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Abstract: B-carotene (BC), a natural arganic compound, is very highly sensitive to light. The
stability of BC can be improved by various methods. The aim of this study was to propose a
simple method for improving the photostability of BC with modified kaolinite (MK). MK
was produced by kaolin modification, through calcination and interaction with ZnCl, The
characteristics of the MK were determined by using scanning electron microscope—energy
dispersive X-ray spectroscopy (SEM-EDX), X-ray diffraction (XRD), infrared spectroscopy
(IR), and surface area analyzer. The photostability of BC was measured with a UV-
spectrophotometer. The XRD patterns of the kaolinite showed layer disruption during
calcination at 600°C, leading to metakaolinite production. Surface area analysis and IR-
spectroscopy revealed an increase in mean pore volume in the MK and a shift of the signal

for the —OH group, respectively. MK decreased the photodegradation of BC, and increased
1
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the half-life of this molecule by almost 15-fold than the only BC 1.44 h. The amount of BC
photostabilized by MK expressed as percentage of photostability, at five hours it was 61.87%.
The amount of BC adsorbed onto the kaolinite was related to the photostability of BC.
Key-words: -carotene, half-life, kaolin, metakaolinite, modified kaolinite, photodegradation,
photostability
INTRODUCTION

The demand for p-carotene (BC) is increasing, as this molecule can serve as a
precursor of vitamin A, anticancer agent, nutraceutical, food colorant, in photoprotectant and
cosmetic preparations, and for the prevention of age-related molecular degeneration (Palozza
et al., 2004; Van Keulen et al., 2010; Wong et al., 2011, Freitas et al., 2015). These multiple
uses are related to the antioxidant properties of carotenoids, which have a conjugated polyene
structure that is highly effective for free radical and singlet oxygen scavenging (Siems et al.,
2005; Mueller and Boehm, 2011). Natural BC can be extracted from carrot (Suryana et al.,
2013) or produced by biotechnological processes involving the use of filamentous fungi,
yeasts, bacteria or microalgae (Thakur and Azmi, 2013). More than 85% the BC available on
the market is now produced through chemical synthesis (Van Keulen et al., 2010). BC
absorbs light at wavelengths of 415 to 508 nm. It could, therefore, potentially be used as a
sensitizer in the dye sensitizer solar cell (DSSC) (Suryana et al., 2013).

The long chain of alternating double bonds (conjugated) of BC is responsible for its
color. The axis of the carbon chain is curved, but the conjugated double bonds play an

important role in ensuring that the molecule remains, stable, and rigid. Furthermore, the -
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electrons in the chain are also delocalized, loosely held in place, and easily excited by low-
energy visible light.

Baro and his colleagues studied the self-organisation of layers of BC molecules on the
surface of Cujy; and reported that BC was a good electron transfer molecule. Within the
multilayer structure, electrons flow easily from molecule to molecule within layers and to the
layer below, due to the attractive interaction connecting the n-electron orbitals of adjacent
molecules. They also reported the total length of the molecule to be 3.8 nm, with a height of
0.5 nm. A schematic molecular model of BC is shown in Figure 1.

BC is sensitive to the light, temperature, and oxygen, and the mechanisms by which it
is degraded have been investigated in many studies. The thermal degradation of BC is
responsible for the color change observed in pumpkin puree (Dutta et al., 2006). Visible
changes in color have been shown to be a direct manifestation of changes in BC content.

Following the absorption of ultraviolet (UV) light, organic compounds move from the
ground state to singlet excited states, in which molecules may undergo intersystem crossing
(ISC) to reach the triplet excited state or internal conversion (IC) back to the ground state.
Thus, in terms of photostability, molecules displaying high rates of IC are the most desirable
(Osterwalder and Herzog, 2009). Free radicals and photoproducts are generated by
photochemical reactions in both the singlet and triplet excited states (Freitas et al., 2015). In
previous studies, most of the photocatalytic products of BC were identified in other systems,
such as the thermal degradation of BC. Esters, ketones, alcohols, and aldehydes are the

