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Abstract 

In this paper, the plasma spray technique was used to deposit coatings with reconstituted nanostructured AI 20 3/Ti02 powders. Thc 
abrasive wear resistance of the ceramic coatings was evaluated using diamond abrasives. The result showed that the abrasive wear 
resistance of the coatings produced using the nanostructured AlzOJ/TiOz powders is greatly improved compared with the coating 
produced using the conventional AlzO,/TiOz powder (Metco 130). The highest abrasion resistance of the coating sprayed with 
nanostructured Al 20 J/TiOz powder is about four times that of the coating sprayed with the conventional Alz03/TiOz powder. Both as 
fabricated and after wear Alz0 3/Ti02 coatings were investigated by X-ray diffraction, SEM and indentation tests. The abrasive wear 
mechanism is also discussed. © 2000 Elsevier Science S.A. All rights reserved. 
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1. Introduction 

Ceramic materials with high hardness and high resis
tance to thermal and corrosive conditions and relatively 
low densities offer many advantages over metallic and 
polymeric materials [I]. Oxide ceramics such as alumina, 
zirconia, titania, chromia, silica and yttria have been used 
widely as surface coating materials to improve wear, ero
sion, cavitation, fretting and corrosion resistance [2-4]. 
They are especially useful in applications where wear and 
corrosion resistances are required simultaneously. Thermal 
spray coating is one of the most common ways to improve 
the surface characteristics of materials. Plasma spraying is 
a widely used method among the thermal spray processes 
(5]. 

Because of their excellent properties, which are not 
available from metallic and cermet coatings, oxide coat
ings prepared using thermal spray processes have been 
widely used in U.S. Navy systems and by other industries. 
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For example, alumina which is a commonly used coating 
in the cutting tool industry, is the most effective coating in 
improving chemical or solution related wear [6,71. Al 20 r 
coated carbide tools exhibit a speed capability 2.5 times 
that of uncoated carbide tools [7]. 

In the past decade, most of the research in the field of 
nanomaterials has been focused on the synthesis and pro
cessing of powders and bulk materials. It is important to 
utilize the nanomaterials with new properties into indus
trial applications. fn today's industry, there is a growing 
need of advanced coatings for machine parts working at 
various conditions. However,nanoparticle powders cannot 
successfully be thermal sprayed because of their low mass 
and their inability to be carried in a moving gas stream and 
deposited on a substrate. Realizing the potential high per
formance of nanostructured materials in engineered coat
ing application, a process for the thermal spraying of 
nanostructured feeds, by which the nanoparticle powders 
can be reconstituted into spherical micron-sized granules 
that can be thermally sprayed has been developed [8,9]. 
The developed methodology involves the dispersion of the 
nanopowders into a colloidal suspension, followed by the 
addition of a binder and subsequent spray drying into 
granules. The methodology is very versatile in nature and 
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has been used to make spray able granules from metals, 
ceramics, and composite nanopowders. The details of the 
reconstitution of nanopowders have been given previously 
[8,9}. After reconstitution, the powder feedstocks should 
have a spherical or near-spherical morphology, be dense 
sintered particles, with a narrow particle size distribution, 
e.g., IS to 100 (Lm in diameter, to ensure good flowability 
in the existing powder feeding systems. 

2. Experimental 

2.1. Thermal spray 

Thermal spray processes of the reconstituted sprayable 
feedstocks and conventional ones are carried out with a 
Metco 9MB plasma gun. The details of powder composi
tions and the test data of coatings are shown in Table I. 
Ceramic coatings were deposited from 250 to 600 (Lm 
thick on mild carbon steel coupons. The coupons were 
blasted to remove rust and the surfaces are cleaned prior to 
thermal spray deposition. The depositions were performed 
using a GM-Fanuc siJl.-aJl.is thermal spray robot, a two-aJl.is 
specimen stage, and a computer control system. 

