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In this paper, we report on the preparation of a composite based on natural zeolite and titanium
dioxide (TiO,). This composite can act as a bifunctional catalyst for the esterification reaction
of kapok seed (Ceiba pentandra) oil. TiO, which exists as a combination of 90% anatase and
10% rutile, played the role of photocatalyst, while zeolite was the catalyst. The zeolite/TiO;
composite was obtained by the hydrothermal method. A preliminary analysis of its structure
carried out using XRD showed that the addition of TiO> did not change the structures of TiO. or
zeolite. SEM/EDX characterization was performed to determine the distribution of Ti on the
surface of the zeolite. The EDX and SEM results confirmed that TiO, was successfully loaded
onto the surface of natural zeolite. The methylene blue method was used with UV-Vis
spectrophotometry to determine the surface area of the composite. A value of 20.866 m? g was
obtained, which indicated that the composite was a good catalyst. The band gap energy of the
composite catalyst was 3.0132 eV, which confirmed the presence of TiO,. The photocatalyst
allowed the esterification reaction of kapok seed oil to proceed at 35 °C under UV irradiation.
This reaction led to biodiesel conversion. The chemical characteristics of the biodiesel produced
were confirmed by GC-MS. Biodiesel properties such as kinematic viscosity, density, flash point
and smoke point were determined. The results of the analyses showed that the biodiesel produced
met all the specifications of the ASTM D6751 and ASTM D445 biodiesel standards. As a result,
the composite zeolite/TiO, has good potential as a catalyst for biodiesel conversion.
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Biodiesel is an alternate fuel produced from renew-
able raw materials. It consists of various fatty acid
esters which can be produced from vegetable oils such
as palm oil, coconut oil, castor oil, kapok oil (Ceiba
pentandra) among others [1,2]. Kapok seed oil is one
of the main raw materials that have great potential in
biodiesel production. The fact that it is not an edible
oil means its availability is more secure, and it is
generally disposed of as waste in the cotton industry.
Some research on kapok seed oil alcoholysis has been
carried out. However, it is still used as a liquid-based
catalyst which has weaknesses in terms of the separation
and purification process [3]. The ideal catalyst for bio-
diesel production should have high temperature
stability, many strong acid sites, large pores, a hydro-
phobic surface, as well as be low cost [4]. Hence,
heterogeneous solid acid catalysts are preferred in the
production of biodiesel to overcome the weaknesses
of liquid-based catalysts, such as soap formation and
corrosion in the separation process. One of the ways
to obtain a heterogenous catalyst is to combine two
materials with different properties. A potential
heterogeneous catalyst is zeolite [5].

Zeolite is an abundant source of heterogeneous
acid catalysts in Indonesia. It can be used in biodiesel

production to increase the activity, selectivity and
catalytic stability of natural zeolite materials. Baroi
et al. [6] stated that a zeolite catalyst for the
esterification reaction had a free fatty acid conversion
rate of 97.2% at 120 °C. To increase its effectiveness
and selectivity, zeolite can be combined with other
catalysts that can work at low temperatures with good
conversion rates. Photocatalytic materials have good
potential to be combined with zeolite.

Photocatalysis is a chemical reaction process
that uses light as an energy source and takes place at
room temperature. One material widely employed in
photocatalysis due to its comparatively high photo-
catalytic activity, low toxicity, chemical stability and
low cost, is titanium dioxide (TiO,). TiO, can achieve
greater than 95% photocatalytic activity. The utilization
of TiO, gives several advantages such as an increase
in surface area which is directly proportional to catalyst
activity [7]. The incorporation of heterogeneous catalysts
and photocatalysts in ZnO/SiO, composite systems
has been investigated by Corro et al.[8]. They reported
that the photocatalytic activity of the ZnO/SiO,
composite in the esterification reaction produced a
conversion rate of 96%, while the esterification reaction
without a photocatalyst only resulted in ~ 3% conversion.
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Natural zeolite/TiO; (anatase 90:10 rutile) was
used as the catalyst in this study because it was more
effective than either zeolite or TiO, alone. The composite
was also able to convert free fatty acids into high methy!l
esters at a lower cost. As a result, the esterification
reactions of kapok seeds could occur optimally [9], [10].

The composite was characterized using XRD
(X-Ray diffractometry). Methylene Blue adsorption,
confirmed by UV-Vis spectrophotometry, was carried
out to determine the surface area of the composite
catalyst. The band gap energy of the composite catalyst
was analysed using UV-Vis spectrophotometry as well.
The photocatalytic activity of the TiO2/natural zeolite
composite material in kapok seed oil was tested in a
simple reactor with UV irradiation at 366 nm for 3
hours at 35 °C. The heterogeneous catalyst with TiO;
was used to investigate its photocatalytic activity toward
biodiesel, as well as to determine the best alternative
photocatalyst for the manufacture of biodiesel from
kapok seed oil.

