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Abstract

The traditional methods of preparing tungsten coatings comprise plasma
spraying, thermal spraying, molten salt electroplating, physical vapor deposition,
chemical vapor deposition, etc. Among them, chemical vapor deposition of tungsten
coating is particularly concerned with the advantages of its high purity and high
density. In recent years, using tungsten as plasma facing first wall coating material in
the international thermo-nuclear experimental reactor has caused worldwide concern
and attention. The coating of high purity and density, in thickness greater than 1mm
are required to withstand the impact of high-energy particles and high-calorie.
Chemical vapor deposition is undoubtedly the most potential method. To the best
knowledge of the author, quite few systemic study in raw materials preparation,
coating preparation, coating thermal load performance testing of the chemical vapor
deposition thick tungsten coating has been reported.

In this thesis, the preparation process of tungsten hexafluoride is studied. Using
self-made high purity tungsten hexafluoride as raw material, the thick tungsten
coating is obtained using chemical vapor deposition(CVD) successfully; The
influence of deposition process on the tungsten coating’s microstructure and
deposition rate is studied. The adhesion strength between coating and substrate,
CVD-W thermal load property and other performance are evaluated. The main
research results are as follows:

1. The fluorine gas is obtained by electrolysis of anhydrous hydrogen fluoride,
and the best electrolytic current is 3500 A; The content of HF in fluorine is reduced
effectively using fluorine deep freezing method along with sodium fluoride
adsorption process. The HF content of primary products is less than 210ppmv as the
temperature of NaF is 80 ~ 120°C, the freezing temperature of the fluorine gas is -160
~-170°C.

2. The primary tungsten hexafluoride is obtained through the reaction of tungsten
powder with purified fluorine gas. The best reaction parameter is 300°C and the

optimum cooling temperature is 20°C; The purity of the tungsten hexafluoride can
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reach more than 99.99% after 3 ~ 5 cycles of repeated freezing and vacuum.

3. Using self-made high purity tungsten hexafluoride as raw material, a
self-designed deposition furnace, oxygen free copper as base material, the thick
tungsten coating is obtained successfully. The rising of temperature and the increasing
of the proportion of hydrogen not only can enhance the deposition rate, but also
induce the increasing of grain size and surface roughness. As the deposition
temperature is 550°C and the proportion of WF¢ and H; is 1:3, the CVD process of W
coating has the appropriate deposition rate, the best surface smoothness and uniform
columnar crystals. The thickness of the coating is more than 1mm, the density above
19.2g/cm’, and the purity more than 99.9999%.

4. Based on the performance test, the hardness of tungsten coating is 400 ~ 450
HV. The coating’s thermal conductivity and thermal expansion coefficient is similar to
that of forging pure tungsten. The bonding strength between tungsten coating and base
material is greater than 50 MPa at room temperature. The tungsten coating can endure
1000 cycles heat flowing of 11MW/m* without failure. The crack threshold of crack
of the tungsten coating under high thermal load is about 2MJ/m* which is higher than

that of pure tungsten of forging state.

Keywords: chemical vapor deposition; thick tungsten coating; tungsten hexafluoride;

technology research;
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