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Abstract: Herein, a ternary nanocomposite of magnetite nanoparticles (MNPs), TiO, nanoparticles
(TNPs), and graphene oxide (GO) (Fe;O4@TiO,/graphene oxide, GMT) has been successfully
synthesized for photocatalytic degradation of rhodamine B (RhB) dye under natural sunlight
irradiation, which is a significant elevation in photocatalytic activity and sustainability for both
Fe;04@Ti0O; nanoparticles and magnetic GO materials. MNPs was first incorporated with TNPs to
form Fe;04@TiO, core/shell nanoparticles, followed by the addition of GO. The nanocomposite’s
morphological, chemical and physical properties were investigated through various spectroscopic
techniques such as Fourier-transformed infrared (FTIR), X-ray diffraction (XRD), and
ultraviolet-visible (UV-Vis) adsorption. Vibrating-sample magnetometry, Brunauer-Emmett-Teller
(BET) equation, scanning electron (SEM), and transmission electron (TEM) microscopies were also
used for the nanocomposite formation demonstration. In comparison with bare components, GMT
samples displayed much higher degradation efficiency on rhodamine B (RhB) dye solutions under
natural sunlight irradiation. The nanocomposite, therefore, proclaimed high potential as a “next-step”
material of Fe;O4@TiO, core/shell nanoparticles for pollutants removal from wastewater and other
photocatalytic applications.
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1. Introduction

With the significant development of industry, environmental pollution has become a hot topic in
the world, particularly the contamination of water sources and wastewaters due to the release of
heavy metals, organic dyes, oil spills, and so on [1,2]. Such contaminants present toxicity and
constitute serious threats to both human and environmental health. It is, therefore, of great
significance to design efficient and environmental friendly techniques for the purification of
wastewater [3,4]. Semiconductor-based heterogeneous photocatalysis is one of the most promising
alternatives for the management and remediation of contaminated water. Among available catalyst
platforms, titanium dioxide (TiO;) is regarded as one of the most widely accepted photocatalysts for
the degradation of pollutants in aqueous solutions [5,6]. This superiority of TiO; is attributed to its
numerous advantages such as chemically and biologically inert, photo-catalytically stable, capable of
efficiently catalyzing reactions, relatively easy to produce and use, low-cost and entirely risk-free to
humans and the environment [7,8]. However, TiO, could only be photo-excited under ultraviolet (UV)
light irradiation due to its wide band-gap of 3.2 eV, which is unsuitable for natural light catching and
for transition electrons from valence band to conduction band. The high rate of recombination of
photo-generated electron-hole pairs in TiO; leads to reduction in photocatalytic efficiency [9,10]. On
the other hand, good dispersion of TiO, in water remains shortcoming for this material to be
collected after use. To overcome these obstacles, typical photocatalysts have been extensively
modified by doping TiO, with metals [11,12], non-metals [13], and/or rare earth minerals [14], and
mixing TiO, with other nanomaterials [15].

A typical metal oxide nanoparticles with superparamagnetic activity, magnetite (Fe;O,)
nanoparticles (MNPs) possesses great interest for industrial, environmental, biological and medicinal
applications [16]. This material is biocompatible and very low-cost, allowing it to be produced in
large scale and used for human with undeniable safe. In human body, iron from degraded iron oxide
nanoparticles enters the natural iron store such as hemoglobin in red blood cells. The
superparamagnetic activity, chemical stability, and low toxicity of Fe;O4 nanoparticles contribute to
its wide application in industrial and environmental domains. The high ratio surface to volume of
magnetite nanoparticles results in a higher adsorption capacity for metal removal, hence its high
potential as “metal and organic remover” for wastewater [17]. Moreover, magnetite nanoparticles are
combined with other nanomaterials for the enhancement of both its photocatalytic activity and the
post-treatment collectability of others [18,19].

