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Abstract

The treatment of organic pollutants in water including semiconductor photocatalysis is a promising approach to
disinfect water. The objective of this study is to investigate the effect of Ce loaded on mesoporous Ti:Ash catalyst
for water pretreatment process. The mesoporous Ti:Ash catalyst that doped with Ce was synthesized through wet
impregnation method with 5%, 10%, and 15% weight percentage of Ce doped on 40:60 Ti:Ash. The photocatalytic
properties were characterized through X-ray powder diffraction, scanning electron microscopy with energy-
dispersive X-ray spectroscopy, Nz adsorption-desorption studies and diffuse reflectance UV-vis absorption spec-
troscopy. It is found that the Ti:Ash nanocomposites doped with Ce shifted the light absorption band-edge position
to the visible region. Moreover, the Ce doped Ti:Ash has large surface area and pore diameter. The Ce doping
could significantly improve the absorption edge of visible light and adjust the cut-off absorption wavelength from
404 nm to 451, 477 and 496 nm for 5%, 10% and 15% Ce-doped mesoporous Ti:Ash catalysts, respectively. As the
Ce doping ratio increased, the band gaps decreased from 3.06 eV to 2.53 eV. The most contaminant reduction up to
45% was achieved when Ti:Ash:Ce 40:55:5 was used. Higher Ce loading on the photocatalyst may reduce the pho-
tocatalyst performance because supernumerary metal loading on TiOz can block TiOz defect sites which are neces-
sary for the adsorption and photoactivation. The OPFA also acts as an adsorbent for some pollutants besides, re-
ducing the water salinity. It can be deduced that the hybrid TiOz photocatalyst that synthesized with OPFA and
doped with Ce has huge potential to treat seawater prior to commercial seawater desalination process. Copyright
© 2020 BCREC Group. All rights reserved
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1. Introduction cause fouling. The OPFA is rich in silica (42%)
and the carbon content in the biomass as is
about 7.93% [1,2]. Meanwhile, titanium dioxide
(TiO2) shows an excellent degradation rate for
organic pollutants in air and water because of
its unique properties, such as photostability, low
toxicity, availability and reusability [3-5]. Pho-
* Corresponding Author. tocatalytic degradation systems using fine TiO2
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Telp: +6095492891, Fax: +6095492889 investigated. However, TiOz has not yet been

Palm oil is important agriculture Malaysia
commodity. Oil palm fiber ash (OPFA) can be
found in the boiler from palm oil production. A
poorly managed of OPFA in the boiler may
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successfully used as a commercial catalyst be-
cause of limitations of the light wavelength
range to activate catalysts [6]. UV that reaches
Earth is represented by less than ~4% com-
pared with ~45% of visible light. The fast re-
combination of a photogenerated hole-electron
pair results in a low photocatalytic efficiency
with pure titanium [7]. Undesirable electron
and hole recombination and low efficiency un-
der irradiation in the visible region are two
main drawbacks associated with the use of
pure TiO2 [8-10]. Shifting the light absorption
band-edge position to the visible region should
be continuously enhanced, and a high photore-
action rate of TiO2 should be obtained. A TiO2
photocatalyst that hybrid with oil palm fiber
ash (OPFA) used in seawater pre-treatment
processes i1s a new approach in photocatalyst
development. The combination of TiO:z and
OPFA alleviates seawater contamination;
OPFA acts as an adsorbent of some pollutants
and eliminates water salinity where Ti:Ash
40:60 has shown excellent performance in the
degradation of humic acid in artificial seawater
(ASW) under UV light [1,11]. The surface of
TiO2and its properties have been extensively
modified through doping or co-deposition of
metals with TiO2 by different methods to rein-
force photocatalytic activities [12-15].

