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Cmpyxmypa adpo-obononxa nezoearnozo
Ce Ti0,@85i0, @(Ni-Cu-Zn) pepumy, zazna-
uenozo ax CTSF y euznsadi xomnozummuux
nanowacmunox (HY), 6yna cunmesosana
3 BUKOpUCMANNAM MOOUPIKOBAN020 30.71b-
2ent memody. Dizuxo-ximivni enacmueocmi
ompumanux npodyxmie Gyau noeuicmio oxa-
paxmepusoeani 3a 00NOM02010 peHmzenis-
coxoi dugppaxuii (PI), memody Bpynayepa-
Emmema-Tennepa (BET), peumzeniscoroi
pomoenexmponnoi cnexmpocxonii (POEC)
i Hadnpoeionozo xeanmosozo immepgepen-
uiitnozo npucmporo (CKBIA). Tum uacom
ouinosanna pomoxamanimuynoi axmue-
Hocmi Kamanizamopa nPoeooduny Memooom
cnekmpockonii y euoumii ma yavmpagio-
aemosii obnacmax (Y®-sud). Peaynomamu
docioxncenna ROKA3YIOMb, WO avamasna
gaza, nos’szana 3i cmpyxmyporo Ti0», dyra
nodydosana na 308niwnil 000101UT KOMNO-
sumnux HY. Oonax opyzy pasy, noe azany zi
cmpyrxmypoio Ce, Gyno neaezko sussumu Ha
petmezenozpami, wo Nidmeepouno 6xarHen-
ua nezosanozo Ce 8 xpucmanivyy cmpyxmy-
py TiO;s. Mezonopucma cmpyxmypa iezoea-
nux Ce wapie Ti0, byna npodemoncmposana
3a donomozoro izomepmu muny IV i nemni
zicmepesucy muny H3. bye ciopmosanuii
odnopiduull poamip nop npu RUMOMIL naowi
noeepxni do 111,916 M>/2 i 0,241 em’/2 06'e-
My nop. Cmexiomempis ximiunozo cxiady,
YMEOpenozo 3 MeHWO010 KidbKicnio deghexmis
na nosepxni wapie TiO,, npodemoncmposa-
na xpueoto cumempii nixie Ti 2p; oma Ti 2p -
P@EC-cnexmpie. Tum wacom oKucaoeaiv-
no-gidnoena napa, wo sionosidac Ce’'/Ce'”,
oyna exmouena ¢ monuxe noxpumms TiO».
Kpin moeo, xamanimuuni maesnwimni HY
MAKoHC MONCYMb Dymu eidoxpemaeni 3 6uKo-
pucmannam 308HiWHb020 MAZHIMHO20 NONA
610 peaxuitinoi cucmemu. Xapaxmepucmuxu
npodyxmy, noe’szani 3 epexmuenicmio poi-
xnadanns, docsznu 50 % y sodnomy pozuuni
Memuaenoeozo cunwozo (MC)

Kmowoei cnoea: mazwimuuii gomoxa-
manizamop, Qomodezpadauyis, nezosanuii
uepiem Ti0,, nosepxnesa modudixauis,
domoxamanimuuni xapaxmepucmuxu

u| =,

Received date 25.03.2020

Accepted date 12.05.2020 m
Published date 30.06.2020 ]

DOL: 10.15587 /1729-4061.2020.203186

SURFACE MODIFICATION
OF MAGNETIC TIO2 CORE-
SHELL WITH DOPED CERIUM
FOR ENHANCEMENT

OF PHOTOCATALYTIC
PERFORMANCE

Fachruddin

Master of Engineering *

E-mail: fachruddin@mesin.pnj.ac.id

Iwan Susanto

Doctor of Materials Science and Engineering,
Assistance Professor®

E-mail: iwan.susanto@mesin.pnj.ac.id
Ching-Cheng Chen

Doctor of Materials Science and Engineering
Department of Materials Science and Engineering
National Dong Hwa University

Shoufeng Township, Hualien 97401, Taiwan ROC
E-mail: 810022002@ems.ndhu.edu.tw
Nugroho Eko Setijogiarto
Master of Engineering *

E-mail: nugrohoeko 156@gmail.com

Fuad Zainuri

Doctoral Candidate of Mechanical Engineering *
E-mail: fuad.zainuri@mesin.pnj.ac.id
Sulaksana Permana