principal degradation products of the photocatalytic degradation of BC (Ge et al., 2015).
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Some studies have focused on improving pigment stability. For example, the stability
of curcumin was found to be increased by complexation with divalent ions such as Zn*
(Zebib et al., 2010). The encapsulation of BC has been shown to improve its stability and
facilitate the effective delivery of this molecule in various food systems and applications (Gul
et al., 2015). The photostability of the natural pigment can be enhanced by the use of a
photoprotector, such as gold nanoparticles (AuNPs), as demonstrated for chlorophyll-a
(Chla). AuNPs bind to the nitrogen site of Chla, thereby preventing the binding of reactive
oxygen species to this site, which is known to cause the photodegradation of Chla. The ability
of AuNPs to protect Chla effectively, and not just through antioxidant properties, opens up
new possibilities for increasing the photostability of other types of porphyrins. These
molecules are widely used for industrial (in optoelectronic devices, such as organic light
emitting diodes (OLEDs) and photovoltaic devices) and medical (photodynamic therapy)
applications (Barazzouk et al., 2012). The immobilization of bixin on activated kaolinite
increased the photostability of pigment and this matrix has been used in DSSCs (Hiendro et
al., 2012; Rahmalia, 2016).The complexation of BC with humic acid (hypothetically, a n—=
interaction) affects its chemical properties, increasing its photostability and water solubility
(Martini et al., 2010).

Minerals, such as quartz, and kaolin clay are abundant in West Kalimantan, Indonesia
(Destiarti et al., 2017). Kaolin is widely used for processes requiring clays in industry. The
applications for which it is suitable depend on its surface reactivity. Kaolin is most frequently
used as a filler in polymers, rubber, paper, cosmetics, and medicines (Zsirka et al., 2015).

However, it can also be used as an adsorbent, catalyst, composite, nanohybrid, and electrode
4
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coating (Tonlé et al., 2011; Matusik et al., 2011; Araujo et al., 2014; Dedzo and Detellier,
2014; Matusik and Matykowska, 2014), provided that the surface and its structure are
modified.

The properties of kaolinite can be improved by two principal treatments: (a) physical
modification, and (b) chemical treatment with acids, bases, or organic compounds. Heating or
microwave treatment can be used to induce physical modifications due to changes in
chemical composition and crystalline structure at high temperature. Acids, bases, or organic
compounds can be used for chemical modification, usually through changes to structure,
surface functional groups, and surface area (Kumar et al., 2013).

Thermal and chemical treatments have been used to improve the properties of
kaolinite. Calcination, at type of thermal treatment, generates metakaolinite, which is more
reactive than the original substance. Kaolin from Navalacruz, Zamora province, west of
Spain has a Brunauer-Emmett-Teller (BET) surface area of 18 m?/g. The calcination of this
kaolin at 600°C followed by activation with HCI yields a material with a specific surface area
of 219 m?/g (Belver et al., 2002). Other reported activation conditions have involved the use
of H,SO, (Hattab et al., 2013), CH3;COOH, H3PO,4, HCI, HNO3 and NaOH (Kumar et al.,
2013). Metakaolinite has been activated by H3PO,, to increase dielectric performance by
reducing dielectric permittivity and electrical conductivity, making this geopolymerssuitable
for use as encapsulating materials (Douiri et al., 2016).

Kaolin and metakaolin have been used as cheap adsorbents for the removal of metal
ions, such as Cd*" Cu?*, Pb?*, and Zn?* (Srivastava et al., 2005; Mbaye et al., 2014; Chai et

al., 2017). The conversion of kaolin into metakaolin increases its ability to adsorb metal ions,
5
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by increasing its surface area, pore volume or ability to take up water (Esomba et al., 2014).

Dyes molecules are stabilized by inorganic host materials due to the solid acidity and
shielding effect from external circumtances by incorporation into the nano-space of clay,
zeolit or mesoporous (Kohno et al., 2011). The introduction of AI** and Fe** to mesoporous
silicas forms acid sites, resulting in the sufficient stabilization of the flavylium. Since the
stability enhancement of the BC using mesopores silica due to the inclusion of this molecule
deep inside the mesopore contributed to the stabilization and tight fixation of this molecule
(Kohno et al., 2016), the stabilization of the this dye can be expected through the
incorporation into the Zn-modified kaolinite.