The introduction of rare-earth metal ele-
ments can remarkably enhance photocatalytic
efficiency. However, this method is limited due
to high costs [16-18]. The photocatalytic activi-
ty of TiO2 can be significantly improved by dop-
ing with lanthanide ions/oxides because lantha-
nide ions can form complexes with various
Lewis bases through the interaction of func-
tional groups with their f-orbital [19,20].
Amongst lanthanide oxides, Ce exhibits desira-
ble properties as a dopant because it increases
oxygen vacancy formation with the high mobili-
ty of oxygen species [21]. Liu et al. reported
that CeO2.y—T102 powders can shift the UV ab-
sorption band of TiO:2 to a visible light range
[22,23]. Aman et al. claimed that the activity of
a Ce-TiO2 photocatalyst depends on the pres-
ence of (Ce3*/Ce4*) and the absorption of visible
light [24]. In the same context, Makdee et al.
reported that, doped TiO2 with cerium im-
proved photocatalytic activity due to the crea-
tion of new energy levels by (Ce3+/Ce*) and ox-
ygen vacancy under the TiOz conduction band,
which can decrease the charge recombination
through trapping the electrons [25]. In synthe-
sized materials, an increasing Ce content shifts
light absorption to the visible region and shows
a high surface area [6]. Furthermore, excited
electrons are trapped by Ce#t and transferred

to the adsorbed Oz molecules to produce super-
oxide anion radicals [26]. Therefore, doping
TiO2 with Ce introduces a new energy level be-
tween valence and conduction bands, leading to
a reduction in the band gap of nano TiO2 and
allowing the use of light with a wavelength of
over 380 nm (visible light).

This paper presents the effect of OPFA and
Ce addition in TiO:2 photocatalyst to treat hu-
mic acid contaminated seawater pretreatment.
The hybrid photocatalyst was synthesized from
Ti:Ash 40:60 with a different mass ration of
Cerium 5%, 10%, and 15% wt., through wet im-
pregnation method, characterized and tested at
various times in a 1-L reactor under visible
light irradiation. The photocatalysts were char-
acterized by X-ray diffraction (XRD), surface
area analysis (BET), Scanning Electron Mi-
croscopy (SEM), Energy Dispersive X-Ray
Spectroscopy (EDX), and UV-Vis Diffuse Re-
flectance Spectroscopy.

2. Materials and Methods
2.1 Catalyst Preparations

The materials to prepare Ti:Ash was de-
scribed in our previous study [9]. The support
of the photocatalyst was prepared where the
OPFA was calcined at 600 °C, ground and
sieved to a particle size less than 125 pm.
Then, the Ce-doped TiO2 materials with differ-
ent mass percentages of cerium (5, 10, and 15
% (w/w)) were prepared via wet impregnation
method. Cerium(III) nitrate hexahydrate (Ce
(NOs3)3*6H20) was used as metal cations
source. An amount of cerium(IIT) nitrate and
oil palm fiber ash (OPFA) and TiO2 were pre-
pared at ratio of Ti:Ash:Ce to 40:55:5, 40:50:10,
and 40:45:15. Firstly, the desired amount of
(Ce(NOs)s*6H20) was dissolved in 100 mL of
distilled water and stirred. Then, TiO2 and
OPFA were gradually added to the solution
and stirred for approximately 15 min at 80 °C
for 4 h. The slurry mixture was dried in an ov-
en at 120 °C overnight. The dried materials
were calcined in a furnace at 500 °C for 4 h. All
the prepared solids were ground and sieved to
a particle size less than 125 pm. The catalyst
was denoted as Ti:Ash:Ce x:y:z, where x, y and
z represent the mass ratios of TiO2, OPFA and
Ce, respectively.

2.2 Catalyst Characterization

The microstructure of the doped photocata-
lyst was characterized using XRD (Rigaku
Miniflex IT) that equipped with a Cu Ka source
at a wavelength () of 1.5405 A at 15 mA, 30

Copyright © 2020, BCREC, ISSN 1978-2993
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kV and scanned in the 20 range of 10°-80° at 4
min-!. The specific surface area (m2.g-1), pore
size (nm) and total pore volume (cm3.g71) of
each photocatalyst were analyzed via N2 ad-
sorption—desorption by using Micromeritic ap-
paratus in which the catalyst was outgassed at
200 °C for 6 h prior to analysis. The absorption
spectra of the synthesized materials were de-
termined in the scan range of 200—800 nm by
using a UV-vis spectrophotometer (Shimadzu
model 2450), and the band gap energies of the
prepared catalysts were calculated using a Ku-
belka—Munk module [24]. The surface morphol-
ogy of the prepared photocatalysts was charac-
terized through SEM. Meanwhile, the elements
analysis was identified through EDX
(QUANTA 450).

