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Abstract

Al,Os-TiO, coatings have been deposited by atmospheric plaspnaying from
agglomerated, nanostructured powders showing bpttgperties than those of their
conventional (microstructured) counterparts. Theseostructured coatings can be also
obtained by suspension plasma spraying howeveredearch on suspension plasma
sprayed AJOs-TiO; is still scarce. Consequently, it is crucial tadst the effect of the
suspension characteristics on the coating progedied to optimise the deposition
process.

In this work, AbOs-13wt%TiO; tribological coatings were successfully deposibgd
suspension plasma spraying from three differendldeeks: a nanometric suspension
and two bimodal suspensions with different solidnteats made up of titania
nanoparticles and alumina submicron-sized particlée coatings microstructure and
phase composition were characterised using scarel@ajron microscopy and X-ray
diffraction analysis. Moreover, nanoindentationht@que was used to determine the
nanomechanical properties of coatings.

The influence of the feed suspension charactesigiit the final coating quality was
analysed. Findings showed that similar microstmastand phases were developed after
depositing the different feedstocks. In additiorspgnsion feedstock made up of
nanoparticles resulted in a coating with better maaccal properties. However the use
of submicron-sized patrticles in the suspensiondemits gives rise to some technical
and economic advantages in the process which shmulhken into account when a

suspension plasma spraying process is to be set up.



1 Introduction

A possible way to obtain nanostructured coatingshieymal spraying consists of using
a carrier liquid instead of a carrier gas to injge nanoparticles in the plasma plume
[1-5]. This technique is known as Suspension PlaSpeaying (SPS) and differs
significantly from conventional Atmospheric Plasn&praying (APS) since the
suspension is fragmented into droplets and thadighase vaporise before the solid
feedstock is processed [6,7]. This novel techniga recently undergone an extensive
development, leading to the deposition of nanosired coatings with unique
properties and new functionalities [8-11].

Among the materials usually deposited by plasmayspg, alumina-based coatings
show probably the most versatile fields of applaa{12]. Alumina is commonly used
as an electrical insulator coating due to its ldgkectric strength and its hardness and
chemical stability even at very high temperatutdswever, its lackof toughness and
flaw tolerance constrain some properties such esral shock resistance. Still, 8-
based coatings are widely used for wear, corrosia@rosion protection components. In
such coatings, alumina is mixed with other oxidesrhance its properties. It has been
shown that the addition of Tikdmproves the coating fracture toughness in conveat
APS [12]. Indeed AIOs-TiO, coatings obtained by APS from both conventional or
nanostructured, agglomerated feedstock powders lbeem extensively studied [13-17].
In all this previous research of the authors;AITiO, coatings deposited from
nanopowders have shown very promising bonding gtherand wear resistance
compared to coatings produced with conventionalseeck [18]. Moreover, the ADs-
TiO, mixture with 13 wt% of TiQ showed the best wear resistance among all the

nanostructured ADs-TiO, coatings [19].



With regard to the phases appearing in coating®s falumina feedstocks, Toma et al.
[20] observed that a higher amount @fAl,O3 was obtained in SPS coatings when
compared with APS coatings. These authors suggéstedources ofi-phase in the
coating: partially melted-phase feedstock particles and secondaphase formed as a
result of substrate heating. Darut et al. also icofd the high amount af-phase in
SPS coatings obtained from alcoholic suspensiorssilofnicron-sized-phase alumina
[21]. However these authors pointed out trgthase presence was probably not mainly
due to partially-melted particles as encounteredBS process because most of the
coating microstructure exhibited well melted aratténed particles. In this same paper,
authors showed that the higher the Fntent the higher the AlIO, compounds
content in the coatings. In a recent paper by thihoss of the present work, the
formation of tialite phase in a SPS coating obt@ifrem aqueous suspension of nano-
sized AbO3z-13 wt% TiG was showed while the relative contribution of poe-post-
deposition steps to tialite formation is still ueat [22].

On the other hand in SPS process ethanol has beenaxtensively used as suspension
solvent due to its lower vaporisation heat but weereferable for sustainability and
economic reasons [23]. However as the vaporisdteat of water is high when higher
solid concentration is used in the suspension feeklsan energy-saving effect can be
expected. This benefit relates to energy consumpgsociated to water vaporisation
during plasma heating. Figure 1 plots an estimgtéhb authors of the total enthalpy,
AHi Which means the total energy required to vaporiagekas well as to melt a
given solid mixture (alumina:titania in weight @ti87:13) versus solid content
represented as the solid mass fractior,§) present in the suspension feedstock
[24,25]. Despite the solid fusion enthalpy increagen suspension solid content rises

the enthalpy for vaporising water compensates aretcomes this fusion enthalpy.



