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Ion beam modifications of defect sub-structure of calcite cleavages
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Abstract. Experimental investigations on the defect sub-structure and surface modifications, brought about
by He+ ion-bombardment of calcite cleavages (100), have been carried out. Optical and scanning electron microscopic investigations revealed drastic modifications on the surface morphology, local symmetry and defect
concentration. Additional structural defects on ion-bombardment of calcite surfaces also have been observed.
Changes in shape and form of chemical etch pits are found to be a function of ion-beam energy, as studied by
optical microscopy. Radiation damage in calcite has been attributed mainly due to desorption of CO3–2 ions
from the calcite surfaces, on irradiation. Measurements of surface conductivity on irradiated calcite surfaces
have been made employing a four-probe technique. Enhancement of surface conductivity has been considered
to be due to an increase in concentration of CO–32 ions formed, on ion irradiation and subsequent thermal
stimulation. Planar plastic anisotropy has been studied on irradiated calcite cleavages by measurement of microhardness.
Keywords. Calcite crystals; ion-bombardment; optical microscopy; microhardness and planar anisotropy;
surface conductivity.

1.

Introduction

Ion implantation technology and studies on ion beam modification of surfaces of solids have made significant contribution to developments in materials science. These
studies, in turn, have demonstrated a wide range of potential
applications such as in electrical, optical, electro-optical,
integrated circuits, semiconductors, luminescence etc.
These techniques are well known as simplest ways to build
a surface with specific properties in selected regions.
Ion beam irradiation of the crystal surfaces or cleavages drastically alter the surface features and properties.
Collisions of high energy ions with the lattice introduce
surface disordering and defects. The depletion of target
ions from the region of implantation may alter the result
in the near surface composition (Arnold and Peercy 1980).
The ultimate physical properties depend on the inherent
defects together with those formed on ion bombardment.
Studies on ion beam irradiated single crystal surfaces or
cleavages provide a wealth of information such as surface
and interface structure, surface disordering, melting etc.
Surface melting at microscopic level, through the detection
of surface disordering, on medium ion energy scattering
(MIES), has been reported by Frenken and van der Veen
(1985). Application of MIES to study single crystal surfaces has been reviewed by van der Veen (1985).
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Several experimental investigations on calcite single
crystals such as luminescence (de Lima et al 2001), FTIR
and thermal analysis (Ramasamy et al 2003) and thermally stimulated luminescence (TSL) (Ponnusamy et al
2006, 2007) have been carried out. This article reports the
results of experimental investigations on ion irradiated
calcite (100) cleavages. Studies on defect sub-structure,
chemical etch pit morphology, surface conductivity and
microhardness have been made. The nature of radiation
damage also has been assessed by a study of planar plastic anisotropy.
2.

Experimental

Calcite cleavages (100) were irradiated with medium ion
energy (50–150 KeV) He+ ions, with a dose rate of
1017 ions/cm2, in vacuum of the order of 10–8 bar, at room
temperature. Experimental studies on chemical etching and
etch pit morphology were carried out employing Meopta
optical microscope and scanning electron microscope
(SEM model 250 MK III, Cambridge).
Measurements of surface electrical conductivity (σ) of
irradiated calcite cleavages were carried out employing a
linear array four-point probe technique (Runyan 1975).
Calcite cleavage surface was mechanically lapped between the four probes and an insulating mica surface, employing a spring load arrangement. Different voltages
were applied to the outer two probes and the resulting
current between the inner two probes was measured by
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Figure 1. (a) Optical micrograph of calcite cleavage chemically etched with propionic acid with water (1 : 100) (rhombic etch
pits; time 30 s). Scanning electron micrographs of calcite cleavages chemically etched after ion bombardment with different energies: (b) 100 KeV, (c) 120 KeV and (d) 140 KeV.

connecting Keithley (Model 610C) electrometer in series
with inner probes. Temperature of the sample and its
control to an accuracy of ± 1°C can be made, employing a
digital temperature controller. Surface conductivity at
different temperatures have been evaluated using the expression

σ = I/2π SV,
where S is the probe spacing in cm, V the voltage applied
in Volts and I the current measured in amperes.
Microhardness measurements were carried out employing
Reichert microscope using a knoop indenter as described
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by Wonsiewiez and Chin (1973). Different loads were
applied for specified times and the length of the longer
diagonal of the indenter mark was measured using a microscope. The knoop hardness was evaluated by the expression
KHN = 1⋅43P/L2,
where P is the load applied in kg and L the length of
longer diagonal in mm.
3.

