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Abstract. In this paper, CoCrAlY coating was prepared on the substrate, Ni-based super alloy 
(GH4169), using Air Plasma Spray (APS). After deposition, the coating was irradiated by High 
Current Pulse Electron Beam (HCPEB) with different number of pulse beam. Then the 
micro-structure of coating surface, like the morphology and roughness, were characterized by 
scanning electron microscope (SEM) and 3D optical microscope. When the coating treated with 20 
times pulse beam, the roughness is 28.02 µm. Besides, the surface was remelted into a compact 
appearance with many bulged nodules connected.

Introduction 

MCrAlY coatings(M=Ni,Co), as bond coating of thermal barrier coating(TBCs), often applied to 
critical hot-sections of industrial gas turbine to release residual stress and enforce oxidation 
resistance[1,2]. 

In general, bond coating are prepared on the super alloy substrate with air plasma spray. Then 
ceramic coating, has low thermal conductivity[2], was deposited above it. When operated in the 
extremely aggressive thermal mechanical environment, TBCs often fail with spallation and crack at 
the interface between the bond coat and ceramic coat[3,4]. It is a layer that called TGO (thermal growth 
oxidation), plays an essential role in TBCs system[5-7], comes from complex oxidation of bond 
coating, Therefore, improving the micro-structure of coating surface will be a leading direction of the 
research of TBCs. 

Recently,a new technology named as  high current pulsed electron beam (HCPEB) got much 
attention[8,9]. The technology,used as surface modification, has been applied to control the growth and 
evolution behavior of TGO[10-12]. Professor Cai Jie us irradiated CoCrAlY coating surface with 
HCPEB. They found that the surface of  coating had been remelted completely and replaced with 
interconnected appearance of protruding nodules[13] that enable TBCs to operate at higher 
temperatures. 

In this paper, the technology of EBVD and HCPEB have been applied in the treatment of bond 
coat. The effect of this modification will be investigated about the roughness and morphology.  

Experimental procedure 

Firstly, the CoCrAlY coating (23Co, 13Cr,  0.5Al,Y) were prepared on grit-blasted Ni-based super 
alloy substrate (12×8×2mm) to a thickness that is about 200μm by using Praxair 3710 type APS (Air 
Plasma Spray) system. The chemical composition of Ni-based substrate is shown in Table1. 

Table 1 GH4169 super alloy chemical composition 

Cr Fe Nb+Ta Mo Ti Co Al Si Ni 

19.62 17.75 60 1.561 0.023 <1.0 0.58 0.17 Bal. 
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Then a Al film was deposited on the surface of coating by EB-VD (DZS-500). The thickness of Al 
film is about 600 µm. Finally, the composite coating was irradiated by HCPEB (HOPE-1). The 
current beam voltage was chosen at 16.5V while pulse duration is 1.5μs. Moreover, the value of 
energy density is hold at 4J/cm2.  Comparison was carried out between the number of pulse beam that 
the times of pulse treatment were decided as 10, 20, 30 and none 

Then a Al film was deposited on the surface of coating by EB-VD (DZS-500). The thickness of Al 
film is about 600 µm. Finally, the composite coating was irradiated by HCPEB (HOPE-1). The 
current beam voltage was chosen at 16.5V while pulse duration is 1.5μs. Moreover, the value of 
energy density is hold at 4J/cm2.  Comparison was carried out between the number of pulse beam that 
the times of pulse treatment were decided as 10, 20, 30 and none. 

The micro-structure of the coating surface was characterized by SEM (Scanning electron 
microscope, 1530VP) and the chemical composition were tested by EDS equipment above. The 
roughness of the coating surface were measured 3D optical microscope 

Result  

The surface morphology 
Fig.1 showed the surface morphology of bond coating. Fig(a), initial sample of coating was 

characterized as lamellar structure with a large amount of unmelted spherical powder and particle,  
micro-cracks, porosity on the surface. That is a typical morphology coating  of coating prepared by 
APS because CoCrAlY powder were forced to flow to the substrate by high speed air without enough 
time to melt completely when they were heated by the plasma flame. 

