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A novel laminated AlyO3/TiC/CaF2-AloO3/TiC sandwich ceramic composite was fabricated through cold
pressing and sintering to achieve better anti-wear performance, such as low friction coefficient and low wear
rate. Al;O3/TiC/CaFz and Al;O3/TiC composites were alternatively built layer-by-layer to obtain a sandwich
structure. Solid lubricant CaFy was added evenly into the Al;O3/TiC/CaF3 layer to reduce the friction and
wear. AlxO3/TiC ceramic was also cold pressed and sintered for comparison. Friction analysis of the two
ceramics was then conducted via a wear-and-tear machine. Worn surface and surface compositions were
examined by scanning electron microscopy and energy dispersion spectrum, respectively. Results showed that
the laminated Al;O3/TiC/CaF2-Al;O3/TiC sandwich ceramic composite has lower friction coefficient and
lower wear rate than those of Al;O3/TiC ceramic alone because of the addition of CaFz into the laminated
Al203/TiC/CaF2-AloO3/TiC sandwich ceramic composite. Under the friction load, the tiny CaFq particles
were scraped from the AloO3/TiC/CaFy layer and spread on friction pairs before falling off into micropits.
This process formed a smooth, self-lubricating film, which led to better anti-wear properties. Adhesive wear
is the main wear mechanism of Al;O3/TiC/CaF; layer and abrasive wear is the main wear mechanism of
Al3O3/TiC layer.

KEY WORDS: Friction and wear characteristics; Wear property; Ceramic-matrix compos-
ites; Layer manufacture; Surface appearance; Sliding

1. Introduction Ceramics have excellent mechanical properties
such as the wear resistance, oxidation resistance, and
corrosion resistancels=8/. A number of researchers

have argued that the abrasive and adhesive wears are

Self-lubrication of friction surfaces, which en-
hances wear resistance and reduces friction coeffi-

cients, is currently an area of enhanced interest in
materials science. Self-lubrication improves wear re-
sistance of materials and reduces maintenance cost!!.
Self-lubrication is one of the most widely used meth-
ods for forming a new reparative film on the surface
of a friction pairl?. A self-lubricating effect can be
identified by either physical or chemical process (or
both) in a friction system!®—%.
t Corresponding author. Assoc. Prof., Ph.D.; Tel: 486 531
82765870; E-mail address: me yangxf@Qujn.edu.cn (Xuefeng
YANG)
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the predominant wear mechanisms on the wear sur-
face of friction pairs for ceramic materials® =11l
CaFs is a well-known, widely used solid lubricant
which has physical, chemical, and microstructural in-
fluences on the tribological contact of working sur-
face. The mechanism of the effective lubricating per-
formance of CaFy is easy shearing along the basal
plane of the hexagonal crystalline structure because
of its lamellar structure and low shear strength. In ad-
dition, CaFs is a useful addition in the production of
self-lubricating ceramic composites, and is used in dif-
ferent anti-wear applications. In earlier studies!*2-15,
anumber of ceramic composites, such as AloO3/CaFaq,
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SiC/CaF3, and Al;O3/TiC/CaFy have been devel-
oped. Tribological and microstructural studies have
also been extensively conducted on these composites
and their mechanical properties. The addition of solid
lubricants to the ceramic matrix can improve its tri-
bological properties.

In this article, A1203/T1C/CaF2—A12 Og/TlC lam-
inated ceramic composite and AloO3/TiC ceramic are
developed via cold pressing and sintering to study
friction coefficients and wear rates according to self-
lubricating theory!'6=231,  Wear-and-tear behaviors
of Aly,O3/TiC/CaF2-Al;03/TiC laminated ceramic
composite and Al,O3/TiC ceramic are investigated
and revealed also. their self-lubricating effect and
wear-resistance characteristics.

2. Experimental

2.1 Specimen preparation and its mechanical
properties

Sandwich-like structure of the laminated ce-
ramic composite and AlyO3/TiC ceramic were fabri-
cated via cold pressing and sintering to obtain self-
lubrication. The designed laminated Al,Og/TiC/
CaF3-Al;03/TiC composite structure is shown in
Fig. 1. The laminated Aly;O3/TiC/CaFs and
Al,O3/TiC with a sandwich-like structure were built
layer by layer to obtain the predefined dimension.
Raw material for the specimen sintering was com-
posed of Al,Og3, TiC, CaFs, Mo and Ni. Density of
a-Al;O3 powder was 3.99 g/cm?® and its purity was
more than 99.9% with an average diameter <2 pm.
Density of TiC was 4.25 g/cm® and its purity was
99.8% with an average diameter <2 pm. Density of
CaFy was 3.18 g/cm? and its purity was more than
98.5%. The aforementioned powders were mixed with
pure water and a small ceramic ball in a planetary
ball milling canister for 120 h. Phase contents of
the AlyO3/TiC layer were 45 vol.% AloOs and 55
vol.% TiC. Small amounts of Mo and Ni powders
were added to the mixture to strengthen the matrix.
The self-lubricating AloO3/TiC/CaF5 layer was then