2.3 Photocatalytic Water Pretreatment Proce-
dure

The sample of contaminated seawater was
prepared by dissolving the 1 g of Humic acid in
one L of deionized water, followed by addition
of 2 pellets of NaOH to prepare a stock solution
Then, 15 ml of stock solution was added to one
L of deionized water with 30 g of NaCl. The so-
lution was mixed well with a stirrer to ensure
that all salts are dissolved.

A 1 L-capacity borosilicate reactor was used
to conduct the photocatalytic reaction on water
sample under visible light irradiation (Figure
1). The reactor was covered with aluminium
plate to increase light intensity and prevent en-
ergy loss from the photoreactor system during
the reaction. The reactor was placed in a black
box to avoid the interference of external light
during the reaction. The reactor was equipped
with a visible light 420 nm wavelength lamp.
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Figure 1. Schematic diagram of the batch pho-

tocatalytic reactor set up.

Each run was performed for 1, 2, 3, and 4 h
and simultaneously stirred at 300 rpm to en-
sure the solution was well mixed. The ratio of
the photocatalyst to the water sample was
1:300 where approximately 2.7 g of the photo-
catalyst was added into 800 ml of water sam-
ple. After the reaction was conducted, the pho-
tocatalyst was filtered from the solution. A
COD digestion high-range reagent vial (435
COD HR) was used to determine the organic
compound in water sample before and after
each run. All the measurements were repeated
for three times to ensure data reliability, and
the average was obtained.

3. Results and Discussion
3.1 Catalyst Characterization

The XRD patterns of Ti:Ash:Ce 40:60:0,
Ti:Ash:Ce 40:55:5, Ti:Ash:Ce 40:50:10 and
Ti:Ash:Ce 40:45:15 are presented in Figure 2.
The patterns showed the characteristic diffrac-
tion peaks at approximately 20 = 25.42, 37.24,
37.87, 38.65, 62.28, 62.76 and 75.11 which
could be perfectly indexed to the (101), (103),
(004), (112), (213), (204) and (215) crystal faces
of the anatase phase of TiO2 (JCPDS:
9015929), respectively. Same observation of
diffraction peaks of anatase was also reported
by several researchers [9,18,27]. The crystallite
size of the synthesized materials was calculat-
ed by using Scherrer’s equation from the (101)
crystal plane of the anatase phases at 44.8,
50.8, 51.6 and 47.2 nm for Ti:Ash:Ce 40:60:0,
Ti:Ash:Ce 40:55:5, 40:50:10 and 40:45:15, re-
spectively. Crystal size increased as the Ce do-
pant concentration increased from 5% to 10%;
however, as the concentration further in-
creased (15%), the particle size decreased to

{»TiO, anatase ) (¢ S5i0; ) (& Ce) (#Ce + anatase) (¥ Ce + quartiz)

Ti:Ash:CeI
15% Ce

5% Ce

L ]
T
20 30 40 50 60 70 80
26 (degree)

