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Abstract

The thermal properties such as specific heat capacity and heat dissipation of peloids
play an important role in therapeutic applications. Therefore, these properties were
determined on the peloids samples taken from spas where peloid applications are
used in Turkey. In addition, some pure clay minerals were investigated to determine
their suitability as possible constituents of therapeutic peloids and to make recom-
mendations for preparing the most usable peloids for thermal therapy. For this aim,
the mineralogical and thermal properties of samples were investigated using X-ray
diffraction (XRD) and Differential Scanning Calorimeter (DSC). The mineralogical
compositions of the peloid samples are not homogenous, and their clay mineral con-
tent is approximately 60%, and the most abundant clay mineral is calcium montmo-
rillonite. The cooling time of peloids are between 20 and 25 minutes, which is suita-
ble for therapy and thus these peloids are suitable for using in health problems re-
quiring heat treatment. The samples have favorable heat dissipation capacity and
partially cooling kinetics. Specific heat capacity of the peloid samples is partially ap-
propriate for heat therapy and these values range from 0.60 to 1.41 J/g-°C, and par-
tially high in peloids with high smectite content. The pure sepiolite samples have
higher heat dissipation properties than those of other clay minerals especially illites
and kaolinites. Ca-montmorillonite and kaolinite have the lowest specific heat values
while sepiolite samples have higher values. Sepiolite and partly Na-Ca-montmorillonite
are more appropriate than the other studied clay minerals as a peloid constituent es-
pecially for therapy of musculoskeletal pain.
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1. Introduction

Thermal therapies are beneficial in treatment of great diversity of acute and chronic
rehabilitative problems. In spa therapy, in addition to bathing in hot waters, peloid ap-
plications known as pelotherapy is also carried out in Turkey and around the world.
The clay mineral-rich material known as peloid and/or thermal mud is matured by
mostly thermal and occasionally natural waters, and sometimes additional materials
such as paraffin, humic matter are added. The peloids are preferred in treatment of
some diseases because of keeping heat in longer period than hot water. It has been
shown that the thermal properties of peloids can be used to treat various joint problems,
breakages, dislocations, vasculopathy and dermatological illnesses [1]. Clay mineral-
rich peloids are mostly used for thermal therapy for chronic rheumatic inflammation,
sports traumas and dermatological problems [2].

In pelotherapy applications, the temperature of prepared peloid is required to be 5°C
- 10°C above body temperature, and it is appropriate to maintain this temperature
within 15 to 20 minutes before reaching body temperature. The temperature of a peloid
needs to be 40°C - 45°C cool gradually and its temperature between 40°C - 60°C retain
within 20 - 30 minutes during the therapy [3].

The peloid is applied as a 1 - 2 cm paste over the whole body or specific areas by
means of a mask, bandage or by plastering about 15 days in two times repeatedly. The
peloid is covered with an impermeable covering to help it retain its heat as required for
the duration of the therapy. That enables the hot mixture to have a greater effect on the
skin and consequently on the musculo-skeletal system. Peloids are useful heat therapy
those purposes are effective in reducing pain and treating musculo-skeletal problems,
e.g. fibromyalgia, bursitis. Thermal therapy is useful for relieving pain in patients with
rheumatic disease [4]. Combination of multidisciplinary treatment and repeated ther-
mal therapy decreases the number of pain behavior in patients with chronic pain [5].

Peloids prepared from bentonite which have chemical and rheological properties
such as high swelling potential, appropriate heat dissipation and operability properties
can be suitable in pelotherapy [6]. In the above mentioned study, it is also explained
that features of clay materials are important in determination of heat dissipation of clay
pastes materials, and this researchers calculated theoretically heat dissipation capacity
by using chemical and mineralogical composition. Reference [7] determined mineral
types and mineral content and prepared various thermal waters of different composi-
tions were added to the muds to formulate peloids. And above authors suggested that
heat dissipation capacity with high smectite clays is higher, as they have a higher water
content in comparison to other clay minerals, and that the rheological properties of the
mud and its stickiness are important factors in the contact between skin and mud. The
consistency of the peloid improves with the addition of Ca- and Mg-sulphate waters,
but it decreases with other waters [8]. The importance of the heat dissipation, viscosity,
oil absorption and rheological properties of the pastes prepared from the peloids is ex-
plained by [8]. The suitability of hot spring in therapy and use of various clay minerals

