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Abstract

The work addresses the effect of the particle sfza bioactive glass feedstock on the
processing and microstructure of the resultingingatobtained by atmospheric plasma
spraying (APS). It was observed that the reduatioparticle size negatively affects the
flowability of the powder. In addition the thermbkhaviour (weight losses, glass
transitions, crystallisations, etc) also dependethe particle size of the glass powder.

No coating was obtained with the coarser fractiimgher than 200 um) due to their
low melting degree in the plasma. For the intermdifractions (200 to 63 pm)

coatings were obtained but insufficient particletmg was produced. On the contrary,

the finest fraction (<63 um) needed a fluidiserahheénabled the samples to be sprayed.

Keywords: Bioactive glass powders; Feedstock flowability; dsgeck thermal

behaviour; Atmospheric plasma spraying; Bioactilasg coatings

1. Introduction

From the sixties there is an important need foatiive materials to heal or replace
damaged areas of the body, due to the ability efehmaterials to prevent fibrous
encapsulation when compared with an inert impldibactive materials include
hydroxyapatite (HA) ceramics, glasses, glass—ce&srand surface—active composite
materials [1,2]. The most studied of the above madteare glasses, known as bioactive
glasses (BGs), because of their higher bioactiniex [3].

BGs are materials based on mixtures of oxides fittenSiQ—CaO—-MgO—-NgO—-K,O—
P,Os system. The first BG, developed by L. Hench etwahs 45S5 bioactive glass or
Bioglas§’, which consists of 45% SiD24.5% CaO, 24.5% Na@ and 6% BFOs (all
percentages in wt%) [4].

BGs preparation techniques include both meltingiffg and crushing) and sol-gel
methods [5]. Employing the sol—gel technique, B&sildt more bioactivity than those
obtained by melting in spite of having lower medbahproperties.

BGs are the most promising materials for bone m@fin several clinical applications,
such as orthopaedic, dental, maxillofacial andasmigological [6]. Nevertheless, BGs

applications are limited due to their brittleness @oor mechanical properties. In order



to solve these problems, BGs can be deposited ariiminert substrate to obtain a
composite that improves its mechanical strengthaut changing its bioactivity [4].
There are many techniques to coat a substratellyisugtallic alloys, with BGs. These
techniques can be enamelling, sol-gel method,rejg@wbretic deposition, laser cladding
and thermal spraying techniques (plasma sprayind high—velocity oxy—fuel).
Nonetheless the most employed technique to sprag, Bhce 1980, is thermal
spraying, specifically atmospheric plasma sprayiA§S) due to its low cost and
industrial feasibility [1-4].

The literature shows many papers about optimisatibplasma spray conditions to
obtain BG coatings by APS. Most of these papers mislude the characterisation of
the resulting coatings [7—12]. However, very fewp@s have dealt with the effect of the
particle size of the bioactive glass feedstocklmngrocessing and final microstructure
of the obtained coatings. This aspect is of pararthouportance when a glass powder
feedstock must be fed into the plasma torch. Faréqgbe size is required for the powder
to sufficiently melt and then adhere on the substduring splat (melted particle)
deposition in the APS process [13]. Moreover taee fparticles dramatically impair
powder flowability making it difficult or impossibl the pneumatic transport of the
powder from the container to the plasma torch. @=sithe glass powder particle size
strongly affects the liquid phase sintering of #sedeposited glass splats as well as the
evolving of gas bubbles occurring during the ragilstering of melted glass particles
[14,15]. In other words, particle size of the BGdstock is expected to drastically
impact on the microstructure of the final coatiagsl therefore on their final properties.
Consequently, the present work aims at addressiagetfect of the particle size of a
given BG composition prepared by fusing and cruglun the flowability and thermal
behaviour of the powder feedstock. The studied B@der fractions were obtained
from a frit by milling and sieving. Then the difeart BG powder fractions were sprayed
onto metallic substrates by APS. The microstructoirethe obtained coatings was
examined. The final purpose of the research isréwige the necessary information to
contribute to optimise the feeding of BG powderdfgecks in the APS process as well

as the microstructure of the resulting coatings.



2. Experimental

2.1. Feedstock preparation

A mixture of analytical grade SIOCa(POy),, N&CO; and CaC@ was melted in the
home—made rotary furnace showed in figure 1, totgetfrit. The mixture of raw
materials was introduced into the furnace on tife dele, whereas the melt was
collected on the right side. The maximum tempeeat@ached into the furnace was
1450 °C.

