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Abstract: Transformation phase TiO, Rutile was conducted to
improve the photocatalytic activity. This study evaluated the
transformation phase of TiO, rutile using the solid-state
reaction method and tested for glycerol conversion reaction. A
semiconductor material can be applied for glycerol conversion.
The solid-state reaction using a mixture of TiO, Rutile and
sodium titanate in mole ratio 1:4 was heated to 750 °C. XRD
analysis evaluated the transformation phase of the solid-state

reaction product, while band gap energy was calculated
following UV-Vis diffuse reflectance data. The photoactivity of
glycerol was exposed by UV-Light at various times (5, 10, 15
h) of the liquid product and was analyzed by gas
chromatography. Solid state reaction transformed TiO; rutile to
polymorph structure (TiO; rutile, TiO, anatase, and sodium
titanate NasO1,Tis). The band gap energy of the product was 3.2
eV. The optimum photocatalytic activity was 62.7% in glycerol
concentration 0.25 M for a 15 h time reaction.
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INTRODUCTION

Titanium oxide (TiOz) was well known as semiconductor
materials that proven to be the most suitable for wide
environmental and energy applications because of its suitable
valence band and conduction band positions, long-term stability,
non-toxicity, cost-effectiveness and strong oxidizing power. In
nature, TiO has 3 type of crystal structure (Rutile, Anatase, and
Brookite). Among these types, Rutile has the most stable
structure and the cheapest. Rutile also has smaler band-gap
energy (3.0 eV) than anatase (3.2 eV) [1]. However, rutile is less
reactive than anatase as material photocatalyst due to anatase has
lower charge carrier recombination rates and smaller grain size
[2-4]. The lower photocatalytic activity of rutile is also related to
its larger grain size, lower specific surface areas, and lower
surface adsorption capacity to hydroxyl groups [5].

Various techniques were conducted to improve the
photocatalytic activity of rutile such as doping with metal or
metal oxide, [6] and phase mixture [7]. However, mixturing the
different polymorphs was a simpler method to improve the
photoactivity and more economic process. Scalon and co. work.
Reported that the phase mixture of rutil and anatase has a lower
the effective band-gap and an increased photoactivity compared
to individual phase [8]. The mixture of anatase and rutile
produced staggered alignment of the bands means that migrating
holes accumulate in rutile, while electrons in anatase [7]. These
case illustrated that the difference coordinating environment and
chemical bonding of TiO, structure generated the different
potential ionization and electron affinity [8].

Transformation structure of TiO- rutil can be conducted by
solid-state synthesis method, in order to produced multi-
polymorps of the materials. In solid state process, the utilization
of mineralizer sodium carbonate plays an important role for
decomposing the rutile structure and followed by phase
transformation to produce new structure. There are a lot of
possibility of phase transformation such as TiO; rutile (remained
structure), TiO, anatase, and also sodium titanate. Zhang et al.
(2010) reported that the reaction of TiO, with NaOH using
hydrothermal method produced high stable phase of sodium

https://journal.unej.ac.id/ICL

titanate [9]. Sodium titanate demonstrated better photoactivity
degradation for 4-chlorophenol [2], chloroform [10], and m-
Dinitrobenzene reduction and Sulfosulfuron oxidation [11]
comparing P25-TiO,. To the best of our knowledge, a few
references reported the sodium titanate prepared by solid state
reaction of TiO- rutile and its photocatalytic activity.

As photocatalyst material, TiO, was tested on glycerol
conversion reaction. Converting glycerol to its derivate was
carried out to improve the economic value. Glycerol was a side
product of biodiesel production, which amounted to 10% of the
product. Recently, glycerol price in the global market is fairly
cheap (around $1.5/kg) regarding its abundance. The activity of
TiO, was attributed to electronic effects (better separation of
photogenerated charge carriers), which selectively activates C-O
bonds in glycerol [12]. It was in line with Augugliaro et al. (2010)
that glycerol conversion using polymorph TiO, (80% anatase,
and 20% rutile) was 35% producing 1,3-dihydroxyacetone,
glyceraldehyde, formic acid, and carbon dioxide [13].

This study aims to evaluate the transformation phase of TiO;
rutile by solid-state reaction. Then, the product materials were
tested its photoactivity for glycerol conversion.

METHODS

Chemicals

The chemical precursors used for synthesizing material was
commercial unbranded product including Titanium oxide (TiO2)
and Sodium Carbonate (Na,COs). Other chemicals were
purchased from Merck Millipore without purification such as
HNO3; 65%, HCI fuming 37%, Na,SO4, Oxalic Acid, NaOH, and
Glycerol 85%.
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Preparation of Sodium Titanate Photocatalyst

Sodium titanate was prepared by solid-state reaction using a
mixture of TiO, rutile and Na,COs; in a mole ratio of 1:4.The
mixture was homogenized by grinding method and was
transferred to a muffle furnace. The precursor material was
heated up to 750 °C for 12 h. The solid product was ground to
produce mild powder and washed using a resin ion exchanger to
reduce the Na content in the product. Finally, the powder was
dried and calcined at 500 °C for 2 h.

Characterization of Sodium Titanate

Evaluating the crystal transformation during the solid-state
process was conducted by X-Ray Diffraction PANalytical X Pert
Pro. The sample was scanned at 28 range angle 5° - 60° using Cu-
Ka radiation (\ = 1.54 A). Besides, UV-Vis diffuse reflectance
calculated the band-gap energy of the materials.

