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In this work, the microscopic observation of thin section
was utilized to analyse the geological and fine morpho-
logical features of the 16th century Amber fort lime
plaster — a World Heritage site. FTIR, XRD and SEM
photomicrographs showed the stabilization of different
crystalline phases of calcite polymorphs. Chemical anal-
ysis and SEM-EDX data revealed dolomitic limestone
was probably sourced for plaster works. The high mag-
nesium present in the raw material, the environmental
conditions during the application, pH, etc. have stabilized
calcite polymorphs in the plaster. The calcite meta-stable
phases have undergone dissolution with time making the
plaster weak. This has increased porosity, permeability,
and resultant lowering of plaster’s mechanical strength.
Thermal analysis and cementation index revealed use of
non-hydraulic, binder-rich, air-lime for plaster works.
The granulometric study showed the mixing of reddish-
brown sand-size grains, and the aggregates were probably
sourced from the same location for major construction
activity. The low proportion of aggregates led to reduced
mechanical strength, and the plaster is vulnerable to
damage.

Keywords: Arid regions, calcite polymorphs, decorative
works, heritage structures.

SIGNIFICANT variations in the composition and strength of
ancient plasters and mortars are observed in different geo-
graphical locations and periods of historical construction
in India'?. The preparation as well as execution techniques
of lime mortar also differed in different parts of the coun-
try**. To execute restoration work, the plasters/mortars must
be extensively studied to prepare compatible and matching
repair mix. Moreover, no recorded work highlights the ana-
lysis and characterization of materials used in lime works
of the western Indian desert region of Rajasthan. This re-
gion was the home of great rulers, rich in monuments and
havelis with beautiful lime works and decorative surfaces.
Rajasthan is associated with legends of romance and brav-
ery as well as paintings, history and architecture that go
back several centuries. The decorative art on lime plaster
in this region started developing in the 14th century and

*For correspondence. (e-mail: m_singh_asi@yahoo.com)

804

was at its peak in the 16th century. The Persian colonial art
also flourished in this part and the colour palette of paint-
ings suddenly changed from vibrant red to more bright
colours”.

The Rajasthan decorative arts stretched on shiny white
plaster and the technique is known as fresco buno®. The
plaster technique is considered similar to the true fresco of
Italy. Rajasthan is also the lime capital of India and com-
pact limestone, granular limestone, magnesia limestone,
and kankar limestone are abundantly available in the state.
An earlier study reported the burning of kankar limestone in
a limekiln for plaster works inside the Taj Mahal in Agra’.

The region is mostly arid and includes rocky terrain,
rolling dunes, plateaus, tracts of land filled with thorny
shrubs, wetlands, river-drained plains, ravines and wooded
areas. It experiences severe heat. The high evaporation
rate of water due to heat and less rainfall has made the
groundwater saline. Due to local climatic conditions, the
technique of lime plastering practised in this region is dif-
fers from those in other parts of India. The lime works in
India’s desert region were executed by a unique technique
locally named ala-gila’.

Ala-gila plastering technique

In this technique, the wall is firstly chiselled to make it uneven
and rough, brushed and washed many times with water.
The temperature in Rajasthan is very high; therefore, the
wall is drenched with water to reduce the reaction rate of
calcium hydroxide®. During plastering, the wall is kept
semi-wet for the application of each layer of plaster. Water
reduces the reaction rate of carbon dioxide with lime and
increases workability.

For all plaster works, lime slaked for at least six months
was used. If the lime is not well slaked and/or properly fil-
tered, it may develop swelling or bubbles during applica-
tion. The slaked lime is properly mixed with aggregates
like sand, granules, brick dust and some organic binders.
This mixture is stirred well to improve the cementing
property, followed by adding curd and jaggery.