(kaolinite, illite-smectite, smectite) is interrelated with grain size, low hardness index,
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rheological properties, high water dissipation capacity, cation exchange capacity and
heat dissipation properties [9]. The heat dissipation capacity of peloids is directly re-
lated with the specific heat and, inversely, to their thermal conductivity [10].

Studies on peloid properties and use in Turkey are very limited in number. The first
time mineralogical and chemical properties of some peloids were studied by [11]. Ra-
dioactive properties and potential health risk of the some peloids in Turkey was also
carried out by [12] [13]. Apart from those studies, the heat dissipation and specific heat
properties of (peloid) muds used for therapy and esthetics since ancient times have not
been studied. This study aimed 1) to compare thermal properties of some clay minerals
to peloids, 2) and to provide recommendations to improve the suitability of the peloids
from 20 different spa centers, and 3) to determine their suitability of clay minerals as

possible constituents of therapeutic peloids in health treatments.

2. Materials and Methods

Matured 20 peloid samples were taken from main spa centers in Turkey (Figure 1).
After drying and sieving the samples, subsequently, they were homogenized, dried and
pulverized for 5 min in a porcelain ball mill for mineralogical analyses. The pure clay
minerals, with mineralogical and chemical properties previously defined in [14] and
[15]-[18], were collected from different areas of Turkey. The mineralogical analyses of
the samples were conducted on random and oriented samples (total fraction) (<2 pm
clay-sized fractions) using X-ray diffraction (XRD) with CuKa radiation from 2° - 70°
26 at a scanning speed of 1° 26/min. The mineral proportions were determined with
the powder XRD patterns, according to the external standard method developed by
[19] (Table 1). All samples were embedded as defined by [19] [20], and the representa-
tive peak intensities (I) of the minerals were normalized to those of the (104) reflection
of dolomite. The K factor was determined for each mineral (including clays with peaks
between 19° and 20° 26) by weight in a 1:1 dolomite-mineral mixture as follows: K =

Taolomite! Inineral. The mineral percentages were calculated from the following Equation (1).
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Figure 1. Location of the peloid samples.
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Table 1. Mineralogical composition (rare components were omitted) of the peloid samples.

Sample No. Mineralogy and mineral contents (wt.%)

P-1 Sme(60) + Cal(12) + Ms/Bt(10) + Fsp(8) + Qz(5) + Kln(3) + Dol (2)
P-2 Sme(65) + Cal(13) + Dol(8) + Ms/Bt(6) + Qz(4) + Kin(4)
P-3 Cal (100)

P-5 Sme(38) + Ms/Bt(30) + Cal(13) + Fsp(9) + Qz(5) + Kin(3) + Dol(1) + Gp(1)

P-5/1 Cal(34) + Ms/Bt(32) + Sme(18) + Fsp(5) + Qz(4) + Kln(4) + Dol(2) + Gp(1)
P-6 Sme(36) + Ms/Bt(27) + Cal(22) + Qz(5) + Dol(4) + Fsp(3) + KlIn(3)
P-7 Sme(26) + Dol(18) + Cal(15) + Py(12) + Srp(10) + KiIn(8) + Qz(7) + Gp(4)
P-8 Sme(42) + Srp(18) + Cal(9) + Ms/Bt(8) + Dol(6) + KIn(6) + Qz(5) + Fsp(4) + HI(2)
P-9 Sme(66) + HI(11) + Cal(8) + Fsp(7) + Qz(5)

P-10 Sme(14) + Fsp(21) + Qz(28) + Ms/Bt(18) + Hem(10) + KIn(5) + Py(4)