EXPERIMENTAL
1. Chemicals, Materials and Equipment
1.1. Chemicals and Materials

The composite catalysts used in this study were
synthesized from local natural zeolite and titanium
dioxide (TiO,) - anatase (99.99 % purity, Sigma Aldrich,
Singapore), while kapok seed oil was obtained from the
local cotton industry. Other chemicals used in this study
were NaOH (98 % purity, Merck, Singapore), ethanol
(99 % purity degree, Merck, Singapore), concentrated
NH:NOs3 (98 % purity, Merck, Singapore), concentrated
NazS04 (97 % purity, Merck, Singapore), methanol
(99 % purity, Merck, Singapore), methylene blue (99 %
purity, Merck, Singapore), CH3;COOH (97 % purity,
Merck, Indonesia), phenolpthalein (PP) indicator,
distilled water and Aqua Bidest (double distilled water).

1.2. Equipment

The equipment used in this study included the following:
separatory funnel, electric heater, magnetic stirrer,
burette, 300 mesh sieve, oven, vacuum desiccator, glass
beaker, photoesterification test reactor circuit, furnace
(Nabertherm, L 3/12, Germany), density/specific gravity
meter (DA-100, Kyoto Electronics), X-ray diffracto-
meter (PanAnalytical Expert Pro), spectrophotometer
(Thermo Spectronic 20D+), UV-Vis spectrophotometer
(Varian Cary 50), gas chromatograph-mass spectro-
meter (GC-MS) (Shimadzu QP-2010), scanning electron
microscope/energy dispersive X-ray spectrometer (SEM/
EDX) (Hitachi S-3000).

2. Preparation and Activation of Natural Zeolite

A sample of natural zeolite was ground to a fine
powder and passed through a 300 mesh sieve. Then,
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250 g of the natural zeolite powder was soaked in 500
mL Aqua Bidest and stirred for 24 hours. This mixture
was filtered and dried in an oven at 100 °C for 24
hours.

Next, 50 g of the dried natural zeolite was
mixed with 100 mL of 2 M NH4NO3 solution. The
mixture was stirred for 4 hours, filtered and then
washed with distilled water until the pH of the filtrate
turned neutral. The solid obtained was heated at 110
°C for 12 hours and calcined at 400 °C for 4 hours
[11].

3. Fabrication of TiO2-rutile

TiO, - anatase powder was manually milled with a
mortar for 4 hours. Then, pellets were made from the
powder using a ten ton press, and heated in a furnace
at a temperature of 1000 °C for 9 hours. The product
was analysed by XRD [12].

4. Synthesis of Natural Zeolite/TiO2 Composite

Activated natural zeolite was quickly stirred into a
suspension of TiO; sol, a solid phase dispersed in a
liquid dispersion medium that does not change its
properties easily. A comparison of zeolite photo-
catalysts has been done by Corro et al [8]. The total
amount of catalyst required was 2.5 g, which comprised
2.25 g zeolite (90 %) and 0.25 g TiO2 (10 %). The ratio
of anatase : rutile was 0.225 g (90 %) : 0.025 g (10 %).
Hence, the ratio of zeolite : anatase : rutile was 2.25 :
0.225:0.025 respectively. The mixture was stirred for
2 hours and then placed in a hydrothermal bottle. It
was heated at 90 °C in an oven for 16 hours, left to
cool at room temperature and filtered. The mixture
was then heated for 2 hours in the oven at 100 °C.
Finally, the composite samples were activated by
calcination at 500 °C for 4 hours in a furnace. The
composite catalyst was analysed by both XRD and
SEM/EDX. Further characterization utilizing a UV-
Vis spectrophotometer was also performed to
determine the energy band gap of the composite
catalyst.

5. Determination of Surface Area by Methylene
Blue Adsorption

The methylene blue adsorption method was used to
determine specific surface area. The following steps
were performed:

5.1. Determination of Methylene Blue Maximum
Wavelength

The absorbance of a 5 ppm methylene blue solution
was measured in the range of 380 - 800 nm by UV-Vis
spectrophotometry. The optimum wavelength was
determined by looking at the largest absorbance or the
wavelength which was most strongly absorbed by
methylene blue.
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5.2. Determination of Operational Time/
Stabilization Time

The operational time was determined by taking 20
mL of 5 ppm methylene blue solution and measuring
its absorbance at the maximum wavelength for each
time variation of 10, 20, 30, 40, 50, 60, 70, 80 and
90 minutes, respectively. The solution was then
measured by a Spectronic 20D+ spectrophotometer.
The operational time of the methylene blue complex
was determined when the absorbance of methylene
blue was stable.

