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ABSTRACT 

Aluminum is using in many applications such as Automotive, Aerospace, Marine etc., due its thermal, chemical 

mechanical properties. Aluminum is lightweight and has high resistance to corrosive environment. This 

excellent resistance reduces maintenance costs, and reserves appearances. hardness of Aluminum is low which 

can be enhanced by coatings. The various parameter are studies like microhardness, resistance of corrosion and 

resistance against wear.  electrodeposited coatings are in industry gaining more importance due to their 

simplicity of operation, low cost and ease to fabricate.  Al2O3 is one of the hard coating materials and is used to 

coating different metals matrix.  Mostly, composites containing of Al2O3 coating are favored for microhardness, 

wear resistance, high oxidation resistance and enhanced corrosion resistance. The nanocomposite of matrixes 

and coating layers are characterized by SEM. The morphology of the coated layers illustrations the deposition of 

fine-grained structures. 
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INTRODUCTION 

Engine have been made of cast iron (gray cast iron) because of ease casting and nonappearance of appreciable 

shrinkage of volume, vibrational damping wear resistance and machinability.  Recently, engine manufacturer 

has been going to save weight and the percentage of aluminum used in automobiles [1]. The aluminum cast 

engine now account for more than 55%   of   automotive   engine.   The cylinder must resist rapid cycling of 

temperature, pressure, impingement of hot gases and shear loading.   This   demands tight dimensional 

tolerances and greater wear resistance [2]. For Aluminum engine    blocks, this    is    achieved    by 

manufacturing a separate cylinder cover(sleeve), typically made of gray iron or steel.  The cylinder cove can 

either be press suspended in the cylinder block using sand mold [3,4]. The melting temperature of the material 

which is used in engine must be above that of the engine block alloy. However, the surface modification and 

softness   of   aluminum   alloys is required to improve the durability so as to increase their corrosion and wear 

resistance [1,5]. The difficulty of using sleeves in the blocks of engine is the thermal expansion coefficients of 

aluminum   and gray cast iron   are   different [6]. Coating by thermal   spray   is   the important methods of 

depositing coating of materials to improve the corrosion and wear resistance.  At the present time, chemical 

treatment such as electroplating of oxide coatings are becoming increasingly threatened by environment [2,7].   

EXPERIMENTAL PROCEDURE 

Materials  

Samples of diameter 120 mm and 3 mm in thickness were prepared by machining the Aluminums alloy sheets 

(chemical composition in table 1). The discs were casted then followed by heating at 450°C in order to reduce 

residual stresses in samples.  

Table 1. Chemical composition of A356 alloy 

Cu Mg Fe Ni Si Ti Al 

1.9 1.2 0.8 1.2 0.11 0.05 Rem. 
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Conditions of Spray  

 The TAFA JP-5000®USA systems with 5220 Praxair Gun was used in experimental work in this study to 

deposit the oxide coating. The substrates were firstly degreased and blasted with alumina particles 20-40 nm in 

size.  The thickness of coating was measured with SEM [8].  

Examination and Test  

Microhardness: Microhardness Vickers test was done according to ASTM (E92-82), by Microhardness Vickers 

tester type (Digital Display microhardness Tester model Hv-1000). This apparatus was used to measure the 

hardness with 1000g load and holding time of 20 seconds to the surface of the specimen using a standard 136° 

Vickers diamond pyramid indenter combined with an optical microscope [4]. 

Wear:  The pin on disc wear tests are the most spread tests for wear behavior (sliding wear) and friction of 

material. The tests can be both vertical and horizontal, while   vertical   configuration mode enables to eliminate 

the debris during wear tests.  The relative motions such that is a circumferential wear pathway on the disc 

surfaces are generated. The disc or pin can be moving [8,9].  

Thermal Conductivity:  The thermal conductivity examination was achieved for the samples with nano-layers to 

show the effect of nano-layers on the thermal conductivity, heat diffusivity and specific heat of samples using 

Hot Disk device. 