The objectives of this research were to study the photostability and degradation
kinietic of BC with modified kaolinite (MK) under UV irradiation. Metakaolinite-Zn is
expected increase the interaction of BC with MK, which correlate to the amount of BC
absorbed. The unabsorbed BC related to the stability of this natural dye.

MATERIALS AND METHODS

The raw kaolin used came from Capkala region, West Kalimantan province,
Indonesia. Separation was performed by aqueous decantation (3 times) and centrifugation at
6000 rpm for 10 min for enrichment of the clay fraction. The chemical composition of this
fraction was follows: 51.82% SiO,, 43.91% Al,03, 1.19% MgO, 0.91% TiO,, 0.87% Fe,0s3,
0.10% CaO, and loss by ignition. According to the BET theory, the specific surface area of
kaolin (K) was 35.414 m?/g. BC (purity > 97%) used is a United Stated Pharmacopeia (USP)
reference standard. The chemical reagents were analytical grade with purity more than 98%

for ZnCl, and acetone > 99.5%. The chemical reagents and BC were obtained from Sigma
6
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Aldrich (Saint Louis, Missouri, USA). Kaolin (250 mesh) was calcined in a furnace at 600°C
for 6 h to produce metakaolinite (MKaol) which was then modified by incubation with ZnCl,,
In total, 5 g MKaol was modified by interaction with 125 mL 0.08 M ZnCl, (pH = 6), with
stirring, for 6 h. The mixture was decanted to separate out the solid fraction, which was dried
(MK). BC (2.5 ppm in acetone) was interacted with the MK (BC/MK =40 mL/1 g) for 1 h
and then irradiated with UV light at 365 nm (flux = 1.6 W/m?) for 9 h. The effluent was
centrifuged for 5 min at 5000 rpm to separate the solid particle thus only liquid (BC) will be
analyzed. Around 3 mL of the effluent were mesured with UV-VIS spectrophotometer. The
absorption spectra of BC were identified until 9 h of UV irradiation. BC concentration before
and after irradiation were determined with a standard curve equation : y = 0.279x + 0.167 (x =
BC concentration (ppm), y = absorbance, and the correlation coefficient, R? = 0.997).

The raw kaolin was characterized by scanning electron microscopy- energy dispersive
X-ray spectroscopy (SEM-EDX), X-ray diffraction (XRD), infrared spectroscopy (IR), and
nitrogen adsorption. Micrographs were obtained with SEM model JSM 7100 F, manufactured
by Jeol, Origon, USA, at an accelerating voltage of 10 kV. The samples were deposited on a
sample holder with adhesive carbon foil and sputtered with gold. The mineral phases were
investigated with XRD instrumentation by Bruker AXS GmbH (Billerica, Massachussets,
USA) using Ni filtered CuKoa radiation (A = 0.154 nm) in Bragg-Bretano geometry with a
scanning rate of 10°/min from 4° to 80° (26). The patterns obtained were analysed with
Bruker-D8 software. The IR spectra were recorded for the 4000-400 cm™ region, with a
Perkin-Elmer SHIMADZU IR spectrometer and the KBr pellet technique. The apparatus used

was fabricated by SHIMADZU at Kyoto, Japan. Textural analyses were performed on the
7
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corresponding nitrogen adsorption-desorption isotherms at 77 K (BET method). The nitrogen
adsorption isotherms were obtained from BELSORP-max manufacturer by BEL JAPAN Inc,
Osaka, Japan. Nitrogen adsorption data were obtained with about 0.2 g of sample. The
samples were degassed for one hour at 90°C, with heating at a rate of 4°C/min. BET
equations were applied to the isotherms to determine the specific surface area. The absorption
spectrum of BC was obtained with a UV-1800, UV-VIS spectrophotometer by Shimadzu
Scientific Instrumentation Inc, Kyoto, Japan.

