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Abstract: This study focuses on the comprehensive explora-
tion of Swat soapstone, employing a range of analytical tech-
niques, including X-ray diffraction (XRD), scanning electron
microscopy (SEM), energy-dispersive X-ray (EDX) spectro-
scopy, Fourier-transform infrared (FTIR) spectroscopy, and
X-ray fluorescence (XRF) spectroscopy. XRD was used to iden-
tify the phase and lattice parameters of the soapstone. SEM
further scrutinizes the dispersed soapstone particles, revealing
different structural characteristics such as a slightly elongated,
cubic-like structure, a straight rod-like formation, and a rough,
textured surface. EDX spectroscopy was utilized for studying
the elemental composition of the soapstone. The analysis iden-
tifies talc as the primary mineral in Swat soapstone, with iron,
an element, also contributing notably to its composition. This
underscores the complexity of Swat soapstone’s internal struc-
ture. XRF analysis further contributes to the elemental charac-
terization, revealing a dominant composition of silicon (Si) at
48.567 wt% and a notable contribution from iron (Fe) at
16.108 wt%. FTIR analysis confirmed the absorption of
infrared radiation at the non-bridging oxygen (Si-O-)
within the silicate network and the Si-O-Si bending vibra-
tion. This work investigates the chemical and morphological
details of the Swat soapstone.
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1 Introduction

Soapstone is the common name for the mineral steatite or
soaprock. It is a relatively soft, magnesium-rich meta-
morphic rock largely composed of talc [1]. It is widely uti-
lized for architectural features, countertops, carvings, and
sculptures [2]. This is a metamorphic, impure rock where
calcite, dolomite, and serpentine are closely blended with talc,
a hydrous silicate of magnesium. It is usually variegated and
has a gray, bluish, green, or brown tint. Its “soapy” feel and
softness are the source of its name. It also contains various
amounts of other minerals, such as micas, chlorite, amphi-
boles, quartz, magnesite, and carbonates, depending on the
quarry from which it is sourced [3].

Talc is composed of 31.7% MgO, 63.5% SiO,, and 4.8%
H,0, forming Mgs(SiyO49) (OH),. In terms of trade and
industry, talc is the most significant mineral found in soap-
stone. In the ceramics sector, talc finds application in a
wide range of ceramic materials, including but not limited
to tiles, technical ceramics, industrial ceramics, dinner-
ware, bathroom fixtures, inserts, and thermal and electric
insulation. Bricks, blocks, tiles, pipes, roof slabs, orna-
mental vases, light-expanded clay aggregates, and other
items are the primary outputs of the structural ceramics
class. Common clay is used in the structural ceramics
industry. In order to create this substance, “heavy” clay —
which is generally made up of clay minerals with high
plasticity, tiny particle size, and composition — is typically
combined with “light” clay — which is less plastic and con-
tains a lot of quartz, which is categorized as a plasticity-
reducing ingredient — to create this mixture [4].

There are three main kinds of talc in its natural state,
depending on the location: granular, acicular, and lamellar.
The lamellar form is the most suitable for commercial stan-
dards. Soapstone comes in a variety of textures, including
powder, huge, and compact rock. Talc is an industrial filler
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material that needs to have specific qualities and attributes
depending on the use. These qualities and attributes include
size distribution, morphology, mineralogy, purity, and other
aspects. Talc is used in the textile and cosmetics industries, for
example, because of its high melting point, chemical inertia,
low electrical conductivity, low hygroscopy, and ability to
absorb oils. Talc is used in the rubber industry’s vulcanization
process and the creation of wiring insulating ducts. When its
pure form (above 90%) is employed in the pharmaceutic busi-
ness and, in the event of variable purity, it works as feedstock
for electric ceramics. Other uses for talc include the construc-
tion, agricultural, and ceramic industries, where it is used as a
magnesium source to manage thermal expansion.