Nevertheless although higher solid content fee#tstaan be desirable in terms of
deposition efficiency this solids content must limised to avoid clogging during
injection as well as incomplete particle meltingide plasma torch.

With regard to particle size in the suspension demtk, SPS technology ranges from
few tenth of nanometers to few micrometers. Whenoparticles are used a much
higher tendency to agglomerate is observed. Beditegparticle melting in plasma
torch is also deeply affected by the particle sidribution. Thus excessively small
particles do not flatten so effectively while largarticles and agglomerates display
higher tendency to remain partly unmelted [2]. Fattempts have been made to use
feedstock mixtures of different particle size dimitions, e.g. submicron-nano sized
particles despite their many potential advantags. use of such bimodal distribution
in the feedstock suspension can give rise to sagmft benefits during the suspension
processing, i.e. higher solids content and lowscasity leading to better feeding in the
plasma torch along with higher deposition efficigri@6]. Besides some coatings
properties can be improved when using bimodal tee#dsas recently reported for APS
coatings [8,9]. However, the use of these bimodalqers has hardly been treated in
SPS literature.

Standard SPS process results in thinner coatirays tthose obtained by conventional
APS process. As a consequence it has been sudbegstived that nanoindentation
techniqgue is a more feasible method than convedtionicroindentation for the
mechanical characterisation of such layers. Howeatieramount of papers dealing with
the use of nanoindentation method to characte® |8yers is still very scarce [27].
From the above it can be inferred that the reseancAl,Os-TiO, coatings by SPS is in
some way incipient. Consequently, it is necessarystudy the effect of the

characteristics of the feedstock on the final e@ptnicrostructure and properties in SPS



Al,0O3-TiO coatings. In addition, the use of submicron-sizedigles in SPS feedstocks
instead of nano-sized particles can result in figant benefits in terms of suspension
feedstock processing while the final coating prépsercan be in large extent preserved.
Also, increasing the solids content in SPS aquesuspensions remains still a
challenge. For these reasons this work aims atsifémpp Al,O3-13wt%TiO, tribological
coatings by SPS from three different feedstockstanometric suspension and two
bimodal suspensions with different solid contentdenup of titania nanoparticles and
alumina submicron-sized particles. The coatingsresicucture and phase composition
were characterised using scanning electron micpysend X-ray diffraction analysis.
Nanoindentation technigue was used to determine dbatings nanomechanical
properties. Finally an estimate of energy savingoeisted with increasing solids

content in the suspension feedstock is also indude

2 Materials and methods

2.1 Feedstocks preparation

Two commercial nanopowder suspensions of alumidaitania (VP Disp. W630X and
AERODISP® W740X respectively, Degussa-Evonik, Germany), &nsaron-sized
powder of alumina (Condea-Ceralox HPA-0.5, SasdbA) and a nanopowder of
titania (AEROXIDE® P25, Degussa-Evonik, Germany) were used as raweriaat
These materials have been fully characterisedamipus works [28-30]. Table | shows
the main characteristics of the suspensions andlp®wsed to prepare the different
feedstocks.

First, a 10 vol.% of 87 wt% ADs:—13 wt% TiQ nanosuspension was prepared by
mixing both commercial suspensions [4,28]. Thispsusion was referenced as N10.

Secondly, on the basis of the effect of suspenswiids content on plasma-spray



deposition as set out above two suspensions wifigereint solids content were studied.
Thus one 10 vol.% and one 15 vol.% of 87 wt%0+-13 wt% TiQ submicron-nano-
sized suspensions were prepared by dispersing siaed- titania particles and
submicron-sized alumina particles in water [30]e3& suspensions were referenced as
SN10 and SN15 respectively. A commercial polyacrycid-based polyelectrolyte
(DURAMAX ™ D-3005, Rohm & Haas, USA) was used as defloccula@t32]. In
both cases, stable, well-dispersed and low-visgosiispensions were obtained,
following the methodology described elsewhere [4328 Figure 2 details a flow
diagram describing the suspension preparation sotdkowed to obtain the three
suspension feedstocks. Rheological behaviour ofthal prepared suspensions was
previously determined using a rheometer, demomsfyathat the incorporation of
submicron-sized patrticles leads to a significaduction of viscosity, as expected for
the lower surface area of those particles [31]0Afs previous research of the authors
the stability of these three feedstocks was prg#e28-32].