ALOyTC

————— ALO4MC/CaF;

Fig. 1 Schematic of the laminated sandwich-structure-
like Al2O3/TiC/CaF2-Al,O3/TiC ceramic com-
posite

prepared using Al;Ojz, TiC, and CaFs, with their
phase contents being 67.5 vol.%, 22.5 vol.%, and
10 vol.%, respectively. Raw material preparation of
Al,O3/TiC ceramic was identical to the Al,O3/TiC
layer of the aforementioned laminated composite.
After being heated in a dry box, the mixed pow-
ders were sifted through a screen under flowing Ng
atmosphere. The laminated sandwich composite and
Al,O3/TiC ceramic were then fabricated via cold
pressing and sintering. Graphite mold suitable for
preparing ceramic composites was designed. Sinter-
ing temperature was set at (1750+33) °C and cold
pressure was set at 50 MPa. Al,O3/TiC/CaF, and
Al;03/TiC powders of the prepared specimen were
in turn placed in the graphite mold. Heating cycle
was 10 minutes using Ar as sintering atmosphere.
Two specimens were prepared following the afore-
mentioned procedure. Specimens were then sliced
into pucks measuring 3 mmx4 mmx36 mm. Gen-
eral mechanical properties of the specimens were eval-
uated. Density (p) of specimens was measured ac-
cording to p = m/V, where m is the mass of the
specimens which was measured using an electronic
scale with a resolution of 0.0001 g, V is the volume
of the specimens. Dimensions of the specimens were
measured using a micrometer. Hardness was mea-
sured using a Vickers sclerometer. Bending strength
was measured via a three-point bending test using
a span distance of 20 mm and a loading rate of 0.2
mm/min. Fracture toughness was measured using an
impress method, with the force of impress being 196 N
and retaining time being 15 s. Lengths of cracks were
measured under an optical microscope with 400 times
magnification. Detailed mechanical properties of the
specimens are provided in Table 1. Macrophotograph
of Al,O3/TiC/CaF3-Als03/TiC laminated ceramic
composite is shown in Fig. 2. Microstructure and
EDS results of Al,O3/TiC/CaFs are further shown
in Fig. 3. Fig. 3(a) shows that the big granules are
Al;O3 and TiC, CaFs particles exist at the gaps of
the granules as binding phase because CaFy melt at
1450 °C. The EDS results of Al;O3, TiC and CaF; are
shown in Fig. 3(b), (c) and (d), respectively. The me-
chanical properties and the hardness of Al,O3/TiC/

Table 1 Mechanical properties of the Al,O3/TiC/
CaF3-Al,O3/TiC laminated ceramic composite

Materials Fracture Flexure Hardness Density
toughness strength (GPa) (g/cm®)
(MPa-m'/2) (MPa)
Laminated 2.24 281 6.56 2.88
ceramic
Al,03/TiC/CaF2 2.53 321 8.67 2.53
layer
Al,03/TiC 1.95 241 4.45 3.13
layer
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CaFs is better than those of AloO3/TiC because the
CaF5 is used as the binding phase. In sintering pro-
cessing, the great heat melt CaF3, and CaFy flow
into and fill holes. Though CaFy has low mechan-
ical properties, CaFy replace holes in matrix, and
the residual porosity of AloOs/TiC/CaFs matrix is
less than AlyO3/TiC. So the mechanical properties

T ALOS/TIC

el ALOS/TIC/CaF,

Fig. 2 Cold press and sintered laminated Al,Os/TiC/
CaF3- Al;O3/TiC sandwich composite

and hardness of Al,O3/TiC/CaFy is better than
Al,O3/TiC.

The ceramic component with CaFs addition
showed better mechanical properties. Due to the high
sintering temperature during the hot sintering, CaF,
reached its melting point, and flowed into the micro
porous gaps of the Al;O3/TiC, which worked as an
adhesive lead to the improvment of the material’s me-
chanical properties. In the contrary, quite a lot of
vacancies exist in the cold sintered ceramic compo-
nent, which seriously affected the material’s mechan-
ical properties. So the hardness of Al;O3/TiC layers
is lower than Al,O3/TiC/CaF; layers.

