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Abstract. Recent trends in the field of ion bombardment of material surfaces are reviewed
with a brief discussion about the present understanding of the subject. The use of novel
characterization concepts to explore the ion beam-induced phenomena is emphasized and in
this context the importance of the technique of conversion electron Mdssbauer spectroscopy
(cems) is brought out. A number of specific examples of the use of cEMSs technique to studies
on ion implantation, jon beam mixing and corrosion of ion-bombarded surfaces have been
given,
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1. Introduction

In recent years there has been an enormous growth of research activity in the field of
materials science. The major attention of this activity is focussed on the question of
obtaining material surfaces tailored to required specifications (Poate et al 1978, 1981;
Gibbson et al 1981; White and Peercy 1980). The conventional techniques of
equilibrium thermal treatment either for alloying, annealing or impurity diffusion
cannot offer a useful solution to this problem because of various reasons which have
been detailed elsewhere; the important one being the difficulty of adaptation due to
non-availability of suitable process parameters. Hence during the past decade there has
been considerable growth of interest in the use of radiation processing methods to
obtain suitably tailored surfaces (Carter and Colligon 1968; Mayer et al 1970; Crowder
1973; Poate et al 1981; Hoonhaut 1981; Sood 1982). Amongst the radiation processing
techniques generally employed, the prominent ones are ion implantation, ion beam
mixing, laser treatment, electron beam treatment etc. In the present article we shall only
discuss those techniques which are based on the use of energetic ion beams for
processing of material surfaces.

The basic ion beam method of surface modification is ion implantation, in which
selected ionic species having energy in the range of a few tens to a few hundreds of keV
are bombarded on solids (Carter and Colligon 1968; Mayer et al 1970; Crowder 1973).
This is a high vacuum (107 torr) process which offers a possibility of obtaining a
specific dopant distribution in the submicron region below the solid surface by
controlling the ion energy, target temperature, orientation of the target structure with
reference to ion direction etc. Since the implantation energies used in most experiments
are in the keV range, the atoms of solid which are displaced from their sites by the
incoming ions also possess substantial energy to atomically displace other atoms on
their track. Such sequential scattering events generate a zone in the neighbourhood of
the track of the incoming ion, which is often referred to as a ‘collision cascade region’
(Poate et al 1981). The cascade formation occurs over a time scale of only 10713 to
107 1° seconds rendering a highly non-equilibrium nature to the implantation process
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and thus offering a possibility of synthesizing metastable surface alloys and solid
solutions. This aspect is especially important in the context of metals, and metal-
semiconductor systems, wherein one desires to obtain newer metastable solid solutions
with novel application potentials. The process of direct implantation is however not
suitable in applications which require high-concentration alloys because synthesis of
such alloys requires bombardment at ion dose values as high as 10'7-10'® ions/cm?,
and at such dose values the sputtering effect (Carter and Colligon 1968) erodes the
presynthesized alloy layers. Thus it becomes necessary to find out alternative non-
equilibrium methods of producing such metastable alloys in thin film form. It was
shown by Tsaur et al (1979) that a simple but interesting variation of ion implantation
method itself can be used to synthesize concentrated metastable alloys on the surface of
any material without the intrinsic limitation imposed by the sputtering effect in the
direct implantation case. This innovation is referred to as ion beam mixing.

The principle of ion beam mixing is depicted in figure 1. This technique is based on
the fact that an energetic ion incident on a solid surface can dynamically move nearly
hundred or more of the atoms of the surface layers over many lattice distances. Hence
an ion dose of 5 x 10'® jons/cm? can lead to a dynamical mixing of 10'” to 10'® atoms
in the surface layers of a solid. If these layers are composed of successively deposited
thin films, an atomic mixing of these films can take place yielding a homogeneous high
concentration alloy. Since the dose required to achieve alloying is almost two orders of
magnitude lower in the case of ion beam mixing than that required in the direct
implantation process, the sputtering limitation of the latter method is almost
completely eliminated (Poate et al 1981). Also in view of the small dose, the percentage
of the implanted ions in the composition of the mixed alloy is extremely small and thus
beam mixing can be carried out by using any suitable ions of chemically inert gaseous
species such as Ar*, Kr*, Xe* etc with little risk of influencing the physical properties
of the alloy. It may further be observed that since the basic process used in ion beam
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Figure 2. Ion beam mixing process in the case of a multilayered structure.

