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This study aims to investigate the structural and optical characteristics of pure o-Fe,Os;, ZnO, and o-Fe,O3/ZnO
nanocomposite synthesized by hydrothermal method and their application in the purification of dye-contaminated water.
Synthesized samples were characterized by XRD, UV, and FTIR. XRD pattern of a-Fe,0;/ZnO nanocomposite revealed
two distinct phases corresponding to a-Fe,O3 and ZnO in synthesized nanocomposite. The characteristic absorbance peaks
of 0-Fe,O3/ZnO nanocomposite were observed in UV visible spectra with a bandgap of 2.50 eV. The photocatalytic
properties of as-synthesized nanocomposite have been evaluated by photodegradation of methylene blue (MB) under UV
irradiation. Compared to pure metal oxides (a-Fe,O; and ZnO), photodegradation efficiency of nanocomposite for
methylene blue dye was found to be enhanced. i.e., 78% in 105 minutes. This improved photocatalytic activity can be
ascribed to efficient charge transfer in the nanocomposite, which in turn can be attributed to the reduced recombination
probability of photo-induced carriers. The as-synthesized nanocomposite could be appropriate for wastewater treatment dye.

Keywords: Wastewater Treatment; a-Fe,03/ZnO; Photodegradation; Methylene blue dye

1 Introduction

Tremendous increases in industries may have
catastrophic consequences for both marine life and
humans. Synthetic dyes, which are regularly
discharged from industries, are the major reason for
water pollution. A significant source of dye pollution
is the textile industry. About 10-15% of dyes are
discharged directly into aquatic ecosystems without
proper treatment. Photocatalysis has been proven to
be the most preferable procedure for wastewater
treatment due to its cost-effectiveness, and low energy
consumption. Numerous substances have been used
for degradation of dye-contaminated water, including
Zl’lO, TiOz, CCOZ, (1*F€203, SHOz, MgO, CUQO,
7r0,'? Among these, hematite (a—Fe,O3) is a
common semiconductor used as a catalyst for dye
degradation because of its abundance, affordability,
and environmental friendliness. Despite these
characteristics, a-Fe,O; has a high recombination rate
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due to limited diffusion pathways (2-4 nm) and weak
oxidation capacities of holes. Therefore, more active
material with a large surface area must be introduced
into the host matrix. Many scientists put their
endeavours to improve photocatalytic activity by
synthesizing nanocomposites such as 0—Fe,O;@TiO,,
0-Fe,0;@Zn0, 0—Fe,0s@Sn0,, ZnO@ZnS**. To
get rid of surface imperfections, a protective layer
could be formed on the surface of nanoparticles which
improved the photostability of material by decreasing
dangling bond. Herein, we have prepared pure
a-Fe,0s, pure ZnO, and 0—Fe,03/Zn0O nanocomposite
by cost-effective hydrothermal route for degradation
of MB dye.

2. Preparation of a—Fe,03/Zn0O Nanocomposite
The hydrothermal technique was utilised to
synthesize nanocomposite of a—Fe,O; and ZnO.
Firstly, pure a-Fe,O; was synthesized by taking
Fe(NOs),.6H,0O and CO(NH,), as precursors. Then 6
mmol of Zn(NO;),.6H,O and 9 mmol of CO(NH,),
were dissolved in 60 ml of distilled water under
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Fig. 1 — XRD pattern of (a) pure o—Fe,O; (b) pure ZnO and
(c) 0—Fe,03/Zn0O nanocomposite.

Table 1 — Structural and UV- Visible spectroscopic results

Samples Crystallite size ~ Band gap % degradation
(D)nm (eV)

a—Fe,03 29.10 222 50

ZnO 15.45 3.06 43

a—Fe,03/ZnO 11.77 2.50 78

constant stirring. The same solution was then
supplemented with the precise quantity of pure
0-Fe,O3. The resultant mixture was put into a 100 ml
Teflon-Lined stainless-steel autoclave, where it
experienced hydrothermal treatment at 120 °C for §
hours. Then resultant precipitates were collected and
dried at 80 °C for 20 hours after being repeatedly
cleaned with distilled water and ethanol. These
samples were then annealed at 500 °C for 2 hours to
obtain the a-Fe,O; and ZnO nanocomposites.

3. Results and Discussions
3.1. X-Ray Diffraction

Figure 1 shows XRD pattern of synthesized
samples. The crystallite size was calculated using
Debye Scherer’s formula for pure a-Fe,Os;, ZnO and
0—Fe,03/ZnO nanocomposite as shown in Table 1.
Diffracted peaks of a-Fe,O; showed rhombohedral
structures which were consistent with the JCPDS card
no. (84-0311)". The calculated lattice parameters for
0—Fe,0; were found to be a—axis = 5.019 A and
c-axis = 13.687 A. The diffraction peaks of ZnO
showed a hexagonal structure (JCPDS card no
01-1136)*. The calculated lattice parameter for ZnO
was found to be a—axis = 3.246 A and c-axis=5.175
A. The synthesized nanocomposite comprised all the
peaks as depicted in pure o—Fe,O; and pure ZnO. No
other diffraction peaks were observed which indicate
high phase purity of synthesized nanocomposite.
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Fig. 2 — Tauc’s plot of pure a-Fe,03, pure ZnO and a-Fe,05/ZnO
nanocomposite.

a-Fer03/Zn0O

Transmittance (%)

C-H vibration
DH bending

C-H Stretchin,
Fe-O stretchip®

4
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm-1)

Fig. 3 — FTIR spectra of pure o—Fe,0;, pure ZnO and o-
Fe,03/Zn0O nanocomposite.

