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Improving photocatalytic decomposition by MWCNT and anodized α-Fe2 O3 composite
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Abstract: In recent years, photocatalytic technology has received attention for environmental protection. In this
study, the usefulness of iron nanostructures generated by anodization was confirmed. Moreover, the synergistic
effect of anodized iron (hematite, α-Fe₂O₃) and MWCNT (multi-walled carbon nanotube) was confirmed by
methylene blue (MB) decomposition by MWCNT /α-Fe₂O₃ composite material. Electrophoretic deposition(EPD)
was used as a method of making the MWCNT/α-Fe₂O₃ composite material. Characterization of the anodized
samples and samples after EPD was performed by SEM and XRD, and concentration measurement of MB
decomposition was performed using a spectrophotometer. The MB decomposition rate was improved in all the
samples with MWCNT and the highest obtained with the MWCNT/α-Fe₂O₃ sample
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INTRODUCTION

materials such as carbon nanotube (CNT) [5]. Carbon
nanotubes (CNTs) are attracting interest in research.
And were considered as promising candidates for
reinforcement in composite materials due to their
excellent mechanical, electronic, magnetic, and gas
adsorption properties. It was found that CNTs
reinforced composites have prominent enhancement in
the properties, such as hardness [6], bending strength,
fracture toughness [7], wear resistance [8], corrosion
resistance [9], electrical conductivity [10] and thermal
stability [11]. Therefore, these properties make CNTs
very useful for supporting Fe₂O₃ in many potential
applications [12].
In this study, electrophoretic deposition (EPD) was
used to make the MWCNT/α-Fe₂O₃ composite
material. We confirmed the usefulness of iron
nanostructures by anodic oxidation and the synergistic
effect of anodized iron oxide (α-Fe₂O₃) and MWCNT
was confirmed by methylene blue (MB) decomposition
by MWCNT / α-Fe₂O₃ composite material.

Today, photocatalytic technology has received
attention for environmental protection. Iron oxide in its
hematite crystalline structure is an interesting material
for being used as photocatalyst for efficient
degradation of organic pollutants as it has
advantageous properties such as suitable band-gap
(~2.1 eV), electrochemical stability, low toxicity and
abundance [1]. However, the poor charge
transportation in α- Fe₂O₃ has become a drawback.
Nanostructuring techniques have been proven useful in
increasing the performance of a-Fe2O3 for photoresponse [2].
Takahashi has explored the
photocatalytic decomposition of methylene blue by
anodization iron oxides in different nanostructures,
such as nanoparticle, nanorod, nanoporous and
nanoleaﬂet, and has found that the nanoporous a-Fe₂O
₃ layer showed the best photocatalytic performance [3].
As one of the most powerful techniques to fabricate
self-organized and highly ordered nanostructure,
anodization is widely investigated to form oxide
nanotubes on so-called valve metals (Al, Ti, W, Nb, Zr)
and their alloys over the last decade [4].
Moreover, a relatively newer method, to improve the
charge transportation in nanostructured α-Fe2O3, is to
modify its properties by introducing conducting
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MWCNT (1wt%) was dispersed using an ultrasonic
homogenizer for 20 minutes before EPD. For EPD, an
aluminum substrate as a cathode and an anodized
sample as an anode were fixed in parallel at 1 cm in the
MWCNT suspension solution and a constant voltage of
30 V was applied for 90 seconds. the coated samples
were carefully removed from the EPD solution and were
dried in the air at room temperature for 2 hours.
Subsequently, annealing was carried out at 400 ᴼC in the
air for 1 h with heating and cooling rates of 2 °C/min.
The
surface
morphologies
of
a-Fe₂O₃
nanostructures were characterized by scanning electron
microscopy (SEM) (HITACHI, SEM S-4300) with
accelerated voltage of 5 keV. The crystalline structures
and elemental composition of the as-anodized samples
were characterized by X-ray diffraction (XRD)
(PANalytical, X-ray Diffraction).
The photocatalytic activities of the as-anodized
samples were evaluated by studying the degradation of
MB in aqueous solution under illumination of
fluorescent lamp (KL2681, MITSUBISHI). MB
decomposition was measured at 680 nm for 2 hours with
spectrophotometer every 30 minutes. Fig. 2 shows a
schematic diagram of MB decomposition.

EXPERIMENTAL
Iron foil (99.5%, 15 mm×20 mm, 1.0 mm thickness)
was purchased from Nilaco Corporation(Japan).
Ethylene glycol (EG), ammonium fluoride (NH4F),
methylene blue, and ethanol were obtained from Wako
Chemicals (Japan) without further puriﬁcation. All
solutions were prepared with deionized water.
The anodization was performed in a two-electrode
electro-chemical cell with platinum being the cathode
and the iron the anode under a constant DC voltage,
using an electrolyte consisting of ammonium ﬂuoride
(96% purity) in an aqueous ethylene glycol (99.5%
purity) solution. Fig. 1 shows a schematic diagram of
two-electrode electro-chemical cell.
Prior to anodization, the surface of the iron foil was
polished gradually with 240 to 2000 silicon carbide
(SiC) papers and cleaned by sonication in ethanol for
10 min. After washing the sample with deionized
water, electrochemical anodization was performed in
an EG-based solution containing 0.5 wt% ammonium
fluoride (NH4F) and 3 wt% water.
For the anodization, the volume of the electrolytic
solution was 60 ml, and the applied voltage was 50 V
for 6 minutes. The distance between Fe and Pt was 2.5
cm. After anodization, the as-anodized samples were
properly washed with deionized water to remove the
occluded ions and dried in oxygen atmosphere. Once
the samples were dried, annealing was carried out at
(T1) 400ᴼC in air for 2 h with heating and cooling rates
of 2 °C/min and (T2) 600ᴼC in air for 6 h with heating
and cooling rates of 1 °C/min.

