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Abstract- India is a large country with a diverse population.” India's cultural heritage and ancient ruins,
which include buildings and other archaeological sites and remains, are unique, vast, and diverse. It’s
incredible how many heritage places there are. The reality that these monuments are the recollections of over
a thousand living witnesses to history’s golden age. Lime mortar was mainly used to make ancient building
buildings until the introduction of cement and other construction materials. It is more important than ever to
rebuild landmark buildings that have started to deteriorate and are on the brink of being abandoned. For
historic building renovations, a lime mortar study was performed. Using SEM, EDX and XRD methods, this
thesis analyses historical and contemporary lime mortars. SEM, EDX and XRD were used to study historic
and recent lime mortars, and the mineralogical properties of lime mortars were determined.

Keywords:- Mineralogical analysis, historical mortars, new lime mortar, XRD analysis, SEM analysis, EDX
analysis.

Introduction

Cultural treasures such as heritage monuments should be preserved. When renovating historical buildings,
monument preservation should be taken into account. When renovating heritage buildings, the most important
consideration is that the methodological techniques used are consistent with the original substance. Because
lime mortar was used to create heritage buildings and monuments, and because monuments deteriorate over
time, it is advantageous to use new lime mortar construction materials to assist in their renovation. When the
wrong materials are used in the renovation of historical structures, the entire structure and its constituent parts
deteriorate quickly. They should also lose their geographical, documentary, and aesthetic value. The materials
used in restoration are often chosen without conducting extensive research or deciding what problems they
may cause, resulting in short- and long-term negative effects on the structure. It is critical to use appropriate
criteria when selecting repair mortars, taking into account the requirements for environmental resistance as
well as compatibility with existing materials. To determine the mineralogical characteristics of both lime
mortars, a scanning electron microscope with energy dispersive spectroscopy (SEM-EDS) and X-ray
diffraction (XRD) were used to determine the chemical and mineralogical composition of both historical and
new lime mortars.

SEM analysis is an effective investigative technique that produces detailed, high magnification images of a
sample's surface topography using a directed beam of electrons. If an area of concern on the sample has been
detected and analysed using SEM, experts will use energy-dispersive x-ray spectroscopy, or EDX analysis, to
delve further into the material's information.
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The x-ray technology Energy Dispersive X-Ray Analysis (EDX), often recognized as EDS or EDAX, is used
to explain the characteristics of material properties. Components in competitive analysis, data management,
obtain better, and other requirements are all possible. X-Ray Diffraction (XRD) is a method for obtaining
more detailed knowledge about crystalline molecules, such as the detection and quantification of crystalline
phase morphology. This is a valuable method for positively identifying a contaminant or corrosion substance,
as well as for identifying foreign phases in crystalline powder purity analyses. Both historical and new lime
mortar samples were obtained for the test analysis of lime mortars. In the case of historical lime mortar, only a
small amount of sample could be extracted from a historical site because it was a preserved monument and
large sample collection was not possible, and for the new lime mortar blend, the sample was prepared with
lime, surkhi, sand, in a 1:3 ratio and some amount of jute lintel and jiggery. The samples from both lime
mortars were pounded in a grinding tool to achieve a fine powdered shape of the material. All powdered lime
mortar samples were analyzed using a scanning electron microscope, EDX and X-ray diffraction.

