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Introduction 
As a young project manager working in the German company ofW. Haldenwanger in Berlin, I was 
asked to develop the technology of anilox rolls. This technology (Ref 1) is composed of  many 
steps, beginning with a prespray processing (old coating removal then sand blasting of the roll sur- 
face) followed by coating the roll with the APS technique. Finally, the coating is submitted to a 
couple of postspray treatments such as a mechanical grinding, polishing, and engraving of small 
cells in the coating with the CO2 laser. 

As a coating specialist, I put all my ambition into developing a perfect deposit: well adhering, low 
porosity, and so forth. My surprise was great when the customers showed much more interest in 
the shape of engraved cells than in the microstructure of the coating. I realized then that the quality 
of coated products depends at least as much on the prespray and postspray treatments as on the 
spraying itself (Fig. 1). 

Prespray Processing 

The prespray processing would include the powder and the substrate preparations. 

The powder preparation processes are (in a rough approximation): manufacturing, storage and drying, and the injection of  the powder. 
The powder manufacturing techniques influence the morphology of particles; for example, the particles of  a powder produced by a 
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Fig. 1 Diagram of prespray and postspray processing 
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spray drying method are porous. The heat transfer to such porous particles in the flame of  a torch is poor. That is why the spray dried 
powders need to be sprayed using a flame that is relatively hotter than that used to spray dense powder particles. The powder production 
techniques such as atomization for metallic powders or fusing and crushing or sintering and crushing are well known throughout the 
thermal spray community. However, there is still a need to diffuse a knowledge concerning the emerging techniques of manufacturing 
such as, among many others, freeze-drying, sol-gel, and mechanofusion processes. 

Prior to deposition, the powder can be dried at the temperature slightly above 100 °C to remove humidity and to improve its flowability. 
The drying can take place in a vacuum furnace or directly in a powder feeder. The injection of  the powder to the torch is a phenomenon 
that influences the state of the sprayed particle on their impact with the substrate. The spatial and temporal distribution of powder in the 
injector depends mainly on the design of a powder feeder type. The injection velocity distribution of the powder particles determines 
their trajectory in the flame, and its importance has been recognized for many years (Ref 2). Less known and less studied is preheating 
the powder just before injection to the flame (Ref 3). This method is certainly worthy of further exploration because an increase in the 
temperature of a particle impacting the substrate is equal to a value of its initial temperature. Thus, preheating the powder to a few hun- 
dreds degrees may dramatically increase the fraction of fully melted particles in the portion impacting the substrate. This may result, in 
turn, in better adhesion and lower porosity of the sprayed coating. 

Table I Modern industrial lasers 

Laser 
Property Excimer Nd-YAG CO 2 
Wavelength, ~m 0.15-0.35 1.06 10.6 
Energy or power maximum, J or W 1 J 150 J (pulsed) 3000 W (continuous) Up 45 kW (continuous or pulsed) 
Pulse duration 10-30 ns 0.5-20 ms ... 
Pulse frequency, Hz Up to 500 Up to 1000 Up to 20,000 
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Fig. 2 One-step (a) and two-step (b) laser processing. Source (Ref 12) 
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The substrate preparation starts often with a coating removal. Metallic coatings are easy to remove with a traditional turning 
lathe. Well-adhering ceramic deposits may need sand blasting or high-energy waterjet processing to be removed. Another step in 
the preparation is machining of the substrate to get the desired geometrical dimensions and to get rid of sharp angles and sharp ends. 
Although it is generally well known that sharp forms of the substrate induce additional stresses inside the coatings deposited thereupon, 
it is difficult to find a systematic study on this topic. 

The substrate is finally submitted to surface roughening. This process determines the adhesion of a coating to a substrate. Among many 
possible ways of surface roughening (Ref 4), sand blasting is the most popular and most frequently studied (e.g., Ref 5). The emerging 
process in this field is related to shocks generated by a pulsed Nd-YAG laser. These shocks result from an expansion of a plasma created 
during the interaction of this laser beam with a substrate (Ref 6), and this process is already used to remove a paint from the surfaces 
with the device called Laserblast (Quantel, Les Ulis, France). The prespray operations can finish with preheating of the substrate. Large 
pieces are typically preheated with the flame of the torch used subsequently to spray coatings. Small components could be also pre- 
heated in the furnace. 

