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ORIGINAL STUDY

Effect of Spray Angle on Some Physical Properties of
a Ceramic System Produced by Thermal

Spraying Coating

Waleed A. Salih ?, Sabah M. Aman Allah ?, Salih Y. Darweesh "*

@ Physics Department, College Education of Pure Science, Kirkuk University, Kirkuk, Iraq
® Physics Department, College of Education TuzKhurmatu, Tikrit University, Tikrit, Iraq

Abstract

The angle of thermal spraying by the flame is considered one of the important influences on the coating layer, where
alumina (Al,03)% was used as a base material, and it was reinforced with two metals (TiAl) with weight ratios of (25%)
in order to produce a cermet composite material with a final thickness ranging between (300—400) pm and with a fixed
thermal spray distance of 16 cm, the samples resulting from the paint were thermally sintered at a temperature of
(1000 °C) for an hour and a half, after the samples were taken out of the oven and some mechanical operation was
performed on them, some physical tests were conducted, the most important of which included an examination X-ray
diffraction, as well as porosity, hardness, and adhesion strength, to show through laboratory tests that the best thermal
spray angle is 90°, at a mixing ratio of 25% after thermal sintering.

Keywords: Mechanical operation, Aluminum—titanium, Porosity, Adhesion strength

1. Introduction

hermal spraying is a general term used to

define a group of processes for depositing
metallic or non-metallic materials in a molten or
semi-molten state on substrates prepared in
advance for the purpose of coating [1]. Thermal
spraying results in coatings with good properties
that give the sprayed surface high hardness and low
wear rate [2,3]. As for the materials that are sprayed,
they are in the form of powder, rods, or metal wires
[4]. Painting materials that are in a solid state are
heated, either by combustion of gases (such as flame
spraying), or electrically by means of an electric arc,
or an electric arc that heats and ionizes a stream of
gases (plasma spray) [5]. . The coating material turns
into a plastic or molten state when heated, then it is
atomized and accelerated by gas pressure, which in
turn transfers it to the base by forming a specific
stream of droplets (the shape of the material during

its transfer from the spray gun to the base). Thanks
to the high gas impulse force, the droplets collide
with the surface of the base and become flattened
and stick to it, forming strips that are linked with the
base and with each other, forming a lamellar coating
[6,7]. Flame spraying technology is the most com-
mon type of thermal spraying in the world because
of its simplicity and low cost [8]. In this technique,
fuel gas combustion is used with oxygen as a source
of heat required for melting paint materials [9].
Hydrogen, propane and acetylene gases are used as
gaseous fuels, and acetylene gas is one of the
commonly used gases due to its low risk in work, in
addition to its availability and low cost [10]. The
flame spraying technique generally gives coatings
with acceptable properties despite the relatively low
speed of molten particles approximately (1-50 ms™ ")
and the low temperatures obtained from flame
combustion (approximately 3000 °C) [11,12]. The
flame temperature reaches about (2700 °C) [13,14]
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and in the best conditions, when using an oxy-
acetylene torch, it may reach (3100 °C) [15,16], which
means that the use of spray materials is limited. The
pressure of the combustion gases acts as a driving
force for the particles and accelerates them to a
speed (100 ms™ 1) only [17]. The present article aims
to study the variables of thermal spraying with
flame, which included changing the angle of ther-
mal spraying and its effect on the physical proper-
ties of the resulting coating.

2. Raw materials

Alumina was used as the base material produced
by (CDH) company, of (Indian) origin, with a grain
size of (100 um) and purity (99.7%), while the rein-
forcement material was metallic (TiAl) produced by
(Metco 110), of origin (American), with a grain size
of (75 pm) and a purity of (99.9%). As for the basic
binding material, it is (80%Al1—20%Ni) produced by
(Sulzer Metco) No. (443), of (Swedish) origin, with a
grain size of (100 pm) and a purity of (99.9%).

3. Method of work

The sample preparation process (surface prepa-
ration) before thermal spraying is important for the
success of the coating process, because the degree of
adhesion of the coating materials to the surface of
the substrate depends on the mechanical inter-
locking of the solidified particles at the surface of the
substrate. After the samples are cut and softened,
they are washed with alcohol to remove fat or any
other contaminants, taking into account not to hold
them by hand throughout the preparation period. A
grit blasting device manufactured by the Swedish
company (Sabtux) was used to increase the surface
roughness of the samples. The granules used are
silicon carbide or alumina granules with a range of
diameters from 0.7 mm to 1.5 mm. The prepared
Cermet Powder is sprayed towards the base of the
coating through a spray gun type (GH-4/h) of Chi-
nese origin. The mixing ratio of oxygen with acety-
lene can be determined through a special regulator
(Flowmeter). A special clamp is designed to hold the
spray gun. And install it with different spray dis-
tances (16 cm) towards the base of carrying samples.
The best spraying parameters were chosen through
conducting a series of preliminary experiments to
ensure that coating layers with good adhesion
strength and a certain thickness are obtained in
order to qualify us to study the physical properties

Table 1. Parameters of the flame thermal spraying process.

