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Al2O3 coatings were deposited on 1Cr13 substrates by atmospheric plasma spraying at different depo-
sition temperatures of 140, 275, 375, 480, 530, and 660 �C to investigate the effect of coating surface
temperature on the lamellar bonding formation. The fractured cross section morphology was charac-
terized by scanning electron microscopy to reveal the lamellar interface bonding. X-ray diffraction was
used to characterize the phase contents in the coating. Micro-hardness, Young�s modulus, and thermal
conductivity of the deposits were measured for examining the dependency of coating properties on its
microstructure. The results show that the interface area bonded through columnar grain growth across
splat-splat interfaces was increased with increasing deposition temperature. Moreover, micro-hardness,
Young�s modulus and thermal conductivity were increased with the increase of deposition temperature.
However, the phase structure of the coating changed little with deposition temperature. The results
evidently indicate that the apparent bonding ratio and properties of deposits can be significantly changed
in a wider range through controlling the deposition temperature.

Keywords alumina, deposition temperature, interface bond-
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1. Introduction

A thermally sprayed deposit is formed by a stream of
molten droplets impacting on a substrate followed by
flattening, rapid cooling, and solidification processes. The
individual droplets spread out to thin lamellae, the
stacking of which constitutes the deposit (Ref 1, 2).
Atmospheric plasma spraying (APS), due to its relatively
high deposition efficiency, flexibility, and easy automation,
has become a popular process to produce various protec-
tive coatings, such as thermal barrier (Ref 3), wear-resis-
tant (Ref 4), corrosion-resistant (Ref 5), and dielectric
coating layers (Ref 6).

Generally, the choice of coating materials for a certain
application is determined by their performances. On the
other hand, the properties of materials are generally sen-
sitive functions of their microstructures. Therefore, it is a
focal point in the research of thermal spraying field to
develop coating microstructures and establish the rela-
tionships between coating microstructures and properties.

According to the previous investigations (Ref 7-9),
plasma-sprayed ceramic deposits exhibit a lamellar struc-
ture with limited interface bonding. Voids are present in
the deposits, which consist of large 3D and 2D voids
corresponding to the nonbonded interface areas and ver-
tical cracks in individual ceramic splats. The previous
studies revealed that the lamellar structure with a limited
lamellar interface bonding determines the physical and
mechanical properties of thermal spray deposits. More-
over, the bonding ratio between adjacent lamellae domi-
nates coating properties (Ref 9). Accordingly, the control
of coating properties and subsequently performances
should be primarily made through development of
lamellae interface bonding. According to quantitative
characterization of lamellar structure using the copper
electroplating technique, the mean bonding ratio at the
lamellar interfaces of Al2O3 coating deposited following
conventional fashion is less than one-third of the total
apparent interface area in the coating (Ref 7-9). The
limited bonding ratio of thermally sprayed deposits leads
to lower hardness (Ref 10), lower elastic modulus (Ref 11-
13), lower fracture toughness (Ref 14), and lower thermal
conductivity (Ref 15) than corresponding bulk materials.
Consequently, the applications of thermally sprayed
coatings will be limited by such feature. Therefore, many
investigations have been carried out to understand the
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factors determining coating microstructure and in partic-
ular the bonding at the interface between lamellae within
the deposit (Ref 7-9, 16, 17).