Doctor of Engineering in Metallurgy and Materials **
E-mail: sulaksana@yahoo.com

Johny Wahyuadi Soedarsono
Doctor of Engineering, Professor**

E-mail: jwsono@metal.ui.ac.id
*Department of Mechanical Engineering

State Polytechnic of Jakarta

16 Depok 16424, Jawa Barat, Indonesia
**Centre of Mineral Processing and Corrosion Research
Department of Metallurgy and Materials
Universitas Indonesia

Depok 16424, Jawa Barat, Indonesia

Copyright © 2020, Fachruddin, lwan Susanto, Ching- Cheng Chen, Nugroho Eko Setijogiarto,

Fuad Zainuri, Sulaksana Permana, Johny Wahyuadi Soedarsono

15 is an open access article underthe CC BY license (http s rereativecommons.org/ licenses/ by/4.0)

1. Introduction

purification, especially liquid waste through the degradation

of pollutants by utilizing solar energy into chemical ener-

As industrialization and globalization continue to devel- gy [3, 4]) to now, some semiconducting nanocatalysts,
op, environmental problems caused by organic contaminants  namely Zn0O, TiOg,@}}, ZnS, CdS, and Fe, 04, ete. were
and energy crises are a serious concern [1, 2]. Semiconductor  used continually for the abstraction of organic effluents from
photocatalysts are a proven technology for environmental  industrial wastewater [5-7]. Particularly, TiOs is an attrac-




tive semiconductor material that has been widely utilized in
el system because of its superior photoelectric properties,
non-toxicity, low cost and high stabilitf8 —11]. In the work-
ing mechanism of the TiO,system, the electrons in the upper
valence band will jump into the conduction band as they
received the ultraviolet hﬂgcnomtmg the electron and
holes pair [12]. They create the formation of reactive oxygen
species, which play directly for the degradation of organic
pollutants via oxidation process. However, the rapid recom-
bination rate for charge-carrying of electron pair holes and
the narrow range of light response become a serious problem,
which inhibits the photocatalytic process in practical appli-
cations [13, 14]. In addition, the difficulty of separating the
catalyst from the reaction system also leaves a new issue as
they are applied in liquid waste treatment.

Several attempts have been made to overcome the issue
by expanding the gap of the TiOy absorption band with
reducing the possibility of recombination for electron-hole
pairs. The strategies carried out include the design of sen-
sitivity, doping impurities by the metal ions, and incorpo-
ration with other semiconductors [15-17]. In another part,
the magnetic catalyst nanoparticles were also a good model
to be developed for separating the catalyst product from the
reaction system, which further will be described in more de-
tail in the literature review. Thus, the collaboration between
both the doping material and the magnetic catalyst model is
an interesting strategy to be investigated in order to reduce
the issue above.

2. Literature review and problem statement

Modification of TiOs catalyst by doping ions mecha-
nism using the rare earth materials proven can enhance
the photocatalytic activity [18]. Cerium (Ce) is one of
the attractive rare earth materials that could prevent the
electron-hole recombination rate in TiO, [19,20]. The
study reported that doping of Ce up to 1 % (w/w) in TiO,
can increase the photocatalytic efficiency in the 4-chloro-
phenol dve to be optimum up to 86.6 % for 3h at doping of
0.6 % Ce. However, the positive effect is maintenance with
the erystalline structure as the synthesis of TiOa products
was prepared by the solvothermolysis method. Another
study developed with hydrothermal technique reported
that the incorporation of Ce of 0.01 gram/Nitrogen for
Ti04(0.01Ce/N-TiO1) in the AO-7 dye increased the pho-
tocatalytic degradation up to 79.04 %, which was facilitat-
ed by the reduction of recombination rate of electron holes
pair [21]. Likewise, the attending of Ce?" /Ce®" mixture in
TiO, formed by the sol-gel process was an effective mode
for inhibiting the electron-holes recombination, enhanc-
ing the photocatalytic activity [22]. The cxpcriﬂ:ﬂt of
doping (0-2.0%Ce)/La-TiO, demonstrated that product
yields for 1.5 wt %Ce,ﬂa/TiO; were around 1.8, 1.9 and
2.1 times compared to La/Ti0s for CH3OH, CHy and CO.
Several recent investigations also rep the superiority
of cerium in doping TiO,. A study of eo-doped TiO, with
0.6 %Mn and 1 %Ce molar ratios exhibited the strongest
photoactiveE}talyst with 94 % of DCF removal [23]. The
cerium led to be an effective dopant for increasing the
response of TiOa by an efficient bandgap narrowing and
hinderingae electron-hole recombination. Thus, it can im-
prove the quantum yield in the photocatalytic process. In