The parameters for thermal spraying of nanostructured 
ceramic coatings were adjusted to (i) minimize the coars
ening of the nanograins, {iO control chemical reactions of 
materials, and (iii) control phase stability at high tempera
ture. The parameters included the ratio of gas flow rate, 
powder feed rate, spray distance, number of passes, and 
powder pre-sintering characteristics. Here, for nanostruc
tured AI 20 3/Ti02 , AI 20 3/Ti02 + Ce02 , Alz03/TiOz 
+ Ce02 + zr02 powders, the plasma deposition parame
ters are as follows: (a) primary Ar gas pressure is about 
690 kPa. (b) secondary Hz gas pressure is about 380 kPa, 
(c) Ar gas flow rate (SCFH) is 120, (d) powder carrier gas 
flow rate (SCFH) is 40-70, (e) powder feed rate is 400-900 
g/h, (f) current is 600 A, (g) voltage is 65 V, (h) gun 
moving speed is 500 mm/s, (i) spray distance is about 100 
mm, and (j) thermal spraying 10 passes after one cycle 
preheating. For the depositing of conventional Al z0 3/Ti02 

Table 1 
Powder composition and characteristics of testing coatings 

Coating Powder composition Powder type 

powder, the plasma spray parameters used are based on 
Metco's specification for Metco 130 powder [10]. 

2.2. Abrasive wear test 

The abrasive wear tests were performed on a modified 
grinding/polishing machine (Struers grinding/polishing 
system comprised a RotoPol-22 controlled grinding and 
polishing discs equipped with a RotoForce-4 specimen 
mover and a Multidoser with a RotoCom memory unit. 
After modification, the system is similar to a computer 
controlled pin-on-disk wear tester) at room temperature. 
Prior to the wear tests, coating surfaces were polished 
using successively smaller diamond abrasives (i.e., 9, 3 
and I (Lm). The tests were conducted under a normal load 
of 90 N and at a sliding speed of 2.67 m/s. Coated 
samples were used as pins (cylindrical samples) with a flat 
surface of 32 mm in diameter. Before wear testing, all 
samples were cleaned with acetone. A 40-ll-m diamond 
abrasive pad with diameter of 170 mm was used as disk. It 
was dressed and cleaned before each experiment, and 
lubricated with water during the tests. 

Abrasion rates (wear rates) are calculated using the 
mean measurement value of three samples in terms of the 
volume of material removed (in mm3) per unit load (N), 
and distance of sliding against the diamond abrasive pad 
(mm), in unit of mm3/N mm. 

2.3. Characterization of the sprayed coatings 

Crystal structures were analyzed using a Siemens D5005 
computer-interfaced X-ray diffraction system at glancing 
angle geometry. Surface morphologies of worn surfaces 
and cross-sections of these coatings were examined using 
scanning electron microscope (JEOL JSM-840A). Micro
hardness of these coatings was determined under a load of 
300 g using a Leco M-400-G2 hardness tester. Indentation 
crack lengths on the cross-sections of the coatings were 
also measured on this hardness tester. 

--~ ~ 

Powder feed Coating hardness Coating thickness 
rate (g/h) (HVJoo \ (ILm) 

Cl Al l O)/13% TiO~ Corrunercial powder (Metco 130) 1057 500-600 
Nt AI 20)/ 13% TiO, nanostructured powder 410-770 1034 350-450' 
N2 
N3 

Al ,OJ 13% TiO l + CeO, 
AI,O,/13% TiO, +- ceO, + zrO, 

nanostructured powder 
nanostructured powder 

410-635 
365~455 

995 
1044 

3OO-4SO"' 
2S0-35()' 

'The thickness of the coatings can be built up to SOO-600 ~m by increasing spraying passes. 
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3. Experimental results and discussion 

3.1. SEM ohserl'Olio/1 o( coating cross-sections 

Fig. I shows the cross-section SEM micrographs of 
coatings produced with under various conditions. These 
conditions are: 

(i) nanostructured Il-AI 20 J /Ti0 2 powder; 
(ij) nanostructured n-AI 20 J /Ti0 2 + Ce0 2 powder; 
(iii) nanostructured n-AI 20 j /Ti0 2 Ce0 2 -'- Zr0 1-l

powder; 
and (iv) conventional AI 20 J /Ti0 2 (Metco 130) pow
der. 