5.3. Determination of Methylene Blue Standard
Curve

A series of methylene blue standard solutions were
made with concentrations of 1, 2, 3, 4,5, 6, 7and 8
ppm, respectively. The maximum absorbance
of each solution was measured with a UV-Vis
spectrophotometer. Next, a calibration curve of the
relationship between concentration and adsorption
was plotted, with y as the adsorbance and x as the
concentration. Limits of detection (LOD) and limits of
guantitation (LOQ) were calculated to validate the
standard curve.

5.4. Determination of Optimum Adsorption Time

To determine optimum adsorption time, 20 mL of 16
ppm methylene blue solution was mixed with 0.05 g
of the zeolite/TiO, - anatase 90:10 rutile composite
catalyst. The mixture was shaken at a speed of 150 rpm.
Next, the mixture was filtered and the maximum
absorbance of the filtrate was measured with a Spectronic
20D+ spectrophotometer at the stabilization time of
methylene blue. Finally, the optimum time for the
stability of the adsorption of the methylene blue
complex was determined.

5.5. Determination of Specific Surface Area of
the Composite Catalyst

To determine the specific surface area of composite
catalyst, a sample of the 0.05 g zeolite/TiO, composite
was ground to a powder. Then 20 mL of 16 ppm
methylene blue solution was added. The mixture was
placed in a shaker at 150 rpm until the absorbance of
methylene blue was stable. The mixture was then
filtered and the maximum absorbance of its filtrate
was measured by UV-VIS spectroscopy [13]. The
surface area adsorbed by the composite catalyst was
calculated using formula (1) :

Xmx Nx A
= )
where:
S/m2gt = specific surface area (m?/g)
Xm = methylene blue adsorbed by 1 g adsorbent
A = surface area of 1 molecule of methylene

blue (197,2x10%° m?)
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N = Avogadro’s number (6,02 x 10%® molecule/
mol)

M = molecular mass of methylene blue (320
g/mol)

6. Esterification of Kapok Seed Oil with
Composite Catalyst

The activated natural zeolite/TiO, composite with a
concentration of 50 % was measured and then mixed
with methanol in a three-neck round bottom flask.
Then, kapok seed oil was added. The molar ratio of oil
to methanol in this process was 1 : 15. Next, the
mixture was stirred with a magnetic stirrer and heated
at 60 °C. It was then irradiated with a UV lamp at a
wavelength of 366 nm for 3 hours at 35 °C. The
esterified mixture was placed in a separating funnel
and washed with hot water at 80 °C. The product was
analysed by GC-MS.

7. Fuel Properties of Biodiesel Derived with
the Composite Catalyst

7.1. Determination of Free Fatty Acid Value

A 4 g sample of the biodiesel oil was placed in a flask
equipped with a reflux cooler. Then, 10 mL of ethanol
was added. Next, the mixture was heated for 30
minutes at 80 °C. After that, the cooled solution was
titrated with 0.1 N NaOH solution and PP indicator.
Finally, the free fatty acid value was calculated with
the following formula:

] bx MNaOH x 40
Free fatty acid = )
w
b = NaOH volume (mL) used in titration
Mnaon = molarity of NaOH
w = sample weight ()

7.2. Density Determination

5 mL of the biodiesel sample was injected into a
density/specific gravity meter (Kyoto Electronics DA-
100) and its density was measured at a temperature of
40 °C.

7.3.  Kinematic Viscosity Determination

A 5 mL sample of biodiesel oil was placed in an
Ostwald viscometer on a water bath at 40 °C and left
for 10 minutes. Next, the time which the sample
required to pass through a distance between two marks
on the viscometer tube was measured. The viscosity
value was calculated with the following formula:

v=Cxt 3)
v = kinematic viscosity (cSt)
C = viscometer tube constant (mm? s1)s?

t the time required for the sample to pass

through the capillary tube on the viscometer (s)
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7.4. Flash Point Determination

Flash point measurements were carried out according
to method D93 (ASTM D6751). A Pensky—Martens
closed cup device, containing 65 mL of the sample,
was used.

7.5. Cloud Point Determination

5 ml of the sample was placed in a clean and dry test
tube, which was carefully put into a freezer. Every 15
minutes, the sample was taken from the freezer and its
temperature was measured. If the sample begins to
form crystals, it has reached the cloud point.