Postspray Processing 
Almost all industrially sprayed coatings are mechanically ground and polished. These processes, however, are seldom studied in a sys- 
tematic way (a study published in Ref 7 is an exception). Thus, grinding and polishing still remain an art rather than a science. On the 
other hand, the hot isostatic pressing (HIP) process came to thermal spray from the ceramic industry and is increasingly often studied, 
for example, for VPS superalloys (Ref 8) or for APS zirconia (Ref 9). The furnace annealing is also well known and has been 
employed for many years. Probably the greatest technical progress has been achieved in recent years in the high-energy beam 
treatment and, especially, in laser treatment. The performance of  industrial lasers (Table 1) enables treatment of  coatings in the 
following ways: 

• In the solid phase, when the laser beam power density is lower than 1 kW/cm 2 

• In the liquid phase, when the density is in the range 1 to 100 kW/cm 2 

• In the gaseous phase, for densities above 1 GW/cm 2 

Laser treatment in a solid phase enables a change in the proportion of the crystal phases in a sprayed coating. An example, studied in 
Ref 10 and 11, is the treatment of  APS hydroxyapatite (HAp) to increase the relative crystallinity of  an as-sprayed coatings. The growth 
of crystalline HAp was supplied by a transformation of amorphous phase during a laser treatment at the temperatures up to 1170 K, well 
below the melting point. 

The treatment in a liquid phase offers many different processes enabling coatings manufacturing (one-step processing*) and the modi- 
fication of sprayed deposits (two-step processing, Fig. 2). Each of these processes can be carried out in one of three ways (Fig. 3): al- 
loying, cladding, or hard-phase dispersion (Ref 12, 13). 

The two-step alloying process enabled synthesis of a Ti-TiC com- 
posite coating by melting with Nd-YAG laser of  a graphite deposit 
onto a titanium substrate (Ref 14). One-step alloying was applied 
to obtain a titanium nitride by CO2 laser melting of a titanium sub- 
strate in a nitrogen atmosphere (Ref 15). Two-step cladding can be 
applied to alloys sprayed by VPS (Ref 16) or oxides sprayed by 
APS (Ref 17). One-step cladding is widely applied to deposit Stel- 
lite alloy (e.g., Ref 18). Finally, a two-step hard-phase dispersion 
technique was applied to improve the wear resistance of WC-Co coat- 
ings by APS (Ref 19) and a one-step process enabled dispersion of 
hard TiC and TiB2 particles in a pure aluminum substrate (Ref 20). 

Laser treatment in a gaseous phase is frequently used to engrave a 
pattern of fine cells in the chromium oxide APS coatings to manu- 
facture anilox rolls (Ref 1). The treatment is presently made using 
a CO2 pulsed laser, but the solid-state Nd-YAG laser was recently 
tested to achieve a higher density of  engraved cells (Ref 21). 

The electron and ion beam treatments take place under vacuum, 
and this limits the dimensions of the treated samples. An example 
of an e-beam treatment is a densification of titanium and tantalum 
coatings sprayed by APS (Ref 22). This treatment reportedly im- 
proved the corrosion resistance of  deposits. 
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Fig. 3 Schematic representation of the coatings deposited or modi- 
fied in the alloying, cladding, and hard-phase dispersion processes 

*One-step treatment is in fact a coating process rather than a postspray one. It is discussed to complete the description of laser-related techniques. 
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Conclusions 

The topics related to prespray and postspray processing are of primary importance for the coatings quality and are of great interest to 
the thermal spray community. This conviction is shared by the author of this editorial, by the journal editor (Prof. Berndt), and by the 
chairman of the editorial committee of the Journal o f  Thermal Spray Technology (Prof. Heberlein). Consequently, the journal is ex- 
pected to come up soon with a special edition on prespray and postspray processing. Potential authors are kindly invited to (1) indicate 
their interest and/or (2) send their papers to either the journal editor (at SUNY at Stony Brook, USA) or the author of  this editorial (at 
Laboratory CLFA). 
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