Photodegradation and life-time of BC calculated by determining the reaction rate
constant by Santoso et al. (2007), modified from first-order rate equation from Lagergren’s.
Lagergren’s first-order rate equation has been called pseudo-first-order to distinguish kenetic
equation of liquid-solid phase adsorption base on adsorption capacity from concentration of
solution (Qiu et al., 2009; Sejie et al., 2016). The change in the absorption at Amax Under
visible light irradiation was expressed by the time dependence of the ratio A/Ay
(A=absorption at time t, Ap=absorption at time t=0). Plot of In % absorbance (A/Ao) to the
irradiation time resulted a straight line can be obtained, where the slope is k, and ty, is
calculated.

The percentage photostability of BC in the presence of the MK was then calculated as

previously described (Claes, 1960), with the following formula:

L1
I

‘3

1

2 % 100 o)

[}
o
[}

where E;, E;, and E3 are the concentrations (or absorbances) of BC before irradiation, after

irradiation without MK, and after irradiation in the presence of MK, respectively.

This is a 'pre-publication’ version of an accepted article for Clays and Clay Minerals.

This version may be subject to change during the production process.

The DOI given, which may be used for citation purposes, though which will not be active until the version of record is published,
is DOI: 10.1346/CCMN.2018.064115



RESULTS

The kaolin from West Kalimantan, Indonesia (Figure 2) used here had a reasonably
homogeneous morphology. It consisted of small platelets of different sizes, pseudohexagonal
or hexagonal in shape, as typically observed for kaolinite (Sengupta et al., 2008). The
characteristic randomly oriented platelets of kaolinite were stacked to form large grains of a
few micrometres in size (Figure 2b) (Araujo et al., 2014).

The XRD patterns of K, MKaol, and MK are shown in Figure 3. The raw kaolin
consisted of kaolinite associated with quartz and a small muscovite fraction. The reflections
observed at 7.15, 3.57, and 2.3 A indicated the presence of a second phase, identified as
kaolinite. The 001 basal distance of kaolinite is 7.2 A (Zsirka et al., 2015). Calcination at
600°C for 6 h gave 001 and 002 basal reflections of destroyed kaolinite, indicating a collapse
of the structure of the material and production of MKaol through dehydroxylation. MKaol is
an unstable phase of kaolinite, and its production can be represented as a simple equation
(Nli¢ et al., 2010).

Al,03-25i0,-2H,0 — Al,03-2Si0; + 2H,01 2)

The modification of MK with ZnCl; had no significant effect on the XRD pattern. Md
Saad et al. (2016) found that copper ions were adsorbed onto kaolinite with no change in
structure.

On the IR spectrum of K (Figure 4), absorption peaks at 3697 cm™, 3653 cm™, and
3620 cm™ were identified as corresponding to the stretching vibration of internal hydroxyl
bonds (Al..O..H) in the octahedral sheet identified as kaolinite. The wavenumber at 3435 cm™

corresponds to the stretching vibration for the —OH bond of H,O, whereas a deformation of
9
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this bond is observed at 1631 cm™ (Sengupta et al., 2008). The bands at 1112 cm™, 1032 cm’
! and 1000 cm™ were assigned to Si-O stretching. Al-OH deformation bands were identified
at 912 cm™ and 753 cm™. Al-O-Si deformation was detected at 538 cm™ and Si-O-Si
deformation at 470 cm™ (Belver et al., 2002; Hattab et al., 2013; Kumar et al., 2013;
Vaculikova et al., 2011). The presence of quartz was confirmed by the doublet at about 800
and 775 cm™ (Vizcayno et al., 2010).

Calcination converted the kaolinite into MKaol, as demonstrated by the disappearance
of the band at 3697-3620 cm™, confirming the dehydroxylation of kaolinite. The presence of
a band at 1631 cm™, corresponding to H,O molecules on the MKaol reflects the hygroscopic
nature of MKaol after heating at 600°C (Tchakouté et al., 2012). Furthermore, the
transmittance intensity of the Al-O functional group decreased or the fingerprint bands
disappeared on the spectra for MKaol and MK.

