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Abstract

Methylene blue pollutants can be treated by photocatalytic methods using metal oxide-based semiconductor materials
and metal organic framework (MOF). These two materials are often coupled into a composite to improve their
physicochemical properties and catalytic activity. This research focuses on the synthesis of composites based on Cr-
PTC MOF, ZnO, and Fes04 by the sonochemical method. The obtained composites were characterized and tested for
catalytic activity in methylene blue pollutant degradation in an aqueous system under acidic conditions (pH = 5). Our
investigation shows that the Cr-PTC@Fes04 composite possesses the lowest band gap energy of 1.86 eV and achieves
the highest photocatalytic activity in methylene blue degradation at solution pH = 5, with a percent degradation of
84.36%. The sonochemical incorporation of FesOs and Cr-PTC MOF is able to fabricate materials in a short time with
better photocatalytic activity in degrading methylene blue than the single materials.
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1. Introduction methylene blue in water significantly reduces the

Batik industry is one of the largest solubility of oxygen and sunlight penetrating the
contributors to wastewater containing hazardous water, resulting in a disruption of aquatic biota
organic dyes. Methylene blue is a very common activity  [2]. Methylene blue contaminant
dye used in batik manufacturing in dyeing process concentrations of more than 1 mg/L leads to
of leather, cotton, and tannin [1]. Methylene blue aesthetic pollution and hinder the photosynthetic
is toxic, carcinogenic, and extremely difficult to reactions of plants in the water [3].
degrade naturally. The accumulation of Several methods can be employed in

methylene blue elimination, including adsorption
- [4-5], flocculation [6], coagulation [7], and

* Corresponding Author. . .. .
Email: zulys@ui.ac.id (A. Zulys) photocatalysis [8]. Photocatalysis is considered as
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the most effective method for removing methylene
blue molecules from water since it utilizes
sunlight as an energy source, generates more
environmentally friendly end products (carbon
dioxide and water), and applies catalysts that can
be used continuously [9]. When semiconductors
are exposed to light with an energy level higher
than or equal to photocatalyst’s band gap energy,
they create free radical species that play an
important role in the degradation process [10].

ZnO is one of the widely developed metal
oxide-based photocatalysts used as it is cheap and
has good  photocatalytic  activity [11].
Furthermore, plant extracts assist in the easy
synthesis of ZnO through green synthesis
methods. Plant extracts can act as capping and
stabilizer = agents  because they contain
phytochemical compounds that are responsible for
the synthesis of metal and metal oxide
nanostructures [12]. The use of pumpkin seed
extract as a capping agent is reported to produce
ZnO nanoparticles with a particle size of 28.0 nm
with a hexagonal structure [11].

However, ZnO has a wide band gap energy of
3.37 eV, which means that it can only degrade
dyes when exposed to ultraviolet light [13]. This
limitation can be minimised by designing
composites using visible light responsive
materials, one of which is metal organic
framework (MOF). Several studies have reported
that the combination of ZnO and MOF can
enhance their photocatalytic activity [14-17]. The
research by Buasakun et al. found that the
ZnO@MOF-46 (Zn) composite 1s better at
degradation of methylene blue than ZnO, with a
degradation percentage of 90.09% and 85.89%,
respectively, in 180 minutes [17].

Chromium and perylene-based MOF (Cr-
PTC) is a visible light-responsive MOF that is
proven to be able to eliminate methylene blue
pollutants in water through either adsorption or
photocatalytic degradation mechanisms. Cr-PTC
offer the advantages of a large surface area, being
stable in aqueous solutions under acidic to neutral
conditions, and having a low band gap energy that
allows photocatalytic reactions to be conducted
under visible light irradiation [18].

Additionally, combining the photocatalyst
with FesOs4 magnetite can enhance its
effectiveness. FesOs is wused to prepare
photocatalyst materials that are easy to separate
after use. Magnetite Fe3O4 is the preferred choice
because of its good magnetic properties, being
cheap, stable at high temperatures, and being
environmentally friendly [19]. According to
Aghayi et al. the MOF/Fe304 composite has a
crystal size of 34.70 nm, is recyclable, and can
break down methylene blue when exposed to UV
and visible light [20].