mixing is ion implantation itself, it preserves the most important advantage of the
implantation method, viz its highly non-equilibrium nature which can lead to novel
metastable structures and compositions. Also, the technique of ion beam mixing can be
used effectively to tailor the composition of the mixed layer (figure 2). This can be
achieved by preparing a layered structure of alloying elements having thicknesses
suitable to yield specific final composition and subsequently mixing the deposited
multilayered sandwich by energetic inert gas ions. In this multi-interface case, the
energy of ions used to achieve mixing may be varied over a chosen range.
Considerable experimental work has already been done (Carter and Colligon 1968;
Mayer et al 1970; Crowder 1973) in the area of ion bombardment of solids to
understand the physical processes which can occur when radiation of a specific type is
incident on the material surface. In most of these studies the techniques of Rutherford
backscattering (rBs), x-ray diffraction (xrp), resistivity measurements etc have been
employed and valuable information regarding the structural and chemical properties of
processed layers has been obtained. Yet a need is felt for additional data, especially on
the atomistic aspects of the beam-induced processes to understand the finer details of
the nature and properties of the new materials which can be synthesized by the beam
processing techniques. Amongst the characterization techniques which can directly
address to the atomic level details, the technique of Mossbauer spectroscopy has a
special place because, it can, in a single measurement, throw light on the structural,
chemical, electrical and magnetic properties of materials as well as give valuable
data on the defect complexes and their symmetries. Also this technique, being non-
destructive in nature, does not forbid the use of other characterization concepts for
studying the same material. Thus a coherent picture regarding the state of solid can be
obtained without difficulty. Mdssbauer spectroscopy provides a number of windows
such as isomer shifts, quadrupole splitting, magnetic dipole interaction, Lamb-
Méssbauer factor etc through which one can obtain extremely useful information
about the nature of chemical environment, symmetry of the neighbours, magnetic field
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at the nuclear site, dynamics of the Mdssbauer atom etc (Bhide 1973). Yet, the use of this
technique requires the presence of suitable isotopes of elements which can serve as
source and absorber nuclei in a Mossbauer experiment, and as such this technique
cannot be conveniently applied to the studies of arbitrarily chosen material systems.
However, by appropriate choice of a representative Mdssbauer system, the physics of
the non-Mdssbauer accessible materials can also be studied by this method.

The technique of Mdssbauer spectroscopy can either be used in transmission mode
or in scattering mode depending upon the need of the investigation. The scattering
geometry, especially the one employing detection of conversion electrons emitted by
the Mossbauer nuclei subsequent to gamma absorption, is particularly suited for
studies of ion-irradiated surfaces because one can obtain Mossbauer information
selectively from the submicron region below the solid surface which is primarily
affected by the ion bombardment process (Sawicka and Sawicki 1981). In the case of
iron (*"Fe) the energy of conversion electrons is ~ 7-3 keV and as such the electrons
emitted within a depth of 0-25 um can only emerge out of the surface and be detected.
The conversion electrons emitted from the sample surface are generally detected in a
gas (He+4% ethanol mixture) flow type of proportional counter in an integral
manner and the Méssbauer information regarding the surface layers is obtained. Other
detection schemes such as the ones employing channeltron type of detectors can also be
employed but these are more sophisticated and expensive. In what follows we describe
some results of conversion electron Mssbauer spectroscopic (cems) studies carried out
on ion bombarded surfaces using simple gas flow type of proportional detectors.

