Volume 9, Issue 5, 2019, 4292 - 4300

ISSN 2069-5837
Biointerface Research in Applied Chemistry

www.BiointerfaceResearch.com
https://doi.org/10.33263/BRIAC95.292300

Open Access Journal
Received: 11.07.2019 / Revised: 05.09.2019 / Accepted: 10.09.2019 / Published on-line: 15.09.2019

Original Research Article

Evaluation of the physicochemical, thermal and behavioural properties of consciousness

energy healing treated iron (I1) sulphate

Mahendra Kumar Trivedi !, Snehasis Jana 2~

Trivedi Global, Inc., Henderson, USA
*Trivedi Science Research Laboratory Pvt. Ltd., Thane (W), India
*corresponding author e-mail address: publication@trivedieffect.com

ABSTRACT

Iron (11) sulphate is used as a source of iron to treat iron deficiency anemia. In this study evaluated the impact of the Trivedi Effect®-
Consciousness Energy Healing Treatment on the physicochemical, thermal, and behavioural properties of iron sulphate using modern
analytical techniques. Iron sulphate sample was divided into control and treated parts. Only treated sample received the Trivedi Effect®-
Consciousness Energy Healing Treatment remotely by a famous Biofield Energy Healer, Mr. Mahendra Kumar Trivedi. The powder
XRD relative peak intensities and crystallite size of the treated iron sulphate were significantly altered ranging from -87.25% to 338.67%
and from -58.33% to 99.84%, respectively compared to the control sample. The average crystallite size of the treated iron sulphate was
significantly decreased by 5.68% compared with the control sample. The particle size values of the treated iron sulphate was decreased
by 1.54% (dyo), 1.12% (dsp), 2.51% (dgo), and 1.90% {D(4,3)} and the surface area was increased by 4.69% compared with the control
sample. The melting temperature of the four peaks (1%-4™) of the treated sample was decreased by 0.28%, 12.45%, 5.44%, and 0.51%,
respectively compared to the control sample. The latent heat of fusion of 1%, 2" and 4" peaks in the treated sample was decreased by
47.29%, 75.39%, and 0.29%, respectively, whereas 3" peak was increased by 8.02% compared with the control sample. The total weight
loss in the treated iron sulphate was increased by 0.78% compared with the control sample. The maximum thermal melting temperature
of the treated sample was slightly increased by 2.03% in the 1% peak; but decreased by 1.53%, 12.64%, and 1.27% in the 2", 3", and 4"
peaks, respectively compared to the control sample. Overall results suggested that the Trivedi Effect®-Consciousness Energy Healing
Treatment might lead to the production of a new polymorphic form of iron sulphate, which would be more soluble and bioavailable,
compared to the untreated sample. The Trivedi Effect® treated iron sulphate would be useful to design more efficacious
nutraceutical/pharmaceuticals, which might offer better therapeutic response against iron deficiency anemia.

Keywords: Iron sulphate, Energy of Consciousness Healing Treatment, The Trivedi Effect®, Crystallite size, Particle size, melting point,
latent heat, weight loss.

1. INTRODUCTION

Iron (I1) sulphate (ferrous sulphate) has the molecular
formula FeSO4-nH,0 and exist most commonly as heptahydrate (n
= 7) form [1]. Traditionally it is known as "green vitriol" or
"copperas”, forms beautiful blue-green crystals of the monoclinic
system. It is useful in chemistry as a reducing agent and as the best
source of iron. The hydrated form of iron sulphate is used as
medicine to treat iron deficiency anemia [2]. It was used in the
manufacture of inks (iron gall ink) [3]. It is used for treating iron
chlorosis in horticulture [4], lawn conditioner, moss killer, gold
refining, purification of water, wood panelling on houses [5] and
act as a catalyst (Fenton's reagent) in chemical reactions [6, 7].
Side effects associated with the internal use of iron sulphate are
constipation, stomach upset, black or dark-coloured stool, and
temporary staining of the teeth. The solubility of iron sulphate in
water is 29.51 g/100 mL (25 °C) and negligible in alcohol [5, 8].
According to the WHO, iron deficiency is the most common
nutritional disorder affecting >20% of the global population. Due
to the complex physiological as well as dietary factors, only 1 to 2
mg of iron undergoes absorption through the gut enterocyte to the
systemic circulation [9, 10]. The bioavailability of the iron
sulphate is a major concern. The Biofield Energy Treatment (the
Trivedi Effect® could be an economical approach for the
reduction of particle size/crystallite size and improvement of the

surface area; that would be helpful for the enhancement of the
bioavailability of pharmaceutical/nutraceutical compounds [11,
12].

