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Abstract
The heritage conservation always remains a scientific and complex task. Either used for
preservation of cellulose-based artifacts or as limestone consolidant, the nano-Ca(OH)2 is
often associated with its carbonation process. The use of waste materials for nano-Ca(OH)2
synthesis transforms the entire process into a handy and sustainable one. Within this study,
the calcium hydroxide nanoparticles have been synthesized from eggshell wastes through the
precipitation method. For this purpose the raw eggshells were washed for organic traces
removal and disolved in concentrated HCl solution to form CaCl 2. The nano-Ca(OH)2 was
obtained by adding into the chemical reaction media a solution of NaOH, the white
precipitate being afterwards dried at 100°C for two hours. The synthesized nanoparticles
were characterized by X-Ray fluorescence (XRF), scanning electron microscope (SEM), XRay diffraction (XRD), thermal analyses (DTA-TG) and laser granulometry using as
comparative specimen a commercial calcium hydroxide. The granulometer analyses showed
that the particle size of the obtained nano-Ca(OH)2 was in the range 10 – 150nm, these
results being also confirmed by SEM images.
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Introduction
Solid waste management is now a challenge for a sustainable world, the huge amounts of
wastes generated worldwide leading to public health and environment related problems. The
eggshells wastes have an important contribution to the environmental degradation, due to their
landfill or incineration [1]. A targeted goal for the eggshells use is the synthesis of green
calcium hydroxide nanoparticles, which may be a valuable candidate for the conservation and
consolidation of historical monuments [2, 3].
The typical composition of historic mortars and plasters consists of hydraulic lime and
calcium sulphate and the conservation of historical buildings, sculptures or even wall paintings
require materials which are compatible with the components used for the original construction.
It means that the used materials should not interfere and therefore change the specific properties
of the historical monument in terms of porosity, stability or retreatability. However, many
materials used nowadays (e.g. polymeric organic materials) are not suitable for this action,
causing even additional damages [4-6].
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In order to eliminate these restraints, calcium hydroxide nanoparticles can be synthesised
and used as an alternative to the traditional lime, considering that the nanosized particles allows
a faster carbonation at the contact with the atmospheric air. Moreover, the advanced properties
of nanolime consisting of nanometric dimensions and high specific surface area at volume
ratios facilitate the infiltration into the damaged zones regardless of their dimensions [7, 8].
The application of nanotechnology to the conservation of architectural heritage gained a
high interest in recent years [9], and different methods of calcium hydroxide nanoparticles
synthesis have been developed for conservation purposes [10-12]. A type of green calcium
hydroxide nanoparticles was reported by M.D. Khana et al. [2]. They synthesized nanolime
plates from oyster shells wastes in an aqueous medium without using any additive or extreme
experimental conditions. The as-synthesised nanoparticles had similar characteristics with those
conventionally obtained with hazardous chemicals or polymeric agents.
Regarding the green development of calcium hydroxide nanoparticles there is a lack of
scientific data which leads to the necessity of new researches in order to identify suitable solid
wastes with adequate compositions, which can be further used for heritage conservation.
Therefore, in this study, eggshells derived from agroindustrial waste has been used to obtain
nano-Ca(OH)2 whose advanced properties are so appreciated in conservation activities, also
contributing to reducing the environmental impact.
Experimental
Materials
In order to obtain nano-Ca(OH)2, pure chemical regeants were used, namely
hydrochloric acid with 9 – 14% concentration and sodium hydroxide 10 - 15M, as well as the
eggshell wastes. Additionaly, to compare the obtained results, commercial hydrated lime (CHL)
was used. The eggshells’ chemical composition and that of the CHL was determined by X-ray
fluorescence (XRF), using a RIGAKU SUPERMINI spectrometer, the results being presented
in Table 1. As it can be observed the XRF results highlight the advantage of using eggshells as
precursor for Ca(OH)2 obtaining, since its CaO content (95.7%) is comparative with that of the
CHL (96.43%), increasing thus their recovery potential.
Table 1. The eggshells and CHL chemical composition