2.2 Experimental setup

Experiment was conducted on an MMG-10 high
speed wear-and-tear test machine produced by Jinan
Test Machine Co., Ltd. This machine is a pin-on-disc
sliding friction type. Ceramic friction coefficient was
determined with a given load and rotational speed.
After fine polishing, the specimens were fixed tightly
onto the machine as a disc source. A ring-shaped
quenched 45 steel functioned as the pin and rota-
tional speed of the machine was set between 100 and
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Fig. 3 SEM image of the Al;03/TiC/CaF; (a) and EDS results of the position denoted by the circle A

(b), circle B (c¢) and circle C (d) in Fig.3 (a)
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400 r/min. The load was applied vertically from top
down to the polishing surface of the specimens, rang-
ing from 20 to 100 N. Fig. 4 shows the experimental
setup.

Wear and tear of the specimens were calculated
based on weight variations of the specimens. During
friction-testing procedure, the mass decrease of each
specimen was measured using an electronic scale with
a 0.001 g precision. The specimens were weighed ev-
ery 30 min after testing. Wear rate can be calculated
using Eq. (1):

Aw

= ].
W 2rRtnpPp’ (1)

where Aw is the wear-and-tear mass (g); R stands for
average friction radius, which is the distance between
the center of the lump and the rotating axis of the
ring (m); ¢ is the time duration (min); n is the ro-
tational speed of the ring (r/min); p is the average
friction coefficient; P is the force on the disc (N).

At the end of the experiment, the specimens were
washed in an ultrasonic launder using grain alcohol,
and then dried and preserved in an air shield environ-
ment. Microstructures and energy dispersive spec-
trum (EDS) analysis of the specimens were carried
out under a scanning electronic micrograph.

3. Results and Discussions

3.1 Friction coefficient

Fig. 5 presents the friction coefficient variations

with rising load and rotational speed. It is shown
that the average friction coeflicient of the laminated
ceramic composite is irregular. Under the same rota-
tional speed of 100 r/min, the friction coefficient of
the specimen increases sharply from 0.3 to approxi-
mately 0.6 when the load increases from 20 to 40 N.
As the rotational speed further increases, the average
friction coefficient only shows a marginal variation be-
tween 0.5 and 0.6. This result indicates that the fric-
tion coefficient is stabilized between 0.5 to 0.6 with
increasing rotational speed and load.

3.2 Wear rate

Wear rate of Al,O3/TiC/CaF2-Al;O3/TiC lami-
nated ceramic composites is shown in Fig. 6. When
the rotational speed is 100 r/min, the wear rate of the
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Fig. 5 Friction coefficient of the laminated ceramic com-
posite variation with load and rotational speed

Fig. 4 The experimental setup, the left one is the wear and tear test machine with the right down figure
being the tested sandwich ceramic composite surface
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laminated ceramic composite is lower than those at
200 r/min and 400 r/min with increasing load, thus
indicating a better wear resistance. However, the wear
rate of the laminated ceramic composite becomes un-
stable when the load is increased from 20 to 100 N
under a high rotational speed of 400 r/min. Wear
rate of the laminated ceramic composite is lower than
10x10~'" m2.N—! when the load is less than 40 N
at 400 r/min, and then it increases sharply to more
than 30x10~!! m2-N~! when load higher than 60 N.
In general, the wear rate of the laminated ceramic
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Fig. 6 Wear rate of the laminated Al,O3/TiC/CaF2-
Al>03/TiC ceramic composite variation with the

load and rotational speed
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composite increases as rotational speed rises. With
high rotational speed, the wear rate increases rapidly
with the load increasing.

Table 1 shows that the mechanical properties
including fracture toughness, hardness and flex-
ure strength of AlyO3/TiC layer are lower than
Al,O3/TiC/CaFy layer. The worn surfaces of the
Al,O3/TiC/CaFy and Al,O3/TiC layers were ob-
served by SEM. Fig. 7(a) shows the worn surface
of Al,O3/TiC/CaFs, in which some films form on the
friction surfaces. Fig. 7(b) shows the EDS of the worn
surfaces of Al,O3/TiC/CaF2, and Fe, Ca, F, Ti, C,
Al and O are found. Fig. 7(c) shows the micrograph
of the worn surface of Al;O3/TiC, many small holes
are present and the brittle worn sheet is exfoliated
from the matrix because of sintering without pressure.
Fig. 7(d) shows the EDS of the Al;O3/TiC, which ex-
hibiting Ti, C, Al, O, Mo and Ni which all belong to
the matrix. The worn surface does not consist of Ca,
F and Fe. Al,O3/TiC/CaF; exhibits adhesive wear
mainly because Fe adheres onto the worn surface, and
the wear mechanism of Al,O3/TiC layer is abrasive
wear. Fig. 8 shows the SEM image and EDS result
of the worn surface of Al,O3/TiC. The Al,O3/TiC
layer exhibits abrasive wear (Fig. 8(a)). Many fur-
rows and fallen grains are present on the surface. The
traces go along the friction direction with heavy wear.
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Fig. 7 SEM images and EDS results of the worn surfaces of Al,O3/TiC/CaF; layer (a, b) and Al,Os/TiC
layer (c, d) in the laminated Al,O3/TiC/CaF3-Al;O03/TiC ceramic composite



162

Intensity (a.u.}

Xuefeng YANG et al.: Acta Metall. Sin. (Engl. Lett.), 2013, 26(2), 157-166.