Stainless steel (AISI 304) disks have been usexlbstrates (25 mm diameter and 10
mm thickness). Before deposition, the substratese wgit blasted with corundum
(Metcolite VF, Sulzer Metco, Switzerland) at a e of 4.2 bar and cleaned with

ethanol.

2.2 Coating deposition

Coatings were deposited by plasma spraying wittoaaoathode torch (F4-MB, Sulzer

Metco, Switzerland) with a 6 mm internal diameteode operated by a robot (IRB

1400, ABB, Switzerland).

First of all, the substrates were mounted on daingalevice and up to 6 samples were
coated simultaneously and were preheated betwe@n®°@G5and 400 °C to enhance

coating adhesion. The preheating was carried ouiguthe same torch and the



parameters are shown in table Il. Then, the suspehavere injected using a SPS
system developed by the Institute for Ceramic Tetdgy (Instituto de Tecnologia
Ceramica, ITC) described in figure 3. This systesnformed by two pressurised
containers which force the liquid to flow throughetinjector of 150 um average
diameter. A filter was used to remove agglomergeger than 75um and possible
contaminations. Main plasma spraying parametersals@ given in table Il. For all

coatings suspension feedrate was 27 ml/min.

2.3 Coating characterisation techniques

X-ray diffraction patterns were collected to idénticrystalline phases in coating
samples (Theta-Theta D8 Advance, Bruker, Germafiy)e microstructure was
analysed on polished cross-sections using a SENMostope (JSM6300, Jeol. Japan).
Porosity and amount of partially melted areas vibes determined by image analysis
from SEM pictures as set out in previous reseaBd). [5000x magnification pictures
were used and an average of 10 images for eachrdettion (porosity or partially
melted areas) and coating was carried out. Nevegbd is worthwhile mentioning that
when nanoparticles are used SEM technigue showsuseconstrains to assess too
small porosity [34]. Finally, elemental analysissmaerformed in SEM using energy
dispersive X-rays analysis (EDX).

Coating’s hardness (H) and elastic modulus (E) weeasured with a nanoindenter (G-
200, Agilent Technology, USA) using a Berkovichrdand tip. The area function of
the indenter was previously calibrated with fusédas as a reference material. A 25
indentations array was performed at 2000 nm cohskapth on arbitrary zones of the
cross-section of coating, assuring that a reprafigatzone of melted and partially
melted material was analysed. The stiffness wasimdd by using the Continuous

Stiffness Measurement (CSM) method that permitscatculate the hardness and



modulus profiles in depth. Subsequently, the awenagjues of hardness and elastic
modulus were determined for a depth ranging fro tb0200 nm. More details of this

procedure can be found in previous research [23,27]

3 Results and discussion
3.1 Coatings microstructure

Figure 4 shows the cross-sectional SEM micrographgshe as-sprayed coatings
obtained from the three different feedstocks. Theknhess of the coatings ranged from
30 to 55 um. All the coatings displayed a micrasnee formed by melted and partially
melted areas (marked PMn in coatings from nanattrad feedstock and marked PMs
in coatings from submicron-structured feedstoclssyeported elsewhere [20,22]. This
microstructure develops because after the liquieveporated the resulting particles or
agglomerates may thus be heated, partly meltedheatted, yielding the end coating.
Overall no significant differences were found ine tltoatings microstructure by
introducing submicron-sized particles in the staytsuspension, but as expected this
submicron-sized particles addition leads to thesgmee of larger particles in partially
melted areas of the coating (SN10 and SN15). MaeaV should be noted that the
increase of suspension concentration (from SN10Skil5) did not change the
microstructure of the resulting coating but allowkitker coatings to be obtained (from

30 to 55 um) giving rise to an improvement of pgscefficiency.

