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Abstract
Films of hematite (α-Fe2O3) were deposited by using laser assisted spray pyrolysis technique
(LASP). The films were deposited on heated substrates with temperature 400̊C, once with using
laser and other without laser, Structural analysis, using X-ray diffraction, verified the phase of the
films and revealed that the films had a polycrystalline structure composed of nano-crystallites.
Atomic force microscopy indicated that the films which deposited by laser assisted had smooth
surface with smallest lateral grain size compared with the films deposited without laser, where the
average grain size for the film deposited without laser about 146nm,while the average grain size for
the film deposited with laser about 77nm.
Keywords: Spray pyrolysis; Iron oxide; Ultrasonic spray; CO2 laser.
full-width at half maximum peak intensity
(FWHM)), θ isthe Bragg angle.

1. Introduction
During few decades, iron oxides have been
widely studied; more recently, these oxides
have been developed in the form of
nanopowders and films. This is due to the
wide variety of applications in various areas of
science and technology. These applications
include, drug delivery vehicles [1], solar filter
[2], spinvalves [3], recording media [4],
among others. The Fe2O3 phases include
hematite (α-Fe2O3), maghemite (γ-Fe2O3), δFe2O3, and ε-Fe2O3 [5]. Hematite is the
thermodynamically stable phase of Fe2O3, and
is the subject of this work. This material is a
semiconductor that is characterized by good
thermodynamic stability at high temperatures,
non-toxicity, low cost and abundance [6].
In this work, α-Fe2O3 films were prepared
by the ultrasonic spray pyrolysis, once with
assisted of laser and other without laser the
structural properties were investigated to
verify the phase of the material and study the
affect of laser on structure properties and grain
size of the α-Fe2O3 films.
By using Scherrerr equation (1) [7] was
calculated the grain size for the films prepared
with and without laser.

2. Experimental Procedure
The spray pyrolysis by laser-assisted set-up
consists mainly of the following parts: a
spraying and a liquid feeding unit, a 3W
continuous wave CO2 laser with wavelength
10.6 µm. We have used ultrasonic atomizer in
the spraying unit. Fig.(1) show the schematic
diagram of the experimental apparatus of
LASP technique.

+
SF6 gas

Co2 Laser

δ=κλ/βcos θ. ................................................. (1)
where:
δ is grain size, κ is shape factor=0.89, λ is
wavelength=1.5405Å from Cu-Kα, β is

Fig.(1) Schematic diagram of the
experimental apparatus of LASP technique.
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The deposition was carried out inside of
deposition chamber, it made from stainless
steel. The starting solution of precursor salt
(aqueous solution of Fecl3) was nebulized
using ultrasonic nebulizer with frequency
1.7 MHZ, the solution droplets were
transferred into deposition chamber, the
substrate temperature was 400°C was
controlled by a temperature control unit
(Cnmon REX-C900), it was kept constant
during the deposition time (5min). A 3W
continuous wave CO2 laser with wavelength
10.6 µm. Since the proposed precursor does
not have resonance absorption with CO2
wavelength, sulfurhexafluoride (SF6) is used
as the carrier gas for aerosol transport. A CO2
laser beam of wavelength 10.6μm was
resonantly absorbed into the SF6 molecules
through vibrational excitation. Therefore, the
carrier gas was heated by the CO2 laser as the
aerosol/gas mixture was injected into the
chamber.
In order to decrease the residual stress of the
film, and the coated substrates were cooled
slowly until reaching ambient temperature.
0.2 M aqueous solution of Iron (III) chloride
was used in the preparation the iron oxide
films. The crystalline structure of the films
was determined by X-ray diffraction (XRD).

nebulizer filled with precursor was setup as
shown in Fig.(1) (but without laser). The
chamber is connected to a vacuum pump
to maintain the ambient pressure about
760 mmHg. The process was run for 5min to
get a good layer of Fe2O3.

2.1 Synthesis of Fe2O3 films
2.1.1 Substrate cleaning
Substrate cleaning is an important factor to
get reproducible films as it affects the
smoothness, uniformity, adherence and
porosity of the films. The substrate cleaning
process depends upon the nature of the
substrate; degree of cleanliness required and
nature of contaminates to be removed, in this
work a glasses substrates of dimensions 7.5 cm
x 2.2 cm x 0.125 cm have been used as
substrates for deposition of the coatings. The
glass substrates were cleaned with an
ultrasonic agitator in repeated baths of ethanol
and acetone, then rinsed in distilled water prior
to loading into the chamber.

d

2.1.3

Procedure of Fe2O3 coatings
deposition by USP (with laser)
All the parameters were kept as same as for
ferrous oxide prepared without laser as the
previous section, but in this procedure, a CW
CO2 laser of 3W was focused to a point just
above the funnel tube orifice, while
sulfurhexafluoride (sf6) which used as a
carrier gas for aerosol transport at 3.5L/min
flow rates. Also at the same time, the substrate
was heated to promote film growth at the same
conditions of procedure without laser with
respect to concentration of precursor solution
and substrate temperature.
2.1.4 Thickness measurement
Films thickness measurement by optical
interferometer method. This method was based
on interference of light beam reflected from
film surface and substrate bottom. He-Ne laser
of wavelength (632.8nm) was used and the
thickness is determined using the formula:

x 
 ............................................. (2.1.4)
x 2

Where x is fringe width, Δx is the distance
between two fringes and λ is wavelength of
laser light.
3. Result and Discussion
3.1 Structural properties
The XRD patterns of the films are shown in
Fig.(3.1.a) and (3.1.b). The films had a
polycrystalline structure. All of the observed
peaks can be assigned to the α-Fe2O3 phase, in
accordance with data from the ASTM
(American Society of Testing Materials) cards.
The Scans were performed over 2θ =20-60̊ for
each sample.