Figure 1 Rotatory furnace employed to obtain the frit

The melt was quenched into water and a BG frit wasained. The chemical
composition of the frit (Table 1) was determined Wwgvelength dispersive X-ray
fluorescence spectrometry (AXIOS, PANalytical, Thetherlands). Table 1 shows the
nominal and as—melted glass composition. As obdettwe frit composition is close to
the nominal one.The frit was dry milled in a hammer mill. The reil powder was
sieved to obtain different powder size fractionsiioli were conditioned and used as
APS feedstocks. The different size fractions olgdirare detailed in table 2. The
morphology of both coarse and fine fractions, tiité typical angular shape of a milled
frit particle, can be observed in figure 2.



Table 1 Nominal and agmelted chemical composition of the frit

Composition (wt%) SIO, P.Os CaO Na,O
Nominal 45.0 6.0 24.5 24.5
As—melted 47.6 5.3 23.1 24.0

Table 2 Size fractions obtained from the BG powder

Powder fraction
BGGS BGGSI BGGS2 BGGS3 BGGS4

reference

Particle size distribution

(Hm)
Representative size of

700-200 400-200 200-100 150-63 <63

. 450 300 150 107 63
each fraction (um)

"The percentage of BGGS1 fraction included in th&BGraction is 37.2 +0.8 %.

Figure 2 FEG-ESEM morphology of both (a) coarse (BGGS) @)dine (BGGS4) powder fractions
2.2. Feedstock characterisation techniques

The amorphous/crystalline character of the diffe@re fractions was determined by
X-ray diffraction (XRD) using a diffractometer (Admce diffractometer, Bruker
Theta—Theta, Germany). The analysis was performgd@u Ka radiation {= 1.54183
A), generator settings of 30 kV and 40 mA and dateeveollected in a2range of 5—

90° with a step size of 0.02° and a scanning spk@d s step.



Flowability of the BG fractions was determined byans of two different methods,
namely Hausner ratio (HR) and angle of repasg.(Hausner ratio represents a method
to estimate the flowability—cohesiveness of a gipemder. Due to its simplicity HR
has been extensively used to characterise APSttex#dg16,17]. HR is defined as the
quotient of the tapped density to the bulk (or pollirdensity of the powder. On the
other hand to determine the angle of repose, a hrade device (Figure 3) was used
which consisted in a powder holder coupled to agleaprotractor. The holder filled
with powder rotates until the powder falls. Theme tlock hand hitched to the holder
indicates the angle of repose.

Due to the sensitivity of the BG powder to moisfutewability tests of some fractions
were also carried out with samples which had beénn contact with humid ambient
in a climatic chamber in order to determine changdtowability with adsorbed water
[18]. The powder fraction was dried in an oven &0 PC and then cooled at room
temperature in a desiccator. The dry powder was in&roduced in the climatic
chamber (WK3, Weiss Umwelttechnik, Germany) at @0ahd 60% relative moisture
and the adsorbed water was measured by weighiegZfthours inside the chamber so
as to ensure that equilibrium was reached. Thespdmture and humidity conditions
try to reproduce the typical conditions operatinghe laboratory during plasma spray

experiments

Angle of
repose (°)

Clock
hand

Powder
holder

Figure 3 Device for the measurement of the angle of repose

The feedstocks thermal behaviour was investigatedimmultaneous thermal analysis
(DTA-TG) and heating microscopy. DTA-TG tesT&GA/SDTA 851e, Mettler Toledo,
Switzerland were carried out using a platinum crucible inamosphere, with a heating
rate of 10 °C mit until a maximum temperature of 1200 °C. In ordecomplement

these tests, a heating microscope (Misura 3, EX@gstems Solutions, Italy) was used
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and some characteristic temperatufes the powderswere determined[19,20]
Cylindrical test samples of the powder fractiongevprepared by pressing and, in the
heating microscope, were subjected to a thermdeamfca heating rate of 25 °C ritin
up to 1250 °C.

2.3. Coating deposition and characterisation

The different size fractions of the BG powder wspeayed onto metallic substrates by
APS. Previously to deposition, the substrates (AI®1) were grit—blasted and cleaned.
Grit—blasting was performed using black corundurthvai pressure of 4.2 Pa, and then
the substrates were cleaned with ethanol. Surfaughness (B of grit-blasted and
cleaned substrates was measured with a roughreiss (EOMMELWERKE T8000,
Hommelwerke GmbH, Germany). Roughness was 2.2 g1

The APS facility used comprises a plasma gun (F4-8Blzer Metco, Germany)
managed by a six axis robot (IRB 1400, ABB, Switrmed). In the plasma gun, the
torch generation was accomplished using argoniagpy plasma gas and hydrogen as
secondary plasma gas. Spray conditions used weresdime for all feedstocks as
detailed in table 3. Powders were fed into the mpbkagorch by pneumatic transport

employing argon as carrier gas.

