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Abstract. A novel nanosphere a-Fe,;O;/MWCNT composite has been prepared by a simple
hydrothermal method. The characterization of morphology and structure of a-Fe;O;/MWCNT
composite was carried out by scanning electron microscopy, X-ray diffraction and Raman
spectroscopy. It is found that MWCNT was well dispersed in spherical nano-Fe,Os. Furthermore,
there is a strong interaction between Fe,O; and MWCNTs. The a-Fe;Os/MWCNT composite with 10
wt% of MWCNT content exhibits optimal photocatalytic activity. For the degradation tests of
Rhodamine B, the degradation performance of a-Fe;03/10% wt MWCNT is 11 times that of pure
(X-F6203.

1. Introduction

Rhodamine B as one of the most common dyes will result in many diseases, such as cancer.
Semiconductor-based photocatalytic technology had demonstrated the high degrading efficiency for
the control of Rhodamine B [1,3]. In numerous semiconductors, Fe,O3; (hematite) have shown its
prospect for photocatalytic and photoelectrochemical purposes due to its abundance, chemical
inertness, environmental friendliness, as well as its superior band gap (2.2 eV) and valence band
position [4]. However, Fe,O3 has two important limitations, i.e., a very short hole diffusion length of
2-4 nm and lower utilization of photo-generated electrons and holes [5].

To address these issues, many methods has been reported to improve the Fe,O3; photocatalystic
efficiency like: tailoring the hematite structure in nanodimension [6], by using heterojunction [7],
doping metallic and nonmetallic dopants [8] and etc. Recently, CNTs (carbon nanotubes) draw much
attention because of its excellent stability, unique electronic and structural properties [9,10]. These
advantages make CNTs a promising catalytic assistant material [11,12]. However ,good combination
between a-Fe,O3; and MWCNT has became the challenge.

In this work, we report a novel composite of Fe;O;/MWCNT by direct growth Fe,O; on the
MWCNT. We demonstrate that this composite photocatalyst exhibits superior photocatalytic
performance for the degradation of RhB [13].

2. Experimental

2.1 Materials

All chemicals were of analytical grade and used as received without purification. MWCNTSs were
supplied by Kunming NaTai Energy Co.,Ltd. Fe(NOs);, NaOH, and ethyl alcohol et al. were
purchased from Tianjin Fengchuan. Nanosphere Fe,Os; was synthesized by hydrothermal method.
The preparation procedure is as follows: The precursor was formed by adding 0.012 M Fe(NOs); to
0.1 M NaOH aqueous solution dropwise, then the mixture was stirring for another 30 min at room
temperature. The resulting precursor was transferred to a 50 ml Teflon-lined stainless steel autoclave
that was sealed, maintained at 160°Cfor 12 h and cooled down naturally to room temperature. The
finally obtained precipitate is nanosphere Fe,Os.
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2.2 Characterizations

The structural characterization of crystalline Fe,Os; was performed by scanning electron
microscopy (FEI Quanta200), X-ray diffraction (TTRIII), transmission electron microscopy
(JEM-2100) and Laser Raman measurements (Renishaw invia). In order to demonstrate the
photocatalytic performances of the synthetic photocatalysts, photodegradation of RhB was carried
out at room temperature under spherical xenon lamp. The initial concentration of RhB solution was 5
mg/L. Due to its strong absorption at 553 nm, the measurement of the absorbance at 553 nm vs. The
concentration of the RhB solution was carried out to evaluate the degradation efficiency of RhB.

3. Results and discussion

The morphologles and mlcrostructure of the Fe203 and Fe,O3/ MWCNT are shown in Fig.1.
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Fig.1 SEM views of (a) Fe203 and (b) Fe203/ IO%MWCNT

Fig.1(a) depicts the SEM image of pure Fe,Os. It can be seen that the diameter of Fe,O; particles
was about 100 nm. From Fig.1(b), it can be found that MWCNTs was interspersed with Fe,O;
particles.
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Fig.2 The XRD patterns of Fe,O3 and Fe;O;/MWCNT  Fig.3 The Raman spectra of Fe,0O; and Fe;O3/ MWCNT

XRD was used to investigate the phase and crystal structure of the photocatalysts. As shown in
Fig.2, the sample diffraction peaks can be well indexed to the alpha phase Fe,Os. After combing 10
wt% of MWCNT, no diffraction peaks of MWCNT can be observed in the composite due to the
relatively low content of MWCNT/[14,16]. There is no change for diffraction peak positions of the
Fe;O3/MWCNT composite when compared with Fe,Os, which means that the addition of MWCNTs
does not change the crystal structure of Fe,O; in the composite. It also suggests that MWCNTs are
not incorporated into the lattice of Fe,Os.

Raman spectroscopy was further carried out to affirm the presence of carbon in Fe;Os/MWCNT,
as illustrated in Fig.3. MWCNT exhibits D and G bands at 1339 cm™ and 1586 cm™'[17], respectively.
For the pure Fe,O3, six main peaks were detected. For Fe,O3, the phonons can be classified as five
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"internal" modes (2A,+3E,)[18]. The peak at 1320 cm’' belongs to two-phonon scattering[19]. After
combination with MWCNTs, the Fe, O3/ MWCNT composite shows a weak Raman shift, which
demonstrates the existent direct interaction between MWCNTs and Fe,Os, indicating the direct
contact between Fe,O3 nanoparticles and MWCNT.
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Fig.4 The absorption spectra of Fe,O; and Fe;O3/MWCNT Fig.5 RhB degradation curves (MWCNT)

The Fe,Os/MWCNT will enhance the transportation of charge carriers and widen the absorption
spectrum[20]. Fig.4 shows the absorption spectra of Fe,Os; and Fe,Os/MWCNT composite. It
illustrates that the wavelength of the absorption edge for pure Fe,O; is determined to be about 586 nm,
corresponding to band gap energy 2.2 eV[21,23]. The involvement of MWCNT in the composite can
strongly enhance the absorbance and widen the strengthen the L-band absorption
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Fig.6 RhB degradation curves without (a) and with (b) irradiation.

The photocatalytic activity of the as-prepared catalysts was evaluated by the degradation of RhB
under 500 W spherical Xenon lamp irradiation. Fig.5 and Fig.6 presents the photodegradation effects
of RhB with MWCNT, pure Fe,Os3 and Fe,O;/MWCMTs. We test the absorbability in darkness as
contrast. From Fig.5,we can see that there were not much differences between dark and light
conditions, which implied pure MWCNTs has no photocatalystic effect. Fig.6(a) shows the
absorbability of Fe,Os; (dark), Fe,O3;/2%MWCNT (blue), Fe;03/6%MWCNT (rose red) and
Fe;03/10%MWCNT (light green). Fig.6(b) shows the degradation curve. In Fig.6, we can see that
pure Fe,O3; has poor photocataltic activity. After adding MWCNTSs, the composites show gradual
enhancement of degradation efficiency. With the increasing of MWCNT, composite shows higher
degradation efficiency. This is main caused by the lower recombination and absorbability of
MWCNTs. Fe,03/10%MWCNT shows 68% degradation efficiency through 90 min irradiation and
pure Fe,O3; shows only 6%.
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4. Summary

In summary, we have successfully synthesized 100 nm alpha phase nanosphere Fe;O;/MWCNT
composite by a hydrothermal method. The involvement of MWCNT into spherical nano-Fe,O3
photocatalyst can expand the optical absorption spectrum. For the degradation test of RhB, this
Fe, O3/ MWCNT composite displays much higher degradation efficiency than pure Fe,Os. During the
following study, we will expand the application of this nanosphere composite into other fields.
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