Il. Analysis of Lime Mortar
SEM analysis —
SEM (Scanning Electron Microscopy) is a test technique that uses an electric field to analyze a material and
create a magnification for examination. SEM analysis, also known as SEM microscopy, is a technique for
microanalysis and failure treatment of environmental inorganic materials that is very accurate. High
magnification electron microscopy generates large images and accurately tests very useful details and
materials.
EDX analysis-
The x-ray technique Energy Dispersive X-Ray Analysis (EDX), is used to determine the elemental
composition of materials. Materials and product analysis, data recovery, providing quality, and other
applications are all feasible.
The imaging capability of the microscope defines the material of significance in EDX applications, which are
connections to Electron Microscopy equipment (Scanning Electron Microscopy (SEM) or Transmission
Electron Microscopy (TEM)). EDX analysis creates spectra with characteristic peaks to the elements that
make up the true characteristics of the material in investigation. Image analysis and element representation of
a sample was also possibilities.
XRD analysis —
X-Ray Diffraction, or XRD for short, is a non-destructive analysis method for examining the formation of
crystal structures.
X - ray diffraction has been used to classify the crystalline phases contained in a substance but also disclose
elemental analysis information by analyzing the crystalline structure. The phases are identified by comparing
the acquired data to that in reference databases.
Minerals, composites, alkaline earth, and unidentified components may all benefit from X-ray diffraction.
Almost all of the samples analyzed at Element are formulated as finely powdered and analysed by powder x -
ray.

I11. Result & Discussions
SEM \EDX analysis:
When SEM \EDX analysis was performed on both lime mortars (historical and new lime mortar), certain
elements peaks were determined, and their weight and atomic percentage were also determined. From these
elements peaks, mineral compositions were also determined in both lime mortar.
Lime mortars Elements peaks were determined in EDX figure 1,3 and it is possible to determine which type of
minerals are present in lime mortar based on these peaks elements. minerals' were determined from lime
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mortars SEM images in figure 2,4 and from SEM \ EDX analysis, it was determined the type minerals' were
present in historical and new lime mortar.

The presence of Si and O elements in the EDX peaks suggests the presence of Quartz. Quartz was a
crystalline mineral made up of silicon and oxygen atoms that was rigid and brittle. The atoms are linked by a
SiO4 silicon-oxygen tetrahedra arrangement. Since two tetrahedra exchange each oxygen atom, the overall
chemical formula is Si02, suggesting that Quartz was present in both lime mortars.

Full Scals 1664 cis Cursor, 7704 (7 cls) ke
Figure 3

new lime mortar EDX imaged
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Figure 1 hiztorical ime mortar SEM image ( mag S000x4.0
hiztorical ime mortar EDX image .

Since the Si element weight percent in historical lime mortar was 26.53 and the atomic percent was 17.77, and
the Si element weight percent in new lime mortar was 14.10 and the atomic percent was 9.59, it could be
concluded that the Si element weight percent and atomic percent in Quartz minerals were higher in historical
lime mortars than in new lime mortars.

Since the O element weight percent in historical lime mortar was 45.00 and the atomic percent was 52.93, and
the O element weight percent in new lime mortar was 53.97 and the atomic percent was 64.43, it was
determined that the O element weight percent and atomic percent in Quartz minerals were higher in new lime
mortars than in historical lime mortars.
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When C and Ca elements are present in EDX peaks, it can be determined that Calcite is a carbonate mineral.
calcium carbonate in its most robust form (CaCO3). Calcite is a hard mineral that is used to test the
permeability of scrapes. Aragonite and vaterite, both calcium carbonate minerals, are polymeric calcium
carbonate compounds .and it’s present in both lime mortars.

Since the C element weight percent and atomic percent in historical lime mortars were 11.02 and 17.27,
respectively, and the C element weight percent and atomic percent in new lime mortars were 8.77 and 13.94,
it was concluded that the C element weight percent and atomic percent in Calcite minerals were higher in
historical lime mortars than in new lime mortars.

Since the Ca element weight percent in historical lime mortar was 2.72 and the atomic percent was 1.28, and
the Ca element weight percent in new lime mortar was 11.80 and the atomic percent was 5.62, it was
determined that the Ca element weight percent and atomic percent in calcite minerals in modern lime mortars
were higher than in traditional lime mortars.