The composition of soapstone varies by location, but in
order for a rock to be called soapstone, it must have fewer
than 35% hard silicates (such as olivine, pyroxene, serpen-
tine, and amphibole) and between 35 and 75% talc mineral
[5]. While soapstone has many qualities, such as being soft
and easy to carve, having a high specific heat capacity,
being insoluble in water, and low electrical conductivity,
its three main advantages are its resistance to heat, acids,
and absorption (non-porosity). Soapstone’s advantageous
qualities contributed to its historical prominence. Because
of its low hardness (Mohs scale 1-3, depending on the talc
content of the rock), soapstone is quite workable, even
when using tools for woodcarving. The English term “soap-
stone” refers to the stone’s “soapy” surface because of its
high talc concentration. It was most likely also adopted
because the stone is relatively simple to cut and carve [6].

The porosity of soapstone is incredibly low, usually
less than 1%, frequently less than 0.5%, or even less [7].
Because of its mineralogical composition, it also exhibits a
high density of approx. 2,800-2,900 kg-m > [8]. Favorable
heat capacity, within the range of 0.9-1.1kJ-kg K™, is crucial
for refractory materials. Because soapstone has a high heat
capacity, it is also used as a material for stoves and fireplaces
where thermal conductivity between 2 and 55 W-K *m™ is
preferred. This allows for rapid and even heating of the struc-
ture [9]. The properties of soapstone enable it to be used in
ceramics, paper, paints, cosmetics, plastic, insecticides, etc.

Physically, soapstone is resistant to both acidic and
basic chemicals. It also has exceptional temperature toler-
ance, withstanding variations in temperature from well
below zero to well over 1,000°C without experiencing sig-
nificant deterioration. Soapstone is frequently used as a
dimension stone and building stone. Because it is easily
carved into gigantic forms, cooking pots, vessels, small tools,
and food containers, the talc-rich, non-porous, soft rock is
highly prized; in addition, soapstone is softer than marble
and granite, it makes an ideal medium for carving soft stone
objects, sculptures, decorative architecture, single-wick lamps,
fireplaces, and stoves [10].
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Soapstone is made of talc with varying amounts of
chlorite and amphiboles (usually tremolite, anthophyllite,
and cummingtonite) and traces of tiny iron-chromium
oxide. It could be enormous or schistose. Metasomatism
of siliceous dolomites and metamorphism of ultramafic
protoliths (such as dunite or serpentinite) combine to gen-
erate soapstone. Roughly 63.37% silica, 31.88% magnesia,
and 4.74% water make up “pure” steatite by mass. It fre-
quently has trace amounts of other oxides, like CaO or
Al,0;3 [11]. Soapstone deposits occur in the Parachinar
area; in Kuram Agency the estimated amount of soapstone
is 3.2 million tons; Jamrud, Khyber Agency; Swat District;
Sherwan (20,000 tons), Abbottabad District. Soapstone is
found everywhere in the world. Soapstone nowadays is
primarily imported from China, India, and Brazil. Signifi-
cant deposits can also be found in the United States, Aus-
tria, France, Italy, Switzerland, Australia, and Canada.
Objects carved from soapstone have a very long lifespan
because soapstone is a geologically stable, solid stone,
which is not influenced by dampness, but stones from dif-
ferent places have varying qualities [12].

