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Abstract 

In the current article, some physical properties of a system based on 
alumina (Al2O3) and supported by various weight ratios of TiAl were 

studied (5, 10, 15, 20, 25wt.%) by means of thermal spraying by flame, 
where oxygen gas was used at a pressure of 4bar, and acetylene at 0.7 
bar. The base used for the coating is stainless steel type 316L, and a 
primary binder of 80%A1-20%Ni was coated with a thickness of 
approximately 100µm, while the base coating was 300µm thick, so that 
the total thickness was 400µm. The heat treatment of the final paint was 
carried out at a temperature of 1000°C for an hour and a half, after that 
physical tests were carried out through which the best mixing ratio was 

obtained, with a constant spraying distance of 16cm, and a constant 
spraying angle of 90° if found at that. The ideal conditions and after 
sintering that the best micro hardness is 56kg/mm2, the least porosity is 
9.1%, and the highest adhesion strength is 29, while the results of the 
scanning electron microscope showed that the best mixing ratio is the 
25wt.% in which the surface was homogeneous and has a consistent 
composition. An indication of the improvement of the samples with the 

continuation of repeated additions of the support material (TiAl). 

  

1. Introduction: 

Thermal 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 pre-prepared substrates for the purpose of painting [1]. Thermal 
spraying results in coatings with good properties that give the surface exposed to spraying 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]. 
Materials that are in a powder are heated, either by combustion of gases (such as flame spray) or Plasma Spray [5] 
The coating material turns into a plastic or molten state upon heating, and then is atomized and accelerated by 

compressing the gases. 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). Lamellar structure [6, 7]. Flame spraying 
technology is the most common type of thermal spraying in the world because of its simplicity and low cost [8]. 
In this technique, the fuel gas combustion process is used with oxygen as a source of heat needed to melt the 
coating 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 
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spraying technique generally gives coatings with acceptable properties though from the relatively low velocity of 
molten particles approximately 50 ms-1 and the low temperatures obtained from combustion. Flame approximately 
3000°C [11, 12]. Coating properties can be improved by processes called spray and fusion and Fuse Process, after 

the flame spraying process, the combustion process is used to raise the temperature of the base material to a degree 
close to the degree with which the paint material began to melt previously, and the result is a coating with a very 
high density and high adhesion. Because of the metallurgical bonding between the substrate and the coating layer 
[13, 14] .In the best conditions, when using an oxy-acetylene torch, it may reach 3100°C [15, 16], which means 
limited using spray materials, the pressure of the combustion gases acts as a propellant for the particles and 
accelerates them to a speed of 100 ms-1 only [17]. The present article aims to study the variables of thermal spraying 
by flame, which included the mixing ratio on the physical properties for the resulting coating. 

2. Raw Materials 

Alumina was used as a base material produced by Central Drug House (CDH) of (Indian) origin, with a granular 
size of 100µm, and a purity of 99.7%. While the reinforcement material was made of Titania-Alumina (TiAl) 
metal, produced by (Metco 110), of (American) origin. With granular size (75µm) and purity (99.9%). As for the 
basic binding material, it is 80% A1-20%Ni produced by the company (Sulzer Metco) No. (443), of (Swedish) 

origin, with a granular size of 100µm and a purity of 99.9%. 

3. Methodology 

Sample preparation is essential to the success of a thermal spray coating... The degree of adhesion of the coating 
materials to the surface of the substrate depends on the mechanical interlocking of the solidified particles at the 
surface of the material basis. After the samples are cut and softened, they are washed with alcohol to remove fat 

or any other contaminants, taking into account not to holding it by hand throughout the preparation period, the grit 
blasting device manufactured by (Sabtux) was used. The Swedish granules are used to increase the surface 
roughness of the samples and the granules are silicon carbide or alumina granules with a range of diameters ranges 
from 0.7mm to 1.5mm. The prepared Cermet powder is sprinkled towards a base. coating using a spray gun type 
(GH-4/h) of Chinese origin, and the ratio of mixing oxygen with acetylene can be determined through a special 
regulator (Flowmeter), a special clamp is designed that holds the spray gun and installs it at different spray 
distances of (8, 12, 16, 20, 24) cm towards the sample bearing base. The best spraying parameters were selected 
by conducting a series of preliminary experiments to confirm to obtain coating layers with good adhesion strength 

and a certain thickness in order to qualify us to study the physical properties of this type of coating. The resulting 
samples of paint that were subjected to a thermal sintering process at 1000°C for an hour and a half, after which it 

will be ready for physical examinations. 