Feldspars (KAISi308 — NaAlISi308 — CaAl2Si208) are tectosilicate minerals where K and Na elements are
present in EDX peaks. Feldspar is a mineral that is found in a variety of sedimentary rocks. It's a kind of
calcium feldspar known as K-feldspar. Feldspar's structure is monoclinic. potassium feldspar endmember (K-
spar) The chemical compound KAISi308 has the formula KAISi30. albite endmember The chemical
compound NaAISi308 has the formula NaAlSi3O. anorthite's endmember The mineral CaAl2Si208 has the
chemical formula CaAl2Si208. It can be concluded that feldspar was present in both lime mortars.

Since the K element weight percent and atomic percent in historical lime mortars were 0.41 and 0.72,
respectively, and 0.80 and 0.39 in new lime mortars, it was concluded that the K element weight percent in
feldspar minerals in new lime mortars was higher than in historical lime mortars. Historical lime mortars had a
higher atomic percent of feldspar minerals than new lime mortars.

Since the Na element weight percent in historical lime mortar was 4.70 and the atomic percent was 3.85, and
the Na element weight percent in new lime mortar was 4.70 and the atomic percent was 3.85, the Na element
weight percent and atomic percent in feldsher minerals in modern lime mortar and traditional lime mortar
were estimated to be equal.

When Al elements are present in EDX peaks, Kaolinite (A12Si205(0OH)4) is identified as a clay mineral with
the chemical formula AI2Si205(OH)4. It's a highly desirable industrial mineral. It's a layered silicate mineral
made up of two octahedral sheets of silica (SiO 4) and alumina (AlO6) octahedra joined by oxygen atoms.
Rocks that are kaolinite-rich have a lot of kaolinite in them. Kaolinite has a triclinic crystal system. The
presence of kaolinite in both lime mortars can thus be observed.

Since the Al element weight percent and atomic percent in historical lime mortars were 9.62 and 6.71,
respectively, compared to 4.60 and 3.26 in new lime mortars, it was concluded that the Al element weight and
atomic percent in kaolinite minerals were higher in historical lime mortars.

While Mg elements are detected in EDX peaks, Dolomite is identified as an anhydrous carbonate mineral
composed mainly of calcium magnesium carbonate (CaMg(CO3)2). Dolomite is a sedimentary carbonate rock
that is predominantly composed of the mineral dolomite. The word "dolostone" is often used to refer to the
dolomitic rock type. Dolomite crystallises using the trigonal-thombohedral system The existence of Dolomite
can indeed be seen in new lime mortar.

Mg element weight percent and atomic percent in new lime mortars were 1.42 and 1.11, respectively, and this
element was present in Dolomite mineral.

Since some Fe, Ti, and Cl elements were contained in small quantities in the EDX peaks of new lime mortar,
some additional materials were present.

CI weight percent 0.35 and atomic percent 0.19, Ti weight percent 0.38 and atomic percent 0.15, and Fe
weight percent 3.80 and atomic percent 1.30 were all determined in a new lime mortar.

Historical lime mortar EDX analysis table:
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Element | 5i C K Na 0 Al Ca
Weight | 26.53 11.02 0.41 4.70 45.00 | 9.462 212
b

Atomic | 17.77 17.27 0.72 185 5203 | 6.71 1.28

%o

Old lime | Si02 CaCo3 KAIS1308 | NaAlSi308 | Sio2 (AIZ51205(0HM) | CaCol

mortar Quartz | Calcite | Feldspear Teldspear Quartz | Kaolinite Calcite
sample | (Q) (€ (F) (F) (Q (K) (©
Tablz 1

New lime mortar EDX analvsis fahls .

