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The present work deals with the study of the effect of temperature on the thermal conductivity of Earth
Fuller (Bentonite Clay) at different climatic conditions. First of all Earth Fuller brought from Barmer and
Jodhpur were ground to fine-grained particles using a grinder and than micron size particles were
obtained using the sieves of 186 mm, 150 mm, 125 mm, and 106 mm. The transient line heat source method
based KD2 Pro Thermal Analyzer has been used to measure the thermal conductivity of the prepared
samples in the temperature range from 10 to 70 �C. It was observed that at a fixed temperature, the ther-
mal conductivity increases up to 40% (samples from Barmer) and up to 30% (samples from Jodhpur) with
the increase in the particle size. Results exhibit that the thermal conductivity of the same sized particles
of Earth Fuller at the same temperature is different due to varying climatic conditions. Whereas the tem-
perature was increased from 10 to 70 �C, the thermal conductivity of the same sized particles also
increases by nearly 20%.
� 2020 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the International Confer-
ence on Advancement in Nanoelectronics and Communication Technologies.
1. Introduction

Clays generally classified into several categories based on parti-
cle morphology and their chemical composition such as chlorite,
kaolinite, smectite, halloysite and illite [1]. Nanoclays have been
developed and studied for various applications, due to their avail-
ability, relatively low impact on the environment and relatively
low cost [2]. With the rapid development and demand for nan-
otechnology, clay minerals often used as natural and easily acces-
sible nanomaterials [3]. Nanoclays are layered structural units of
layered mineral silicates that by stacking these layers form com-
plex clay crystallites [4].To form nanoclay composites the stacks
dispersed in a polymer matrix as additives/fillers for applications
such as flame resistance material, thickening and gelling agents,
gas permeability modifier, mechanical strength enhancer and
wastewater treatment. These nanoclay composites have been
widely studied due to their large surface area, high cation
exchange capacity and swelling and rheological behaviour [5,6].
Nano clay composites have been used for many industrial purposes
like as automotive (bumpers, interior and exterior panels, gas
tanks), aerospace (high-performance components and flame retar-
dant panels), pharmaceuticals (as carriers of drugs and penetrants),
chemical processes (catalysts), construction (building sections and
structural panels), textiles and food packing [7]. Recently cellular
interactions with nanoclay composites have been the main interest
of the investigators as they have potential uses in biomedical appli-
cations such as gene therapy, food preservation, drug delivery, bio-
imaging, bio-sensing and tissue engineering. This increasing inter-
est is due to the unique properties of nanoclay composites such as
high retention capacity, an affinity for interaction with biopoly-
mers, large surface area to volume ratio. Nanoclay composites
may help to repair or replace damaged tissues/organs and prevail
chronic diseases and successfully implemented in cell transplanta-
tion applications in the neural tissue-engineering field. As nanoclay
and their composites are usually nontoxic they have been studied
for more biomedical purposes such as for wound healer, bone
cement, drug delivery and enzyme immobiliser among others
[8,9]. Earth Fuller (EF), commonly known as Multani mitti, is the
clay-like substance contains mostly aluminium magnesium sili-
cate. It consists of palygorskite or bentonite, which possesses the
capacity to decolourize oil and other liquids without using any
chemical. EF is very useful in the film industry, fillers in paint,
pharmaceuticals and beauty products as an active and inactive
nication
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ingredient. Montmorillonite is the basic clay mineral in the struc-
ture of the EF [10]. EF accepted as the most popular material for
the regeneration of industrial oils over the whole world in oil pro-
cessing instruments.

Heat dissipation in electronic devices has become a serious
problem in the present time for the electronic world. To minimize
thermal stresses a low coefficient of thermal expansion and high
thermal conductivity materials are required as heat sinks of such
electronic devices [11]. Aerogel is a silica-based gel in which the
liquid component replaced by gas is an innovative material to
the building insulation industry due to its lower thermal conduc-
tivity [12–14]. The transfer of heat in aerogels was due to collision
between gas molecules, convection in the pores, thermal radiation
and conduction due to the solid Skelton. When the size of the pore
is less than 1 mm then at ambient temperature convection effect
neglected in porous materials [15].

Heat transfer in porous material at nanoscale decreases due to
the restriction of the motion of gas molecules thus decrease the
thermal conductivity [16]. In nanoporous materials, the contribu-
tion of gas heat conduction has good influences on thermal con-
ductivity. It is slightly higher than the gas thermal conductivity
in nanoporous material and used to improve the thermal insula-
tion property of aerogels and its composites [17]. Several methods
of thermal characteristics of paraffin waxes and pure paraffin per-
formed showing no deviation in thermal properties by repeating
many melting/solidification cycles, which make these materials a
suitable polymer composite materials for high heat storage and
shows the isothermal response in the method associated with
charging and discharging. Due to these properties, PCMs used as
the thermal storage capacity of the thermal system [18–23].