3.2. UV-Vis spectroscopy

Figure 2 shows Tauc’s plot between (ahv)"? versus
(hv) which determines the optical bandgap of pure o—
Fe,03, pure ZnO and 0—Fe,03/ZnO nanocomposite by
employing UV—Vis spectroscopy. The optical band
gap values for synthesized samples are depicted in
Table 1.The reason for change in band gap was the
synergic effect between a—Fe,O; and ZnO.

3.3. FTIR analysis

Fig. 3 shows FTIR spectra of aforementioned
synthesized samples in the range of 400-4000 cm'
wave number which identified the chemical
bonds/functional groups. The large broadband at
3416 cm’', and 3476 cm' is ascribed to O-H
stretching vibration of hydroxyl group in o—Fe,O; and



SONIA et al.: a-Fe,03/Zn0O NANOCOMPOSITE IN WASTEWATER TREATMENT 725

Zn0 0 min

105 min

Intensity (a.u)

®) 1 «-Fep03/Zn0 ()
0 min

105 min

450 500 550 600 650 700 750450 500 550 600 650 700 750450 500 550 600 650 700 750

Wavelength (em])

i.g » ¢-Fey03yZn0 (d) L] 80 (e) 9,
1.2 » o-FeO3 g 70
? 1.0 ;?:urlitofu-fe_vOﬂnO i 60
O o -Lnariito aFe03 | 50
@) 0‘8 e Linear fit of ZnO :‘D 40
£ 06 & 30
" 04 $ 20
0.2 10
0. 20 40 60 80 100 v 0-Fe203 ZnO 0-Fe203/Zn0O

Time (min)

Sample

Fig. 4 — Absorption spectra of dye (a) pure 0—Fe,O; (b) pure ZnO and (c) o—Fe,03/ZnO nanocomposite at different time
intervals, (d) % degradation of synthesized samples (e) linearly fitted curves of —In(C/Co) versus exposure time of pure

a—Fe,03, ZnO and 0—Fe,03/ ZnO nanocomposite.

ZnO. For pure a-Fe,0s, absorption peak at 1548 cm™'
is due to —OH bending and peak at 1648 cmis
attributed to the formation of carbonate species. The
peak at 1351 cm ™' and 918-700 cm ' represents C-N
vibration and Fe—O stretching. The peaks at
2340 cm' and 1709 cm' are attributed to C-H
stretching and C—O stretching respectively. For pure
ZnO0, the region between 400 and 600 cm ' is due to
Zn-0 as shown in Fig. 3. Peak at 1598 cm ' is due to
H-O-H bending vibration. The band at 2350 cm™
stands for carbonate that comes from atmospheric
carbon dioxide®. The band at 1631 cm '(bending) is
due to the asymmetrical stretching of zinc
carboxylate. The peaks at 1371 cm ' and 643 cm'
result in C-O absorption of ZnO surface and
representing amines (N-H). The weak Zn-O
stretching  frequencies are also observed at
881 cm MY In a—Fe,05/Zn0O nanocomposite, all the
peaks of pure o-Fe,O; and pure ZnO are
observed showing the successful formation of
nanocomposite.

3.4. Photocatalytic activity

Prepared samples were investigated for their
photocatalytic activity towards methylene blue
(MB) dye using ultraviolet (UV) light. The
degradation rate of MB dye is indicated by a

decrease in absorption peak intensity from 0 min to
105 min shown in Fig. 4(a-c). Equilibrium
adsorption is achieved after 30 min stirring in dark.
Poor photodegradation activity is shown by pure
ZnO and pure a—Fe,O3 nanoparticles as compared
to 0—Fe,03/Zn0O nanocomposite because
nanocomposite inhibited the high recombination
time of charge carriers. Degradation percentage
given by,

(1 - C/Co) x 100%

Here, C, is the initial concentration after
equilibrium adsorption and C is the remaining
concentration  of  MB. The synthesized
nanocomposite exhibits 78% degradation rate in
105 min as depicted in Fig. 4(d). UV irradiation
results to excite the electrons moving from the
valence band to conduction band leaving behind
holes. Electrons interacting with oxygen molecules
result in the formation of highly reactive
superoxide anions, and holes in the wvalence
band interacting with the hydroxyl group produce
highly reactive hydroxyl radicals which are
responsible for degradation performance. The
first-order kinetics of photocatalytic degradation is
followed bya linear plot between —In(C/C,)
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and time shown in Fig. 4(e). By linearly fitting
the curve between —In(C/C,) and time, rate constant
(k) can be determined.

4 Conclusion

Pure o-Fe,O; pure ZnO, and o—Fe,03/ZnO
nanocomposite has been prepared by hydrothermal
technique for investigating the structural and optical
behaviour in wastewater treatment. According to
XRD results, samples were as-prepared with an
average crystallite size of 29.10 nm, 15.45 nm, and
11.77 nm. The optical band gap evaluated from
Tauc’s plot was found to be 2.50 eV for a—Fe,03/Zn0O
nanocomposite. Photodegradation efficiency for MB
dye was found to be 78% by o-Fe,0:/ZnO
nanocomposite. The as-synthesized nanocomposite
could be appropriate for wastewater treatment.
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