Corrosion at high temperature: Four high temperature were investigated of alloy. This alloy has high oxidation 

and corrosion resistance and high temperature strength. It is used as high temperature engine materials. The 

results of the corrosion test were estimated by corrosion rate measurements and mass loss on one-hour intervals 

[10]. 

Scanning Electron Microscope (SEM) uses a focus beam of high electrons energy to produce a variation of 

signals at the surfaces of the specimens.  The signal reveal information about the samples including crystalline 

structure, orientation, external morphology, chemical composition of the sample. 

RESULTS AND DISCUSSION 

Microhardness    

Microhardness is calculated for three samples for each test by taking the average of these reading (Figure 1), the 

microhardness was increasing when the thickness of coating layer was increasing and it has highest value when 

the thickness is (90 nm) comparing with the others samples.  The coating layer of (Al2O3) is represented 

strengthening phase for the surface and this explain that increasing in coating thickness don’t effect on 

microhardness because of the coating layers didn’t have crack or crystalline defects and no peeling. The 

coherence between the cylinder metal and coating layer was very strong [1,4].  

 

Figure 1. Variations of Microhardness with thickness of coating 

Wear Resistance  
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Pin on disc is used to calculate the wear rate of all samples noted increasing wear rate by increasing the applied 

load when sliding distance and time are constant (Figure 2). Wear rate decreasing by increasing in coating layer 

(the lowest wear rate at 90 nm coating layer) this increasing result from high coherence between coating layer 

and base metal and uniform distribution of coating layer, this can be noted in scanning electron microscopy 

image. The increasing in hardness is index to increasing in wear rate [3].    

 

Figure 2. Variations of weight loss with loading of coating 

Thermal Conductivity  

Thermal conductivity exam was done for all samples in different temperature because of the cylinder is 

subjected to variation temperature in fact. This exam showed that thermal conductivity is decreasing when 

increasing the temperature (Figure 3) and this result from phonon – boundary scattering or phonons – phonons 

scattering, in addition the coating layer (Al2O3) have very low thermal conductivity in compare with base 

cylinder metal, this led to decreasing in thermal conductivity. This results it's very important to prevent outflow 

the temperature from cylinder that due to increasing speed of fuel burning inside the cylinder and improving 

efficiency of engine, also the coating layer is preventing the deformation of cylinder in high temperature. The 

lower thermal conductivity was at (90 nm) coating layer, that’s make this thickness suitable to improving 

properties of cylinder metals and the resistance of thermal shocking is very good [4,8].   

 

Figure 3. Variations of thermal conductivity with thickness of coating 
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Corrosion at high Temperatures  

The rates of weight losing are increasing by low increasing temperature for all samples and decreasing in 

coating samples by (Al2O3). The oxide coating layer was represented passive layer between cylinder metal and 

environment, also oxide layer did not affect by environment temperature in cylinder (Tm Al2O3  2015 0C). The 

weight losing of sample that have (90 nm) coating layer was very low in compare with others samples and it is 

have high stability in working temperatures [4,11]. 

 

Figure 4. Variations of weight gain with thickness of coating 

SCANNING ELECTRON MICROSCOPY 

The thickness of coating layer was examed by SEM as showed in figures, the scanning electron microscopy 

images showed that no cracks or crystalline defects in microstructure of coating layer and also showed good 

coherence between the coating layer and cylinder base metal. SEM images also showed continuous layer of 

coating without void or vacancy. The lowest defect in microstructure and good coherence between cylinder base 

metal lead to good mechanical properties (microhardness and wear resistance) [5,10].  
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Figure 5. SEM image of coating 

CONCLUSION 

1- The surface hardness of the cylinder is increased, the microhardness was increasing when the thickness 

of coating layer was increasing and it has highest value when the thickness is (90 nm)  

2- Wear rate decreasing by increasing in coating layer.   

3-   Thermal conductivity exam showed that thermal conductivity is decreasing when increasing the 

temperature. 

4- The oxide coating layer was represented passive layer between cylinder metal and environment, also 

oxide layer did not effect by environment temperature in cylinder. 

5- the scanning electron microscopy images showed that no cracks or crystalline defects in microstructure 

of coating layer and also showed good coherence between the coating layer and cylinder base metal. 
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