P-11 Sme(52) + Ms/Bt(21) + Fsp(9) + Qz(8) + Dol(6) + Kln(4)

P-12 Sme(57) + Ms/Bt(15) + Cal(11) + Fsp(8) + Qz(4) + KIn(3) + Gp(2)

P-14 Sme(32) + Ms/Bt(22) + Cal(17) + Fsp(11) + Qz(7) + KIn(4) + Py(4) + HI(2)
P-15 Sme(36) + Ms/Bt(26) + Cal(12) + KIn(10) + Dol (7) + Qz(4) + Fsp(3) + Gp(2)
P-16 Sme(73) + Fsp(6) + Qz(6) + Kln(4) + Gp(4) + Py(4) + Cal(3)

P-17 Sme(60) + Cal(15) + Fsp(12) + KIn(4) + Qz(4) + Py(4)

P-18 Sme(52) + Cal(40) + Fsp(3) + Qz(3) + Do(2)

P-19 Man(90) + Sep(10)

P-20 Ms/Bt(37) + Cal(18) + Sme(7) + Fsp(26) + Qz(12)

P-20/1 Ms/Bt(38) + Cal(17) + Sme(11) + Fsp(21) + Qz(13)

Note: Bt: Biotite, Cal: Calcite, Dol: Dolomite, Fsp: Feldspars, Gp: Gypsum, Hem: Hematite, Hl: Halite, Hyl: Hallo-
ysite, Ilt: Illite, KIn: Kaolinite, Man: Magnesite; Ms: Muscovite, Qz: Quartz, Sme: Smectite, Sep: Sepiolite, Srp: Ser-
pentine, Py: Pyrite (abbreviations from [28]).

% of mineral a = (100 X K, X L)/(K, X I + Kp x I, + - + K, x I,) (1)

The accuracy of this method within +15%.

After drying the peloid samples from the 20 hot springs in the study (at 50°C in an
oven) they were ground to approximately 63 um size in an agate mortar. Methods of
reference [2] [21] were used to prepare and measure the heat dissipation and specific
heat capacity of the samples. The 50 g samples from the ground peloids were added to
40 ml distilled water and heated at 70°C for 24 hours in a 125 ml teflon container with a
wall thickness of 5 mm. The heated samples were placed in a covered thermostatic wa-
ter bath set to 37.5°C (average body temperature), and temperature readings were taken
every 30 seconds until the temperature of the water reached 37.5°C again (Figure 2).

Differential Scanning Calorimetry (DSC) was used to measure the specific heat ca-
pacities of the peloid and some pure clay samples. The samples were dried and pre-
pared for their specific heat capacities were measured in a Netzsch STA 449 F3
DTA/TG/DSC device. The samples used were 63 um and dried at 50°C, heat flow was
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Figure 2. Heat retention and specific heat values of the peloid samples.

10°C/min, and measurements were taken in an argon atmosphere at 20°C - 200°C by
Afyonkarahisar University. With this method, the energy released during sample heat-
ing, cooling or at a constant temperature can be recorded. It was seen as the most suita-
ble method for measuring the heat flow of the DSC samples, as the reaction enthalpy is
measured described as [22]. The energy released during the reaction was determined by
integrating the DSC peaks. Heat diffusiveness of the all samples were determined by
heating of the dried sample in a small teflon container (100 ml) up to 65°C and meas-
ured the decrease of temperature to 35°C placed in thermally insulated water bath as
described by [2].

3. Results and Discussion

Mineralogical composition of the peloids are generally similar and composed mainly of
clay minerals, e.g., smectite, illite and illite-smectite, with partially of quartz and
feldspar, some calcite, dolomite and amorphous silica, and rarely of kaolinite, halite,
serpentine and gypsum (Table 1). The exception is sample P-19, which contains 90%
magnesite and 10% sepiolite. The percentage of the clay minerals was frequently be-
tween 50% and 60%, and the most abundant clay mineral was Ca-montmorillonite.