It can be seen frop' Table I that the microhardness of the 
coatings sprayed with nanostructured AI] °3/Ti02 powder 
is similar to that of the coating sprayed with conventional 
Al 10 J/TiO] powder. And, it can be seen that the mor
phologies and density of these coatings via SEM examina
tion seem are also similar, as shown in Fig. I. Despite the 
coating hardness and microstructural similarities at this 
level of magnification, the wear resistances are quite dif

~~:'~' , . 
.o-~-.:c.", ::. :.-.

f::;': .. 

--,!--,,-.,

-0024 25KU X160 lee~m WD26 

0e0S 25KU X160 ~ WD24 
Fig. l. SCaJUling electron microgrdphs of the cross-sections of coatings 
sprayed with: (a) conventional AI ,0, ITiO, (Metco 130) powder; (b) 
n·AI,O,/TiO, powder; (el !l·AI,O,/TiO, +CeO, powder; (dl !l

Al ,0, ITiO, 1 CeO, f ZItL powder. 

. 

0013 25KU X160 ~ WD24 

0016 25KU X160 le0~m WD24 
Fig. I (continued). 

ferent. Abrasive wear tests via diamond abrasives indlcaled 
that the coatings sprayed with nanostructured AI/)jTiO, 
powder are more resistant to wear than the coating sprayed 
with conventional AI,O,lTi02 powder, the details are 
given below. 

Observation with higher magnification SEM can pm
vide further information about the microstructures or thi.' 
coatings sprayed with nanostructured AI 20,/Ti0 2 P(l\\' 

ders. It can be found from Fig. 2 that there were nano-sea k 
and submicron-seale microstructures in the coatings, lilrlll
ing a skeleton-like structure. The nano-scale and subml
cron-seale skeleton structures must have playcd a \·er, 
important role during wcar. This will be discussed 1'!lCI·. 

3.': X-/"(J\" diff;'aelilll1 re.lll/Iol he/i)re and a/il'r lI·ear Il"/.\ 

rig. :I shows the X-ray diITraction patterns or tile 
as-sprayed ceramic coatings. It is obvious that -y-AI-,U, IS 

the predominant phase in all the as-sprayed coatings. Ho\\
ever, there were: dilTerence:s in the microstructures or thL 

five different coatings. It can be seen from Fig. 3 that the 
strongest peak is -y-AI]OJ (400) in the conventional 
AI 20 j /Ti0 2 coating (C 1), whereas the coating sprayed 
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Fig. 2. Higher magnification scanning electron micrographs of the cross
section microstructures of coatings sprayed with nanoslruCtured 
Al zOl /Ti0 2 powders. (a) n-Al10dTi02 powder; (b) n-AllOdTiOl 
+ce02 powder. 

with nanostructured Al203/Ti02 + Ce02 + zr02 powder 
(N3) also fonns 'V-AI203 but with preferential growth in 
the 440 direction. This indicates that there are preferential 
growth directions in all coatings sprayed, But the preferen
tial growth direction of the coating sprayed with conven
tional AI 20)/Ti02 powder is obviously different from 
tllat of the coatings sprayed with nanostructured 
Al203/Ti02 powder. And, the relative intensities of 'V
AIlO) (440) peaks in the coatings sprayed with nanostruc
tured AIZO)/TiOZ powder increased due to the addition 
of Ce02 or CeOz + zr02 into the Al203/Ti02 powder. 
This result indicates tllat the addition of Ce02 or Ce0 2 + 
zr0 2 into the A1 20 J/Ti0 2 powder changed the surface 
textures. Tile fonnation of surface texture i.e., certain 
crystal orientation should have an important influence on 
wear properties of AI 20 J /TiO Z coatings. 

