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Abstract

Textile industry waste can pollute the aquatic environment because it contains dye contaminants with very stable
properties that are difficult to degrade naturally. However, dye contaminants degradation can be carried out by
photodegradation using ZnO-FesOs magnetic nanocomposite photocatalysts. This study aims to synthesize ZnO-
Fes04 magnetic nanocomposite through a sonochemical method. Then measure their photocatalytic activity in
methylene blue degradation. The best ZnO-Fes04 magnetic nanocomposite is made of ZnO:Fe304 mass ratio of 4:1
with a crystal size of 31.058 nm, a hexagonal crystal phase and a particle size of 173.23 nm. The ZnO-Fe304 mag-
netic nanocomposites (4:1) provides optimum degradation capacity of methylene blue under halogen lamp irradia-
tion of 99.56 mg/g at pH 13. Furthermore, the ZnO-Fe304 magnetic nanocomposites had good stability in 10 cycles
reaction with a degradation capacity of 99.24-99.75 mg/g. The photocatalytic degradation of methylene blue by
Zn0-Fe304 occurs through the formation of free radical species with hydroxyl radicals as the dominant species
that play an important role in the degradation process.
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1. Introduction biodegradable organic compounds, making them
challenging to degrade [2]. One common dye
types commonly produced by the textile indus-
try is methylene blue [1].

Photocatalysis is a process of combination of
photochemistry and catalyst. The photocatalysis

The textile industry is one of the most signif-
icant contributors to water waste, that is declin-
ing water quality in the environment [1]. Dye
waste produced by industry is generally non-

begins with forming an excited electron on the
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the valence band. Paired electron holes under-
go an oxidation-reduction reaction producing
free radicals (OH*) that can degrade a harmful
organic pollutant [3]. ZnO, an environmentally
friendly photocatalyst [4], has unique proper-
ties: high chemical stability, good electrical
properties, high light transmittance, and low
price [5]. In addition, ZnO has a band gap of
3.37 eV [6-7]. Raganata et al. reported that
ZnO nanoparticles can degrade methylene blue
with degradation increasing as the irradiation
time increases [8].

However, ZnO in water tends to form col-
loids, thus in the photodegradation process, it
will reduce its degradation efficiency [9]. There-
fore, ZnO photocatalytic activity can be opti-
mized by developing a supporting material,
such as i1s by composting using FesOs4 material
[10]. Furthermore, Fe3sOs4 has good chemical
stability and does not agglomerate over a long
time. In addition, the magnetic properties of
Fes04 facilitates the ZnO-FesO4 nanocomposite
separation process after being used in the lig-
uid waste treatment. Therefore, photocatalysts
can be reused continuously in the long term
[12].

Many researchers have successfully synthe-
sized ZnO-Fe304 nanocomposites using various
methods. Ulya & Taufiq have successfully syn-
thesized ZnO/Fe30s nanocomposites using
sonochemical methods [13]. Yogasundari &
Manikan reported that the Fes04-ZnO compo-
site has been successfully synthesized through
the coprecipitation method [14]. Ghan-
barnezhad et al. reported that nanocomposites
reduced graphene oxide (RGO)/Fe304-Zn0O via
the hydrothermal method [15]. Winatapura et
al. fabricated Fe304-ZnO nanocomposites using
a simple wet grinding method for methylene
blue photodegradation [16]. Elshypany et al.
synthesized Fe304/Zn0O nanocomposites with a
degradation efficiency against methylene blue
of 88.5% with high stability of 5 reaction cycles
[17]. Habibi & Shekofteh also synthesized
Fes04-ZnO composites through the coprecipita-
tion method with a mass ratio of Fes04Zn0O of
1:4 with methylene blue degradation efficiency
of 97.9% [18]

The difference in synthesis methods has
greatly influences photocatalytic activity. The
sonochemical method is applied as an environ-
mentally friendly synthesis method, obtaining
nanoscale particle sizes with a high yield of
nanocomposites. The principle of the sonochem-
ical method utilizes ultrasonic waves that are
radiated into the solution. A collision between
particles will occur in a crystal breakdown pro-
cess that allows ZnO-FesOs to be nanoscale

[19]. The sonochemical method is considered as
environmentally friendly because the synthesis
process can use ethanol solvents so as not to
leave residual waste of dissolution because eth-
anol will immediately evaporate in the drying
process [20].

