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Research Title: Wastewater Treatment by Photocatalysis of Titania Thin Film on 3D Substrates
Researchers:
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Mahanakorn University of Technology

ABSTRACT

Wastewater is an important environmental problem that affects people. It not only causes water and odor
pollutions, but also may cause health impacts if contaminated water was consumed. Contaminants in water
and wastewater are organic compounds, inorganic compounds and pathogens. Conventional wastewater
treatments are not effective enough because certain organic compounds are soluble and certain inorganic
compounds are toxic to bacteria used in the wastewater treatment process. Therefore, there are research to
apply photocatalysis in wastewater treatment. This research focuses on applying the most well-known catalyst
in environment field, titanium dioxide or Titania or TiO, to be coated on 3D substrates to increase the surface
to volume ratio and can be recycle easier compared with the current titanium dioxide power used nowadays.
The thin film coating technology applied is pulsed-pressure chemical vapor deposition (PP-MOCVD). From
the previous research, the most influence parameter on the conformality of thin film is the temperature. As a
result, in this first 2 years of research, the influence of temperature on the photocatalytic activity on 2D
stainless steel substrate. The deposition temperature varied are 350, 370 and 400°C. It was found that the
deposited films have petal-like structure at the temperature of 350°C and round structure at the deposition
temperature of 400°C. The phase of the deposited titanium dioxide is anatase. The wettability tends to increase
with the deposition temperature whereas the photocatalytic activity was maximum at the deposition

temperature of 370°C.

Keywords : titanium dioxide, photocatalysis, pulsed-pressure metalorganic chemical vapor deposition, contact angle
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Characterization and photocatalytic activify of titanium diexide deposited on

stainlezs stesl by pulred-prescurs MOCTD

shows higher photocatalytic activity than rutils [9].
Anatasze iz considered to be mors sensitive to
ultraviclet-visible wavelength region than mtle
However, ratile has batter photeabzorption property
in visible wavelength ragion than anatase with zood
refractive mdex, high dielectric constant and
excellent chemical stability [1,10,11]. A mam
obstacle m using TiQ: particles in wastewater
treatment is the separation of Ti0; particles after
uzad. This is becauss the Ti(: particles are too fine
ta be separated by gravity settling [1.2.5]. The other
obstacle is the agglomeration of Ti0: particles,
which reduced the surface area; hence
photocatalytic activity decreased as well as the
reusable lifespan [1]. Attempts to effectively
separate Ti0); particles are such as coagulation and
membrana separation, which however cansed
secondary pellutants and higher treatment cost [2].
Therefore, Ti0; thn films is an interesting solution
to solve the issue of Ti0); particles separation with
numbers of methods to enhance the photocatalytic
activity such as mereasing the surface area, doping
with noble metals and prepanng composzite thin
films [5].

Pulsed-pressure metalorganic chemical vaper
deposition (PP-MOCVD) has been reported of it=
capability of conformal ceating over complex
shapes [12-14]. It i= a low cost apparatus with
supplying of controlled amount of precurser
through an ultrasonic nezzle in a pulsing manner to
an evacuated celd-wall reactor. With ultrasenic
nozzle, very small droplets of a liguid precurser 1=
generated, which influences the liquid precursor to
flash evaporate immediately. The pulsing action
provides uniform coverage, relatively fast growth
rates, low cooling rates of the deposition surface,
and low contamination of the film [12].

In this study, characterization of PP-MOCVD
coated stainlass stee]l 304 has been carried cut The
surface morphology and phase of deposited TiOD:
thin film was characterized for further deposition on
complex shapes and photocatalysis capability with
recyclable posaibility. The contact angle and
photocatalytic activity were also mvestigated.

1. Experimental
2.1 Materials and reagents
Ti0: thin films were deposited on flat stamless

steel 304, Stainless steel has been chosen dus to itz
good mechanical properties and high comesion

resistance in most of the cases. In additionm,
nanometric chrommm oxide layer is spontanecushy
formead on a surface of the stainless steel This cxide
laver acts perfectly as an adherent to ceramic
coating Ti0; thin film [15]. The source of higuid
precursor for Tih thin films deposition 1s titanium
(IV) tetraisopropoxide (TTIF) 97% from Sigma-
Aldnch dissolved m AR grade tolusne to a
concentration of 0.5 mol%.

For photocatalytic activity study, methylene blus
trihydrate from MP Biomedicals was diluted with
deionized water at a concentration of 0.5 mgl. As
standard reference, the commercial photocatalyst,
Degussa P-15 nanopowder with primary particle
size of 2] nm from Sigma Aldrich was used.

1.2 Preparation of TiQ, thin films

T10: thin films were deposited usmg a cold-wall
reactor PP-RMOCVD at the deposition temperaturss
of 350°C, 370°C and 400°C. The base pressure
during the deposition was 300 Pa at the pulze time
of 10 s

2.3 Materials characterization

The phase of deposited Ti0: thin films was
analyzed using Bruker DE Advanced XN-ray
diffraction (XED). The surface morphology was
characterized using JEM-TO0IF field emission
Scanning Electron Microscope (FESEM). The
wettability property of deposited TiD: was exammed
using contact angle measurement The contact angle
value was an average from four measurement: on
different areas of the same sample surface.