Combination of Fe;O, and TiO, as core-shell nanocomposites, especially nanoparticles
(FesO4@TiO,), have been studied. Photocatalytic activity of such nanocomposites were
demonstrated higher than their sole components. In addition, Fe;O04@TiO, nanoparticles were much
easier to be collected after usage, thanks to the superparamagnetic property of magnetite. Their
applications, therefore, have been considerably expanded [20-24]. Besides, magnetite nanoparticles
have been mingled with graphene-based materials, such as graphene or reduced graphene oxide
(rGO), forming “magnetic graphenes”. These materials exhibits desirable magnetic response, hence
their wide application in magnetic energy storage, fluids or catalysis [25]. Graphene oxide (GO) has
a similar structure to graphene, except the presence of oxygen-containing functional groups such as
hydroxyl (-OH), epoxy and alkoxy (C—O-C), carboxylic (-COOH), carbonyl (C=0), and so forth [26].
Apart from the ease of preparation, the presence of oxygenated groups is answerable for advantages
over graphene or reduced graphene oxide, including higher solubility and the effectiveness of surface
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modification [27]. Graphene and reduced graphene oxide were used to form nanocomposites with
Fe;04@TiO; nanoparticles in previous studies [21,28] and these materials were demonstrated
possessing fascinating photocatalytic activity. With distinct structural advantages over graphene and
reduced graphene oxide, graphene oxide (GO) is absolutely capable of forming stable bonds with
TiO; and Fe;04, hence the very high potential of its nanocomposite descendant for photocatalytic
and environmental applications.

In this study, photocatalytic and recovery advantages of both Fe;O04@TiO, nanoparticles and
magnetic graphene-based materials were evaluated by the combination of Fe;O4@TiO, nanoparticles
and GO sheets. Fe;04@TiO, core-shell nanoparticles and GO sheets were synthesized separately,
followed by their chemical mixing with GO, to form Fe;04@TiO,-GO nanocomposite.
Morphological, physical and chemical properties of the nanocomposite were investigated using
Fourier-transformed (FTIR), X-ray diffraction (XRD) and ultraviolet-visible (UV-Vis) adsorption
spectroscopies; scanning electron and transmission electron (TEM) microscopies, as well as
vibrating-sample magnetometry and Brunauer-Emmett-Teller (BET) equation. In order to clarify the
way in which MNPs, TNPs and GO bonds with each other, different weight ratios of these
ingredients were applied and investigated. The nanocomposites’ photocatalytic activity was
evaluated by the photodegradation of rhodamine B (RhB) dye solution under natural sunlight
exposure, comparing with the sole components (GO, MNPs and TNPs). With such combinations,
Fe;04@TiO,-GO nanocomposite is expected to be a promising “offspring” of Fe;O4@TiO,
nanoparticles and magnetic graphene-based materials for application in wastewater purification and
other photocatalytic fields.

2. Materials and methods
2.1. Materials

Graphite powder was purchased from ACROS Organics (Nidderau, Germany). Tetrabutyl
orthotitanate (TBOT) was obtained from MERCK (Darmstadt, Germany). Magnetite nanopowder
(50-100 nm particle size) was purchased from Sigma-Aldrich (St. Louis, United States), and
rhodamine B (RhB) dye was obtained from HiMedia (Mumbai, India). All other chemicals were in
analytical grade and used without further purification throughout the study.

2.2. Preparation of graphene oxide (GO)

GO was synthesized using conventional Hummer’s technique [29], but with the amount of all
ingredients originated from Marcano’s publication [30]. 69 mL of concentrated H,SO4 was added to
a 250 mL Erlenmeyer flask containing a mixture of graphite powder (3.0 g) and NaNOs (1.5 g). The
mixture was constantly stirred, stored in a fridge until it reached to 0oC, and then continuously
stirred in an ice bath. KMnOy (9.0 g) was added to the mixture and then the reaction temperature was
maintained less than or equal to 20 °C. When KMnO4 was completely added, the oxidation of
graphite was occurred, leading to the formation of NO, and a light red-brown suspension. The
mixture was further vigorously stirred with a glass chopstick for approximately 30 min, in which its
colour turned to grey. 138 mL of deionized water was gently added, at which time the reaction
released a large exotherm up to 98 °C. Such reaction temperature was maintained using external
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heating for 15 min. The mixture was cooled down using a water bath, followed by the addition of
deionized water (420 mL) and 30% H,O, (3 mL), which later produced another exotherm and
effervescence. Thus the mixture was continuously stirred, cooled down again, and purified by
filtration and multi-washings with deionized water, HCI 10 % and ethanol, respectively, followed by
centrifugation and vacuum drying to obtain the final product.