In recent years, there has been a growing interest
in studying the phase, microstructure, and mineralogical
characterization of soapstone to better understand its
properties and potential applications. Olsen et al. [9] found
that the soapstone samples contained mainly talc and
chlorite minerals, with small amounts of other minerals
such as magnesite and dolomite. The microstructure of
the samples showed a compact and homogeneous texture
with a fine-grained structure, which is favorable for indus-
trial applications. Winkler [12] found that the soapstone
samples had a high degree of purity, with a talc content
of over 95%. Fourier-transform infrared (FTIR) spectro-
scopy showed the presence of various functional groups
such as Si-0, Mg-0, and OH, which are characteristic of
soapstone. X-ray diffraction (XRD) analysis revealed a crys-
talline structure with a high degree of ordering in the talc
layers [13]. Malkani et al. [14] found that the soapstone-
derived MgO nanoparticles had a high degree of purity
and small particle size, which is desirable for various
industrial applications such as catalysis and biomedical
applications. Finally, Malkani et al. [15] studied the effect of
sintering temperature on the microstructure and mechanical
properties of Swat soapstone-based ceramics and found that
increasing the sintering temperature resulted in a denser
microstructure and improved mechanical properties of the
ceramics. Swat soapstone can be used as a raw material for
the production of high-quality ceramics with excellent
mechanical and thermal properties [16]. Karampelas et al
[16] also found that increasing the sintering temperature
resulted in a denser microstructure and improved mechan-
ical and thermal properties of the ceramics.
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Swat soapstone is generally a versatile material with
potential applications in various fields, such as ceramics,
catalysis, refractory materials, and carved objects. The stu-
dies reviewed here provide a solid foundation for further
research into the properties and potential applications of
this remarkable rock. The findings of these studies demon-
strate that Swat soapstone has a bright future in the world
of industrial materials and design.

2 Materials and methods

The representative sample was collected from active mines
of the swat region, Khyber Pakhtunkhwa, Pakistan. The sample
was washed, dried, and ground at the Materials Research
Laboratory (MRL), University of Peshawar. Following US stan-
dards, the powdered sample was sieved through 100 (149 mm)
and 200 mesh (74 mm) sizes at MRL. Phase analysis was per-
formed using a JEOL 3532 X-ray diffractometer with Cu Ka
(1-154 &) radiation at 40 kV and 30mA in the Centralized
Resource Laboratory, University of Peshawar. For microstruc-
tural analysis, a ~4 x 4 x 4 mm? piece was cut from a soapstone
sample using a TeckCut 4TM precision low-speed diamond
saw. The sample was meticulously polished using a TwinPrep
3TM grinding/polishing machine, employing various grades
of sandpaper (silicon carbide) and diamond paste on imperial
adhesive back polishing cloth with water as a lubricant at
MRL. Scanning electron microscopy (SEM)analysis involved
mounting the polished sample onto an aluminum stub with
silver paint, followed by gold coating to prevent charging.
The JEOL JSM 5910 SEM was utilized to examine the surface
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morphology, approximate grain sizes, and micro-regions.
Elemental analysis was conducted using energy-dispersive
X-ray (EDX) spectroscopy coupled with SEM. We utilized a
spectrum-two FTIR instrument (PerkinElmer) to analyze the
specific functional groups present in soapstone. This involved
employing universal ATR pellet techniques within the wave-
number range of 500-4,000cm™. The FTIR spectrometer
(model Cary 630, Agilent Technologies, USA) was used in
this study. For analytical purposes, the machine requires
that samples be presented either in a solid state (powder/
bulk) or as a liquid.

To conduct chemical analysis, X-ray fluorescence (XRF)
spectrometry was carried out using a Shimadzu EDX-7000
unit (Japan), with a detection limit spanning from Al to U.
The XRF spectrometer used in the study was a Shimadzu EDX-
7000, with the capability to analyze elements from aluminum
(Al) to uranium (U). It offers analysis modes for elemental
percentage, elemental parts per million (ppm), and oxide per-
centage. The machine accommodates various sample types,
including powders, solid materials, and liquids, requiring solid
samples to be either more than 1 cm in diameter or 1cm? and
less than 0.5 cm in thickness.

3 Results and discussion

3.1 XRD study of soapstone

Figure 1 shows the X-ray diffractogram of the interplanar
d-spacing and relative intensity of the soapstone sample.