Porosity and amount of partially melted areas attiree as-sprayed coatings are shown
in table IIl. Firstly the three coatings showed ignsicant as well as quite similar
amount of partially melted areas. These valuesansistent with those reported in the

literature on SPS coatings [2,33]. The similaritythe amount of partially melted areas
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can be due to the fact that the same sprayingndistvas used for the three coatings
since as reported elsewhere when nanoparticle ssigps are used as feedstocks the
amount of partially melted areas are quite seresitiv the spraying distance [33].
Secondly, very few porosity was detected in thedhroatings. Nevertheless, it should
be noted that the data scattering value obtainesl efathe same magnitude as the
measured data as a consequence of the lack otitiesobf the SEM technique when
very tiny pores are present as reported elsewh&#dg. [More interestingly the
measurable coating porosity by SEM technique irpéméially melted areas increases as
the concentration in the suspension feedstock (fses SN10 to SN15 coating). This
is probably due to the higher presence of agglotegra the partially melted areas of
SN15 coating as a consequence of higher aggloroeragndency of the more
concentrated SN15 suspension. To confirm this aggam N10 suspension was
allowed to age after 7 days in order to enhancepthsence of unstable agglomerates.
This suspension (referenced N10-aged) was plasnagexp in the same conditions as
the other three suspensions. Figure 5 shows bejteasions (N10 and N10-aged) flow
curves. N10 suspension exhibited Newtonian behavieith very low viscosity.
However, the N10-aged suspension viscosity sigmfiy increased and a large
thixotropy area appeared, evidencing the destabiis of the stable (well-dispersed)
N10 suspension [30]. As seen in the table Il thetable agglomerates built up in the
aged suspension result in an increase of partiadliged areas in the coating as well as a

significant source of measurable, large voids.

To assess the homogeneity of alumina-titania Oistion in the coating EDX analysis
was carried out on the three coatings (N10, SN1IDS¥15). For the sake of simplicity
figure 6 shows only the analysis corresponding i@ loating since similar analysis

were carried out on the other two samples. Dark defers to alumina phases and the

11



whitish ones to titania phases. Overall as it camlbserved alumina and titania phases
are homogeneously deposited throughout the coalimg. compositional homogeneity
in the coatings contrasts with that obtained byeptivorks using conventional or
nanostructured alumina-titania APS feedstocks whgilie rise to splats with
heterogeneous phase compositional distribution3@5,Thus TiQ has been well
trapped as solute in the alumina matrix. Moreowereported in previous research by
the authors, BSE micrographs on,@4-13wt%TiO, coating revealed zones with
different concentration of Ti or Al probably duettte presence of different crystalline
phases [22]. These findings indicate that the pegman of the suspension feedstocks is
crucial to obtain a homogeneous distribution of¢cbmpounds in the final SPS coating
[4,31,32]. If this preparation is adequate the abaristics of the suspension feedstock,
i.e. solids concentration or particle size disttitw does not seem to affect on coating

homogeneity in terms of phases distribution.

Finally, XRD patterns of all coatings are showrfigure 7. As it can be observed the
alumina found in the three coating is mainly présencorundum and gamma alumina,
independently of feed material phases since namanatimina is formed by transition
phases & and y-Al,0O3) and submicron-sized alumina is exclusively coumd(-
Al,0O3). These findings seem to confirm the informati@parted in the literature
concerning a-phase formation: partially melted-phase feedstock particles and
secondarya-phase formed as a result of substrate heating 8] this reason, the
amount of preserved corundum grows in the coatiogstaining submicron-sized
particles (samples SN10 and SN15). In respecttaiiti, most of the initial phase (an
anatase:rutile ratio of approximately 3:1) reacithvalumina during the deposition
process, leading to the formation of aluminiumnitte (tialite). This finding confirms

the intimate mixture of compounds in the startingpensions in a SPS process since

12



similar compositions of alumina-titania sprayedoowder form (APS process) react in
less extent to form these titanates compounds T38j.formation of tialite phase in SPS
coating obtained from a suspension feedstock madef &Al,O3-13wt%TiO, has been

previously reported in the literature [21,22]. Nekieless if the formation of this

crystalline phase takes mainly place by heatingndutorch travel or on the deposited
layer is still unclear. The short spraying distangevolved in SPS process can favour
that the reaction occurs once the layer has beposided. However further research in

necessary to prove this statement.

3.2 Coatings mechanical properties

The coating’s hardness (H) and elastic modulusM@&e measured by nanoindentation.
As described above, all indentations were performe@000 nm in depth randomly
positioned on several zones of sample. Figure &shbe mean and standard deviation
hardness and elastic modulus profiles obtaine@doh analysed coating obtained from
the as-prepared suspensions (N10, SN10, SN15).eToewes revealed two main
characteristic behaviours; (i) at low penetrati@pttis (below 300 nm for H and 100
nm for E), hardness and elastic modulus ranged ft6rto 29 GPa and 250 to 280 GPa
respectively. At higher loads the mechanical respdended to decrease. Furthermore,
(i) the data scattering was higher for the lonange of depth. These results indicate
that at a lower range of penetration depth the tnaéerial’'s H and E is revealed. That
is, the melted zones achieve the highest valueshenpartially melted areas the lowest
leading to the high data scattering observed. Heweat a higher penetration depth the
porosity, which is the major effect affecting ore tbofter, partially melted material, the
indentation size effect, the activated microcraeksl other plastic mechanism are