Table 3 Plasma spray conditions used

Ar (slpm’) 25
H> (slpm’) 15

I (A) 600
Plasma average enthalpy (MJ kd) 30-35
Spraying distance (m) 0.11
Spraying velocity (m ') 1
Powder mass flow (kg g)- 10 25

" Standard litre per minute

The microstructure of the obtained coatings wasendesl in a field-emission gun
environmental scanning electron microscope (FEGNESEUANTA 200FEG, FEI
Company, USA), and their amorphous/crystalline abir was determined by XRD.



3. Results and discussion

3.1. Effect of powder particle size on the feedsthdlowability
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Figure 4 Flowability tests versus mean particle size oftdsted glass powder fractions: (a) Hausner
ratio, (b) Angle of repose and (c) Hausner raticsue angle of repose for dry)(and moist &) powders

Figure 4a plots the results of HR tests for thded#nt glass powder fractions. As
expected HR increases (flowability decreases) asptrticle size of the powder is
reduced. This is because when the frictional forbesveen particles increase the
difference between the tapped (vibrated) powdersitherand the as-poured powder
density also tends to rise. Free—flowing powdesgpldy HR lower than 1.25 [21]. Thus,
samples can be considered as free—flowing powdeepe those with particles smaller
than 150 um (BGGS3 and BGGS4). In fact, when theigea size of the powder
becomes increasingly smaller the adhesion forcewemsm particles overcame the
gravity forces, which predominate for coarse ple$icFindings obtained with the other
test (Figure 4b) ratify the effect of the partisiee on flowability: the finer the particle
size of the powder the higher the angle of repsse.e there is a clear flowability
decrease as particle size is reduced. Accordingitecature, for angles below 30°
powder has good flowability, angles comprising 3&*-give some cohesiveness, angles
between 45-55° |lead to cohesiveness and for ahgiesr than 55° powder displays

remarkable cohesiveness [22,23]. The correlationthef data obtained from both



flowability measurement tests was plotted in figde As observed there are three
different flowability zones in function of the HRh@ angle of repose. Coarse fractions
(BGGS, BGGS1 and BGGS2) are in the good flowabi#iye in comparison with the
fine fractions (BGGS3 and BGGS4) that are in theesa@ohesiveness zone. From the
data acquired, it is then possible to obtain a gowdelation between the two methods
in both zones confirming the validity of these siengechniques to assess the
flowability of powder feedstocks to be used in Apt8cesses.

In addition flowability tests (HR and angle of repd were also carried out with some
samples which stayed inside the climatic chambe2@@C and 60% relative moisture)
and for 24 h in order to allow the samples to aodlgbeir equilibrium moisture. The
samples tested were BGGS3 and BGGS4, which comdsploto the smallest particle
size fractions. Figure 4c collects the flowabilftgdings (triangle dots) of these two
samples. These data show a significant worsenirpwhbility (increasing of HR and
angle of repose values) after a 24 h soaking tmke climatic chamber. This change
in flowability can only be attributed to the fatiat the bioactive glass powder samples
are highly hygroscopic [18]. As expected, the am@iradsorbed water increases when
particle size decreases, due to the increase offigpgsurface area. Adsorbed water on
the powder surface markedly impairs the flowabitifythe samples, in particular of the
finest powder due to the increasing of the adhefores associated with water [24].
As a consequence both samples shift to the cohmesgezone in figure 4c, specially the
finest powder (BGGS4).

In an APS experiment, the powder feedstock canfstayome period of time (between
15-30 min) in contact with room air inside the @nér of the plasma equipment
before it is fed into the torch. That allows thevwoer to adsorb water. With the aim to
assess the changes in water adsorbed with timétsuetfect on the flowability of the
finest powder feedstock the water adsorbed indigectimatic chamber (20 °C, 60%
relative moisture) as well as the angle of reposesvnonitored with time up to 8 hours.
Figure 5 plots the variation of the adsorbed wated the angle of repose with the
soaking time of the sample inside the climatic cheamAs it can be seen, there is a
good parallelism between the amount of adsorbecmand the flowability of the
powder. Thus as the water is adsorbed the flowghilecreases being this decrease
much more significant during the first hour of cactt between the powder and the
humid air. This is because the first layers of waltamatically increase the molecular