The thermal conductivity of the composite material depends on
the size and shape of fillers. For the same concentration, spherical
type fillers showed higher thermal conductivity than flake type fil-
lers and large particle sized filled composites show higher thermal
conductivity than one filled with small particles [24]. Thermally
conductive polymer composites used for new possibilities in the
electric system by replacing the parts of machinery due to its light-
weight, ability to adapt the conductivity properties like heat sinks
in the electric system [25]. Composites based on the Bio side are
very useful in every day human lifelike as daily packing materials,
in automobiles, and aerospace applications. Biopolymers like cellu-
lose, pectin, hair, proteins and wood show piezoelectricity due to
the internal rotation of atomic groups[26–27].Bone considered as
nano-composites that have complex hierarchical structure due to
its best properties: Strength and fracture toughness, high stiffness
and coupled with low density for supporting the body structure in
the view of engineering mechanics[28].

In composites PCMs, graphene oxide used as the supporting
materials to stabilize the shape and to improve thermal properties.
Graphene oxide and graphene nanoplatelets play an important role
in heat transfer at the nanoscale [29]. Reinforced polymer compos-
ites with inorganic and organic fillers becoming more common for
applications such as satellite devices, encapsulation and electronic
packaging and areas, where low thermal expansion, good heat dis-
sipation and light-weight materials are essential due to higher
thermal conductivity [30,31]. The thermal conductivity of poly-
mers increased by thermally conductive fillers like carbon black,
carbon fibres, graphite, ceramic and metal particles into the base
material [32]. To predict the thermal conductivity of composites
various theoretical and empirical model suggested for many past
years such as Lewis and Nielsen model [33,34], Agari and Uno
model [35], Bruggeman model [36]and Tavman models [37,38]
which have been employed in previous studies. Thermal conduc-
tivity is a physical property that describes heat transfer through
the material. Reliable information on sedimentary rocks especially
for clays is still lacking.
In the present work, we have studied the effect of climatic con-
ditions on the thermal conductivity of EF, which is the base mate-
rial in composites. We brought EF from two regions of Rajasthan
i.e.Jodhpur and Barmer; both the regions are in the arid zone. The
latitude and longitude extension of the Jodhpur region lies
between 26� 00 and 27� 370 North latitude and 72� 550 and 73� 520

East longitude. The height of the Jodhpur region is about 250–
300 m from sea level. The geographic location of Barmer district
between 24� 580 to 26� 320 North latitude and 70� 050 to 72� 520 East
longitude and height from sea level of Barmer region was about
931.8 m. These EFs converted into different sized particles and
studied for change in thermal conductivity over the temperature
range, which is practically useful. To the best of our knowledge,
this is the first time when the effect of climatic conditions on the
thermal conductivity of EF investigated thoroughly for different
temperatures and sizes.

Earth Fuller, a type of clay known as Multani mitti mostly used
in cosmetics and skincare products, skin decontaminant used by
the military to treat exposure to chemical warfare, as an industrial
cleaner to clean marble and absorb oil spills and gasoline, ingredi-
ent in commercial cat litter, gut absorbent used to treat poisoning
by herbicides. It also known as mineral-rich clay. There are large
variety of clay soils considered as Earth Fuller. Each of them has
different composition among these 17 ingredients, which generally
considered safe for cosmetics and skincare products. In skincare,
products facial clays and masks including fuller’s earth used to
treat acne and pimples and to fight wrinkles. In cosmetics, it used
to provide gentle exfoliating properties, to keep other powders
from caking together, to bind other ingredients or to stabilize prod-
ucts. As it has a wide range of uses mostly in skincare products and
cosmetics as a cooling agent and heat absorbent, the main purpose
of the present study is to find out how the heat exchange process
occurs. Therefore, we want to study the thermal conductivity of
Earth fullers with different climatic conditions and different parti-
cle size with varying temperatures from 10-to70�C. The main pur-
pose of our study is to observe the change in physical properties of
earth fuller with increment in temperature and particle size.
2. Materials and method

2.1. Preparation of micron size EF particles

EF brought from two regions of Rajasthan (Jodhpur and Barmer)
have been in the form of a small stone-like piece (Fig. 1 and 2).
Using a hammer it was broken into small pieces. It then ground
into fine-grain particles with the help of grinder (Remi Ato mix
Blender). For converting the size of the particle in micron-sized a
ball mill (Restch P100) machine was used at Centre for Non-
Conventional Energy Resources, University of Rajasthan Jaipur.
The ball to EF powder ratio was 10:1 with 5 min rest and 15 min
work process for 5 h under atmospheric condition. After that dif-
ferent micron-sized sieves were used for various sized samples
i.e. 186 mm, 150 mm, 125 mm and 106 mm (Fig. 3 and 4) respectively.
These samples then filled in a cylindrical tube for the measurement
at the same atmospheric conditions (fig. 5). In this study, our main
interest is to observe the thermal conductivity behaviour of Earth
fullers with different particle size at different temperatures.
According to the availability of laboratory instruments mainly
sieves of these particular sizes, we chose these particular particle
sizes i.e. 186 mm, 150 mm, 125 mm and 106 mm of Earth Fuller.
2.2. Measurement of thermophysical properties

The cylindrical tube of 200 ml volume and 30 mm diameter
taken for measuring the thermal conductivity of prepared



Fig. 1. Natural state of EF from jodhpur.