Assessments of the stability of BC without irradiation (Figure 5a) revealed a
maximum peak for BC in acetone at 452 nm, with other peaks observed at 486 nm and 426
nm. The degree of the photodegradation is expressed as the change in the main absorption
band of BC at 452 nm. The BC concentration was relatively unchanged after being stored for
nine hours at room condition. Under irradiation, the absorbance of BC (Figure 5b) decreased
significantly at 5 h, with absorbance reaching levels close to zero at 7 h. By contrast, the
absorbance of BC/MK (Figure 5¢) remained high for nine hours, even under irradiation. MK
therefore increased the photostability of BC.

The rate constant of photodegradation BC declined by the present of MK (Figure

6b). Kinetic analyses of the photodegradation of BC and BC/MK showed the half-life of BC
10
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in the presence of MK to be four times that in its absence (Table 1).The percentage
photostability of 40 mL BC with 1 g MK (40 mL/1g) was 23.82%. Photostability increased to
52.76% and 61.87% for BC interacting with MKaol and MK, respectively. The percentage
photostability reflects the amount of BC adsorbed onto the K, MKaol, or MK. The amount of
BC absorbed onto K, MKaol, and MK were 1.46 ppm, 1.93 ppm, and 2.01 ppm. Therefore
58.34%, 77.31%, and 82.29% of the inisial concentration BC are photostabilized by the K,
MKaol, and MK, respectively.
The percentage photoprotection was calculated using equation (1), as described in the
experimental section.

The maximal percentage photostability of BC (Figure 7) was achieved with 1 g of
MK. The photostability of BC decreased with decreases in the mass of MK. The percentage
photostability of this matrix was 61.87%.

DISCUSSION
The permanent negative charge of kaolinite results from the isomorphic replacement

of Si*" in the silica tetrahedral sheet by AI**

or the replacement of trivalent metal ions (such
as AI*") by divalent ions (such as Fe?* and Mg®") in the octahedral alumina sheet. Each
substitution results in a single negative charge. Both the alumina sheet and the crystal edges
have a pH-dependent variable charge caused by the protonation and deprotonation of surface
hydroxyl (SOH) groups (Srivastava et al., 2005). MKaol is an unstable phase of kaolinite
producted through dehydroxylation (Ili¢ et al., 2010). Dehydroxylation implies a

reorganization and diffusion of hydroxyl group in the layer (Shvarzman et al., 2003). MKaol

is more reactive than K due to the structural disorder such as deformation of silica network or
11
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existence of 4-coordinated aluminium, which is more reactive than 6-coordinated aluminium.
The unstable MKaol, also still contains about 10% of the OH-groups initially present in the
K. Therefore, it is favourable to a surface dissolution of treated kaolin in cationic solution
(Konan et al., 2009).The surface of the MKaol thus has some types of binding sites capable
of interacting with Zn**. Essomba et al. (2014) studied the adsorption of cadmium onto
kaolinite. They concluded that a chemisorption reaction or an activated process predominated
in the rate-controlling step of the cadmium system. They also reported that metakaolinite had
a higher adsorption capacity than kaolinite, due to its greater surface area, pore volume and
hygroscopy.

Chai et al. (2017) reported that pH affected the mole fraction of hydrolyzed Zn**
species relative to the total soluble metal concentration at 25°C. The main species present at
pH values below 7 is Zn®*. Chai et al. also concluded that electronic attraction was the main
mechanism of Zn®* adsorption on kaolinite. Transition metals adsorb at permanent and
variable charge sites. Sites with a permanent negative charge can undergo an exchange
reaction with Zn?* at high pH. At this present study, ZnCl, solution was allowed to interact
with MKaol at pH= 6, therefore Zn®* was probably adsorbed onto MKaol via a SOH group.

SOH = SO + H* )
2SO° + Zn*' = Zn(SO), +H* (3)

The absorption of energy by a compound or photosensitizer triggers photochemical
damage to the substance concerned. Many photochemical reactions are complex and may
involve serial competition for reaction pathways in which oxygen plays a significant role.