adhesion forces by reducing particle surface aspemvhile the successive water layers
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become less efficient for this purpose [24]. Theaabded water as well as the angle of
repose seem to stabilise after 5 hours of soaking in the climatic chamber. From
figure 5 it can be concluded that in 30 min the gewcan adsorb more than 0.2% of
water resulting in a significant increase of angferepose from 33° to 35.5° and
consequently in an impairing of flowability. In tathe high cohesiveness rise observed
in the BGSS4 sample after being in contact withmraar for some time can block the
feeding of this feedstock to the plasma torch.
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Figure 5 Variation of the adsorbed water and angle of remdgthe finest powder fraction (BGGS4) with
time exposure to 60% relative humidity air at 20 B6ld points for sample without fluidiser and fooil
points for sample with fluidiser

3.2. Effect of powder particle size on the thermabehaviour of the feedstock

Figure 6 shows the XRD pattern of the BGGS fractibhe other powder fractions
exhibited analogous patterns. As expected, thiradibgram corresponds to fully
vitreous material. Thus, all fractions display aptwmus structure without any
devitrifying phase occurring during melting or dnugy of the frit. Consequently, all
BG powder fractions seem to be, at first, suitablebtain bioactive glass coatings as

reported elsewhere [25].
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Figure 6 XRD pattern of BGGS powder fraction

The shrinkage—temperature diagram and the chaistatelemperatures [20] obtained
from heating microscope tests for BGGS, BGGS1, B&@s BGGS3, are detailed in

figure 7 and table 4, respectively.

Table 4 Characteristic temperatures of BGGS, BGGS1, BGG®E2BGS3 fractions

Characteristic temperatures (°C) BGGS BGGS1 BGGS2 BGS3

First shrinkage (Trs) 660 630 625 605
Maximum shrinkage (Twvs) 730 710 700 690
Softening point (Tsp) 1180 1170 1170 1170
Half ball (T g) 1185 1180 1180 1175
Flow point (Tgp) 1190 1185 1185 1180
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Figure 7 Shrinkage—temperature diagrams for BGGS, BGGSIG8%and BGGS3 powder fractions
obtained in the heating microscope

No significant differences in the characteristimperatures were observed except for
the first shrinkage temperatures§l. As it can be observed, the particle size defines
when patrticles start sintering. Hence, the smatlter particle size, the lower the
temperature at which shrinkage starts. For alliglarsizes, it can be observed that in
the temperature range 700-1000 °C devitrificatedes place and as a result sintering
(shrinkage) stops. In order to identify the phatted crystallize, an amount of BG
powder was heated on a ceramic substrate with andam layer to prevent the
adhesion of both materials. The sample was heaté&b £C min' to a maximum
temperature of 800 °C, and the resulting materad wuenched to avoid changes on
cooling. XRD of this sample (Figure 8) shows a sadicalcium silicate phase with
combeite structure (N&aSicO1) as major phase and of a sodium calcium phosphate
phase with rhenanite structure (NaCaP&s minor phase [26—28]. The corundum peak
corresponds to the substrate used. From figurec@nitbe stated that particle size also
influences the deuvitrification process. The smallee particle size, the lower the

12



temperature at which shrinkage stops as a consegudrihe new formed crystals [29]

as well as the lower the temperature at which siigeeinitiates.

® = Rhenanite (NaCaPO,)
* = Corundum (ALO3)
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1

Figure 8 XRD pattern corresponding to the crystallised ggmeat a peak temperature of 800 °C

The effect of particle size can be more easily nlexkin DTA/TG-DTG curves. Tests
performed for BGGS and BGGS3 powder fractions amvs in figure 9. Curves are
very similar; exothermic peaks start at lower terapge when the particle size is
smaller. For the coarse fraction (BGGS), an endotleeffect corresponding to the
elimination of the structural water (F 180 °C) and another endothermic effect due to
the glass transition ¢I = 520 °C) occur. These two endothermic peaksal@ifed by

an exothermic peak due to the overlapping effed¢hefcrystallisation of two different
phases (combeite and rhenanite respectively)s,;at T20 °C and & = 770 °C [26-28].
The formation of these crystalline phases is aitad to a glass phase separation that
occurs after the glass transition. The procesdasisgphase separation is due to the high
concentration of $t and P° (high valence ions) into the starting glass [11, 7hese
elements are glass network formers; hence, a ilda phase and a rich phosphate
phase are formed when temperature increases. Yimadllting occurs for a range of
temperatures between 1000-1180 °C. In this temperatange there are two
endothermic peaks i = 1060 °C and J; = 1100 °C) corresponding to the partial
melting of the two crystalline phases formed. Besj another endothermic peak is
observed at a temperature of; E 840 °C which is attributable to a second glass
transition as reported elsewhere [26-28].

