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ABSTRACT

Kaolin was modified using a chemical complex of hydrazine hydrate and oleochemical sodium salts derived from rub-
ber seed oil (SRSO) and tea seed oil (STSO) respectively. Characterization of the pristine kaolin and the modified kao-
lins were performed using Scanning Electron Microscopy (SEM), Simultaneous Thermogravimetric/Differential Ther-
mal Analysis (TG/DTA) and UV Spectrophotometry. TG/DTA revealed that the incorporation of the oleochemical salts
enhanced thermal decomposition of kaolin into metakaolin. Ultraviolet spectrophotometric studies conducted on the
modified kaolin show for the first time that the SRSO-modified kaolin and STSO-modified kaolin have a peak absorb-
ance wavelengths of 312.72 nm and 314.26 nm respectively. This shows that the modified kaolin is a promising candi-

date for sunscreen applications.
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1. Introduction

Kaolin is ubiquitous and has wide range of applications,
in various fields of science, due to the propensity with
which they can be chemically and physically modified to
suit practical technological needs. They are used in ce-
ramics, medicine, paper coatings, as a food additive, in
toothpaste, as a light diffusing material in white incan-
descent light bulbs, and in cosmetics. It is generally the
main component in porcelain. It is also used in paint
production to extend titanium dioxide (TiO,) and modify
gloss levels; in rubber for semi-reinforcing properties;
and in adhesives to modify rheology [1]. Kaolin can be
consumed to suppress hunger and for pleasure in some
parts of the world, a practice known as geophagy [2].

The empirical formula for kaolin is Al,Si,05(OH)4 and
the theoretical chemical composition is SiO,, 46.54%;
Al,O3, 39.50%; and H,0, 13.96%. Kaolin has a 1:1 sheet
structure comprising of tetrahedral and octahedral sheets.
It is made up of tiny, thin, pseudo hexagonal, flexible
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sheets of triclinic crystal with a diameter of 0.2 - 12 um.
It has a density of 2.1 - 2.6 g/cm’. The cation exchange
capacity of kaolin is in the order of 2 - 10 meq/100 g,
depending on the particle size, but the rate of the ex-
change reaction is rapid, almost instantaneous. Upon
heating, kaolinite starts to lose water at approximately
400°C, and the dehydration approaches completeness at
approximately 525°C. The dehydration depends on the
particle size and crystallinity [3].

The research of intercalation of organic molecules into
the interlayer space of clay minerals started in the 1920s,
after the introduction of X-ray diffraction in 1913 [4].

The most known compounds that intercalate directly
with kaolin are polar organic molecules such as fatty acid
salts, hydrazine hydrate, dimethylsulphoxide (DMSO),
formamide, potassium acetate and urea. They are repor-
ted in the literature as having the ability to disrupt the in-
terlayer bonding between the adjacent siloxane and hy-
droxy aluminum surfaces and to penetrate the interlayer
space to form a complex by hydrogen bonding to both
surfaces [5].
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Other compounds can also be introduced in the kaolin-
ite layers by the displacement of a previously intercalated
compound [6-9]. Detailed studies on the intercalation of
kaolin and highly polar organic molecules such as am-
ides and sulphoxides were reported [10-12].

The use of organomodifiers such as octyl amine, octa-
decyl amine, dodecyl amine, dimethyl distearyl ammo-
nium bromide, dimethyl benzyl hydrogenated tallow
quaternary ammonium, dimethyl dehydrogenated tallow
quaternary ammonium, and methyl tallow bis-2-hydroxy
ethyl quaternary ammonium has been reported [4].

Several reports have been made on the suitability of
oleochemical sources of rubber seed oil and tea seed oil
to be used as precursors for organic modification of kao-
lin and the following characterization studies: Differen-
tial Thermal Analysis (DTA), Fourier Transform Infrared
Spectroscopy (FTIR) and X-ray diffraction (XRD) per-
formed on the modified kaolin [13-16].

Until now, there are not many reports on the thermal
behavior and UV properties of modified kaolin from
oleochemical sources.

This paper discusses the results obtained from mor-
phological studies using SEM; thermal analysis and pos-
sible degradation mechanism of organomodified kaolin
from oleochemically derived Sodium salts rubber Seed
oil and tea seed oil obtained by simultaneous TG/DTA
and the UV properties of the modified kaolin obtained
from UV-vis-spectrophotometer. In this article, the mor-
phology and thermal behavior of the pristine kaolin were
also discussed.