Figure 2. XRD results of synthesized photo-
catalysts.
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42.4 nm. Crystal size decreased as dopant con- a Ti:Ash:Ce 40:60:0 hybrid photocatalyst. The
centration increased because Ce crystals on a cut-off absorption wavelength was expended to
TiO2 lattice surface suppressed the crystallite the visible areas by doping Ce with Ti:Ash.
growth of TiOz2 nanoparticles. Myilsamy et al. The band gap energy of the synthesized ma-
also claimed that particle size decreases as do- terial was calculated using the Kubelka—Munk
pant concentration increases because CeOs2 function [5,6]. Figure 3b illustrates that band
crystals prevent crystallite growth [20]. The gap energy decreased as the doping ratio in-
XRD profile of the synthesized materials re- creased. It can be seen that Ti:Ash:Ce 40:60:0,
vealed that Ce species should be in the form of Ti:Ash:Ce 40:55:5, 40:50:10 and 40:45:15 had
CeO2 modified on a TiOz surface. onsets of absorbance of 3.06, 2.72, 2.61 and
This finding may be also due to the high do- 2.53 eV, respectively. As the doping ratio in-
pant concentration of Ce. Furthermore, the ce- creased from 0% to 15%, the cut-off wavelength
ria—titania solid solution appeared at approxi- expended from 404 nm to 496 nm. Thus, the
mately 20 = 48.20, 54.02, and 68.74. Another band gap decreased from 3.06 eV to 2.53 eV.
solid solution of a ceria—silica peak was shown The cut-off wavelength and the band gap
at approximately 20 = 60.11 with crystal sizes energy of each sample are tabulated in Table 1.
of 65.5, 31.6, and 21.5 nm for 5%, 10%, and 15% The result confirmed that doping Ce with
of Ce loaded, respectively. Thus, it can be de- Ti:Ash 40:60 could reduce the wideness of the
duced that an increased Ce-doped concentra- forbidden band of TiO2 nanomaterials. The
tion caused a decrease in the crystal size of the band gap decreased because the doped Ce ions
solid solution of ceria—silica. The XRD patterns in TiO2 nanopowders cause lattice distortion
of ash (OPFA) showed that the characteristic and introduce impurity to the forbidden band
peaks of the crystalline phase at approximately of TiO2 [6,28]. Whereas, the electron can
20 = 20.96, 40.38, and 50.21 corresponded to transfer in the valence band or conduction
quartz. band between the doping and raw materials
Figure 3a shows the diffuse reflectance UV— [29,30]. Tong et al. reported that the energy of
vis absorption spectra of Ti:Ash:Ce. Doping Ce the conduction band in TiOz: is larger than that
on Ti:Ash could significantly influence the ab- of the 4f orbital energy level of Ce; thus, the 4f
sorption of light and band gap. Figure 3a also orbital of Ce plays a crucial role in generating
reveals that the red shift of the increased dop- charge carries (e, h*) under visible irradiation
ing concentration of Ce was better than that of [31,32].
144 @) — bare TiO: bare TiO,
] — Ti:Ash 40:60 —— Ti:Ash 40:60
124 Ce 5% Ce 5%
] Ce 10% " Ce 10%
10+ Ce 15% g Ce 15%
3 ] 3
= 08-
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Figure 3. (a) Results obtained from UV-Vis DRS. (b) Kubelka-Munk plot for band gap.

Table 1. Cut-off wavelength and band gap of Ti:Ash 40:60 doped with different ratio of Ce.

Samples Ti:Ash 40:60  Ti:Ash:Ce 40:55:5 Ti:Ash:Ce Ti:Ash:Ce
P 40:50:10 40:45:15

Cut-off wavelength (nm) 404 451 477 496

Band gap (eV) 3.06 2.72 2.61 2.53

Copyright © 2020, BCREC, ISSN 1978-2993
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The pore structure and specific surface are-
as of all the samples were investigated on the
basis of N2 adsorption—desorption isotherm. As
shown in Figure 4, these samples showed type
IV isotherms, indicating the mesoporous struc-
ture of the samples. The corresponding hystere-
sis loops were type Hs at a high relative pres-
sure range between 0.65 and 1.0 for Ti:Ash:Ce
40:55:5 and Ti:Ash:Ce 40:50:10. The relative
pressure range of Ti:Ash:Ce 40:55:15 was from
0.2 to 1, suggesting that Ti:Ash:Ce 40:55:15
could be an effective absorbent. The appear-

ance of hysteresis loops supports the presence
of slit-like pores [16,19].