13
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Figure 9 DTA/TG-DTG tests performed for the BGGS and BG@8®der fractions. Figure 9a: DTA
tests. Figure 9b: TG/DTG tests.

In the case of the fine fraction (BGGS3), the dBeauentioned also take place, but the
crystallisation peak occurs at lower temperature.

The TG-DTG figures, in the case of the coarse ibac{BGGS), showed different
weight losses. The first one (1) takes place a8t@@nd it is due to the evaporation of
the free water. A second weight loss (2) occurs7at°C because of the elimination of
the structural water of the powder sample. In aoldita weight loss occurs (3) at 500 °C
due to the elimination of the —OH groups and tliemm 770 °C onwards (4), the sample
loses weight probably due to partial evaporationNe§O [14,26—29]. For the fine
fraction (BGGS3), the above effects also take plded at lower temperatures. On
comparing the obtained DTGs, the peak of free welierination (1) is more marked
for the BGGS3 glass due to its high moisture uptbiéty (higher surface area). The

DTA/TG-DTG tests for the remaining powder fracti@me very similar.

3.3. Microstructure of coatings obtained from the dferent glass powder fractions

All the samples of glass powder fractions were R PS feedstocks to obtain the

corresponding coatings. Table 5 describes somectaaistics of the obtained coatings.
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Table 5 Characteristics of the obtained coatings

Powder fraction Coating Observation

BGGS No coating was obtained Particles cannot adhere
BGGS1 No coating was obtained Similar to BGGS fraction

] ) Peak and valley, cracked
BGGS2 Coating was obtained

and porous surface

BGGS3 Coating was obtained Similar to BGGS2 fraction
BGGS4 No coating was obtained No powder flowability

FEG-ESEM micrographs are detailed in figure 10. r€sa fractions (BGGS and

BGGS1) gave no rise to coatings. The particleshete fractions could not properly
melt to adhere on the substrate due to their caazseas well as to the extremely short
soaking time into the plasma plume. On the otherdhavhen BGGS2 and BGGS3

fractions were sprayed, coatings were obtained.

100 pm 100 pm 100 pm

Figure 10 FEG-ESEM micrographs of the obtained coatings (@}BGGS2, (b) BGGS3 and (c)
BGGS4 (with 1 wt% fluidiser) powder fractions

Figure 10 shows that the coatings display the gl@plat—like microstructure of plasma
sprayed coatings, with peak and valley surfacescaacks and pores inside the splat
matrix [30]. Even so, the coating from the BGGSa&cfion is less irregular than that

obtained from the BGGS2 fraction as a consequefidbdeosmaller particle size of
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sample BGGS3. Unlike other APS coatings obtainethfhighly refractory crystalline
oxides such as alumina or zirconia, the liquid phamtering occurring during the
thermal treatment of glass powders gives rise talamdance of round pores inside the
coating. These findings confirm the results obtaibg Canillo et al. [10]. According to
these researchers the round particles visible enctiating surface, especially in the
BGGS2 coating, are the consequence of semi-meleiicles in the plasma plume.
Thus if the starting glass particle is too coatse ¢ore of the particle, which is not
melted, prevents the flattening of the particle,iokh preserves its sphere—like
appearance.

For the finest particle size fraction (sample BG{84d coating was obtained either.
This was due to its high ability of adsorbing watehich dramatically reduces the
flowability of this powder preventing the feedinfjtbe sample to the plasma by means
of the pneumatic conveying system.

In order to solve the flowing problem of BGGS4 ladiser was added to the powder.
The fluidiser used was hydrophobic fumed silica rgsd8 R812, Evonik Industries,
Germany) with a mean particle size of 7 nm andezifip surface area of 260 + 30°m
g*. This fluidiser was chosen from previous expergenn flowability enhancement
with other cohesive powders. A home—made high-sitgrknife—type mixer was
employed to mix the fluidiser with the fine powd&everal tests were performed and
the best results were obtained for a mixing timeb ghinutes and a concentration of
fluidiser in the powder of 1 wt%. FEG-ESEM microgjna of the BGGS4 fraction with
fluidiser are detailed in figure 11. Micrograph &nows the powder fraction mixed with
fluidiser and micrograph (b) shows (at high magaifion) the nanometric particles of

fluidiser onto the surface of the glassy powder.
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Figure 11 FEG-ESEM micrographs of the BGGS4 powder fractiith 1 wt% fluidiser

In order to know if the use of the fluidiser cowtiect the water adsorption ability of
the glass powder, moisture uptake with time andathgle of repose were determined
for BGGS4 powder containing fluidiser in the samayvas set out with the sample of
BGGS4 fraction without fluidiser. Furthermore, Haes ratio (HR) values of the

BGGS4 powder fraction with and without fluidiseeahown in figure 5 and table 6,

respectively.