The first layer of the plaster is applied to the bare wet
wall of stone or brick. These layers are coarser and always
have large-sized aggregates. The plaster is evenly spread
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by wooden trowels, ensuring that the layer is free from pits
or pores. Sometimes paddy husk or animal hairs are added
to strengthen the plaster. The plaster is beaten gently with
wooden trowels to make it smooth and water is sprinkled
to make the surface damp. The second layer of the plaster
mixed with small-sized aggregates is subsequently applied.
A layer of kara, a mixture of pure lime and marble dust,
jaggery and fenugreek seeds is applied during plaster set-
ting. The second layer is thinner than the first layer and
forms the base layer for paintings. The wet plaster is beaten
regularly using wooden trowels and a churn made of lime
and aggregates is applied to increase fluidity and workabi-
lity. The final layer is bright, white, smooth, filtered lime
paste mixed with curd and sugar in the ratio 1 : 3 for a soft
and glittering finish. The final plaster is strained and filte-
red 3—4 times before application. The plaster is applied in
several coats to give an even finish to the surface. After
every wash, the surface is burnished with an agate stone
for a lustrous finish. The water eventually evaporates, and
on reacting with carbon dioxide, calcium hydroxide is
converted into calcium carbonate. The detailed decorative
figures are outlined on the top layer to be filled with col-
ours.

Lime, a major binder, has been extensively used in an-
cient Indian constructions. The identified polymorphs of
lime are calcite, aragonite and vaterite. The thermodynami-
cally most stable polymorph of lime is calcite and the least
stable is vaterite”'. Aragonite with its needle-like crystals
and vaterite with polycrystalline spherulite structures are
metastable phases of calcite. In contact with rainwater, the
polymorphs of calcite start decaying till it reaches equili-
brium. Any dissolved CO, in the rainwater will promote
the dissolution of calcium polymorphs. The dissolution of
metastable phases will result in increased porosity and
permeability lowering the mechanical strength of ancient
plaster works. The process also changes the aesthetic ap-
pearance of the outer plaster layer.

The most stable polymorph, calcite, is formed from the
metastable phase of vaterite. The thermodynamically more
stable calcite is preferentially formed. However, previous
studies reveal that the presence of inhibitors and other ions
may preserve the thermodynamically less stable aragonite
and/or vaterite'"'>. Magnesium, either from dolomitic lime
or as an impurity in lime works, will support the stabiliza-
tion of aragonite'’. The ancient plaster with needle-shaped
aragonite crystals needs special protection as aragonite is
more vulnerable to leaching than calcite'*. Moreover, cal-
cium carbonate and its polymorphs are not neutral and give
an average pH of around 9.9.

Therefore, the lime plaster restoration of ancient heritage
structures demands advanced material analysis for a better
understanding. Only the instrumental analysis of historic
lime may better indicate the plaster composition to plan
future conservation and restoration efforts. The lime plaster
samples from Amber Fort in Jaipur, Rajasthan have been
studied for the chemical and mineralogical composition to
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prepare a compatible plaster. The geological and micro-
morphological features of the lime plaster were studied us-
ing petrological and mineralogical analysis. The instrumen-
tal techniques of X-ray fluorescence spectroscopy (XRF),
X-ray diffraction (XRD), thin section, SEM (scanning
electron microscope)-energy dispersive X-ray analysis
were used to study the plaster composition. The purity and
hydraulicity of the plaster were determined through ther-
mal analysis. The lime plaster of the Amber Fort has been
significantly damaged. This study may help prepare a com-
patible plaster for the planned conservation of this monu-
ment.

The Amber Fort

The Amber Fort, a 16th century world heritage monument
in Rajasthan, was constructed in the reign of Raja Man
Singh. Situated at the foothill entrance of the state capital
Jaipur, the Fort is surrounded by many water bodies and
attracts a large number of visitors every year. Figure 1
shows a general view of the Amber Fort. Jaipur city expe-
riences hot summers with an average temperature of
around 45°C in June and cold winters in January (10°-
12°C) with daily sunshine. The wettest month is August,
with an average rainfall of 227 mm. The Fort with archi-
tectural embellishments has decorative arts on lime plaster.
The lime plaster is primarily seen in the walls and ceiling.
The main building material is local sandstone blocks and
fired bricks cemented with lime mortar. The lime plaster
samples were collected from the exterior walls of Man
Singh Mahal which have been extensively damaged. Plas-
ter samples were also collected from a room still untouched
and badly damaged due to vandalism.

Materials and methods

All the samples were collected from various points of the
monuments showing damaged lime plaster. Sampling was
done with the help of a small chisel and any contamination
was rejected. A total of five samples were extracted from
various points of the monuments for analytical examina-
tion.