The human body can release electromagnetic waves in the form of
bio-photons that surrounds the body. This electromagnetic energy
is generated by the continuous movement of the electrically
charged components (ions, cells, etc.) present inside the body.
This is collectively known as “Biofield Energy”. Biofield Energy
Healer has the capability to harness the energy from the
“Universal Energy Field” and can transmit into any living or non-
living object(s). The process by which the objects receive the
Biofield Energy Treatment from the Biofield Energy Healer(s) and
respond into a useful way is called as Biofield Energy Healing
Treatment [13-15]. Biofield based Energy Therapies are adopted
worldwide to promote health and healing. The National Center of
Complementary and Integrative Health (NCCIH) has recognized
and accepted Biofield based Energy Healing therapies as a
Complementary and Alternative Medicine (CAM) health care
approach in addition to other medicines, therapies, and practices
such as special diets, deep breathing, yoga, Tai Chi,
chiropractic/osteopathic manipulation, Qi Gong, meditation,
homeopathy, essential oils, massage, progressive relaxation,
guided imagery, acupressure, acupuncture, healing touch,
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hypnotherapy, movement therapy, rolfing structural integration,
pilates, mindfulness, naturopathy, Ayurvedic medicine, traditional
Chinese herbs and medicines, cranial sacral therapy,
aromatherapy, Reiki, and applied prayer [16]. The Trivedi Effect®-
Consciousness Energy Healing Treatment had been expansively
reported with significant results in different scientific fields like
agricultural science [17-19], materials science [20-23], cancer
research [24, 25], microbiology [26-29], genetics [30, 31],
pharmaceutical science [11, 12, 32-35], etc.

The physicochemical properties of a medicament play an
important role in bioavailability, as these factors have a direct

2. MATERIALS AND METHODS
2.1. Chemicals and Reagents.
The test sample iron sulphate was purchased from Sigma-Aldrich,
India. Similarly, other chemicals used in the experiments also
purchased in India.
2.2. Consciousness Energy Healing Treatment Strategies.
The test sample iron sulphate was divided into two parts. One part
of iron sulphate was considered as control (no Biofield Energy
Treatment was provided), while the second part of iron sulphate
was received the Trivedi Effect®Consciousness Energy Healing
Treatment remotely under standard laboratory conditions (for 3
minutes) called the Biofield Energy Treated iron sulphate. This
Biofield Energy Treatment was delivered through the healer’s
unique energy transmission process by a famous Biofield Energy
Healer, Mr. Mahendra Kumar Trivedi (USA) to the test item. The
control iron sulphate was treated with a “sham” healer who did not
have any information about the Biofield Energy Treatment. After
that, both the samples were kept in sealed conditions and
characterized using modern analytical techniques.
2.3. Characterization.
The powder X-ray diffraction (PXRD) analysis of iron sulphate
was performed with the help of PANalytical X Pert3 Pro [34, 35,
38]. The average crystallites size was calculated using the
Scherrer’s formula (1)

G =kMBcosb (D)

3. RESULTS

3.1. Powder X-ray Diffraction (PXRD) Analysis.

PXRD data of both the iron sulphate samples are presented in
Table 1. The sharp and intense peaks in PXRD diffractograms of
the control and Biofield Energy Treated iron sulphate (Figure 1)
indicating that both the samples are crystalline in nature.

The PXRD diffractograms of both the samples showed highest
peak intensity (100%) at Bragg’s angle (20) equal to 18.3° and
18.2°, respectively (Table 1, entry 6 & 7). The Bragg’s angle (26)
of the 28 diffraction peaks in both the samples remained almost
same, but the relative intensities of the peaks of the Biofield
Energy Treated sample were found to be altered compared to the
control sample. The relative intensities of the in the Biofield
Energy Treated sample were significantly altered from -87.25% to
338.67% compared to the control sample. The overall crystallite
sizes of the in the Biofield Energy Treated sample were
significantly altered from -58.33% to 99.84% compared to the

influence on solubility, absorption, and stability of the drug [36].
The specific surface area, particle size, crystalline nature, chemical
and thermal behaviour of an atom/ion might be altered by the
Energy of Consciousness Healing Treatment (the Trivedi Effect®)
through the possible mediation of neutrinos [37]. Thus, in this
study the impact of the Trivedi Effect®Consciousness Energy
Healing Treatment on the physicochemical, thermal, and
behavioural properties of iron sulphate was evaluated using
modern analytical techniques.