The selection of method is crucial in the
synthesis process. The sonochemical method is a

promising method to synthesize nano-sized
particles due to the cavitation process of
ultrasonic waves in liquid media. Synthesis using
this method is classified as green synthesis or
environmentally friendly, the production of high
purity nano particles with minimal by-products,
fast and easily controllable reaction periods, and
high mixing efficiency [21]. Saridewi et al.
reported ZnO-FesOs magnetic nanocomposites
made from a mass ratio of ZnO:Fes04 mass ratio
of 4:1 has a particle size of 173.23 nm and provides
optimal methylene blue degradation capacity
under halogen lamp irradiation of 99.56 mg/g at
pH = 13 [22]. On the other hand, Mahrunnisa et
al. reported that Cr-PTC-HIna MOF synthesized
via sonochemical method has a surface area of
92.76 m2/g, pore volume of 0.39466 cm?/g, and pore
size of 142.738 A and has a percent adsorption and
photocatalytic methylene blue decolorization of
87.478% higher than Cr-PTC-HIna MOF
synthesized via solvothermal method of 77.259%
and hydrothermal of 64.959% [23].

According to literature review, research on
the incorporation of ZnO, Fe3Os and MOFs
especially using the sonochemical method are still
scarcely found. Therefore, the objective of this
study was to synthesize composites based on ZnO,
Cr-PTC MOF, and FesOs using sonochemical
method. The obtained composites were analysed
for their physico-chemical characteristics as well
as their ability to degrade methylene blue in an
aqueous solution.

2. Materials and Methods
2.1 Materials

The materials used in this study include
distilled water, dried pumpkin seeds (Curcubita
moschata D.), N,N-dimethyl formamide (DMF)
emsure grade P.A. (Loba Chemie PVT, LTD),
peryelene-3,4,9,10-tetracarboxylic  dianhydride
(PTCDA) (Sigma Aldrich), technical grade ethanol
(Merck), Iron(II) sulfate FeSO4.7H20 (Merck),
chromium chloride hexahydrate (CrCls.6H20),
FeCls.6H20 (Merck), methylene blue (Merck),
sodium hydroxide (NaOH) emsure grade (Merck),
and zinc acetate dihydrate (Zn(CHsCOO)2.2H20)
(Merck).

2.2 Biosynthesis of ZnO Nanoparticles

Pumpkin seeds (Cucurbita moschata) were
washed and dried in the sun for three days. Dried
pumpkin seeds were mashed with a grinder to
obtain pumpkin seed flour. 10 g of pumpkin seed
flour was added to 100 mL of distilled water and
heated at 100 °C in a water bath for 25 minutes.
The solution was filtered with Whatman filter
paper no. 41 to obtain pumpkin seed extract.
Pumpkin seed extract (Curcubita moschata D.) of
as much as 10 mL was added to 90 mL of 0.15 M
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Zn(CH3COO0)2.2H20. Next, the mixture was
heated at 70 C for 1 h in an aqueous bath system
while stirring at 400 rpm. Then, 0.1 M NaOH was
added until the mixture reached pH 8. Next, the
mixture was heated while stirring to form a solid
gel. The white solid gel obtained was then
centrifuged at 4000 rpm at room temperature.
Then, the sol-gel was rinsed using distilled water
and dried for 18 h at 100 ‘C. Then, the obtained
solid was calcined for 4 h at 450 C.

2.3. Synthesis of FezO4

A total of 4 g of FeCls.6H20 and 2 g of
FeS04.7H20 were dissolved in 100 mL of distilled
water and stirred for 30 min. Next, 100 mL of 10%
(w/w) NaOH was added to the mixture while
magnetically stirred at 600 rpm for 4 h at 60 °C.
Next, the black precipitate formed was filtered
and rinsed with deionized water until pH 7.
Finally, the black precipitate was dried for 8 h at
60 °C.

2.4. Preparation of Sodium Perylene-3,4,9,10-
tetracarboxylate (NasPTCDA)

Perylene-3,4,9,10-tetracarboxylicdianhydride
(PTCDA) (0.5 g; 1.27 mmol) was dissolved in 50
mL of distilled water, and NaOH (0.356 g; 8.9
mmol) was added. Then the mixture was stirred
for 1 h at 300 rpm. Next, the greenish-red solution
was filtered, and excess ethanol was added to
obtain a yellow NasPTC precipitate. The NasPTC
precipitate obtained was then filtered and rinsed
with ethanol until it reached a neutral pH. After
that, the precipitate was dried at room
temperature for 24 h.