D=PDF#96-900-6443 for

Enstatite((Aly ;4Ca0.0::F€06.24MB; 6606515 94)
A=PDF#96-900-7283 for

Laumontite (Al,CaH,,0,, ;Si,)
C=PDF#96-901-4572 for

Datolite (BCaHO,Si)

20X
A
B P
100
o

A = Laumonite

C = Datolite

D = Enstatite

Figure 1: X-ray diffractogram of soapstone sample obtained from Swat - major phase enstatite (D) with minor phases datolite (C) and laumontite (A),

along with an unidentified peak (B).
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Table 1: Average crystalline size of the XRD peak in the soapstone
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Table 2: Detailed interplanar spacing values from XRD analysis

Peak FWHM Crystallite D (nm)
position (26) size D (nm) (average)
9.6 0.141 56.54 55.06

191 0.112 71.97

25.9 0171 47.68

28.7 0.156 52.38

31 0.276 29.80

48.7 0.121 71.95

The major phase identified in the sample was Enstatite
(aluminum calcium iron magnesium silicate) marked as D,
along with the minor phase of Datolite, marked as C. The
minor phase present in the sample was Laumontite marked
as A. The major phase (D) peak matched with PDF card # 96-
900-6443 for Enstatite (Aly14Cag o12F€0.24M81 6606511 04), and the
minor phase (A) peak matched with PDF card # 96-900-7283
for Laumontite (Al,CaH;50465S1y). The third peak (C) matched
with the PDF card # 96-901-4572 for Datolite (BCaHOsSi). The
peak labeled (B) did not match any PDF card, which is an
unidentified peak. XRD studies of soapstone performed by
Mota et al [17] showed that the corresponding spectra is a
characteristic of Monoclinic Talc.

Table 1 displays the average crystallite size (D in nm)
determined using the Scherrer formula (Eq. (1)) [18]. The
calculated values indicate an average crystallite size of
55.06 nm for the synthesized nanoparticles. Pulivarti and
Birru [18] also investigated the crystallite size and found
that the broadening in XRD peaks is caused by the small
values of crystallite size. The small values of the crystallite
size in Table 1 showed the agglomerated behavior of the
samples [18].

KA

b= B cos 0’ 0

wenurn

Peak position (26) Theta (0) d-spacing
9.56 4.78 9.24
19.10 9.55 4.64
25.90 12.95 3.44
28.74 14.37 3.10
31.03 15.51 2.88
48.75 24.37 1.86

where D is the crystallite size (nm), K is the Scherrer con-
stant (=0.9), A is the wavelength of the X-ray source
(=0.15406 nm), S represents FWHM (rad), and 6 is the
peak position (rad).

Table 2 presents interplanar spacing values derived
from XRD data using Eq. (2) [19]. These values offer crucial
insights into the crystallographic structure of the soap-
stone material:

o
"~ 2sin@’

@)

where A (= 1.5406 A) is the wavelength of the incident X-ray,
0 is the peak position (in rad), n = 1 is the order of diffrac-
tion, and d is the interplanar spacing (in A).

3.2 Functional group analysis (FTIR)

Figure 2 shows the FTIR spectrum of the soapstone sample.
Notably, within this spectrum, the peak at 3,680 em™* cor-
responding to the O-H symmetric stretching band is a
common feature of talc [20]. This particular band exhibits
a secondary weaker peak at 3,677 cm™’, which may arise
due to the presence of impurities such as iron (Fe) or an
alteration in the orientation of the molecules. Moreover,

3677 ¢

ber (cm)

Figure 2: Fourier transform infrared spectroscopic graph of the soapstone obtained from the swat region representing different peak.
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the characteristic peaks at 3,674, 3,677, and 3,680 em™?
belong to O-H stretching vibrations, indicating the pre-
sence of hydroxyl groups within the sample [21,22].

