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Abstract

Nanocomposites of ZnO nanorods and Ji@anotubes were fabricated via two steps: (1) Foomaf TiO, nanotube
arrays in HF solution by anodization method, (2p&&tion of ZnO nanorods by hydrothermal procesh @wmmonia
and Zinc nitrate as inorganic precursors. The malggfical characteristics and structures of 7KO's and ZnO/TiQ
NRs/Ts were examined by scanning electron micros¢§EM), X-ray diffraction (XRD) and X-ray photoelkeon
spectroscopy (XPS). The diameter of the Ji@notube was approximately 60-95 nm. The ZnO raticfes are
deposited on the top of Tihanotube or entered into tube. The anatase crykiEtania and the hexagonal wurtzite
crystal of zinc oxide forms were identified by XRDhe XPS analysis showed that the composite is mpd# TiO,
and ZnO.
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1. Introduction

Zinc oxide and Titanium dioxide have attracted ddermble attention because of their great poteritakolve
environmental problems [1-3]. Among various nanofey one dimensional 1D nanostructures such as uisesand
nanorods are considered to be one of the most tantosemiconductor nanomaterials for the experspmications
such as optics [4], electronics [5] mechanics §Bironmental [7-8], and biomedical-sensing [9] adevices.

Low degradation efficiency of TiOnanofilms limited the application of the TiGs photocatalyst [10]. It is an
available way of the composite of nanofilms to ioy@ the photocatalytic efficiency [11-15]. The nafwO/TiO,
film would show higher photocatalytic efficiencyattthe efficiency of pure nano- ZnO film and nah@, film. The
photochemical performance was significantly enhdrme the ZnO/Ti@ NRs/Ts electrode compared that pure JTiO
NTs.

Unfortunately, the photocatalytic, photochemicahsing, etc properties of this composite remaigdr unexplored
although a few studies focused on ZnO/fifanocomposites [16-19].

Recently, various chemical, electrochemical, angspal deposition techniques have been utilizedfataricate
ZnO/TiO, NR/Ts composite films.

Among these methods, template-assisted approachbéas proven to be effective for the growth of oede
nanostructures [20-21]. Qiu et al [22-23] fabricht#igned TiQ nanotube arrays by using an aqueous solution
synthesized ZnO nanorods as a template. Thitirmhadto fabricate Ti@nanotubes using ZnO template [24].

Our strategy is to forme ZnO nanorod arrays frof®,Tmanotubes. Since the widely used high temperataper-
phase processes are expensive and energy consuh@rtgvelopment of ZnO/Tidilms via chemical solution routes
is widely desired [25], in particularly anodic oatibn [26-27 ] which is a simple technique to cohthe structure
parameters of Ti©@nanotube arrays as template and hydrothermal gsdoesyntheses ZnO nanorods.

Effects of deposition conditions on the growth améntation of ZnO/TiQ composite films were investigated and
discussed in this paper.
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2. Experimental

2.1 Materials and chemicals
Pieces of Titanium sheets (98% purity, 0.5 mm théds), Zinc nitrate hexahydrite (Zn(R6H,O, AR),

Hydrofluoric acid (HF), Acetone, Nitric acid HNOAmmonia solution NEOH. Distilled water was used in all
aqueous solution preparations and washing.

2.2 Preparation of TiQ nanotubes
Anodic oxidation method was adopted to prepare,Ti@notubes TNTs. Prior to anodization, titaniumcpgewere

degreased in an ultrasonic with distilled watefd @bmin, followed by eroding in a mixture of HF stdun, nitric acid
and distilled water for 1 min; then cleaned witletane, rinsed with distilled water and dried in @&nodization is
performed in 2 w % HF solution and distilled watéth voltage of 20 Volts for 5 h. Finally, samplegre rinsed and

annealed at 450 °C for 1 h.

2.3 Preparation of ZnO nanorods
ZnO nanorod arrays have been fabricated on, Tidhotube substrate via hydrothermal process. The fanotube

films was suspended in a sealed Teflon-lined aat@clvith the volume of 50 ml, in which 40 ml of a&gus solution
containing 0.02 M of Zn(Ng),.6H,O and (0.3-0.4) M of NEH,O, followed by heating at 80°C-100 °C-160 °C for
24h. At last the products were thoroughly washedidried in air.