2.5. Synthesis of Composites

Cr-PTC@ZnO: CrCls.6H20 salt (0.266 g, 1
mmol), NasPTC (0.258 g, 0.5 mmol), and ZnO
(0.087 g, 1 mmol) were dissolved in 30 mL of DMF
solvent. Then the mixture was stirred at 300 rpm
for 1 h. The mixture was then transferred into the
ultrasonicator. The sonication process took 60
minutes at 25 °C with a frequency of 60 Hz and a
voltage of 240 V. The precipitate formed was
filtered and rinsed with hot distilled water until
the filtrate was clear. The precipitate was then
dried at 70 °C for 24 h.

Cr-PTC@Fes304: CrCls.6H20 salt (0.266 g, 1
mmol), NasPTC (0.258 g, 0.5 mmol), and FesO4
(0.232 g, 1 mmol) were dissolved in 30 mL of DMF.
Then, the mixture was stirred at 300 rpm for 1 h
and transferred into an ultrasonicator. The
sonication process took 60 minutes at 25 °C with
a frequency of 60 Hz and a voltage of 240 V. The
precipitate formed was filtered and rinsed with
hot distilled water until the filtrate was clear. The
precipitate was then dried at 70 °C for 24 h.

Cr-PTC@Zn0O-Fe304: CrCls.6H20 salt (0.266
g, 1 mmol), Na,PTC (0.258 g, 0.5 mmol), ZnO

(0.087 g, 1 mmol), and Fesz04 (0.232 g, 1 mmol)
were dissolved in 30 mL of DMF solvent. Then the
mixture was stirred at 300 rpm for 1 h. The
mixture was then transferred into an
ultrasonicator. The sonication process took 60
minutes at 25 °C with a frequency of 60 Hz and a
voltage of 240 V. The precipitate formed was
filtered and rinsed with hot distilled water until
the filtrate was clear. The precipitate was then
dried at 70 °C for 24 h.

2.6. Characterizations

The diffraction pattern of the composite was
analyzed using XRD (Shimadzu XRD-7000
Maxima) with monochromatic Cu-Ka radiation (A
=1.54056 A). The crystal size was calculated using
the Debye-Scherrer equation. Functional group
analysis was measured by FTIR Prestige 21
Shimadzu in the wave number range of 400—4000
cm! with a spectral resolution of 4 cm-1, and KBr
as a blank. Band gap energy values were
measured with a Thermo-Scientific Genesys 10s
UV-Vis in the 200-800 nm wavelength range,
with BaSO4 powder used as a blank. The band gap
energy was calculated using the Kubelka-Munk
equation plotted with the tauc plot.

2.7. Photocatalytic Activity Analysis

25 mg of composite was dispersed into 50 mL
of 50 mg/LL methylene blue and magnetically
stirred at 300 rpm under 250-watt mercury lamp
irradiation for 2 h. The suspension was sampled
by 2 mL every 15 min and centrifuged at 6000 rpm
for 10 min. The absorbance of methylene blue was
measured using a UV-Vis spectrophotometer at
665 nm. The degradation efficiency (DE, %) was
calculated using Equation (1). Methylene blue
degradation testing was also carried out in dark
conditions or without mercury lamp irradiation as
a comparison.

DE = ((Ao-Av )l Ao x 100% 1)

where, Ao 1s the initial methylene blue
absorbance, At is the absorbance of methylene
blue at a specific time interval, and DE is the
amount of methylene blue degraded.

