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SYNTHESIS OF Fe-BTC/GO NANO COMPOSITE
BY HYDROTHERMAL METHOD WITHOUT USING

ORGANIC SOLVENT

TONG HOP NANO COMPOZIT Fe-BTC/GO BANG PHUONG PHAP THUY NHIET KHONG DUNG DUNG MOl

ABSTRACT

An Fe-BTC/graphene oxide (GO) composite was successfully
synthesized by hydrothermal method. The samples were characterized by X-
ray diffraction (XRD), energy-dispersive X-ray spectroscopy (EDX), N, adsorption -
desorption (BET), transmission electron microscopy (TEM), fourier transform
infrared spectroscopy (FTIR). The as-prepared Fe-BTC/GO nanocomposite was
tested the photocatalytic degradation of reactive dye (reactive red-RR195) in
aqueous solution. The Fe-BTC/GO composite exhibited excellent photocatalytic
activity. The research suggested a potential application of Fe-BTC/GO composite
as a highly efficient photocatalytic degradation of reactive dye in aqueous
solution.

Keywords: Fe-BTC/GO composite, hydrothermal method, photocatalytic
degradation, simulated sunlightirradiation.

TOM TAT

Vit liéu comporzit két hop giira Fe-BTC va graphen oxit durgc tng hop béang
phuong phép thiy nhiét. Cac mau VAt liéu duoc dic treng bdi phuong phéap
nhiéu xa tia X(XRD), phiong php phé tén xa ning lrong tia X (EDX), phuong
phap hap phu va khir hép phu N, (BET), phuong phap kinh hién vi dién ti truyén
qua (TEM), phuong phap phd hdng ngoai (FTIR). Vat liéu nano compozit Fe-
BTC/GO dugc thir nghiém kha nang phan hiy quang xdc tac thuéc nhudm (RR195)
trong dung dich nirdc. Vat lidu ndy thé hién tot kha néng lam xdc tac quang hda.
Diéu nay m& ra mot tiém ndng (ing dung clia vat liéu Fe-BTC/GO trong phén hly
quang xdc tac thude nhudm hoat tinh trong dung dich nudc.

Tir khoa: Vat liéu compozit Fe-BTC/ GO, phuang phap thly nhiét, phan hly
quang xtic tac, chiéu xa anh sang m phang.
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1. INTRODUCTION

Metal-organic frameworks (MOFs) are a new class of
hybrid materials assembled with a metal cation and
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organic linker, and have received great attention in
recent years due to their unique properties of high
surface area, crystalline open structures, functionality,
and use in separation, gas storage, adsorption, and
catalysis[1-5]. Several MOFs consisting of an Fe(lll) oxo
cluster, linked together by organic ligands, are highly
photocatalytic due to their small Fe(lll) oxo cluster size
limiting the electron hole recombination, and their
sensitive optical response in visible light [6,7]. Graphene
oxide (GO) is a functionalized graphene with varying
oxygen-containing groups such as hydroxyl, carboxylic,
carbonyl, and epoxide groups. Several research groups
have reported the formation of composite materials in
which chemical bonds between the MOF and other
substrates are involved [8-10]. Petit et al [11, 12] reported
the formation of MOF/GO composites via interactions
between the oxygen groups of GO and the metal
centers of the MOF. This is responsible for enhancing the
adsorption capacity of toxic gases like NH;, H,S, and NO,.
However, composites of MOFs with graphene-based
materials (GO and graphene) as highly efficient
photocatalysts have rarely been explored until now. In
the present work, we report the synthesis,
characterization and application of this novel Fe-BTC/GO
composite as a highly efficient photocatalyst in the
degradation of reactive dye (reactive red-RR195).

MOF materials was synthesized by many method such
as. solvothermal method, electricization, micro ware,
ultrasling. However, these methods have some
disadvantages, such as high energy cost, multiple minor
products, low of the synthesized materials. In this paper, we
report herein the synthesis of composite materials (Fe-
BTC/GO) by hydrothermal method which is considered to
be environmentally friendly and energy saving.