Oxy - Acetylene Mixing 4:0.7
Flame Spray Temp. 3000 °C
Spraying Distance (16) cm
Rotation Number 4

Particle size of Powders (75—100) pm
Coating Time (1—2) min
Maximum Thickness Coating (400) pm

of this type of coating. Table 1 gives the spraying
parameters used. The resulting paint samples were
subjected to a thermal sintering process at (1000 °C)
for an hour and a half, after which they were ready
for physical examinations.

4. Physical examinations

4.1. Scanning electron microscope

The scanning electron microscope is one of the
most important electron microscopes in evaluating
the topography of the surface, examining the sur-
face structure and calculating the particle size. It is
also possible to know the proportions of the con-
stituent elements of the compound through (EDX),
where a scanning electron microscope (MIRA3
TESCAN) of Belgian origin was used. Through it, a
beam of electrons is shed on the atoms present in
the surface of the sample, and thus several different
signals are produced that give information about the
shape and topography of the outer surface of the
samples used [18].

4.2. Porosity

Porosity is considered the preferred alternative for
considerations of some packing characteristics of
powders, and it can be defined as the ratio of pores
in powders to the bulk volume of the sample. Po-
rosities are of three types, namely (closed pores,
connected open pores, and separate open pores).
[19], and there are several factors that affect the
porosity, including the shape of the granules, their
size and distribution, and the strength of the
bonding between the granules has a great effect on
the porosity. An increase in the fine granules rela-
tive to the coarse granules means a decrease in the
porosity [20]. The pressure used for formation af-
fects the proportion of the pores [21]; Because the
use of high pressure will lead to an increase in
compaction of granules and a decrease in porosity.
The sintering temperature of the model, for
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example, materials with low melting points within
the structure will melt and fill the pores and reduce
the porosity. The percentage of true porosity can be
measured by the following relationship [22]:

T.D.-B.D.
T.D.

Since: T.P.: Percentage of The Total Porosity of

the Sample, B.D.: Sample Density in Practice (g/

c¢m?), T.D.: Theoretical Sinter Body Density (g/cm3).

T.P.%= % 100 % (1)

4.3. Hardness

A French Vickers Hardness measuring device
was used. As 10 readings were recorded for one
press (5 readings for each face of the press) in a
radial manner from the center of the surface of the
press to its periphery, and then the average of these
readings was calculated, and the results of the
readings were very close, indicating the homoge-
neity of the surface and the absence of almost any
internal defects, the relationship shows Vickers
hardness value [23].

2F Sin136°/2
Hve Smd36/

It represents: F: The Amount of Load Imposed
in N, d: The Average Impact Diameter in mm.

~1.854F/d’ (2)

4.4. Adhesion strength
The adhesion measurement of the coating layer

was carried out using a tensile device with a
maximum load of (2 Ton) according to the standard

Adhesive layer

St. st. 3161
N

(ASTM- (C633)) [24]. The adhesion samples were
installed in the jaws of the tensioning device, as
shown in Fig. 1. For the purpose of adhesion mea-
surement, uncoated base material samples were
prepared with an equal number of sprayed and un-
sprayed samples. Chemical cleaning operations
were carried out by using alcohol to clean all sam-
ples in order to get rid of fat, dust and any other
contaminants that hinder the process of gluing the
two pieces together, after which an epoxy adhesive
was used to stick the two pieces together (sprayed
and not sprayed). A thin layer of adhesive is applied
to the surface of the paint so that it covers all parts of
the surface taking into account that it is uniform.
Then the two pieces are pressed together for a
period of (1hr) and then placed in a drying oven for
a period of (24hrs) at a temperature of (50 °C).
Before conducting the tensile test, the adhesion
must be uniform and the tensile force applied when
conducting the test should be perpendicular to the
surface of the coating. After the sample is installed
in the tensioning device, a tensile load is applied to
each test sample at a tensile rate of (1 mm/min) until
the sample fails, as the highest applied load is
recorded.

5. Results and discussion
5.1. Effect of spray angle on Vickers hardness of

cermet coatings

We notice through Fig. 2, which shows the rela-
tionship between the spray angle (TiAl) and the
Vickers hardness before and after the thermal

Coating Layer

St. St. 316L

/

Fig. 1. Adhesion samples are installed in the adhesion device.
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Fig. 2. Shows the relationship between spray angle and Vickers hardness before and after sintering.

sintering process at a temperature (1000 °C) and the
time is an hour and a half, as we notice through the
figure when the spray angle increases, the hardness
value increases, so we note At (35°), the hardness
value is (221 kg/mm?) before sintering and (225 kg/
mm?) after sintering, while the hardness value at
(90°) is (246 kg/mm) before sintering and (256 kg/
mm) after sintering. This is until at very few angles
the paint will gather at a specific area without the
rest of the areas and agglomeration will occur and
then the coating will fall partially as well as cracks
will occur and thus the porosity will increase and
the hardness will decrease, but at large angles the
coating will get gatherings and you will get the same
conditions as the few corners, While the angle (90°)
we notice obtaining almost distinctive physical

properties, as we note the regularity and consistency
of the surface layer, which gave good values for the
physical properties [24].