4. Examinations: 

4.1. Scanning Electron Microscope (SEM) 

The scanning electron microscope is one of the most important electronic microscopes in evaluating the 
topography of the surface, examining the surface structure and calculating the particle size, as well as it is possible 
to know the proportions of the constituent elements of the compound through (EDX), where a scanning electron 
microscope type (MIRA 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 as the ratios of pores in powders to the bulk volume of the sample (Bulk Volume). The pores are of three 
types which are; closed pores, connected open pores, and separate open pores [19]. There are several factors that 

affect porosity, including the shape of the granules, their size and distribution, besides the strength of the bonding 
between the granules has a great effect on the porosity. An increase in fine granules relative to coarse granules 
means a decrease in porosity [20]. The pressure used for formation affects the proportion of 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 example, materials with low melting points within the composition will melt and fill 
the pores and reduce the porosity. The percentage of true porosity can be measured by the following relation [22]: 
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𝐓. 𝐏. % =  
𝐓. 𝐃. −𝐁. 𝐃.

𝐓. 𝐃.
× 𝟏𝟎𝟎 %                                   ( 𝟏 ) 

Where: T.P: The total porosity ratio of the sample, B.D: The density of the sample in practice the density of the 
body (g/cm3), T.D.: Theoretical sinter body density (g/cm3). 

4.3. Hardness 

The hardness was tested using the Vickers method by inserting the tool (diamond pyramid four-base). By shedding 
the tool with a mass of 500 g for a period of (10), and by calculating the diameters of the resulting trace, the 
Vickers hardness of the pressed object can be known through the application of Equation (2), 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, then the average of these 
readings was calculated. The results of the readings were very close, indicating the homogeneity of the surface 
and the absence of almost any internal defects, the relationship Vickers hardness value [23]. 

)2( 
2

1.854 F/d≈ 
𝟐𝑭 𝑺𝒊𝒏 𝟏𝟑𝟔°/𝟐

𝒅
=  VH 

It represents: F: The amount of load imposed in Newton, d: the average impact diameter in mm. 

4.4. Adhesion Strength 

The adhesion measurement of the coating layer was carried out using a tensile device with a maximum load of 2 

tons according to the standard specification (ASTM - (C633) [24]. Preparing samples of the base material without 
coating with an equal number of sprayed and non-sprayed samples Chemical cleaning operations were carried out 
by using alcohol to clean all samples in order to get rid of fat, dust and any other contaminants that hinder the 
process of gluing the two pieces together, after that an epoxy adhesive was used to stick the two pieces together 
(sprayed and not sprayed).A thin layer of adhesive was placed on the surface of the paint so that it covered all 
parts of the surface, taking into account that it was regular. Then the two pieces were pressed together for a period 
of 1hr and then placed in a drying oven for a period of (24 hours) at a temperature of 50°C. Before conducting the 
tensile test, the adhesion must be regular 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 (1 mm/min) until the sample fails where the highest projected load is 
recorded .  

5. Results and Discussion 

5.1. Effect of Hardener on the Vickers Hardness of Cermet Coating 

Figure (1) shows the relationship between the stiffening material (TiAl wt.%) and the micro-Vickers hardness 
before and after the thermal sintering process at a temperature of 1000°C for a 1.5 hour. (TilA) at 5wt.% is 27 
kg/mm2 before sintering and 34 kg/mm2 after sintering, while the hardness value at 25wt.%TiAl was 46 kg/mm2 
before sintering and 56 kg/mm2 after sintering, Thus, find that the hardness value has increased after thermal 
sintering than before, and this is due to the influence of the reinforcing material (50%Ti-50%A1), which is 
characterized by high hardness and almost excellent bonding strength, which contributed effectively to diffusion 
through the base material (Al2O3), where the minerals are distinguished on diffusion through the oxides, thus 

forming an alloy with high durability and excellent mechanical interlocking [25], as well as the thermal sintering 
process has an effective effect on bridging the voids and distances between the two materials base besides the 
reinforcement. The convergence of the atoms from each other, which helps the bonding between the metal and the 
ceramic as the temperature (1000°C) for an hour and a half contributed to this lattice fusion and obtain high 
hardness the obtained high hardness values. As a result of the use of powders with a grain size ranging from 75-
100 µm, it is related to the grain size. The smaller the granule sizes, the more they provide greater obstruction 
areas for the plastic deformations resulting from the penetration of the sticking tool to test the hardness, on the 

contrary, if the granule sizes are large, they will have fewer disabilities and thus plastic deformities will be greater 
[26, 27]. 
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Figure (1). The Vickers hardness with the reinforcement material before and after the thermal sintering process. 

5.2. Effect of Stiffener on the Porosity of the Cermet Coating 

Figure (2) show the relationship between the reinforcing material (TiAl wt.%) and its porosity before and after the 
thermal sintering process at a temperature of 1000°C for 1.5 hour. The result that the porosity decreasing with the 
increasing of the reinforcing material, so the value of the porosity was at 5wt.%TiAl is 25.5% before sintering and 

20.2% after sintering. The highest percentage of porosity was observed before sintering (25.5%) and is attributed 
to the surface roughness and to the increase in gas pressure confined in the closed pores, which allow cracks to 
form, which in turn work on raising the values of porosity, while the value of porosity at 25wt.% TiAl was 11.5% 
before sintering, and the value of porosity was 9.11% after sintering. Where it is noted that the values of porosity 
began to decline when the sintering procedure and the temperature (1000°C), at which the rate of diffusion of 
atoms is sufficient to form good bonding areas between the layers, thus trying to close the pores [28, 29]. 

