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Abstract 

The classical, ultrasonic thermal spraying of coatings is widely used to coat the critical wear 

parts, such as: chassis, bearing, valves and turbines and their components. The process is 

characterized by very high deposition rate, of about [1-4]: 

 70% at a flow rate of powder to 7.2 kg / harmat, 

 12 kg / h of fuel gas with a liquid fuel gun. 

The porosity of the obtained coating by HVOF (high velocity oxygen fuel) system is a few percent. 

A coating is characterized by a very good adhesion to the substrate, of approximately 60 to 80 MPa 

and a low oxygen content - between 0.5 to a few percent [4]. 

Currently, the ultrasonic spraying methods develop in two basic directions: 

1) First, it is the reduction of time of the spraying process. The diameter modification of gun 

ensures the acceleration of particles in the stream of gas and it increases the efficiency of the 

process, for example HVAF (high velocity air fuel) method. This problem is well described in the 

literature [1-5]. 

2) Second, it is the reduction of the thermal stress generated in the coating during the spraying 

process. 

In this regard, the following technologies can be identified [6-11]: 

a) cold spraying methods, for example: CGDM (Cold Gas Dynamic Spray Method) in which 

the kinetic energy, ie. the speed of the particles is increased while the thermal energy is 

reduced. Thus, it becomes possible to obtain a nearly oxygen-free coatings; 

b) the thermal spray technology with cryogenic cooling presented and patented in the United 

States of America, that uses a cryogenic liquid as the medium of the cooling system in the 

thermal spray process. 

c) the hybrid method - using equipment in the form of newly constructed cooling nozzles type 

micro-jet. The nozzles enable the precise and selective cooling of coating with micro-stream 

of selected gases immediately after spraying. The micro-jet nozzles are patented in Poland. 
 

Hybrid technology is one of the innovative method of thermal spraying. The advantage of this 

method is the ability to control the spraying structure of coating with a precise and selective cooling 

of the surface immediately after spraying. The construction of micro-injector gives the possibility of 

a modification of the classical spraying or welding methods, because it is compatible with these 

systems. The developed hybrid method with the forced selective cooling is characterized by high 

intensity of heat transfer by obtaining a very high coefficient of heat exchange between the applied 

coating and micro-streams of cooling fluid. So far, this method is not completely described in the 

literature [11]. 

Therefore, the main aim of this article is to present: the genesis of the hybrid method, its 

possible applications, advantages and limitations. In the article, the selected results of tested 

coatings obtained by the innovative method are presented. For the preliminary findings of the 

process, the compressed air is used as the cooling medium with the micro-injector. It is most 

comparable to the classical HVOF process. The other gases, like a nitrogen (N2) and helium (He2), 

are used to spray in the hybrid process. The nitrogen gas is used for the research presented in this 



article, because this is the main media in the process of thermal spraying and welding with 

cryogenic cooling process. According to literature data, it is found, that nitrogen gas should protect 

the coating against excessive oxidation during the process [2,10]. It is characterized by absence of 

the oxidation potential. The micro-steam of nitrogen gas was produced inside the injector. The 

installation of micro-jets is connected with a gun to thermal spraying The presented results of 

selected studies are aimed to demonstrate the possibilities of modern hybrid method in the range of 

the control structure of the deposited coatings. The obtained structure of coatings is analyzed by 

optics and scanning electron microscope. The micro-hardness and the thickness of the coating are 

measured on the TH170 micro-hardness tester and thickness gage. The selected tribological 

properties of the obtaining coatings are determined. The results of abrasion test on T07 stand and 

erosion tests under load 200g in ambient and elevated temperature are presented. The made samples 

are subject to cyclic oxidation tests at 6000C.  

The obtained results allow to conclude, that the coatings are characterized by: the high structure 

quality (appropriate density, compactness, very low (1%) porosity, uniformity and homogeneity 

throughout the volume) and good properties of oxidation resistance and a satisfactory erosion and 

abrasion resistance under the conditions of the laboratory tests.  

The presented study confirms that the technology allows to obtain the desired structures, which 

indicates the correct implementation of the spraying process. Due to the promising possibilities, it 

can be assumed that the hybrid method has a wide application in industry. 
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