Indeed, the vast majority of photoreactions involves the consumption of molecular oxygen
12
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and is photo-oxidative processes. The photodegradation of BC is known to be essentially
photo-oxidative, and is brought about by various reactive oxygen species (ROS), such as
singlet oxygen and superoxide (Barazzouk et al., 2012). The absorption of UV light by BC
results in the formation of its excited singlet (“BC*). Mordi proposed a mechanism for BC
degradation in which BC is degraded by cis-trans isomerization, followed by the formation of
a singlet diradical. The oxygen attack on either side of the cis bond is enhanced, through the
generation of other types of radical species, and further reactions occur until the final product
is produced (Mordi, 1992).

According to BET surface area analysis (Table 2), calcination decreased the specific
surface area, but increased total pore volume and mean pore volume. The surface area of
kaolin decreased from 18.2 m?/g into10.6 m?/g during calcination at 600° for 10 h (Belver et
al., 2002). Essomba et al. (2014) reported that calcination kaolin at 700° for 6 h increased
specific surface area and pore volume. The surface area to be 20 and 33 m?#g, while pore
volume from 0.0814 and 0.0935 cm®/g, respectively. Therefore, the decreasing of surface
area is consistent with Belver et al., but contradiction with Esomba et al., due to the chemical
composition of natural kaolin was used. The major component was anatase associated with
illite, quartz, kaolinite, and lepidocrocite (Esomba et al., 2014).

BC absorption occurred in meso-sized pores. This physical adsorption involved van
der Waals forces. The higher adsorption capacity of MKaol than of K may be due to the
presence of larger pores (Table 2). MKaol pore size was markedly larger than the cross-
sectional dimensions of the monomeric BC molecule, consistent with the findings of

Worasith et al. (2011), resulting in a large periodic multilayer (Baro et al., 2003). Srasra and
13
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Trabelsi-Ayedi (2000) proposed the possiblity chemical interaction of BC with the surface of
the clay (Figure 8). This mechanism involved the hydrogen bonding BC to Bronsted sites
and/or direct binding at Lewis sites through the formation of carbonium ions or coordinating
bonds (Sarier and Giiler, 1988). The interaction also involved the breaking of bonds in the
dissolved octahedral and tetrahedral sheets (Adams, 1987).

Zinc ions intercalate into MKaol by electronic attraction. The aggregation of MKaol
particles results from the adsorption of positively charged Zn®* ions onto the surfaces of this
solid material (Chai et al., 2017). The presence of zinc ions in the MKaol increased the
interaction of BC with this solid material. The analysis of EDX spectra showed that the MK
contained 6.1%. According to Zebib et al. (2010), who described a hypothetical mechanism
of Zn** intercalation with curcumin and the structural model of BC (Srasra and Trabelsi-
Ayedi, 2000), interaction between MK and BC may modify complexation, with zinc as a
Lewis site and BC as the electron donor. This mechanism increases the adsorption capacity of
BC on MK. Acid site contributed to the stabilization of dye on mesoporous material (Kohno
et al., 2011). No distinction was made between aluminol and silanol surface groups, but the
SOH groups involved in adsorption were probably mostly those of aluminol and AIOH
(Schindler et al., 1987).

Zn(S0), + 2p-carotene - (SO),Zn ...2B-carotene 4

The absorbance of BC/MK decreased after irradiation, but the Anax was almost
unchange. This fact indicating there was only a simple degradation, but not photochemical
conversion such as isomerization (Henry et al., 1998; Kohno et al., 2009; Xiao et al., 2018).

It has been reported that the stability of BC related to order molecular association (Baro et al.,
14
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2003). As the spectral shift was not observed, only a little changing in shape spectral, it was
suggested that BC formed aggregation with the disorder orientation. Aggregation also
contributed to the stability improvement of dye, because the aggregation reduced the contact
area to the oxygen (Kohno et al., 2015).

