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Abstract

The possibility of producing nano-sized coatings  
by thermal spray processes seems to be very interesting 
for many industrial applications. Due to the small size  
of the grains, it is possible to achieve the properties 
which are not observed in the micrometric scale on the 
same kind of material. The aim of the current work is to 
present the alternative methods for conventional powder 
plasma spraying (APS) which is well known technology 
for deposition of micron-sized coatings using powder 
feedstock. Two plasma spraying processes with liquid 
feedstock were used – suspension plasma spraying 
(SPS) and solution precursor plasma spraying (SPPS)  
using aqueous solution directly from wet chemical pre-
cipitation process. All experiments were performed 
based on hydroxyapatite, which is a very important mate-
rial for biomedical applications. Coatings were produced 
by three mentioned methods but the deposition process 
was realized using only one spray set-up equipped with 
SG-100 plasma torch. Short background of the three  
different processes performed followed by a short de-
scription of liquid feedstock preparation is presented.  
Microstructure investigation and phase composition 
analysis of the prepared coatings were carefully charac-
terized using scanning electron microscopy (SEM) and 
X-ray diffraction (XRD) respectively. Finally, the analysis 
and comparison of coatings deposited by different plas-
ma spray processes were discussed.

Keywords: Atmospheric Plasma Spraying, Suspension 
Plasma Spraying, Solution Precursor Plasma Spraying, 
Hydroxyapatite

Streszczenie

Możliwość wytwarzania powłok o budowie nanome-
trycznej wydaje się być bardzo interesująca pod kątem 
ich zastosowania w wielu gałęziach przemysłu. Dzięki 
bardzo drobnoziarnistej strukturze możliwe jest osią-
gnięcie właściwości powłok, które nie są możliwe do za-
obserwowania w tych samych materiałach lecz w skali 
mikro. Celem niniejszej pracy jest przedstawienie alter-
natywnych metod dla konwencjonalnego natryskiwania 
plazmowego (APS), które jest dobrze poznanym proce-
sem wytwarzania powłok charakteryzująch się budową 
mikrometryczną. Zaprezentowano dwa nowe procesy 
natryskiwania plazmowego z fazy ciekłej – natryskiwa-
nie plazmowe zawieisn (SPS) oraz natryskiwanie pla-
zmowe roztworów (SPPS). Wszystkie eksperymenty 
przeprowadzono z wykorzystaniem hydroksyapatytu, 
który jest bardzo istotnym materiałem dla zastosowań 
biomedycznych. Powłoki zostały wytworzone z użyciem 
trzech wymienionych technologii, jednak proces natry-
skiwania realizowany był za pomocą jednego stanowi-
ska wyposażonego w palnik plazmowy SG-100. W pracy 
przedstawiono zarys teoretyczny wykorzystanych metod 
natryskiwania wraz z opisem procedury przygotowania ma-
teriału wejściowego (proszku, zawiesiny oraz roztworu).  
Następnie przedstawiono badania mikrostruktury i ana-
lizę składu fazowego przygotowanych powłok, które 
zostały wykonane z wykorzystaniem skaningowej mi-
kroskopii elektronowej (SEM) i dyfrakcji promieni rent-
genowskich (XRD). Przeprowadzono również analizę  
i porównanie powłok wykonanych z użyciem różnych pro-
cesów natryskiwania plazmowego.

Słowa kluczowe: natrsykiwanie plazmowe proszkowe 
(APS), natryskiwanie plazmowe zawiesin (SPS), natry-
skiwanie plazmowe roztworów (SPPS), hydroksyapatyt

Introduction

Thermal spraying [1] is a technology of depositing coat-
ings by means of introducing feedstock into a flame or plas-
ma jet propelled onto the surface of a prepared substrate.  