The optimization of coating deposition conditions is
usually employed through changing spray particle
parameters such as velocity and temperature to modify
coating microstructure (Ref 18-20). The substrate tem-
perature is also employed to improve coating adhesion,
coating microstructure and properties (Ref 21-23). Most
investigations involving the effect of substrate tempera-
ture were performed at the temperatures less than about
350 �C which were associated with the transition of splat
morphology (Ref 23). In fact, several previous investi-
gations were involved in the coating deposition at much
high temperature, the results of which suggested the
formation of the coatings with well-bonded lamellar
interfaces throughout a thick layer of coating (Ref 24-
29). Those investigations were more oriented for devel-
opment of a-Al2O3 in plasma-sprayed Al2O3 coating
(Ref 24) or segmental cracks in YSZ coatings (Ref 26-
29). However, although based on those results reported
it could be considered that the coating consisting of well-
bonded lamellae can be deposited when droplets are
projected on a substrate surface at certain high tem-
perature, few investigations were involved in the effect
of coating surface temperature or substrate temperature
on the lamellar bonding formation. Recently, it was
evidently revealed using YSZ deposits that through the
control of substrate temperature, the bonding ratio and
subsequently the coating properties can be significantly
changed (Ref 17, 30). During deposition, the substrate
temperature, especially the coating surface temperature
prior to droplet impact can be considered to be a key
factor, which influences the deposition characteristic of
the molten droplets and bonding of the splat to the prior
deposited coating, and subsequently influences the
properties of deposited coating. In this paper, the coat-
ing surface temperature prior to droplet impact is re-
ferred to as the deposition temperature. Up to now, the
influence of the deposition temperature on the micro-
structures and properties of thermally sprayed alumina
coatings has not been systematically investigated. How-
ever, because thermally sprayed ceramic coatings can
possibly be applied to different applications such as
thermal barrier coating and wear-resistant coating which
typically require porous and dense microstructure,
respectively, it is necessary to examine the influence of
coating surface temperature on the coating microstruc-
ture and subsequently properties to control the proper-
ties of the coating through coating surface temperature
for different applications. Moreover, the systematical
investigation may benefit the understanding of the for-
mation mechanism of the lamellar bonding during splat
depositions.

In this study, the influence of the deposition tempera-
ture on plasma-sprayed Al2O3 coating microstructures was
investigated with the emphasis on the examination of the
effect of the deposition temperature on lamellar interface
bonding and the changes of coating properties accordingly
with coating microstructures.

2. Experimental

A fuse-crushed Al2O3 powder was used as the feed-
stock. The particle size range is 25-58 lm. The powder
exhibits an angular morphology as shown in Fig. 1(a). The
x-ray diffraction (XRD) pattern of the powder is shown in
Fig. 1(b). The powder mainly consists of 99.25% a-Al2O3

and a trace of b-Al2O3 (Na2OÆ11Al2O3) based on the
XRD analysis.

Al2O3 coating was deposited by a commercial plasma
spray system (80 kW class). The plasma torch was oper-
ated at 39 kW to generate an Ar-H2 plasma jet. The
pressures of primary gas Ar and secondary gas H2 were
fixed at 0.85 and 0.4 MPa, respectively. The flow rates of
Ar and H2 were 54 and 6.6 L/min, respectively. The
powder was fed into a plasma jet using an internal powder
port to ensure sufficient melting of spray powder particles.
The torch-substrate distance during deposition was
80 mm. A robot was used to drive the plasma torch back
and forth across the substrate surface. The stainless steel
(1Cr13) was used as the substrate.

Fig. 1 (a) SEM morphology and (b) XRD pattern of Al2O3

powder employed for spraying
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Before deposition, the substrate was sand-blasted and
preheated to different temperatures by a gas flame torch
directing to the back of it. The substrate (or previously
deposited coating) surface temperature was monitored
using a pyrometer (RAYPM30L3U, Raytek, Santa Cruz,
CA, USA). An air jet attached to the torch and oriented
toward the substrate was also employed to control the
surface temperature by cooling down the substrate and the
coating along with the gas flame, when the surface tem-
perature became higher than the given one. The surface
temperature ranges of different samples during deposition
are shown in Table 1. The mean temperature was used as
a parameter to represent the deposition temperature.