RESULTS AND DISCUSSION
1. Preparation and Activation of Natural Zeolite

The natural zeolite used in this study contained
mordenite as a major structural phase. The purpose of
this process was to make natural zeolite more effective
as a heterogeneous catalyst. First, natural zeolite was
ground and sifted to obtain a powder with a large
surface area and homogeneous particle size. This was
dried at 110 °C for 24 hours. Next, the prepared natural
zeolite was chemically activated to reduce its content
of alkali metals, alkaline earth-metals, Fe, Cu, Ni, Zn
and other compounds, by mixing it with 2 M NH4NO:s.
This treatment caused NH** ions to replace the alkali
metals on the natural zeolite surface. This fact has
been confirmed by Galen Suppes et al. [14] who
modified zeolite with a metal catalyst. They reported
that this exchange was gradual and proportional to the
number of available cations. The activated natural
zeolite must be washed with distilled water until its
filtrate pH becomes neutral. During the washing, NO*
was released from the zeolite and only NH*" ions
remained. The next step was physical activation. This
treatment releases ammonia gas (NHs) as the bond
between the ammonium group and the active site of
the zeolite is susceptible to heating. As a result,
hydrogen ions (H*) were the only substances left on
the zeolite surface. In addition, there was a reduction
in the weight of the zeolite after calcination, indicating
that water and organic compounds had evaporated.

2. Synthesis of Activated Natural Zeolite/TiOz
Composite

2.1.  Phase Transformation of TiO2 - Rutile from
TiO2 — Anatase

TiO, — anatase was ground for 4 hours to transform it
into TiO; — rutile. This treatment resulted in a fine
powder. This powder was formed into pellets in order
for the particles to be tightly packed and solid. The
TiO, pellets were heated at 1000 °C for 9 hours. This
treatment initiated the process of atomic migration and
resulted in the formation of new bonds between
particles. This fact was confirmed by Hanaor and
Sorrell, who reported that if the material was crushed,
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the particles would be broken and become smaller in
size. Obtaining a specific polymorph, such as rutile,
required treatment of the materials and processing
conditions that enhance the formation of rutile. They
also revealed that the transition temperature varied in
the range of 400 — 1200 °C.[12] The result of this
process was the formation of TiO» — rutile. X-ray
diffraction was used to identify TiO, — anatase and
TiO2 — rutile.

The results of the XRD analysis are shown in
the diffractograms in Figure 1. The specific crystalline
peaks of TiO, — anatase appeared at 25.5 °, 37 — 39 °,
48 °and 54 — 55.5 °. New peaks at 20 =36 °, 40 °, 41 °,
44.5 °, 55 ° and 57 ° corresponded to TiO; — rutile.
This fact was confirmed by the shift of the highest
peak from 25.5 °to 27 °, which also indicated that TiO;
— rutile was successfully formed. Based on these
results, it is clear that TiO, - anatase had been
transformed into TiO; - rutile. However, there was still
a small amount of the anatase phase, as shown by the
peak at 20 = 25.2939 °. The shifting of the
diffractogram peaks was caused by structural changes
and the length of the TiO, crystal lattice. Based on
Bragg's law, a change in the crystal structure causes a
change in the angle of incidence and the refraction
angle of 20 for X-ray diffraction. The structural
changes from anatase to rutile were caused by high
temperature heat treatment. At a high temperature, two
events occur affecting the formation of the rutile
phase: defects in oxygen atoms and the formation of
particles. In addition, applying thermal energy causes
the Ti-O bond to become longer (Z-out distortion) to
infinity and eventually break. The broken Ti-O bond
causes the loss of several oxygen atoms. This
condition is called an oxygen defect. When the
temperature reaches 950 — 1000 °C, a new Ti-O bond
is fully formed with a longer bond length and no
oxygen defects. As a result, the rutile phase is formed.
This fact has been substantiated by Choudhury and
Choudhury, who synthesized TiO; — rutile from TiO;
— anatase.[15] They revealed that transformation
occurred at the grain interface of the anatase particles.
High temperature heating causes interfacial boundary
loss of the anatase particles. As consequence, the rutile
phases can be formed during the heating process.