The bending vibrations of metal-oxygen bonds are
observed in the region 450-1,000 cm™ Y, which corresponds
to silicate minerals [23]. A distinctive feature of the spectrum
is the pronounced peak at 463 cm™, indicative of a strong
absorption and lower transmittance. The band spanning the
range of 450-463cm™ is assigned to the Si-O-Si bending
vibration. Talc, a layered silicate resulting from the inter-
twining of pyroxene chains, exhibits a prominent peak at
671 cm™, denoting decreased transmittance. This peak is dis-
tinctive for the symmetric stretching mode of silicon-bridging
oxygen-silicon (Si-O-Si) within the pyroxene chains. The
strong peak at 1,000 cm ™", indicative of talc’s Si-O symmetric
stretching mode, appeared weaker and slightly shifted. This
could be attributed to the overlap of symmetric and asym-
metric Si-O stretching peaks. The soapstone spectrum
displayed closely situated peaks at 915 and 1,000 cm™, distin-
guishable primarily by their intensities, as depicted in Figure 2.

The region between 1,000 and 1,450 cm indicates stretching
vibration related to silicate groups [24]. The peak at 1,000 cm s
associated with the symmetric stretching mode of non-bridging
oxygen (Si-O-) in the silicate network. The peak at 1,460 cm™
represents the bending vibrations of C—H bonds, which suggests
the presence of carbonate groups [25]. Furthermore, the vibra-
tional band positions in the range 1,620-3,674 cm™* correspond to
SiO and other interlayer bonds, which remain consistent
and unchanged throughout the spectrum. The peak at
1,620 cm ™ is attributed to the presence of hydroxyl groups
and is common for O—H bending vibrations [26].

3.3 XRF analysis of the sample

Table 3 displays the XRF quantitative results of the soap-
stone sample with elemental and oxide compositions. It
was observed that Swat soapstone prominently consists
of silicon (Si), constituting a significant 48.567 wt% of its
composition. Calcium (Ca) constitutes up to 31.933 wt%,
indicating its substantial presence, while iron (Fe) contri-
butes 16.708 wt%. Nickel (Ni) is also found, albeit in a minor
proportion of 1.22 wt%. The presence of other minerals in
the soapstone is minimal (<0.1%). The large amount of Si
signifies a stable structure, contributing to the rock’s overall
resilience [26]. The presence of calcium suggests involve-
ment in metamorphic processes, contributing strength and
structure to the soapstone [27]. Iron imparts color to the
soapstone, revealing the rock’s metamorphic history [28].
Nickel is often associated with specific geological conditions,
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and its presence provides clues about the geological pro-
cesses that influenced the formation of the rock [29].

Table 3 clearly reveals the substantial presence of
65.963 wt% silicon dioxide (Si0,), 22.506 wt% of calcium
oxide (Ca0), and 10.063 wt% iron(m) oxide or ferric oxide
(Fe,05). Trace amounts (<0.1 wt%) of other elements such as
nickel(n) oxide, chromium(m) oxide, manganese() oxide,
strontium oxide, copper(m) oxide, or cupric oxide, bismuth(m)
oxide, zinc oxide, and thorium dioxide were also determined.
The large amount of silicon dioxide in the sample shows that
the rock is mainly composed of silicon dioxide. Calcium oxide
reinforces the mineralogical strength and stability imparted by
calcium. The presence of iron oxides can contribute to the
rock’s coloration and reveal oxidative geological processes.
Figure 3 shows the elemental and oxide composition of the
soapstone in a 3D graph.

3.4 SEM and EDX analysis

The SEM image in Figure 4 shows the microstructure of the
soapstone at a magnification of 500x. This image reveals
the presence of three different micro-regions. A crystalline
region A has a cuboidal structure, which is a particular
feature of the soapstone. A rough region marked as B
represents the mineral layers or foliation in the soapstone.
Region C represents thin sheets stacked upon each other,
which indicates the matrix in which the more defined
structures are embedded and is the most prominent prop-
erty of talc.