Because from a polished cross section of the coating no
useful information on the lamellar interface bonding could
be observed, the as-sprayed coatings were fractured at a
direction perpendicular to the coating surface. The
advantage using a fracture surface is that the nonbonded
interface or/and weakly bonded interface can be delin-
eated visually under direct observation. Thus, the surface
morphologies of fractured coatings were examined by
scanning electron microscopy (SEM) to investigate the
effect of the deposition temperature on the lamellae
interface bonding. Moreover, the polished cross sections
of the coatings were also prepared following conventional
routine for metallographical analysis, such as cutting,
mounting, and polishing, focusing on the change of coating
porosity with the coating surface temperature. The coating
porosity was estimated through processing of cross-sec-
tional images. Due to inevitable pull-out of loosely bon-
ded particle fractions during polishing of the samples, the
porosity was referred to as the apparent porosity. The
change of the porosity value could be also considered as
an indication of the change of the lamellar bonding with
the deposition condition because the pull-outs can be re-
duced with the improvement of lamellar bonding.

The phases of the coatings were characterized by XRD.
The XRD measurement was carried out using Cu Ka
radiation. The phase content in the powder and coating
was estimated based on the relative intensity ratio (RIR)
method (Ref 31, 32), which can be calculated as follows:

WX ¼
IXi

KX
A

PN
i¼A

Ii

Ki
A

ðEq 1Þ

where WX is the content of phase X, and I is the intensity,
and KA

X is the RIR value of phase X and A.

Vickers micro-hardness of the coating was measured on
a polished cross section at a load of 300 gf and a loading
time of 30 s. Young�s modulus was measured through the
Knoop indentation approach as proposed in literature
(Ref 33, 34) at a load of 1000 gf and a loading time of 50 s.
Thermal conductivity was measured through the laser
flash method (NETZSCH LFA 427) at a temperature
range from 25 to 1200 �C. The samples used for thermal
conductivity measurement were circular free-standing
coating of about 1 mm thick in a diameter of 12.7 mm,
which were plasma-sprayed at different deposition tem-
peratures of 153, 302, 515 and 756 �C.

3. Results and Discussion

3.1 Microstructures of Al2O3 Coatings

To reveal the lamellae interface bonding, the surface
morphology of fractured coatings was examined instead of
polished cross-sectional microstructure. Figure 2 shows
the typical surface morphology of the cross sections of the
fractured coatings deposited at different temperatures. It
can be seen that the coatings deposited at lower temper-
atures exhibit a typical lamellar structure (Fig. 2a, b). The
thickness of individual splats corresponding to a single
lamella is typically 1 to 2 lm. The columnar grain struc-
ture was clearly observed in individual lamellae. Evi-
dently, the limited bonding was present at the interfaces
between lamellae. Those facts are well consistent with the
previously reported results (Ref 7, 11). When the deposi-
tion temperature was increased to a temperature of 480 �C
(Fig. 2c-d), the lamellar structure feature, being distin-
guished by the limited lamellar interface bonding, became
less typical. On the other hand, it can be clearly recog-
nized that the columnar grain structure typically in indi-
vidual splats of thermal spray coating grew across
multiples of splats in a direction perpendicular to the
lamellar plane, which makes individual splats less distin-
guishable. This fact is attributed to the increased lamella
interface bonding with the increase of the deposition
temperature. Evidently, at a temperature higher than
480 �C, most splats were well bonded together through the
growth of columnar grains across interfaces (Fig. 2d, g).
Moreover, the interface area with columnar grain growth
across splat-splat interfaces was increased with increasing
deposition temperature. With the increase of the tem-
perature further to 530 and 660 �C (Fig. 2e, f), it was
clearly observed that more splats were well bonded to-
gether. The above results indicate qualitatively that the
lamellar bonding was significantly improved with the in-
crease of coating surface temperature when the mean
deposition temperature was increased to the values from
375 to 480 �C. Compared with the deposition temperature
of 800 to 900 �C for plasma spraying of YSZ to enhance
the significant columnar grain growth across multi-splats
reported previously (Ref 17, 35), the above-mentioned
temperature observed for alumina deposition is about
400 �C lower than YSZ. It can be considered that the
difference of such temperature should depend on the

Table 1 Ranges of coating surface temperature during
deposition and the mean deposition temperature

Temperature range
during deposition, �C Deposition temperature

80-200 140
250-300 275
350-400 375
450-510 480
520-540 530
620-700 660
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Fig. 2 Morphology of the fractured Al2O3 coatings plasma-sprayed at different deposition temperatures observed by SEM showing the
change of the inter-lamellar bonding with the deposition temperature: (a) 140 �C, (b) 275 �C, (c, d) 480 �C, (e) 530 �C, (f, g) 660 �C
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minimum interface contact temperature at which the un-
dercooled melt begins to solidify through grain growth on
the base of the substrate grain rather than nucleation for
different materials.