Results and discussion

The optical micrograph of chemically etched calcite cleavage with propionic acid and water (1 : 100) is as shown in
figure 1(a). Rhombic etch pits have been observed, with
an etching time of 30 s, which reveal the morphology of
the calcite cleavage.

Figure 2. Variation of electrical surface conductivity vs temperature in calcite crystal (a) freshly cleaved, ion bombarded, (b)
100 KeV, (c) 120 KeV and (d) 140 KeV.

Figure 3. Planar plastic anisotropy in calcite cleavage (100)
as measured employing Knoop indentor. (a) Freshly cleaved
and ion bombarded with energies (b) 100 KeV, (c) 120 KeV
and (d) 140 KeV.
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The scanning electron micrographs of ion irradiated
calcite cleavages with energies 100 KeV, 120 KeV and
140 KeV, respectively are as shown in figures 1(b–d).
Changes in shape and form of the etch pits decrease in
dislocation density, 104 to 102 cm–2, and formation of voids
and surface damage on bombardment with gradual increase
in energy of ions have been observed.
The log(σ) vs 1/T plots, where σ is the surface conductivity (mhos/cm) and T the temperature in degrees Kelvin,
for the cleavage surface and ion irradiated calcite cleavages are as shown in figure 2. Enhancement of conductivity
has been observed at all the temperatures of observation,
and the conductivity is found to increase with the dose of
irradiation.
Variations of microhardness for different Knoop indenter angles with respect to the (100) surface, are as
shown in figure 3. Curves a, b, c and d show the variations in microhardness observed, for the freshly cloven
and ion bombarded cleavages, with 100 KeV, 120 KeV
and 140 KeV energies, respectively under a constant load
of 200 g at different indenter angles. The microhardness
anisotropy is pronounced in ion irradiated calcite and
showed marked variation with energy, relative to the
freshly cloven cleavage. The relative values of the microhardness at different indenter angles indicate the inhomogeneity created on irradiation. Further, since the
critical shear stress for plastic flow vary from one plane
to the other, plastic anisotropy may be attributed to the
crystallographic nature of plastic deformation. The variation of mechanical strength along different directions
indicate the relative ease with which a particular surface
can be scratched along one direction rather than the other.
Ion beam irradiation causes much more inhomogeneity
on the surface and hence more hardness variation for different indenter angles.
For a given indenter angle, the microhardness of calcite
surface is found to increase with dose of irradiation,
which may be correlated with the scanning electron micrographs recorded for the same irradiation doses. The
desorption of CO2 from surface and formation of CaO is
hastened with the dose of irradiation; simultaneously the
surface conductivity also is enhanced. Thus, the present
experimental results employing different experimental
techniques are correlated. Calcite, when heated to about
800°C, decomposes to form CaO and CO2. Desorption of
CO2 from calcite also has been reported on electron irradiation (Christie et al 1981; Baer et al 1991). However, present studies indicate that the decomposition path seems to be
hastened by the process of radiation damage. Ion bombardment effectively causes local heating and increase the
concentration of CO–32 ions formed on subsequent thermal
stimulation.
Thus, ion bombardment of calcite crystal surfaces introduce lattice defects and modify surface morphology.
The electrical and mechanical properties of calcite surface are drastically modified on irradiation. MEIS effec-
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tively introduces inelastic interaction with atomic targets
and destroy surfaces to form voids and islands on calcite
cleavages.
4.
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Conclusions
References

Low and medium ion energy irradiation modify calcite
surface morphology, local symmetry, incorporate structural defects and enhance the defect concentration. Formation of voids and islands on calcite cleavages due to
the destruction of surface by ion bombardment at relatively higher energies have been observed in the present
study. The process of desorption of carbon dioxide, which
occurs on thermal treatment of calcite cleavages seem to
be hastened by the process of radiation damage.
Enhancement of surface conductivity of calcite on ion
bombardment has been explained in terms of an increase
in concentration of the ions formed on radiation damage
and subsequent thermal stimulation. Studies on planar
plastic anisotropy indicated the inhomogeneity of calcite
cleavages on radiation damage.
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