Table 6 Hausner ratio variation with fluidiser content 86GS4 powder fraction

Powder fraction Fluidiser content (wt%) Hausner ratio (HR)
0% 1.40 +0.03
BGGS4
1% 1.30£0.01

HR decreased when 1 wt% fluidizer was added tdBB&S4 powder, that is, powder
flowability improved. On the other hand, as it d@seen in figure 5 (hollow circles),
the maximum values of the moisture uptake and tlggeaof reposeoy) of the powder

also decreased when 1 wt% fluidiser was addedjraonfy the hydrophobic character
of this additive. The reduction in water adsorptioith time results in a parallel
decrease of the angle of repose (hollow triangles),an improvement of flowability.

Consequently, the powder with fluidiser could betileto the plasma plume, allowing to
obtain a coating. The FEG-ESEM micrograph of tluating is shown in figure 10c.
The microstructure is similar to that of the BGG&® BGGS3 coatings; but, in this

17



case, the surface is much more regular as a comsegwf the smaller particle size of
the starting powder.

As the coatings showed no or little adherence ¢cstibstrate, they were XRD analysed.
The obtained XRD patterns corresponded to amorphmaisrials, as depicted in figure

12. Hence, the amorphous structure of the feedstoas preserved in the obtained
coatings. These findings demonstrate that the atyst phases that appear during the
thermal treatment and started to melt at temperatbetween 1000 °C and 1100 °C
(Figure 9), completely melt in the plasma torchaasonsequence of the extremely high
temperatures reached (higher than 10000 °C). Taspjte the effect of the particle size
of the glass powder feedstock on the crystallisatghenomena the huge energy
provided by the plasma ensures the melting of anthe crystalline phases newly

formed when heating the glass. Besides, the raging that takes place after coating
deposition impedes any devitrifying process, whiah occur during the cooling of the

melt for the powder feedstock.

"~
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Figure 12 XRD pattern of the obtained coating starting frB@GS3 powder fraction

4. Conclusions

Bioactive glass powder fractions with different tide size were prepared by melting,
milling and sieving. The powders, used as feedstéak APS, showed fully amorphous
character as revealed by XRD analysis.

Thermal behaviour of the feedstocks was highly ddpat on their particle size. All
fractions underwent the same processes (weight edpssglass transitions,
crystallisations, etc). However, the smaller thdiple size the lower the temperature at

which most of these processes took place.
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The finest powder fraction showed highly hygroscopehaviour, due to its higher
specific surface area. Consequently, when this powvithction adsorbs water from
indoor air its flowability is seriously impaired.

With regard to the deposition of the powder fracsioat first coatings were only
obtained from intermediate fractions BGGS2 (200—16t) and BGGS3 (150-63 pum).
Thus, when coarse fractions (BGGS and BGGS1) weraysed, no coating was
obtained due to the low melting degree of the lapgevder particles as soaking time in
the plasma plume is extremely low. The finest pawidaction (BGGS4) needed a
hydrophobic fluidiser in order to improve its flolilty and reduce its water adsorption
ability. When 1 wt% of fluidiser was added it wasspible to obtain a coating by APS.
All the obtained coatings showed amorphous charadtech evidenced the melting of
any crystalline phase that could appear during ABgosition. The microstructure of
the obtained coatings corresponded to the typipkdtdike matrix of APS coatings
containing pores and cracks. Nevertheless the eod#nge feedstock particle size the
more irregular the coating surface was as a comswguof the insufficient particle
melting which prevented the flattening of some ipbe$ when impacting on the
substrate. The abundance of round pores in theostracture is consequence of a liquid
phase sintering mechanism operating during thertaktreatment of glassy particles.
Concerning the adherence between coatings andratgdsstno consideration was made
since the aim of this work was to determine thectfbf the particle size. However, this
is already under study by using a bond coat as wallitesting different metallic

substrates.
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