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ABSTRACT 

Composite structure of magnesia partially stabilized Zirconia (MgO-PSZ) with a 
Ni-Al bond coat have been investigated.This composite was sprayed on to a stainless 
steel grid of stainless steel-304 substrate to produce coating layer. The measurements 
of microstructure surface roughness, porosity and microhardness for sprayed layers 
wereperformed. PulsedNd: glass laser with pulse duration of 300 µs. and an energy 
ranging between (1-7.6)jouleswas used to investigate the effect of heat treatment on 
the sprayed layer.The laser treatment causeda reduction in surface roughness and 
porosity.An improvement in the mechanical properties of the composites 
wasobserved. 
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 المعاملة السطحیة لطلاء السیرامیك المحضر بالرش الحراري باستخدام اللیزر
 

 الخلاصة
بالمغنیس�یا المض�اف الیھ�ا  في ھذا البحث تم مناقشة تركیب المادة التراكبة م�ن الزركونی�ا المس�تقرة

ت��م رش الم��ادة التراكب��ة المحض��رة حراری��ا عل��ى قواع��د . المتكون��ة م��ن الالمنیوموالنیك��ل الم��ادة الرابط��ة
فولاذی��ة مقاوم��ة للص��دأ لتك��وین طبق��ة الط��لاء. ت��م تقی��یس وتق��ویم التركی��ب المجھ��ري والص��لادة الدقیق��ة 

مایكروثانی�ة  300ات ام�د زمن�ي 1النبض�ي بنبض�ات وخشونة السطح المسامیة باستخدام لیزر النیدمیوم 
) ج��ول. س��ببت المعامل��ة ب��اللیزر اخفاض��ا ف��ي قیم��ة البخش��ونة الس��طحیة 7.6-1وض��من ح��دود طاق��ات (

 والمسامیة. لوحظ ایضا تحسنا في الخواص المیكانیكیة لطبقة الطلاء.
 
 
INTRODUCTION  

hermal sprayed ceramic coating are widely used as athermal barrier coating 
(TBC) for gas turbine and other heat engine components. These coatings 
reduce the surface temperature of the metal components and act as barriers to 

the hot corrosion degradation of the substrate. Potential advances from the use of 
T 
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such (TBC) are quite large and include extension of service lifetime, operation with 
lower quality fuels and reduction or elimination of the cooling requirement [1]. The 
most successful ceramic coatingwas obtained with Zirconia powders [2]. Pure 
Zirconia exists in three crystalline structures; these are monoclinic, tetragonal,and 
cubic structure. One of the alloying elements (MgO,Cao and Y2O3) was added to the 
zirconia to decrease cubic, and tetragonal -monoclinic transformation 
structure[3,4].When the alloying elements add with a certain limit, physical and 
mechanical properties are most useful to study the effect of adding partial 
stabilization [4]. Most popular composite material used in thermal barrier coating 
(TBC) is cermet, which is a mixture of metal bonding and ceramic oxide such as 
(ZrO2, Al2, O3, Cao, Y2O3 or MgO[5]. The advantage of a adding metal to ceramics 
is to enhance mechanical strength, thermal shock, and creep resisting [6]. Also good 
solubility is obtained with ceramic oxide and binding materials, by decreasing the 
melting point of ceramic. This phenomenon is very useful in thermal spraying 
process. Mostly, all thermal coating are suffering from some problems of porosity 
and surface defects existing in the coating layer. These may degrade the physical and 
mechanical properties [7]. Laser treatment can be performed to introduce alloying 
mixtures and also high adhesion strength between coating and base[8]. In order to 
improve, the surface properties of coating. Laser treatment can be performed to 
improve the mechanical properties of the coating layers as a result of providing high 
power per unit area [9].The purpose of this study is to evaluate the surface roughness 
and porosity modifications of flame sprayed cermet coating of (ZrO2 25 Mgo) +Ni-
Al) deposited on (304)St.St. substrates by using a pulsed laser beam at different 
power densities.  
                       