Where G is the crystallite size in nm, A is the radiation
wavelength, k is the equipment constant, B is the full-width half
maximum, and 6 is the Bragg angle [38, 39].

The particle size distribution (PSD) analysis of iron sulphate
powder sample was performed with the help of Malvern
Mastersizer 3000, UK instrument using the wet method. Fourier
transform infrared (FT-IR) spectroscopy of iron sulphate was
performed using Spectrum ES (Perkin Elmer, USA) Fourier
transform infrared spectrometer. Ultra violet-visible spectroscopy
(UV-Vis) analysis was carried out using Shimadzu UV-2400PC
series, Japan. Similarly, the differential scanning calorimetry
(DSC) analysis of iron sulphate was performed with the help of
DSC Q200, TA instruments. The thermal gravimetric analysis
(TGA) thermograms of iron sulphate were obtained with the help
of TGA Q50 TA instruments [34, 35, 38].

The % change in crystallite size, peak intensity, particle size,
surface area, melting point, latent heat, weight loss and the
maximum thermal degradation temperature of the Biofield Energy
Treated iron sulphate was calculated compared to the control

sample using the following equation 2:

__[Treated—Control]

% change = x 100 (2)

Control

control sample. The average crystallite size of the treated iron
sulphate was reduced by 5.68% as compared to the control
sample.

The relative intensity of each diffraction face on the crystalline
compound changes according to the crystal morphology [40], and
alterations in the PXRD pattern provide the proof of polymorphic
transitions [41, 42]. It has been reported that the Biofield Energy
Treatment has the significant ability to produce a new crystalline
polymorph by changing the crystal morphology of the
pharmaceuticals and nutraceuticals [34, 35, 38]. The significant
variations in the crystallite size and relative intensities indicated
the modification of the crystal morphology of the Biofield Energy
Treated iron sulphate sample compared with the control sample.
The Trivedi Effect®Consciousness Energy Healing Treatment
probably led to produce a polymorphic form through the energy
transferred into iron sulphate. Polymorphic forms of
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pharmaceutical compounds have the significant effects on the drug
performance, such as bioavailability, therapeutic efficacy, and
toxicity, because their thermodynamic and physicochemical
properties are different (probably an improvement) from the
original form [43, 44]. Thus, it can be anticipated that Mr.
Trivedi’s Biofield Energy Treatment could be a very useful
method for the production of novel crystal polymorph of iron
sulphate that would offer an improvement in its therapeutic
performance.

3.2. Particle Size Distribution (PSD) Analysis.

The particle size of both the control and Biofield Energy Treated
iron sulphate were investigated and presented in Table 2. It was
observed that the particle sizes in the treated iron sulphate at dyq,
dso, dgg, and D(4,3) value was a decreased by 1.54%, 1.12%,
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2.51%, and 1.90%, respectively compared to the control sample
(Table 2). The surface area of the control and Biofield Energy
Treated sample were 24.94 and 26.11 m?/kg, respectively. The
results showed that the surface area of the treated sample was
increased by 4.69% compared with the control sample.

The particle size and surface area of any pharmaceutical
compounds play a vital role in the solubility, dissolution,
absorption, and bioavailability [45-47]. Reduction in the particle
size increases the surface area, which enhances the solubility
properties of the solid particles as well as the dissolution rate and
bioavailability [47, 48]. Thus, it is anticipated that the Trivedi
Effect® - Energy of Consciousness Healing Treated iron sulphate
could offer better bioavailability than the untreated sample.
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Figure 1. PXRD diffractograms of the control and treated iron sulphate.

Table 1. PXRD data for the control and treated iron sulphate.

Entry No.