addition, {E)experimental result revealed that the doping
modffbf 0.02 g Ce in TiOs-NPs-AC at pH 5.0 has shown
the higher concentration of BR 46 leading to a decrease in
removal percentage [24]. Unfortunately for these catalysts
model, failure to recycle these nanostructures not only
increases processing costs but can also lead to new types
of pollution.

For the reason, incorporation of magnetic materials
with nano-based catalyst TiO, particles is of particu-
lar interest because of their unique magnetic response,
chemically modified surface, and low toxicity [25-27].
The studieg@fported that the magnetic catalyst of TiO,
composite could be recovered from the rezmm solution
by using a permanent magnet. However, the direct contact
between the TiO, layer and magnetic component results
in the negative effect, which facilita he increasing rate
in electron-hole recombination. For reducinhe adverse
influence of magnetic materials, the interface layer between
the magnetic core and TiO, catalyst should be modified.
Some works reported that using SiOs materials as an
intermediate layer of the core-shell structure has been in-
troduced for creating the magnetic catalyst of TiOy/Si0,/
ferrite [28-31]. So, the developing study of the magnetic
catalyst by the intermediate laver is still promising in the
Ti0s core-shell structure.

In this study, surface modification of TiQ, magnetic
[22e-shell doped cerium as the catalyst product of Ce-doped
Ti0,@Si0,@(Ni-Cu-Zn) ferrite for enhancement of photo-
catalytic performancef@@eported. The doping composition
of 2%wt Ce in TiOs by the sol-gel method will be intro-
duced. The characteristics of the structure, surface behavior
and magnetic properties of the catalyst product are investi-
gated and discussed in detail as well.
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3. The aim and objectives of the study

The aim of the study is to improve the photocatalytic
performance of the magnetic catalyst of the TiQz core-shell
striffre by adding cerium element.

To achieve this aim, the following objectives are accom-
plished:

g— Svnthesis of the catalyst magneticE#oparticles (NPs)
v the sol gel method to create the TiO, core-shell structure.

— Surface modification at the outermost layer of core-
shell structure with doping cerium in TiOs.

— Characterization of the structure, surface composition
and magnetic properties of the product.

— Performance test of the product using the MB dye
solution in a dark condition and under visible light.

4. Materials and methods for surface modification of TiO,
magnetic core-shell structure doped cerium

4. 1. Catalyst synthesis

The applied procedure for the NPs synthesis of Ce-
TiO,@Si0,@(Ni-Cu-Zn) ferrite magnetic photocatalyst
noted as CTSF is schematically designed in the core-shell
model. The detailed synthesis process was reported in our
previous study [32]. The final model of CTSF was cre-
ated from tetrabutlytitanate (Ti(OC;Hg)4) doped with
2wt %Ce, for which is coated on the SiO,@Ni-Cu-Zn fer-
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rite (SF) nanoparticles. Further, the model g@ calcined at
500 °C for 3 hours to generate the anatase phase of TiOa.
All of the samples uding (Ni-Cu-Zn) ferrite, SiQ,@
(N—Zn) ferrite, TiO,@S8i0,@(Ni-Cu-Zn) ferrite, and
Ce-Ti02@Si09@(Ni- Cu-Zn) ferrite were noted as F, SF,
TSF, and 20CTSE, respectively. The samples are further
characterized and tested to get the surface structure prop-
erties and photoeatalystic performance.