Consequently, this study aims to synthesize
Zn0-Fes0s magnetic nanocomposites through
the sonochemical method. The resulting ZnO-
Fes04 magnetic nanocomposites are character-
ized and applied in degrading methylene blue
under halogen lamp irradiation.

2. Materials and Methods
2.1 Material

The materials used in this study included
dried yellow pumpkin seeds (Cucurbita Mos-
chata.), zinc acetate dihydrate (Zn(CHsCOO)
2.2H20) (Merck), NaOH grade emsure (Merck),
ferrous sulfate FeSO04.7H20 (Merck), iron(III)
chloride hexahydrate FeCls.6H20 (Merck),
H202 grade emplura (Merck), CHsOH grade
emsure (Merck), and methyl blue (Merck).

2.2 Biosynthesis of ZnO Nanoparticles

Yellow pumpkin extract of 10 mL was react-
ed with Zn(CH3CO0O0)2.2H20 0.15 M for as
much as 90 mL. Then, the mixture was heated
at 70 °C for 1 hour in an aqueous bath system
while magnetically stirring at 4000 rpm. Fur-
thermore, NaOH 0.1 M was added until the pH
of the solution becomes 8, and the sol-gel of
Zn0O nanoparticles was formed. Next, the
formed white sol-gel was separated from the
solution by centrifugation at room temperature
at 4000 rpm for 10 minutes. Then the precipi-
tate was washed with distilled water and dried
at 100 °C for 18 hours. Finally, ZnO precipitate
was calcined at 450 °C for 4 hours.

2.3 Synthesis of FesO4 Magnetic Nanoparticles

A solution of FeCls.6H20 and FeSO4.7H20
mixture in a ratio of 2:1 (w/w) was stirred for
30 minutes. Next, 100 mL of 10% NaOH (w/v)
was added to the mixture while stirring at 600
rpm for 4 hours at 60 °C. Finally, the formed
precipitate was separated using a magnetic
field, washed with deionized water until pH =
7, and dried at 60 °C for 8 hours.

2.4 Synthesis of ZnO-Fe304 Magnetic
Nanocomposites

Zn0O and Fes04 (4:1, 5:1, and 6:1 w/w) were
transferred into the Erlenmeyer flask and add-
ed to as much as 100 mL of ethanol. Then, the
mixture was stirred using a magnetic stirrer at
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300 rpm for 24 hours at room temperature.
Next, the mixture is ultrasonicated for 3 hours
and heated at 60 °C overnight. Furthermore,
the precipitate was calcined at 300 °C for 2
hours.

2.5 Characterization of ZnO-Fe304 Magnetic
Nanocomposites

The resulting ZnO-Fe3sOs magnetic nano-
composites was characterized using XRD
(Rigaku Miniflex) to determine their diffraction
patterns using Monochromatic Radiation Cu-
Ka (A= 1.54056 A). Crystallinity, phase type,
and sample size were determined by processing
XRD diffractogram data using the Match! 3.0
application. The crystal size was determined by
the Debye Scherrer equation shown in Equa-
tion 1. The ZnO-Fe30s magnetic nanocompo-
sites morphology also analyzed using an FEI
Quanta 650 scanning electron microscope with
a 25 kV.

kA
b= p cos @ @)

where, D is crystal size, k is factor of the crys-
tal (0.9), A is wavelength of X-rays (1.54056 A),
f is full width at half maximum (FWHM) (rad),
and 6 is angle of diffraction (°).

2.6 Photocatalytic Activity of ZnO-Fes04
Magnetic Nanocomposites

Zn0O-Fes0s magnetic nanocomposites was
dispersed into 100 mL methylene blue solution
and stirred at 300 rpm at room temperature.
Furthermore, the suspension was irradiated for
3 hours and sampled by 2 mL every 30
minutes. Finally, the suspension was centri-
fuged at 6000 rpm for 30 minutes. The meth-
ylene blue concentration was measured using a
UV-Vis spectrophotometer at wavelength 665.
The methylene blue degradation efficiency and
degradation capacity were calculated using
Equations (2)-(3). The dark condition also was
measured as a control.