2. Ion implantation: cems study

Sawicka and Sawicki (1981) studied the 3"Fe-implanted Al, Si, Ge and diamond
samples using cems technique. In the case of aluminium host, the effects of 3"Fe
implantation were studied (Sawicka et al 1978) over an ion dose range of 10** ions/cm?
to 2 x 10'7 ions/cm®. The maximum average ion concentration attained in aluminium
is ~ 30%, which is far above the solubility limit of iron in aluminium (0-001 ¢ at room
temperature and 0-025%, at 650°C). Some results of cems medsurements on >’Fe
implanted in aluminium are given in figure 3. The cem spectra indicate a systematic
variation of spectral features with change in the average iron concentration and this is
irrespective of whether the concentration is achieved by variation of energy or dose. At
iron concentrations smaller than 5% the spectra are composed of a singlet and a
quadrupole split doublet. The single line can be attributed to iron monomers, while the
doublet to higher iron associations (especially dimers) (Nasu et al 1980). As the average
iron concentration is increased upto 59 the contribution of the single line decreases
while that of the doublet increases systematically. The values of isomer shift
corresponding to the two contributions show that the S-electron density at Fe-nucleus
is larger in iron dimers than in monomers. In this case the cems technique also reveals
that the iron aggregation process is enhanced both by implantation at high doses
(leading to high defect concentrations) and by thermal treatment. In fact, the fast
quenching nature of ion implantation process has a very significant contribution which
can be seen from the fact that at dose values which are not high enough to lead to the
formation of large iron clusters and yet high enough to surpass the limits of solid
solubility, the contribution of iron monomers (non-associations) does appear in the
ceM spectra. The Cracow group also studied *’Fe implantation effects in silicon
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Figure 3. Variation of cEM spectra of *"Fe implanted in Al with ion energy z‘md therefore,
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(Sawicka and Sawicki 1977) and germanium (Sawicki and Sawicka 1977) over a dose
range between 5 x 10** and 5 x 10*° ions/cm?. It has been shown that in Fe-Si, ion
implantation leads to a broad doublet near the zero velocity channel indicating a
distribution of hyperfine interaction which has a non-magnetic nature. The isomer shift
and quadrupole splitting values corresponding to this doublet compare favourably
with the parameters observed in the case of alloys formed by the coevaporation
technique (Massenet and Daver 1976), thus establishing the rapid quenching nature of
the implantation process. The appearance of this doublet can be attributed to the
formation of iron dimers which occupy interstitial sites in the tetrahedral network and
stabilize the amorphous surrounding, avoiding further clustering. The implantation
studies on germanium (Sawicki and Sawicka 1977) also exhibit a number of interesting
features regarding the relaxation in the implanted tetrahedral lattices, but the details of
these studies will not be discussed here.

Dorik et al (1984) recently studied the oxidation properties of iron implanted with
nitrogen ions by using the cems technique. In these experiments 80 keV N 7 ions were
implanted on iron foils at a dose of 2 x 10'® jons/cm? and a number of such samples in
the as-implanted form or subsequent to a vacuum annealing treatment were subjected
to oxidation treatment in air at the temperature range of 300°C to 500°C for 4 min in
each case. The cems as well as conventional gravimetric measurements performed on
these samples revealed that the as-implanted samples exhibit an enhanced oxidation
rate as compared to the virgin iron foils. If one compares the spectra of figures 4 and 5a
which correspond to the unimplanted and implanted samples oxidized at 300°C for
4 min respectively, it is clear that the oxide components (Fe;O,) and (Fe,O;) are
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Figure 4. Room temperature CEM spectrum of iron foil heated at 300°C i air for 4 min.
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Figure 5. Room temperature CeM spectra of N implanted iron foil heated in air at
(a) 300°C, (b) 400°C (c) 500°C for 4 min each.