Fig. 2. Natural state of EF from barmer.
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micron-sized EF by KD2 pro thermal analyzer of decagon device,
Inc. USA using a TR-1 sensor (2.4 mm diameter � 100 mm long).
The length of this cylindrical tube is 120 mm, which is deep suffi-
cient for sensor needle so that the sensor was oriented vertically
during the measurement. For the measurement of thermal conduc-
tivity of EF, following are the procedure adopted for each micron
size Earth fullers:

1. The cylindrical tube filled with 45 g prepared micron size EF.
2. The way of filling of earth fuller in the cylindrical tube was the

same for all samples.
3. Each sample put into the refrigerator and heating circulator

(Julabo, F30) with the inserted needle.
4. The temperature of the machine was set at the desired temper-
ature so the samples were heated and cooled; we wait for 1.5 h
to equilibrate the sample temperature.

5. For each sample of fixed Particle Size, three readings taken at
each temperature to decrease the error and for high accuracy.
The mean of these three readings reported. The time gap
between these three measurements was 20 min, so the effect
of increment in temperature of the probe cancelled due to tran-
sient heating during the experiment.

6. After the first set of measurements, the circulator was set on the
next desired temperature and switched on for 1 h 30 min. After
that, the temperature equilibrated for 15 min and then at these
temperature three sets of measurements performed.

For each sample, thermal conductivity measured at room tem-
perature and temperatures varying from 10 to 70 �C for Jodhpur
and Barmer sample using the setup is shown in Fig. 6. For the
real-world applications, general operating temperature varies
between 10 and 70 �C. Therefore, we also studied the thermal con-
ductivity of earth fullers within the temperature range between10
and 70 �C. As our focus is on the general-purpose applications, we
limited the temperature range up to 70 �C only in our study.
3. Result and discussion

3.1. Thermal conductivity of earth fullers

3.1.1. Jodhpur EF
Fig. 7 shows the variation of thermal conductivity (measured by

KD2) with temperature varying from 10 to 70�C. Four different
graphs correspond to four different micron size of the EF particles
of Jodhpur region i.e. 106 mm, 125 mm, 150 mm and 186 mm. Graphs
show that by increasing the temperature of the sample the thermal
conductivity increases and at the higher temperature the thermal
conductivity increases much more like the size of the particle
increases. At 40�C, the changes in thermal conductivity of 125 mm,
150 mm earth fuller particles are almost the same. At other temper-
atures except for 40�C, the variation of thermal conductivity
increase as the temperature increases. When temperature
increases for 106 mm, 125 mm, 150 mm and 186 mm then the incre-
ment in thermal conductivity is very small from temperature 10�C
to 40�C. When temperature increases after 40�C the increment in
thermal conductivity are much more which reveals that the ther-
mal conductivity is dependent on the size of the particles and tem-
perature both.
3.1.2. Barmer EF
Fig. 8 shows the variation of thermal conductivity (measured by

KD2) with varying temperatures from 10 to 70�C. Four different
graphs correspond to four different micron sizes of the EF particles
of the Barmer region. The variation of thermal conductivity is dif-
ferent for each micron-sized particles revel the effect of geographic
and climatic conditions may be due to chemical composition. The
increment in thermal conductivity at each temperature and each
size is almost greater for Barmer region earth fullers. For 106 mm,
125 mm the thermal conductivity variation is almost the same for
the temperature 10�C to 40�C but when the temperature increase
from 50�C to 70�C then thermal conductivity is slightly greater than
for 125 mm. For 150 mm and 186 mm, the variation of thermal con-
ductivity increases with temperature in the same manner with
particle size increases.

From the above discussion, we can say that the EF from the Bar-
mer region is more sensitive to temperature and particle size than
the Jodhpur region. Therefore, the Barmer region, EF is good for
making the composite material as the base materials.



Fig. 3. After grinding, ball mill and sieving of the jodhpur sample.

Fig. 4. After grinding, ball mill and sieving of the barmer sample.

Fig. 5. Sample stored for final measurement.
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3.2. Comparative study of thermal conductivity of earth fullers at the
same temperature

Fig. 9 shows the comparative schematic of the change in ther-
mal conductivity for the samples of two different climatic condi-
tions at a fixed temperature.