DE(%) = (COC;C‘)me% (2)

0

_ (CO - Ct) |4

DC(mglg)= C, . (3)
where, DE is degradation efficiency (%), DC
((mg/g)) is degradation capacity of methylen
blue (mg) per gram ZnO-Fe30s, C, is initial
MB concentration (mg/L), C; is MB concentra-
tion at a certain reaction time (mg/L), V is vol-
ume of solution (L)), m is ZnO-Fe304 dosage (g).

The initial methylene blue concentrations
(25; 50; 75; and 100 ppm), photocatalyst dosage
(25, 50, 75, 100, and 125 mg), pH of the solu-
tion (pH = 3, 5, 7, 9, 11, and 13), as well as
measurements of the influence of the addition
of H202, CHsOH, and tert-butanol was ob-
served to determine the optimum condition and
species that played a dominant role in the deg-
radation process of methylene blue.

2.7 Stability Analysis of ZnO-Fe3O4 Magnetic
Nanocomposites

The ZnO-FesOs magnetic nanocomposite
stability test was performed by measuring the
degradation capacity of methylene blue in 10
cycles. After being used, the ZnO-FesO04 photo-
catalysts were separated, dried, and analyzed
using XRD to confirm their crystal structure
stability.

3. Results and Discussion
3.1 Nanoparticles ZnO

The forming of ZnO nanoparticles was car-
ried out using the sol-gel method through the
reaction between Zn(CH3C00)2.2H20 as a pre-
cursor, yellow pumpkin seed extract (Cucurbita
moschata) as a capping agent and reducing
agent, and NaOH as a reducing agent. The
synthesis of ZnO nanoparticles occurred at pH
8 because pH 8 is a stable condition for making
ZnO nanoparticles with the particle size of ZnO
produced less than 35 nm. It was reinforced by
Saridewi et al. who reported that the optimum
pH to obtain the smallest ZnO nanoparticles
size was pH 8. Since the pH is less or more
than 8, there was aggregation on the particle
surface which caused the particle size to be
larger [21]. The mechanism of the reaction pro-
cess and the formation of ZnO nanoparticles as
a whole can be seen in Figure 1.

Figure 1 explains that the compounds con-
taining hydroxyl and carboxyl groups in yellow

7Zn2*ion cucurbita moschata Zn atom
yo seedextract
0 —> 20 +NaOH ——>
Fully capped particle l/

O™ 00

ORI So e 4

" I 3 FYTS Y wd P

OO0 €<—— O9idyyR <=——— &S

YAPAALO 900007y

“ORAK :i,' ) . Zn cluster
e (7 capping

ZnO nanoparticles

Figure 1. Mechanism of ZnO nanoparticles
forming [23]
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pumpkin seed extract with NaOH will reduce
Zn?* to Zn. Then, the Zn atoms formed merge
into Zn clusters. The functional groups in
pumpkin seed extract interact with the zinc
surface and envelop the Zn cluster, commonly
called "capping." A capping agent is an ionic or
molecular species that bind to nanoparticles
due to the formation of strong covalent bonds
between polymer chains and the surface of na-
noparticles [23]. Diluting the Zn cluster with a
capping agent prevents aggregation between
Zn clusters and form stable nanoparticles. The
hydroxyl group negatively charged from the
compounds in the yellow pumpkin seed extract
plays a role in binding to the Zn cluster so that
negatively charged ions envelop the particle
surface. These negative ions produce a repul-
sive force between similar charges to prevent
nanoparticle aggregation [24].

3.1 ZnO-Fe304 Magnetic Nanocomposites

Previous study reported that the ZnO-FesO4
magnetic nanocomposites can be constructed by
the sonochemical method. Bhavase et al. syn-
thesized Chitosan-ZnO-Fes0s nanocomposites
using the sonochemical method resulting in
particle size of 20-40 nm [25]. Manoharan et al.
also synthesized ZnO/TiO2/Si02 nanocompo-
sites using the sonochemical method with a
particle size of 46 nm [26]. Figure 2 shows the
Zn0-Fe304 nanocomposites made with 3 differ-
ent mass ratios of ZnO and Fe304, namely (4:1),
(5:1), and (6:1), having brown colour with dif-
ferent colour concentrations. If much Fes3O4 is
added, the brown colour was more intense, be-

cause the colour is influenced by the presence
of Fe304, which is deep black.