2.2.  Synthesis of the Natural Zeolite/TiO:
Composite

TiO, —anatase, TiO — rutile and zeolite were added to
distilled water and stirred to maximize contact
between TiO, and zeolite. In this stage, the
interactions between TiO, and zeolite occurred
through the diffusion of TiO; into the zeolite pores,
which happens faster with stirring.[8] Next, the mixed
solution was put into a hydrothermal bottle and heated
at 90 °C for 16 hours. This heating treatment aimed to
increase the kinetic energy of the modified TiO, which
diffused into the zeolite pores. TiO; in the zeolite
pores forms a composite system. The mixing process
between TiO- and zeolite was carried out with TiO2 in
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Figure 1. XRD diffractograms of (A) TiO,— Anatase and (B) TiO,— Rutile

solution form. This condition allows TiO; to form a
molecular phase, causing it to be pushed into the
zeolite pores. As consequence, a solid — liquid reaction
occurs which enables the distribution of TiO; on the
zeolite surface at a moderate temperature (90 °C). This
prevents the TiO- particles from being distributed
deep into the zeolite pores, although they are bonded
strongly to the zeolite surface (interface).[10], [16].

Next, the modified product (TiO/zeolite) was
filtered and heated at a temperature of 100 °C for 2

hours to remove its water content. The sample was
then activated at a temperature of 500 °C for 4 hours.
This calcination temperature was recommended by
Lopez et al.[7] Their study revealed that the
calcination of TiO-/zeolite occurred optimally at 500 °C.
The zeolite/TiO2, composite catalyst was analysed
using XRD and compared with natural zeolite. The
purpose of this characterization was to identify the
crystallinity of TiO2/zeolite and confirm its elemental
composition and the distribution of Ti on the zeolite
surface. The XRD results can be seen in Figure 2.

M

(B)
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Figure 2. Diffractograms of zeolite/TiO2-Ag:R10 (A) and natural zeolite (B) (A = anatase; R = rutile, M =

mordenite)
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As shown in Figure 2A, the 26 peaks of TiO2—
anatase were present at 25.4 °, 37.6 °, 47.9 ° and 50.1 °.
However, the characteristic peak of TiO,— rutile only
appeared at 27.4 °. This was because the mass ratio of
TiO,— anatase was greater than TiO. — rutile. Further-
more, Figure 2B confirms that the mordenite phase
was dominant in natural zeolite. This is indicated by
the appearance of the characteristic peaks of mordenite
at 26.6 ° and 27.9 °, which had the highest intensities.
Furthermore, the characteristic peaks of TiO, — anatase
and rutile (Figure. 2A) indicate that TiO2 was success-
fully deposited onto the surface of the zeolite. This is
corroborated by the decrease in the intensity of the
mordenite peaks in Figure 2A. In addition, the decrease
signifies the interaction between natural zeolite and
TiO,. These results are supported by Tedesco et al.[17]
who loaded TiO; onto natural zeolite. They revealed
that the differences in the diffractograms of uncoated
zeolite and TiO-coated zeolite indicated that TiO, was
successfully loaded onto the surface of natural zeolite.

The immobilization of the anatase and rutile
phases of TiO, on zeolite did not change the crystal
structure of the zeolite or titanium dioxide itself. The
diffractogram peaks of TiO,— anatase, TiO,— rutile
and mordenite in natural zeolite indicated that the
zeolite and TiO; formed a composite system in which
both zeolite and TiO; retained their individual
characteristics. Therefore, it can be used as a bifunctional
catalyst in which natural zeolite functions as an acid
heterogeneous catalyst and TiO; as a photocatalyst.
This was affirmed by Lopez et al. [7] who synthesized
a natural zeolite/TiO, composite for photocatalytic
degradation. Their study revealed that the structural
framework of zeolite remained intact after TiO, loading.
However, the peaks of zeolite became less intense when
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in contact with TiO». This may be due to the structure
of TiO; having a greater intensity than zeolite. In
addition, the mechanical grinding process preserved
the structure of zeolite, as indicated in the XRD
diffractograms. The change in peak intensities were due
to the milling process when incorporating the materials.

The composite catalyst was then analysed by
SEM/EDX to confirm the interaction between natural
zeolite and TiO,. The SEM results can be seen in Figure
3, while the EDX results are shown in Figure 4.