Rolando T. Candidato, Jr., Paweł Sokołowski, Leszek Łatka,
Stefan Kozerski, Lech Pawłowski, Alain Denoirjean

The feedstock materials is melted or only heated during 
transportation towards substrate and when subsequent par-
ticles hit the substrate the coating, growth is possible layer 
by layer. Thermal spraying can be categorized according to 
the energy source used, that is, chemical energy source and 
electrical energy source. Powder flame spraying, high velocity  
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oxygen fuel spraying and detonation thermal spraying are 
examples of the chemical energy sources while for electri-
cal supplied thermal spray are wire arc spraying and plasma 
spraying.

Among the mentioned methods above, plasma spray 
process [2] is the most versatile one as it is capable of 
spraying all materials having a melting point and, after some 
powder preparation also the ones which do not have liquid 
phase (graphite) and those which soften with temperature 
(glass and polymers). Moreover, plasma spraying is com-
monly used and is standard method in producing coatings 
for biomedical purposes [3] and aside from this, many works 
have been conducted using plasma spraying for different 
industrial applications like in aerospace, power generation, 
general industry and many others [4÷6]. Plasma spraying 
can be categorized as atmospheric plasma spray (APS) 
and vacuum plasma spray (VPS) [7]. Atmospheric plasma 
spray is more advantageous owing to its high coating ad-
hesion strength and high deposition rate that can be used 
in diverse applications. The conventional powder spraying 
(APS) [8] uses coarse powders that result to coatings with 
micrometer structural features. The great research interest 
for obtaining nanometric or sub-micron scale coatings is 
due to enhanced properties compared to micrometer-sized 
coating’s features. Aside from this, the nanometer-sized 
coatings have improved strength and toughness. Because 
of this, many attempts to spray nanometric powders as 
feedstock to obtain coating with nanometric features were 
conducted. However, the difficulty of injecting nanometric 
powders in the core of high enthalpy flow plasma is one of 
the major problems; thus, it is not possible to obtain very fine 
grained coatings using conventional APS method [9].

The solution of this problem was presented few years 
ago (in 1997) by the group of researchers from Sherbrook 
University in Canada. The first idea assumed the realization  
of coatings by means of suspension plasma spray (SPS) 
technique [10÷13] using fine powders suspended either in 
alcohol or water medium. The proper preparation of the liq-
uid based precursor was to provide the protection against 
the high temperature in plasma and allowed transport of fine 
powder particle by the plasma jet. But the tedious powder 
preparation and suspension stabilization are some draw-
backs of SPS process. Interestingly, another method for the 
deposition of nanometric coatings called solution precursor 
plasma spraying (SPPS) was also proposed. SPPS is more 
versatile method in where solution precursor (liquid) is used 
instead of the powder-based feedstock [14÷16]. 

These novel plasma processes using liquid feedstock 
are being tested for the deposition of hydroxyapatite (HA) 
[17,18]. Hydroxyapatite [19] which is the main inorganic 
component of human bone having 1.67 stoichiometric ratio  
of Ca to P is particularly studied among other calcium phos-
phates because it has good biocompatibility, osteoconduc-
tivity and has better biological response to the physiological 
environment which finds its potential in bio-medical applica-
tions. Aside from these, there are many works [20,21] also 
on the wet chemical precipitation using different precursors  
of HAp, thus this process can be exploited to explore its po-
tential for plasma spraying.

Theoretical background  
of plasma spray processes

Conventional plasma spraying using powder feedstock 
(APS) is already an established technology for deposition  
of thick coatings for various applications with high deposition 
rate. This method bases mostly on the commercial powders 
and does not require any additional precursor preparation.  

The micrometric-sized powder particles are feed into the 
plasma jet in which they are melted and propelled to the 
substrate forming a dense coating composed of large splats 
and cracks which are observed as lamellar structures across 
the section (Fig.1) [22]. The formation of micro-cracks which 
are parallel to the substrate is undesirable since this causes 
surface failure of the coating. Because of this disadvantage 
of APS, plasma spraying using liquid feedstock [23] has 
been innovated to obtain fine structures of the coatings.

