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Abstract: In this study, homogeneous titanate tubular (TNT) and diatom/TNT composites
(D/ITNT) were prepared by a facile hydrothermal method. The crystalline structure and
morphology of the synthesised samples were studied by X-ray diffractometry (XRD), Raman
spectroscopy, Transmission Electron Microscopy (TEM). Furthermore, the photocatalytic activity
for degradation of methylene blue (MB) was investigated under sunlight irradiation. The results
showed that the MB degradation by D/TNT was higher than bare TNT. Optical properties of the
synthesized materials with enhanced photocatalytic activity could be explained through both UV-
vis diffuse absorption and photoluminescence emission measurement. These results indicated that
there was bandgap narrowing and longer carrier lifetime in the composite sample.
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1. Introduction

At present, industries thrive to keep up with human needs, textile and dyeing industry is not out of
the trend. Organic ingredients in textile wastewater are very difficult to biodegrade and toxic to the
environment [1]. Consequently, scientists around the world are studying to find ways to handle
organic components in wastewater [2]. TiO. nanomaterials with tubular structure (TNT) have shown
superiority in the treatment of textile wastewater by photocatalytic ability [3]. However, TNT has a
large bandgap which does not consume visible light effectively for the photocatalytic application.
Many studies have been carried out to reduce the bandgap and, thus enhance photocatalytic ability [4-
5]. Diatoms, i.e. phytoplankton, are popular in many parts of the world such as the sea, fresh water [6].
Diatom has a natural porous structure, which can spread light by diffraction processes and can absorb
light within a broad range. With these things, diatoms are very useful in photocatalytic activity by
compositing with other photocatalysts [1, 6-7]. In this study, TNT was in-situ hydrothermally grown
with diatom.

Herein the synthesized samples were characterized by transmission electron microscopy (TEM),
energy dispersive X-ray spectroscopy (EDX), X-ray diffractometry (XRD), Raman spectroscopy, UV-
vis diffuse absorption spectra and photoluminescence emission spectra (PL). Photocatalytic evaluation
was examined by the degradation of methylene blue solution under direct sunlight exposure.

2. Experimental
2.1. Chemicals

The chemicals have been purchased and used without further purification: diatom (Sigma-
Aldrich), TiO, powder (Merck), sodium hydroxide (NaOH, Merck), acetone (CsHsO), ethanol
(C2He0), hydrochloric acid (HCI, China, 37%), methylene blue (CisH1sCINS.3H.0, JHD Fine
Chemicals, China, 99%).

2.2. Hydrothermal synthesis of TNT and D/TNT composite

TNT material was synthesized by hydrothermal method in a 150 ml 58eflon-sealed stainless steel
autoclave for 24h at 135°C as described previously [5,8]. Typically, firstly, 34g NaOH was dissolved
in 78 ml DI water by magnetic stirring for 15 min. Then, 0.84g TiO, powder was added into the
solution and was stirred for 15 min. After that, the resulting mixture was poured into the autoclave and
started the hydrothermal process by the oven. After the hydrothermal process had finished, the
autoclave was cooled to room temperature. Next, HCI acid solution was added to the autoclave for 30
min, then washed several times with DI water until a pH of 7 was reached. Then, it was in the oven for
6h at 100°C until the completely dried powder was obtained. For the fabrication of diatom and TNT
composite, the amount of diatom of 20 wt.% was added to the solution with magnetic stirring
continuously in 10 min before pouring into the autoclave for the hydrothermal synthesis described
above.

3. Results and discussion
3.1. Transmission electron microscopy (TEM)

In fig. 1, the TEM micrographs show morphological properties of TNT and D/TNT. The TNTs
were appreared with homogenous diameter of about ~8 nanometers and several hundred nanometers in
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length as shown in Fig. 1la. In the composite sample, diatom and TNT were both appeared and TNT
formed on diatom with the same diameter and length as pure TNT as shown in Fig. 1b. Based on the
above result, both TNT and diatom appeared in the D/TNT composite, which showed the D/TNT
composite with two regions including silica and titania [9]. In the treatment process of pollutants,
silica region could adsorb the pollutants which were transported to the titania region by surface

diffusion.