Bragg angle (°20)

Control

Relative Intensity (%)
Treated % Change* Control |

stallite Size(G, nm)
Treated % Change*

1

2 16.1 2.99 5.48 83.28 58.01 49.78 -14.19
3 16.3 31.25 14.60 -53.28 43.56 43.57 0.00

4 16.8 5.57 3.78 -32.14 43.59 58.06 33.20
5 18.2 74.56 100.00 34.12 58.17 58.17 0.00

6 18.3 100. 00 71.95 -28.05 49.93 58.18 16.53
7 19.6 12.98 6.38 -50.85 35.00 38.89 11.12
8 22.2 13.27 4.34 -67.29 35.15 39.06 11.12
9 23.6 5.29 6.33 19.66 35.24 35.24 0.00

10 23.9 2.46 5.28 114.63 50.39 35.26 -30.02
11 26.4 18.75 2.39 -87.25 39.37 50.62 28.59
12 21.5 5.12 22.46 338.67 50.74 59.14 16.54
13 27.9 2.63 5.13 95.06 50.79 50.79 0.00

14 32.1 1.75 1.51 -13.71 71.72 71.72 0.00

15 32.4 131 1.66 26.72 71.78 59.81 -16.67
16 32.9 4.30 4.52 5.12 89.79 51.39 -42.76
17 34.3 10.12 15.71 55.24 98.58 59.18 -39.96
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Entry No.  Bragg angle (°20) Relative Intensity (%) Crystallite Size(G, nm)
Control | Treated % Change* Control | Treated % Change*

18 34.4 6.17 8.25 33.71 59.18 74.00 25.04
19 36.2 2.84 1.67 -41.20 49.58 59.50 20.00
20 36.4 1.87 1.88 0.53 74.42 37.21 -50.00
21 37.0 3.94 6.50 64.97 59.64 59.65 0.02
22 39.6 1.26 1.13 -10.32 50.10 50.10 0.01
23 43.5 1.14 3.73 227.19 50.75 60.90 20.01
24 45.1 3.76 3.14 -16.49 30.62 61.19 99.84
25 46.3 1.32 1.21 -8.33 51.25 25.63 -49.99
26 46.9 1.58 1.78 12.66 51.38 61.62 19.92
27 48.9 2.13 3.05 43.19 51.77 51.77 -0.02
28 50.0 10.04 1.38 -86.25 62.40 26.00 -58.33

“denotes the percentage change in the relative intensities/crystallite size of the treated sample compared to the control sample.
Table 2. Particle size values (d;o, dso, and dgo) and surface area of the control and treated iron sulphate.

Parameter
Control

dsp (LmM)
357

dio (LM)
133

dgo (M)

798

D(4,3) (um)
420

Surface area (m“/Kg)

24.94

Biofield Treated 131 353

778

412

26.11

Percent change” (%) | -1.50 -1.12

-2.51

-1.90

4.69

“denotes the percentage change in the particle size and surface area of the treated sample compared to the control sample.

3.3. Fourier Transform Infrared (FT-IR) Spectroscopy.

The FT-IR spectra of control and Biofield Energy Treated samples
of iron sulphate are shown in Figure 2. The FT-IR spectra of the
control and Biofield Energy Treated iron sulphate showed the
clear stretching and bending peaks in the functional group and
fingerprint region (Table 3). The broad peaks in the functional
group region of the control and Biofield Energy Treated spectra
were observed near 3377 cm™, which might be due to the water
molecules in the sample. The spectra showed S=O stretching near
1097 cm™, and Fe-O stretching near 618 cm™for both control and
Biofield Energy Treated samples. The FT-IR spectra did not
display any changes in the vibrational frequencies. Overall results
suggested that there was no significant alteration in the structural
properties of the Biofield Energy Treated iron sulphate compared

to the control sample.
Table 3. FT-IR data of the control and treated iron sulphate.
Mode of vibration Characteristic absorptions (cm™) Status

Control Biofield Energy Treated

O-H stretching 3377 3380 very strong, very
broad

O-H Bending 1648 1648 medium

S=0 stretching 1097 1096 very strong,
broad

Fe-O Stretching 618 618 strong, very
broad

3.4. Ultraviolet-visible Spectroscopy (UV-Vis) Analysis.

The UV-visible spectra of the control and Biofield Energy Treated
iron sulphate are shown in Figure 3. The UV spectrum of control
and Biofield Energy Treated sample showed the maximum
absorbance at 190 nm (Anax). The peak at 190 nm was showed a
minor shift of absorbance maxima from 0.6832 in control to
0.6960 in Biofield Energy Treated sample. There were similar
absorbance maxima in the Biofield Energy Treated iron sulphate
compared to the control sample.
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Figure 2. FT-IR spectra of the control and treated iron sulphate.
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Figure 3. UV-Vis spectra of the control and treated iron sulphate.
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3.5. Differential Scanning Calorimetry (DSC) Analysis.