Fig. 4 is tile XRD results of worn surfaces of different 
coatings after wear testing. Comparing the XRD patterns 
before and after wear testing (Figs. 3 and 4), it is found 
that the diffraction intensities of 'Y-AI20J (440) change. 
The results of the experiments show that friction and wear 

process of Al 20 J/Ti0 2 coatings must be accompanied by 
a texture change on the worn surface. In addition, the 
incr~ase of a-AI2 diffraction intensities, e.g., (024),0 J 
(04), (I 13) and (I 16), can be found after wear testing. 

3.3. Coating wear resistances 

Wear volumes of different Al 20 J/Ti0 2 coatings are 
presented in Fig. 5. It is can be found that the wear rates of 
the coatings are remarkably different. The calculated wear 
rate of the coating sprayed with conventional Al 20 J/Ti02 
powder is 1.461 X 10-7 mm3IN mm. While the calcu
lated wear rates of the coatings sprayed with nanostruc
tured Al 2 0 J /Ti0 2 powders are 6.112 X 10- 8 mm3/N 
mm for coating NI, 4.727 X IO-s mmJ IN mm for coating 
N2 and 3.079 X to -8 mm3IN mm for coating N3, respec
tively. It can be concluded that Ct, the conventional 
coating, has the lowest wear resistance. However, the wear 
resistance of N I, a coating sprayed with nanostructured 
Al 20 3 /Ti0 2 powder, is about two times that of CI. [t 

should be noticed that the wear resistance of thermal 
sprayed Al203/Ti02 coatings can be remarkably in
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Fig. 3. X.ray diffraction patterns or the ceramic coatings belore wear 
tests. 
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Fig. 4. XRD results obtained from worn surfaces of different coatings 
after wear tests. 

creased by the addition of CeO} or Ce02 + Zr02 into the 
.-\l cO}/Ti02 powder. For example, the wear resistance of 
the coating can be increased two times or more by adding 
Ce0 2 to the A1 2 0 3 /Ti0 2 powder. Moreover, the wear 
resistance of the coating can be increased more than three 
times with the addition of Ce02 + zr0 2 into the 
AI 20}/Ti0 2 powder. 

These data clearly indicate that nanostructured coatings 
have great potential to provide substantial improvement in 
wear resistance over conventional counterparts. 

3.4. Worn surface morphology 

Fig. 6 shows the worn surface morphologies of the 
A1 20 3 /Ti0 2 coatings. There is an obvious difference 
between the coating sprayed with conventional 
A1 20 3/Ti0 2 powder and those with nanostructured 
AI 20 J /Ti0 2 powders. The friction track on the conven
tional material coating is rough. Some grooves, plastic 
defonnation and intergranular microfracture features can 
be found on the worn surface of the coating sprayed with 
conventional Al 20 l/TiO] powder, as shown in Fig. 6a. 
However, the coatings sprayed with nanostructured 

AI 20 3/TiOz powders are smooth without obvious grooves, 
defonnation and microfracture features, as shown in Fig. 
6b,c,d. 

Cracks may propagate either along grain boundaries or 
through grains as intracrystalline cleavage. Since the en
ergy of grain boundary fracture is about one half of that 
for crystalline cleavage [It], the fonner process is favored. 
SEM micrographs of higher magnification provide infor
mation on the nature of damage and the mechanism of 
material removal. It can be seen from 6a and Fig. 7a 
that the dominating mechanism of material removal for the 
coating sprayed with conventional AI 20}/Ti02 powder 
should be a combination of (i) grain dislodgment due to 
grain boundary fracture and (ij) lateral crack chipping. 
However, the dominating mechanism of material removal 
for the coatings sprayed with nanostructured A1 20 3/Ti02 
powders is grain dislodgment as suggested by Xu and 
Jahanmir 02l. as shown in Fig. 6b,c,d and Fig. 7b,c,d. 
Here, the situation of wear testing is different from that 
sited by Xu and lahanmir. This is a more rapid process of 
damage accumulation rather than the scratching with a 
diamond indenter. This is a rapid wear stage characterized 
by microfracture and grain pull-out [13]. So in this case, 
the calculated wear rates of the coatings show that the 
wear processes are severe wear due to the wear rates are 
greater than 2 x 10-8 mm}/N mm [141. 