4. 2. Catalyst characterization

The erystalline structure was observed by using the X-ray
diffraction (XRD) with Cu K, radia(E} (2=0.154056 nm)
(Rigaku D/Max-11, Tokyo, Japan) for a scan r@ of 3°/min-
utes. The surface characteristics related to the surface area,
pore volume, and pore size were measured by Brunauer—Em-
mit—"Teller (BET) using nitrogen adsorption emploving Au-
tosorb-1C instrument (Quanta Chrome, Boynton Beach, FL).
The nitrofE) gas was used as an adsorbent, while pore vol-
ume and pore size were caleulated from the BJH method
cumulative adsorption. The surface chemical composition
rcla to Ce element doped on the TiO; was measured by
the X-ray photoelectron spectroscopy (XPS; VGS Thermo
K-Alpha, Waltham, MA, USA) with an Al K, radiation as
the exciting source. The magnetization properties were per-
formed at ambient temperature using the superconducting
quantum interference dac (MPMS5; Quantum Design,
San Diego, CA) set-up with a maximum magnetic field of
10 kOe.

4.3. %ﬂtocatalytic activity

The photo-degradation of MB concentration was carried
out at 0.30 g powders of both TSF and 20CTSF magnetic
photocatalysts in the 50 mL of 10 mg/L MB aqueous solu-
tion using UV-VIS spectrometer (Evolution 220; 'l‘hcr@
Waltham, MA). Before the UV illumination process, the
suspension was stirred with ultrasonic vibration in the dark
room for 30 min to reach adsorption—desorption equilibri-
um. The performance of TSF and 20CTSF composite was
measured under the 35-W Xe are lamp acting as simulated
sunlight for irradiation function. 3mL of suspension was
taken every 1 h during 6 h and centrifuged for separate pow-
ders with reacting liquid prior which was analyzed based on
the absorbance intensity of MB at 664 .6 nm.

5. Experiment results of characterization of structure
layer, surface area, surface composition, magnetic
properties and photocatalytic performance

5.1. XRD characterization

Fig. 1 shows the XRD pattern of photocatalyst
nanoparticles for F, SF, and TSF samples. The ferrite
phase includes both of the Ni-Zn and Fe,04 associates of
the core NPs shown in Fig. 1, a while the pattern of the
S103 coating is displayed in Fig. 1, ¢. Finally, Fig. 1, ¢, d
demonstrates the pattern of anatase TiOy and Ce doped
Ti0, layer, serially.

Based on the XRD results in Fig. 1, there are two main
peaks pattern raised with both Fe;O4 (D) and Ni-Zn ferrite
(o) phase in Fig. 1, a. Both peaks initiate from the core of
magnetic ferrite NPs. While the same peaks in Fig. 1, b are
obtained due to the amorphous phase of the Si0, layer on the
magnetic ferrite core NPs. In Fig. 1, ¢, the third phase with

the reduction in the intensity of both peaks before attend
as the new peak of anatase (V) from the TiOy structure.
Meanwhile, there is no change of the pattern in Fig. 1, d with
doped element Ce.

ONi-Zn ferrite,
v

v Anatase TiO» O Fe203

v Voo (d) 20CTSF

A \ (c) TSF
l |

! SF
rooadrald rehondndin D)
0o
=] OO o] Q
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Fig. 1. XRD pattern of magnetic catalyst NPs of the sample:
a—F,b—SF, ¢ —TSF, and o — 20CTSF

Intensity (a.u.)

5. 2. BET Analysis

Fig. 2, a displays the BET analysis results for isother-
mal adsorption-desorption of magnetic catalyst NPs of
@ F. b - SF; ¢ — TSF and d — 20CTSF, regularly. While
BJH pore size distribution of nafiparticles photocatalyst is
shown in Fig 2, b. Besides, the surface area, pore diameter
and pore volume of the magnetic catalyst NPs are tabulated
in detail in Table 1.

On the BET curve results, the same trend with a nar-
row hysteresis loop with low pore volume both of F and SF
samples were shown in Fig. 2, a. The broader hysteresis loop
by higher pore volume was demonstr{Efl by two kinds of
the TSF and 20CTSF sample. For the BJH pore size distri-
bution in Fig. 2, b the shaper peak of TSF compared to the
20CTSF sample was introduced. However, in the F and SF
sample demonstrated the broader peak with low pore volume
adsorbed.