dominant in the implanted case when compared with the unimplanted sample. In fact,
the ratio of the oxygen co-ordinated Fe to a-Fe has a value of 36 in the implanted case
as against 0-96 in the unimplanted sample. These differences in the oxidation rate are
also reflected in the gravimetric measurements given in figure 6. When the implanted
foil which is annealed in a vacuum of 109 torr at 300°C for 30 min is oxidised, it shows
a reduction in the oxidation rate even as compared to the rate exhibited by the virgin
foil. This can be clearly seen by comparing the cem spectra of figures 4 and 7a. The
spectrum of figure 7a show no detectable amount of oxide fractions indicating that the ion-
implanted and vacuum-annealed foils show a significant improvement in the oxidation
resistance of the virgin iron foils. This observation is confirmed by the gravimetric
measurements given in figure 6. Figures 5 and 7 also show that at the oxidation
temperature of 500°C both the implanted as well as the implanted and annealed foils
exhibit considerable oxidation. It has been argued that ion implantation in iron
produces defects and compressive stresses in the surface layers. Whereas the former
effect enhances the oxidation rate due to defect-assisted diffusion, the latter effect tends
to inhibit it, the overall effect in the implanted sample being a reduction in the oxidation
resistance. The vacuum heat treatment (carried out at a temperature above the vacancy
annealing temperature for a-iron of 140°C but below its recovery temperature of
450°C) anneals out the point defects, stabilizes the compressive stresses and favours the
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Figure 6. Results of gravimetric analysis for the unimplanted (A), N7 implanted (.), N3
implanted and annealed ( % ) iron foils heat treated in air at 300°C.

migration of the 1mplanted nitrogen atoms towards the grain boundaries and
dislocation pipes resulting in the short circuit paths for oxygen indiffusion getting
blocked. This can lead to the observed oxidation inhibition.

The examples discussed above show that the cems technique has a tremendous
potential in investigating the properties of ion- -implanted metals and alloys containing
a suitable Mossbauer accessible element such as Fe. Very recently it has also been
demonstrated that the cems technique is equally powerful in studying the physics of ion
beam-induced interface reactions, which have been a subject of considerable interest in
recent years. In what follows, we briefly review some of this work.

3. lon beam mixing: cEms studies

The first experiments on the use of the cems technique to study ion beam-induced
interface mixing and subsequent reactions were carried out very recently by the Poona
University group (Godbole et al 1984a,b, 1985; Ogale et al 1985a,b; Patankar et al
1985). The ion beam-induced interface reactions in the single interface Fe-Al (Godbole
et al 1984a, 1985; Ogale et al 1985), Fe-Si (Ogale et al 1985a) and Fe-Ge (Patankar et al
1985) structures have been investigated by this group using the 3"Fe conversion
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Figure 7. Room temperature CEM spectra of N7 implanted and vacuum annealed (300°C
for 30 min) iron foils heated in air at (a) 300°C, (b) 400°C, (c) 500°C for 4 min each.

electron Mossbauer spectroscopy; and interesting new information regarding the
bombardment-induced interface phenomena has been brought out. In all these studies,
an iron film (thickness ~ 300 A ) was deposited onto the aluminium, silicon and
germanium substrates conditioned by appropriate thermal and chemical treatments.
Since ion beam mixing occurs at the interface and grows across it, a novel method of
sample preparation was adopted to obtain the Mdssbauer information predominantly
from the interface region. For this purpose an ~ 50 A film of 3"Fe Méssbauer isotope
enriched to 95-45 7, was deposited on the substrates of Al, Si and Ge, followed by a
deposition of an ~ 250 A thick film of natural iron which contains only 2:2% of the
*"Feisotope (figure 8). Since the MOssbauer signal emanates only from the 37Fe nuclei,
by using this sample preparation procedure an interface sensitive cem spectroscopic
study could be carried out and the early interface reactions in the ion beam mixed
region could be really understood.

The first system in which the ion beam mixing process was characterised by the
interface sensitive cems technique was Fe-Al. This system was chosen for the following
reasons (Godbole et al 1985): (i) *"Fe, a celebrated Mdssbauer isotope is a constituent
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Figure 8. Sample for interface sensitive CEM spectroscopic studies.