Based on the previous systematical investigations (Ref
8, 18), it was suggested that the low interface contact
temperature and short contact time between spread mol-
ten splat and the underlying splat is responsible for the
limited interface bonding. The attempt to increase the
spray powder particle temperature in plasma spray process
is often accompanied by the increase of particle velocity
and subsequently the decrease of particle heating time by
plasma flame. Moreover, the need to supply the heat of
fusion makes most spray particles remain at the melting
point for a relatively large proportion of their residence
time in the plasma flame (Ref 36). Accordingly, the im-
proved heating of plasma flame to spray particles mainly
contributes to the increase of the amount of spray particles
which achieve the sufficient melting to a temperature at the
melting point (Ref 36). As a result, the maximum bonding
ratio was saturated to be about 32% despite of the increase
of plasma arc power as reported in the previous report (Ref
8, 9, 18). It is obvious that the interface contact tempera-
ture between spread molten splat and the underlying splat
increases with the increase of the underlying splat surface
temperature. Therefore, as an alternative approach to in-
crease the contact temperature between spread molten
particle and the underlying splat, increasing coating sur-
face temperature has been proposed in the previous re-
ports (Ref 17). The present results provide further
evidence to prove the above-mentioned approach to be
effective to increase the lamellar interface bonding.
However, the question is how and why the rapid cooling
splat melt is bonded to the underlying splat. The experi-
mental observation clearly indicates that the bonding is
realized through columnar grain growth, i.e., heteroge-
neous nucleation using substrate surface grains, i.e. previ-
ously deposited splats, as the nucleus seeds.

When a molten spray droplet impacts on the splat
surface which is maintained at an increased temperature,
the increment of the contact temperature is possibly pro-
portional to the increased surface temperature due to the
rise of initial surface temperature level in the temperature
range of this study (Ref 37). The increased contact tem-
perature possibly leads to the increase of the wettability of
spread melt to the underlying solid splat. Because most
alumina spray particles prior to impact were at a tem-
perature of the melting point as mentioned above, the
alumina substrate surface could not be heated to fusion by
the heat supplied by molten alumina particle. Therefore, it
can be considered that the lamellar interface bonding in-
volves the wetting of spread molten splat to the solid splat
surface. The wettability is thus increased with the increase
of coating surface temperature. Due to the less possibility
of melting of the substrate surface layer by its identical
melt thin layer at the melting point, the full understanding
of the bonding mechanism involves the wetting of a melt
material near its melting point to its identical material at
the solid state. Therefore, further study into the wetta-
bility of the undercooling melt with its identical solid

material will benefit deeper understanding of bonding
formation mechanisms.

The polished cross-sectional microstructures of coat-
ings deposited at different deposition temperatures are
shown in Fig. 3. Pores were observed on cross sections
and evidently decreased with the increase of the depo-
sition temperature. Two kinds of pores were present in
the cross sections, the pull-out of the weakly bonded
splats in the coatings and the pores formed during the
deposition process. It can be clearly observed that many
spherical voids were present on the fracture surface of
the coating besides the nonbonded interface area as
clearly shown in Fig. 2(b), (d), and (e). Evidently, many
spherical voids are present in individual single splat
layers as seen in Fig. 2(g). This fact suggests that such
voids resulted from gas which is possibly absorbed during
in-flight or entrapped upon impact; although, further
investigation may be necessary to examine the formation
of such spherical voids. Figure 4 shows the apparent
porosity levels of the coatings, which were determined by
image analyzing using the polished cross-sectional
microstructures. It is clear that the apparent porosity
decreases with the increase of the deposition tempera-
ture. This fact is consistent with that reported by Sari-
kara (Ref 16). When the deposition temperature
increased from 140 to 660 �C, the mean apparent
porosity of the coatings decreased from 16.7 to 8.5%.