It can also be noticed from the worn surfaces shown in 
Fig. 7 that the grain size of the coating sprayed with 
conventional AI 20}/Ti02 powder is about several mi
crons, while the grain size of the coatings sprayed with 
nanostructured A1 20 3/Ti0 2 powders is usually less than I 
IJ-m (from O.I-\.O IJ-m), and a significant fraction of the 
grains are less than 50 nm. 

3.5. Effect of microhardness and toughness Oil wear resis
tance 

A variety of wear mechanisms exists, based on a large 
amount of the research work conducted on coating and 

lW~------------------------, 

o lO 20 30 40 50 

1lme,(mio) 
Fig. 5. Wear volumes ofditTerentAI~03ITiO, coaling,. 
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bulk materials. It is commonly indicated that the wear 
resistance of a material is closely related to its microhard
ness, toughness, microstructure, defect content and the 
ratio of its hardness to the hardness of the abrasive [I5-19). 
Many studies have suggested that a high hardness is 
desirable for both brittle and ductile materials, while a 
brittle materia! benefits further from a high toughness 
[13,16]. 

Fig. 8 shows the relationship between the wear volume 
and the hardness of the coatings. It should he noted from 
the results shown in Figs. 5 and 8 that there is no simple 
relationship between the wear resistance and the hardness 
of the coatings. This means that the abrasive wear mecha
nism of the coatings not only depends on coating hardness 
and density, but also on particle size, type of the powder 
used, coating microstructure, as well as microstructural 
change during wear testing. Thus, the wear resistance of 
the Al20dTi02 coating can be changed significantly by 
selecting different powder proccss methods or by adding 
different additives, even if the hardness is almost the same. 

Fig. 6. Wom surface morphologies of AloO, ITiO~ coatings sprayed 
with: (3) conventional A110) ITi02 (MetCD 130) powder; (b) 1/

AI ,0, ITiO, powder; (d ,,-AI ,0, ITiO, + ceO, powder; (d) fI

AI,O;/TiO, + ceO, t liD, powder. 

Fig. 6 (continued). 

A possible reason for the con ventional All°3/TiO1 

coating exhibits the lowest wear resistance is their brittle
ness. SEM examination of the coating cross-sections shows 
that some cracks have already been produced in the con
ventional AI 20 3/Ti0 2 coating before indentation and wear 
tcsting, as shown in Fig. 9. The measurements of indenta
tion cracking length which relating to toughness on the 
various coatings were done in this experiment. The rela
tionship between the wear volume and the indentation 
cracking length on the cross-sections of the coatings is 
shown in Fig. 10. Therefore, it can be concluded that the 
abrasive wear resistance of the AI 20JTiO z ceramic coat
ings is strongly dcpend~nt on the toughness of the coat
ings. 

3.6. EfFects or microstructure and grain size 011 weu!" 
resis'iLllllT 

Wear is such a complex process thal many factors will 
influence it. In a certain case, one or more factors will 
dominate the wear rcsistance of the l11aterials, but they 
changc as conditions change. [n addition to the cffect or 
toughness and hardncss, the microstructurc of ceramics, 
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especially grain size, has an immense influence on the 
wear resistance [13,16,19]. In our case, it was noticed that 
the microstructures in coatings changed during the wear 
process. The results of XRD tests showed that the phase 
changed morc or less from )'-AI 20 3 to o:-AI 20 J . The 
)'-A 12 is an unstable phase, absorbing the friction heat ° 3 
and partially becoming the stable phase a-AIZOJ • It can be 
found that not only the intensities of ",{-AIZO J (440) 
decreased but also the intensities of a-Al z0 3 , e.g., (024), 
(104), (113) and (116), increased after wear testing. The 

