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Abstract

Controlled wet erosive wear tests were performed on sapphire specimens. The erosion rates wepes3.661/s, 5.8% 0.72 nm/s and
5.854 0.81 nm/s due to impacts produced normalX6 Q 1)basal plane and (1.0 0), (1 12 0) prismatic planes, respectively. On the contrary
to wear due abrasion and sliding, the erosion of sapphire did not depend on the crystal orientation. Scanning electron microscopy (SEM)
micrographs of worn areas were analysed. The main erosion mechanism of sapphire appears to be by both plastic deformation and brittle
fracture.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction The wear of sapphire due to sliding on a steel suffatés
strongly dependent on the crystal orientation. The maximum
Itis known that sapphire is one of the hardest natural min- wear rate occurs when the sliding (rubbing) is on the basal
erals (9 on the Mohs’ scale) with excellent chemical stability plane but is independent of the sliding direction. Whereas
at high temperature and high wear resistance. The hardnesgyhen sliding on the prismatic planes wear rate depends on
of sapphire is anisotropic® and depends on the indentation  the sliding directior:® less wear resistance is found when

load>® surface finis_hin_é and tempgratu@. _ the sliding direction is normal to the basal planes. Also wear
Plastic deformationin sapphire is wellknown as evidenced resistance of sapphire due to abrasion depends on crystal
by slip (basal and prismatic) and twinnifig® at high tem-  grientationt3.15-17

peratures. The basal slip system is more common and itis Here we present results of wet erosive wear tests per-
activated at the(Q(0 0 1) planes in the [120] direction at  formed on surface of sapphire due to normal particle impacts.
900°C. The prismatic slip system is activated oni2(L0)  The crystal planes chosen for this study we¥@ 0 1)basal
planes in the [1Q 0] direction at 1800C. plane and (1 00), (1 120) prismatic planes. The choice of
Nevertheless, Hockréy has reported the observation of these planes was based on their importance to deformation
slip on the basal planes at room temperature. By using trans-and fracture process as previously summarised. The basal

mission of electron microscopy (TEM), he observed that plane is one on which dislocation motion and deformation
high dislocation densities on well defined permanent Vickers twinning’~1* occurs and the prismatic planes have been re-

hardness impressions were direct evidence of plastic defor-ported to fracture easifi?
mation due to slip on the basal planes. Furthermore, other
researchef8-13have also reported the observation of plastic

deformation (both basal and prismatic planes become acti-
vated) on worn surfaces of sapphire during sliding wear tests

at room temperature. 2.1. Sample preparation

2. Experimental procedure

Specimens were prepared from a 1in. diameter white
E-mail addressfranco@ucg.br. sapphire boule grown by the Czochralski process supplied
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by the National Physical Laboratory. Cuboid specimens of connected to the motor. At the other end of the arm, a pad-
10 mmx 10 mmx 5mm were cut from this boule using a dle is attached to mix the slurry. Both the jet body and the
high-speed diamond saw (CAPCO). Three crystal orienta- paddle rotate in a groove delimited by the pot inner wall and
tions were chosen0( 0 1)basal plane and (1.0 0), (1 12 0) a cylinder in the centre of the pot as shown in Fig. 5.2.1 in
prismatic planes. Specimens were mechanically ground with Ref. 1°. Tests were performed in a slurry medium of 1.5kg

14pm SiC slurry and polished on cloths impregnated with SiC grit (irregular shape with blunt and sharp ed§gswith

1 wm diamond paste. a mean size 0f780pm and a mean mass of 9.X010 *g,
dispersed in 81 of water. Particle impacts~a2.4 m/s were

2.2 \Wet erosive wear test normal to the specimen surface. Tests were performed for
several intervals of 1.0 h and the erosion r&ewas calcu-
lated as:

Wear tests were carried out by using an erosive wear
testet® which basically consists of an electric motor, a jet
body-sample holder and a slurry pot. The jet body-sample g —
holder is mounted on one end of a arm attached to a shaft AimpAt

Aw

1)