2.3. Synthesis of Fe;0,@TiO; core-shell nanoparticles

Fe;04 nanopowder was dispersed in 50 mL of deionized water in a three-necked round flask
for 15 min using sonication. The flask was then fit to a mechanical stirrer equipped with a Teflon
propeller. The suspension was vigorously stirred for 5 min and slightly heated to 45n °C. After that,
TBOT (0.1 mol-L™") and H3BOs solution (0.3 mol-L™") were added with continuous vigorous stirring
for 30 min, followed by the addition of 10 mL of NH4OH (5.44 mol-L™") and then 3 mL of H,0O,
30% (wt%). The flask was sealed, heated to 95 °C and the suspension was left stirred vigorously
for 5 h. After 5 h, the suspension progressed to the addition of GO solution for the synthesis of
Fe;04@Ti0,-GO nanocomposite.

2.4. Synthesis of Fe;0,@TiO,-GO nanocomposite and physical mixtures

Before the finish of Fe;04@TiO, nanoparticles’ formation, the GO suspension was prepared by
dispersing GO in 40 mL of deionized water for 15 min using sonication. After the Fe;O04@TiO,
suspension was completely synthesized, the flask was unsealed and then the GO dispersion was
added dropwise with continuous vigorous stirring. The flask was then resealed, heated to 110 °C and
the suspension was left stirred vigorously for another 2 h. After 2 h, the suspension was isolated from
heat and the product was collected using a magnet and then followed by multiple deionized
water-washing until the pH value reached 7.0 to 7.5 to obtain the Fe;04@TiO,-GO nanocomposite
(or GMT) product as dark grey powder.

The weight ratio between GO, Fe;04 and TiO, was investigated in three values: GO:Fe;04:TiO,
1:1:1, 2:1:1, and 2:1:2, and the obtained products were labelled GMT 111, GMT 211 and GMT 212,
respectively. The physical mixtures of GO, Fe;O4 and TiO, nanoparticles, with the same weight
ratios as used for the nanocomposites’ synthesis, were prepared simply by direct mixing of GO,
Fe;04 and TiO; nanoparticles, namely GMT 111M, GMT 211M and GMT 212M, respectively.

2.5. Characterizations

The values regarding magnetic property of nanocomposites were obtained on a MicroSense
EasyVSM magnetometer (MicroSense, Massachusetts, United States) and the BET experiments were
conducted on a Micromeritics TriStar 3000 analyser (Micromeritics, Georgia, United States). FTIR
spectroscopy was recorded on a Perkin-Elmer MIR/NIR Frontier spectrometer (PerkinElmer,
Waltham, Maryland, United States) in the wavenumber range of 400—4000 cm ' using KBr pellets.
For XRD patterns, a Bruker D2 Phaser spectrometer (Bruker, Massachusetts, United States) was used,
with Cu K-a as radiation source (A= 1.5418 A, 40 kV, 25 mA) and scanning speed of 0.5°/min in the
20 range of 10-80°. UV-Vis absorption spectra were recorded on an UV-1800 spectrometer
(SHIMADZU, Kyoto, Japan). The morphology of all samples was observed by an S-4800 FESEM
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microscope (HITACHI, Ibaraki, Japan) for SEM imaging and a JEM-1400 TEM microscope (JEOL,
Maryland, United States) for TEM imaging.

