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1. INTRODUCTION

Iron oxide exist in three stoichiometric
forms namely magnetite (Fe3O,4), maghemite (y-
Fe,03) and hematite (a-Fe,O3) [1]. Recently,
iron oxide Fe,Og3 is found to have large third-
order non-linear optical susceptibility and faster
response time showing potential applications in
optical computing [2]. However, the device
performance is related to the morphology,
optical properties and structural order of the
film, which in turn depend on the deposition
technique and the growth parameters.
Furthermore, the ferrite thin films exhibit an
excellent magneto-optical property and also a
strong chemical stability. Therefore, these films
are suitable for magneto-optical memory and
recording applications. On the other hand, a-Fe-
203 particles with various morphologies have
been used widely as a raw material for the
preparation of o-Fe,Os3, a useful magnetic
recording material [3]. Many various materials
of interest in spintronic as well as photovoltaic
applications iron oxide is one of the most
promising candidate [4]. Iron oxide films can be
used in a wide range of applications. Iron oxide
films can be used in a wide range of
applications. Properties, such as high refractive
index, wide band gap and chemical stability
make iron oxide suitable for using as gas-
sensors. The ferromagnetic films have many
applications for microwave devices as well as
high-density recording media [5]. In fact,
hematite possesses semiconducting properties
with an optical band gap of 2.1 eV and n-type
were used in most applications. The
concentration and the nature of charge carriers
(electrons) are determined by the existence of
oxide vacancies into the lattice. In particular
conditions, it is possible to obtain also hematite
of p-type as reported by Y. Lin et al., [6], who
succeeded in synthesis of p-type hematite via
atomic layer deposition and Mg-doping [7].
Titanium dioxide TiO, (titania) is a
cheap, non-toxic and one of the most efficient
semiconductor photocatalysts for extensive
environmental applications because of its strong
oxidizing power, high photochemical corrosive
resistance and cost effectiveness. Due to these
inherent properties, TiO, is the most suitable
candidate for degradation and complete
mineralization of toxic organic pollutants in
water [8]. TiO, has attracted much attention in

recent years due to its great potential for optical
elements, electrical insulation, capacitors or
gates in microelectronic devices, photovoltaic
solar cells, anti-reflection coatings, optical
waveguides and photonic crystals [9].
Researchers have employed several methods for
depositing thin films like sol gel [10], chemical
vapor deposition [11], magnetron sputtering
[12], pulsed laser deposition [13], and spray
pyrolysis [14]. Spray pyrolysis technique is
frequently used because of its simplicity,
commercial viability, potential for cost effective
mass production, excellent control of chemical
uniformity, and stoichiometry of thin films [15].
In this paper, the effect of doping with TiO, has
been studied on structural and morphological
properties of Fe;O; thin films have been
deposited by chemical spray pyrolysis before
and after doping.

2. EXPERIMENTAL DETAILS

The basic principle involved in spray
pyrolysis technique is pyrolytic decomposition
of salts of a desired compound to be deposited.
It mainly consists of spray nozzle, rotor for
spray nozzle, liquid level monitor, hot plate, gas
regulator value and air tight fiber chamber. In
spray pyrolysis, the process parameters like
precursor solution, atomization of precursor
solution, aerosol transport and decomposition of
precursor are very important while studying the
structural, optical, morphology and crystallinity
of the thin films. Once the sprayed droplet
reaching on the surface of the hot substrate
undergoes pyrolytic decomposition and forms a
single crystalline or cluster of crystallites as a
final product. The other volatile by-products
and solvents escape in the vapor phase. The
substrates provide thermal energy for the
thermal  decomposition and  subsequent
recombination of the constituent species,
followed by sintering and crystallization of the
clusters of crystallites and thereby resulting in
coherent film. The required thermal energy is
different for the different materials and for the
different solvents used in the spray process. The
atomization of the spray solution into a spray of
fine droplets also depends on the geometry of
the spraying nozzle and pressure of a carrier
gas. The film thickness depends upon the
distance between the spray nozzle and substrate,
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substrate temperature, concentration of the
precursor solution and the quantity of the
precursor solution sprayed [16].

TiO, doped ferric oxide (TiO,:Fe;03)
thin films were prepared onto glass substrates
by using the chemical spray pyrolysis method.
The solution was prepared by dissolving
(FeCl3.9H,0)  [purity  97.0%, Sinopharm
Chemical Reagent Co., Ltd], it's molecular
weight is (162.20) g.mol™ in distilled water.
The concentrations of solution was 0.2 M and
the color of the solution was reddish brown. The
dissolving weight (Wt) of the materials were
determined by using the following equation
[17]:

M = (Wt/ Mwt) x (1000 / V) ..o (1)

Where M is the molar concentration, My is
molecular weight and V is the volume of
distilled water.