Photocatalytic Test Activity

Glycerol of 10 mL in every various concentration (0.1, 0.25,
and 0,5 M) was placed in a 50 mL reactor. The material
photocatalyst Sodium-Titanate of 4 mg was added. The mixture
was stirred vigorously and was exposed to UV light for various
times 5, 10, and 15 h. Then, the mixture was filtered and the
filtrate was analyzed using gas chromatography (GC) (Thermo
Scientific Trace 1310, USA) equipped with a flame ion detector
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and TR-Wax capillary column. The GC’s temperature operation
was from 50 °C to 250 °C at an increasing 5 °C/min.

RESULT AND DISCUSSION

Characteristic of product material from the solid state
reaction

During the solid state reaction, Na,CO3; was decomposed to
Na,O and CO, which diffused to the structure of TiO, rutile.
Then, the structure of Ti-O-Ti in TiO; rutile can be breakdown
and was followed by the rearangement of the structure to produce
a new structure of solid material. The diffractogram x-ray profile
in Fig. 1 depicted that TiO, rutile was transformed to two types
of sodium titanate namely NaisTi1002 and NasTisO1, and also
the rest of the undecomposed Na,COs. The crystal structure of
Na1sTi1002s can be seen from peaks in 26 = 11.00, 12.47, 2591,
32.22, 38.91, 45.00, and 56.85°. Meanwhile, the crystal structure
of NasTisO1; was from peaks in 26 = 9, 21, 33-34, 38, and 51°.
The peaks in 20 =25.91,30.04, 34.41,35.15,37.88,41.41,46.45,
48.19, and 58,87° showed the structure of Na,COs. The
undecomposed Na,COs; was caused by the heat treatment under
its melting point, which the melting was established at 1175 +
25 °C [14].
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Figure 1. Profile of Difraktogram x-ray: a) Na,COs; b). NaiTi1002s; €). NasTisO12; and d). Product of solid state reaction

The futher process was a denatriation using ion exchanger
due to decreasing the sodium ion (Na+) in extra-frameworks of
the crystal sodium titanate. However, denatriation process
transformed sodium titanate (NaisTi10O028 and NasTisO12) phase
to produce polymorph TiO; rutile, TiO, anatase, and sodium
titanate NasTisO1, (Fig. 2). TiO2 anatase can be seen from peaks
at 20 = 25, 38, 48, 51, and 550, while TiO rutile at 28 = 27, 36,
39, 41, 44, 54, 56, 62, and 640. The percentage composition of
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the three phase that was calculated by Match programe was 26.9,
19.1, and 54% consecutively for TiO; rutile, TiO2 anatase, and
NasTisO12. It was in line with Xiong and He (2017) that the
presence of Na+ initiated producing multiphase during the
calcination process [15]. The absence of sodium titanate
NaisTi10026 Was probably transformed to more stable structure
Na4Ti5012.
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Figure 2. The profile of diffractogram x-ray: a. TiO; anatase standard (JCPDS No. 21-1272); b. TiO, rutile standard (JCPDS No. 21-
1276); c. NasTisO1, standard; d. Material product of solid-state reaction after denatriation
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Figure 3. Profile of Tauc plot to calculate the band-gap energy of material product

Other than that, the final product was measured the band-gap
energy inorder to understand the photoactivity properties. The
band-gap energy of the material product was 3.2 eV (Fig. 3).
Increasing the band-gap energy comparing the initial (TiO2 rutile
= 3.0 eV) was in line with the presence of polymorph structure of
product, which has similar value with TiO, anatase (3.2 eV).

Photoactivity of material product for glycerol conversion
Photocatalytic activity of glycerol conversion in the presence

of polymorph materials product was carried out in various times

reaction and glycerol concentration. Liquid product from the

1.100

reaction was analyzed using gas chromatography to identify the
chemical composition. The chromatogram in Fig. 4 showed three
main peaks at time retension 34.9, 16.5, and 3.15 min that was
glycerol, unidentified product conversion (regarding to limitation
of standard solution), and short-chain of alcohol, respectively.
The photocatalytic reaction was probably occured by glycerol
oxidation. Dodekatos reported that the C, and C; products of
glycerol oxidation was gycolic acid, oxalic acid, acetic acid, and
formic acid [16]. However, the most possible unidentified
product was acetic acid or formic acid that was assumed by
nearly half of glycerol molecular weight.

1.000 2 - Gliserol - 3

875 3.25

750 _J/\‘ 16.5
_. 625 A A
g |
=
= — : .
2 500 5,0 10,0 15,0
g
D
© 375

260

125

1-16,543
0 A L
-100 r T T T N T T T 1
0,0 5,0 10,0 15,0 20fo 25,0 30,0 35,0 38,7

Time [min]

Figure 4. Chromatogram of liquid product from photocatalytic reaction
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Figure 5. Photocatalytic glycerol conversion using material product synthesis

Moreover, quantitative analysis was conducted to evaluate
the percentage conversion of glycerol by protocatalysis reaction.
The calculation was determined by comparing the glycerol peak
area of liquid reaction product to standard. Increasing the time
reaction produced higher glycerol conversion percentage (Fig. 5).
Meanwhile, the highest conversion percentage was at 0.25 M of
glycerol  concentration (62.7%). The higher glycerol
concentration caused decreasing the percentage of glycerol
conversion (55.5%).

CONCLUSION

The transformation phase of TiO Rutile using the solid-state
reaction method was a polymorph structure consisting of rutile,
anatase, and sodium titanate NasTi;2O15. The presence of the
mixture phase increased the band-gap energy to 3.2 eV. The
polymorph structure has high photoactivity of glycerol
conversion. The highest percentage of glycerol conversion was
62.7% in glycerol concentration 0.25 M for a 15 h time reaction.
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