The DSC thermograms of the control and Biofield Energy Treated
samples of iron sulphate are presented in Figure 4. The
thermograms of the control and treated iron sulphate samples
exhibited the presence of the four broad endothermic inflection,
which might be due to the melting temperature and dehydration of
water molecules of the sample. Scientific literature reported the
dehydration behavior of iron sulphate heptahydrate (FeSO4+7H,0)
by using DSC and TGA techniques [49, 50]. Wang et al.
mentioned 3 peaks in the DSC curve at a heating rate of 10 °C
under nitrogen atmosphere. The 1% peak at the temperature below
100 °C, 2" peak at 85 to 149 °C, and 3" peak at 247 to 342 °C
was due to the dehydration of 7 water molecules from
FeSO,*7H,0 to FeSO,+4H,0, FeSO,4H,0 to FeSO,*H,0, and
FeSO,*H,0 to FeSO,, respectively. They also concluded that
accurate thermal data from the TGA/DSC dehydration
experiments depends on various factors like proper selection of the
heating rate, particle size, open or closed pan, etc. [49].
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Figure 4. DSC thermograms of the control and treated iron sulphate.

The DSC thermogram of the control iron sulphate heptahydrate
exhibited four broad endothermic peaks. The 1% sharp
endothermic peak at 71.04 °C was the melting point of the control
sample of iron sulphate heptahydrate. Similarly, the 2" broad
endothermic peak at 98.80 °C might be due to the dehydration of 2
molecules of water from FeSO4+6H,0 to FeSO,*4H,0. The 3™
sharp endothermic peak at 115.89 °C, which was due to the
removal of 3 molecules of water from FeSO4+4H,0 to FeSO4H,0
and finally a broad endothermic peak at 278.12 °C was found in
the control sample due to the dehydration from iron sulphate
monohydrate to anhydrous FeSO,. Similarly, the thermograms of
the Biofield Energy Treated iron sulphate heptahydrate exhibited
the presence of four broad endothermic inflection at 70.8, 86.5,
109.6, 275.0 °C (Figure 4). The melting temperature of 1%, 2", 3",

and 4™ peaks in the Biofield Energy Treated iron sulphate was
decreased by 0.28%, 12.45%, 5.44%, and 0.51%, respectively
compared to the control sample (Table 4). The latent heat of
fusion (AH) of 1%, 2" and 4" peaks in the Biofield Energy
Treated iron sulphate were decreased by 47.29%, 75.39%, and
0.29%, respectively, whereas AH of the 3" peak was increased by
8.02% compared with the control sample. The results suggested
that the thermal stability of the Biofield Energy Treated sample
was decreased compared with the control sample (Table 4). The
data indicated that the treated iron sulphate needed less energy in
the form of AH to undergo the whole process of melting after
Biofield Energy Treatment.

3.6. Thermogravimetric analysis
Thermogravimetric Analysis (DTG).
The TGA thermogram of iron sulphate heptahydrate exhibit four
steps of thermal degradation as per the reported literature [49, 50].
The first weight loss occurs between 70 and 90 °C due to the loss
of 3 water molecules from FeSO,+7H,0. The second dehydration
step with the loss of 3 water molecules from FeSQO4+4H,0 is
responsible for the mass loss between 140 and 200 °C.
Consequently, the third weight loss is found between 270 and 350
°C due to the dehydration of FeSO4+H,0. Final major weight loss
between 400 and 830 °C occurs due to the oxidation and
dehydration of the other part of monohydrate, sulphate
decomposition. The major weight loss occurred in the first
(38.30%) and fourth (28.30%) reactions as per the literature [49,
50].
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Figure 5. TGA thermograms of the control and treated iron sulphate.

The TGA thermograms of the control and Biofield Energy Treated
samples exhibited four steps of thermal degradation (Figure 5),
which matched with the reported literature [49, 50]. The
percentage weight loss in the Biofield Energy Treated iron
sulphate was significantly increased by 3.87% and 4.15% in the 1%
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and 2" steps of degradation, respectively compared with the
control sample. The percentage of weight loss in the 3™ and 4"
steps of degradation was reduced by 16.67% and 0.07%,
respectively, compared with the control sample (Table 5). The
overall weight loss in the Biofield Energy Treated iron sulphate
was increased by 0.78% compared with the control sample.