Table 2 presents the results of BET analysis
to determine the surface area, pore volume and
pore size of the fresh and spent of Ti:Ash:Ce
photocatalyst. The BET surface area of
Ti:Ash:Ce 40:60:0 increased from 3.9 m2.g1 to
6.1 m2.g-! after the reaction. The same pattern
of increment was observed in Ti:Ash:Ce 40:55:5
and 40:55:10 photocatalyst as the photocata-
lyst surface area rose from 11.54 m2.g-1 to 18.21
m2.g-1 and from 10.43 m2.g! to 18.06 m2.g1,

nS_Ti:Ash 40:60' a TizAsh:Ce 40:55:5' b
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o [
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Figure 4. BET adsorption isotherms for the Ce-doped samples, (a) Ti:Ash 40:60, (b) Ti:Ash:Ce 40:55:5,

(c) Ti:Ash:Ce 40:50:10, and (d) Ti:Ash:Ce 40:45:15.

Table 2. The microstructure analysis of hybrid Ti:Ash:Ce photocatalysts.

) Specific surface area Pore volume X 102 Pore size
Ce loading (m2.g) (cm?.g1) (nm)
*) Before After Before After Before After
0% Ce 3.90 6.10 7.10 3.20 21.50 17.40
5% Ce 11.54 18.21 3.04 3.51 10.55 7.78
10% Ce 10.43 18.06 4.50 4.17 1549. 9.17
15% Ce 11.60 19.54 6.03 6.03 20.80 12.35
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Figure 5. SEM and EDX images of catalysts with 8000X magnification: a) the SEM of fresh Ti:ash
40:60, b) EDX of Ti:ash 40:60, ¢c) SEM of fresh Ti:Ash:Ce 40:55:5, d) EDX of Ti:Ash:Ce 40:55:5, ¢) SEM
of fresh Ti:Ash:Ce 40:50:10, f) EDX of Ti:Ash:Ce 40:50:10, g) SEM of fresh Ti:Ash:Ce 40:45:15, h) EDX

of Ti:Ash:Ce 40:45:15.

Copyright © 2020, BCREC, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 15 (2), 2020, 373

respectively. The surface area of Ti:Ash:Ce
40:55:15 also increased from 11.60 m2.g! to
19.54 m2.g-1.

The morphological characteristics and phase
composition of the photocatalysts were ana-
lyzed through SEM and EDX. Whereas, the
TiO2 and OPFA were investigated in our previ-
ous study [9]. Figure 5a presents the SEM im-
age of the Ti:Ash:Ce 40:60:0, that is, the well-
dispersed tiny spherical aggregated particles
with different diameters. Figures. 5¢, 5e, and
5g illustrate the images of the as-synthesized
samples of Ti:Ash:Ce 40:55:5, 40:50:10 and
40:45:15, respectively. The SEM image of the
prepared samples shows the inbuilt mesopore
structure in the aggregated particles. Agglom-
eration was affected by increasing the amount
of Ce. Myilsamy et al. similarly reported that
the tendency of individual particles of TiO:z to
agglomerate is affected by the presence of
(Ce4*/Ce3*) and spherical aggregates of parti-
cles with varying sizes and large irregular
voids distributed amongst the particles [20].
The images also display a well-dispersed of
TiO2 and Ce on the OPFA surface in all the
synthesized photocatalysts. This finding indi-
cated that thorough mixing enhanced the dis-
persion of TiOz ash and Ce during catalyst
preparation. The EDX spectrum of Ti:Ash:Ce
40:60:0 is shown in Figure 5b. The other photo-
catalyst sample is illustrated in Figures 5d, 5f
and 5h. The Ti, O, Si and Ce peaks were found
in the spectra, confirming the presence Ce in
Ti02 nanoparticles.

3.2 Photocatalytic Degradation of Humic Acid

Prior to this investigation, when visible
light was exposed to the water sample alone, no
significant change of water COD and salinity
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Figure 6. COD profiles of treated water using
photocatalysts.

were obtained. The Ti:Ash:Ce 40:60:0 was then
tested without light irradiation for 240
minutes. It is found that no significant change
of COD was observed but a slight decrease of
water salinity was observed. This indicates
that adsorption of contaminant did not occur.