2.6. Photocatalytic activity investigation

Before photocatalytic experiments, proportion of Fe;O4 and TiO, in GMT samples were
determined by inductively coupled plasma mass spectrometry (ICP-MS), on a NexION®2000
spectrometer (PerkinElmer, Waltham, Maryland, United States). Subsequently, proportion of GO was
calculated based on that of Fe;O4 and TiO, obtained previously. All GMT samples were dissolved in
hot solution of HNO3/HF mixture so that Fe;O4 and TiO, were transformed to soluble salts. The
solutions were then diluted with deionized water for ICP-MS analysis. The highest proportion value
of GO, Fe;04, and TiO, were applied for determination of appropriate amount of bare components
for photocatalytic activity investigation.

Aqueous solutions of RhB (10 mg-L™") were used as targets for photocatalytic reactions.
Subsequently, the material was added to the RhB solutions, constantly stirred for 20 min in the dark
so that the adsorption equilibrium could be fully established. The samples were kept stirring under
natural sunlight irradiation for 1 h. In this context, all experiments were conducted at around 11 a.m.,
when light conditions were the most intact. After 1 h, the solutions were isolated from shining
sunlight to prevent continuous degradation of dyes and later centrifuged to remove catalyst particles
completely. The obtained solutions were characterized by an UV-1800 spectrophotometer
(SHIMADZU, Kyoto, Japan) at wavelength range of 200-900 nm.

The UV-Vis adsorption spectra of RhB solutions (0 to 10 pg-mL™") without photocatalysts were
also conducted to create the calibration curve of RhB (determined as y = 0.226388x + 0.0142417; R2
= 0.99950), which was then applied to calculate the decolouration efficiency of all samples,
following the formula of D (%) = [(CO — C)/C0] x 100. Whereas D is decolouration efficiency, CO
and C (mg-L™") is the initial and equilibrium concentrations of RhB. At center time intervals, the
samples (4 mL) were filtered through polyvinylidene difluoride (PVDF) membranes (pore size
at 0.22 um) and then measured the absorbance at A = 554 nm with UV-visible spectrophotometer. For
the verification of RhB concentration decreasing manner of GMT and bare components samples, an
Agilent 100 HPLC system equipped with UV-Vis detector was used.

2.7. Statistical analysis

The data were expressed as mean + standard deviation. The statistical data evaluation was
performed using Microsoft®Excel.

3. Results and discussion
3.1 Characterization of Fe;0,@TiO,-GO (GMT) nanocomposites

The FTIR spectra (Figure 1) indicated the presence of GO, MNPs and TNPs components in
all GMT samples. For details, signals of GO at ~3400 cm™' (OH groups), ~1600 cm™' (carbonyl

groups) [31]; TiO, at ~3400 cm™' (OH groups); ~1600 cm™' and ~600 cm™' (Ti—O bonds) [32]; Fe;04
at ~3400 cm ' (OH groups); ~600 cm ™' (Fe—O bonds) [33] could be observed clearly in all GMT

AIMS Materials Science Volume 7, Issue 3, 288-301.



293

samples. In addition, the spectra of GMT samples were more turbulent than those of sole ingredients,
indicating the possible interaction of MNPs, TNPs and GO. Similar observations and spectral data
were obtained in previous studies [34-35]. On the other hand, obtained FTIR spectra exhibited
certain differences between different GO:MNPs:TNPs ratios. Specifically, the OH groups’ signal at
~3400 cm ' was highest in GMT 211 sample, while it was relatively weak in the other two. This
could be explained that the higher GO proportion in GMT 211 sample led to the increase in the
number of free OH groups, hence the more obvious FTIR signal obtained. Secondly, signals of Fe—O
and Ti—O bonds at ~700—600 cm ™' were clearer in GMT 111 sample than GMT 211 and GMT 212
ones, indicating that the augmentation of TiO, or GO proportion exerted certain influence on
chemical bonds between GO, MNPs and TNPs in nanocomposites.

— GO0 - TNPs === MNPs

...........................

%a)

ce (

..........................................