3. Results and Discussion
3.1. Zinc Oxide (ZnO) Nanoparticle

Pumpkin seed extract (Cucurbita moschata)
acts as a capping agent to prevent agglomeration
of ZnO particles so as to obtain ZnO in
nanoparticle size. Zinc acetate solution plays a
role as a precursor with a concentration of 0.15 M
under pH = 8 conditions because it is considered
the best condition for the synthesis of ZnO
nanoparticles. The pH conditions used are less
than or more than 8, which may lead to
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agglomeration on the particle surface so that the
resulting ZnO particle size will be larger. Saridewi
et al. stated that pH = 8 is a suitable condition
that allows the production of ZnO nanoparticles <
35 nm [11]. Alias et al. reported that ZnO
synthesized in acidic pH conditions has a high
particle agglomeration due to the high amount of
H* ions and low OH- ions causing the growth of
ZnO particles to be hindered, while at alkaline pH
the resulting ZnO particles are nano-sized and
minimal agglomeration has happened [24]. Ribut
et al. also reported that ZnO synthesized at pH 7
is agglomerated and produces a larger ZnO
particle size when compared to alkaline pH [25].
The mechanism of ZnO nanoparticle
formation involves the components contained in
pumpkin seed extract. Saridewi et al. stated that
polyol compounds (phenolics and flavonoids),
terpenoids, and protein compounds in pumpkin
seed extract serve as stabilizing agents,
templates, and capping agents [11]. The
functional groups on these compounds interact
with the zinc surface and encapsulate the zinc
clusters, preventing aggregation between zinc
clusters so that the ZnO particles formed are
stable [26]. The drying process at 100 °C was
carried out to remove the remaining water
content. The calcination process at 450 °C
contributed to the breakage of the bond between
Zn and OH, which led to the formation of ZnO
nanoparticles with high crystallinity.

3.2. Magnetit (FesO4)

Magnetite Fe3Os is made using the co-
precipitation method by reacting FeCls.6H20 as a
source of Fe3* ions and FeS04.7H20 as a source of
Fe2* (Equation (2)). The addition of NaOH serves
as a precipitating agent in the formation of FesOs,
which is indicated by the change in solution to
black (Equation (3)) [27]. The temperature used in
the synthesis of FesO4 is kept constant and does
not exceed 60 C to avoid excessive oxidation of
Fe2+ ions, which contribute to the formation of
Fe203, which magnetic properties are lower than
those of Fesz0s. The black precipitate obtained is
rinsed using distilled water until neutral to
remove residual cations and anions in the mixture
[27]. The final stage is heating, which is needed to
remove the water content in the dehydration
process so that FesOs is formed as magnetite
particles.

Fe2t + 2Fe3t + 80OH- — Fes04 + 4H20 2)
FeSO4q) + 2FeCls ) + 8NaOHq — FesOu4 ) +
Na2S04 ) + 6NaClg + H2O@q) 3)

3.3. Composites

The stability of MOF-based composites as
photocatalysis materials is highly dependent on
the strength of the metal-ligand bond. The Hard
Soft Acid Base (HSAB) theory states that the

stability of MOFs is highly dependent on the
strength of the bond between the metal and its
ligand. Hard Lewis base ligands and hard Lewis
acid metal ions will form strong metal ligand-ion
bonds [28]. Perylene is classified as a hard Lewis
base with a carboxylic functional group (COO-),
while chromium metal ions (Cr3+) are classified as
hard Lewis acids. Reacting the two of them can
produce a stable MOF.

The sonochemical method was chosen in
synthesising composites as it can break large
crystal aggregates into small nano-scale sizes. So
that, in its application as a photocatalysis
material, it can produce composite materials with
a large surface area so that their photocatalytic
activity will be greater. In addition, the time and
energy required during synthesis are relatively
short [29].

Dimethylformamide (DMF) was the solvent of
choice because it can facilitate the production of
MOFs with high crystallinity using carboxylate-
type ligands [30]. DMF can reduce the activation
energy by releasing anions towards covalently
bound cations [31]. Zhang et al. observed that Cu-
BTC could not be successfully synthesised using
aqueous solvents under ultrasonic irradiation
because water inhibits the formation of
coordination bonds between the carboxyl groups of
BTC and Cu [32]. Besides, Israr et al. also
reported that the synthesis of Ni-BTC with DMF
solvent under ultrasonic irradiation produced a
MOF framework within 2 hours, but the synthesis
with water or ethanol solvent under the same
condition was unsuccessful [31].

The rinsing of the sonicated sediment was
carried out repeatedly until the filtrate was clear,
using distilled water to remove impurities trapped
on the surface or pores of the composite. The
drying process serves to remove the composite's
water content. Reduction of the water molecules
in composite leads to an increase in its pores. The
composite's pore serves as the active site,
facilitating the photodegradation reaction.