3.2 ZnO-Fe304 Magnetic Nanocomposites
Crystallinity

Figure 3 shows the diffraction pattern of the
three ZnO-Fes04 magnetic nanocomposites and
confirms the phase of the formed crystals. All
Zn0-Fe304 nanocomposites (4:1, 5:1, and 6:1)
have the same diffraction peak with a high
crystallinity judging from the high spectrum of
sharp peaks. The sharp peak of ZnO appears at

Figure 2. The magnetic nanocomposite ZnO-

Fes04 (a) 4:1, (b) 5:1, and (c) 6:1

Intensity(a.u)

20 is 31.741°; 34.377°;, 36.217°; 47.479°,
56.543°; 62.855° 66.44°; 67.946°; and 69.070°
in accordance with JCPDS ZnO no 01-088-0315
(Table 3a). The peak of FesOy4 is also seen at 20
is 31.42°; 35.51°; 46.98°; 57.04°; and 62.87° fol-
lowing JCPDS FesOs4 no 01-076-0704 (Table
3a).

Figure 3b shows that all magnetic
nanocomposites have a larger diffraction
pattern towards ZnO with a hexagonal
crystalline phase. Because the composition of
ZnO is higher than FesOs this is also
strengthened by Manoharan and coworkers
which reporting that reporting nanocomposites
Zn0/Ti02/Si02 made with the composition
(6:3:1) forming a hexagonal phase with
wurtzite morphology [26]. Figure 3b shows that
the variation in the addition of FesO4 does not
affect the resulting crystal phase. The crystal
size of three ZnO-Fe30s4 magnetic
nanocomposites is shown in Table 1.

3.3 Morphology of ZnO-FesO4 Magnetic Nano-
composites

Characterization of scanning electron micro-
scope (SEM) testing was carried out to deter-
mine the morphology of the surface of the ZnO-

Table 1. Crystal size of ZnO-Fe3Os magnetic
nanocomposites

No Sample FWHM Crystal Size (nm)
1 4:1 0.269 31.058
2 5:1 0.233 35.864
3 6:1 0.458 18.243
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Figure 3. Diffraction patterns (a) JCPDS ZnO
and Fe30y4, (b) ZnO-Fe3s04magnetic nanocompo-
sites
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Fe3O4 (4:1). Figure 4 showed that the ZnO-
Fes0s (4:1) magnetic nanocomposite has a
spherical morphology with a hexagonal struc-
ture. The morphology showed that most of the
observed particles are ZnO particles. It is be-
cause, in composition (4:1), ZnO has a higher
ratio. The morphology was confirmed by Liu et
al. who reported that composites of ZnO-Fes04
have a spherical shape and hexagonal struc-
ture with the composition of ZnO-Fe304 (10:7)
[26]. In another study, Manoharan also et al.
reported that ZnO/TiO2/SiO2 nanocomposites
made with a composition (6:3:1) had a hexago-
nal phase with wurtzite morphology [27]. Fig-
ure 4 also shows the presence of large chunks
of particles. These large particles are molecules
that do not undergo the process of collision be-
tween particles in the sonochemical process,
and it is possible that mixing particles is not
comprehensive.

Figure 5 exhibits the particle size distribu-
tion of ZnO-Fe304 magnetic nanocomposites us-
ing Image-J and Origin softwares. The particle
size of the ZnO-Fe30s4 nanocomposite is be-
tween 150- 200 nm, with an average particle di-
ameter of 173.23 nm. According to Vasquez et
al., particles with a diameter size of less than
1000 nm can be considered as nano-size carri-
ers, thus the particle size of the ZnO-Fes04
magnetic nanocomposites with a diameter of
173.23 nm is nano-sized [28]. The particle size
results also did not differ much in Habibi &
Shekofteh's research that Fesz04/ZnO/NiWO4
nanocomposites using the sonochemical method
produced a particle size of 150 nm [19]. On the

Figure 4. Morphology of ZnO-Fe3Os magnetic
nanocomposites (a) magnification of 5000x (b)
magnification of 10,000x (c) magnification of
20,000x (d) measurement of particles with
Image-dJ software

other hand, Bykova et al. reported that ZnO-
Fe30s synthesized through the solid state
method resulted in a particle size of 215.48 nm
[29]. In addition, Ghanbarnezhad et al. synthe-
sized RGO/Fes304-Zn0O nanocomposites through
the hydrothermal method resulted in particle
size of 568.23 nm [16]. Wang et al. reported
that Fe30.@Zn0O synthesized through the hy-
drothermal method resulted in particle size of
220 nm [29].