of one of the components of this system; (ii) the equilibrium solid solubility of Fein Al
is extremely low ie. only ~ 0-005 at.% even upto 450°C, with the result that the
conventional thermal treatment does not lead to any substantial interface reaction in
this system; which enables one to clearly identify the characteristic differences between
the ion beam induced and pure thermal reactions at the interface of two elemental
solids; (iif) the phase diagram of the Fe-Al system is extensively investigated and it
shows the existance of a large number of phases such as Fe,Al, 3, FeAl, Fe,Als, Fe,Al,
FeAl, etc., which is a favourable situation in so far as the occurrence of mixing at the
interface is concerned, according to the empirical rule established earlier; (iv) Al beinga
low -Z material, it does not produce a high photoelectron background and thus the cem
spectra are expected to be of good quality in this system; and (v) Al being non-magnetic,
it does not create any complications in elucidating the magnetic hyperfine interactions
at the 37Fe nuclei. Many Fe-Al samples, prepared following the procedure mentioned
above, were implanted with 100 keV Ar™ ions at a dose range between
1x 10' and 3 x 106 jons/cm? to achieve the interface mixing. The fact that the
interface mixing has occurred was confirmed by Rutherford backscattering measure-
ments (figure 9), which also brought out the average composition of the mixed zone to
be FessAl,s. The as-deposited as well as ion beam mixed samples were annealed at a
background vacuum of 1078 torr at various temperatures upto a maximum of 600°C
and the transformations in the cem spectra were monitored. All the spectra were
computer-analysed following the conventional Méssbauer fitting procedure along with
that for obtaining the distribution of magnetic hyperfine field (Window 1971).

The cem spectra of the as-deposited sample and the corresponding hyperfine field
distribution are shown in figures 10a and 10e respectively. In addition to the h.f. field of
330 kOe corresponding to a-Fe, the h.f. distribution also shows another domingnt
magnetic interaction corresponding to a field value of 240 kOe, and an intense low field
component which could indeed be due to the quadrupole and not the magnetic
interaction. The h.f. field of 240 kOe corresponds to the presence of three aluminium
neighbours at the sites of a number of *’Fe nuclei near the interface region. This can
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Figure 9. Rutherford backscattering spectra (RBs) of the as-deposited and ion beam mixed
composites. The continuous line corresponds to the as-deposited sample, the dashed line
corresponds to the sample bombarded with 100 keV Ar* ions at a dose of 1 x 10'¢ jons/cm?
and the dash-dot line corresponds to the sample bombarded with 100 keV Ar *ionsatadoseof
3 x 10'6 jons/cm?.

happen due to the deposition-induced reaction. The apparent low field magnetic
component could indeed be fitted with a quadrupole doublet contribution having the
hf. interaction parameters of isomer shift § = 033 mm/sec and the quadrupole
splitting A = 1-018 mm/sec. The appearance of this doublet was attributed to the
presence of *"Fe atoms in the y-Al, Oy skin on the surface of aluminium (Preston 1972)
(this natural oxide of Al is always present on the aluminium surface in the form of an
ultrathin film). When bombarded with Ar* ions the cem spectrum shows a drastic
change [see figure 10b, f for the field distribution (P(H) curve)]. Figure 10f shows a
considerable reduction of the peak at 330 kOe corresponding to «-Fe and emergence of
low field components at field values of 100kOe, 192kOe and 252kOe. It may be
hypothesized that the local atomic coordination in the ion beam mixed region
fluctuates randomly between the aluminium-like (i.e. fc.c)) and iron-like (i.e. b.cc)
environments. It is possible to find a certain specific number of aluminium near-
neighbours in the b.c.c. like (8 neighbours, Fe-b.c.c.) and f.c.c. like (12 neighbours, Al-
f.c.c)atomic environment by using the binomial distribution. From such a distribution
one can deduce the distribution of internal field by assuming a lowering of the value of
this field at 3" Fe nucleus per aluminium neighbour to be ~ 26 kOe (Oswald et al 1978).
By this method one may expect to obtain a distribution which resembles at least certain
portions of the observed P(H) distribution curve. This is indeed found to be true as seen
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Figure 10. Room temperature CEM spectra of (a) as-deposited and (b) ion beam mixed Fe-
Al composite. The spectra (¢)and (d) represent jon beam mixed samples annealed at 300°Cand
400°C respectively for 20 min each. The curves in (¢, (f), (g) and (h) are the hyperfine field
distribution plots corresponding to the spectra in (a), (b), (c) and (d) respectively.

from figure 11. The peaksat 192 and 252 kOe can thus be attributed to the fluctuations
of atomic coordination between 8 and 12 neighbour environments. The peak at
100 kOe (lower field) can possibly be attributed to the dilute magnetic alloy of Fe in
aluminium on the aluminium side of the interface.