2. EXPERIMENTAL
2.1. Synthesis of GO

GO was prepared by chemical oxidation of natural
graphite to form graphite oxide using a modified Hummers
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method [13]. Graphite oxide powders were exfoliated by
treatment in a microwave oven (Model MWO-G20SA,
power 700W) for 1 min[14]. Upon microwave irradiation,
we observed much larger volume expansion of the GO
powders compared to that of GO obtained by exfoliation
using ultrasonic treatment.

2.2.  Synthesis of
hydrothermal method

At the first stage, 2.26 g of iron(ll) chloroatetrahydrate
(FeCl,.4H,0) was put into 97.2 ml H,O and stirred to form
solution (1). After that, 1.68 g of H,BTC was added into
23.72 g of a 1M NaOH solution using magnetic stirrer to
form solution (2). At the second stage, the solution (2) was
transfered gradually to solution (1) and the mixture was
stirred until the color of the liquid turns from green to
brown (about 1 hour). At the third stage, 0.8 g GO was put
into the stirring mixture and stirred for about 30 minutes.
At the last stage, the mixture was transfered to an
autoclave which was the put into an oil pan and
continuously stirred at a temperature of 90°C for 5 hours.
The products in a form of a solid was filted using vacuum
filter and then washed with water three times and with
ethanol once. The clean product was dried at 80°C
overnight.

Repeat above experiment at different temperature of
60°C, 120°C.

2.3. Characterization

The powder X-ray diffraction (XRD) patterns of Fe-
BTC/GO composites were recorded on a Shimadzu XRD-
6100 analyzer with Cu Ko radiation (1%41.5417°A).
Transmission electron microscopy (TEM) was conducted
using HITACHI- H-7500. Surface area of samples were
determined on Quantachrome Instruments version 3.0 at
77 K and using N, adsorbate. The functional groups of the
samples were investigated with Fourier transform infrared
spectroscopy (FTIR), (FT-IR 6700-Thermo Nicolet-
ThermoElectro). Energy-dispersive X-ray spectroscopy
(EDX) using JEOL JSM 6500F. Concentrations of RR195 in
the solutions were determined wusing a UV-vis
spectrophotometer (LAMBDA 35 UV/Vis).

2.4. Photo-Fenton reaction

Pyrex glass bottles of 50 ml solution containing
RR195 (conc. of 100 mg/l), Fe-BTC/GO composite (conc.
of 300 mg/l), and H,0, (conc. of 136 mg/l) were used as
batch reactors. Simulated sunlight irradiation used UV-A
range lamps (4 lamps, power of 15 W for each lamp). The
emission spectrum between 400 nm and 800 nm
followed the solar spectrum. Photo-Fenton reaction of
RR195 was carried out under a stirring condition, at
room temperature (25°C) and a pH of 3. Samples were
collected at different reaction times (min).
Concentrations of RR195 were determined using a
Lambda 35 UV-vis spectrophotometer and calibration
was based on band intensities at 542 nm.

Fe-BTC/GO composite by

3. RESULTS AND DISCUSSION
3.1. Material characteristics
3.1.1. XRD analysis

XRD patterns of GO and Fe-BTC/GO composites are
presented in figure 1. In the XRD pattern of the GO sample,
the sharp and intense peak at 26 of 12 assigned to the
plane of [0 0 1] belonging to GO sheets [11]. In the XRD
pattern of Fe-BTC, the main diffraction peaks appear at 26
of 24; 33.1; 35 which are identical to those reported for the
Fe-BTC phase [21]. In the XRD pattern of Fe-BTC/GO,
typical peaks belonging to Fe-BTC appear but the peak
of 20 of 12, represent for the GO still configuration
structure but the peak is shrinked with GO materials. This
can be explained that Fe-BTC crystals may be well
dispersed within the inter layers of GO sheets. Two samples
of Fe-BTC/GO which were synthesized at 60°C and 90°C
showed sharp peaks. The peak intensity of the Fe-BTC/GO
sample received at 90°C was higher than the Fe-BTC/GO
sample at 60°C and 120°C. Fe-BTC/GO at 120°C still exhibits
characteristic peaks of Fe-BTC but the peaks are jammed,
unbalanced due to unstable structure. The X-ray diffraction
spectra showed high purity Fe-BTC/GO at 90°.
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Figure 1. XRD patterns of GO and Fe-BTC/GO composites
3.1.2. EDX analysis
Table 1. Elements of elements in Fe-BTC/GO composites