Also, TiO, be can prepared of titanium
chloride (TiCl3) [AR grade, 99.9% pure, Merck
made, Germany], it's molecular weight is
(154.26) g.mol™, in (50) mL distilled water at
room temperature and using magnetic stirrer.

The TiO,:Fe,O3 ratios calculated on in
atomic percent (%) with starting solution of 1, 3
and 5 %. No additional additives or complexing
agent is required to form the precursor solution.
The precursor solution was sprayed onto the
preheated glass substrates of [(7.5%2.5x 0.1)
cm®] size with substrate temperature of 450 °C.
While varying the doping percentage, other
preparative parameters such as solution
percentage (0.2 M), time of deposition is (4s)
for each (1min). Restart spraying (20) times for
each sample until the desired thickness of thin
films is reached. The nozzle-to-substrate
distance (30 cm) were kept constant for all
experiments.

3. RESULTS AND DISCUSSION

A. Structural properties:

XRD patterns of deposited TiO;:Fe;O3
thin films on glass substrate at different doping
concentrations (0, 1, 3and 5 %) were shown in
Figures (1 to 4) in the range of 20°-80°. The
presence of prominent diffraction peaks reveals
to the polycrystalline nature of the films
according to International Center for Diffraction

Data (ICDD) cards Number (96-101-1241). The
interplanner spacing (dnk:) determined by using
the Bragg relationship [18].
2dsin® = n A -eeeeeeeeeeeeeneeeeee (2)

where: n is an integer that indicates the order of
the reflection, 0 is Bragg diffraction angle of the
XRD peak (degree); A= 1.540600 A s the
wavelength of the X-ray beam .

The patterns show that all the thin films
have peaks appears which be related to (110),
(211), (101), (222), (210), (202), (312), (332),
(310) and (432) planes at 20 = 24.14, 33.14,
35.64, 39.24, 40.66, 49.45, 54.64, 57.45, 62.43
and  71.88  respectively of  trigonal
(rhombohedral axes) Fe,Os; phase, they are
having unit cell parameters (a= 5.4310 A, o=
55.230°) in the hexagonal setting. This result
agree with J. Lee et al., [19]. Therefore, it can
be concluded that all the films show high an
intense diffraction peak (211) of Fe,Os. For all
films, the crystallite size was calculated from
the full width at half maximum (FWHM) (B) of
the preferred orientation diffraction peak by
using the Debye-Sherrert s equation [20]:

D=KkA/(BCOSO) ovvreverreenn, 3)

Where: D is the crystallite size, k represents
the shape factor, the value of which depends on
the crystalline shape.

Figures (1 to 4) show the X-ray
diffraction patterns of pure and TiO,:Fe,O3 thin
films deposited on glass substrates for various
TiO, doping percentage. It is observed that no
extra peaks of impurities other than the Fe,O3
are observed even at high percentage content.
Analyses of XRD diffractograms of TiO, doped
Fe,O3 have shown that samples contain only the
hematite phase (rhombohedral), TiO, has been
incorporated in the hematite crystal lattice, this
result in agreement with M. V. Nikolic et al.,
[21] and the intensity of peaks decreases with
increasing doping percentage. This might be
due to the incorporation of TiO, into the Fe,O3
films which is able to create more defects in the
lattice [22]. It can be seen in Figures (1 to 4)
that with increase in TiO, content the peaks
shift slightly to smaller angles.

From table (1) we can see a decrease in
crystallite size from 23.120 nm to 17.307 nm
when the TiO, % increased. The significant
change in crystallite size which are due to
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increase the reaction between the Fe,O; and
TiO,. As a result, TiO; is likely to be easily
trapped by Fe,O; and the average atoms
mobility and diffusion length will decrease
under high TiO; %. Thus, the coalescence step
will be not less kinetically limited, and resultant
size of crystallite grains will smaller. During
arriving particle to substrate, the particles suffer
more collisions [23].

Also, to have more data on the measure
of imperfections in the films, number of
crystallite per unit surface area (N,), micro
strain (¢') and the dislocation density (), are
evaluated in table (2) from equations (4), (5)
and (6) respectively [24].