The crucial thermal parameters of a peloid in pelotherapy are heat dissipation and
specific heat capacity. The material used in pelotherapy has slow heat conduction and
high heat dissipation and therefore does not create the sudden heat problems seen in
hot water baths. The effectiveness continues during the heat conduction phase. Pelo-
therapy requiring high heat conduction, dissipation and specific heat capacity, and pe-
lotherapy is more effective than hot water therapy, because the process of heat flow
maintain longer.

The heat dissipation and specific heat capacity of the peloids were determined. The
duration of falling from 65°C to 40°C in temperature were determined which of the
samples mineralogical compositions are established (Table 1 and Table 2). In all the
peloid samples that do not display a homogenous composition from a mineral content

perspective, temperatures between 65°C and 40°C were maintained for 20 - 30 minutes,
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Table 2. Cooling rate of peloids samples and some pure clay minerals in some temperature
ranges (in minutes).

Sample No. 65°C - 40°C 65°C - 37.5°C Sample No. 65°C - 40°C 65°C - 37.5°C

P-1 27.0 53.5 P-13 27.0 48.5
P-1/1 26.5 51.0 P-14 25.4 48.5
P-2 21.5 47.5 P-15 31.0 50.0
P-3 24.0 50.0 P-16 315 49.0
P-5 23.5 55.0 P-16/1 29.5 45.5
P-5/1 25.0 49.5 P-16/2 35.0 49.5
P-6 26.5 55.0 P-17 25.0 57.0
P-6/1 25.0 48.5 P-17/1 25.5 51.5
pP-7 24.0 47.5 P-18 25.0 52.0
P-8 25.0 47.0 P-19 23.5 47.5
P-9 26.5 40.0 P-19/1 26.0 51.0
P-10 28.0 48.5 P-20 22.0 34.5
P-11 25.0 47.5 P-20/1 25.5 36.5
P-12 25.0 45.0

Pure clay minerals

Ca-Mnt 26.5 43.0 It-1 20.5 38.5
Na-Ca-Mnt 24.5 42.0 It-2 19.5 36.0
Spe-1 37.5 62.0 Hyl 17.5 35.5
Spe-2 34.5 60.5 Kln 18.0 31.0

Note: abbreviations are given in Table 1.

and up to 31 - 35 minutes in some samples (Table 1 and Table 2). The dropping dura-
tion of temperatures from 65°C to 37.5°C are range from 34.5 to 55.0 minutes (Figure 2
and Figure 3). Relative to the other samples, samples P-20 and P-20/1 had lower heat
dissipation properties may be related to low smectite content. The cooling times of the
samples are similar to those of pure illite samples (Table 2). The average time of ap-
plying a bandage or plastering on specific areas of the body is 15 - 20 minutes. There-
fore, the cooling time from 60°C to 37.5°C of the prepared pastes must be longer than
15 minutes [2]. The samples studied are suitable for use in therapy as they retain their
heat for the required of time.

When cooling kinetics are taken into account, peloids that have been matured at
70°C for 24 hours retain their heat for longer than the 20 minutes necessary for thera-
Py, and are therefore suitable for use in this aim. These cooling times were obtained in
relatively well isolated conditions. Therefore, in natural applications, the duration of
heat dissipation will take low time in the outside, and the cooling time could be 5 to 10
minutes shorter (Figure 2, Figure 3). In this situation, even if the cooling times rec-
orded in the study are reduced by 5 to 10 minutes, the majority of the samples may still

be suitable for use.
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In thermal therapy, the temperature of the peloid must be over body temperature at
least 5°C for this reason temperature of the peloids after 15 minutes and dropping du-
ration have been taken into account. The cooling kinetics was determined on the basis
of the results, and experimental values were compared to exponential curves by regres-
sion analysis to create representative cooling curves (Table 2, Figure 3). The cooling

curve is a function of Equation (2).