Fig. 1. The background of Atmospheric Plasma Spraying process [23]
Rys. 1. Podstawy konwencjonalnego procesu natryskiwania pla-
zmowego APS [23]
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Currently, suspension plasma spraying (SPS) is employed 
for deposition of finely graded coatings like hydroxyapatite 
[24] using ball milled commercial powders mixed with water, 
ethanol or a mixture of this to form a suspension. Techno-
logy of suspension is part of chemistry of colloids. Formu-
lation of suspension is not only limited to mix liquid solvent 
with fine particles of spraying material. These systems also 
contain additional components (such as dispersing and 
stabilizing agents), which minimize processes of agglome-
ration and sedimentation of fine particles and improve the 
rheological properties of suspension (so called suspension 
stabilization). One way to obtain fine particles is milling  
of coarse powder. Size distribution of milled particles de-
pends on many parameters, mostly on milling time and 
energy of milling. The optimization of these parameters  
is realized by:(i)rotation velocity of milling device, (ii) the 
balls quantity and balls diameter, as well as by (iii) a mass 
ratio between balls and powder [25]. The solid phase is put 
in the liquid solvent, which is usually water, alcohol (ethanol, 
isopropanol) or their mixture. Depending on kind of solvent, 
different interactions with jet or flame take place. Water co-
ols down jet, whereas alcohol on the contrary, heats it up.  
On the other hand, minimal velocity, which enables pene-
tration into plasma jet is lower in case of water based su-
spension than alcohol ones [26]. Another component which  
is added to the suspension is dispersant. This is generally  
a surface active agent which is absorbed on the particle 
surface preventing the agglomeration of the particles and 
keeping suspension well dispersed [27]. The stabilization is 
characterized by zeta potential. The potential is defined as 
an electric potential difference between the particle surfa-
ce and the liquid beyond the charge cloud of ions [28]. The 
suspension is stable if the potential is outside the limits  
of +30 mV or -30 mV [29]. Stability of suspensions is resul-
tant of attraction forces sum (van der Waals) and repulsion 
ones (electrostatic), which influence the movement of po-
wder particles in suspension. Viscosity is also a determining 
factor that characterized suspension. This parameter deter-
mines facility of suspension to be pumped and transpor-
ted through a pipeline. The viscosity of stable suspension 
is lower than that of unstable one and it increases with the 
fraction of solid phase. At the same time pumping is easier 
if the viscosity is lower [25]. The rheological properties  
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of the suspension are strongly influenced not only by the 
solid content, but also by the type of the powder (particle 
size and surface chemistry) and the type of the solvent and 
dispersant agent [30].

Works regarding SPS reported that the following mecha-
nism occurred during spraying: (a) aerodynamic break-up, 
(b) solvent evaporation, (c) sintering of fine solids, (d) mel-
ting of the sintered fines solids and sintered agglomerates, 
(e) evaporation of liquid material and (f) impacting of melt 
to the substrate (Fig. 2)[26,31]. Although SPS has been suc-
cessfully applied for various types of materials for desired 
application, the major drawbacks of this method are the 
long process of powder preparation and the stabilization  
of suspension.

Fig. 2. Phenomena occurring during Suspension Plasma Spraying 
process [26,31]
Rys. 2. Zjawiska mające miejsce w trakcie procesu natryskiwania 
plazmowego zawiesin [26,31]

On the other hand, plasma spraying using solution pre-
cursors (SPPS) has recently attracted much attention due 
to its promising coating features and properties. In this 
method small particles of powder are completely replaced  
by droplets of liquid. The general idea of the precursor prepa-
ration is to create desired stoichiometry of the compounds 
which mostly are different salts, nitrates and acetates with 
the addition of solvent such as water or ethanol. In SPPS, 
ionic or colloidal solutions are often used. The former uses 
ionic salts dissolved in a solvent in where the solvent mo-
lecules break the bonds of the salt and surround each ion 
forming a hydration shell while the latter is a homogeneous 
dispersion of chemical network having size in nanometer 
scale. The stability of solution is ensured by the Brownian 
motion of the medium molecules as well as electrostatic  
or steric effects avoiding agglomeration caused by the van 
der Waals forces [32]. One big advantage of SPPS compared 
to SPS is the molecular level of mixing of the liquid precur-
sors allowing the formation of stoichiometric oxides as well 
as creating more avenues for developing functional oxide 
coatings having complex structures. 