Table 1
Pore characteristics of NPs photocatalyst

Sample Surface J‘-\l'eu Sger | Pore Diameter | Pore Volume
(m*/g) (&) (ee/g)
F 7.586 15.949 0.022
SF 7.395 15.902 0.018
TSF 126.831 26.437 0.244
20CTSF 111.916 30.763 0.241

Table 1 displays ia surface characteristics of catalyst
NPsassociated with surface area, pore diameter, and pore
volume, serially. The first column is the product sample.
The second column is the surface area value that is the
higher the Sgervalue, the greater the surface area formed.
Interim, the third column is the value of pore diameter
created on the surface product. In the end column, it is
the value of pore volume obtained from the accumulation
of the pore diameter with the depth hollow constructed
on the surface.
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adsorption-desorption, b — BJH pore size distribution of NPs photocatalyst

5. 35S Spectra
Fig.3 presents completely the XPS spectra of surface com-

position for Ce-Ti04/Si0s/Ni-Cu-Zn. The full range of obser-
vation for all of the elements is shown in Fig. 3, @. The character-
istics of Ti 2p peak and the bonding element of Ti-O were shown
in Fig 3, b, ¢, respectively. Furthermore, the Ce 3d spectrum
compared to the TSF sample was exhibited in Fig. 3, d.
According to the results of examination of XPS spectra,
all of the elements were detected on the full range observa-
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tion up to 1,20 (EFAding energy shown in Fig. 3, a. The Ti 2p
peak including Ti 2py0 and Ti 2ps 5 correlated with titani-
um element present in the investigation in more detail at the
range 456 to 468 eV in Fig. 3, b. While, the Ti-O bonding
related to titanium oxide in Fig. 3, ¢ was monitored in the
range of 526 to 536 eV. Moreover, the attending of two pho-
to-peaks compared to TSF peak representing the element
cerium consist of Ce?* 3d (trivalent) and Ce'" 3d (tetrava-
lent) was obtained for the range of 880 to 9056V in Fig. 3, d.
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g. 3. XPS spectra of magnetic NPs on the 20CTSF layer: a — full range survey, b — characteristics of Ti 2p, ¢ — oxygen

incorporated in Ti; d — Ce 3d spectrum




3. 4. Magnetization Test

Fig. 4 provides the magnetic characteristics of all of cata-
lyst N Ps samples, which are performed by the superconduct-
ing quantum interference device at room temperature. The
saturation magnetization value with the minimum hysteresis
loop was shown in Fig. 4. The curve hysteresis loop of cata-
lyst magnetic is noted as F, SF, TSF, and 20CTSF, regularly.
a The magnetization curve of all catalyst products was
shown in Fig. 4. The saturation magnetization values of F,
SFE, TSF, and 20CTSF samples are 28.12, 21.13, 4.73, and
9.23 emuy/g, regularly. The greater value indicates the stron-
ger performance of N Ps for responding to the magnetic field.
The inset of Fig. 4 demonstrates the photograph of 20CTSF
N Ps composite under a magnetic field after the completion of
photo-degradation. The catalyst NPs can be collected from
the deionized water solution after 30 seconds.

30

[
(=]

(=]

Magnetization (emu/g)
(=]

After 30 seconds

=30
-10.0k

-5.0k 0.0
Magnetic Field (Oe)

5.0k 10.0k

Fig. 4. Room-temperature magnetization curve of the
products F, SF, TSF, and 20CTSF. The inset displays a
photograph of the separation process in the product from
the photocatalyst reaction

5. 6. Photodegradation Performance

Fig. 5 demonstrates the performance of magnetic cata-
lyst NPs in MB dye solution, which is compared between
both the TSF and 20CTSF samples. The catalytic activity
was carried out in two steps, the first condition is in the dark
room and the second phase is under visible light.

—=— (a) TSF
—e— (b) 20CTSH

Degradation efficiency (%)

Irradiation time (hour)

Fig. 5 todegradation of MB concentration for NPs
catalyst as a function of irradiation time under visible light,
as monitored by changes in the absorbance at 664.6 nm

Two curves were exhibited in Fig. 5 where the blue line
and black one are associated with the degradation rate of
MB dye solution with the catalyst NPs of TSF and 20CTSF,
respectively. In the first step, the MB dye concentration was
reduced up to 27 and 29 % for the TSF and 20CTSF solu-
tion. Further, for the second process, both curves go down
continually as the irradiation time under visible light was
added to the photodegradation system. The final reduction
at 6 hours, the degradation efficiency was achieved at 45 and
50 % for both catalyst samples.