When the ion beam mixed sample is annealed at 300°C and 400°C for 20 min in each
case, the corresponding CEM Spectra (figures 10c,d and the field distributions,
figures 10g, h)do not show any significant changes from the characteristics exhibited by
the ion beam mixed sample. When annealed at 500°C for 20 min, however, the spectral
features show a drastic change, and the standard computet fitting procedure reveals the
presence of a-Fe and Fe;Al phases (Gonser and Ron 1980) (figure 11) in the sample.
This sample when further annealed at 600°C shows another drastic change in the cEm
spectrum, which now indicates the presence of a small contribution of a-Fe and a large
contribution of a central doublet component. The hf. interaction parameters
corresponding to the doublet match reasonably well with the parameters correspond-
ing to the iron clusters in aluminium matrix (Hirvonen and Raisanen 1982).

When the as-deposited sample was annealed at various temperatures upto 500°C, the
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spectra continued to show the presence of «-Fe with an increase in the intensity of this
spectral component and a gradual reduction of the central doublet corresponding to
$7Fe in Al,O; skin, which could be due to the out-diffusion of iron from the oxide. No
Fe,Al phase was observed in the as-deposited sample annealed at 500°C, which showed
the presence of only o-Fe. This clearly brings out the difference between the
characteristics of the thermally-induced interface reactions in the as-deposited and ion
beam mixed samples.

The Poona group has also studied the dose dependence of ion beam mixing at the Fe-
Al interface (Ogale et al 1985b). For this purpose, non-interface sensitive studies were
carried out in which the samples were prepared by depositing iron overlayer
(containing ~ 30%, of the enriched *’Fe isotope uniformly distributed over the film
region) onto the alumininm substrates. Such non-interface sensitive studies were
undertaken primarily to understand the nature of the change in the beam mixing
process when the ion dose is raised from a low value of less than ~ 5 x 104 ions/cm? at
which individual cascade effects dominate, to the high doses at which the cascade overlap
effects start playing an important role. The non-interface sensitive method was used in
the place of the interface sensitive one in these studies because the interface sensitive
technique defines a fixed length scale (of ~ S0 A) at the interface, which is not
compatible to the growth of the mixed region as a function of the increase of the ion
dose. The results of the non-interface sensitive cems studies are shown in figure 12, In
figure 12a the cem spectrum of the as-deposited sample is shown while in 12b to 12g the
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Figure 12. Room temperature CEM spectra of (a) as deposited Fe-Al composite and ion
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The corresponding hyperfine field distribution curves are represented with continuous curves.

CEM spectra of the composites implanted with Ar* ions at various values of ion dose
ranging between 10'# ions/cm® and 3 x 10'6 ions/cm? are shown. The distributions of
internal magnetic field have also been given for all the spectra. The distribution
corresponding to the as-deposited sample exhibits a peak at 330kOe (which
corresponds to a-Fe) and other small variations which can partly be attributed to the
use of Fourier series in the decomposition procedure upon ion beam mixing. With
increasing implantation dose the peak at 330 kOe shows a systematic decrease in
intensity with emergence of peaks corresponding to lower values of hyperfine fields.
Also the line-widths of the Mossbauer spectral components show an increase with
implantation dose, indicating the presence of disorder in the mixed zone. The
emergence of peaks corresponding to lower field values is due to formation of an

]
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interface alloy in which the 3"Fe nuclei find one or more of aluminium neighbours
which contribute to the decrease of hyperfine field. When integrated over the entire
range of lower field values distinguishable from the peak at 330 kOe, the total low field
contribution shows a gradual increase with ion dose (figure 13). It may be noted,
however, that the increase is almost linear upto a dose of 10*° ions/cm? beyond which
the nature of the curve and hence possibly the mixing process, shows a deviation (Poate
et al 1981). It is interesting to note that the dose value of 10'® ions/cm? is typically the
value at which the cascade overlap effects may be expected to dominate the mixing
process. It is possible to separately fit the low field components of the Mdssbauer
spectra by the standard Mdssbauer fitting procedures and to identify the nature of the
microstructure. This exercise is presently being carried out.