The coating treated had been shown in Fig. 1(b,c,d), with a compact appearance of interconnected 
bulged nodules. Compared with initial coating, the defect of typical coating had been improved, 
including unmelted particle and porosity. With increasing the pulse of electron beam, the surface of 
coating became more refine and homogeneous. Moreover, the nodules assembled together, becoming 
interconnected bigger protruding nodules. 

The phenomenon was a likeness to the consequence of Pro Cai experiment. Especially when the 
times of pulse was 20, the size of nodules was biggest upon others, using different coating 
modification parameters. Then the crack on the top of coating  grew in number. The reason why crack 
increase was that bond coating irradiated by electron beam had residual stress above top and inside. 
The stress forced coating surface to crack, which released thermal stress.   

 

 
Fig.2  SEM surface of CoCrAlY coating modified by HCPEB after aluminizing (a: initial, b: 10 pulse 

c: 20 pulse d: 30 pulse ) 
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The chemical composition of coat surface 
Fig 3 showed magnification of initial coating.  

 

      

(a)                                                        (b) 

Fig.3  Magnification of initial coating(a) SEM,(b) EDS of point A,(c) EDS of point B. 

The value of magnification is 1000. The EDS testing showed that the chemical composition of pit 
and protrusion. Both of two part shared the same test results. The elemental composition keep stable 
relatively. 

What’s more, the percent of Al element proved that Al was more active than others after 
comparing the chemical composition of the powder of CoCrAlY and surface coating. 

 

 
(a) 
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(c) 

Fig.4 Magnification and EDS of HCPEB treated CoCrAlY coating after aluminizing, (a: 10 pulses b: 
20 pulses c: 30 pulses) 

The magnification of HCPEB treated CoCrAlY coating after aluminizing in the Fig 4. The EDS 
testing results above of coating treated with HCPEB  indicated that the content of element Al and Co 
were obviously different when bonding coating treated with electron beam. The percent of Co content 
on surface got a large increasing and the Al got sharp reduction, which convinced that HCPEB had 
improved the chemical composition distribution on the surface of coating.  

In addtion, there was no clear evidence that the times of pulse  electron beam could change the 
content of coating surface obviously.   
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The roughness of coat surface 
Figure 6 showed the 3D morphology of initial coating characterized by the laser optical 

microscope, which could measure the value of surface roughness almost. The initial sample is 18.9 
µm. The image show that sharp peaks andvalleys on the coating top that could be the defeat of coating 
where the residual stress generate.That would always be the place wghere fatigue failure happened 
and grew. 

 
 

Fig.5 (3D top graph of initial bond coat) 

 

 
(A) 

 

 
(B) 

Fig.6 (3D top graph of bond coat treated by HCPEB after aluminizing  A: 10 pulse  B: 20 pulse ) 
Then Fig6 (A,B) showed the other coatings after treating. They indicated clearly that the more 

times of electron beam, the more rough surface of coating you could get in a certain range. The value 
of former roughness was 28.02 µm, while the latter is higher, which was 42.1 µm. The section profile 
of coating surface, Fig7, had a same conclusion with the roughness and it gave a vivid presentation of 
the testing result. 

 

(a) 
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(b) 

 

(c) 

Fig7 (the section profile of coating surface 

a: initial coating b: coating+10 pulses c: coating+20 pulses) 

As we know, bond strength is correlated with mechanical occlusion at the interface. In general, a 
higher roughness brings more area of interface, which have been proved[14] could partly reinforce 
bond strength and that would make the life of TBCs longer at service. 

What's more, 3D images of top morphology confirm the consequence of surface SEM. The High 
Current Pulse Electron Beam is beneficial to optimize the micro-structure of coating. That is apparent 
that surface of coating after irradiated is more continuous and dense than those not.  

Conclusions 

CoCrAlY coating prepared on the substrate with different experiment parameter were investigated. 
The number of electron beam decided the morphology and roughness of coating surface.  

(1) Take the initial coating for comparison, the coating treated by HCPEB after  aluminizing 
remelted and showed compact surface with  continuous bulged nodules. Those defects shown in 
initial coating had disappeared after irradiating by HCPEB. When the coating treated with 20 times 
pulse electron beam, the sample show the most densification. 

(2) With the times of pulse increasing, the roughness of bond coating surface increased. Even 
though the roughness increased, coating surface kept its compact surface hold. It would have partly 
positive effects on enhancing bond strength. 
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