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Abstract

In the present work pure and doped ZrO, with (Al and Co 5wt%) thin film has

been deposited on glass and stainless sted 304 substrates by spray pyrolysis technique
The film were tested by XRD and the topography of the films has been examined by
using SEM. Open porosity, rate of deposition, surface roughness and apparent density
was calculated . The results of XRD show that the films was crystalline with tetragonal
phase of ZrO, .The grain size of pure ZrO, was (148.6 nm) and lattice strains was
0.27%.Apparent density for pure ZrO, and with(Al,Co) dopents were (4.5,5 and 5.5
g/em’) respectively ,and open porosity for the films are respectively(2.5,2 and 1.5
pore/cn?’). Surface roughness (Ra) was(0.218u m) for pure ZrO, film and(0.904um)
for ZrO, doped with Al.
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I ntroduction

Ceramic coatings can improve the technology used to improve surface
chemical and mechanical durability of properties of a wide range of substrate
sted at higher temperature [1]. To gain materials, including glasses, ceramics,
this improvement coatings can be plastics and metals, [2, 3]. However,
applied.Spray pyrolysis coating is a the deveopment of spray pyrolysis
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coatings on substrate is challenging,
because ceramics are considered to be
heterogeneous systems, which possess
more complex compositions than other
materials. Thin oxide film have found
application in many areas ranging like
precision ball valve balls and seats,
high density ball and pebble mill
grinding media, oxygen sensors, fud

cdl membranes, dectric furnace
heaters over 2000°C in oxidizing
atmospheres,  cutting tool  and

engineering application like high leve
waste  packaging,  microeectronic
application  [4,5,6,7].D.NGUYENM
prepared ZrOand Al,03.ZrO, films by
spray pyrolysis by using Zr(C4;HgO)4
and studied the film by using XRD and
SEM. He found that the structure of
these films is amorphous and structure
after annealing at (550C°) became
crystalline structure. Zircona is one of

the most import thin oxide film
materials because of their favorable
didectric properties, low thermal

conductance and high wear and
corrosion  resistances[8].Oxide wear
resistant coatings used in industrial
application can be prepared by many
techniques .JOHN D. (2008) made a
review on the methods used to prepare
ceramic films like TiN , Al,O; and
ZrO,[9].Spray pyrolysis is attractive
because it is a low cost technique[2],
therefore ZrO, coating was prepared
by spray pyrolysis though it is
reatively rarg[10].The am of this
work was to prepare ZrO, coating by
spray pyrolysis method and study some
of the structure and texture properties
of ZrO, ceramic coats prepared.
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Experimental section

In this work an agueous solution of
zirconium chloride ( ZrCl,) has been
used to prepare ZrOfilms. The
concentrations  was (0.1 Mole). The
acidity was maintained to be 4-5 pH
during spraying .Two sats
[AICIgGHzO, and COC|26H20) were
used to dopent ZrO, film with dements
(Al and Co) at (5wt. %) for each
dopant respectively. The deposition of
the films is made by spray pyrolysis
technique. The spraying apparatus was
manufactured locally in the university
laboratories. In this technique, the
prepared agueous solutions were
atomized by a special nozzle glass
sprayer at heated glass with dimension
(2*1.5*0.2)cm® and stainless sted 304
with  dimension  (1*1*0.5  cm’)
substrates  fixed on thermostatic
controlled hot plate heater. The
chemical composition of the stainless
sted was tested by using Portable-Met.
analyser as listed in table (1). Air was
used as a carrier gas to atomize the
spray with the help of an air blower.
The substrate temperature was
maintained at 400 °C during spraying
with (10 °C). To avoid excessive
cooling of the substrate, spraying was
achieved in periods of about
(5 second ) followed by (2 min ) wait.
Deposition rate was about(4 nim/s) with
(2.5 ml/min) of flow rate. To deposit
films of uniform thickness the distance
between the substrate and spray nozzle
was kept at ( 15+1 cm.) The spray of
the agueous solution yiedds the
following chemical reaction [11]:
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ZrCl, +2H,0 %9¥,® zro, | + MA=20 1) SinO o (7))
Cl, 1+ 2H,1 1) The prefered plane (hkl) in

Each one of the doping elements
is precipitated according to the
reaction below:

2AICI3.6H.0 %9%,® 2Al | +
3Cl, 1+ 12H,01

CoCl,.6H,0 ¥%9%,®
6H,01

ZrO, thickness t was calculated
from the reation bdow, and it was

2um[12]:
= _Cm
TP A e 4)

Where Am is the mass changes of the
substrate before and after deposition ,p'
is theoretical density of ZrO, coat and
A issubstrate area .
The properties of X-ray diffraction was
used from diffractometer type CuKa
with( L = 1.54056 A ), the scanning
speed was 3%. The data was compared
with that ASTM (14-0534) card .To
determine the (a and c-lattice
constant) from X-ray spectrum were
using the following formulas [13]:

1 _4<’ael,'12+hk+k29+I2

d*> 3 @ 5 C

i_!h2+k2+lz!

d2 - a2 e (6)

Where (hkl) are Miller indices, d-space
(inter planer space) which can be
caculated from the wel-known
BRAGG’s law [13]:

2

COl +C|2T +
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polycrystalline coat in which there is
maximal growth (preferred orientation)
can be described by texture coefficient
[14]:

Te(hkl)=[In(hk1)/1astm(hkD]/[(IIM)Y I
(hkD/Tastm(hkD)] oo, (8)
Where T¢(hkl) is the texture coefficient
of the (hkl) plane, I, is the measured
intensity, lasrm IS the  American
Standard for Testing Materials ASTM
standard intensity of the corresponding
powder and M is the number of
reflections observed in the X-ray
diffraction trace.

The average grain size (g.s) of the
crystalline material which plays an
important role in the materia
properties can be estimated easily from
the X-ray spectrum by Full Width of
Half Maximum (FWHM) method that
is often represented by[15]:

s= K
J Bcosq
Where K' is constant and about 1, B is
the width of the half maximum of the
peak (111).

The strains (5) arising from the
microstresses or microtensions in the
|attice cause a deviation in the c-lattice
constant of the tetragonal structure
from the standard ASTM value. This
deviation can be evaluated from the
following rdation [15]:

dzw’ 100%

CAST M
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Where casrm 1S the c-lattice constant
according to the ASTM card and cxrp
is that measured from XRD spectrum.
Lattice mismatch between substrate
(stainless sted 304)and upper coat
layer ZrO, can be evaluated from the
following reation[16]:

) ) _ 2|a2 - a1| ) .
Lattice Mismatch = ———" 100%
a,+ta,

(1)
Where a, is lattice constant for ZrO,
coat and a is lattice constant for
substrate (stainless sted 304).

The topography of the ZrO,surface was
inspected with SEM.

Surface roughness (Ra) was achieved
by using roughness tester type TR 200
Apparent density (A.D) was calculated
from relation:
A.D=Am/t*A

Wheret is coat thickness.
Open pores was measured by used
prop point method ASTM (D3258-
04)[18].

Results And Discussion

Figure (1) shows XRD chart of pure
ZrO, film from which was observed
that the film was polycrystalline of
tetragonal structure that was agreed
with  ASTM cart (14-0534).This
crystallization is the result of annealing
of the coat through soaking at
temperature (400C) for about (15
minutes). Figures (2, 3) show XRD
reflection peaks of ZrO, films doped
with Al and Co respectively. These
figures illustrate main changes in
structural parameters of doped films.
The structure remains tetragonal,
which means that there is no effect of
doping on ZrO, film structure [19],
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however doping results in some
variation in dominant orientation, this
result is obtained by other publishers
[20]. Tables (2, 3, and 4) present XRD
parameters for pure ZrO, film, doped
with Al, and with Co respectively.
They show that the films are
characterized by lower values of (20)
of peaks as compared with that
indicated by ASTM cards. These shifts
may lead to microtension stresses and
result in larger values of lattice
constants especially in alattice
parameter as shown in table (4).These
variations may also result in large
values of lattice mismatch as it is seen
in table (7).C-lattice parameter has,
otherwise, little difference from that
shown in ASTM standard and is varied
with substrates temperature [21].Peak
intensities and d-space of maximal
peaks also showed some differences
from that of ASTM standards (the
value of d-space in ASTM sandard is
2948 A).

Table (6) shows the texture coefficients
of coated samples with pure and doped
ZrO, films. The average lower value of
Tc for the plane (220 ) about 0.8 .This
means that this is the preferable plane
of ZrO, film growth and this result is
agreed with other researchers [ 20,21 |
. Lattice mismatch, lattice strains, and
grain size for the coated films were
listed in table (7). The average value
for pure and doped ZrO2 films was
about (63.8%). A higher or lower
lattice mismatch may be produced if a
thin layer of another oxide of different
a-parameter is deposited.

Al reduces lattice strains in doped
ZrO, films and increases their grain
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size as shown in table (7) .This
behavior is not seenif thefilmis doped
with Co, this may be due to the atomic
radii of the dope elements where Al
atoms take the interstitial positions and
Co atoms take the intermediate
positions in  ZrO, films [13]. FOUTO
and KODAS prepared ZrO, films by
using gas-phase process and find that it
has tetragonal structure with average
grain diameter of (20 nm) [10,22] .

The relation between grain size and
roughness of coated films is shown in
Figure (4).It is seen that there is direct
linear relation between them.Figure (5)
gives the relation between rate of
deposition of pure ZrO, films and
distance between spraying nozzle and
substrate at  different  substrate
temperatures. The best results were
obtained when the distance was (15
cm) and the temperature was (400C).
These parameters were also adapted for
spraying the doped films by Al or Co.