6. Discussion of experimental results

The XRD pattern of photocatalyst nanoparticles for F,
SF and TSF samples was performed in detail shown in Fig 1.
The spinel erystal structure of particle ferrite (Ni-Cu-Zn) is
demonstrated by the pattern of sample F in Fig. 1, a. The pat-
tern matched with the Joint Committee of Powder Diffraction
Standard (JCPDS) with the number of 08-0234 {or the crystal
structure of ferrite Ni-Zn [33]. However, there is a second phase
attending in the pattern, which was also matched with JCPDS
of 72-0469 for Fe;O5_ Both kinds of those peak patterns seem
broader, suggesting the particles in the nanometer size. After
the deposited SiOy layer, there is no SiOy peak present on the
pattern shown in Fig. 1, b. This could be due to the amorphous
structure constructed on the SiOs layer. Since TiOs and Ce
doped TiO; have coated on the ST particles, some of the new
peaks attFRd on the XDR pattern in Fig. 1, ¢, d. Their pres-
ence was accompanied by a decrease in the intensity of some
of the previous peaks. The new erystal peak located 25.27° at
20-XRD in (101) plane was originated from the anatase phase
of TiOy. The pattern is following JCPDS number 21-1272 for
the anatase crystal structure of T10; [34]. Based on the result,
it is explained that the TiO, layer was successfully formed on
the outer shell of composite nanoparticles of TiO2@SiO@( Ni-
Cu-Zn) ferrite. However, no peaks of Ce were detected on the
pattern in Fig. 1, d, which confirmed that all of the doping Ce
had been incorporated into the TiO; erystal structure.

The adsorption analysis of nitffen gas was done for the
characterization both of specific surface area and pore-size
distribution of photocatalyst magnetic particles. Fig.2, a
displays nitrogen gas isothermal adsorption-desorption for
samples F, SF, TSE, and 20CTSF, serially. The type IV
isotherm and H3 type hysteresis loop were investigated for
all samples, indicating the product of TSF and 20 CTSF
having the mesoporous structure [35]. The specific surface
area (SSA) of both models, caleulated with the standard
multi-points Brunauer-Emmett-Teller (BET) method, was
obtained at 126.831 m?g! and 111.916 m?g"!, respectively.
However, for F and SF models, the SSA value was obtained
lowetffhn both models tabulated in detail in Table 1. Be-
sides in Fig. 2, b the peak pore size distribution of TSF based
on Barret-Joyner Halenda (BJ 1) desorption isotherm shows
shaper than 20CTSF, suggesting a homogenous pore size in
the sample [36]. The greater SSA might facilitate the more
surface contact area, which could be beneficial for accelerat-
ing the photocatalyst reaction for reducing dyes molecules.

The surface chemical composition and bonding element of
20CTSF catalyst NPs were observed in more detail by XPS
displaved in Fig. 3. The full range survey up to 1,200eV for
X P8 spectra is shown in Fig. 3, a, which composite main peaks
are Si 2p, 2s, C 1s, Ti 2p, O 1s, Fe, 2p, Ni 2p, Ce 3d, Cu 2p, and
Zn 2p, serially. The attending of C 1s peak located at 285.1