As samples of lime plaster are heterogeneous, a thin sec-
tion was prepared to examine mineralogical composition.
For this, samples 1 and 2 were dried at 80°C for 8 h. It en-
sured the complete removal of inner moisture that also
helped prepare crack-free thin sections. The sample was
initially impregnated in low viscous resin under vacuum
and subsequently, a thin section of 30 um was prepared by
grinding and polishing with zero-grade emery paper. The
petrological microscope (Carl Zeiss JENAPOL) at 10x
magnification was used for the optical examination of the
samples. The analysis was performed at the Geo-archaco-
logical Laboratory of Atomic Mineral Directorate, Depart-
ment of Atomic Energy, New Delhi. The mineralogical
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Figure 1.

composition was studied to identify the aggregate grains
and minerals present in the plaster'. The plaster samples
were also examined using an electronic particle size ana-
lyser for the content of clay, silt and sand-sized particles.

To understand the stratigraphy of the layers, the samples
were cut and impregnated in low viscous resin for 12 h.
The embedded samples were ground and polished to achi-
eve the required smoothness. The cross-section was studied
under a stereo microscope (SM 2800 N) in the magnifica-
tion range 50x—100x at Stitching Restauratie Atdier Lim-
burg, The Conservation Institute, The Netherlands.

For the particle size analysis, the plaster samples were
digested in a 25% HCI solution for 30 min, followed by
mechanical stirring for 5 min.

Chemical composition analysis is an essential factor for
the characterization of historic plasters'>'®. The chemical
composition of the plasters was determined at the Advance
Instrumentation Research Facilities (AIRF), Jawaharlal
Nehru University, New Delhi using an XRF instrument
(PAN analytical Epsilon 5). The samples were ground to a
fine powder and pressed in a small crucible before placing
them in XRF. Three measurements for XRF analysis were
done and the data were averaged.

For loss of ignition (LOI), the samples were heated at
900°C using a muffle furnace. The parameters like hy-
draulicity index (HI) and cementation index (CI) of the
plaster were estimated according to the equations of Jan
Elsen et al.'” and Boynton'® respectively.

The minerals present in the binder and filler in the plaster
were studied using XRD (PAN Analytical Xpert PRO sin-
gle-crystal XRD). The instrument operating parameters
were 40 keV, 40 mA current using Ni filter at room tem-
perature with an optimized diffraction angle range of 5°—
90° (26).

For the microstructure, texture and composition of the
plaster samples, a field-emission scanning electron micro-
scope (MIRA3 TSCAN) equipped with a high brightness
Schottky emitter for better resolution and low noise was
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a, b, General view of Amber Fort, Jaipur. ¢, Stereo microscopic image of lime plaster showing stratigraphy of layers.

used. The plaster samples were mixed on aluminium stubs
with the help of a carbon tape and the surface was gold-
coated. SEM images were captured at various magnifica-
tions, and SEM in combination with EDS identified the
elemental composition of the plaster. The Central Building
Research Institute (CBRI), Roorkee facilities were used
for SEM-EDX analysis of the plaster.

FTIR spectra of the plaster samples were recorded using
a spectrometer (Nicolet IS50) equipped with a nitrogen-
cooled MCT detector. KBr pellet technique was used for
FTIR spectroscopy. FTIR analysis was carried out at the
Indian Institute of Technology, Delhi in the spectral range
of 400-4000 cm .

The thermal analyser (Perkin Elmer Diamond Model) at
CBRI was used for differential thermal analysis (DTA)/
thermo gravimetry analysis (TGA) of plaster samples.
These analyses were done by heating the test and inert ref-
erence samples under identical conditions and recording
the temperature difference between them. This temperature
difference was plotted against temperature, and exothermic
or endothermic changes were recorded relative to an inert
reference.

Results and discussion

Plastering technique

As shown in Figure 1 ¢, the plasters have been applied in three
layers. The innermost plaster layer is mostly coarse, grey,
with a thickness related to the topography of the stone/
brick wall. The middle plaster layer is a mixture of fine and
coarse aggregates in a lime binder and organic additives in
the form of husk. The topmost layer, a pure lime with organic
adhesives is bright and shining with or without polychromy.
The cross-sectional image of the plaster under a stereomi-
croscope at 50x magnification depicts the three layers of
the plaster. The aggregates embedded in the lime matrix
are seen in the cross-section image. The heterogeneous
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Grain size distribution curves of aggregates in the lime plaster samples 1 and 2.