Studies have revealed that the mean bonding ratio at
the interfaces between lamellae is less than 1/3 of the total
apparent interface area for Al2O3 coating deposited with
the deposition temperature maintained at a low level (Ref
7-9). The present results indicate evidently that increasing
the deposition temperature promotes the growth of
columnar grains across splat-splat interface, which leads to
the increase of the mean interface bonding ratio and the
coating density as well.

As the mean bonding ratio is the most important factor
in controlling deposit properties, such as Young�s modu-
lus, fracture toughness, thermal conductivity, and so on
(Ref 9), the increased bonding ratio through the columnar
grain growth should lead to significant changes of coating
properties.

3.2 Effect of the Deposition Temperature
on the Crystalline Structure of Al2O3 Coating

The XRD analyses were carried out at the surface of
as-sprayed coatings. The XRD patterns of Al2O3 coatings
deposited at different deposition temperatures are shown
in Fig. 5. It is clear that c-Al2O3 is the main phase formed
in the coatings deposited in this study besides a certain
amount of a-Al2O3. It is well known that plasma-spraying
of Al2O3 generally results in the formation of metastable
c-Al2O3 in the coating due to rapid solidification of
alumina splats during splat cooling, and the presence of
a-Al2O3 phase is due to the inclusion of unmelted frac-
tion in partially melted Al2O3 particles into coatings. A
change in the spray conditions changes the c to a ratio
(Ref 38, 39). The contents of a- and c-Al2O3 phases in the
coatings were estimated based on the relative intensity of
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the main peaks of a-Al2O3 and c-Al2O3 in XRD patterns
(Ref 31, 32), and the results are shown in Table 2. b-Al2O3

in the coating was neglected due to limited amount. It can
be seen that the phase content changed less significantly at
the deposition temperature range in this study. Heintze

and Uematsu (Ref 23) investigated the effect of substrate
temperature on the phase evolution during plasma
spraying of Al2O3 and reported that the formation of
a-Al2O3 as the primary phase occurs at a substrate tem-
perature of 1300 �C.

Fig. 3 Cross-sectional SEM microstructure of polished Al2O3 coatings plasma-sprayed at different deposition temperatures: (a) 140 �C,
(b) 480 �C, (c) 530 �C, (d) 660 �C

Fig. 4 The effect of the deposition temperature on the apparent
porosity of plasma-sprayed Al2O3 coatings Fig. 5 XRD patterns of Al2O3 coatings plasma-sprayed at dif-

ferent deposition temperatures
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3.3 Influence of the Deposition Temperature
on Properties of Coatings

Properties of a material depend on its microstructure.
In this study, the deposition temperature was employed as
a key parameter to modify the microstructure of Al2O3

coatings deposited by plasma spraying. From the XRD
analysis of the coatings, it is clear that no significant
change in the phase content occurs among the coatings
deposited at different temperatures in this study. The only
change in the coatings deposited at different temperatures
was the change of the mean lamellar interface bonding
which results from the columnar grain growth across
multi-splats, and the apparent porosity. Accordingly, the
coating properties will change with the change of the
coating lamellar microstructure and interface bonding
ratio.

3.3.1 Effect of the Deposition Temperature on Coating
Micro-Hardness. The micro-hardness of Al2O3 coatings
deposited at different temperatures is shown in Fig. 6. It is
obvious that the micro-hardness of coatings increased with
the increase of the deposition temperature. With the
coating deposited at ambient atmosphere, Al2O3 exhibits
a mean hardness of 927 Hv. This value is consistent with
those reported in literature (Ref 40). Micro-hardness
values of Al2O3 coatings increased from 927 to 1320 Hv0.3,
while the mean deposition temperature changed from 140
to 660 �C.