Materials
Eggshell
Nano-Ca(OH)2
CHL

MgO
1.61
0.44
1.43

Al2O3
0.51
0.24

SiO2
0.62
1.38
0.78

Chemical composition [% by mass]
P2O5
SO3
K 2O
CaO
0.96
0.40
0.11
95.7
0,43
96.1
0.17
0.06
0.04
96.43

TiO2
0.44

BaO
1.5
-

Fe2O3
0.09
0.14
0.41

Synthesis of nano-Ca(OH)2
The synthesis of Ca(OH)2 nanoparticle by precipitation method was carried out in three
stages. Thus, in the first stage it was pursued to obtain the concentrated solution of CaCl 2 by
dissolving solid CaCO3 in HCl as shown in Equation 1. For this purpose the eggshells were
washed to eliminate the organic residues, dried and crumbled so that the solubilisation process
with 9% of HCl solution to be carried out more accurate.
CaCO3(s) + 2HCl(aq) → CaCl2(aq) + CO2↑ + H2O(l)

(1)

The CaCO3 dissolution kinetic depends on the solution pH, thus during this chemical
process the pH value was ranged beween 2 and 4 (strong acid – s.a. and week acid – w.a.).
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When the total amount of CaCO3 was dissolved, the CaCl2 solution was filtered under vacuum
to remove the inner membranes of the eggshells.
The second stage debuts with the preparation of NaOH 12M solution used for Ca(OH) 2
precipitation, as can be seen in Equation 2.
CaCl2(aq) + 2NaOH(aq) → Ca(OH)2(s) + 2NaCl(aq)

(2)

The NaOH solution was added in low ammounts to enable a low rate of nucleation,
preventing thus the sudden formation and in large quantity of Ca(OH) 2. The resulted precipitate
was filtered under vacuum and washed with distilled water in excess to remove the NaCl and
potential traces of reagents. Afterwards the translucent precipitate was dried in oven at 100°C
for two hours transforming it in a very fine and silky white powder with a total amount of CaO
of 96.1% (Table 1).
In the third stage, the silky white powder was characterized and compared with CHL in
terms of chemical and microstructural particularities.
The chemical and microstructural characterization of nano-Ca(OH)2
The nano-Ca(OH)2 characterization was performed by using a full range of techniques
available for an accurate qualitative and quantitative determination of their intrinsec
microstructural features. Thus, the particle-size distribution was determined for both nanoCa(OH)2 powders (s.a. and w.a.), as well as for CHL for comparison, by using a laser particle
sizer, ANALYSETTE 22 NanoTec from FRITSCH, with measuring range of 0.01 – 2100μm in
the wet dispersion unit. Since calcium hydroxide is not soluble in ethanol, ethanol/nanoCa(OH)2 and ethanol/CHL suspensions were prepared to prevent agglomeration and to obtain
more accurate representations.
The crystalinity and phase identification was determined by X-ray diffraction (XRD)
using a Bruker D8 Advance diffractometer, with a step of 0.02grade/min. The mass changes of
the samples and the thermal changes which occur during heating were investigated by thermal
analysis (DTA - TG), using a NETZSCH STA-TG analyzer. The powder samples were heated
up to 1000°C, at a rate of 10°C/min in nitrogen atmosphere. The morphology of both nanoCa(OH)2 s.a. and CHL powders, was investigated by scanning electron microscopy (SEM)
using a HITACHI SU 70 microscope.
Results and discussion
Since the Ca(OH)2 nanoparticles represent an effective conservation material for the
consolidation of stone, mortars and plasters present in old masonry and/or mural paintings,
regardless of the synthesis route or the material from which it starts, is necessary to obtain
nanometric sizes. Thus, the results of the particle-size distribution, determined for Ca(OH)2
powders synthetised within this work as well as for the CHL are presented in Figure 1.
As it can be observed the powder obtained by using strong acidified solution (Fig. 1a)
has most of the grain sizes ranging between 10 – 100nm. However, the distribution also
presents population of grains with particle diameters ranging between 100nm – 4μm, which
represent the fine particles of Ca(OH)2 agglomerated in clusters. A higher pH of CaCl2 solution
determines an increase of Ca(OH)2 grain sizes so that the diameter of the powder obtained by
precipitation from weak acid solution ranges between 50nm – 10μm (Fig. 1b). This variation is
similar to that of the commercial hydrated lime (Fig. 1c).
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Fig. 1 Particle-size distribution of nano-Ca(OH)2 synthetised from strong acid media (a), week acid media (b) and
comercial hydrated lime (c)

