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Content of The Study

The article is a introduction of the technical theories, features 
and functions of plasma thermal spraying. 

The authors study on which porcelain enamel frits and 
powders were suitable for plasma thermal spraying and what 
the related technical parameters were. 

The research results showed that it was possible to use the 
plasma thermal spraying method on thick steel plate surfaces 
by using special porcelain enamel powders.



BACKGROUND

There is a lot of research on the plasma spraying technique 
today since it has the potential to improve the hardness, wear 
resistance, corrosion resistance, and other physical and 
chemical performance of the component’s surface.

Thermal spraying materials are considered as the "food" or 
material basis of such technology. At present, plasma spraying 
powders are mainly alloy and ceramic materials in the 
domestic and overseas applications. Powder materials and the 
coating technology, has become very mature, but it still cannot 
be widely applied, due to the high price of powder materials.



BACKGROUND

With the features of corrosion resistance, wear resistance, 
heat resistance and decorating properties, porcelain enamel 
materials can meet all the requirements of powder materials 
for plasma thermal spraying. However, there have been few 
research studies about using plasma spraying technology for 
enameling.



BACKGROUND

Plasma thermal spraying technology has great practical and 
economic value since it not only lowers spraying cost, simplifies 
and improves the enameling process, but also reduces the 
dependence on furnaces which require high energy 
consumption, increasing costs.Usage of clay and other mill-
addition reduced and finally, physical and chemical properties 
would be greatly improved.



Fundamentals of The Plasma Spraying

Plasma spraying is a kind of 
thermal spraying with plasma 
arc as the heat source, metal 
ceramic powders are melted 
by using a high temperature, 
high speed and high enthalpy 
flow flame to obtain high 
quality composite coatings.



Major Advantages of Plasma Spraying

Compared with PVD, CVD, bead welding, flame spraying and 
other surface coating technologies, plasma spraying has 
many outstanding features, such as fast deposition, efficient 
production, a wide range of applications, etc. 

No distortion for components. As the body is electrically 
neutral and does not melt, even though the temperature of the 
flame is very high, and the temperature on the component will 
not exceed 200℃ when the process is controlled properly, and 
therefore the body will not distort.



Major Advantages of Plasma Spraying

Stable processing. The parameters for spraying materials 
are different according to different requirements, but they can 
be quantitatively controlled to achieve stable processing and 
high reproducibility. 

Wide range of coating materials. The temperature of the 
plasma spraying flow is very high, therefore, general 
refractory materials can be coated.

It is applicable for localized sprayings and outdoor sprayings.



Porcelain Materials Preparation For Plasma
Spraying

The authors designed an experiment to study the requirements 

of the ground coat formula which would be combined with 

NO.45 steel plate. The expansion coefficient of the enamel 

was controlled between 280x 10-7 to 300 x 10-7 and the firing 

temperature was controlled between 800C to 860C. Three sets 

of enamel frit formula with different performances were studied 

in order to make a comparison (shown as 1, 2, and 3). 



Porcelain Materials Preparation For Plasma
Spraying

Purpose

To find whether or not adherence promoter has an effect on 

adhesion for enamel material and steel plates, whether or not 

different surface tension would lead to different coating 

qualities.The enamel materials are melted in a high 

temperature testing furnace. Melting temperature is between 

1250℃ to 1300℃, and the melting time was 35 to 40 minutes. 



Preparation of Plasma Enamel Powder

Powder making
It is known that plasma spraying requires high fluidizing 
performance for the enamel powder. The surface of the 
powder particle produced is smoother and more spherical by 
wet milling compared with dry milling. Based on the above 
three different enamels, the materials were milled respectively 
with the right amount of water and a little ethanol to a required 
fineness, then they were screened and dried at a low 
temperature. The three powders were distinguished by 
labeling them Powder 1, Powder 2, and Powder 3.



Preparation of Plasma Enamel Powder

Coating Treatment

The coating method of porcelain enamel electrostatic dry 
powders can be used as a reference that coating the porcelain 
enamel powders with silicon oil can increase fluidization. 

By dry milling, the proper amount of silicon oil was added to 
the above Powder 1, Powder 2, and Powder 3. They were then 
labeled as A, B and C and tested by the SAMES Fluidization 
Detector until the fluidization reached 70. Powder 1 was milled 
for the same time with no silicon oil, and was labeled as D to 
compare the fluidization of D. 



Coating Testing 

Base Material Surface Pre-treatment

Put the sample into a NaOH solution with a density of 

50g/L and soak for 30 minutes. The temperature of the 

solution was about 80℃, to remove residual oil and other 

contamination. After cleaning and drying, the material 

surface was sand blasted to coarsen the material surface.



Coating Testing 

Base Material Surface Preheat

Technological Parameters
Ar and H2 were used as testing gas.The plasma current was 
500A. The plasma voltage was 50V.  The powder sending 
speed was 
62 g/min. The delivery gas was N2, whose flow was 800 
L/min. The spraying used water for cooling, with a flow of 20 
L/min. 
The distance between base material and nozzle was 50mm.  
The spraying speed was 10mm/s. 



Coating Testing

The prepared powder was put into the powder feeder. The main 
power supply, DC power, water cooler, argon, hydrogen, etc 
were turned on successively. After preheated, the powder 
feeder was turned on and the flow speed was adjusted. 

When spraying, the testing samples were placed in order on the 
working platform. Spraying gun moved in a straight line, back 
and forth in a prescribed distance, until the coating thickness is 
reached. The metal body is NO.45 steel and powder samples 
are A,B,C,D praying samples as referred aboved.



Testing Samples Under Scanning Electron
Microscope

Samples Plate D

Samples Plate B

Samples Plate C

Samples Plate A



Summary

Porcelain Enamel materials [Frit] are adapted to the plasma 
spraying technique, which can then satisfy the technical 
requirements of parts needing partial enameling. It is hopeful 
that plasma spraying can solve the problems of the 
enameling process of reactor vessels and other large pieces.

Specially designed frits, and frit powders, made by special 
techniques, are suited for plasma spraying, and can lower 
the cost of plasma spraying.  



Summary

Plasma spraying and cobalt nickel adherence material can 
improve the adherence to the steel. Silicone oil coating of the frit 
powder can increase fluidization, which satisfies the plasma 
spraying specification. 

Compared with traditional wet enameling, plasma spraying can 

improve the acid resistance of the coating.



Application Prospect

The technology and application of plasma spraying has been 

rapidly developed since 1950. It has been widely adopted 

because of its features of wear-resistance, heat resistance, 

and antioxidant corrosion. 

The technology of spraying on heat resistant ceramics is the 

focus of development at the present time, but composite 

materials and metallic compounds are very popular as well.



Application Prospect

Priliminary results obtained by this test showed that it was 
possible to use the plasma thermal spraying method on thick 
steel plate surfaces by using porcelain enamel powders. 

Problems of enameling on large pieces and localized 
enameling troubles might be solved if this technology is applied 
properly. Some expensive plasma spraying powders which are 
being used nowadays might be replaced and application area 
of enamel materials would be expanded with this technology.
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