During the spray process, when the precursor enters the 
plasma jet different phenomena can occur: (i) aerodynamic 
fragmentation of the droplets, (ii) partial evaporation of the 
liquid, (iii) condensation of the precursor and precipitation 
of particles or shells, (iv) rapid internal pressurization which 
may lead to shell rupture, (v) heating and melting/sintering 
of particles, (vi) partial evaporation of melt, (vii) contact  
of the particles with substrate and formation of the coatings 

(Fig.3)[33]. Depending on the process and the precursor pre-
paration, different particle morphologies can be observed  
in the coating microstructure including small solid particles, 
fragmented shells and splats. Therefore, the further diminu-
tion of grain size in the coating microstructure can occur. 
Another advantage of this method is the elimination of the 
powder feedstock preparation process.

a)

b)

c)

Fig. 3. Different possibilities of particle formation in Solution Pre-
cursor Plasma Spraying [33]
Rys. 3. Możliwe mechanizmy formowania cząsteczek w trakcie 
natryskiwania plazmowego roztworów [33]

Experimental Procedure

Feedstock preparation
The coatings were deposited using three different plasma 

spray processes, namely APS, SPS and SPPS, thus, prepa-
ration of feedstock material in three different forms was 
necessary. For APS process, commercial hydroxyapatite po-
wder manufactured by TOMITA (Japan) was used. Fig.4 and 
Fig. 5 shows the morphology and X-ray diffractogram of the 
HA powder respectively.

For SPS process the HA powder was synthesized by wet 
method using following chemicals: (i) calcium nitrate, (ii) 
ammonium phosphate and (iii) ammonium hydroxide. All 
products were delivered by Arcos Organics. The complex 
procedure of HA powder production was described elsewhe-
re [13,34]. Moreover the mechanical ball milling was also 
performed in order to reduce the size of this powder. After 3 
hours of milling process, the size of powders was dv50=5µm. 
Fig. 6 shows the morphological structure of HA powder after 
ball milling while Fig. 7 presents the particle size distribution 
after the milling process. X-ray diffractogram of the milled 
powder is presented in Fig.8 showing the peaks of crystalli-

Fig. 4. Morphology of commercial HA powder used for APS
Rys. 4. Morfologia komercyjnego proszku HA użytego w procesie APS
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ne hydroxyapatite. Using the milled powder, the suspension 
was formulated by taking c.a. 20% of solid phase (milled po-
wder) and 80% of liquid phase. The solvent was a mixture  
of ethanol and distilled water (with the mass ratio 1:1). Be-
fore spraying the stability of suspension was specified by 
measuring of zeta potential. The analysis was made with  
a Zetamaster Malvern apparatus following standard proce-
dure. The potential of tested suspension was equal to – 14.6 
mV and is shown in Fig.9.

Fig. 5. X-ray diagram of the commercial powder indexed to standard 
powder diffraction file of HA (PDF 09-0432)
Rys. 5. Dyfraktogram komercyjnego proszku HA (opisany z użyciem 
PDF 09-0432 z bazy JCPDS)

Fig. 6. Morphological structure of HA powder particles after ball 
milling
Rys. 6. Morfologia cząsteczek proszku HA poddanego procesowi 
mielenia kulowego

Fig. 7. Particle size distribution of ball milled HA powder
Rys. 7. Rozkład wielkości cząsteczek mielonego proszku HA