Figure 6 shows the COD profiles of water
samples tested after 240 min in visible light ir-
radiation. The Ti:Ash:Ce 40:60:0 was tested
under visible light to serve as a blank run, no
significant change was found. This was be-
cause the band gap energy of Ti:Ash:Ce 40:60:0
is 3.06 eV which reactive in UV light. The
slight reduction of COD in the first 100
minutes might be caused by the adsorption of
contaminants by ash. Oil palm fiber ash
(OPFA) has been used as a low-cost substitute
adsorbent to eliminate harmful coloration such
as malachite green (MG), methylene blue, an
anionic dye, direct blue 71 [33-35]. The Lang-
muir balance isotherm is more accurate than
the other isotherm equations to explain the ad-
sorption in the oil-palm shell of aqueous phenol
[36,37]. The investigation was done by Kan et
al. indicate that the silica content in OPFA
might enhance the adsorption ability of photo-
catalyst in seawater pretreatment [11]. Silica
content in OPFA might enhance the catalyst
uses in seawater pretreatment by improving
adsorbing characteristic. Moreover, appearance
salt peaks on spent catalysts support this ob-
servation.

Humic acids (HA) constitute a vast majority
of natural organic matter (NOM) and are com-
monly present in natural water and strictly af-
fect its taste and color [38,39]. Humic acids are
compounds distinguished by high levels of car-
boxyl (-COOH) and phenolic hydroxyl (—OH)
groups bound to aromatic chains. Since they
are a very complex mixture, they cannot be
represented by a simple formula [40,41]. Hu-
mic acid comes from the soil, river, and lake
sediments, coral, freshwater, wastewaters,
plants and coral skeletons [42]. One of the
sources of HA in seawater is aquaculture, This
can be done by the addition of humic acid in
the formula of the feed, which can lower the
accumulation of heavy metals in the fish
body [43,44]. Humic acids is among the com-
mon contaminants that can be found in water
source. Humic acid can be degraded into free
radicals, such as singlet oxygen, humic-derived
peroxy radicals by solvated electron and OH’
radicals [4]. The presence of different transi-
tion metal oxides, such as: TiO2, CuO, Fe20s
and ZnO, in OPFA promotes environmentally
persistent free radicals in the form of metal
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cations or redox potentials of metal ions [10,45]
for contaminants degradations.

As can be seen in Figure 6, a significant de-
creasing trend of COD reduction was observed
when Ti:Ash:Ce 40:55:5 was used. Generally, it
was found that a reduction of 18% of contami-
nants was observed after tested for 60 min,
while 30%, 41%, and 45% was observed after
testing for 120 min, 180 min, and 240 min re-
spectively. In contrast, the COD profiles for
Ti:Ash:Ce 40:50:10 and Ti:Ash:Ce 40:45:15 pho-
tocatalysts showed less activity than Ti:Ash:Ce
40:55:5. When Ti:Ash:Ce 40:50:10 was used,
8%, 13%, 21%, and 24% of COD reduction was
obtained after testing for 60 min, 120 min, 180
min, and 240 min. respectively. Meanwhile, a
reduction of 5%, 13%, 18%, and 20% was ob-
tained when Ti:Ash:Ce 40:45:15 was used after
60 min, 120 min, 180 min, and 240 min, respec-
tively.

The highest contaminants reduction was
achieved when Ti:Ash:Ce 40:55:5 was used. It
might be caused by the Ti:Ash:Ce 40:55:5 pho-
tocatalyst band gap energy of 2.72 eV, which
reactive in visible light. Moreover, excellent Ce
metal distribution on the photocatalyst surface
and textural properties might contribute to re-
markable performance of Ti:Ash:Ce 40:55:5.
The optimum metal loading in the photocata-
lyst is also important because suitable amount
of metal loading enhances the photoactivity of
catalysts by increasing the number of electron
trapping sites [14,46]. In addition, the amount
of metal loading is crucial because supernumer-
ary metal loading on TiOz can block TiOz defect
sites which are necessary for the adsorption
and photoactivation of oxygen, thereby reduc-

0> 0>

. . CO2
O2 + Organic pollutants ——

H,0

Sun Light

CO: Organic
+ pollutants

H,0

Figure 7. Schematic photocatalysis mechanism

of Ti:Ash:Ce photocatalysts.

O2 +2H*

ing the photoactivity of organic degradation
[47,48].