T=A+ Bekt (2)

that stated in many studies [2] [3] [10]. T is the sample temperature, A and B are two
constant values related to the bath temperature and the difference between the highest
temperature and the bath temperature, t is the cooling time, and K is a parameter that
depends on the thermal properties of the system. Theoretical cooling kinetics were cal-
culated according the equation given in [10], and cooling curves were drawn depending
on the cooling times. The drawn curves matched the experimental graphs. The error
rate between the measured values and the drawn curve from the calculated values was

determined using the equation. The error rate was also calculated using Equation (3).

err = \/Zinl(Tcal,i _Texp,i )2

n

®3)

where T, is the temperature resulting from the adjustment, 7., is the experimentally
measured temperature and n is the number of data recorded by the data collection sys-
tem [10].

The error of the measurements of the sample P-8, 14, 15, 16/1, 17/1, 18 and 20 was
below 0.2 while in samples P-5/1, 7, 11, 17, 20/1 is above 0.3. The experiments were also
carried out on pure clay minerals under the same conditions with the aim of evaluating
and comparing the heat dissipation capacity of the peloids (Table 2). According to
those results, sepiolite maintains heat for longer, while illite and kaolinite have shorter
periods. Also, cooling time from 40°C to 37.5°C is longer in sepiolite than in other clay
minerals. This results show that sepiolite-rich peloids give better results in physical
therapy.

DSC was used to analyze the specific heat capacities of the peloid samples. With this
method, the energy released during sample heating, cooling or at a constant tempera-
ture can be measured. In this method, the difference between the heat absorbed by or
emitted from the reference sample is shown in relation to temperature or time. This
method was seen as the most suitable method for measuring the heat dissipation of the
DSC samples, as the reaction enthalpy is measured defined as [2] [22] [23]. The energy
released during the reaction was determined by integrating the DSC peaks, and sample
weight was recorded before every reaction to determine specific heat capacity. The spe-
cific heat capacities of the two sepiolite samples at 44 and 64°C were ranges from 1.72
to 3.32 and 2.62 to 4.63 J/g-°C. The capacity is low in Ca-montmorillonite and Na-Ca-
montmorillonite samples which are vary from 0.44 to 0.66 and 1.51 and 1.99 at same
temperatures, respectively. Illite and halloysite show similar heat values to Ca-mont-

morillonite. Those values are not close to the results from the peloid samples which
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may be partially related to low smectite content of the peloid.

The specific heat values of peloid samples ranged from 0.61 to 1.44 J/g-"C. There are
strongly positive (£ = 0.75) correlation between cooling rate at temperatures at 65°C -
40°C and specific heat values while moderately positive in pure clay minerals (£ = 0.60)
(Figure 4). The pure clay minerals show higher specific heat values than those of the
peloid samples, except kaolinite and Ca-montmorillonite (Table 3, Figure 3). Specific
heat capacities of pure Ca-montmorillonite sample are lower than Na-Ca montmorillo-
nite may be related to water content (Table 3). And also the heat capacities of halloysite
is higher than those of kaolinite may also connected with its low water content (Table 3).
The similar results were determined on bentonitic clays, specific heat capacity increases
with increased clay content [10] [24] [25]. And also Legido [10] who studied on peloids
with different compositions of clay minerals and other silicate minerals explained that

when peloids composed of smectite and/or sepiolite which have high water contents,

3.0 1
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5’5 20f R?=10.355
o [
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Cooling rate (minute)

Figure 4. Correlation between cooling rate at temperatures and specific heat values of peloid and
clay minerals.

Table 3. Specific heat values at 44°C (J/g-°C) of peloids and pure clay minerals.

P-1 P-1/1 P-2 P-5 P-5/1 P-6 P-6/1 P-6/2 P-7 P-8 P-9 P-11
0.87 0.77 0.79 0.67 0.68 0.70 0.65 0.60 0.79 0.66 0.74  0.66
P-12 P-13 P-14 P-15 P-16 P-16/1 P-16/2 P-17 P-18 P-19 P-19/1 P-20
0.61 0.72 0.74 0.82 1.10 1.01 144  0.88 0.65 0.77 0.80 0.82

P-20/1 Ca-Mnt Ca-Na-Mnt Spe-1 Spe-2 Ilt-1 Hal Kiln P.O. MM. B.M. B.C.