In addition to the Fe-Al system, the Fe-Si (Ogale et al 1985a) and Fe-Ge (Patankar et
al 1985) systems have also been investigated by the Poona group. The Fe-Si system
exhibits features similar to those observed in the Fe-Al system, though at a relatively
higher temperature. On the other hand, the Fe-Ge system exhibits a behaviour which is
distinctly different as compared to the Fe-Al and Fe-Si systems. In the Fe-Ge case the
transformations are more gradual and the Fe-enrichment process begins at a
temperature as low as 350°C. The similarities and differences in the behaviour exhibited
by the three systems correspond reasonably well to the atomic and solid state
parameters of the elements involved.

TOTAL CONTRIBUTION OF LOW FIELD COMPONENTS(ARB. UNITS)
G2
T

1 1 1
0 700 700 300

JON DOSE (x10%) ions /cm2

Figure 13. Total contribution of low field component as a function of ion dose for Fe-Al
composite.
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In the earlier paragraphs we have discussed the work of basic nature concerning the
ion beam mixing process carried out by employing the cems technique. Using the same
technique the Poona group has also investigated the applied nature on the ion beam
mixed state of Fe-Al alloy, in which the electrochemical corrosive properties of this
alloys have been studied (Kanetkar et al 1985). In these experiments the as-deposited as
well as ion beam mixed Fe-Al samples prepared for interface sensitive CEMS
measurements were subjected to electrochemical corrosion by employing the three
sweep potentio-kinetic polarization technique. The use of the three sweep technique,
suggested by Ashworth et al (1976) for electrochemical studies of corrosive properties
of implanted solids was made to eliminate any possible interference of the air-formed
oxide film in the evaluation of the corrosive properties of the ion beam mixed region.
We carried out potentio-kinetic polarization measurements at two sweep rates. A sweep
rate of 1:33mV/sec corresponding to a quasi-steady state condition was used to
simulate the situation of practical importance, while a higher sweep rate of 10 mV/sec
was used to understand the dynamical features of the corrosive activity. A higher sweep
rate is also useful to obtain a clear active-to-passive transition in cases where such a
transition cannot be seen, in view of the thinness of the films as compared to the length
scale of corrosive activity. The electrochemical corrosion was measured at room
temperature in an acetic acid/sodium hydroxide buffer solution having a pH of 6-95.

From figure 14, it is observed that the Fe foil shows active-to-passive transition for
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Figure 14. Second positive going sweep in the three sweep potentio-kinetic polarisation

curves for (a) pure iron foil (b) pure aluminium foil. The continuous line and dashed curves
correspond to sweep rates of 1-33 mV/sec and 10 mV/sec respectively.
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both the sweep rates. The values of critical current density and pitting potential are
lower in the higher sweep rate as compared to the lower sweep rate. In aluminium, no
active-to-passive transition is observed at either values of the sweep rate (figure 1,4b)
because subsequent to an initial dissolution, the passivation ensues almost immediately:
due to the formation of an aluminium oxide coating in the aqueous medium,

When the as-deposited sample was subjected to electrochemical corrosion, the iron
layers deposited on the aluminium substrates dissolved for both the sweep rates
employed. On the other hand, the ion beam mixed Fe-Al sample exhibited distinctly
different features as compared to as-deposited Fe-Al sample (figures 15 and 16). An
examination of figures 15a, b clearly shows that the dissolution of iron is considerably
higher in the as-deposited sample as compared to the ion beam mixed sample. This is
indicated by the current density corresponding to the point D on the curve of the first
negative going sweep. It is also observed that the as-deposited sample does not show
any active-passive transition and indicates a dissolution similar to that of pure
aluminium. At faster sweep rate (figure 16) the active-to-passive transition and the
corrosion inhibition in ion beam mixed sample are seen more clearly.
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Figure 15. Three sweep potentio-kinetic polarisation curves for (a) as-deposited and
(b) ion beam mixed, Fe-Al composite. The dotted curve corresponds to first positive going
sweep, the dashed curve corresponds to first negative going sweep and the full line curve
corresponds to second positive going sweep at the sweep rate of 133 mV/sec.
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Figure 17. Room temperature CEM spectra of Fe-Al composite: (a) as-deposited (b) ion
beam mixed and (c) ion beam mixed composite subjected to aqueous corrosion. Hyperfine
field distributions corresponding to the spectra in (a), (b) and (¢) are shown in (d), (e) and (f)
respectively.