The MK protected BC from the effects of direct UV irradiation. Lower levels of
triplet oxygen and ROS formation were observed in the presence of MK. Carotenoid
degradation was a direct result of irradiation. The shielding effect of the inorganic host
material reduced the rate of degradation and also protected BC against ROS (Kohno et al.,
2016).

Increasing the mass of MK to 2 g (Figure 7) decreased the percentage photostability
of BC significantly, due to a decrease in capacity of BC to adsorb onto the MK. Overlaps
between adsorption sites or their aggregation as a result of overcrowding decreased the
adsorption capacity of BC (Essomba et al., 2014; Ndongo Kounou et al., 2015). The lower
level of adsorption at higher mass also reflects the increase in interactions between the
particles of a material with mass. The excess of amount of cation caused the precipitation of
dye aggregate (Kohno et al, 2015). Therefore, BC photostability decreased with increasing
the mass of MK also due to excessive amounts of Zn*".

However, this finding is not consistent with the results of Barazzouk and coworkers,
who reported that the protection against Chla photodegradation afforded by AuNPs
eventually reached a plateau (Barazzouk et al., 2012), this phenomenon being correlated to
photoprotector particle size. When MK, which has micrometre-range particles, was used as

photoprotector, the interactions between particles increased with mass. In the presence of
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excess MK, the interaction of BC with MK decreased, and the BC was irradiated with UV
light.
No significant difference was observed between the infrared spectra of MK and BC/MK (not
shown).
CONCLUSIONS
SEM, XRD, and IR analysis showed that raw kaolin from West Kalimantan,
Indonesia consisted of kaolinite associated with quartz and a small fraction of muscovite. The
conversion of kaolinite to MKaol by calcination and the modification of MKaol with Zn**
decreased the photodegradation of BC by shielding and protecting it against direct UV
irradiation, leading to a 15-fold increase in half-life. The mass of MK influenced the
photostability of BC. The percentage photostability of BC with MK at 5 h was 61.87% (40
mL BC/g MK). Photostability was related to the amount of BC adsorbed onto the kaolinite.
The use of MK as a photostabiliser of BC is a new method in which MKaol-zinc can be used.
This method could also be applied to other metal ions and pigments. This composite material
has potential applications in cosmetics (sunscreen) or in photovoltaics (DSSCs).
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Figure 1. Schematic model of the B-carotene molecule, showing the curved backbone

of the polyene chain, the methyl groups attached to it, the asymmetric

corrugation attributed to m-clectrons and the B-ionone rings (Baro et al., 2003)

Figure 2. SEM micrographs of the kaolin from West Kalimantan, Indonesia at magnifications
of (a) 10,000x and (b) 25,000x. Each of images showed a booklet morphology
consisting of platelet sheet of kaolinite mineral with estimated average particle size

about 2,0 pm.
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Figure 4. Infrared spectra of kaolin, metakaolinite, and modified kaolinite
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Figure 5. Absorption spectra of the products of (a) BC without irradition

(b) BC with UV irradiation, and (c) BC/MK under UV irradiation
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Figure 7. Photostability of B-carotene with different masses of modified kaolinite
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Figure 8. The mechanism of carotenoid adsorption on Bronsted and Lewis acid sites

(Srasra and Trabelsi-Ayedi, 2000)
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Table 1. Pseudo-first-order reaction data for B-carotene (BC), B-carotene with kaolin (K),

metakaolinite (MKaol), and modified kaolinite (MK)

Sample code  Correlation Rate constant, Half-life, % Photostability
coefficient (R?) k (hh) (h) ats5h

BC 0.99 0.4854 1.43 -

BC/K 0.99 0.0833 8.32 23.82

BC/MKaol 0.96 0.0638 10.86 52.76

BC/MK 0.98 0.0325 21.32 61.87

Table 2. BET specific surface area, total pore volume, and mean pore size

Sample Specific Total pore Mean pore
surface area  volume (cm®/g)  volume (nm)
(m?/g)
Kaolin 35.414 0.2006 22.660
Metakaolinite 23.193 0.2026 34.934
Modified kaolinite 23.805 0.1936 32.527
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