3.4 Photocatalytic Activity of ZnO-FesO4
against Degradation of Methylene Blue

The dark test was carried out to determine
the adsorption ability of ZnO-FesOs magnetic
nanocomposites in methylene blue degrada-
tion. Figure 6 showed that all ZnO-Fe304 mag-
netic nanocomposites did not show the meth-
ylene blue adsorption process under dark con-
ditions. Since both ZnO and FesOs have large
pore sizes and a small surface area, hence ZnO-
Fes04 provides low ability to adsorb methylene
blue. Inline with Elshypany et al. study,
Fes04/ZnO nanocomposites had no degradation

29 R2 =0,99662

60 4
—~ 50
N
T
> 40
(&)
c
9 304
(on
<
L 204

10

0
50 100 150 200 250 300 350 400

Diameter (nm)

Figure 5. Particle size distribution ZnO-Fe304
magnetic (4:1)

50 -
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Degradation Efficiency (mg/g)

(4:1) (5:1) (6:1)
Zn0-Fe;0,

Figure 6. Degradation efficiency of methylene
blue by Zn-Fe304 magnetic nanocomposite in
the dark (blue) and light (red) condition
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activity in dark conditions because both metals
had a large pore size [18]. Seetawan et al. also
found that the pore size of ZnO in the synthesis
using the sonochemical method was 95.3 nm
[31]. Shang and Barnabé reported that the pore
size of ZnO that is not composted with zeolite is
13.43 nm [32]. Likewise, Rahmawati & Nita
studied that the size of the magnetic pore syn-
thesized from natural rocks was 83.74 nm [33].
Each metals has a large pore size, so they tend
not to have good activity in adsorbing meth-
ylene blue in dark conditions.

Figure 6 shows that ZnO-FesOs (4:1) de-
grades methylene blue by 47.36% in light con-
ditions. Under light conditions, the photon en-
ergy from the halogen lamp hits the ZnO-Fes04
photocatalyst. Then, it forms hydroxyl radical
(OH") for the photodegradation of methyl blue
[34]. Figure 6 shows that the nanocomposites
at ZnO:Fe304 (4:1) gave the largest degradation
efficiency of 47.36%. ZnO nanoparticles play
the main role as photocatalysts [9-11], while
FesOs contributes to separate photocatalyst
particles. Therefore, photocatalysts continuous-
ly undergo degradation [12]. It is also related to
comparing the composition of the used nano-
particles. When more ZnO ratio was used,
nanocomposites' photocatalytic degradation ac-
tivity decreases because of the colloidal system
formation, and the less magnetic properties,
and the strength in attracting photocatalysts
decreases [35]. The magnetic properties ZnO-
Fes04 (6:1) is smaller than (5:1), as well as (5:1)
the magnetic content is smaller than (4:1).
Therefore, the methylene blue degradation by
Zn0-Fes04 (4:1)>(5:1)>(6:1). The mechanism of
photocatalytic degradation of methylene blue
by ZnO-Fe304 is shown in Figure 7.

ho
0,"+MB

0,
e CB C0,+H,0

ﬁ_i) € CB

H,0 /h' VB

CO0,+H,0 MB+HO
ht VB

Fe;0, Zn0

Figure 7. Photocatalytic degradation mechanism
of methylene blue by ZnO-Fe304 magnetic nano-
composite [34]

3.5 Effect of Methylene Blue Concentration

The optimum condition of ZnO-Fes0s mag-
netic nanocomposites in degrading methylene
blue is at 50 ppm with a degradation capacity
of 31.51 mg/gram. Figure 8 shows no photo-
catalytic degradation at an MB concentration
of 100 ppm. It is due to the photocatalyst being
in the saturated phase due to the high concen-
tration of dyes covering the surface of the pho-
tocatalyst. The saturated photocatalysts de-
creases photon efficiency and improve photo-
catalyst deactivation [36]. Zhang et al. report-
ed that adding methyl orange concentrations
from 5 ppm to 10 ppm in ZnO-TiO2 nanocompo-
sites could provide an ever-increasing degrada-
tion capacity. However, adding 25 ppm concen-
tration decreases the degradation [37].