MATERIALS AND EXPERIMENTAL PROCEDURES 

The substrate was stainless steel (304) in a cylindrical shape of (l0 mm) diameter 
and (20mm) height. Before being sprayed, substrates were grit blasted with crashed 
silicon carbide to increase the surface roughness, because the bonding between 
coating layer and substrate is mechanical. The 50 (Ni-Al) alloys were used as a self-
bond, which gives good adherence properties and reduces the thermal properties 
mismatch between the cermet layer and substrate. The cermet layer was flame 
sprayed as shown in Figure (1): The cermet coating was prepared from commercial 
Zirconia (Metco201) stabilized with 25% magnesia, where powders are mixed at 
(50%wt ZrO2+ 25Mgo and (50%wt Ni –Al) then dried by oven at 70 c° for one hour. 
The laser system used in this work is laboratory made Nd: Glass laser. It gives 
300µsec laser pulses at 1.06µmwavelength. A 3cm positive lens was used to focus the 
laser beam on substrates. Surface roughness of the required area was measured by 
perthometer type 6sp.This instrument could measure the roughness of the required 
area by automatic Scanning with fine needle and take the average of all Scanned area. 
Porosity measurements were made according to the (ASTM-c830) [9]. The structure 
of the coating layer was investigated by X-ray diffraction with (Cuk) radiation. The 
Microstructure of the coating was determined by optical and atomic force microscopy 
(AFM).   

                                                                                    
RESULTS AND DISCUSSION 

The spraying is done with flame spray coating. Operating parameters during 
coating process are listed in Table (1). Figure (2) shows the XRD Patterns of cermet 
coating before and after laser treatment. It is clear that one of the strong peaks of the 
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Al3Ni2 which belongs to the binder material. The pattern shows also for ZrO2 higher 
peak intensity increasing with the increase the energy of laser. The peak of ZrO2 has 
been transformed form tetragonal of monoclinic phase to cubic phase according to 
(JCPDS) No 34-1084. Table (2) shows the effect of energies on the surface roughness 
and the porosity of coating layer for different energies. This Table indicates that there 
is a significant change in roughness and porosity values, which corresponds to the 
heating effect in the irradiated zone surface of the coating layer. The behavior of 
roughness and porosity results are approximately similar. At low laser energy, there is 
no significant change in porosity and roughness values because there is little heating 
effect which has no significant effect on the porosity or roughness values. Increasing 
energy of the laser pulses has increased melting, so that porosity, particle size, and 
roughness have reduced due to sealing. The reduction in porosity percentage, particle 
size and roughness are shown in Table (2) and Figure (3). The increase in energy over 
(6J) caused some damage in the coating layer as shown in Figure (4). This led to an 
increase in porosity value expected. Cracks spacing increased also with increasing 
laser energy over (6J) due to the porosity escaping upwards through the molten 
composite layer which produced deformations in the surface. [10, 11].     
 
CONCLUSIONS 

Good adhesion between ceramic coating and substrate was achieved when using 
(Ni-Al) binder in thermal spray by flame. The microstructures of the coating layer 
showed better distribution of the particles on the substrate when using pulsed laser 
energies below (6J).Melting of coating surface and some cracks spacing were 
observed after raising the pulsed energy above (6J). X-ray analysis showed an 
increasing peak intensity of the cubic Zirconia with the increase of laser energy. 
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Table (1) Operating parameters during composite 
Coating process of (NiAl+ZrO2+Mgo). 

Values Properties 
0.7, 4 OXY-Acetylene 

8, 12, 16, 20 cm Spraying Distances 
1.35+0.3mm Thickness Coting 
3000-3025oC Flame spray temp 
µm   ) 75-100( Particle size of powder 

(1-2)min Coating Time 
5 sec Time between tow 

spray process 
 

Table (2) The results from (AFM) show the effect of laser energies 
on the coating surface. 

Porosity
% 

Max Length 
Surface(nm) 

Root Mean 
Square(nm) 

Practical 
Size 
(nm) 

Roughness 
(Average) 

(nm) 

Laser 
Energy 

(J) 
20 8.20 1.79 98.11 1.47 Without 

Treatmen
t 

18.74 7.6 1.76 94.79 1.49 1 
9.31 4.69 0.718 70.43 0.558 4 
3.39 3.71 0.265 68.85 0.213 6 
15.07 9.21 1.53 113.16 1.50 7.6 

 

 
Figure (1) Flame-thermal spraying of the composite material. 
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Figure (4) The effect of laser energies on the composite coated surface 
microstructure:-As sprayed, (b)- 4J, (c)- 6J, (d)- 7.6J) 
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Figure (3) 3-D atomic force microscope (AFM) results on the  
Composite coating surface at different treated energies: 

 (a) - without treatment (as sprayed), (b) - 4J, (c)- 6J. 
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Figure (2) XRD Pattern of the cermet coating: 

(a)-As sprayed, (b) - Laser treatment (6j) 
 

b 

Al2O3 Al2O3 

 

Al3Ni 

 

C-

 

 
Al2Ni3 

 
Mg2NiA

 

 

a- 