Figure 3 a, b. Thin-section image of plaster samples 1 and 2.

distribution of marble grains in the plaster is also seen.
Mixing marble dust of varied grain sizes is a common tech-
nique for preparing lime plasters in western Rajasthan. The
inner plaster layer has suffered the most damage due to
ageing and deterioration. This layer has detached from the
original wall in many places and found deteriorated. The ag-
gregates present are usually of different sizes and shapes,
consisting of local sand or rock fragments added for
strength and stability of the plasterworks.

Grain size analysis of the plaster

Figure 2 a and b shows the grain size distribution curves
of aggregates in the lime plaster sample. The electronic
particle size analyser detects the proportion of sand, silt
and clay-sized particles mixed as aggregates in the plaster.
The distribution of particle size indicates that the plaster
mainly consists of sand-sized particles as fine, medium
and coarse grains. Since the plaster has mainly sand-sized
particles, the aggregates are not well graded. A well-graded
aggregate may combine two or more uniformly graded fra-
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ctions. The unsorted aggregate grains are polygonal, angu-
lar to sub-angular in shape mixed during lime preparation.
Most of the aggregates are greyish-brown to reddish-brown
in colour. Aggregates are mostly fine-to-coarse-grained par-
ticle of diameter up to 1.18 mm in some samples. Few ag-
gregates show porous nature, which is responsible for the
reduced strength of the plaster. Moreover, the large-sized
aggregate grains help better carbonate lime due to access
to atmospheric carbon dioxide during carbonation. The
sandy, alkaline and calcareous soils are found in this area,
and aggregates are mostly derived from the local geogra-
phical region.

Petrological analysis of thin section

Figure 3 a and b shows thin-section images of the plaster
samples 1 and 2. The plaster is a mixture of clay mainly
from kaolinite, calcite and ferruginous cement, i.e. goe-
thite and limonite. Silica in the form of a chart is observed
in patches. The samples show reddish-brown colour due to
the presence of goethite which also acts as binding material.
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Table 1. Chemical composition (wt%) of plaster samples 1-5, Amber Fort, Jaipur
Loss of
Sample no. Si0, AlLO3 Fe, 03 CaO MgO Na,O K,O0 P,Os TiO, MnO ignition
1 10.73 2.39 2.41 36.24 6.4 0.31 1.40 0.18 0.25 0.2 38.54
2 9.24 2.9 3.18 36.8 10.4 0.14 0.8 0.35 0.32 0.03 35.7
3 10.4 3.2 2.49 36.2 11.78 0.27 0.9 0.14 0.28 0.08 34.05
4 10.16 2.16 2.38 37.8 10.66 0.15 1.14 0.48 0.48 0.07 34.03
5 9.15 3.18 2.74 36.9 15.12 0.81 0.80 0.81 0.7 0.4 29.09
Table 2. Various components of the plasters

Sample no. CaO +MgO R,04 MgO/CaO  Hydraulicity index Cementation index CaO/SiO,

1 42.64 15.53 0.18 0.36 0.80 3.37

2 47.20 15.32 0.28 0.32 0.66 3.98

3 48.08 16.09 0.32 0.33 0.71 3.48

4 48.46 14.70 0.28 0.30 0.67 3.72

5 52.02 15.07 0.41 0.29 0.59 4.02

The coarse-grained marble-stone lining is more prominent
than the orthoclase feldspar. The orthoclase particles have
a relatively medium texture and are somewhat weathered.
The yellow-coloured quartz grains are relatively medium
in texture and slightly to moderately weathered. The oolithic
orthoclase feldspar is partly surrounded by a thin coat of
finely textured iron oxide.

Quartzites mostly occur in the north and east of Jaipur
town. These quartzites are sedimentary and exclusively
composed of medium- to fine-grained clastic quartz with
minor feldspar and muscovite. The colour is white to light
pink with reddish to dark brown stains of iron oxide. The
cementing material is secondary silica. Examination under a
microscope reveals that the quartzites are not equigranular,
medium-grained rocks made up of poorly sorted subhedral
to anhedral quartz. Quartz grains show deformational featu-
res such as serrated grain boundary and undulate extension.
Binding calcite and aragonite are also seen in the thin sec-
tion.