Fig. 1. Typical eroded surface of sapphire due to normal particle impact0 &) X) basal plane, (b) (IO 0) prismatic plane and (c) (JZO) prismatic
plane.
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whereAw = w — wo. wo is the specimen weight before test-  Table 1 _
ing (to) andw is the specimen weight after testing for atime ~ Erosion rate results of sapphire

Aimp is the impacting area (worn area) ands the specimen  Impacts normal Weight loss, Wear rate,

density_ to planes Wmean(MQ) Rmean(nm/s)
(0001) 2.28+0.28 5.68+ 0.67
(1100) 2.34+0.29 5.810.72
(1120) 2.55+0.30 5.85+0.81

3. Experimental results and discussion

Fig. 1 shows SEM micrographs of worn surfaces after thatduring sliding on the basal planes very high temperatures
6.0 h of normal particle impacts. Both plastic deformation are locally produced (atthe sliding contact) which activate the
and brittle fracture are present in the worn areas. The scarsoasal slip system making this plane less resistant to sliding.
on the basal plane§ig. 1a) are similar to those plastic im-  In the present erosion tests, these locally high temperatures
pression produced by a sharp indenter. Whereas for the pris-d0 not occur because the striking particles have low impact-
matic planesFig. 1b and c), the scars are similar to those ing energy (impacts velocity is up to 2.4 m/s) and erosion
of brittle fracture with looser debris and those produced by a tests are performed in a water medium. Furthermore, after
blunt indenter. It can be noticed that looser debris are more severalimpacts the worn area is being rougheneéigp 0,
present on worn areas of prismatic planes than basal planesthen the particle impacts cease to be normal to any sapphire
Also the blunt indenter impressions on prismatic planes are Crystal plane. At larger time wear rate become independent
much bigger than the sharper indenter impressions on basaPf crystal orientation.

planes. The damages areas produced by single impagts ()
The weight loss versus impacting time due to normal par- are due to both plastic deformation and brittle fracture that
ticle impacts for each crystal orientation is showrFig. 2 does not depend on the hardness of crystal orientation, which

The weight loss increases linearly with impacting time and iS anisotropic:~® Thus, the main erosion mechanism of sap-

does not depend on crystal orientation. The presence of bothPhire appears to be by both plastic deformation and brittle

blunt and sharp indenter impressions can be attributed to thefracture.

shape of the impacting particles. SiC grits used in this study ~ Onthe other hand, wet erosive wear tests of polycrystalline

were of irregular shape with blunt and sharp edes. Al,03 was extensively studied by Franco and coworkers
Table 1 summarises the erosion results of each crys- atthesametestsconditions as here. They reported that the ero-

tal orientation: mean We|ght |033‘Jmean and mean ero- sion rate for Specimens ofgrain si@e=1.2, 3.8 and l4ﬂbm

sion rate, Rmean was calculated using qu)' where was 1.83+:0.7 nm/s, 8.36-0.8nm/s and 11.3¢ 0.6 nm/s,

Aimp=2.82x 10-°m? andAt= 1.0 h. The particle impacting respectively. The erosion results of single crystagl@y can

velocity was~2.4 m/s and specimen density: 3.965 g/c. be compared to erosion rate of8l; with grain size ranging
On the contrary to wear due to abrasion and slid#1g’ from 1.2 to 3.8um. The main wear mechanism of polycrys-

the erosion rate of sapphire does not depend on crystal orientalline alumina is by linking of crack systems from closely

tation. For instance in sliding wear tests, the basal planes arespaced impacts.

less resistant, then prismatic planes is attributed to the fact

4. Conclusions

Controlled wet erosive wear of sapphire were studied.
The weight loss due to normal particle impacts on basal and
prismatic planes of sapphire increased linearly with impact-
ing time and does not depend on crystal orientation. The
erosion rates were 5.680.67 nm/s, 5.8%0.72 nm/s and
5.85+ 0.81 nm/s due to impacts produced normalxo 0 1)
basal plane and (L0 0), (112 0) prismatic planes, respec-
tively, also does not depend on the hardness of crystal orien-
tation. On the contrary to wear due abrasion and sliding, the
erosion of sapphire did not depend on the crystal orientation.
The main erosion mechanism of sapphire appears to be by
both plastic deformation and brittle fracture.
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