Elemental analysis of different regions in Figure 4 is
presented in Table 4. In region A, the high concentrations
of calcium (43.48 wt%) and oxygen (34.63 wt%) indicate a
significant presence of calcium and oxygen. This composi-
tion suggests a material rich in calcium and oxygen

Table 3: XRF analysis of swat soapstone, showing the weight percen-
tages of key elements and the oxide composition, emphasizing the
significant presence of silicon dioxide, calcium oxide, and ferric oxide,
along with trace oxides

Elemental composition of swat soapstone

Element Si Ca Fe Ni Cr, Mn, Sr, Cu, Bi,
Ag, Zn, Th
Result 48.567% 31.933% 16.708% 1.220% <0.1%

Oxide composition of swat soapstone

Element SiO, Cao Fe,03 NiO, Cr,03, MnO, SrO,
CuO, Bi,03, Zn0O, ThO,
Result 65.963% 22.506% 10.063% <0.1%
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Figure 3: (a) and (b) Elemental and oxide composition of the soapstone, respectively.

compounds. Moving to region B, the remarkably elevated
concentration of iron (92.61 wt%) implies that this region is
predominantly composed of pure iron. The overwhelming
dominance of iron points to a distinct metallic character in
this area. The presence of iron-rich regions may be related
to the soapstone’s metamorphic history [30,31]. In region C,
the coexistence of iron (33.07 wt%) and silica (41.18 wt%)
signifies a composition featuring both iron and silica. This

CRL UGOR

Figure 4: Scanning electron micrograph of the soapstone with three
different micro-regions marked as A-C, representing crystalline, rough
spongy, and homogenous laminar morphologies, respectively.

could suggest a mixed mineral composition, potentially
indicating the presence of iron and silicates. The mixed
composition of iron and silicate minerals was reported in
the XRD analysis to be enstatite, represented by the high-
intensity peak labeled as “D” in Figure 1.

Figure 5 represents the microstructural image of the
soapstone at a magnification of 1,000x. Region A in Figure 5

Table 4: Elemental composition (wt%) of regions A-C in Figure 4

Elemental composition (wt%) of soapstone

Micro-region EDX data
Element Weight% Atomic%
A 0 34.63 53.62
Mg 16.99 17.31
Ca 43.48 26.94
Fe 4.81 2.13
B 0 2.15 6.84
Mg 1.18 2.48
Si 212 3.84
Ca 1.94 2.47
Fe 92.61 84.31
C (o] 8.60 16.28
Mg 17.16 21.37
Si 4118 44.4
Fe 33.07 17.94
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Figure 5: Scanning electron micrograph of the soapstone with three
different micro-regions marked as A-C. Region A represents a crystalline
morphology, which belongs to the talc, while regions B and C represent
rough morphology containing a high concentration of iron.

reveals a cubic-like structure, which is the talc and con-
tains high concentrations of Ca and O, as presented in
Table 5. Regions B and C exhibit rough and intricate
regions containing a high concentration of Fe. It is worth
mentioning that regions B and C are located in the same
area and share similar compositions, i.e., both have a sig-
nificant iron content. The elemental composition of these
regions is further depicted in Table 5.

Region A in Figure 6 displays a texture-like structure,
which suggests variations in grain size [32]. Region B

Table 5: Elemental composition of regions A-C in Figure 5

Elemental composition (wt%) of soapstone

Micro-region EDX data
Element Weight% Atomic%
A C 11.37 22.45
0 21.85 32.38
Mg 15.78 15.39
Ca 48.66 28.79
Fe 2.34 0.99
B 0 6.69 18.80
Mg 2.04 377
Si 3.32 5.30
Ca 3.92 4.40
Mn 1.09 0.89
Fe 82.96 66.84
C 0 9.35 24.24
Mg 4.43 7.56
Si 4 6.07
Ca 3.89 4.02
Mn 2.18 1.64
Fe 76.04 56.48
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Figure 6: Scanning electron micrograph of the soapstone with two
micro-regions marked as A and B. Region A represents a texture mor-
phology while region B represents a smooth surface containing a high
concentration of iron.

appears to be more smooth, indicating a homogeneous
distribution of talk minerals. Elemental analysis of Figure 6,
regions A and B, is shown in Table 6, which indicates that
both regions contain identical elements with no discernible
variations in their composition or quantity. Being rough,
region A scatters more electrons and, therefore, appears
bright as compared to region B, although both have the
same compositions [33].

