
Making 
better 
protective 
coatings 

HIGH temperature plasma spraying is 
widely used in industry for metallic and 
ceramic coating of metals. especially steel. 

The use of a coating allows superior 
surface properties to be achieved on a base 
material chosen for its bulk properties and 
perhaps lower cost. 

Coatings may be used for example to 
increase a material's resistance to wear or 
corrosion, or protect it against very high 
temperatures. 

A good example of the use of these 
coatings is in protecting the parts of a jet 
engine. Various engine components are 
sprayed with special alloys or other materials 
to protect them against erosion . corrosion or 
the high temperatures generated with in the 
engine. 

Considerable research effort is now 
concerned with the use of spec ial ceramic 
coatings which, it is hoped . w ill increase the 
temperature resistance of the turbine blades 
and so improve the jet engine 's fuel 
economy. 

Trial and error 

Although plasma spraying has been used 
for many years. its use has been based main­
lyon trial and error experiments. 

Researchers in the Monash materials 
engineering department are now 
invest igat ing the scientific basis of the 
process and have made considerable 
progress in understanding why the coatings 
have the structure they have. and the way in 
which this structure influences the ir 
properties. 

Object of the research. wh ich is backed by 
grants from the ARGC. Australian Welding 
Research Association and CSIRO. is to find 
better ways of making protective coat ings 
and to improve existing ones. Other aspects 
of structural changes of materials produced 
by plasma treatment are also being stud ied. 

Associate Professor Reg McPherson. 
who is leading the Monash research. says 
electric arcs have been used extensively 
since the nineteenth century for high 
temperature processing of materials. An arc. 
he says. consists of a volume of ionised gas 
maintained at high temperature by passage 
of an electric current . 

The Monash team . in its research. is using 
a plasma . a very high temperature arc. with 
an effective temperature of up to 10,000 
degrees C. The plasma flame is made by 
blowing a gas through an arc in a special 
torch. 

MONASH REVIEW 

If a powder is injected into the plasma 
flame . the molten particles produced strike 
the material to be coated at high velocity. 
forming a thin coating. 

Using alum inium oxid e as a spray 
material , McPherson and his colleagues have 
unravelled the puzzle of why the coatings 
have the structure they have and why this 
structure influences the ir adhesive properties. 

"When you spray aluminium oxide on to a 
substrate you don 't get the crystal stru cture 
(sapphire) you expect: ' McPherson says. 
" You get another which is usually observed 
only in processes involving low temperature 
treatment of aluminium salts . 

"The aluminium oxide stru cture formed is 
metastable in the thermodynamic sense but 
stable in the practical sense. The metastable 
aluminium oxide coat ing will transform to the 
stable structure on heating to 1100 degrees 
C. with a volume change wh ich causes 
cracking ." 

Millions of 
tiny plates 

The Monash team has been able to explain 
why these peculiar structures form . 

The particles hit the substrate at very high 
velocity, McPherson says. and form millions 
of very th in plates about a micron or so thick. 
The little plates . which make up the coating. 
cool at an enormously fast rate - about one 
million degrees a second. The unusual 
structures form because of the cool ing 
conditions dur ing the crystall isation process. 

Structures such as this . he says, are a 
common feature of coatings and materials 
melted and resolidified in a stream to form 
spher ical particles. 

Using a technique called fracture 
mechan ics. the Monash researchers have 
explained also why a metal-ceramic 
composite coating adheres better than a 
ceramic coating alone . 

McPherson's group has been able to show 
that when you have a metal coating beneath 
a ceramic coat ing a crack will run between 
the interface and the ceramic. However. 
plastic deformation of the millions of little 
plates that make up the metal coating 
increases the energy needed to force the 
crack to propagate. The result is better 
adhesion. 
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Associate Pro fes sor Reg McPherso n ttett) 
operating plasma spherodisat ion apparatus . 
(Above) a scan ning electron micrograph of the 
surface of a sptr erodised zirco n partic le . taO 
microns in diamete r. formed as a result of 
plasma treatment of zircon . It shows spherulites 
of zirconium oxide in a sil ica glass matrix. 

Photo (lef t): Rtck Oromoto n. 

Results of the research have been 
presented at several international 
conferences on surface coatings. 

The Monash group. as part of , 
continuing research into ceramic coat ings. 
has arranged a research contract with 
CSIRO's Division of Material Science . which 
recently developed a tough zirconium oxide 
ceramic. 

The collaborative project will investigate 
the possibilities of preparing similar sorts of 
materials as coating s which could have 
appl ications in heat engines and other in­
dustrial uses. 

Spherical droplets 

An other associated line of research is 
concerned with the processing of high 
melting point materials by passing them, in 
powder form . through a plasma. The particles 
melt to form spherical droplets each of which 
freezes rapidly. under isolated cond it ions. 
This leads to the formation of unusual 
stru ctures wh ich may have potential in­
dustrial applications. 

A good example of this proces s conce, 
the mineral zircon (zirconium silicate}. the 
major source of the metal zirconium . 
Austral ia has the world's largest deposits of 
zircon. whi ch occurs in beach sands in NSW 
and Queensland. 

Plasma treatment of zircon results in the 
formation of particles which contain very fine 
crystals of zirconium oxide , in the form of 
spherulites, dispersed in glass as shown in 
the photograph on th is page. The zirconium 
oxide can be readily separated from the glass 
by treatment with caustic soda. 

The plasma dissociated zircon also has 
uses in the ceramic industry because 
reheating of the compacted powder allows 
the formation of zircon components with 
useful refractory properties. 

Work along similar lines is being carried 
out on other materials to determine whether 
plasma treatment will make subsequent 
processing to extract valuable metals easier. 
or to produce products which may have 
appli cations in the ceramic industry. 

Pnnted by Standard Newspapers for 
Monash University 

NOVEM BER. 19B2 