Fig. 8. Typical X-ray diagram of the powder indexed to standard 
powder diffraction file of HA (PDF 09-0432)
Rys. 8. Dyfraktogram mielonego proszku HA (opisany z użyciem pli-
ku PDF 09-0432 z bazy JCPDS)

Fig. 9. Zeta potential of the suspension used in SPS
Rys. 9. Wyniki pomiaru potencjału Zeta zawiesiny na bazie proszku HA

For solution plasma spraying of HA, the calcium-phospha-
te solution as liquid feedstock was prepared by wet chemi-
cal precipitation method using aqueous solution of calcium 
hydroxide and ammonium phosphate. The ammonium pho-
sphate aqueous solution was added dropwise into a calcium 
hydroxide solution and the mixture was magnetically stirred 
and heated at low bath temperature (70 °C) using a magnetic 
stirrer with hotplate apparatus. Formation of precipitates was 
observed during the course of stirring and these precipitates 
are believed to be already an amorphous HA. After constant 
stirring and heating, the calcium-phosphate solution was 
aged for at least 24 hours at and was directly fed to the pla-
sma. Granulometry test was performed using a dynamic light 
particle size analyzer to determine the particle size of the pre-
cipitates found in the calcium phosphate solution. Standard 
procedure was followed and NaOH was used as a diluting me-
dium in order not to alter the pH of the solution. Fig.10 shows 
the size distribution of the solution having dv50=1.3 um.

Fig. 10. Granulometry of the aqueous calcium-phosphate solution
Rys. 10. Wyniki badań wielkości cząsteczek w roztworze fosforanu wapnia
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Description of the plasma spray process
The deposition process was realized using plasma set-

up equipped with single cathode-single anode SG-100 torch 
(PRAXAIR, Minneapolis U.S.). The internal feedstock injec-
tion was used in all spray processes. Injectors with various 
diameters were used to keep appropriate feed rate of each 
material. A 5-axis industrial robot IRB-L6 of ABB (Zurich, 
Switzerland) was used to move plasma torch and scan the 
sample’s surface. The samples were placed on the flat ta-
ble which was connected to the vacuum pump necessary  
to keep substrates on the surface of the table. The measu-
rement of temperature was realized each time using non-
contact infrared thermometer. The test stand is presented  
in Fig.11. The deposition process parameters were optimi-
zed for each process separately and are collected in Table I.

Fig. 11. Plasma spraying set-up used in the experiment
Rys. 11. Stanowisko do natryskiwania plazmego

APS SPS SPPS

Working gas composition Ar+H2 Ar+H2 Ar+H2

Working gas flowrate 47.5+2.5 45+5 slpm 45+5 slpm

Carrier gas Argon (3.5 slpm) - -

Power 24 kW 30 kW 36 kW

Spray distance 100 mm 60 mm 80 mm

Scan speed 500 mm/s 500 mm/s 600 mm/s

Feedstock feedrate 16 g/min 20 g/min 35 mL/min

Type of injection

Nozzle inside torch,  
(0.5 mm internal diameter) 

oriented at 90o relative to the 
plasma jet (radial)

Nozzle inside torch,  
(0.3 mm internal diameter;  
continuous stream of HAp 

liquid precursor) oriented at 
90° relative to the plasma jet 

(radial)

Nozzle inside torch,  
(0.3 mm internal diameter;  
continuous stream of HAp 

liquid precursor) oriented at 
90° relative to the plasma jet 

(radial)

Injection pressure - 0.5 bars 0.5 bars

Scan Pattern
Rectangular patterns with 

offset distance of 5 mm after 
each torch run

Rectangular patterns with 
offset distance of 3 mm after 

each torch run

Rectangular patterns with 
offset distance of 3 mm after 

each torch run

Substrate Stainless steel sand blasted 
with alumina

Stainless steel sand blasted 
with alumina

Stainless steel sand blasted 
with alumina

Table I. Details of the plasma spray parameters used in the experiment
Tablica I. Parametry procesów (APS, SPS oraz SPPS), które użyte zostały w celu wykonania powłok