3.4. Functional Group

Figure 1 shows that the IR spectra of the
three composites produced have slight differences
compared to the IR spectrum of Cr-PTC in
previous research [18]. The new peaks formed
demonstrate the changes in the spectrum (Figure
1). The three composites have absorption peaks at
3500-3000 cm! which indicate the stretching
vibrations of the O-H group caused by the
presence of H20O adsorbed on the surface of the
three composites. The three composites have
absorption peaks at 1759-1750 cm-! representing
asymmetric and symmetric stretching vibrations
of the (C=0) carbonyl group. The absorption peaks
at 1436-1351 cm-! correspond to C—O functional
groups, confirming the presence of carboxylic
groups. The IR spectra of Cr-PTC@ZnO, Cr-PTC,
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Cr-PTC@Fes04, and Cr-PTC@ZnO-Fes04 display
Cr—0 absorption at 673-641 cm-1, corresponding to
the interaction between Cr and O atoms on the
carboxylic group of the perylene linker. This was
also found in research by Shadmehr et al. which
found the absorption peak of the Cr—O group at
674 cml. The Cr-PTC@ZnO and Cr-PTC@ZnO-
Fe304 composites exhibit absorption at 532 and
517 ecm! suggesting the presence of Zn—O bonds,
where the characteristic of these bonds is present
in the fingerprint region at 550—-453 cm-! [33]. The
Cr-PTC@Fes04 and Cr-PTC@ZnO-Fe304
composites show an absorption peak at 590 cm-!
which signifies the presence of a Fe-O bond in
Fe30..

3.5. Diffraction Pattern

Figure 2 shows that the Cr-PTC@ZnO
composite has sharp intensities at 20 = 6.21¢;
12.460; 15.56°; 19.290; 22.24°; and 26.92°, which
are the diffraction peaks of Cr-PTC MOF [18].
ZnO diffraction peaks were also detected at 20 =
31.74°, 34.37°, and 36.21° (JCPDS ZnO No. 01-
088-0315), but with low intensity. The diffraction
peaks of Cr-PTC are sharper than those of ZnO;
this is due to the composition of Cr-PTC, which is
higher than that of ZnO. The Cr-PTC@Zn0O-Fe304
composite has sharp intensity at 20 = 6.21°;
12.46°; 15.560; 19.290; 22.24¢°; 26.92°; 30.3°; 35.030;
43.220; 57.0°0. Meanwhile, the Cr-PTC@Fes04
composite only shows four sharp peaks at 20 =
30.3°, 35.03°, 43.22°, and 57.0°, which is
characteristic of the FesO4 compound (JCPDS No.
85-1436). It indicates the crystallinity level of
Fe304 > Cr-PTC MOF > ZnO.

3.6. Band Gap Energy

Figure 3 shows that Cr-PTC@ZnO, Cr-
PTC@Fes304, and Cr-PTC@ZnO-Fes304 composites
have band gap energies of 2.32 eV, 1.86 eV, and
2.34 eV, respectively. Rana et al. reported that

CrPTC@ZN0-Fe,0,
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CHPTC@Z00
"
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Figure 1. IR spectrum of Cr-PTC@ZnO, Cr-
PTC@Fe304, and Cr-PTC@ZnO-Fe304 composite

ZnO nanoparticles have a band gap of 3.22 eV
with maximum light absorption at the 396 nm
wavelength [34]. It can be seen that when
compared to ZnO, the band gap energy decreases
from 3.22 eV to 2.32 and 2.34 eV for Cr-PTC@ZnO
and Cr-PTC@ZnO-Fe30s (Figure 3a, 3c).
Meanwhile, Abadiah et al. stated that the band
gap energy of FesO4 was 2.22 eV. When compared
with Fe304, the energy band gap for Cr-
PTC@Fe304 decreased from 2.2 eV to 1.86 eV
(Figure 3b). The decreasing band gap energy in
the three composites is due to the organic linker
perylene and chromium metal ions used in the
composite synthesis being responsive to visible
light [35]. The perylene linker has five aromatic
rings. The number of aromatic rings causes a large
number of conjugated n bonds in the ring, which
contributes to the low value of band gap energy or
high responsiveness to visible light. The more
aromatic rings of the linker used, the lower the
band gap energy.