0.80 0.54 1.54 172 2.62 1.58 143 059 1.20-355 286 246 3.22

Note: MM: Morinje mud [26], B.M: Benetutti mud [6], P.O.: Portuguese clay [29], B.C.: Bentonitic clay [25], abbrev-
iations are given Table 1.
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the specific heat capacity values (Cp) increase. The above authors determined specific
heat capacities of 3.48 J/g-°C for sepiolite and 3.20 J/g-"C for smectite in samples with
the same amount of water, and 2.73 J/g-"C in a sample of 85% clay minerals (49% kao-
linite, 39% illite and 12% smectite). Rebelo [2] stated that clays used in pelotherapy
should have specific heat capacities greater than 1.00 J/g-°C and preferably at least 2.00
J/g-°C. And also, determined the specific heat values between 1.20 and 1.22 J/g-°C and
the cooling times ranges from 18 to 19.5 minutes of materials using as peloids. Addi-
tionally, specific heat values were found between 2.86 and 2.46 J/g-°C in some materials
[6] [26]. Besides, Casas [24] found specific heat values 0.85 and 0.89 J/g-°C at 20°C and
44°C temperature for bentonitic mixtures (composed mainly of 55% Na-saturated
smectite, 28% sepiolite, and 15% illite), 3.48 and 3.55 J/g-°C for 19.9% bentonite + dis-
tilled water, and 2.72 and 2.76 J/g-"C for 39.8% bentonite + sea water. And also Casas
[25] found specific heat capacities at 34°C and 44°C in bentonitic clay mixtures 0.60
and 3.23 and J/g-°C, respectively, and explained the reason of the values are related to
temperature and water content of the clay minerals.

Even though the specific heat capacity values of the current study have similarities
with those values determined by Robelo [2], determined capacities are lower and cool-
ing times are longer. Specific heat capacity decreases with increased salinity, and there
is a partial increase with an increase in temperature [27]. The specific heat capacities of
peloids matured by thermal waters with high chloride content (P-9, 11, and 12) were
lower than other samples, except P-9. In peloids with higher clay content in this man-
ner (P-16) specific heat capacity is higher than in other samples. As specific heat capac-
ities of peloids are lower than the pure clay minerals, expect kaolinite and Ca-mont-
morillonite (Table 3), more energy is required to increase the temperature of these pe-
loids. In other words, to obtain more suitable peloids, materials should be kept for longer

in hot waters or prepared from sepiolite-rich or Na-Ca-montmorillonite-rich minerals.

4. Conclusion

Heat dissipation capacities of samples collected from thermal spa centers in Turkey at
which peloid treatment is carried out were determined ranging between 21.5 and 31.5
minutes for the temperatures from 65°C to 40°C and these temperatures are suitable
for use of peloids in thermal therapy. Samples prepared from pure sepiolites have long
and illite and kaolinite have short period of heat dissipation capacity (37°C) than other
pure clays meaning that sepiolite and partially Na-Ca-montmorillonite mixtures are
most suitable. Specific heat capacity of peloids was determined to be 0.61 - 1.44 J/g-°C
and generally lower than 1.00 J/g-"C. The determined values are lower than values given
in literature for bentonitic clay mixtures and peloids, therefore the peloid samples are
weak heat conduction effect. Pure sepiolite samples have partially higher heat dissipa-
tion and specific heat (1.72 - 2.62 J/g-°C) than those of the illite, halloysite, Na-Ca-
montmorillonite. As a conclusion, especially sepiolite, partially Na-Ca-montmorillonite
and illite are the most suitable clay minerals for preparation of peloid pastes than the

other clay-rich materials for treatment of chronic pain, such as musculoskeletal, neuro-
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logic problems, cardiopulmonary pathology, etc.
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