2. Experimental
2.1. Materials

Kaolin (BCK grade) used in this study was obtained from
M/s. English Indian Clays Ltd, Veli, Thiruvananthapu-
ram, Kerala, India. Rubber Seed Oil (RSO) and Tea Seed
Oil (TSO) were obtained from National Institute for In-
terdisciplinary Science and Technology, India. Sodium
hydroxide (MERCK), hydrazine hydrate (FINNAR) were
obtained from local suppliers. The kaolin, RSO and TSO
has the following chemical composition determined by
chemical analysis, as reported in Table 1.

2.1.1. The Synthesis of SRSO-M odified Kaolin

Kaolin was slowly added to a mixture-containing of
SRSO and hydrazine hydrate in the ratio 4.9:1:3.5 with
vigorous stirring at 20°C. The mixture was homogenized
well using Art-MICCRA D-8 (Germany) homogenizer,
and the sample was dried using a freeze drier [Hetro-
Trap-CT60e, JOUAN]. The sample was designated as
K2.
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Table 1. Physicochemical characteristics and fatty acid pro-
filesof TSO and RSO.

Properties Value TSO Value RSO
Colour (Lovibondtintometer) 1.1R, 7.8Y 22R, 23.2Y
Appearance Golden Yellow  Dark Brown
Specific gravity (30°C) 0.891 0.916
Acid Value (mg KOH/g) 23.69 43.62
Saponification value (mg KOH/g) 186.5 202.9
Todine value (g 1,/100g ) 7427 136.2
Fatty Acid Composition (%)
C,, Palmitic Acid 21.88 17.51
C,, Stearic Acid 3.76 4.82
C,, Oleic Acid 60.05 25.33
C,,, Linoleic Acid 13.01 37.50
C,, Linoleic Acid 0.20 14.21
Others 1.10 0.63
Total 100 100

2.1.2. Conversion of TSO into its Sodium Salt

Sodium salt of tea seed oil (STSO) was synthesized by
reacting 28 mL of TSO with 27 mL of 20% NaOH in an
ice bath with constant stirring for 12 hours and kept for 1
day to allow for curing to take place. The pH of the re-
sulting solution was maintained at 8 - 9. STSO was then
introduced into a separating funnel and washed with wa-
ter to remove excess base. This was then dried in a hot
air oven to remove residual moisture and powdered.

2.1.3. The Synthesis of STSO-M odified Kaolin

Kaolin was slowly added to a mixture-containing of
STSO and hydrazine hydrate in the ratio 4.9:1:3.5 with
vigorous stirring at 20°C. The mixture was homogenized
well using Art-MICCRA D-8 (Germany) homogenizer
and the sample was dried using a freeze drier [Hetro-
Trap-CT60e, JOUAN]. The sample was designated as
K4.

2.2. Characterization

2.2.1. Scanning Electron Microscopy

The pristine and organomodified kaolin were examined
using JEOL JSM-5600 LV Scanning Electron Micro-
scope at a magnification of 15,000 x.

2.2.2. Thermogravimetric/Differential Thermal
Analysis

The dehydration process and weight losses of pristine and

organomodified kaolins were studied by simultaneous Ther-
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mogravimetric/Differential Thermal analysis (TG/DTA) in
which the clays are subjected to a temperature scan from
50.00°C to 995.00°C at the rate of 10.00°C/min in the
presence of oxygen at 20.0 ml/min using the Perkin
Elmer STA 6000 for Simultaneous Thermal Analyzer.

2.2.3. UV-Vis-Spectrophotometric Studies

The spectrophotometer (SHIMADZU UV-1601, Tokyo,
Japan) was used for the UV-visible spectrophotometric
studies.

3. Results and Discussions
3.1. Scanning Electron Microscopy

Figures 1-3 show the SEM micrographs of the pristine
kaolin, the SRSO-modified kaolin and the STSO-modi-
fied kaolin at a magnification of 15,000 x. In Figure 1,
the pristine kaolin SEM micrograph revealed the platelet
hexagonal structure of the kaolinite crystals.

In Figure 2 the SRSO-modified kaolin has a compact
platelet morphology with delaminated layers which shows
the presence of organic material (organomodification) in
the kaolin. The STSO-modified morphology in Figure 3
clearly shows the presence of organic material in the
kaolin matrix. The STSO-modified kaolin has farina-
ceousdelaminated layers indicating an intercalation with
organic material.