Elemen | 51 c K Mg Na Al O (Ca |Fe Ti ¢l
i

Weight | 14.10 | 8.77 0.80 142 1470 460 |53 |11.8 | 380 | 038 | 035
0

%o a7 |0
Atomic | 959 | 13.94 0.39 111 [3.83 326 (64 362 | 130 |0.15 (019
% 43
New | Sio2 |CaCod |KAISi3 | (CaM |NaAlSid [Al | Sio
lime Quartz | Calcite | O8 g(Co | O8 Kaol | 2 CaC
mortar | (Q) | () Feldpe | 3)2) |Feldpea |imite |Qua o3 |Fe |Ti | Cl
sample ar(F) Dolo |1 (K) |[rtz |[Calc
mite | (F) Q) |ite
D) ©

Table 2

Images and peaks of calcite (Ca), quartz (Q), Kaolinite (K), and feldspar were determined in historical lime
mortar using SEM and EDX . Using the figure and peaks, it was possible to determine which minerals are
present in historical lime mortar.

The images and peaks of calcite (C), quartz (Q), dolomite (D), feldspar (F), Kaolinite (K), Ti, Fe, and Cl were
determined using SEM and EDX analysis.The minerals in modern lime mortars were identified.

After SEM EDX analysis in both lime mortars, mineral images and peaks were obtained.Since receiving
images of the materials, researchers have discovered that all lime mortars are mineralogical identical and that
some materials, such as Q, C, K, and F, are present in both lime mortars with different mineralogical
percentages, while others, such as D, A, Fe, Ti, and Cl, are only found in contemporary lime mortars
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Figure 5: Historical lime mortar XRD resualt
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Fizure 6: New lime mortar XRD resalt

X-Ray Diffraction (XRD):

X-Ray Diffraction (XRD) is a method for obtaining more detailed knowledge about crystalline molecules,
such as the detection and quantification of crystalline phase morphology. This is a valuable method for
positively identifying a contaminant or corrosion substance, as well as for identifying foreign phases in
crystalline powder purity analyses.

XRD analysis was carried out on a powdered sample of historical lime mortar, and some peaks were obtained;
these peaks reflect mineral stage, and minerals characterization was carried out using these peaks. During
peaks In traditional lime mortars, the minerals Q, C, K, and F were identified. XRD analysis was performed
on a new lime mortar driven sample, and the materials peaks were recorded during the process. These peaks
should provide us with more data on mineral properties The minerals found at these peaks were Q,C,D,F,K
and A. Based on these peaks, it was possible to predict which mineral groups were present in new lime mortar
and historical lime mortar. More information could be found in JCPDS books .
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The results were identical, showing that old and new mortars are similar mineralogical properties. The texture
of the current mortar is identical to that of the previous samples. As a result, used blends were remarkably
similar to traditional or antique blends, which is a considerable accomplishment. The following images and
data indicate how close the current mix is to the previous one. Its worth remembering that the percentages
vary because all of the samples contain the same fundamental elements, such as F, Q, C, and K. Some rocks,
such as D, A, Fe, Ti, and Cl, can be found in the current lime mortar.

SEM, EDX, and XRD analysis were used to obtain images of these samples as well as peak measurements. A
mineralogical study using SEM and XRD methods revealed that quartz, feldspar, calcite, and kaolinite
minerals were present in both historical and new lime mortars, but their contents differed. In the new lime
mortar, other minerals such as dolomite and aragenite were also present, and some Ti, Fe, and Cl elements
were present in small amounts that did not affect the new lime mortar. The materials used during restoration
projects should be consistent with others and equivalent to the original materials used in historic buildings.
Then it will be possible to decide whether or not fresh lime mortar will be used in historical building
renovations.

IV. Conclusion

Using SEM, EDX, and XRD experiments, the aim of this study was to determine the suitability of a modern
lime mortar mix for historical building renovation. Images of these materials , as well as their peak
measurements, were calculated using SEM, EDX, and XRD analysis. The findings are comparable, meaning
that the mineralogical characteristics of both old and new mortars are the same. The texture of the new mortar
is similar to that of the previous samples. As a result, modern blends are similar to old or traditional blends.
implying that modern lime mortar should be used in historic building reconstruction and that doing so will
prevent historic structures from degrading K, Q, C, and F minerals are the same in historical and modern lime
mortars, while D, A, Ti, Fe, and Cl minerals are present in new lime mortar.
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