The micro-region depicted in Figure 7, region A, shows
a distinct surface texture characterized by its rough and

Table 6: Elemental composition of regions A and B in Figure 6

Elemental composition (wt%) of soapstone

Micro-region EDX data
Element Weight% Atomic%

A 0 1.4 20.26
Mg 22.83 26.66
Al 12.37 13.02
Si 24.93 25.20
Ca 0.82 0.58
Cr 6.26 3.42
Fe 21.38 10.87

B C 8.91 19.30
0 8.73 14.20
Mg 19.78 2117
Al 11.04 10.65
Si 22.12 20.50
Ca 117 0.76
Cr 7.42 3.7
Fe 20.84 9.7
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Figure 7: Scanning electron micrograph of the soapstone with two
micro-regions, marked as A and B. Region A represents a rough mor-
phology with Si content, while region B represents a smooth surface
containing Si content.

uneven appearance. Notably, silicon (Si) is present in sub-
stantial quantities within this textured region given by EDX
analysis (Table 7). This suggests that silicon plays a signifi-
cant role in shaping the texture and structure of this area.
Region A, containing Si, is more susceptible to weathering
and leads to a rough texture. Secondary mineralization in
the silicate minerals in region A is also responsible for its
rough texture [34]. Region B in Figure 7 represents a
smooth region. In this region, calcium (Ca) is found in
abundance, as shown in Table 7. This high concentration
of calcium is a defining characteristic of this particular
area, setting it apart from other regions observed. Ele-
mental analysis (Table 7) shows that region B in Figure 7
contains no Si content, which indicates the presence of

Table 7: Elemental composition of regions A and B in Figure 6

Elemental composition (wt%) of soapstone

Micro-region EDX data
Element Weight% Atomic%

A 0 22.65 34.40
Mg 19.27 19.26
Si 46.56 40.30
Ca 6.01 3.46
Fe 5.51 2.40

B C 9.00 19.01
0 18.89 29.96
Mg 16.49 17.21
Ca 47.85 30.29
Fe 7.77 3.53
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non-silicate phases having different cleavage and fracture
properties, resulting in a smoother surface.

4 Conclusion

The study aimed to understand Swat soapstone by con-
ducting experiments to determine its structure, character-
istics, and different forms. To do this, we used various tools
like XRF analysis, XRD, FTIR, SEM, and EDX spectroscopy to
examine the soapstone. From SEM analysis, we found that
the nanoparticles possess distinct shapes — some were
slightly long with a cubic-like appearance, some formed
straight rods, and others had a rough, textured surface.
This helped us in determining the physical features of
the soapstone. Through XRD and EDX spectra, we identi-
fied talc and iron as the main minerals in the soapstone,
indicating that it is mostly made up of talc and iron. We
also found small amounts of calcium and manganese in
certain areas, while the concentrations of other potential
minerals were very low. XRF analysis confirmed silicon as
the most abundant element (48.567 wt%), followed by sig-
nificant amounts of calcium (31.933 wt%) and iron (16.108
wt%). This breakdown gave us a precise look at the soap-
stone’s elemental content. From FTIR spectroscopy, it has
been found that the sample absorbed infrared radiation at
the non-bridging oxygen (Si-O-) within the silicate net-
work and exhibited the Si-O-Si bending vibration. It has
been found that all characterization techniques are in line
with each other.
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