Characterization of coatings
Due to different mechanisms of coatings formation in 

APS, SPS and SPPS processes, the observation of coatings 
microstructure was the key issue in the current work. The co-
atings’ morphology was characterized on the cross-section 
as well as on the samples surface using SEM microscopy 
(SEM, Philips XL30). X-ray diffraction (XRD) was also done to 
determine the phase composition of coatings using Bruker 
AXS apparatus type D8 with Cu-Kα radiation. Collected dif-
fractograms were analyzed using dedicated Diffrac+EVA So-
ftware equipped with JCPDS-ICDD database (International 

Centre of Diffraction Data). The percentage of the crystalline 
phases present in coatings were determined from the refe-
rence intensity ratio (RIR) method described by Prevey [35], 
which uses the comparison of strongest peaks intensities.

Results and Discussions

Characteristics of coatings 
The micrographs of coatings sprayed using conventio-

nal powder spraying (APS) can be observed on the Fig. 12.  
It can be noticed that large splats from fully melted particles 
are present together with partially melted particles along the 
surface of the coatings. Lamellar structures with the presen-
ce of micro-cracks can be seen at the cross-section of the 
coatings which is a characteristic of plasma spraying using 
powder feedstock. It is observed that these micro-cracks 
follow the splat boundaries. The formation of cracks may 
lead to a decrease in mechanical strength as well as incre-
ased dissolution rate of the coatings. Generally, a brick-wall 
type structure can be deduced at the cross section of the 
coatings produced by APS suggesting a coating build up 
parallel to the surface. The X-ray diffractogram of APS hy-
droxyapatite coatings is presented in Fig.13. It shows that 
HA was the major crystalline phase but phases like TCP’s, 
TTCP and CaO were also present and are attributed to the 
decomposition of HA under the high plasma temperature.

On the other hand, Fig. 14 shows the micrographs of co-
atings sprayed using suspension plasma spraying process. 
On the surfaces of sprayed coating a characteristic “two-zo-
nes” microstructure is observed. It is built with well melted 
lamellas and between them there are sintered zones which 
include submicrometric and even nanometric scale grains. 
One of it, called “dense zone” and composed of large and 
well-molten lamellae, is dense and includes crystalline hy-
droxyapatite together with its decomposition products, such 
as tricalcium phosphate (TCP) and the phase rich in CaO. 
Another one, called “sintered zone”, is composed of small 
grains of initial hydroxyapatite similar to that of the solid 
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used to formulate the suspension. The monomodal particle 
size distribution and spray parameters result in relative den-
se and quite homogenous coating obtained by SPS method.

The typical X-ray of sprayed coating by SPS is presented 
in Fig. 15. Characteristic peaks of HA and its decomposition 
phases such as TCP, TTCP and CaO were present. This is 
due to the high temperature experienced by the particle du-
ring the spraying process. Moreover, after calculations, the 
phase percentage on all of the HA coatings was estimated, 
results are collected in Table II.

Fig.16 meanwhile shows the SEM images of the co-
atings deposited using SPPS. Fine-grained microstructures, 
spherical particles, agglomerates and fragmented shells 
which are the characteristic microstructural features of pla-
sma spraying using solution were observed at the surface  
of the coatings. Coating build-up is believed to be a com-
bination of solid precipitates contained in a liquid (amor-
phous HA) and pure liquid droplets which is purportedly 
to react in the plasma jet. Fragmented structures are due  
to liquid droplets that undergoes internal rupture after the 
solid shell formation. This process can be repeated and 
may produce fine spherical particles. Additionally, formation  
of spherical particles can be also due to the already formed 
solid precipitates in the calcium phosphate solution and the 
liquid around the solid undergoes evaporation before im-
pact to substrate. The cross-section of the coatings is seen  
to have dense formation.