3.2. Thermogravimetric/Differential Thermal
Analysis

Two major decomposition steps can be deduced from the
TGA plot of Kaolinites (see Stages 1 and 2 below):

For the SRSO-modified kaolin, the visible two stage
decomposition occurs at 235°C - 580°C for the first stage
and 705°C - 1000°C for the second stage. Similarly, in
the STSO-modified kaolinites, the first stage decomposi-
tion occurs at temperatures 240°C - 342°C while the sec-
ond stage occurs at 585°C - 1000°C. It was observed that
the thermal decomposition of kaolin is lowered on or-
ganomodification. The decomposition rate of the
STSO-modified kaolin was faster compared to the pris-
tine and the SRSO-modified; this may be due to the low
specific gravity of the Tea seed oil. Figures 4-7 shows
the TG/DTA plots of the pristine kaolin, the SRSO-
modified Kaolin and the STSO-modified Kaolin. The
DTA profile for the pristine kaolin shows the first endo-

& NIIST SEM

Figure 2. SRSO-modified kaolin at a magnification of x 15,000.

Tum 8217 MIIST SEM

Figure 3. STSO-modified kaolin at a magnification of x
15,000.
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Figure 6. TG/DTA plot for STSO-modified kaolin.
thermic mass loss at 50°C - 200°C due to moisture loss.

The major endothermic mass loss of the pristine kaolin
was observed in the temperature ranges of 450°C -
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Figure 7. UV Spectroscopy of the organomodified Kaolin.

550°C. The minimum weight loss occurs at 530°C; this
agrees with the result of a previous work by Sukumar
and Menon [13]. The endotherm temperature of 530°C
represents the loss of structural hydroxyls by dehydroxy-
lation (or alternatively, dehydration) producing highly
reactive metakaolin. Dehydroxylation process continued
up to 900°C which may be attributed to oxolation of the
metakaolin [17,18]. The exothermic peak at around
1000°C is due to the crystallization of the amorphous
metakaolinite [19-22]. In Figure 5, the DTA profile for
the SRSO- modified kaolin shows an endotherm in the
temperature range 500°C. This lower exothermic tem-
perature is due to the presence of an impurity phase at-
tributed to the SRSO. The peak at 270°C is attributed to
the combustion of the hydrocarbon part of SRSO and this
proves the existence of SRSO in the interlayer spacing of
the kaolin. The low endotherm temperature of 500°C
represents the loss of structural hydroxyls by dehydroxy-
lation producing highly reactive metakaolin. The exo-
thermic peak at around 1000°C is due to the crystalliza-
tion of the amorphous metakaolinite.

In Figure 6, the DTA profile for the STSO-modified
kaolin shows an endotherm in the temperature range
515°C. This lower exothermic temperature is due to the
presence of an impurity phase attributed to the STSO.
The peak at 290°C is attributed to the combustion of the
hydrocarbon part of STSO and this proves the existence
of STSO in the interlayer spacing of the kaolin. The low
endotherm temperature of 515°C represents the loss of
structural hydroxyls by dehydroxylation producing highly
reactive metakaolin. The exothermic peak at around
1000°C is due to the crystallization of the amorphous
metakaolinite.

3.3. UV-Vis Spectrophotometric Studies

The UV studies were conducted by using the pristine
kaolin dissolved in distilled water as the baseline refer-
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ence. The SRSO-modified and STSO-modified kaolin
samples were then studied to know the absorbance within
the UV range of 200 - 800 nm. The SRSO-modified kao-
lin has a peak absorption (4,,,,) wavelength of 312.72 nm
while the STSO-modified has a peak absorption (A.x)
wavelength of 314.26 nm. The modified kaolin can be
used in sunscreens as a UV absorber. They can absorb
Ultaviolet B (UVB) which is the medium range from 315
- 280 nm with energy per photon values of 3.94 - 4.43 eV
[23].

4. Conclusions

The SEM morphologies of the modified kaolin show that
there was intercalation of the organic substance in the
kaolinite layers. The dehydroxylation of the kaolin was
enhanced by modification to yield metakaolin. The en-
hancement in the decomposition time and temperature of
the modified kaolinite could be as a result of decrease in
the electrostatic attraction between the lamellae due to
intercalation. An industrial treatment of kaolin with fatty
acid salts is recommended. This will enhance the thermal
decomposition of the kaolin and optimum yield of meta-
kaolin which is classified as a new generation of supple-
mentary cementitous material. Metakaolin is usually
produced by thermal treatments, i.e., calcination of kao-
lin clays within a definite temperature range. Metakaolin
is unique in that it is neither the by-product of an indus-
trial process nor is it entirely natural; it is derived from a
naturally occurring mineral, and it is manufactured spe-
cifically for cementing applications [24].

The results from this study also show that the modified
kaolin is a potential candidate for sunscreen applications
as a UV absorbance. The modified kaolin has the advan-
tage of being non-toxic and from oleochemical sources.
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