Transmittan

§ C-OH;

C=0;0-H (_o ¢
r v v T v r T r v v v v v T v v

4000 3600 3200 2800 2400 2000 1600 1200 500 400 4000 3600 3200 2800 2400 2000 1600 1200 800 400
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(a) (b)

Figure 1. FTIR spectra of bare components (a) and GMT nanocomposites (b), with
pointed crucial chemical bonds.

Interaction between GO, MNPs and TNPs was observed more profoundly in XRD
diffractogram (Figure 2). TiO,’s signals in all GMT nanocomposite samples corresponded well with
those of the anatase phase [35]. In comparison with bare ingredients and physical mixtures, these
signals, specifically peaks at 20 38° (004); 54° (105); 55° (211); 69° (116) and 70° (220), became
weaker and broader, hence certain distortion in TiO,’s structure. In addition, signals of Fe;O4
nanoparticles (at 20 30° (211); 35° (311); 43° (400); 57° (511); 63° (440) [36]) were present clearly in
all GMT samples and they were slightly weaker to those of sole magnetite and physical samples.
This resulted in our inference that Fe;O4@TiO, nanocomposite were formed, although the TiO,
coating was probably thin [35,37]. Noticeably, signal of GO at 26 10.5° (001) was absent in all GMT
samples, which was different from that of physical mixtures. It could be inferred from this result that
Fe;04@TiO; nanoparticles were attached on GO sheets, hence the diminution of its peak. Similar
trend was observed in Yang’s publication [36]. Moreover, in common with the FTIR spectra, XRD
patterns of GMT samples were more turbulent than those of bare components and physical mixtures,
reinforcing our prediction that Fe;04@TiO, nanoparticles were formed and they interacted with GO
sheets. Apart from GO, signals of Fe;O4 and TiO; increased as their proportion in GMT sample
augmented. In addition, the whole spectra became more turbulent, hence more defects in their
structures.
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Figure 2. XRD patterns of bare components (a), nanocomposites (b), and physical
mixtures (c), with pointed crucial signals (a-TiO,: anatase TiO,).

The UV-Vis adsorption spectra (Figure 3) almost assured the interaction between GO, Fe;04
and TiO,, because of the obvious differences in the GMT samples’ spectra and those of bare
components. The spectra of all GMT samples were very similar to each other in overall and the
adsorption peak at ~270 nm exhibited a slight red-shift and a slight broadening as the GO and TiO,
proportions augmented, of which possible cause was the bonding between TiO,, Fe;O4 and GO.
Similar trend was observed in Thongpool’s publication [28].

— GMT 111
— GMT211
GMT 212

S

200 300 400 500 600 700 800 900 200 300 400 500 600 700 800 900
Wavelength (nm) Wavelength (nm)

(a) (b)

Figure 3. UV-Vis adsorption spectra of nanocomposites (a) and bare components (b).

It was obvious in Table 1 that all GMT nanocomposites possessed much lower surface area,
pore volume and pore size than GO, indicating the assemblage of Fe;O4@TiO; particles on GO’s
surface. Secondly, the diminution in pore size of GMT nanocomposites was not as much as the pore
volume and surface area, of which cause was the scattered distribution of Fe;O04@TiO, particles on
GO sheets. Thirdly, the higher GO proportion in GMT nanocomposites resulted in the decrease in
surface area, pore size and pore volume, indicating the possibility of GO’s wrapping the
Fe;04@TiO; particles. The vibrating-sample magnetometric results (Table 2) indicated that TiO,
nanoparticles wrapped the Fe;O4 nanoparticles, because of the diminution in all three paramagnetic
factors. In addition, the higher GO proportion in GMT nanocomposites led to the higher possibility
for Fe;04 nanoparticles to be assembled directly on the surface of GO, hence the increase in
paramagnetic factors.
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Table 1. Specific surface area, pore size and pore volume results for GMT
nanocomposites and bare GO sheets.