The composite's chromium metal, on the other
hand, is a transition metal with a partially filled
d orbital. Chromium metal has a large size and
atomic number. Based on the Secondary Building
Unit (SBU) principle, the larger the SBU size of a
metal MOF constituent, the smaller the band gap
energy value. The size of the SBU is directly
proportional to the size of the atomic number, or
the increase in the number of electrons in the
metal atom. The band gap is also smaller because
Cr3* metal diffuses into the lattice of ZnO and
Fes04, creating a new band gap. This allows the
composite to absorb energy in a wider wavelength
range [36].

3.7. Photocatalytic Activity

Figure 4 shows that under dark conditions,
Zn0, Fe304, Cr-PTC MOF, Cr-PTC@ZnO, Cr-
PTC@Fe304, and Cr-PTC@ZnO-Fe304 composites
have a methylene blue removal percent of 34.04%,
34.69%, 30.45%, 25.63%, 70.45%, and 59.71%,

—— CrPTC@Zn0Fe,0

—— crPTC@Fe,0,
CrPTC@ZNO

—— Cr-PTC Saridewi et al 2022
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Figure 2. Diffraction pattern of Cr-PTC@ZnO,
Cr-PTC@Fes304 and Cr-PTC@Zn0O-Fes04
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respectively. It indicates that all materials have
the ability to adsorb methylene blue through an
adsorption mechanism. The adsorption process
between methylene blue and all materials
through several interactions, including
electrostatic interactions and =n-m interactions.
Electrostatic interaction occurs between the
positive site of methylene blue, located on
nitrogen atoms (N) and sulphur atoms (S), and the
negative site of the MOF and three composites.
For ZnO and Fe304 the electrostatic interaction
can be formed between positive charge of
methylene blue an negarive charge of oxygen
atom. Furthermore, n-n interactions are formed
between the n bond in the benzene ring in the
methylene blue structure and the n bond in the
benzene ring of the perylene linker contained in
the Cr-PTC MOF, Cr-PTC@ZnO, Cr-PTC@Fe30s4,
and Cr-PTC@ZnO-Fe304 composites.

200

In light conditions, only the Cr-PTC@Fe304
composite has photocatalytic activity in degrading
methylene blue with a degradation efficiency of
84.36%. It indicates that only the Cr-PTC@Fe304
composite can degrade methylene blue through a
photocatalytic degradation mechanism. The
absence of catalytic activity is thought to be
closely related to the electrostatic interaction
between the composite and methylene blue.
Methylene blue is adsorbed on the composite
surface through electrostatic interaction. The
stronger the interaction, the more methylene blue
molecules are absorbed, and the more methylene
blue can be degraded.

The pHpzc value of the material reveals the
strength of the electrostatic interaction between
the catalyst and methylene blue. pHpzc (pH of
point zero charge) is a pH value where the surface
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Figure 3. Band gap energy of (a) Cr-PTC@ZnO, (b) Cr-PTC@Fe304, and (c) Cr-PTC@ZnO-Fe304
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charge component of a photocatalyst material is
equal to O, or neutral. This means that there is no
charge on the composite surface or that there are
equal amounts of negative and positive charges.
When the system pH is < pHpzc, then the
composite surface will be positively charged;
otherwise, if the system pH is > pHpzc, then the
composite surface is charged.

According to Isai & Shrivastava, the pHpzc
value of ZnO is 8.3, while the pHpzc value of Cr-
PTC MOF is 6.2. If the methylene blue solution is
below the pHpzc value, then ZnO and Cr-PTC
MOF tend to be positively charged so they cannot
interact with methylene blue which has a positive
charge [37]. Meanwhile, FesO4 has a pHpzc value
of 3-4 [38], and the composite formed from FesO4
and MOF Cr-PTC has a pHpzc value of 4-5. When
the pH of the methylene blue solution is above the
pHpzc value, which is equal to 5, the composite
tends to be negatively charged, so it can interact
with the positively charged methylene Dblue
solution. The more methylene blue molecules that
interact, the greater the number of methylene
blue molecules that can be degraded. However,
although the pHpzc value of Fe304 is below the pH
of methylene blue solution, FesO4 does not show
good catalytic activity in degrading methylene
blue. Kalska-Szostkoa et al. stated that FesOq
nanoparticles undergo dissolution under acidic
conditions, which is observed by a change in color
in the mixture of FesOs4 and acid. Dissolution
occurs in the solid Fe oxide core, and ion migration
into the acid solution. This is in accordance with
the wunstable nature of Fe in an acidic
environment. This instability causes FesO4 to lose
1ts catalytic activity [39].