responsible for the diminution of mechanical feasur
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In this study, the comparative analysis using thand E mean values acquired at low
penetration range of depth was the main focus, usecdhese results allow more
realistic features of the projected material (ahawiitania) to be determined without
taking into account microstructural defects thatildobe removed o diminished in
incoming works. This was the reason why resultsewaareraged between 100 to 200
nm. Table IV summarises the averaged H and E vdmegach deposited coating
acquired by nanoindentation.

These results reveal that mechanical propertiessigir@ficantly better (around 30%
higher) for the coating prepared from nanoparti¢$0). Thus this finding confirms
previous research when nanostructured feedstock® weed in APS processes
[31,32,37]. As the literature states that submiestynctured matrices contained in
coatings obtained from nanostructured feedstoclaltrein coatings with better
mechanical properties provided that the amountat cohesion of partially melted
zones do not compensate the enhancement matrot.dffewever, although the number
of papers about mechanical properties in alumitagii coatings, obtained from
nanostructured feedstocks by APS process is abtntapapers on SPS coatings from
nano- or submicron-sized alumina-titania feedstaatdressing mechanical properties
have been found. In one previous paper similar @ispn of nanoindentation
mechanical properties in alumina-titania coatingtamed from nano- and submicron-
sized suspensions was carried out but the authroduped the coatings by HVSFS
(High Velocity Suspension Flame Spraying) [38]. Betheless this paper highlights an
important issue in suspension sprayed coatinge sirecauthors did not find differences
in the mechanical properties of the coatings smraygh nano- or submicron-sized
feedstocks owing to the agglomeration state of pariles in the suspension

feedstock. In the present research the dispersionstabilisation of the suspension
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feedstocks was previously set out [29,30]. For teason the effect of nanoparticles on
mechanical properties in N10 coating could be fullgveloped. To confirm this
statement nanoindentation test on the N10-agedngoabtained as set out in previous
section was also acquired. Results of this testatse displayed in figure 8. As this
figure reveals, the effect of the agglomerationvpked in N10-aged suspension is
reflected in the mechanical behaviour of N10-agedting. Hence, H and E curves
showed an intermediate profile development betwéEd and SN10/SN15 coatings, as
a consequence of the much higher content of plgriiaélted areas built up from the
agglomerated feedstock suspension of N10-agedngpati comparison with N10
coating. As set out above the destabilisation ef itanoparticle suspension feedstock
gives rise to an impaired coating microstructurelenap of higher amount of partially
melted areas containing coarser pores. Consequaatieasing averaged values of H
and E in the coating were obtained which were cldasethose of the SN coatings.
Nevertheless the values of H and E mechanical piiepecould not be averaged and
included in table IV due to the high data scatggfund in this coating sample.
Previous research on nanoindentation in SPS caatoijained from nanoparticle
suspension feedstocks of other oxides such as Y8#a(Stabilised Zirconia) or titania
highlighted the enhanced mechanical propertiesdomhen nanoparticles suspensions
were used as a consequence of the ultrafine clearattSPS coating splats [23,27].
These papers also showed the mechanical weakelff@a) @ the partially melted areas
which appear in more or less extent in SPS coatifggher research is still necessary
to confirm these preliminary findings, and more artantly, to establish a clear relation
between coating microstructure and mechanical ptiege

Finally, regarding SN coatings, an increase of eaosjpn concentration in the range

addressed in this research did not modify mechhpicperties of the coatings what
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could be considered, in principle, a positive dffécan optimisation of the solids
concentration in the feedstock suspension is tadgas a consequence of the possible
technical and economic benefits set out above.

Overall the effect of increasing of the solids camication in the suspension feedstock
has not proven to show a clear effect on coatingrestructure and properties, at least
in the variation range addressed in this prelimin@search. For this reason, further
research is now in progress in order to betteryaeain an isolated way the effect of
solids content and the agglomeration (stabilisatdegree of the suspension feedstock.
To achieve this objective, increasing solid coneditn suspensions of submicron-
sized alumina particles will be prepared and thabiksation degree of these
suspensions will be conveniently modified. The @ffef the spraying distance during
plasma spraying deposition will also be taken exdoount due to its great effect on the

amount of partially melted areas in the coatings.