Sample Specific surface area (mz-g_l) Pore volume (cm3-g_1) Pore size (nm)
GMT 211 34+1 0.15+£0.01 19+1
GMT 111 38+1 0.19+0.01 21+1
GMT 212 48 £ 1 0.18+0.01 17+1
GO 565+ 17 3.76 £0.11 301

Table 2. Vibrating-sample magnetometric (VSM) results of nanocomposites and bare
Fe;04 nanoparticles.

Sample Remanent magnetization = Maximum magnetization  Saturation magnetization
(emu-g ) (emu-g ") (emu-g )

GMT 211 7.28 £0.22 51.16 £ 1.54 51.16 £ 1.54

GMT 111 421+0.13 3548 £1.06 3548 £1.06

GMT 212 5.89+£0.18 41.61 £1.25 41.61 £1.25

Fe;04 10.18 £0.31 77.04 £2.31 77.04 £2.31

SEM images (Figure 4) indicated that Fe;O4@TiO, nanoparticles were assembled on the surface
of GO sheets. In addition, some TiO, nanoparticles were observed to assemble directly on GO’s
surface. It could be inferred from these results that TiO; particles interacted with both Fe;O4 (to form
core-shell nanoparticles) and GO during the synthesis procedure. Because some TiO, particles were
assembled directly on GO sheets, the amount of TiO, wrapping Fe;O4 nanoparticles diminished,
hence the thin coating of these particles. This result corresponded well with the above-mentioned
XRD data. On the other hand, image of TiO; particles on GO sheets was clearest in GMT 212 sample,
with the highest TiO, proportion, indicating that the increase in TiO; ratio resulted in the higher
possibility of direct assemblage of these particles on GO’s surface.

Figure 4. SEM images of GMT 111 (a), GMT 211 (b), and GMT 212 (c), with
components pointed; GO (d); TiO, nanoparticles (e) and Fe;O4 nanoparticles (f).
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Our statements on the distribution of Fe;04@TiO, and TiO, nanoparticles on GO’s surface were
reinforced by TEM images (Figure 5). In addition, it was observed on these images that the increase
of GO proportion in GMT nanocomposite resulted in the overlaying of those sheets on Fe;04@TiO,
and TiO; nanoparticles, hence darker obtained image of GMT 211 sample.

Figure 5. TEM images of GMT 111 (a), GMT 211 (b), and GMT 212 (c), with
components pointed, GO (d), Fe;O4 nanoparticles (e) and TiO, nanoparticles ().

3.2. Photocatalytic activity investigation

Using ICP-MS analysis, proportion (wt%) of atomic Fe and Ti were determined. Subsequently,
proportion of Fe;04, TiO,, and GO, were calculated (Table 3). The highest proportion value of each
component were applied for the appropriate amount of bare GO, Fe;O4, and TiO, for RhB

photodegradation experiments.

Table 3. Proportion (wt%) of Fe, Ti, Fe;04, TiO, and GO in GMT nanocomposites.

Sample Proportion (wt%)

Fe Ti Fe3O4 TiOz GO
GMT 111 32.0 23.6 44.2 394 16.4
GMT 211 40.5 25.8 55.9 43.1 1.0
GMT 212 36.3 20.3 50.2 33.8 16.0

Rhodamine B (RhB) dye photodegradation of GMT and bare components samples were
conducted in 1 h of natural sunlight exposure. Data were presented as means + standard error mean,
with statistically significant difference (o = 0.05). The obtained results were shown in Table 4. The
photocatalytic decolouration of pure Fe;O4 is only 24.1% after 1 h exposing under sunlight.
Interestingly, when Fe;O4 was combined with GO and TiO, to form the tertiary nanocomposite GMT,
its photocatalytic activity enhances significantly (p < 0.05). The decolouration efficacy of GMT 111

AIMS Materials Science Volume 7, Issue 3, 288-301.