Variation of apparent density of pure

and doped films with substrate
temperatures is shown in Figure
(6).Doping increases the density,

especially doping with Co.  The
optimum substrate temperature was
(400C).Igaku prepared pure ZrO, film
on Si substrate and obtained film
density of (5.233 g/cm®) [23,24].

Figure (7) illustrates the relation
between the open pores in pure and
doped ZrO2 films on sted substrate
and substrate temperatures. It is shown
that porosity of films is decreased with
doping; especially with Co doping
Jower porosity is also aobtained at
temperature of (400C).SEM
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examinations give the same results as
shown in figures (9, 10, 11).Jingyu
studied nanostructured ZrO, coatings
which was prepared by wet- chemical
deposition  followed by thermal
processing. He noticed pores of (10 nm
diameter) [2, 25].

The topographies of bare steds and
that coated with pure and doped ZrO,
films, obtained by SEM at different
magnifications are shown in Figures,
from (8) to (11). Figure (8) shows
some defects on the surface of sted
while the coated surface by pure ZrO,
contains some pits as shown in higher
magnification (X 1500) in figure (9).
The variation of these pits (pores) was
discussed in figure (7). Figures (10, 11)
show the topographies of doped films
with Al and Co respectively. There are
no pits (pores) seen here and no other
oxides are detected in these surfaces
.These results have some agreements
with other publishers [26]. These
appearances may have an important
influence on surface properties as
compared with pure ZrO; films.
Conclusions

The main conclusion of this research
are

1-1t is possible to prepare pure and
doped ZrO, coat by spray pyrolysis
method on glass and stainless sted 304
substrates .

2-Doping ZrO, coat with Co and Al
decreases internal microstresses and
microstrains .The doping with Co has
the major effect.

3- ZrO, the only oxides has been
detected during spraying ,and this give
use perfect percentage of doping.
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4-Doping ZrO, with Al or Co increases

the coats density,and the highest

density is obtained by doping with Co.
5-Open porosity of ZrO, coats were
decreased with doping, and lowest
open porosities were also observed by
doping with Co.

6- The best spraying parameters for

ZrO, deposition are :spray distance

between nozzle and substrate (15 cm),

and the substrate temperature is
at(400C").
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Table (1) Chemical compaosition of steel 304

304(Austenitic) Standard 304(Austenitic)M easur ed
Carbon 0.08 0.08

Manganese 2.00 2.1

Phosphor us 0.045 0.05

Sulfur 0.03 0.04

Silicon 1.00 0.9

Chromium 18.00-20.00 18

Nickel 8.00-10.50 8.01

Iron Balance Balance

Table(2)Result of XRD of pure ZrO,film.

(hkl)plane
111
002
200
220
311

Table(3)Result of XRD of ZrO,: Al film.

(hkl)plane d(A)
111 2.958
002 2.59016
200 2.547
220 1.812
311 0.888

Table(4)Result of XRD of ZrO,:Co film.

(hkl)plane
111
002
200
220
311
400
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Table (5) Lattice parameters of samples prepared at different conditions.

ASTM cart(14-0534)

PureZrO,

ZrOzAl

Zr0,:.Co

Table (6) The texture coefficient of samples prepared at different conditions.

Tc(ZnO,:Al)

Tc(ZnO,:Co)

1.232

1.205

1.005

0.923

1111

1.053

0.828

0.787

0.821

0.802

0.227

Table (7) Same calculated parameters of films.

structure

Pure ZrO,

ZrOzAl

Zr0,:.Co
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Figure (1) XRD spectraof pureZrO,film.
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Figure (2) XRD spectra of Zr O,film doped with Al(5wt%)

2927

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

. & Tech. Journal, Vol.27, No.16, 2009

Study Some of the Structur e Properties of
ZrO,Ceramic Coats Prepared by Spray
Pyrolysis M ethods

Coun.Int.

¥ lw.w ki

I

T2 24080 2R 00 1

! .--\.;"""-Fr\.-"'\-_rl I“‘-\.--"“*"' .I-\._ﬂ-hv...l-l-ll'.‘ b
i 4

5 G4 G G4 B0 AR T TR ATE T

20

Figure (3) XRD spectra of Zr O,film doped with Co(5wt% ).
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Figur e (4)Relation between grain sizeand surface roughness.
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Figure (5) Variation rate of deposition and distance between spray nozzle and
substrate at different temperature.
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Figure (6) Variation of apparent density of Zr O, films and substrate temperature.
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Figure (7) Open poresin ZrO, film on stainless steel 304 with spraying
temperature.
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™ A e i T S o+ O
Figure(10)SEM of ZrO,:Al film (X1500). Figure (11) SEM of ZrO,:Co film (X 1500).
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