Hardness is a measure of a material�s resistance to
plastic deformation. From the microstructure of the
coating deposited at about 140 �C (Fig. 2a), the coating
presents a typical lamellar structure with a limited lamel-
lar interface bonding. The mean apparent porosity of the
coating is also high. The limited interface bonding of the
coating with lamellar structure leads to its low resistance
to plastic deformation. When Al2O3 coatings were
deposited at a temperature higher than 375 �C, the
columnar grain growth across several splats occurs in
coatings (Fig. 2c-j). The growth of columnar grains across
splat-splat interface leads to increase of the interface
bonding ratio and subsequently the density. Accordingly,
the higher micro-hardness value is associated with the
improved lamellar interface bonding.

3.3.2 Effect of the Deposition Temperature on
Young�s Modulus of Al2O3 Coating. The Knoop inden-
tation method (Ref 22, 23) was employed to measure the
Young�s modulus of the coatings deposited at different

temperatures. The cross sections were pre-polished and
used to indent the Knoop indentation. The test was per-
formed at a load of 1000 gf and loading time of 50 s to
ensure a sufficient deformation of the coating to yield at
the direction perpendicular to lamellae. Accordingly,
Young�s modulus obtained is that for the direction per-
pendicular to lamellar interface. The Young�s modulus of
Al2O3 coatings deposited at different temperatures is
shown in Fig. 7. Obviously, the Young�s modulus of
coatings increases with the increase of the deposition
temperature. Young�s modulus values changed from 107
to 166 GPa, being increased by a factor of 55%, when the
deposition temperature changed from 140 to 660 �C.

It is known that thermally sprayed coatings exhibit
lower Young�s modulus than corresponding bulk materi-
als, which is significantly influenced by the limited inter-
face bonding (Ref 11-13). While, the measured values may
depend on the spraying methods and conditions, as well as
the measuring methods (Ref 41-43). Kawase et al. (Ref
41) investigated the Young�s modulus of detonation-gun
and plasma-sprayed Al2O3 coatings using the four-point
bending test, x-ray method, and ultrasonic method. The
Young�s modulus of detonation-gun coatings are 110-
120 GPa measured by the four-point bending test, and 60-
70 GPa measured by the ultrasonic method. However, the
Young�s modulus of the plasma-sprayed coatings are 20-
50 GPa measured by the ultrasonic method. Moreover,
with Young�s modulus of plasma-sprayed Al2O3 coatings
Shi et al. (Ref 42) reported 60-90 GPa, measured by the
four-point bending test, and Yamasaki and Takeuchi (Ref
43) reported 95.6 GPa, measured by the resonating
method. Accordingly, in the present investigation, the
measurement of Young�s modulus of plasma-sprayed
Al2O3 coating deposited at 140 �C yielded 107 GPa by the
Knoop indentation method, which is consistent with the
highest value among the reported values.

According to the previous studies (Ref 9, 13), the
Young�s modulus of plasma-sprayed ceramic coating is
determined by the lamellar interface bonding ratio and the

Table 2 Phase content of alumina coatings plasma-
sprayed at different deposition temperatures

Deposition temperature, �C

Phase content, %

a-Al2O3 c-Al2O3

140 19.9 80.1
275 26.4 73.6
375 24.6 75.4
480 25.1 74.9
530 25.5 74.5
660 24.2 75.8

Fig. 6 The effect of the deposition temperature on micro-
hardness of Al2O3 coatings
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modulus of lamella material as the bonding ratio is higher
than about 40%. Plasma-sprayed Al2O3 coating consists
mainly of c-Al2O3, the Young�s modulus of which was not
known yet. Based on the previous study (Ref 13), the
Young�s modulus of c-Al2O3 was estimated to be about
246 GPa, while the Young�s modulus of a-Al2O3 is
380 GPa. According to phase contents shown in Table 2,
the modulus of individual lamellae in the coating depos-
ited in this study is estimated of 280 GPa. As a result, the
apparent interface bonding ratio could be estimated to be
38 and 59.3% for the coatings deposited at 140 and 660 �C.