Figure 1. The TEM images of TNT and D/TNT composite

3.2. X-ray diffraction patterns (XRD)
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Figure 2. XRD patterns of diatom (a), TNT (b) and D-TNT composite (c).

The Fig. 2 shows the XRD patterns of diatom, TNT and D/TNT composite. The peaks at 9.88°,
24.17°, 28.06°, 48.14° and 62.38° for the TNT corresponding to the (200), (110), (211), (020) and
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(422) planes, respectively, were attributed to monoclinic structure of HsTi,O7 [10-13]. In addition,
there appeared anatase TiO, peaks at 25.23°, 38.15° and 54.48° corresponding to the (101), (004) and
(105) planes, respectively [5,14-15]. On the XRD pattern of D/TNT composite, these appear the
characteristic peaks similar to TNT. However, the intensity of these anatase peaks at 38.15°, 54.48°
and 62.38° are decreased indicating effect of diatom in the formation of TNT structure. The broad
peak at 22.15° for diatom due to its amorphous structure [1, 16].

3.3. Raman scattering specctra
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Figure 3. Raman spectra of TNT and D/TNT composite in the range of 110 -1000 cm!

Fig. 3 shows Raman spectra of TNT and D/TNT composite in the range of 110 — 1000 cm™. For
the TNT, it indicates that TNT has the characteristic peaks for TiO anatase phase at 145, 394, 639 cm-
! and a characteristic peak of the rutile phase at 607 cm™ [1,17-18]. In addition, the peak at 283 cm™ is
assigned to Ti-O-Na bonds with layer structure [18-19]. Furthermore, Ti-O-C bonds are appeared in
the range of 670-700 cm™ [20]. Besides, the peak at 444 cm™ locates at Eq mode normally assigned to
the characteristic peak of rutile phase [18]. However, in another study, the peak at 444 cm? is
confirmed as the characteristic peak of the tubular titanate structure [13]. Raman spectrum of D/TNT
composite indicates the vibration peaks similar to the vibration peaks of Raman spectrum of TNT. In
general, based on the similarity of materials on XRD pattern and Raman spectra, the structure of TNT
is not affected when TNT is composite with diatom.

3.4. UV-vis absorption spectra

Fig. 4a shows the UV-vis diffuse absorption spectra of TNT and D/TNT composite. There are
several techniques to derive bandstructure of the semiconductor through this measurement [21-23].
One of the simple and useful methods is Tau’s plot with Kubelka—Munk (KM) function. Figure 4b
showed the bandgap of TNT and D/TNT by using the plot where the bandgap values of TNT and
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D/TNT are 3.55 and 3.41 eV, respectively. This is because when TNT is composited with diatom, the
bandgap value of D/TNT composite is reduced. The reduction of the bandgap contributes to impoved
the photocatalytic ability, because the excited electrons in composite materials transport from the
valence band to the conduction band more easily with broader range [24].
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Figure 4. The UV-vis adsorption spectra of TNT and D/TNT samples (a), Bandgap values are determined by
Tauc’s plot (b)

3.5. Photocatalytic activity investigation

Fig. 5 shows sequence of physical absorption and photocatalytic ability of TNT and D/TNT with
MB concentration of 25 x 10 mol/l. TNT and D/TNT composite were surveyed simultaneously in the
same conditions, the step of Uv-Vis was 1 nm in the range of 450 — 800 nm. The solution was
extracted at 120 min to investigate the physical absorption ability of TNT and D/TNT composite.
Then, from 120 to 300 min, the solution was frequently extracted to investigate the photocatalytic
ability of TNT and D/TNT composite. Photocatalytic process of TNT and D/TNT composite carried
out under sunlight irradiation.