Composition of the plaster

Table 1 shows the chemical composition of plasters in the
form of principal oxides. Calcite forms a significant com-
ponent of the plaster, and CaO content varies between
36.20 and 37.80 wt%, while silicon dioxide forms around
9.15-10.73 wt% of the plaster. Another major component
is magnesium oxide, whose concentration varies between
6.45 wt% and 15.20 wt% in the plaster, attributing to the
exploitation of dolomitic limestone as raw material for the
preparation of lime. The northwestern part of Rajasthan is
the lime capital of India. According to a report published
by the Indian Bureau of Mines'®, the lime produced in Ra-
jasthan is dolomitic. The CaO + MgO composition of the
studied plaster varied between 42.64 wt% and 52.02 wt%,
which is close to 50% of the binder (Table 2). Al,0; was
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always low (2.16-3.18 wt%) and total R,0; varied between
14.70 and 16.09 wt% (Table 2). The data indicate that the
aggregate for the Amber Fort plaster was mostly sourced
from the same location, and less addition of aggregates into
the plaster reduced the mechanical strength and made the
plaster vulnerable to damage. Extensive damage observed at
various locations of the monument is probably due to in-
herent problems in plaster preparation.

For the role of magnesium compound in the Amber Fort
plaster, data are presented as MgO/CaO ratio, with the
values varying between 0.18 and 0.41 (Table 2). The dolo-
mitic limestone with 15% magnesium was sourced for the
plaster. Magnesium oxide in considerable amounts has
stabilized aragonite during the carbonation reaction of the
plaster'®. It has been observed that dolomitic plaster or the
plaster having high magnesium content is at damage if it
gets wet. The seasonal rainfall and low strength of the pla-
ster have caused considerable damage to ancient lime works
and need urgent restoration. Table 2 also lists the CI values
determined using the equation of Boynton'’. As the CI
values are in the range 0.59-0.80, the Amber Fort plasters
are non-hydraulic aerial lime binders. The HI values lie
between 0.29 and 0.36, revealing the non-hydraulic nature
of the plaster. The CaO/SiO, ratio lies between 3.37 and
4.02 (Table 2). For most samples, this ratio is very high
compared to the desired value of 0.33 for moderate strength
plaster”™?'. The lime/silica ratio of the studied plaster points
to its compositional uniformity and low mechanical strength,
making it vulnerable to damage due to physical factors.
Further, the chemical composition of the plaster also indi-
cates obtaining raw materials from the same sources during
plaster preparation.

An earlier study has shown that all magnesia must be
hydrated fully, as any unhydrated component may form a
weak plaster that can be easily damaged®. The presence
of magnesia in hydrated lime also imparts some degree of
plasticity to the plasterworks.
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Figure 4. FTIR spectra of lime plaster samples 1-3.

FTIR analysis

Figure 4 shows the FTIR spectra of the Amber Fort plaster.
A strong band centred around 3300 cm ' is due to the OH
group stretching. A peak around 1080 cm™' in the spectra
is due to plagioclase feldspar in the plaster. The character-
istic FTIR peaks of lime are seen at 1400 and 712 cm .
The peak for calcite at 712 cm ' has merged with the char-
acteristic peak of aragonite at 713 cm ™' in the spectra. The
other peaks of aragonite at 1795, 2519 and 3597 cm ' are
visible in the spectra, indicating its presence in the plaster.
The peaks centred around 1020 and 1084 cm ™' denote the
presence of vaterite in the plaster>*,

XRD analysis

Figure 5 shows the X-ray diffractograms of plaster samples
1-5. Petrological analysis reveals the inclusion of marble
powder as aggregate during application of the plaster.
However, XRD cannot distinguish carbonates from the ag-
gregates and lime binder. Also, it cannot detect the amor-
phous phase like calcium silicate hydrate in the plaster. The
only detection allowed through XRD is the crystalline phase
resulting from carbonation and hardening”. However, XRD
is a more accurate technique for identifying calcite poly-
morphs (calcite, aragonite and vaterite) as well as carbon-
ation of lime?*?’. Figure 5 reveals that the plaster contains
polymorphs of CaCO; (calcite, aragonite and vaterite) as
binding materials. These calcite polymorphs have stabilized
themselves in the plaster during carbonation on account of
suitable conditions for its stabilization. Magnesium carbo-
nate in the plaster has stabilized aragonite in the lime matrix.
However, owing to its poor crystallinity, dolomite could
not be recognized by XRD*. Besides quartz and calcite,
XRD also detected anorthite and illite in the plaster. Traces
of calcium silicate hydrate and calcium aluminate hydrate
were not identified through XRD in the plaster owing to
their amorphous state®®?’. It has been reported that illite
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occurs as an altered product of muscovite and feldspar in a
hydrothermal environment™ and with increasing tempera-
ture, illite transforms into clay”".