Figure 2 depicts the XRD patterns of synthesized calcium hydroxide Ca(OH) 2, from both
strong and weak acidified solutions, dried at 100°C. The XRD patterns show well-defined peaks
at 2θ = 18°, 29°, 34°, 47°, 50° and 54° typical of Ca(OH)2.
Although the XRD patterns highlight an obvious similitude in terms of chemical
composition, there are some small diffrences among peaks intensities indicating the nanometre
scale of Ca(OH)2. In order to determine the crystallite size of nano-Ca(OH)2, the Scherrer
equation was used, as it is usually most effective for crystallite sizes of 200 nm or less: D = (k×
λ)/(FWHM×cos θ), where D is the crystallite size, k is the shape constant, FWHM is the full
width at half intensity of the diffraction peak and θ is the Bragg angle. The shape constant is
typically = 1.24 for FWHM of crystals with hexagonal symmetry [13]. Thus, for the Ca(OH)2
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obtained from strong acidified solution the calculated crystallite size was 12nm while for that
obtained from weak acid solutions the crystallite' dimension was 17nm.
The complex thermal analyzes results performed on the precipitated calcium hydroxide
from the two solutions with different pH are shown in figure 3.
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Fig. 2 XRD patterns of Ca(OH)2 obtained from both strong and weak acidified solutions
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Fig. 3 DTA / TG curves of Ca(OH)2 obtained by precipitation from strong acid medium (Ca (OH)2 s.a.)
and weak acid medium (Ca(OH)2 w.a.)
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There are two endothermic effects emphasized by the DTA curves for both powders,
recorded at T = 508ºC and T = 518ºC, correlated with Ca(OH) 2 dehydroxylation, a process to
which it corresponds a mass loss of 22.4% and 20.7% respectivelly. The decomposition
temperature of pure Ca(OH)2 is 512ºC, therefore the differences between this value and those
experimentally recorded could be explained by the presence of minor impurities. The
endothermic effect recorded around 800ºC (at T = 770ºC and T = 785ºC) coresponds to the CaO
syntering, when the analysed powders lose 6 – 7% of the total mass. This behavior is similar to
that observed by Mirghiasi et. al. [14] when preparing CaO nanoparticles from Ca(OH) 2 by
direct thermal decomposition method.
In order to study the Ca(OH)2 morphology and dimensions, SEM analyses were
performed on Ca(OH)2 s.a. and for comparison the CHL was also investigated, the results being
presented in figure 4.

Fig. 4 SEM images of CHL (a) and Ca(OH)2 obtained by eggshells valorisation from strong acidified solution (b and c)

The CHL’s morphology highlights irregular and fibrous-looking crystalline formations
(Fig. 4a) while for the same magnification (2μm) the SEM images of the obtained Ca(OH) 2
underline overlapped hexagonally and regularly shaped particles with dimensions lower then
500nm (Fig. 4b and c), which could be due to the reaction time for the formation of Ca(OH) 2.
The SEM images are in good agreement with the particle size analysis, these determinations
confirming the obtaining of nano-Ca(OH)2, which is a valuable component involved in
conservation works.
Conclusions
Nano-Ca(OH)2 was synthetised by a simple and handy method starting from the eggshell
wastes. The subsequent investigations were conducted so that the synthesized Ca(OH)2 powders
to be compared with a comercial hydrated lime obtained by classical routes, in terms of
chemical composition, particle-size distribution and crystals morphology.
The XRD patterns showed the existence of main Ca(OH)2 interferences, with slightly
differences between the two obtained powders in terms of peaks intensity. The DTA-TG curves
presented two endothermic effects corresponding to Ca(OH) 2 dihydroxylation and CaO
syntering with a total mass loss ranging between 26.6 – 29.4%.
The particle size analyses correlated with the SEM images demonstrated the nanometric
sizes of the obtained powders with hexagonal and regular shaped particles characteristic to the
Ca(OH)2 crystals, embeded in clusters.
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