Fe-BTC/GO Fe-BTC/GO Fe-BTC/GO

(at 60°C) (at 90°C) (at 120°C)
Element | %Mass | %Atom | %Mass | %Atom | %Atom | %Mass
C 6469 | 7223 | 6248 | 7194 | 6711 | 7474
0 2094 | 2544 | 3041 | 26.29 2011 | 2434

Fe 5.24 1.28 7.02 1.74 3.67 0.88
Cl 0.14 0.05 0.08 0.03 0.11 0.04
Total 100 100 100 100 100 100
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To investigate the chemical composition of Fe-BTC/GO,
EDX analysis was perfomed. The EDX result (Table 1) of Fe-
BTC/GO shows the presence of iron. The iron content (Fe) in
the Fe-BTC composite (3.67-7.02% mass) was quite close to
the initial calculation of 9% Fe applied to the material,
where Fe-BTC/GO 90°C contained the largest Fe content
(7.02%).

3.1.3. TEM analysis

e ‘:Saﬂ

Figure 2. TEM images of Fe-BTC/GO composites 60° (a), 90° (b), 120° (c)

The TEM image of Fe-BTC/GO 60°C composite is
illustrated in figure 2(a). As observed in figure 2(a), nano Fe-
BTC particles were dispered evenly on the GO layer grade
and the size of the nano particle was 20-50 nm. Figure 2(b)
is the TEM image of Fe-BTC/GO synthesized at 90°C. The
image shows that the Fe-BTC nano particles were dispersed
evenly on the GO surface layers, the size of the particles
ranging from 10 to 20 nm. However, there were still small
amount of Fe-BTC clusters in range of 40 to 60 nm. In fig.
2(c), the TEM image of Fe-BTC/GO synthesized at 120°C
shows that the Fe-BTC nanoparticles were clumped and
dispersed unevenly on GO's surface layers, the Fe-BTC
nanoparticle size was in the range of 40-70 nm.

3.1.4.N, adsorption - desorption isotherm analysis (BET)

N, adsorption-desorption isotherm (BET) of Fe-BTC/GO
composite is shown in figure 3, the N, adsorption-desorption
curve of Fe-BTC/GO displayed the type IV isotherms with

hysteresis corresponding to the capillary condensation,
which is typical for mesoporous material [17].
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Figure 3. BET of Fe-BTC/GO composite
Table 2. Characteristics BET analysis of Fe-BTC/GO materials

Materials Seer(M?/g) | Viore (cM*/g) | Dgye(n)
Fe-BTC/GO (at 60°C 683.15 0.712 7.56
Fe-BTC/GO (at 90°C) 786.13 0.626 5.92
Fe-BTC/GO (at 120°C) 566.07 0.887 11.31

It can be seen on the table 2 that the Fe-BTC/GO 90°C
had the largest surface area (786.13 m?/g)

3.1.5. FTIR analysis
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Figure 4. FTIR spectra of Fe-BTC/GO synthesized at (a) 60°C, (b) 90°C,
and () 120°C