The phase transition of CaCOj; is mostly favoured by
pH of the lime mix, temperature of the mixture, degree of
supersaturation and ion concentration of the mix, pressure
and amount of additives, etc. used in the lime mix'>*%
Previous studies have shown the transformation of vaterite
into stable calcite under high CO, pressure and alkaline
pH (8.5-10.5) (refs 33-35). The prolonged moist condition
and subsequent drying period help the transformation of
calcium. A literature survey revealed that aroganite pri-
marily precipitates at high temperatures, pH < 10 and with
the occurrence of magnesium and manganese ions in the
mix™>. The presence of impurities may either inhibit or en-
hance the precipitation/dissolution process that may also
favour the crystallization of specific polymorphs of calcium
carbonate'**®. Aragonite polymorphs dissolve easily com-
pared to stable calcite™.

SEM-EDX analysis of the plaster

FESEM was used to observe plaster samples 1-4 to under-
stand the binder, aggregate and reaction compounds and
their forms, size, texture and distribution in the plaster.
Figure 6 a—d shows SEM photomicrographs taken at vari-
ous magnifications. The enlarged area reveals very fine
capillary canals between quartz grains, probably to trans-
port pre-solved silica to adjacent pores from the contact
area’’ (Figure 6 d). The most salient feature observed in
the samples is the three polymorphs of calcium carbonate
with different crystal structures®. Figure 6 a—c shows
patches of rhombohedral cleavage crystalline calcite struc-
ture. It also shows orthorhombic cleavage aragonite and
hexagonal vaterite cleavage™. Plagioclase feldspar is ob-
served as a constituent of the plaster. In the SEM images,
the dark green pore-fills represent biotite separating detrital
grains. The presence of plagioclase and feldspar in the
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Figure 5. X-ray diffractograms of plaster samples 1-5.
Table 3. EDX data (wt%) of lime plaster samples 1-5
Sample no. (¢} Si Ca Mg Fe Al Na Cl
1 54.14 0.73 37.84 396  0.99 0.30 0.85 1.20
2 52.16 23.30 7.75 8.5 - 3.85 4.47 -
3 60.57 0.16 30.38 849 0.14 - 0.28 -
4 59.46 0.03 32.03 8.07 035 - 0.06 -
5 56.30 12.10 16.60 6.60 4.10 3.10 0.73  0.10

plaster also correlates with the petrological analysis. Do-
lomite having poor crystallinity could not be identified
under SEM and through XRD analysis of the plaster.

Table 3 shows EDX data of plaster samples 1-5. The
major elements identified are Ca, Si, Al, Mg and Fe. Mg
is present in the concentration range 4.76—8.75%, though
magnesium carbonate was not detected in the SEM images
of the plaster. Silica is low in quantity in most samples,
and the studied plaster is binder-rich.
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Thermal analysis of the plaster

For better characterization of the Amber Fort plaster, dif-
ferential thermal analysis (DTA)-thermo gravimetry anal-
ysis (TGA) in combination with SEM and XRD was used
to document the degree of hydration and carbonation of the
plaster. It has been a practice to deliberately mix an extract
of plant adhesives in Indian historic plaster works for
strength, durability and waterproof properties*. The organic

CURRENT SCIENCE, VOL. 123, NO. 6, 25 SEPTEMBER 2022



RESEARCH ARTICLES

e S

>
SEM HV: 100 kv WD: 15,53 mm MIRA3 TESCAN|
View field: 50.6 pm Det: SE 10 um

SEM MAG: 4.10 kx _ Date(midly): 09/03/19 Performance in nanospace

Sample3

*

SEM HV: 10.0kV WD: 15.28 mm |

View field: 42.7 pm Det: SE 10pm

SEM MAG: 4.86 kx _ Date(m/dly): 0111617 Performance In nanospace

47y

SEM HV: 10.0 kV.
View field: 39.7 ym Det: SE

SEM MAG: 5.23 kx _ Date(midly): 10/24/16.