3.3.3 Effect of the Deposition Temperature on the
Thermal Conductivity of Al2O3 Coating. The thermal
conductivity of Al2O3 coatings deposited at different
temperatures is shown in Fig. 8. The thermal conductivity
was plotted against test temperature during measurement.
It is clear that the thermal conductivity of plasma-sprayed
Al2O3 coatings increased with the increase of the deposi-
tion temperature.

With thermally sprayed ceramic coatings, the micro-
structure of the deposit significantly influences its thermal
transportation. Previous studies have shown that the lim-
ited bonding at the lamellar interfaces in ceramic coatings
leads to much lower thermal conductivity than bulk dense
material (Ref 15). For bulk dense Al2O3, the thermal
conductivity ranges from 29 to 36 W/(m Æ K) at 300 K
(Ref 44). Pawlowski and Fauchais (Ref 45) reviewed the
thermal properties of thermally sprayed coatings, and the
thermal conductivity of plasma-sprayed Al2O3 coating
ranges from 2 to 3 W/(m Æ K) at 473-1180 K. Dutton et al.
(Ref 46) reported that the thermal conductivity of plasma-
sprayed Al2O3 coating ranges from 1.5 to 3 W/(m Æ K) at
room temperature to 1000 �C. Based on the present
investigation, the thermal conductivity of plasma-sprayed
Al2O3 coating deposited at 153 �C ranges from 2.5 to 3 W/
(m Æ K) at 25-1200 �C. These values are consistent with
those reported in literature (Ref 45, 46).

As estimated from the measurement of Young�s mod-
ulus mentioned in the previous section, when the deposi-
tion temperature was increased to 660 �C, the lamellar

interface bonding ratio is significantly increased. Thermal
conductivity measured at a temperature of 600 �C chan-
ged from 2.6 to 3.9 W/(m Æ K), being increased by a factor
of 50%, when the mean deposition temperature was in-
creased from 153 to 756 �C. It can be recognized that this
fraction of the increment is close to 55% observed for
Young�s modulus in the temperature range of 140 to
660 �C. The relative thermal conductivity of coatings
deposited at 756 to 153 �C, and 515 to 153 �C is shown in
Fig. 9. It can be clearly recognized that despite significant
change of thermal conductivity with test temperature, the
relative conductivity at two different deposition temper-
atures is nearly a constant. Such constant is considered to
be equal to the increased fraction of the lamellar interface
bonding ratio. It is clear that the relative thermal con-
ductivity of plasma-sprayed Al2O3 coating deposited at
756 �C to that at 153 �C is about 1.5, being compatible to
the estimated increment of the apparent lamellar bonding
ratio from Young�s modulus in a similar temperature
range. Therefore, the increase of thermal conductivity is

Fig. 7 The effect of the deposition temperature on the Young�s
modulus of Al2O3 coatings

Fig. 8 Thermal conductivities of Al2O3 coatings sprayed at
different temperatures against test temperature

Fig. 9 Relative thermal conductivities of plasma-sprayed Al2O3

coatings against test temperature
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evidently attributed to the increase of the lamellae inter-
face bonding ratio.

4. Conclusions

The present results showed that the microstructure and
properties of Al2O3 coatings were significantly influenced
by the deposition temperature. As the deposition tem-
perature was increased to above 375 �C, the columnar
grain growth across splat-splat interface leading to the
bonding formation at splat interfaces became remarkable.
Moreover, the apparent porosity decreased and microh-
ardness was increased with the increase of the deposition
temperature. The improved lamellar interface bonding
with the increase of the deposition temperature led to
significant improvements of the properties of Al2O3

coatings. As the mean deposition temperature was in-
creased from 140 to 660 �C and 153 to 756 �C, Young�s
modulus and thermal conductivity were increased by 55
and 50%, respectively. Based on the dependency of
Young�s modulus and thermal conductivity of plasma-
sprayed ceramic coatings, it can be estimated that the
mean lamellar bonding ratio was increased from 32 to
38% and 59.3% when the deposition temperature was
increased from near-room temperature to 140 and 660 �C,
respectively.
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