3.3 Possible Catalytic Mechanism

Numerous studies have been conducted to
identify the catalytic mechanism and the reac-
tive species responsible for organic compound
degradation. The essential reactive species are
electrons (e’), holes (h*) and hydroxyl free radi-
cals (OH"). Thus, Ce 4f level in Ti:Ash:Ce plays
a vital role in interfacial charge transfer and
restraint of electron-hole recombination, Be-
sides that, The combined interaction between
Ti and Ce metal cations promotes an easy
charge transfer on surfaces, accelerating the
Ce3* redox process that is beneficial to oxida-
tion [7,49]. Makdee et al. reported that doped
TiO2 with cerium improved photocatalytic ac-
tivity due to the creation of new energy levels
by Ce3* and oxygen vacancy under the TiO:
conduction band, which can decrease the
charge recombination through trapping the
electrons [25]. Moreover, cerium ions could
form complexes with various Lewis bases in
the interaction of the functional groups with
their f-orbital, which promote the photocatalyt-
ic activity either by the presence of redox cou-
ple or different optical properties caused by dif-
ferent ions, Ce3* [20,50].

On the other hand, oxygen has an ability to
accept and consume the generated electrons in
the photo-degradation reaction and producing
free radical species through the following steps:

ce’* +0, - 0; (1)
e +0, -0 @

After producing the superoxide free radicals
(O-2), the second stage of photo-degradation
will start to produce the reactive free radical
species (hydroxyl radical OH*). The process of
generating OH' can occur by two pathways;
first Oz present in water is reduced to form O-2,
which then reacts with H* to form OOH", fol-
lowed by rapid decomposition to OH". The sec-
ond pathway involves the oxidation of 2H",

Table 3. The k-value for each set of photoreac-
tion with their corresponding R2-value.

Photocatalyst k (min-1) R2
Ti:Ash:Ce 40:55:05 0.0025 0.9764
Ti:Ash:Ce 40:50:10 0.0012 0.9845
Ti:Ash:Ce 40:45:15 0.0010 0.9623
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which aid in the decay of contaminants, as
shown in Figure 7 [20,22,51].

O, +2H" —20H" (4)

Furthermore, the kinetics data for different
catalyst Ti:Ash:Ce loadings were determined by
using Langmuir-Hinshelwood (LH) rate law
model. After fitting data on first order reaction,
a typical irreversible reaction in this study can
be described by the following equation:

Lo e (5)
“Teop = 7= -
C, Cho
where -rcop is COD degradation rate
(mg.L-'t.min') and the % is a specific reaction
time (min-!). The values of the specific reaction
time &, and R2 summarized in Table 3.

4. Conclusions

The activity of TiO2 for humic acid degrada-
tion in water was investigated using photocata-
lysts of Ti:Ash:Ce which were synthesized at
the various mass ratio. The XRD pattern indi-
cates that the crystalline phase of the TiO2 ma-
trix was stable, and new solid solution peaks
were achieved after impregnated with Ce and
ash. Furthermore, UV-vis absorption spectros-
copy confirmed that Ce loading reduced the en-
ergy band gap of photocatalysts from 3.06 eV
(Ti:Ash:Ce 40:60:0) to 2.53 eV (Ti:Ash:Ce
40:60:15) which reactive in visible light. The Ce
was well dispersed on the Ti:Ash photocatalyst.
It 1s also found that aggregation and agglomer-
ation of the loaded metal increased when the
amount of Ce loading increased. The synthe-
sized photocatalyst exhibited type IV iso-
therms, indicating the mesoporous structure of
the photocatalyst. The Ti:Ash:Ce 40:60:0 exhib-
ited a low activity under visible light irradia-
tion while Ti:Ash:Ce 40:55:5 performed the best
with up to 45% contaminant reduction was
achieved. The higher Ce loading on the photo-
catalyst may reduce the photocatalyst perfor-
mance because supernumerary metal loading
on TiO:z can block TiO:z defect sites which are
necessary for the adsorption and photoactiva-
tion. It can be deduced that the hybrid TiO:
photocatalyst that synthesized with OPFA and
doped with Ce has huge potential to treat sea-
water.
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