Figure 3 illustrates that natural zeolite (3A) had
a smooth and homogeneous surface, as it had no
additional material loaded onto it. On the other hand,
in Figure 3B, the surface of the zeolite/TiO2 composite
catalyst appears rough and textured. This indicates the
presence of TiO2 on the composite. The sizes of the
TiO2 particles were irregular due to the mix of TiO2
— anatase and TiO2 — rutile on the zeolite surface.[7],
[18] This was also confirmed by the EDX analysis
(Figure 4). It illustrates the presence of Si, Al, and O
atoms, the main components of natural zeolite (Al).
The intensity of these atoms were decreased due to
their interactions with TiO2 (Figure 4B1). The Ti content
was very low and consistent with the content of the
composite catalyst. The EDX, SEM and XRD results
confirmed that TiO2 was successfully deposited onto
the surface of natural zeolite. These results were
supported by Tedesco et al.[17] who synthesized a
zeolite/TiO2 composite as a biogas enhancer. They found
that deposition of the titanium dioxide coating did not
exhibit a significant effect on the substrate morphology
and was typically uniformly distributed. Furthermore,
their EDX result also indicated that TiO2 was
successfully added to zeolite.

|
0 0.5 1 1.5 2 2.5 3

Figure 4. EDX results for natural zeolite (A1) and the zeolite/TiO, composite catalyst (B1)
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Figure 5. Band gap energy calculations for TiO, (A) and the zeolite/TiO, composite catalyst (B)

3. Calculation of the Zeolite/TiO2 Composite
Catalyst Energy Band Gap

The calculation of the energy band gap for the
composite catalyst utilized UV-Vis spectroscopy
spectra, and the Tauc Plot method. The aim of band
gap energy calculation is to confirm the effect of
photocalytic TiO, addition on the structure of the
zeolite/TiO, composite catalyst. The results of this
calculation can be seen in Figure 5:

Figure 5 shows that the band gap energy of
TiO2 was 2.979 eV, while that of the composite
catalyst was 3.0132 eV. These results indicate that the
presence of TiO; increased the band gap energy of
zeolite due to the incorporation of TiO; into the zeolite
structure. Further, the increase in the band gap energy
of the zeolite/TiO, composite catalyst was related to
the widening of the valence and conduction bands.
The increase also corresponded with the TiO, loaded
on the zeolite [19]. This fact was corroborated by
Lopez et al. [7] who synthesized TiOz and a Mexican

natural zeolite composite (T/MZ). They found that
loading TiO: into zeolite increased the band gap
energy of the composite.

4, Surface Area Analysis using the Methylene
Blue Adsorption Method

Methylene blue is a cationic dye with strong adsorption
powers. Therefore, implementing this method is a good
way to determine the adsorption capacity of TiOy/
zeolite. As a result, the surface area of the TiO/zeolite
sample can be measured as well.[15], [20].

4.1. Determination of Methylene Blue Maximum
Absorption Wavelength

When the absorbance is at its maximum, the sensitivity
becomes maximum as well, and the change in
absorbance for each unit of concentration is the
largest.[21] In our experiments, the maximum
absorption of methylene blue occurred at a wavelength
of 664.0 nm (Figure 5).

1.0 664.0
5
=)
2
§ 0.5-
2
Lo
0.0-
200 300 400 500 600 700 800
Wavelength (nm)

Figure 5. Maximum absorption of methylene blue
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Figure 6. Operational time of methylene blue

4.2. Determination of Operational Time/
Stabilization Time

Determination of operational time defines the most
stable measurement time. It is determined by measuring
the relationship between measurement time and the
absorbance of the solution. Figure 6 shows that
methylene blue was stable at 40 - 50 minutes. Therefore,
the surface area of the composite material was
determined within that time period.

4.3. Obtaining a Methylene Blue Standard Curve

A standard curve was obtained by making standard
solutions with concentrations of 1 to 8 ppm. The
absorbance of each solution was measured. Using this
data, a curve was plotted to show the relationship
between absorbance (y) and concentration (x). The
slope or gradient of the curve is considered to be the
molar absorptivity. Based on Figure 7, it can be seen
that there was a directly proportional relationship
between absorbance and concentration. The higher the

18
16
14

1.2

0.8

Absorbance

0.6

0.4

0.2

concentration, the higher the absorbance.

Based on the regression equation, the LOD
value of this method was 0.496829095 ppm. This is
the lowest value of methylene blue which can be
detected with this method and distinguished from the
mean of the blanks. The LOQ of this method was
1.656096983 ppm. This value was the lowest
concentration of analyte which could be defined with
good recovery and accuracy using this method.