Fig. 2. schematic diagram of MB decomposition
RESULTS AND DISCUSION
Fig. 3 (a), (b) shows SEM images of samples before
EPD. The surface morphology of the sample of Fig. 3
(a) is the nanostructure of the Fe₂O₃ nanotube array
obtained by T1 annealing condition. In this study, we
could not obtain α-Fe₂O₃ nanotube array because the
nanotube array collapsed when annealing at 500°C or
higher to obtain α- Fe₂O₃. Fig. 3 (b) is an image of a
sample having a high proportion of α-Fe₂O₃ achieved
by T2 annealing condition. It is considered that
crystallization was promoted by increasing the amount
of water in the anodization solution and extending the
annealing time. In this sample, reddish brown color
peculiar to hematite (α-Fe₂O₃) appeared clearly.
Fig. 3 (c), (d) shows SEM images of samples after
coating MWCNT by EPD. Fig. 3 (c) is an image of
MWCNT / Fe₂O₃ nanotube array. It was observed that

Fig. 1. schematic diagram of two-electrode electrochemical cell
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MWCNT was covered much by the high surface area
of the nanotube array. In this study, MWCNT (1 wt%)
was used to make the same condition, but it is found
that it is necessary to use low concentration when EPD
is performed on nanotube array. Fig. 3 (d) is an image
of MWCNT / α-Fe₂O₃. It turned out that MWCNT was
modified to nanorods and nanoparticles

Fig. 4. XRD pattern of Fe₂O₃ nanotube array and αFe₂O₃ after annealing and EPD.
In general, MB is considered as a representative
organic dye, and it can easily be monitored by optical
absorption spectroscopy. MB is chosen as model
contaminants to evaluate the photocatalytic activities of
the samples due to its stability under visible light and
near UV light. Fig.5 (a) and (b) are graphs of MB
decomposition performed on samples before EPD and
after EPD to coat MWCNT, respectively. The original
iron foil without anodization (unprocessed iron) was
also tested in this experiment.
From Fig. 5 (a), it was found that there is no optical
response to the unprocessed iron. In contrast, Fe₂O₃ and
α-Fe₂O₃ clearly show photocatalytic activity. Based on
this result, it was confirmed that α-Fe₂O₃ is superior to
Fe₂O₃ as a photocatalyst. In the graph of Fig. 5 (b), the
decomposition speed was improved in all the samples
with MWCNT coated by EPD. Among them, the
decomposition rate of the decomposition speed of αFe₂O₃ was much improved. From this result, it was
confirmed that the synergistic effect of the MWCNT /
α-Fe₂O₃ composite on photocatalytic decomposition of
MB.

Fig. 3. SEM image of anodized samples before and after
EPD. (a) Fe₂O₃ nanotube array, (b) α-Fe₂O₃, (c)
MWCNT / Fe₂O₃ nanotube array, and (d) MWCNT / αFe₂O₃.

Fig. 4 shows the XRD pattern of Fe₂O₃ nanotube
array and α-Fe₂O₃ after annealing and EPD. The αFe₂O₃ sample exhibited structural characteristic with
pure rhombohedral symmetry of Fe₂O₃ (space group:
R3c(167), a = 0.5035, b = 0.5035, c = 1.3748; JCPDS
card No. 33-0664) indicating the crystalline hematite
phase and absence of other impurity phase. The peaks at
24.12°, 33.17°, 35.60°, 40.91°, 49.41°, 53.98° and
62.56° are attributable to the hematite facet planes (012),
(104), (110), (113), (024), (116) and (214), respectively.
The peaks of (104) and (110) also contain α-Fe₂O₃ and
Fe₃O₄.
There was no reaction of α-Fe₂O₃ in the Fe₂O₃
nanotube array sample. In order to eliminate the iron
reaction, the temperature and time of annealing
increased, but the nanotube array collapsed. The
additional carbon peak at 2θ = 31.6 ° in the XRD pattern
of the sample after EPD is due to the presence of
MWCNT. Although there was a reaction of carbon in
the XRD pattern of the two samples after EPD, there was
no clear peak.

(a)
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[5]

[6]

(b)
[7]
Fig. 5. Photocatalytic degradation of methylene blue on
anodized samples and original iron. (a) before EPD and
(b) after EPD.
[8]
CONCLUTIONS
In this study, it was confirmed that the photocatalyst
performance was improved by the synergistic effect of
MWCNT and α-Fe₂O₃ obtained by anodization and
EPD. It was also confirmed that the nanotube array has
a large surface area based on the modification status of
MWCNT of the SEM image after EPD. We will aim to
improve the surface area and electron mobility by
fabricating α-Fe₂O₃ nanotube arrays using 99.99% iron
foil in the future.
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