5.2. The effect of spray angle on the porosity of the
ceramic coating

We notice through Fig. 3, which shows the rela-
tionship between the effect of the angle and the
porosity of the coating before and after the thermal
sintering process at a temperature of (1000 °C) for an
hour and a half, we notice through the figure when
the spray angle increases, the porosity value de-
creases, so we notice at (35°) The value of porosity is
(22.2%) before sintering and (16.5%) after sintering,
while the value of porosity at (90°) is (11.5%) before

25 i
@ After Sintering
5 #\ @ Before Sintering
. \\
ol \\I\
= \\ ——
o —— =0
8 10 ——
5
0
35 45 55 65 75 85 95
Angel (°)

Fig. 3. Illustrates the relationship between spray angle and coating porosity.
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Fig. 5. Shows the diffraction of X-rays at different reinforcement concentrations (5%, 10%, 15%, 20%, 25%) after thermal sintering at an angle of 90°.
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sintering and (9.1%) after sintering. From the spray
gun to the base of the paint is random, which leads
to the occurrence of agglomerations and aggrega-
tions of the paint in certain areas and thus the pores
increase, while we notice at the angle of 90° there is
consistency and flatness of the cermet coating,
which in turn gave valuable physical results, and the
scattering of the molten droplets at small angles is
large very [25,26].

5.3. The effect of spray angle on the adhesion
strength of cermet coatings

We notice through Fig. 4, which shows the rela-
tionship between the effect of the angle (TiAl) and
the adhesion strength before and after the thermal
sintering process at a temperature of (1000 °C) for an
hour and a half, we notice through the figure when
the spray angle increases, the adhesion value in-
creases, so we note at (35, the adhesion strength
value is (11 MPa) before sintering and (14 MPa) after
sintering, while the adhesion value at (90°) is
(14 MPa) before sintering and (29 MPa) after sin-
tering, and the first thing that made an increase in
the adhesion strength With the angle of spraying,
this is due to an increase in the homogeneity and
bonding of the coating layers, because the heat leads
to shrinking and reducing the pores, which leads to
an increase in the homogeneity between the parts of
the coating. The large atoms convergence and ho-
mogeneity are thus improved by the composition of
the coating material [27,28].

5.4. X-ray diffraction (XRD) results

Fig. 5 shows the X-ray diffraction of titanium-
aluminium-supported weight ratio concentrations
(5%, 10%, 15%, 20%, 25%), respectively. As we
notice through the figure, i.e. 5% reinforcement, we
find the appearance of alumina (Al1203) with a tri-
ple crystal system (rhombohedral lattice system)
clear during the composition, which appeared at
angle values (26 = 02) as well as (44, 35 = 02) and
other angle values, as well The appearance of tita-
nium in an oxidized form by (TiO2) as a result of
heat and in a tetragonal crystal system at angle
values (44.5, 62,69 = 62) and at other angle values.
Thus, we find that the action of temperature has a
significant effect on the homogeneity of the crystal
structures with each other, as well as the oxidation
of each Made of titanium and aluminum, each of
which appears in its oxide form, which has high
durability and hardness. At 25%, we notice the

beginning of a greater spread of the reinforcement
powder with a decrease in the peaks of the alumina
structures, as we notice as a result of increasing the
reinforcement ratios, the phase (AI205 Ti) appears
with an orthorhombic crystal system, which is
characterized by high durability and hardness that
enables it to withstand high temperatures, which It
continues to appear with an increase in the rein-
forcement ratios (TiAl), and thus this ratio was
relied upon for the rest of the physical examina-
tions [29—31].

6. Conclusions

Important methods through which many indus-
trial applications that suffer from external cracking
or peeling can be treated, for example turbine
blades and oil pipes, where the important conclu-
sion from the current article is the possibility of
strengthening an oxide material such as alumina
with a metal material, which is (TiAl). And with
different weight ratios of the reinforcement mate-
rial, then relying on a percentage of 25%, and a
spray distance of 16 cm. Then it was found that the
hardness value is (56 kg/mm?), the porosity is
(9.1%), and the adhesion strength is (29 MPa) after
thermal sintering, while the results of X-ray
diffraction gave that the best thermal spray angle is
90°, with a mixture of 25%.
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