changes in microstruetures are more significant in the 
nanostructured coatings than in the conventional (C I) coat
ing. It is believed that this phase transformation also has an 
important effect on the wear process. As mentioned above, 
there was a preferential growth in the coatings due to the 
process of powders and additives, i.e., the original mi
crostructure of individual coatings was different. This pref
erential growth certainly affected the wear behavior of 
individual coating to some degree. It is safe to say that 

Fig. 7. Higher magnification scanning electron micrographs of the worn 
surface morphologies of coatings sprayed with: (a) conventional 
AI,O, /TiO, (Metco 130) powder; (b) n-Alp, /TiO, powder; (e) 

,,-AI,O, /TiO, f CeO, powder; (dl n-AI10jTiO, \. ceO, \ zrO, 
p()\vdcr. 

Fig. 7 (continued). 

different microstructures of coatings make different contri
bution to the wear resistance. 

It is generally recognized that the wear of polycrys
talline alumina materials varies significantly with mean 
grain size G, wear rate W increasing rapidly with increas
ing grain size [20]. Numeral studies have indicated thm 
line-grained ceramics have lower wear rates than coarse
grained ceramics in both sliding [13,\61 and erosive wear 
[21,22]' for example, reducing the grain size of A I /), 
from 20 to 4 j.Lm has led to a five-fold inerease in the 
transition time from a slow wear stage characterized by 
plastic delonnatioll and grooving to a rapid wear stage 
chameteri;:ed by microfracture and grain pull-out [13J. The 
wear rat..:: in the slow wear stage is literally negligible. 
Thus. the longer the slow wear stage, the longer the Ii rc or 
the wear parts, At the slow wear stage, the damage due to 

the plastiC defol111ationwithin individual grains accumu
latcs. which in tum augments the pre-existing thermal 
stn:" at grain boundaries due to mismatches in them1al 
expansion coefficients and triggers the onset of the grain 
boundary cracking and grain pull-out [1.1,16J, The stress at 
grain btlundarics can be dramatically rclaxcd in nano-seale 
rcgllllC, due to the enhanced grain boundmy diffusion. 
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Fig. 8. The relationship between the wear volume and the hardness of the coatings. 

Therefore, it is expected that the stress build-up at the 
grain boundaries due to the plastic deformation within 
individual grains will be slowed down substantially by 
reducing the grain size to nano-scale regimes. Thus, the 

Fig. 9. Scanning electron micrographs ofthe cross-section ofAll0J/TiOl 
coatings: (a) conventional coating shows that some cracks have already 
been produced before indentation and wear testing; (b) nanostructtJred 
coating. 

onset of the grain boundary cracking and grain pull-out 
will be postponed and a ceramic material with a long slow 
wear stage and superior wear resistance will result. Mi
croftacture (e.g., grain boundary cracking and grain pull
out) is by fur the most important source of wear in ceramic 
materials [23]. This is because, unlike metallic materials, 
most ceramics are inherently brittle. Nevertheless, mi
croscale plastic deformation has been observed in many 
ceramics such as AlzO) [16], zr02 [24], SiOz [21] and 
Si)N4 [21] during sliding and erosive wear. A major cause 
of micro fracture in ceramics is the dislocation pile-up 
against grain boundaries that in turn acts as stress concen
tration and triggers grain boundary cracking and grain 
pull-out [23]. The smaller the grain size, the finer the flaws 
and the higher the external stress required to induce grain 
boundary cracking and grain pull-out. As indicated, the 
smaller the grain, the more resistant it is to fracture 
[25,26]. Thus, with fine flaws, the enhanced grain bound
ary diffusion and the associated stress relaxation, nanos
tructured ceramics or ceramic coatings are expected to 
have better wear and erosion resistance than conventional 
counterparts. The results of abrasive wear tests have con
firmed this. 