To identify the functional groups of the Fe-BTC/GO
sample, FTIR spectra of Fe-BTC/GO synthesized at different
temperature are shown in figure 4. The characteristic
absorption bands of the Fe-BTC/GO sample presented at
1626, 15733, 1447, 1382, 1110, and 759 cm™, which are
assigned to carboxylate group vibrations [18, 19]. The
broad bands centered at 3440 cm™ are associated with the
stretching vibrations of O-H from the water adsorbed on
the surface. The two sharp bands at 1250 and 1200 cm™ are
attributed to asymmetric (vas (C-O)) and symmetric (vs (C-
0)) vibrations of carboxyl groups, respectively. This result
confirms the presence of the tricarboxylate ligands within
the Fe-BTC/GO material. The bands at 759 cm™ correspond
to C-H bending vibrations of benzene. The intense bands at
624 cm™ are assigned to Fe-O vibrations [18, 20], indicating
the interaction between Fe-BTC and GO.
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3.2. Photo-Fenton-like process in RR195 degradation

3.2.1. Investigation of the degradation of the RR195
on samples

To investigate the photocatalytic activity of Fe-BTC/GO
for degradation in aqueous solution, the RR195 was chosen
model molecule. This is a commercial product often used in
textile dyeing. It is well known that this reactive dye is
relatively stable and hard to be degraded.

Evaluation of the rate of reactive dyestuffs was
conducted under the following conditions; RR195
concentration of 100 mg/L; catalytic concentration of 0.3 g/L;
H,O, concentration of 0.4mL/100 mL; pH of 5.5; reaction
temperature at 25°C and lighting. Performed with three
modified catalysts at temperatures of 60°C, 90°C, 120°C.

Figure 5 shows that after 120 minutes, the RR195
concentration was 91% and 92% which were lower than
the original concentration when using Fe-BTC/GO 60°C
and Fe-BTC/GO 90°C composites, respectively. At the
same time, dye decomposition time of Fe-BTC/GO-120°C
was longer than that of other materials, even up to 150
minutes.
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Figure 5. RR195 dye decomposition rate of Fe-BTC/GO denatured at 60°C,
90°C, 120°C

3.2.2. Catalyst Activity
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Figure 6. Plot of RR195 conversions as a function of irradiation time over the
Fe-BTC/GO (at 90°C) composite at different conditions: blank, adsorption, Fenton
process, photo-Fenton process

From the experimental studies of conditions influencing
the reaction yield, we choose the optimum conditions as
follows: RR195 initial concentration 100ppm (100mg/L),
H,O, concentration 0.05 mL/100 mL; Catalytic
concentration Fe-BTC/GO (at 90°C) 0.3 g/L; pH 3
temperature 25°C.

It is well known that to evaluate photo catalytic
activity the contribution of adsorption capacity should be
considered. Asobserved in figure 6, after 90 min, RR195
adsorption in the dark reached the C/Co equilibrium and
then decreased to 35.67%. At the blank conditions,
consisting of reactant, oxidant, and simulated sunlight
and in the absence of catalyst, RR195 conversion was
negligible.

In the Fenton process (in the presence of catalyst, H,0,)
after 90 min of reaction, C/Co decreased to the value of
89% but in the photo-Fenton process (in the presence of
catalyst, H,0,, simulated sunlight irradiation) C/Co
decreased to 92%. From these results, it is clear that the
novel Fe-BTC/GO composite can be used as a highly
efficient photocatalyst.

4. CONCLUSIONS

The Fe-BTC/GO composite was successfully prepared by
hydrothermal method without using organic solvent. The
Fe-BTC/GO composite synthesized is novel.

The optimize temperature of the synthesis process was
estimated to be 90°C. The results of the XRD and FT-IR
spectrum analyzes, suggesting the Fe-BTC crystals can be
dispersed and included in the links of the GO classes. From
N, adsorption result, it reveals the mesoporous structure of
the Fe-BTC/GO composite with mesopore volume (0.626
cm®.g™). From TEM images, the Fe (Ill) oxo clusters in the
Fe-BTC/GO composite have a small size of 10-20 nm.

In the photocatalytic degradation of RR195 from
aqueous solution, the novel Fe-BTC/GO composite
exhibited highly efficient photocatalytic activity. This result
opens high application potential of a new group of
photocatalysts in the degradation of organic compounds
from aqueous solutions.
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