related to carbon on the sfflifice originates from the surface
adventitious carbon. While the presence of Si 2p and Si 2s cen-
tered on 103 and 133.08 eV associate with the binding energy
of Si*" and O% in silica[37), identified due to the thin coating
of TiOs on the SiOy layer. Meanwhile, the elements of Fe, Ni,
Cu, and Zn corresponding to the magnetic core NPs are also
detected at 709,886, 975, and 1021 eV regularly, for which both
layers of TiO; and SiO; are still in the very thin coating. Th
the characteristic peaks of Ti 2p are (fE3bnstrated in detail in
Fig. 3. b. There are two photo-peaks of Ti 2py » and Ti 2p; 5 cen-
tered at 459.1 and 464.8 eV, serially [38]. The symmetry curve
of both peaks without the shoulder on the lower energy sides
indicates that the formation of TiO, was in the stoichiometries
with fewer defects. Moreover, the O 1s peak binding energy
with a prominent peak at 530 in Fig. 3, c was the oxygen incor-
porated in Ti, suggesting the Ti-O bonding constructed on the
outer shell lavers. Finally, the Ce 3d XPS spectrum peaks were
identified in higher binding energy around 456 to 467 €V in
Fig. 3, d[39)], revealing that two photo-peaks of Ce?" 3d (triva-
lent) and Ce*" 3d (tetravalent) were attended for doping TiOa.
The centered peaks of the trivalent are in two peaks positions
of 886.18 and 904.23 eV, while the tetravalent peaks are also in
two locations of 882.63 and 901.08 €V regularly, suggesting the
presence of a mixed-valence state for Ce ions in the TiOs layer.
Fig. 4 provides the magnetization curve of magnetic NPs
tested at room temperature. The greater value indicates the
stronger NPs influenced by a magnetic field. The magneti-
zation curve of Ni-Cu-Zn ferrite as the catalyst core shows
the minimal hysteresis loop aEg@bing a soft magnetic mate-
rial of 28.12 emu/g compared to the bulk value of 80 emu/g.
Furthermore, the decrease of saturation magnetization for
SF TSF and 20CTSFE corresponds to the nonmagnetic TiO,
and SiO1 layer coating over F NPs. The lower in these values
is likely influenced by the thickness of the shell structure
formed on the composite magnetic NPs. The inset of Fig. 4
demonstrates the photograph of 20CTSF NPs composite
under a magnetic field after the completion of photo@ig@ra-
dation. It seems that the magnetic NPs of 20CTSF can be
separated by using an external magnetic field for 30 seconds
from the reaction system. The challenge of the model is to
control the thickness of the layer as thin as possible during
the synthesis process. The thinner layer coating can lead to
the faster catalyst response to the external magnetic fiel
The photocatalystic activity of TSF and 20CTSE NPs was
evaluated by the degradation of MB dye solution under visible
light using a Xe arch lamp with 35 Watt in Fig. 5. Before pho-
to-degradation under visible light, the adsorption-desorption
was reacted in the dark room for 30 minutes whereas the decol-
oration of MB dye was achicup to 27 and 29 % for TSF and
20CTSF NPs, respectively. It is well known that the surface
area and many pores on the surface of catalyst NPs tabulated
in Table 1 will facilitate the absorption of dyes contained in the
MB @8 tion. As the catalyst product was loaded underirradia-
tion visible light, the photodegradation efficiencies were found
to be increased gradually with inereasing reaction time. The

enhancement of the degradation efficiency was achieved to be
45 and 50 % for catalyst NPs of TSF and 20CTSF for 6 hours.
Higher efficiency for the 20CTSE catalyst was suggested that
the redox couple Ce* f ™" lead to reduced bandgap energy. It
can also facilitate the effective recombination delay of photo-in-
ducgcharge carriers [40]. Moreover, they also have an effec-
tive dopant for improving the response of TiOy. whicl{iJreases
the quantum vield in the photocatalytic process [23]. However,
the reduction of the specific surface area of 20CTSF based on
the BET results can restrict the optimum performance of the
product in degrading the MB dye. So, the right Ce doping
composition is further needed to optimize the surface area for
increasing the performance of the product. Also, the investi-
gation related to the layer structufl@and surface morphology
should be conducted in detail by the Transmission Electron Mi-
croscopy (TEM) and Scanning Electron Microscopy (SEM)
to get a deep understanding of the character from the product.
Thus, the cyclic loading should also be carried out to find out
the performance of the product. Eventually, various dyes could
be used to develop the product in the application.

7. Conclusions

1. The TiOEERalyst magnetic NPs asa synthesis product
with the core-shell structure was successfully constructed
l'm:c sol gel method. The model of 2wt %Ce-TiO,@SiO,@
(Ni-Cu-Zn) ferrite noted as 20CTSF was introduced to the
reduction of MB dye.

2. The attending of two photo-peaks of Ce®" 3d (trivalent)
and Ce?" 3d (tetravalent) on the fBIfluct layers was associated
with the metal ions of Ce doping on the surface layer of TiO,.

3.The anatase phase of fl} TiOz structure has formed
on the outer layer of the core-shell structure. The large
surface area and great pore volume have been achieved by
the 20CTSF product up to 111.916 m*/g and 0.241 cc/g,
respectively. While the good enough magnetic field with
9.23 emu,/g could separate the product by an external mag-
netie field from the reaction system.

4. The total performance of the 20CTSF product in the
MB dye solution was achieved up to 50 % in the degradation
efficiency during 6 hours. The performance of the catalyst
was better up to 5 % of efficiency than without the doped Ce
for the reduction of MB dye.
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