From the XRD results shown in Figs. 3 and 4, the 
coatings with different original structures trend toward the 
same structure during wear. It can be inferred from this 
that the difference in wear resistance of different coatings 
is related to the processes of structural changes. That is to 
say, different coatings show different structural change 
processes and different energy consumption. If a coating 
consumes more energy during the process, the coating will 
show better wear resistance. In the present experiments, 
the formation of the microstructures (including phase, 
grain size and surface texture etc.) and their changes 
during wear has not yet been examined systematically. In 
addition, the energy consumption has not been measured. 
Further detail works are needed. However, the influences 
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Fig. 10. The relationship between the wear volume and the indentation 
cracking length on the cross-sections of the coatings. 

of the processes on wear resistance are described. The 
wear resistance of different coatings is dependent on the 
processes that consume energy during wear. 

For different coatings, the energy consumption during 
wear under the same conditions is different due to their 
microstructural characteristics. It is suggested that the en
ergy consumption of coatings sprayed with nanostructured 
AI 20 3/Ti0 2 powders may be greater than those of coat
ing sprayed with conventional AI 20 3/Ti02 powder, due 
to their large microfracture resistance of the very small 
grain size and the big microstructural change during wear. 
Perhaps grain boundaries are one of destination where 
absorbed energy is stored in fonns of thermal movement 
of atoms and defects there. The larger the boundary vol
ume, the more energy could be absorbed, therefore the 
finer grain size, the greater wear resistance the materials 
might offer. Nevertheless, it is a right way to improve the 
wear resistance by fme grain route. 

4. Conclusions 

(I) Nano-scale and submicron-scale skeleton mi
crostructures can be fonned in the coatings sprayed with 
nanostructured AI 20 3/Ti02 powders, and play a very 
important role in wear process. 

(2) X-ray diffraction showed that the sprayed 
AI 20 J/Ti0 2 coatings consisted mainly of I'-AI 2 phase.0 3 
The X-ray diffraction result also showed that the preferen
tial crystal growth of the coating sprayed with conven
tional AI 2 0 1/Ti0 2 powder is obviously dirferent from 
that of the coatings sprayed with nanostructured 
AI 20 J /Ti0 2· The addition ofCe02 or Ce0 2 + zr0 2 into 
the AI 20 3/Ti0 2 powder can promote the fonnation of 
surface texture. The surface texture has an important influ
ence on the wear properties of AI 20 3/Ti0 2 coatings. The 
results also showed that friction and wear process of 

AI 20 3/Ti0 2 coatings is accompanied by a texture change 
on the wearing surface. The coatings with different origi
nal structures trend towards the same stable structure, 
et-AI 20), during abrasive wearing. 

(3) Abrasive wear data indicate that the coatings sprayed 
with nanostructured AI20 3/Ti02 powders have the poten
tial to provide substantial improvements in wear resistance 
over conventional counterparts. The wear resistance of the 
coating can be three times increased with the addition of 
Ce02 + zrO z into nanostructured AI 20 3/TiOz powders. 
That means the wear resistance of the AI 20 3/Ti02 coat
ing can be greatly improved by adding different additives 
even while keeping the hardness almost the same. The 
dominating mechanism of material removal for the coating 
sprayed with conventional AI 20 3/Ti0 2 powder is grain 
dislodgment due to grain boundary fracture combined with 
lateral crack chipping. For the coatings sprayed with 
nanostructured AI 20 3/Ti02 powders, the mechanism is 
mainly grain dislodgment. 

(4) There is no simple relationship between the wear 
resistance and the hardness of the AI 20 3/Ti02 coatings. It 
is suggest that the abrasive wear resistance of the 
AI 20 3/Ti0 2 ceramic coatings is strongly dependent on 
the toughness of the coatings and the process of structural 
change in the coatings during wear, as well as the density 
and the hardness of the coatings. 
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