From10�C To 30�C:- The variation of thermal conductivity for
both the region is same for 106 mm and 125 mm. When the size
of the particles increases then thermal conductivity of Barmer EF
is more in comparison to Jodhpur region, which shows that at
the same temperature, the behaviour of EF particle changes due
to the climatic condition.

At 40�C: - The variation of thermal conductivity is same for
106 mm size particle, but when the size of the particle increases
to 125 mm then thermal conductivity of Barmer sample decreases
from Jodhpur region EF, after that by increasing the size of the par-
ticle then thermal conductivity of Barmer sample increases from
Jodhpur sample.

At 50�C: - The increment in thermal conductivity for Barmer
region is greater from the Jodhpur region for 106 mm, 150 mm,



Fig. 6. Circulator setup and thermal conductivity measuring probe.
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Fig. 7. Thermal conductivity variation with temperature for jodhpur sample.
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Fig. 8. Thermal conductivity variation with temperature for barmer sample.
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186 mm approximately 7% observed. When the size of the particle
was 125 mm then thermal conductivity of Barmer sample decreases
approximate 8%, which shows the thermal conductivity varies with
the size of the particle and climatic condition of the region.

At70�C: - The same phenomena also observed as for 40�C, which
shows that at the higher temperature the thermal conductivity
increases for Barmer and Jodhpur sample but this increment
observed larger in Barmer region EF for all size of particles. The
increment in thermal conductivity also observed in the Jodhpur
region for each size of particles. However, for 125 mm the thermal
conductivity is higher in the Jodhpur region.

From the above discussion, we observed that the at the same
temperature the thermal conductivity is higher for the larger size
of particle for both the samples, but the sensitivity for Barmer sam-
ples was good, so Barmer samples may be preferred for making the
base material forming the composites which may be used for all
useful application.
3.3. FTIR characteristics

The FTIR characteristics for both the sample observed the same
which shows the same functional grouping, stretching present in
the earth fullers (Fig. 10).

The measurements conducted using a Shimadzu spectrometer
at the University of Rajasthan with single reflection horizontal
ATR accessories. The absorption FT-IR spectrum of the earth fullers
in the range between 400 cm�1 to 4000 cm�1 recorded at room
temperature. To investigate the chemical functional groups on
the Earth Fullers, FTIR spectroscopy performed. The FTIR of EF
powder in the range of 400 cm�1 to 4000 cm�1 shown in Fig. 10
for a pure sample of Earth Fullers. In the above spectrum mostly
eight peaks of the unknown compound were detected which gives
the following information

1. In the above spectrum, 3400 cm�1 broad absorption stretching
peaks and 850 cm�1 deformation peaks represent the charac-
teristics of -O–H stretching vibration of Mg–OH–Al, Al–OH–Al
type bond, which may be the part of earth fuller.

2. 2100 cm-1peaks corresponding to -�N�N- stretching frequency
so we can say that N2 like grouping responsible for the colour of
earth fullers.

3. The O–Si–O asymmetric stretching mode detected at
1020 cm�1. The peaks at 550 cm�1 and 670 cm�1 assigned to
Si–O bending vibrations. Moreover, Al–O–Si bending vibration
observed at 573 cm�1, while Si–O–Si bending vibration
observed at 425 cm�1. The peaks at 650 cm�1 assigned to Ti-O
stretching frequency.

4. 1600 cm-1peaks indicate H-OH bending frequency of water.
5. 1450 cm�1 and 1340 cm�1 (two peaks) corresponding to NO2

type group may be the part of the earth fuller.
6. 850 cm�1 corresponding to deformation of O–H linked to Al+3

and Mg+2 and Zn+2.
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Fig. 9. Variation of thermal conductivity with particle size for different temperature.

Fig. 10. FTIR characteristics of earth fullers.
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4. Conclusion

From the above result, we can say that the measurement of
thermal Conductivity of base material of composite of EF shows
an increment in thermal conductivity with an increase in the par-
ticle size and temperature. When the size of the particle increases
at fixed temperature then thermal conductivity increases approxi-
mately up to 40% for Barmer EF and up to 30% for Jodhpur EF,
which is due to the difference in climatic conditions of two regions.
When the temperature increases then thermal conductivity also
increases in both the EF. This increment and decrement of thermal
conductivity are in good agreement in beauty product to remove
oil and in the film industry to create cloud and in medical sciences.
The change in thermal conductivity is higher for the Barmer region
due to its climatic condition. Due to these properties, it used in the
Globe Core process. From the FTIR characteristics, it is evident, the
earth fuller material related to a multi-component system like
CaO-MgO-Al2O3-SiO2-TiO2. The thermal conductivity of earth full-
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ers depends upon the oxides particles and climatic condition of the
region.
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