N[ E ............................ (4_)

o P C:Se ............................ )
1

— Dp ——— (6)

From Table (2) dislocation density is the
measure of amount of defects in a crystal and
the values of micro strain and the dislocation
density increase with increasing TiO; % in the
films, the micro strain depends directly on the
lattice constant (c). While the number of
crystallite per unit surface area decrease with
increasing TiO2.% in the films.

films.

1000

500

1(CPS)

- (110)

11y

a1y

———— (312)

202
@31
310)
432)

20

2Theta (.mg_)

Figure 2: The XRD patterns of the
1%TiO,:Fe,O; thin film.
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Figure 3: The XRD patterns of the
3%TiO,:Fe,O5thin film.
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Figure 4: The XRD patterns of the
5%Ti0,:Fe,O3 thin films
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Table (1): XRD parameters of pure Fe,O; and TiO,:Fe,0; thin films for preferred orientation (211).

Sample S
(deg)
0% TiO,:Fe,0O;3  33.14
1% TiO,:Fe,0;  33.14
3% TiO,:Fe, 03  33.13
5% TiO,:Fe,0O;3  33.13

O
(deg)

16.57
16.57

16.565

16.565

d FWHM D.y.
(nm) (rad) (nm)
0.270 0.006 23.601
0.270 0.008 19.120
0.271 0.008 18.543
0.271 0.009 17.307

Table (2): The number of layers (N{ ), micro strain (¢ ) and the dislocation
av. av.
density (8 ) for pure Fe,O3; and TiO,:Fe,O; thin films for preferred orientation (211).
av.

-4

Sample g x10
0% Ti022F8203 16.726
1% TiO,:Fe,03 18.116
3% Ti022F8203 19.506

0 %
TioZ:Fezo::, 22310

B. morphological Properties:

AFM images of thin films prepared on
glass substrate give the formation of the
morphology properties. The pore average
diameter, roughness average and root mean
square have been estimated. The study of film
surfaces is deposited important to recognize
how the distribution and arrangement of atoms
on surfaces, and get to know the differences or
homogeneity properties or attributes relating to
each atom separately.

Root mean square, roughness and grain

size values were listed in Table (3). The average
grain size of the particles is in nanoscale. Figure
(5) show the AFM images were measured over
an area of (900nm x 900nm). Figure (5 a, c, e,
and g) shows the three-dimensional images of
pure Fe,O3 and TiO,:Fe,0O3 thin films it's found
that surface thickness rats this value represents
the thickness of the film surface roughness,

16 _2 14 '2
Neavxu) (m ) 6av.><10 (m )

19.778 17.953
37.195 27.353
40.777 29.082
50.154 33.385

which account for the highest crystalline
granular tops on the surface. Figure (5 b, d, f
and h) shows the distribution of growth granular
aggregates on the surface of the deposited films.
The growth of small grains with increasing TiO,
% leads to a decrease in the surface roughness.
Table (3) shows the grain size of all thin film,
one can observed that the grain size decreases
with increasing of the doping ratios, this result
agrees with (XRD) results and this lead to
surface homogeneity. Also, the Table (3) shows
the roughness for pure Fe,O3 and TiO,:Fe,0;
thin films and the root mean square (RMS) ( the
sum of the highs and lows of surface squared
divided by the sum of the total number under
the square root ), where results decreases in
roughness rate and the root mean square (RMS)
with increasing the doping ratios it obvious that
surface is smooth [25]
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Table 3: AFM parameters for pure Fe,O; and TiO;:Fe,O5 thin films.

RMS

Sample (nm)
0% TiO,:Fe,0O3 9.93
1% TiO;:Fe,03 9.82
3% TiO,:Fe,0O3 6.94
5% TiO,:Fe,0O3 5.48

4. CONCLUSION

Pure and doped Fe,O3 thin films have been
successfully deposited on glass substrates at 450
°C using spray pyrolysis technique. All films
have polycrystalline and hematite phase
(rhombohedral) with an average grain size of
the particles decrease when the TiO, %
increase. Calculated mean crystallite size of the
selected planes of all thin films were found
varying between (23.120 to 17.307) nm. The
variation of crystallite size corroborates with
XRD patterns and the growth of small grains
with increasing TiO, % leads to a decrease in
the surface roughness. Its observed that grain
size decreases with increasing of the doping
ratios, this result agree with XRD results. We
can observe the roughness of thin films and the
root mean square (RMS), where results
decreases in roughness rate and the root mean
square (RMS) with increasing the doping ratios
it is obvious that surface is rough
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