2.4 Characterization of resulting films samples
The surface morphology of the film samples was okegk through scanning electron microscopy (SEM-JEEM-

7600 and LE0438vp apparatus). The crystal phaseaesition of the samples were analyzed by X-rayraliffion
(XRD, Bruker-Siemens D8- Advance, Cu KadiationA=1.5406 A°), and by X-ray photoelectron spectro§cspS.

3. Results and discussion

Fig.1 is the profiles of the Tithanotubes before and after annealing at 450 CE for
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As shown in fig.1.b, peaks with92salue of 25.6° correspond to the crystal plan mdtase (101) phase. And other
peaks are corresponding to the titanium substveltéch is similar to the results found in many lgemres [28] and
[19].

Fig.2 presents XRD patterns of ZnO/%Liét different temperatures. Except for the peakstafium and titania, the
diffraction peaks with @ value of: 32.1°, 34.7° and 36.5° agree well whk tvurtzite hexagonal structure with the
lattice constants of: a=0.32 nm and c= 0.52 nm ralieg to the standard JCPDS card (No. 36-1451)e8am the
higher (002) XRD peak than (101) one, which is Ulguke highest in all XRD peaks of ZnO crystal.
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XRD patterns in Fig.2.c show a disappearance ofpibeks corresponding to titanium, at high tempeeatthe
formation of ZnO increases with increasing of reactate into aqueous solution, and also the reaatite between

Ti and ZnO.
No remarkable change in orientation of the filmstlas amount of ammonia was increased shown in Figi3

influenced the intensity of the preferred crystalbrientation.
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Fig.2. The XRD patterns of ZnO/TiO2 at different
hydrothermal temperature: at 80 °C (a), at 100 °C ( b)
and at 160 °C (c).
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Fig.3 The XRD patterns of ZnO/TiO2 with 0,3 M (a)
and 0,4 M of ammonia (b).

The SEM image of the TiOnanotubes formed on the Ti substrate by anodizatiethod shown in Fig.4.a, which
reveals that high density, well ordered and uniferamotubes array are formed. The diameters of thasetubes
range from 60 nm to 95 nm and their length is allotijum detected by pofilometry.

After ZnO deposition by hydrothermal process onTi@, NTs as shown in Fig.4.b, the ZnO grows orientedugh

the TiO, NTs inner channels. The epitaxial growths of Zrébarods inside the TiOnanotube channels are spilled
over the TiQ, which is in good agreement with one reported b¥lzang et al [19] and K. Yu et al [29].

XSP measurements were performed to determine tamichl composition of the prepared films and thiewee
states of various species. Fig.5 shows the XPSeguspectra of ZnO/TiPnanotube composite. The peaks appear in
specter are mainly attributed to Ti, O, Zn and €nent. A Cls peak observed in survey spectra cdmes
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widespread presence of carbon in the environmehé Righ resolution XPS spectra in Fig.5 (b-d) shine

characteristic peaks of Ti 2p, Zn 2p and O1s, retsgdy of ZnO/TiO,.

The peaks located at 459.6 and 465.4 eV are attdbio Ti 2p components, which are in good agre¢mith the

titanium (1V) species. The binding energy peak tedaat 1021.3 eV is attributed to the Zn 2p. It ngethat Zn ions
are in form of ZnO. As seen in Fig.5.d the pealOat is deconvoluted by using symmetric Gaussianesuresulting
in a peak at 529.6 eV relates to the oxygen atohTiO,, a peak at 531,1 eV relates to the oxygen atonz6¥,

and the peak of 533.04 eV related to the oxygemsiof HO.
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Fig. 4. SEM images of Ti@nanotube (a) and ZnO/Ti@anocomposite (b)
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Fig. 5. (a) XPS survey spectra of ZnO/Li@anocomposite, (b) Ti 2p XPS spectra, (c) O 1s XRKtra,
(d) Zn 2p XPS spectra.

4. Conclusion

ZnOltitanate nanocomposites were fabricated viagtep route. The TiPnanotubes were fabricated by anodization
method. The hydrothermal process was employed rim f6nO nanorods into TiPnanotubes. The obtained LiO
nanotubes and ZnO/Thanocomposite are characterized by different tegles: XRD, SEM and XPS. TiO
nanotubes are mainly anatase structure and wedredd The diameter of these nanotubes ranges ffbto 85 nm
and the length is about 1.7 pm. The ZnO nanorods hagh crystallinity of wurtzite hexagonal strutu
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