4 Conclusions

Al,O3-TiO, coatings were successfully deposited by SPS frogpensions in which
particle size (nano- and submicron-sized partices) solids concentration were varied.
Findings showed that similar microstructures mapeimelted matrices and partially
melted zones were obtained. The alumina found éncibatings is mainly present as
corundum and gamma alumina. In respect of titan@st of the initial phase reacts with
alumina during the deposition process, leadinghtoformation of aluminium titanate
(tialite). In addition the developed alumina améria phases were homogenously
distributed throughout the different coatings. @e bther hand suspension feedstock
made up of nanoparticles resulted in a coating Wwétier mechanical properties than

those obtained from submicron-sized particles. Hawewhen the nanoparticle
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suspension feedstock was destabilised impaired ostiticture containing higher
amount of partially-melted areas with coarse poness obtained. This impaired
microstructure led to worse mechanical propertiésciv were closer to those of the
coatings obtained from submicron-sized particles.dffect of solids concentration in
submicron-sized feedstocks on coating mechanicapgrties was observed for the
solids concentration variation and plasma sprayiagditions used in this research.
However the use of submicron-sized particles taiakdguspension feedstocks with high
solids concentration proved to give rise to soncrieal (improved processability) and
economic (lower energy consumption) advantagekenSPS process which should be

taken into account when a SPS process is to hepset
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TABLES

Table I. Main characteristics of the commercial suspensans powders as provided

by the suppliers

Suspensions
Reference . Main Solids . . Mean Density
Suspensio : Viscosity | aggregate| at 20
crystalline content | pH . o
type phases (Wt%) (mPas) size C ,
(hm) | (g/cnT)
Transition
AERODISP| Nano- aluminas 3.0-
VP W630X |  Al,Os (5 andy- 30.0+0.1 50| = 2000 140 1.27
Al,O3)
AERODISP| Nano- Anatase 5.0-
W740X Ti0, Rutile 40.0+0.1 70| = 1000 <100 1.41
Powders
Main Q:ilr?]r:g/e Specific
Reference . : in 49 :
Powder type | crystalline | particle surface p.H In 4.A) Purity (wt%)
. area | dispersion
phases size (m?g)
(nm) J
Condea | SUPMICron- | Ao, | 350 | 9.5:0.5 99.5
Al,O3
P25 Nano-Ti@ | AMdase | 51 | 50415| 3545 99.5
Rutile
Table Il. Main SPS parameters
Arc Spraying | Spraying Suspenson Injector
SPS Ar H, |. . . : .
steps | (Umin) | (/min) intensity | distance | velocity| feed rate diameter
(A) (mm) (m/s) | (ml/min) (um)
Pre- | 35 | 12 600 100
heating
Spraying 37 8 700 30 1 27 150
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Table Ill. Porosity and amount of partially melted areas deiteed by SEM of the

coatings obtained from the as-prepared suspensienwell as from the aged N10

suspension
_ % of partially _ % voids co_ntent in
Coating sample % voids content the partially
melted areas
melted areas

N10 16 +6 0.3+0.3 1+1
SN10 19+6 0.2+0.3 2+1
SN15 19+3 0.3+0.3 7+1

N10-aged 35+8 0.9 £0.3 7+1

Table IV. Hardness and modulus averaged values of coatings

Sample Hardness Elastic modulus
(GPa) (GPa)
N10 16+2 225120
SN10 1342 178+21
SN15 1242 17518
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FIGURE CAPTIONS

Figure 1. Plot of the power required to plasma-spray watespsasions of
alumina:titania (87:13 weight ratio) by SPS asrcfion of solid content of suspension
feedstock (an estimate by the authors)

Figure 2. Flow diagram describing the suspension preparatiates followed to obtain
the three suspension feedstocks as well as refesemopted

Figure 3. Suspension plasma spraying equipment

Figure 4. SEM micrographs at three magnifications of coaingtained from N10,
SN10 and SN15 as well as from N10-aged (marked Fdrtially Melted nanoparticles

and PMs: Partially Melted submicron-sized particles

Figure 5. Flow curves of the as-prepared N10 suspensiorNdfdaged suspension
Figure 6. EDX analysis of coating obtained from N10

Figure 7. XRD patterns of coatings obtained from N10, SN1@ &N15

Figure 8. Hardness and Elastic Modulus obtained on coatiggsanoindentation

(samples: N10, SN10. SN15 and N10-aged)
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