 

Figure (2). The porosity with the support material before and after the sintering process. 

5.3. Effect of Stiffener on Adhesion Strength of Cermet Coating 

Figure (3) shows the relationship between the reinforcing material (TiAlwt.%) and the adhesion strength before 

and after the thermal sintering process at a temperature of (1000°C) for a 1.5hour. This figure indicates that the 

adhesion strength increases with the increase of the reinforcing material that the adhesion strength increases 

with the increase in the reinforcing material, so the value of the adhesion strength was for 5%wt.TiAl it is 8MPa 
before sintering and 11MPa after sintering, while the value of adhesion strength at 25wt.%TiAl was 22 MPa before 
sintering, and it was 29 MPa after sintering, adhesion strength can be defined as the force equivalent to the force 
needed to remove a unit area of the coating layer from the cermet base If the sintering process clearly contributes 
to increasing the adhesion strength, as the sintering process leads to an increase in the kinetic energy of the material, 
and thus the vibrations of the coating particles increase, which makes the atoms of the coating material approach 
each other and thus they are more sticky and cohesive [30, 31]. 
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Figure (3). The adhesion strength with the support material before and after the thermal sintering process. 

5.4. Scanning Electron Microscope (SEM) Test 

Through the scanning electron microscope (SEM) images, shown in Figure (4) the composite (Al2O3-TiAl) at a 
depth of 5µm, with a magnification of 10kx, after conducting thermal sintering for all samples and in ideal 
conditions with a fixed (angle Spraying 90°, a spraying distance of 16 cm). In Figure (4-a) with a reinforcement 
percentage of 5wt.% TiAl after the heat treatment (sintering), we notice that the is homogeneous, but somewhat 
random, but the effect of heat is clear through the adhesion of the granules to each other with the spread of some 

surface defects somewhat with the pores in the microstructure [32]. It is also noted that there are areas of low 
density and others of high density, which led to the spacing of the elements from each other and their heterogeneity. 
As for Figure (4-b), at a ratio of 10wt.%TiAl, the microstructure appears more homogeneous with stronger and 
greater bonding as a result of fusion of titanium and aluminum with alumina components compared to model (a), 
and that there is an overlap between the particles of both powders, as well as a clear presence of some. The visible 
pores through the surface of the sample [33]. 

As for the Figure (4-c), at the reinforcement percentage (15wt.% TiAl), we notice a large distribution of the 
reinforcement material, this is evident through the spread of clear granules on the surface and coalesced with each 
other forming a metal network with the presence of few pores that permeate it. As for Figure (4-d), with an increase 

in the reinforcement ratio to 20wt.% TiAl, as a result, there is an increase in the adhesion ratio between the 

alumina granules and the reinforcement granules an increase in the adhesion ratio between the alumina 

granules and the granules of the reinforcement material, with the beginning of an improvement in the 
microstructure and the process of filling the pores by aluminum. As for Figure (4-e), where the percentage of 
support is at 25wt.% TiAl. Thus a large ratio of titanium – aluminum has a clear effect on the distribution and 
complete melting of aluminum between the alumina compounds, with a clear disappearance of the pores and the 
lack of surface defects, i.e. recrystallization of the supported bonding granules, which means the formation of a 
layer with a strong structural structure, which can be used in many engineering and industrial applications that 

require high surface strength and durability [34]. 

The examining by X-ray spectroscopy (EDX), of the materials used during the work, as shown in Figure (4), where 
find the appearance of the base material (Al2O3) and the two support materials (Al), (Ti) and also find the separation 
of oxygen from aluminum due to heat. We also find the appearance of nickel, which is the binder in the first 
coating layer. 
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Figure (4). Scanning Electron Microscope images at different support concentrations: 
(a = 5%, b = 10%, c = 15%, d = 20%, e = 25%) after thermal sintering. 

6. Conclusions 

The important conclusion from the current article is the possibility of strengthening an oxide material such as 

alumina with a metal material, which is TiAl in different weight ratios of the reinforcement material. It was found 
that the best mixing ratio is 25wt.%, and then it was found that the hardness value is 56kg/mm2, the porosity is 
9.1% and the adhesion strength is 29MPa after thermal sintering, while the results of the scanning electron 
microscope gave an almost distinct surface shape at 25wt.%. An indication of the improvement of the crystal 
structure with each increase of the reinforcing material. 
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