297

is increase 6.2 % as compared to pure Fe;Oq4, proposing that GO and TiO; might reduce the high
charge recombination rate of Fe;O4. In order words, the electron (e7) and hole (h") from the valence
band creating by Fe;O4 could migrate into GO sheet leading to hinder the disadvantage of Fe;Ou;
consequently, increase the photoelectrocatalytic performance than pure Fe;O4. The result of GMT
211 is further confirmed this proposal. The higher amount of GO in GMT 211 obviously increases
the decolouration efficiency of RhB by 38.6% which is 1.5 times as compared to GMT 111 (p =
4.05E-21 < 0.05). Moreover, the higher amount of GO/TiO; to Fe;O04 (GMT 212) also promotes the
decolouration ability of RhB, leading to an increase from 25.6% (GMT 111) to 52.9%. It is clear that
the introduction of TiO, can significantly increase the amount RhB degradation. The decolouration
performance of GMT nanocomposite increase in the order: GMT 111 < GMT 211 < GMT 212, which
is followed the same trend as the increment in specific surface area and as the decrease in pore size.
Therefore, the maximum was observed for GMT 212 nanocomposite, which might be due to the
adsorption of RhB dye as the catalyst has large surface area support. In this study, we proposed that
the Fe;04@TiO, particles assembled on GO sheets blocked these pores, hence increase the
separation of photogenerated electrons-holes pair (¢ h") significantly, resulting in an increase in the
number of electrons/holes participating in the photodegradation process.

Table 4. Decolouration efficiency (D, %) of nanocomposites and separate ingredients.

Sample GO:Fe;04:TiO, weight ratios  C value (mg-Lfl) C, value (mg-Lﬁl) D (%)

GMT 111 I:1:1 7.44 +£0.01 10 25.6 £0.08
GMT 211  2:1:1 6.14 +0.01 10 38.6 £ 0.08
GMT 212 2:1:2 4.71 +0.01 10 52.9+0.08
GO - 4.78 £ 0.01 10 52.2+0.08
Fe;04 - 7.59 £0.01 10 24.1 £0.08
TiO, - 7.28 +£0.01 10 27.2 £0.08

It was noticeable in Table 4 that bare GO caused greater diminution of RhB concentration than
the GMT 111 and GMT 211 samples and almost equal to the GMT 212 sample. GO itself possesses
very high specific surface area, pore size and pore volume (Table 1), hence its good capability of
absorbing RhB molecules. Unlike TiO,, GO does not possess photocatalytic activity. It is, therefore,
probable that the decrease of RhB concentration after photodegradation in GO sample actually
resulted from the absorption of RhB molecules on GO’s surface, rather than the photodegradation
reaction. In order to verify the manner in which RhB concentration decreased, the sole RhB solution
and obtained RhB solutions of GMT samples were passed to HPLC analysis, using a UV-Vis
adsorption detector, and the obtained chromatographs were shown in Figure 6. From these results, it
was obvious that the photodegrading reaction on RhB dye caused by GMT nanocomposite actually
occurred, due to the presence of “non-RhB” peaks at retention times of 5, 6.3, 6.5, and 6.7 min, and
the diminution of RhB peak at retention time of 9.5 min. These considerations have led to our
statement that despite possessing the highest decolouration efficiency, GO did not actually degrade
RhB dye molecules.
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Figure 6. HPLC graphs of sole RhB solution (a) and that of GMT 111 (b), GMT 211 (c)
and GMT 212 (d).

4. Conclusion

In this work, Fe;04@TiO,-GO nanocomposite material was successfully synthesized. Its
morphological character was the assemblage of Fe;04@TiO, and TiO, nanoparticles on GO’s surface.
The synthesized nanocomposite were easy to be collected and exhibited higher photocatalytic
activity than bare components of Fe;Os and TiO,. GO:Fe;04:TiO, ratio’s effect on the
nanocomposite’s properties was also investigated and led to our statement that the increase of TiO,
amount resulted in the higher possibility of direct assemblage of TiO, nanoparticles on GO’s surface
and the higher photocatalytic activity. In addition, the increase of GO amount can cause overlaying
on nanoparticles of the nanocomposite. From the angle of dye photodegradation, Fe;04@TiO,-GO
nanocomposite showed high potential for wastewater purification and other photocatalytic
applications.
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