1.4 Grain size estimation

The crystallite size of deposited Ti0: was
calculated from XED data using Scherrer squation
as written m Equation 1.

Ki

L= Bi2ficoss @
Where L 15 the average crystallite size; B/2 5 15 the
peak width; 4 iz the X-ray wavelength; & is the
Braggz angle and K is the Scherrer constant, which
assumed to be 094 for the full wadth at half
maximum (FWHM) of sphencal erystals with cubic
symmetry [16].
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2.5 Photocatalytic experiments

The photoeatalytic activity of deposited Ti0D- thm
films was mvestizated through the decompesition
of methylene blue solntion. The deposited Ti0: thin
films on 1x] cm® flat stainlass steals wers mmersed
inte 30 ml aquecus methylene blue solution with the
conesntration of 0.5 mgl. in 2 beaker each For
Deegussa P-23, 0.01 g of Degussa P-25 powder waz
added in a beaker with 50 ml agueous methylene
blue selution at the sams concentration. A mereury
tube lamp was used as an only UV souree with UVA
wavelength range of 320400 nm The mmersed
Ti0: thin films were irradiated in perpendicnlar
direction with the distance from the UV source of
10 em. The experiment was conducted at room
temperature. The decomposition of the methylene
blue solution was measured through the change of
coneenfratiton using absorption of methylena blue
from PG INSTRUMENTS T52+ UV Spectrophotometer.

2.5 Photocatalytic activity degradation rate
estimation

Apcording to Bear-Lambert's law, the concentration
of methylene blus iz directly proportional to the
mtensity of the absorption peak at 663 mm.
Thersfore, the decompostion efficiency of
methylene blus ME can be calculated uzing the
concentration of the methylens blua at the mrhal
and during the irradiation a= shown m Equation 2.

R= ‘C"Cﬁ % 100% @

Where Cy 1= the imtial concentration of methylens
blue solution and C) 1= concentration of methylens
blue during irradiation [17].

3. Results and discussion

3.1 Surface morphology of deposited TiO:

All the surface morphelogy of deposited Ti0-
thin films are shown m Figurs 1. At the depostion
temperaturs of 350°C, the surface morphology 1=
petal-like with the average gram size of 5.01 nm.
The surface morphology at the deposition
temperaturs of 370°C 1= non- umform. This non-
uniform iz likely to come from the film growth rate
that causes high stress as certam cracks wers
observed; hence diffusion of atonuc of the substrate

J. Mer. Mater. Miner. 28(2). 2018

into the film [18]. This film has both large and small
microstructors with the averaze gram zize of 3.13
nm which iz the smallest zram size among the three
samplez. At the highest deposthon temperature
studiad, 400°C, the dsposited Ti0: thin films has
the largest zrain sizs with round shaps crystal with
ths averaze grain sizs of 3 .68 mm The gram snize and
shape of the dapozited T10: thin flme related to the
growth rate. The higher the growth rate, the smaller
ths gram size az fully dense films are formed [19].
Weverthalass, thiz 1= not the case for this study. The
growth rate of the deposited Ti0- thn filmes 15 likely
to be in the the mas=s transport of the second kind of
control where the transfer of reactant m the mam
gas flow and the subsirate surface are the =lowsst
steps. In thiz ragmms, the masz transfer of the mam
gaz flow and the zubstrate surface 1= through
diffuzion or comvection. As the reaction chamber i=
under vacuum, the diffnsion of the active gasous

350°C

Figure 1. FESEM imagss of deposited T10, than filme
at 30 kX at the deposition temperaturas of 350°C (top),
3T0°C (middle) and 400°C (bottom).
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stainlezs rieel by pulsed-pressure MOCTD

also affect the band gap due to different surfaces;
hence the photocatalytic activity as the adsorption
of molacules and subsequent charge transfer to the
molecules varied [27-29].

4. Conclusions

Ti0y thin films on flat stainless steel 304 were
deposited wsing PP-MOCVD at the depesition
temperatures of 330°C, 370°C and 400°C to study
the surface morphology, phase and wettability of
the deposited Ti0; thin films on the photocatalytic
activity, At these depozition temperatures, different
surface morphology of the deposited Ti0, thin films
was observed from FESEM at 303 Petal-like
microstructure was found at the lowest deposition
temperature, 150°C. Round shape microstructore
was ohzerved at the lighest deposition temperature.
The phaze of the TiD; thin films according to the
HRD is rutile and anatase with various crientations,
The wettability or hvdrophobieity tends to mereaze
with the depeosiion temperafure whereas the
rhotocatalytic activity was maxirmum at the lowest
deposition temperature in thiz studied of 330°C.
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