4.4. The Determination of Optimum Adsorption
Time

0.05 g of TiO2/zeolite composite material was placed
in an Erlenmeyer shaker coated with aluminium foil,
to which 20 mL of 16 ppm methylene blue was added.
The concentration of methylene blue should be high
enough to produce a driving force to push methylene
blue molecules into the TiOa/zeolite composite material.
The shaker was coated with aluminium foil to protect
the methylene blue from being degraded by light.

y = 0.20469x+0.00132

R?=0.997

0 1 2 3

5 6 7 8 9

Concentration (ppm)

Figure 7. Standard Curve of Methylene Blue



72 Arief Rahmatulloh and Mutia Devi Hidayati

The mixture was shaken for 40 to 50 min at 150
rpm. The time variation was carried out around the
stabilization time of the methylene blue complex. The
time variation aimed to determine the amount of TiOy/
zeolite composite material that had maximally adsorbed
methylene blue to a saturation point. The optimum
adsorption was found to occur at 40 min with 20.8660
m? gt of methylene blue surface area, when methylene
blue reacted with the surface of the composite material.
Thus, it was assumed that the pores and the outer surface
of the catalyst were completely filled with methylene
blue molecules. The amount of methylene blue adsorbed
was proportional to the surface area of the composite
catalyst material. The surface area of methylene blue at
50 min decreased to 18.7818 m? g. All surface areas
of methylene blue were calculated using formula (1).
Khanday et al. reported that the decrease in the surface
area of the composite material was due to desorption
of methylene blue molecules from the active surface
of the composite material [20].

4.5. Determination of Specific Surface Area of
the Composite Catalyst

The determination of the specific surface area of the
TiOy/zeolite composite material was carried out by
varying the optimum adsorption time. According to
Rianto et al.,[22] the surface area of the TiOy/zeolite
composite material was measured by using an area
approach of each methylene blue molecule of 197.2 x
10 m?, Each mole of methylene blue consists of 6.02
x 10% molecules (Avogadro's number). As a result,
the surface area of the TiOz/zeolite composite catalyst
can be found using this approach. The specific surface
area of the TiOx/zeolite composite catalyst calculated
using formula (1) was 20.8660 m? g*. This indicates
that the TiO, material applied to the zeolite was evenly
distributed. As a result, the material had a good surface
area to be used as a catalyst.

5. Esterification of Kapok Seed Oil with the
Composite Catalyst

The natural zeolite/TiO, composite functions as a
catalyst in the esterification reaction of biodiesel
synthesis from kapok seed oil. The catalyst is used to
convert free fatty acids in kapok seed oil into alkyl
esters. By doing so, it reduces the free fatty acid
content. The treatment reduces soap formation
occurring during the esterification reaction. Before the
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process, kapok seed oil was prepared through a
heating and filtering process. The heating treatment
minimized the water content in the kapok seed oil,
which was then filtered through filter paper. Therefore,
the oil was free from solid impurities.

The activity of the TiO/zeolite composite
catalyst was tested by mixing kapok seed oil with
methanol (acting as a reactant) at a molar ratio of 1:12.
Methanol was used in excess to obtain a better
conversion at room temperature. Next, the catalyst
was added into the mixture, which was then stirred
with a magnetic stirrer and irradiated with a UV lamp
at a wavelength of 365 nm for 3 hours at 35 °C to
accelerate the reaction. UV irradiation was used to
activate TiO. anatase:rutile as a photocatalyst [18].
This allowed the reaction to proceed at 35 °C. With
UV irradiation, the reaction was conducted successfully
in 3 hours. When irradiation was continued, the reaction
temperature increased, and the reaction turned into a
saponification reaction [23]. The reaction of free fatty
acids (ALB) with methanol is as follows:

RCOOH@q) + CH30H@ag 2 RCOOCH3(g) + H20(aq)

The biodiesel product was then analysed by
GC-MS to identify its chemical characteristics. The
GC-MS spectrum obtained is displayed in Figure 8.

Figure 8 shows the range of compounds present
in the biodiesel sample. Identification of the compounds
was carried out by estimating the fragmentation patterns
of each peak using mass spectral data. One of the
compounds had a retention time (Rt) between 35.7—
36.7 minutes with a base peak similar to the methyl
ricinoleic (C4Hsg)* standard at m/z 55, the largest
component in kapok seed oil. The characteristic
methyl ricinoleate fragmentation was confirmed by
the presence of high-intensity peaks at m/z 55 and 166.
McLafferty's rearrangement was shown by the peak at
m/z 74 (C3HsO2)*. This was confirmed by Naureen et
al.,[24] who analysed biodiesel obtained from sun-
flower oil. Their study revealed that the base peak in
all saturated free fatty acids was observed at m/z 74
which was a product of the well-known McLafferty
rearrangement process. Other components had very
similar fragmentation patterns with characteristic peaks
at m/z 55 (base peak), [M-32]+ due to loss of methanol
(the methoxy group plus hydrogen atom) and [M-74]+
due to the loss of the McLafferty ion.
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Figure 8. Total ion chromatogram of kapok seed oil biodiesel
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Figure 9. Biodiesel product of kapok seed oil

