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Abstract

Eggshell biomaterial has been mechanically activated in a
high-energy mill in air for increasing time (15 — 960 min).
X-ray diffraction study of the milling products has revealed
an extensive and fast calcite-to-aragonite transformation.
The volume fraction of the aragonite phase reached maxi-
mum (~65%) after 240 min. of milling, the mechano-chem-
ical equilibrium between phases was established after 960
min.

Introduction

Eggshell is one of the most commonly occurring bio-
material in nature that shows unique structure and proper-
ties, nevertheless, it is mostly discarded as a waste [1]. The
eggshell structure, composed predominantly of calcite
(94%), calcium phosphate (1%), magnesium carbonate
(1%), and of some organic matter (4%), is very sophisti-
cated: following the most recent studies [2], it is built of
three layers with entirely different morphologies, all on
submicron- to nanoscales. Particularly, there is a surface
layer with nano-rods and submicron spheres outside, the
so-called palisade layer beneath with rhombohedral cleav-
age, and finally, there is a lamellar mammillary layer from
the inner surface. The inner layers are dominated by pores
of diameter ~250 nm. The high degree of porosity suggests
the exploitation of eggshell in waste treatment, for possible
absorption of heavy metal contamination, gas sequestra-
tion, etc.

Mechanical activation (milling) is an often used tool to
enhance or modify the materials properties and reactivity
[3]. The motivation of the present study was to enhance the
capability of eggshell to absorb heavy metal contamination
from solutions, by increasing the total surface area via
high-energy milling. XRD study of the milling products re-
vealed an extensive and fast calcite-to-aragonite transfor-
mation during the milling.

Experimental techniques

Eggshell biomaterial was mechanically activated in a plan-
etary mill Pulverisette 6 (Fritsch, Germany) under the fol-
lowing conditions: loading of the mill with 50 tungsten
carbide balls of 10 mm diameter, powder/ball weight ratio
of 1/70, rotation speed of the planet carrier 500 rpm, mill-
ing time 15-960 min, working atmosphere — air.

Microphotographs were taken using the FE-SEM LEO
1550 scanning electron microscope.

X-ray powder diffraction data were collected over an
angular range 15<2Theta<115° with steps 0.1 and fixed

diffractometer (Bruker, Germany), working with Cu Ka
radiation (40 kV/40 mA) and a scintillation point detector,
arranged in Bragg-Brentano geometry. Fixed divergence
slit of 0.3 mm width and receiving slit of 0.1 mm width
were used and for background attenuation a secondary
graphite monochromator was employed. Both the primary
and secondary optics were equipped with Soller slits (2.5°).
The diffraction patterns were treated with the MAUD and
Diffrac”™ Topas software. Full profile Rietveld analysis
has been carried out using the Pseudo-Voigt peak shape
function, the corresponding parameters together with the
structure parameters have been refined.

Results

Calcite crystals are trigonal-rhombohedral. Aragonite, as a
high-pressure orthorhombic polymorph of calcite is known
to form under certain pressure and temperature conditions
[4] and under milling as well [5]. It is also known that me-

Figure 1. Scanning electron microphotographs of a) non-milled
eggshell and b) of the samples milled for 240 min.
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Figure 2. XRD patterns of high-energy milled eggshell. Duration of milling and the correspondent patterns of 85-1108-calcite () and
71-2392-aragonite (M) are indicated in the graph, according to the ICDD-PDF2 database.

chanical activation frequently leads to polymorphism. The
high local pressures at the contact surface of the mechani-
cally activated particles, as well as the presence of volume
defects are responsible for the phase transformations [6].
Nevertheless, the feasibility of the calcite-to-aragonite
transformation process, its rate and extent in the eggshell
has not been studied yet.
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Figure 3. Evolution of the calcite and aragonite volume fraction
during the milling process. Full and hollow symbols were ob-
tained by analysis of spectra using the MAUD and Diffrac™
Topas softwares, respectively.

According to our study, the calcite, which represents al-
most 100% of volume fraction in the original eggshell ma-
terial, starts to transform into aragonite at the early stage of
milling, after 15 min. (Fig. 2), what is much shorter time
than in case of mineral calcite [S]. The porosity of the egg-
shell material and the large initial total surface are surely
the attributes that facilitate the transformation process.

The evolution of diffraction patterns with milling time
(Fig. 2) reveals a considerable line broadening which takes
place mainly during the first 15 minutes and is related to the
reduction of crystallite size as well as to the changes in
structure. Our analysis has shown that the lattice parame-
ters of the eggshell calcite are close to those of the ideal
structure and change only slightly during the milling, while
the as-formed aragonite has more deformed crystal struc-
ture, with lattice parameters considerably larger than for
the ideal crystal, the maximum deviation reaches 1%. This
fact should be related to the strong strain, which accompa-
nies the milling process.

Fig. 3 shows the progress of calcite-to-aragonite trans-
formation. The maximum amount of aragonite (65%) is
achieved after 240 min. Longer milling probably starts the
reverse transformation to calcite to dominate [7], which
leads to the decrease of the aragonite amount, and finally,
the mechano-chemical equilibrium state is reached after
960 min.
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Figure 4. Example of full profile fitting and quantitative analysis of the diffractograms, using the Diffrac”™ Topas software. The data of
samples milled 120 min. (blue), the fitted spectrum (red), the difference (grey) and the peak positions corresponding to the 85-1108-cal-
cite and 71-2392-aragonite according to the ICDD-PDF2 database are indicated.

Fig. 4 represents an illustration of full profile fitting and
quantitative analysis of XRD data, using the Diffrac”™
Topas software.

Summary

Mechanically stimulated calcite-to-aragonite transforma-
tion has been observed for the first time in eggshell
biomaterial during high-energy milling. The transforma-
tion has been studied using the powder X-ray diffraction
technique. The full profile analysis using the MAUD and
Diffrac”™ Topas software has revealed fast and extensive
transformation. The transformation rate is higher than in
case of mineral calcite, probably due to the unique porous
structure of the eggshell. The maximum aragonite volume
fraction has been achieved after 240 min. and the
mechano-chemical equilibrium between the phases has
been established after 960 min. of milling.

References

1. D. Siva Rama Krishna, A. Siddharthan, S.K. Seshadri, T.S.
Sampath Kumar, J. Mater. Sci. Mater. Med. 18 (2007)
1735.

2. J.Zhou, S. Wang, F. Nie, L. Feng, G. Zhu, and L. Jiang,
Nano Res. 4 (2011) 171.

3. P. Balaz, Mechanochemistry in Nanoscience and Minerals
Engineering, (Berlin Heidelberg: Springer), 2008.

4. B.R. Hacker, D.C. Rubie, S.H. Kirby, and S.R. Bohlen, J.
Geophys. Res. 110 (2005) B03205.

5. H. Pesenti, M. Leoni, P. Scardi, Z. Kristallogr. Suppl. 27
(2008) 143.

6. P.Balaz, Extractive Metallurgy of Activated Minerals,
(Amsterdam: Elsevier), 2000.

7. G. Martinez, J. Morales, G. Munuera, J. Colloid Interface
Sci. 81 (1981) 500.

Acknowledgements

The Slovak Grant Agency VEGA (project 2/0009/11), the
Agency for Science and Development (project
APVV-0189-10) and the project “Centre of Excellence of
Advanced Materials with Nano- and Submicron—Struc-
ture” (“nanoCEXmat”) financed by the European Re-
gional Development Fund are gratefully acknowledged.
The SEM microphotographs have been kindly provided by
the International Laser Center in Bratislava (J. Kovac, A.
Satka)

© Krystalograficka spole¢nost