X-ray diffraction data of the HA coating sprayed using 
SPPS is presented in Fig. 17. Analysis of phases present  
in the coating revealed that HA is remarkably the major 
phase. Decomposition phases like TCP, TTCP and CaO were 
also taken into account and are due to the high temperature 
experience by the solution in the plasma flame. The presen-
ce of calcium carbonate was also detected and is ascribed 

Fig. 12. SEM at the surface of the coating sprayed using APS proc-
ess showing micron size splats and partially melted particles. Left 
is the surface image and right is the image at cross-section
Rys. 12. Mikrostruktura powłok natryskiwanych plazmowo metodą 
APS. Po lewej obraz powierzchni pokazujący splaty o rozmiarze mi-
krometrycznym, po prawej przekrój poprzeczny powłoki (SEM)

Fig. 13. XRD data of APS sprayed HA coatings showing peaks of HA
Rys. 13. Badania XRD powłok wykonanych metodą APS z oznaczo-
nymi pikami HA

Fig. 14. SEM at the surface of the coatings sprayed using SPS proc-
ess showing characteristic “two-zones” microstructure. Left is the 
surface image and right is the image at cross-section
Rys. 14. Zdjęcie SEM na powierzchni powłoki wykonanej metodą 
SPS ukazujące typową “dwustrefową” budowę (po lewej) oraz obraz 
przekroju poprzecznego powłoki

to the calcium-phosphate solution preparation in where cal-
cium hydroxide may react to the carbon dioxide in the air 
since this was done not in a controlled environment but  
in the air atmosphere. It can be also due to the solution that 
interacts with air during spraying. Presence of impurities  
in the HA coating is unwanted since it affects the dissolu-
tion process of HA and an approach should be design to get 
rid of these impurities. A simple way is to conduct solution 
preparation in an inert atmosphere and maybe change solu-
tion precursors. The percentage in wt.% of crystalline pha-
ses present in the coating is shown in Table II.

Fig. 15. X-ray diagram of the HA coating sprayed by SPS process 
(the characteristic phases of HA were marked separately)
Rys. 15. Dyfraktogram powłoki HA wytworzonej metodą SPS 
z zaznaczonymi pikami HA

Crystal  
phases APS (%) SPS (%) SPPS (%)

HA 45.4 85.6 70.9

α-TCP 7.1 11.1 6.7

β-TCP 16.1 2.4 8.9

TTCP 22.9 0.1 8.5

CaO 8.5 0.8 0.2

CaCO3 - - 4.8

Table II. Phase percentage in the plasma sprayed HA coatings
Tablica II. Skład fazowy powłok HA
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Conclusions

Three different plasma spraying processes for the deposition of hydroxyapatite coatings such as APS, SPS and 
SPPS were performed. Microstructure and phase composition analysis of each coating enables the comparison  
of mentioned methods was done. Conventional plasma spray process (APS) was shown to have high coating depo-
sition rate and uniform coating structure but owing to the large initial powder size used, large splats formation were 
observed and resulted to micro-cracks formation which can cause future coating failure. As an alternative to APS, SPS 
and SPPS coatings showed different microstructural features. Specifically, SPS sprayed HA revealed two characteri-
stic zones: (i) dense zone corresponding to the lamellas, observed usually in thermally sprayed coatings; (ii) sintered 
zone containing fine hydroxyapatite grains and which correspond to the fine solids from initial suspension. SPPS 
sprayed HA coatings on the other hand exhibited fine-grain microstructures with the presence of spherical particles 
and fragmented shells as well as agglomerated particles which are characteristic features of plasma spraying using 
solution. Lamellas were not observed but the coating has relatively dense formation. Furthermore, phase analysis disc-
loses that major crystalline phase present in the coatings was HA but its phases of decomposition also were present.

Future works focused on improving the deposition efficiency and reducing unwanted impurities of the SPS 
and SPPS sprayed HA coatings should be done in order to fully exploit the full potential of liquid plasma spraying  
as an alternative to the conventional powder plasma spraying.
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