6. Fuel Properties of Biodiesel Derived with
the Zeolite/TiO2 Composite Catalyst

6.1. Free Fatty Acids

The biodiesel oil (methyl ester) produced was pale
yellow and transparent, as shown in Figure 9. During
the separation process, methyl ester was the top layer
in the separatory funnel, while glycerol was the bottom
layer. The methanol remained after the transesterification
reaction combined with the methyl ester and glycerol.
Subsequently, the free fatty acid content of the bio-
diesel oil was analysed by titration using 0.1 N NaOH
solution with PP indicator. The result obtained was
0.27 % NaOH/g. The ASTM D6751 standard allows a
maximum of 0.5 % NaOH/g free fatty acid in bio-
diesel. This indicates that the biodiesel oil produced in
this study fulfilled the requirements of the ASTM
D6751 biodiesel quality standard.

6.2. Kinematic Viscosity

Kinematic viscosity is the main parameter in determining
the quality of methyl esters because it has a major
influence on the effectiveness of methyl esters as a
fuel. Vegetable oil has a viscosity far above that of
diesel fuel. This prevents the direct use of vegetable
oil as a fuel. One of the main objectives of esterification
is to reduce the viscosity of vegetable oil so that it can
meet diesel fuel standards. The kinematic viscosity of
the methyl ester produced in this study was 2.55 cSt.
The ASTM D445 biodiesel quality standard specifies
that the kinematic viscosity of biodiesel at a temperature
of 40 °C should range from 1.9 to 6.0 cSt [25]. There-
fore, it can be concluded that the biodiesel oil produced
in this study met this quality standard requirement.

6.3. Density

Density can determine if a transesterification reaction

is successful. ASTM D6751 states that the density of
biodiesel should range from 0.860 to 0.900 g cm=. A
previous study found that the methyl ester of kapok
seed oil with a 99.6 % ester content had a density of
0.879 at 15 °C[8]. The density of the biodiesel produced
in this study was 0.890 g cm3, thus fulfilling the
requirements of the ASTM D6751 biodiesel quality
standard.

6.4. Flash Point

The flash point of biodiesel is used as a mechanism to
limit the level of unreacted alcohol remaining in the
finished fuel. It is normally specified to meet fire
regulation requirements. A high flash point facilitates
the storage of fuel, because the oil will not burn easily
at room temperature. According to ASTM D6751, the
flash point of biodiesel should be higher than 130 °C
[26]. The flash point of the kapok biodiesel was found
to be 187 °C, which meets the quality standard
requirement.

6.5. Cloud Point

The cloud point is the point or temperature at which
calm smoke or mist occurs at the bottom of a test tube.
The maximum cloud point of biodiesel according to
the standard is 18 °C or 291 K [27]. The kapok
biodiesel oil had a cloud point at a temperature of 11 °C
or 284 K. Thus, the kapok biodiesel oil fulfilled this
requirement of the ASTM D445 biodiesel quality
standard.

Based on these results, the zeolite/TiO, (anatase
90:10 rutile) composite can be utilized as a catalyst for
the esterification reaction of biodiesel. This is supported
by Sabzevar et al. who stated that ZIF-8/TiO could be
a recoverable and efficient catalyst for esterification.
[10] However, further investigation needs to be done
on the physical and chemical characteristics of the
composite catalyst to ensure its effectiveness.
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CONCLUSION

A natural zeolite/TiO, composite material was
successfully synthesized. The TiO, which was applied
to the zeolite material was found to be evenly distributed.
Characterization by XRD showed that the TiO»
distribution on the composite material did not change
the structures of TiO and zeolite. The SEM and EDX
results confirmed that TiO,was successfully deposited
onto the surface of the natural zeolite. The composite
material had a surface area of 20.8660 m? g** which is
good surface area to utilize as a catalyst. The band gap
energy of the composite catalyst was 3.0132 eV,
which confirmed the existence of the photocatalyst on
the composite. UV irradiation was used to activate
TiO; anatase: rutile as a photocatalyst, and this allowed
the reaction to proceed at 35 °C. The chemical
characteristics of the biodiesel were confirmed by its
GC-MS spectra which exhibited high-intensity peaks
at m/z 166 and 55. The free fatty acid content of the
biodiesel was 0.27 % NaOH/g, which fulfilled the
ASTM D6751 biodiesel quality standard requirement.
The physical characteristics of the biodiesel produced,
namely kinematic viscosity, density, flash point and
cloud point, all complied with the requirements of the
ASTM D6751 and ASTM D445 biodiesel standards as
well. As aresult, the composite zeolite/TiO- has excellent
potential to be used as a catalyst for biodiesel conversion.
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