtered surfaces of unirradiated
specimen. This may lead to that the oxide layer
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Fig. 4: O 1s XPS peak from the native oxide film

on Fe B, Si, alloy: as received,—
after 10 min
sputtering,.........c...c... after 15 min sputtering

(Sputter ion (Ar*) energy=3 keV) (a) before
irradiation (b) after irradiation at fluence 10"ions/
cm?
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formed on the surface of irradiated specimen is
thicker than the virgin one.

DISCUSSION

The Fe 2p spectra (Fig 1(a)) for
unirradiated specimen show the presence of Fe®*
species along with some amount of Fe in metallic
form. The curve with dashed line after 10 minute
sputtering with Ar* ions (Fig. 1a) shows the presence
of Fe?* species at 710.5 eV [16,17]. It is known that
a partial conversion of Fe3* to lower valent species
might occur due to sputtering effects [16]. After
sputtering for 15 minutes with Ar* ion the peak
corresponding to metallic Fe at 707 eV becomes
intense which indicates the increased amount of
iron in the elemental form on the surface and the
peak representing the oxide component is
drastically reduced (Fig 1 (a) dotted curve).

On the other hand the Fe 2p spectra (Fig
1(b)) after irradiation shows only the presence of
Fe3* species and no metallic Fe peak is present.
After sputtering for 10 minutes the peak at 7110 eV
is shifted to 710.5 eV corresponding to a mixture of
Fe3* and Fe?* species (Fig1 (b) dashed line curve).
After further sputtering for 15 minutes (Fig 1(b),
dotted line curve) the large single peak occurs at
707.0 eV with a hump at higher binding energy
side corresponding to Fe® and Fe®'/Fe?* species.

The B 1s spectra for unirradiated
specimen shows the presence of pure B and the
shift of 4.1 eV of B 1s peak from its position in pure
boron pointed to the presence of boron as B®*
species in the oxide film [16]. After irradiation the B
1s spectra depicts the presence of B in elemental
and oxide form but the intensities of peaks are
larger than that of unirradiated specimen. Si 2p
spectra of unirrdiated and irradiated specimen (Fig
3(a) and Fig 3 (b)) shows the presence of Si in
oxide form most likely in the form of SiO, as well as
Si in metallic form [18]. The O 1s spectra (Fig 4 (a)
and Fig 4 (b)) for unirradiated and irradiated
specimen show the presence of hydroxyl group ions
which may arise due to the adsorption of water
vapour from the atmosphere.

Therefore it is observed that after

irradiation the surface of Fe, B, .Si, alloy is modified
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and it consist of Fe oxide most likely in the form of
Fe3* and no metallic Fe species, B as B,O, and Si
as SiO,. Hence the results of our study demonstrate
the fact that fast ions beams may be employed for
surface modification of glassy alloy surface.

10.
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CONCLUSIONS

X-ray photoelectron spectroscopy revealed
the presence of Fe®', B and Si** species
after irradiation with Ni''* ions.
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