3.6 Effect of ZnO-Fe304 Magnetic
Nanocomposite Dosage

Figure 9 revealed that the optimum photo-
catalyst dosage 1s 25 mg with a degradation ca-

35 7 ——25 ppm
| 50 ppm

30 75 ppm

25 100 ppm

= = o
o O ot O
1 1 1 1

Degradation Capacity (mg/g)

o

0 30 60 90 120 150 180
Time (minutes)
Figure 8. Degradation capacity of methylene

blue by ZnO-FesOs magnetic nanocomposites
at variations in methylene blue concentrations

70 9 ——235 mg 50 mg
75 mg 100 mg
60 4 ——125 mg

Do V] = ot
o o o o
1 1 I L

Degradation Capacity (mg/g)
—
o

o

0 30 60 90 120 150 180
Time (minutes)

Figure 9. Degradation capacity of methylene
blue by ZnO-Fes0s magnetic nanocomposites
on any photocatalyst dosage
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pacity of 61.87 mg/g. Nevertheless, a photocata-
lyst dosage of 25 mg cannot be separated exter-
nally because the photocatalyst is perfectly dis-
persed in the solution making it difficult to sep-
arate. It can not be considered an optimum con-
dition because photocatalysts can only be used
once due to the difficulty of the separation pro-
cess after use. A photocatalyst dosage of 50 mg
1s optimal because a photocatalyst dosage of 50
mg provides the highest degradation capacity
of 42.85 mg/g and is easy to separate using ex-
ternal magnets.

Figure 9 also shows that the increased in
the photocatalysts' dosage affects their photo-
catalytic activity in degrading methylene blue.
However, if the photocatalysts dosage is used
too much, it decreases the degradation capaci-
ty. Kumar & Pandey explained that the more
photocatalyst dosages used cause the active
sites where the reaction occurs to be more nu-
merous [38]. Then, too many photocatalysts al-
so affect the turbidity of the solution. As a re-
sult, a cloudy solution makes it difficult for a
beam to reach the photocatalyst's active site,
causing the photocatalyst's surface to become
obstructed, resulting in a decrease in the per-
centage of degradation [38].

3.7 Effect of pH

Figure 10 shows optimum conditions result-
ing in a degradation capacity of 99.44 mg/gram
at pH of 13, then 91.58 mg/gram at pH of 11,
and 42.85 mg/gram at pH of 9. The neutral pH
was also degraded by 30.06 mg/gram. Mean-
while, acidic conditions, namely pH of 3 and 5
degradation results, tend to be subdued. In
acidic conditions, ZnO tends to be positively
charged because ZnO interacts more with ion
H*, whereas the blue methylene in the solution
is also positively charged. This reaction be-

100 -
90 - ——H3)
=1 —=—(pH 5)
g 80 - -
e eHT
= 70 A (pH 9)
& _ ——(pH 11)
g 60
< —e—(pH 13)
S 50
g 40 A
s 30 A
=
s 920
& 10 4
a

0

0 30 60 90 120 150 180
Time (minutes)
Figure 10. Degradation capacity of methylene

blue by ZnO-Fe304 magnetic nanocomposite at
pH variations

tween positive charges tends to be less pre-
ferred, which causes less than optimum per-
centage degradation [38].

On the other hand, in alkaline conditions,
7ZnO is negatively charged, so it is preferred to
react with positively charged methylene blue
[39]. The methylene blue is a cationic dye
(positively charged), so the alkaline pH in-
creases the effectiveness of photodegradation
because an increase in OH ions increases the
amount of OH radicals produced. The acid and
base pH reaction at ZnO is shown in Equations

(3)-(4).

(PH < 6.8) : Zn-OH + H* — ZnOHy* (3)
(PH > 6.8) : Zn-OH + OH — ZnO + H:0  (4)

3.8 Dominant Species on Photocatalytic Activi-
ty of Methylene Blue

Figure 11 shows that adding of H202, result-
ing in a degradation capacity of 99.80 mg/gram
for 30 min. Then the addition the mixture of
the tertiary butanol (tert-BuOH) and H20: re-
sulted in a degradation capacity of 99.29
mg/gram simultaneously. Finally, adding
methanol resulted in a degradation capacity of
78.08 mg/gram. Meanwhile, a degradation
capacity of 88.43 mg/gram without adding sac-
rificial agents was obtained. Thus, adding H202
contributes greatly to the photodegradation re-
action of methylene blue. In addition, the H202
added to the system will capture photogenerat-
ed electrons to prevent recombination between
the photogenerated electron and the electron-
hole pairs [40].