The DTG thermograms of the control sample disclosed four peaks
(Py, Py, P3, and P4) with maximum temperature (Ty.x) of 61.62,
127.06, 252.94, and 582.93 °C, respectively (Figure 6). Similarly,
the DTG thermograms of the Biofield Energy Treated sample
disclosed four peaks Py, P,, P3, and P, with maximum temperature
(Tmax) at 62.87, 125.12, 220.97, and 575.54 °C, respectively
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Figure 5. TGA thermograms of the control and treated iron sulphate.

(Figure 6). The analysis indicated that the T, of the Biofield
Energy Treated iron sulphate was slightly increased by 2.03% in
the first peak, but the T of P,, P3, and P, peaks were decreased
by 1.53%, 12.64%, and 1.27%, respectively compared to the
control sample (Table 6). As per the literature, with reduction of
the particle size decreases the melting point and latent heat of
fusion [51]. Overall, TGA/DTG revealed that the thermal stability
of the Biofield Energy Treated iron sulphate was decreased as
compared to the control sample. Reduced thermodynamic stability
favours the enhancement of the dissolution rate and bioavailability
of the pharmaceutical solid compound [52].

Control

| onset : 10220
eak  : 127.06°

°C)

e c
sk eatdon i Onsat :534.24°C
Pesk - 58293°C
End set : 704.71°C

ght (%

Deriv. Weight

10220°C >

] 1.025% MG 500 2000 534.24°C
32.64°C

1 0.9823% min"C

0.2651% min"C

" C 0
Temperature (°C)

[ /\o».. wac srssec
Poak :12612°C
A

o 26.12°C
End set 18360°C

Deriv. Weight (%/°C)

Temperature (°C)

Figure 6. DTG thermograms of the control and treated iron sulphate.

Table 4. The Latent heat of fusion (J/g) and melting point (°C) values for both control and treated samples of iron sulphate.

Temperature(°C)

1" Peak 3 Peak | 4" Peak | 1" Peak | 2nd Peak
Control Sample 71.0 . 115.9 278.12 109.5 170.0 . 2425
Biofield Energy Treated 70.8 86.5 109.6 275.0 57.72 41.83 501.1 241.8
% Change* -0.28 -12.45 -5.44 -0.51 -47.29 -75.39 8.02 -0.29

AH: Latent heat, “denotes the percentage change of the treated sample compared to the control sample.

Table 5. Thermal degradation steps of the control and treated samples of iron sulphate.

Step Temperature(°C) %Weight Loss % Change*
Control Treated Control Treated
1% step of degradation 80.05 80.95 18.35 19.06 3.87
2" step of degradation 221.66 214.54 21.20 22.08 4.15
3" step of degradation 480.83 495.08 6.00 5.00 -16.67
4™ step of degradation 891.40 892.29 27.62 27.60 -0.07
Total weight loss 73.17 73.74 0.78

“denotes the percentage change of the treated sample compared to the control sample.

Table 6. Derivative thermal degradation steps of the control and treated samples of iron sulphate.

Description P.(°C) P,(°C) P3;(°C) P4(°C)
Control Sample 61.62 127.06 252.94 582.93
Biofield Energy Treated 62.87 125.12 220.97 575.54
% Change* 2.03 -1.53 -12.64 -1.27

P1, P, P3, and P4 peak 1, 2, 3, and 4. “denotes the percentage change of the treated sample with respect to the control sample.

4, CONCLUSIONS
The experimental results revealed that the Trivedi Effect®-
Consciousness Energy Healing Treatment has a significant impact

on the physicochemical, thermal, and behavioural properties of
iron sulphate. The powder XRD relative peak intensities and
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crystallite size of the treated iron sulphate were significantly
altered ranging from -87.25% to 338.67% and from -58.33% to
99.84%, respectively compared with the control sample. The
average crystallite size of the treated sample was significantly
decreased by 5.68% compared with the control sample. The
particle size values of the treated sample was decreased by 1.54%
(dy), 1.12% (dsp), 2.51% (dgg), and 1.90% {D(4,3)} and the
surface area was increased by 4.69% compared with the control
sample. The melting temperature of the four peaks (1 -4™) of the
treated sample was decreased by 0.28%, 12.45%, 5.44%, and
0.51%, respectively compared to the control sample. The AHgsjon
of 1%, 2" and 4™ peaks in the treated sample was decreased by
47.29%, 75.39%, and 0.29%, respectively, whereas 3" peak was
increased by 8.02% compared with the control sample. The
thermograms of both the samples exhibited four steps of thermal
degradation and the weight loss in the treated sample were
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