2.1.2 Procedure of Fe2O3 coating deposition
by USP (without laser)
The prepared substrate was set up on the
substrate holder 10 cm away from the nozzle
and the holder was heated to 400ºC. The
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laser heating films. Thus, the films had a nanocrystalline structure. Table (1) and (2).
illustrate the grain size of the prepared films
with and without laser affect.

120

104

Table (1)
The experimental values of peaks, and grain
size for prepared α-Fe2O3 film without Laser.

110
012
113

024

116

Fig.(3.1.a) X-ray diffraction pattern of a
Fe2O3 nanograined film deposited by spray
pyrolysis without laser heating.
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hkl

FWH
M
(Deg.)

G.S
(nm)

012
104
110
113
024
116
018
110
120

0.2
0.5
0.5
0.1
0.6
0.4
0.1
0.2
0.2

71
28
29
149
25.66
38.9
159.3
70.7
71.4

dhkl

(nm)

2θ
(Degre)

(Exp.)

214
214
214
214
214
214
214
214
214

24.4
33.2
35.8
41
49.6
54.1
57.4
21
26

3.66
2.712
2.56
2.207
1.8
1.71
1.63
4.21
3.384

Thickness

018

104
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(Å)

012

Table (2)
The experimental values of peaks, and grain
size for prepared α-Fe2O3 film with Laser.

113
024

116

018

Fig.(3.1.b) X-ray diffraction pattern of a
Fe2O3 nanograined film deposited by spray
pyrolysis with laser heating.
Fig.(3.1.a and 3.1.b) show the comparison
of the XRD patterns of the Fe2O3 deposited on
glass substrate, which were made with and
without a laser. Fig.(3.1.a) indicate crystalline
peaks of α-Fe2O3 (012), (104), (110), (113),
(024), (116) and (018), in addition of the peak
α-FeOOH (110) and (120). Fig.(3.1.b) show
the pure phase of α-Fe2O3. From this figures,
we can find that the small amount of
α-FeOOH which exit in the sample was
prepared without laser converted to α-Fe2O3
with the sample was prepared with laser,
where the thermal decomposition of the
Fe(OH)3 produced α-Fe2O3 with small amount
of α-FeOOH Fig.(3.1.a)[8] and with affected
of CO2 laser produced high purity of α-Fe2O3
Fig.(3.1.b), Note that all parameters remained
constant in both cases, so we believe that the
laser heating is affecting on the structural of
the film. The crystallite size was calculated
using the Scherrerr equation, and was found to
be 71 nm for the films deposited without laser
heating, and 29nm for the films deposited with

Thickness
(nm)

2θ
(Degree)

dhkl
(Exp.)
(Å)

hkl

FWHM
(Deg.)

G.S
(nm)

212
212
212
212
212
212
212

24.4
33.2
35.8
41
49.6
54.1
57.4

3.66
2.712
2.56
2.207
1.8
1.71
1.63

012
104
110
113
024
116
018

0.4
0.6
0.6
0.3
0.9
0.8
0.5

35.46
24
25.05
49.33
16.96
19.457
31.61

3.2 FTIR Analysis
Fig.(3.2) shows the FTIR spectra of iron
oxide samples which prepared with laser.
From the spectra it can be seen that two broad
peaks at 555 and 466 cm-1. These peaks may
correspond to Fe-O stretching and bending
vibration mode in α-Fe2O3 respectively [9],
and the other peaks assigned to the O–H
stretching vibration of absorbed water.

Fig.(3.2) FTIR spectra of iron oxide sample
which prepared by laser assisted spray
pyrolysis.
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3.3 AFM analysis
The Fe2O3 films were analyzed by atomic
force microscopy (AFM). An AFM image of a
film deposited without laser heating is shown
in Fig.(3.3.a). The average grain size is about
(146)nm. Irregular particle shapes and size are
visible in the three dimensional image. In
comparison, a film deposited with CO2 laser
heating of the carrier gas with the same
conditions which preparation of Fe2O3 films
without laser .as shows a distribution of
well-defined particles (Fig.3.3.b). The average
grain size is about (76) nm.
In Fig.(3.3.a and 3.3.b), one can clearly see
that in the presence of laser heating the grain
sizes are much smaller than in absence of laser
heating.

when colliding with the substrate. This causes
the deposited film to be consisting of welldefined particles as shows in the Fig.(3.3.b).

Fig.(3.3.a) 2D and 3D AFM image of a
Fe2O3 film deposited by spray pyrolysis
without the laser heating.
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الخالصة

) باستتمما تنييتةα-Fe2O3( رسبت اغشية من الهيماتايت

االيح تتل الحت ترارة بمس تتااالف الاي تتبر اال تتل المترس تتبة اات ت

 مت ترف باس تتتمما الاي تتبر اال تتر, 400ͦ ركيت تبف بالرر تتة حت ت اررف
بمال استمما الايبر التحاي الهيكاي باستمما حي ال االشتمة
الستييية كشتتن ان ت ر اال تتل لهتا بيتتات ديكاتي متمتتالال التبات ر

) يشتير التAFM(  مرهتر النت ف اليريتة,مك ن من بيات ياي ة

مت ت

امات ت

ان االغشتتية المترس تتبة بمس تتااالف الاي تتبر له تتا س ت

,حرت ت حبيب تتي اات ت ر مناري تتة ب تتاال ل المترس تتبة ب تتال ن الاي تتبر
ان ممتال الحرت الحبيبتي لا شتات المترستتل بتال ن الايتتبر

حيت

 بييمت تتا ممت تتال الحر ت ت البا ت ت رة لا شت تتات, يت تتاي متر146 ح ت ت الي
 ياي متر77 المترسل بمسااالف الايبر كان
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