Composites containing ZnO and Cr-PTC MOF
compounds are less able to degrade methylene
blue well under acidic pH conditions (pH = 5)
because at pH = 5, the surfaces of ZnO and MOF
tend to be positively charged by protonated H*
ions. Methylene blue 1s positively charged
cationic. The existence of these two positive
charges, causes a repulsive interaction between
the positive charge of MB and the catalyst which
1s less favorable, resulting in MB not being able to
Iinteract with the active site of the catalyst and the
degradation process becomes not optimal [40].
Saridewi et al. reported that ZnO-FesO4 showed a
decrease in photocatalytic activity at acidic pH
(pH = 3-7) [22]. Saridewi et al. also reported that
Cr-PTC MOF did not show catalytic activity in
methylene blue photodegradation reactions under
acidic conditions (pH = 2-5) [18].

Meanwhile, the Cr-PTC@Fe30s+ composite
showed photocatalytic activity, where the percent
degradation of methylene blue 1in bright
conditions increased to 84.36%. The Fe304 and Cr-
PTC MOF have pHpzc values below 5, so the
resulting Cr-PTC@Fes04 composites tend to have
similar pHpzc values. On the other hand, loading
FesO4 on MOF prevents the recombination

process between excited electron and electron hole
pairs, which reduces the process of free radical
formation and dye degradation. The presence of
Fes304 also raises the number of active sites that
play a role in the degradation process. In addition,
FesOs4 is a super magnetic material, so the
resulting composite is well dispersed in methylene
blue solution, so the number of composite particles
that interact with methylene blue is greater.
Previous research by Saridewi et al. provides
evidence of this, reporting that the Cr-PTC MOF,
without the addition of FesO4, could only degrade
methylene blue by 20.74 mg/g for 180 minutes
reaction time, compared to the Cr-PTC@FesO4
composite, which had a degradation capacity of
84.36 mg/g [18]. The photocatalytic degradation
mechanism of methylene blue by the Cr-
PTC@Fe304 composite is shown in Equations (4)—
9):

Cr-PTC@Fe304 + hv — Cr-PTC@Fe304 (e-) +

Cr-PTC@Fe304 (h*) (4)
Cr-PTC@Fe304 (e-) + Oz — Oz 5)
Cr-PTC@Fes304 (h*) + OH- — OH* (6)
H20 + *O2-— 2 OH- (7
Cr-PTC@Fes304 (h*) + H2O — OH- + H* (8
OH+* + MB — Degradasi 9

Photon energy will expose the Cr-PTC@Fe304
photocatalyst, resulting in excited electrons in the
conduction band and electron holes (A*) in the
valence band (Equation (4)). The excited electrons
react with oxygen molecules attached to the
photocatalyst's surface to form superoxide radical
anions (*O2) (Equation (5)). These anions will
react with water molecules (H20) adsorbed on the
surface of the photocatalyst to produce hydroxide
ions (OH-), which then react with electron holes
(h*) to form OH- radicals (Equations (6)-(7)),
which are strong oxidising agents for dye
degradation. On the hand, A* reacts with water
molecules (H20) to form hyrdoxil radical (OH*)
(Equation (8)). Hyrdoxil radicals (OH<) will
degrade methylene blue compounds into CO2 and
H20 (Equation (9)) [41].

4. Conclusions

The sonochemical method can be applied to
synthesise ZnO, Fe304, and Cr-PTC MOF-based
composites. The Cr-PTC@FesOs composite is
characterized as the most effective photocatalyst
for degrading methylene blue under acidic
conditions. The Cr-PTC@FesOs composite
achieved photocatalytic degradation of methylene
blue with a percent degradation rate of 84.36%.
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