absence of Fe, we recorded the cem spectrum of the as-deposited sample after electro-
chemical corrosion. No resonant absorption could be seen showing a complete
dissolution of the iron film. On the other hand, the ion beam mixed sample led to ceM
spectrum as shown in figure 17c. When decomposed, this spectrum gives magnetic
hyperfine field distribution as given in figure 17f. It can be readily seen that the peaks at
192 and 252 kOe in the field distribution corresponding to the ion beam mixed sample
are decreased substantially upon corrosion while the peak at ~ 100 kOe is shifted to a
lower field value of ~ 90 kOe. It is also observed that the peak at 330 kOe is decreased
to a certain extent. In addition to these changes in the magnetic components we could fit
the total spectrum of figure 17¢ with two quadrupole-split doublets. One of the
doublets has an isomer shift of 0-40 mm/sec and a quadrupole splitting of 0-63 mm/sec,
while the other doublet has an isomer shift of 0-89 mm/sec, and a quadrupole splitting
of 127 mm/sec. The hyperfine parameters of the latter doublet match reasonably well
with those of FeO (Terrell and Spijkerman 1968; O’Grady 1980; Eldridge et al 1982)
(LS. = 091 mm/sec, Q. S. = 0-80 mm/sec) except for a higher value of the quadrupole
splitting which may be attributed to the thinness of the ion beam mixed film and to the
damage imparted to the interface structure due to the ion bombardment. The hyperfine
parameters of the other doublet can be favourably compared to those of hydrated non-
magnetic oxides of Fe (Terrell and Spijkerman 1968; O’Grady 1980; Eldridge et al 1982)
such as, y-FeOOH (I.S.= 038 mm/sec, Q.S.=059 mm/sec), f-FeOOH, (LS.
= 0-37 mm/sec, Q.S. = 071 mm/sec and also a-Fe, 05 clusters (Kundig et al 1966)
(I.S. = 031 mm/sec and Q.S. = 098 mmy/sec).
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As indicated earlier, the local atomic coordinations in the jon beam mixed alloy
fluctuate within the mixed region and hence formation of two or more phases of the
above type is indeed possible. Also these phases have been established to be the
components of the passive films on iron surface, and as such the observed passivity,
obtained in the ion beam mixed sample can be attributed to the growth of the above
mentioned phases on the sample surface. The small difference between the hyperfine
parameters of the passive film on the ion beam mixed surface and the above mentioned
phases may be due to the presence of aluminium in the matrix. This interesting point
which concerns with the internal compound states of an alloy needs further
investigation. We are presently investigating the influence of ion dose, which leads to
the growth of the ion beam mixed region as well as changes in its microstructural
properties on the corrosive behaviour of ion bombarded Fe-Al composites. Further
work employing the cEMs method to study the oxidation properties of ion beam mixed
phases and the formation of amorphous oxides by ion beam mixing technique is also in
progress in our laboratory.

4.  Conclusions

In view of the important role played by surfaces and interfaces in a variety of physical
and chemical processes, there is a growing interest in both the modification of surfaces
to the required specifications and characterization of surfaces at the atomic level. So far
as surface modification is concerned the newer techniques such as ion implantation, ion
beam mixing, electron and laser beam treatment offer many advantages and novel
approaches. In the characterization of radiation-processed surface layers, in addition to
the conventional techniques, the technique of cems also proves to be extremely useful
since it can bring out valuable information concerning atomistic aspects of irradiated
materials.
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