SEM HV: 10.0kV
View field: 33.3 pm Det: SE 10pm
SEM MAG: 6.23 kx _ Date(midly): 0111617

MIRA3 TESCAN|

by
WD: 13.66 mm

Performance in nanospace

Sample 4

WD: 15.35 mm MIRA TESCAN|

Performance in nanospace

Figure 6. SEM photomicrographs of plaster samples 1-4 at different magnifications.
01015 100 -8982
oo
-90
95
05
-80
| %
10 -70
1
i |
g 8 50 |
§ A5 | £
® £ 0 5
*
i |3e :
% and ¥ 0 2
% 2
o 75 -30
-25 o
=20
70
-30
-10
85
35 o
-3.798 8057
3586 0 100 200 300 400 500 600 700 800 8297
Temperature ("C)

Figure 7. DTA/TGA analysis of lime plaster sample 1.

adhesive binders have changed much during the course of
time, and their extraction and identification are somewhat
tricky. Thermal analysis is, therefore, primarily used to gain
information about plant additives, degree of hardness, car-
bonation reaction and lime purity.

From TGA analysis, a small weight loss of about 1.5—
2% was observed at around 100°-120°C (Figure 7). This

CURRENT SCIENCE, VOL. 123, NO. 6, 25 SEPTEMBER 2022

endothermic peak represents hygroscopic water (physically
absorbed water). A small endothermic peak at around 250°C
is mainly attributed to chemically bound water. Another
small endothermic peak around 550°-580°C is assigned to
water bound to aluminosilicates. The o~ to f-phase transi-
tion of quartz is also detected at around 580°C. The most
important goal of thermal analysis is to distinguish between
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the various polymorphs of calcite. Calcite and aragonite
have been discriminated based on non-reversible phase
change occurring around 470°C for aragonite*'. The de-
composition temperature of magnesium carbonate is in the
range 450°-520°C and any calcium carbonate associated
with magnesium carbonate decomposes in the range 700°—
900°C (ref. 42). The weight loss of about 7% observed at
around 470°-500°C is assigned to the decomposition of
magnesium carbonate and aragonite. XRD and chemical
analysis of the plaster, reveal the presence of aragonite and
magnesium carbonate respectively. The distinctive endo-
thermic peak of pure calcium carbonate is at around
840°C and this position changes slightly depending on the
grain size, crystallinity and environmental conditions dur-
ing the setting process. The weight loss of about 38% ob-
served in the temperature range 700°—800°C indicates the
loss of CO, from pure CaCO; due to some cementation
material in the plaster. The presence of clay impurities in
the original limestone contributes to the formation of the
calcium aluminate hydrate or calcium silicate hydrate
phase, which may slightly alter the decomposition tem-
perature of CaCO;. DTA shows exothermic peaks around
500°C and 800°C, mainly related to the dissociation of
carbonates of magnesium and calcium respectively. The
plaster does not present hygroscopic behaviour since ab-
sorbed water is less than 2% on heating at 120°C.

Conclusion

The main scope of this work was to analyse the compo-
nents of the lime plaster used in the 16th-century Amber
Fort in Rajasthan. The chemical and SEM-EDX analyses
denote the sourcing of dolomitic limestone as raw material
for the plaster. The environmental conditions at the time
of plaster application, high magnesium content, pH, etc.
have preserved the polymorphs of CaCOs in the plaster. The
metastable polymorph phases have decayed and weakened
the plaster. The aggregates are mostly sand-sized grains
and their low proportions have resulted in a weak plaster
vulnerable to damage. The thermal, thin-section and SEM
analyses showed altered feldspar and illite clay in the
plaster. A non-hydraulic air lime was used for the plaster
works and the source of aggregates remained the same.
The main damage-causing factors for plaster are salty water
and large temperature variation. To the best of our know-
ledge, there are no previous reports on the composition
and characterization of lime plaster from the desert region
of Rajasthan that may help in restoration work.
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