In addition, H2O2 also reacts with photogen-
erated electrons producing radicals (OH”) and
hydroxides (OH") [41]. Electron holes in the va-
lence band in the ZnO-Fe3Os magnetic nano-
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Figure 11. Degradation capacity of methylene
blue by Zn0O-Fe304 magnetic nanocomposite on
variations in the addition of sacrificial agents
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composite skeleton is stabilized through reac-
tions with water forming hydroxyl radicals
(OH*). On the other hand, H20z can also be de-
composed by light-producing hydroxyl radicals
(OH"), so it plays the most important role in
photocatalytic reactions of methylene blue deg-
radation. The mechanism is written in Equa-
tions (5)-(11).

Zn0-Fes04 + hv — Zn0O-Fe30q4 (e-wp) +

Zn0O-Fes04 (h*w) 6))
Zn0-Fes304 (ew) + HO2 — OH* + OH™ (6)
H202 + hv — 20H* @)
Zn0-Fes304 (h*w) + OH™ — OH* (8)
Zn0-Fe304 (h*w) + H.O —» OH* + H* 9
(CH3)sCOH + OH* — H20 + (CH3)CO~ (10)
OH* + MB — degradation products 11)

The addition of tert-BuOH and H2O2 provid-
ed a slightly decreasing photocatalytic activity
of methylene blue degradation of 99.29
mg/gram at 30 minutes of reaction time. It is
because tert-BuOH captures hydroxyl radicals,
which decreases the number of hydroxyl radi-
cals and decreases the efficiency of methylene
blue degradation. The methanol added to the
system will capture electron holes (A*) and oxi-
dize methanol to hydroxyalkyl radicals
(CH20H") and oxidize further to formaldehyde
(CH20). Thus, there are no hydroxyl radicals
(OH") formation, which plays an important role
in the MB photodegradation process. Instead,
photogenerated electrons will react with oxy-
gen absorbed on the surface of ZnO-Fe30s to
form a superoxide radical (O27*), where the rad-
ical will also react with methylene blue to form
a degradation product. The mechanism is writ-
ten in Equations (12)-(15).

100 1q
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Figure 12. Methylene blue degradation
efficiency by ZnO-Fe3O4 nanocomposites in 10
times the reaction cycle

Zn0-Fe304 (h*w) + CH3OH — CH30H* (12)

CH30H* — CH:20 + H* + e~ (13)
Zn0-Fe304 () + O2 — Oz (14)
02"+ MB — degradation products (15)

3.9 Stability of ZnO-FesO4 Magnetic
Nanocomposite

Figure 12 exhibited that ZnO-FesOs (4:1)
magnetic nanocomposite has good stability af-
ter 10 cycles. It produces a methylene blue deg-
radation capacity of approximately 99.75—
99.24%. This result is much better compared to
other studies, i.e. Elshypany et al. synthesized
Fe304/ZnO magnetic nanocomposite with a
degradation efficiency of 88.5% for 5 cycles
[18]. Dehghan et al. also reported that ZnO-
Fe304 nanocomposites that stable for as many
as b cycles with a degradation efficiency of
90%-85% [42]. Adding Fe304 to ZnO magnetic
nanoparticle can separate ZnO photocatalysts,
so that ZnO can be used simultaneously. The
Zn0-Fes04 stability was also confirmed by no
changes in the diffraction pattern of ZnO-FesO4
nanocomposites before and after use (Figure
3b).

4. Conclusion

The ZnO-FesOs magnetic nanocomposite
was made by sonochemical method with a
mass ratio of ZnO and Fe3O4 (4:1 b/b), resulted
in the most optimal methylene blue degrada-
tion, having a crystal size of 31.058 nm and a
particle size of 173.23 nm with a hexagonal
crystal phase. In addition, ZnO-Fe304 magnetic
nanocomposite (4:1) has good stability after use
for 10 reaction cycles with a degradation capac-
ity of about 99.75-99.24 mg/gram at pH 13 un-
der halogen lamp irradiation for 180 minutes.
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