62 N.X. Sang et al. / VNU Journal of Science: Mathematics — Physics, Vol. 36, No. 4 (2020) 57-65

1.8

16 TNT

14

[——MB
oL [ 120 min
= 150 minAS
1.0 ——— 180 minAS
7 ——210 minAS
— 240 minAS
0.8 | —270minAS
| ——300 minAS |
0.6

Intensity (arb. unit)

0.4
0.2

00 1 1
450 500 550 600 650 700 750 800

Wavelength (nm)

1.8

sl D/ITNT

14}

—MB
=120 min

—— 150 minAS |
~—— 180 MinAS |
—— 210 minAS|
———240 minAS |
=270 MinAS |
——300 minAS|

1.2

1.0

0.8

0.6

Intensity (arb. unit)

0.4
0.2

= P)

450 500 550 600 650 700 750 800

Wavelength (nm)

Figure 5. Sequence of physical adsorption and photocatalytic ability of materials with MB solution

Sunlight irradiation will help reduce the concentration of MB solution. Because natural sunlight
had a broad wave range, this would help improve the ability to decompose organic compounds [5]. In
the first stages of the photocatalytic process, the photocatalytic ability of TNT was higher than D/TNT
composite. Specifically, in the first 30 min, the photocatalytic ability was 29% and 8% for TNT and
D/TNT composite, respectively (in Fig.5). However, at 90 min, the photocatalytic ability was 38% and
37% for TNT and D/TNT composite, respectively, the performance of materials was similar (in Figure
5). At the end of photocatalytic process, the photocatalytic ability of D/TNT composite was higher
than TNT. In particular, the performance was 61% and 80% for TNT and D/TNT composite,
respectively (in Figure 5). Furthermore, D/TNT composite has good absorption ability, thus the
amount of MB remaining is very low in the solution. Therefore, the amount of MB decomposed by
D/TNT composite is less than the amount of MB decomposed by TNT in the photocatalytic process.
Specifically, TNT and D/TNT composite decomposed 199 umol/l and 119 pumol/l for MB in the
solution, repectively. Hence, from the results of the photocatalytic process, the photocatalytic ability
of TNT was improved after TNT composite with diatom.
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3.6. Photoluminescene emission (PL)
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Figure 6. Room temperature photoluminescence emission spectra of TNT and D-TNT

Photoluminescence (PL) emission is a simple but powerful method to compare radiative
recombination rate among samples through their normalized emission intensity [5]. Fig. 6 shows the
normalized photoluminescence emission spectra of TNT and D/TNT composite. The PL intensity at
~550 nm of D/TNT is lower than that of TNT, this peak is assigned to the radiative recombination of
electrons in the conduction and the hole traps (F* center) in the bandgap [5, 25]. With lower intensity
at this emission means that less radiative recombination rate, excited electrons have longer lifetime. In
that case, they can decompose organic compounds through producing high oxidized groups such as
superoxide and hydroxyl instead of recombination with trap holes in the bandgap. Thus, when TNT
composited with diatom, the recombination rate is decreased thus enhancing photocatalytic ability.

3.7. EDX
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Figure 7. EDX spectrum of D/TNT composite.
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Fig. 7 shows the energy dispersive X-ray spectroscopy of D/TNT composite. According to result
of EDX spectrum, the EDX of D/TNT composite has the appearance of Si and O element, this is due
to the presence of diatom in the D/TNT composite [1]. The C peak assigned to organic matter on cell
walls of diatom [1, 16]. The weight and atomic of composition were shown in the table 1.

Table 1. Shown weight and atomic of composition in D/TNT composite

Element Mass (%) Atom (%)

@) 43.02 69.61
Ti 55.32 29.91
Si 0.52 0.48

Total 98.86 100

4. Conclusion

We successfully fabricated D/TNT composite by a facial hydrothermal method. The TEM and
EDX results indicated the presence of diatom on TNT in the composite. TNT has a diameter of about
10 nm and a length of several hundred nanometers. In PL spectra, D/TNT has normalized intensity
lower than TNT. This shows that the lifetime of excited electrons in D/TNT are longer than that of
TNT, thus these excited electrons in the composite had more decomposition time which could improve
the photocatalytic ability. Furthermore, the bandgap value was reduced from 3.55 eV in pure TNT to
3.44 eV in the composite, thereby, the enhancement of light absorption could induce better
photocatalytic ability in D/TNT composite. As a result, MB degradation through the photocatalytic
process was about 80% in D/TNT which is better than TNT (61%).
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