®

Ti

Ni Ti
A Fo. M
6

b 1 2 3 4 5
Energy (keV)

Fig. 8 SEM image (a) and EDS result (b) of the worn surface of AlO3/TiC ceramic composite

The surface is seriously worn, and some pits appear
because of the fallen grains and micro-cracks on the
local surface. Due to the worn surface of Al;O3/TiC
layer is seriously worn, the wear rate becomes unsta-
ble with the load increasing from 20 to 100 N under
high rotational speed of 400 r/min.

3.8 Friction and wear behaviors

The worn surface of the laminated ceramic com-
posite specimen is shown in Fig. 9. At a macro-
scopic scale, the worn profile of Al;O3/TiC/CaFs-
Al;O3/TiC laminated ceramic composite is varied
at different layers. Several granules of the ceramic
are removed from Al;O3/TiC layer. By contrast,
Al,O3/TiC/CaF, layer maintains its original shape
with no granules removed from the matrix. Fig. 9
indicates that wear mechanism is varied at differ-
ent layers. Abrasive wear is the main mechanism
in Al;O3/TiC layer as shown by the granules falling
off from the worn surfaces. Adhesive wear appears
to be the wear mechanism in Al,O3/TiC/CaF2 layer
because no granule falling off the worn surface is

Smm

Fig. 9 Photograph of the worn surface of the tested
laminated AlyO3/TiC/CaF2- AlyO3/TiC ceramic
composite

observed and a layer of ferric oxide is formed.

The worn surface of AloO3/TiC/CaF3-Al;03/TiC
laminated ceramic composite sample is shown in
Fig. 10. Fig. 10(a) illustrates the worn surface of
a wear-and-tear test specimen. Wear behaviors of
Al;03/TiC/CaF4 and Al;O3/TiC layers are different.
Numerous pits are formed by scraped matrix granules
on the worn surface of AloO3/TiC layer. By con-
trast, no pits are formed on AloO3/TiC/CaFs layer.
The Al,O3/TiC/CaFy matrix maintains its original
appearance. The worn surface of Al,O3/TiC/CaFs
layer appears to be smoother than that of Al,O3/TiC
layer.

Fig. 10(b) shows the micrograph of the worn sur-
face of the Al,O3/TiC/CaF3 layer, wherein the worn
surface is smoother than that of the AloO3/TiC layer.
Several adhesive materials are found on the worn sur-
face of the Al;O3/TiC/CaF5 layer. EDS result of the
worn surface of the Al,O3/TiC/CaF; layer is shown
in Fig. 11. Adhesive materials are ferric oxides on the
worn surface. Table 2 provides a quantitative analy-
sis of the elements corresponding micrographs of Fig.
10(b). It shows that a large amount of elements of the
quenched 45 steel are found on the worn surface of the
Al,O3/TiC/CaF; layer. We therefore conclude that
the main wear mechanism of the Al;O3/TiC/CaFq
layer is adhesive wear.

Fig. 10(c) shows the micrograph of the worn sur-
face of the Al;O3/TiC layer. The worn surface is
very rough and has numerous pits which are formed
by falling off of the granules. EDS analysis of the
worn surface of the AlyO3/TiC layer is shown in
Fig. 12. It reveals that elements on the worn sur-
face come mainly from the matrix and no extraneous
elements are found on the worn surface. Table 2 pro-
vides a quantitative analysis of the worn surface of the
Al;03/TiC layer. We conclude that the wear mecha-
nism of the Al,O3/TiC layer is abrasive wear. Wear
resistance of the Al;O3/TiC layer is lower than that
of the Al,O3/TiC/CaF; layer.
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Fig. 10 Worn surfaces of the Al;O3/TiC/CaF2- Al,O3/TiC laminated ceramic composite and its micro
structures within different layers: (a) image of the worn surface after wear and tear test; (b)
micrograph of the Al,O3/TiC/CaF; layer of the laminated ceramic composite; (c) micrograph of
the Al;O3/TiC layer of the laminated ceramic composite; (d) micrograph of the junction area
between the Al,O3/TiC/CaF2 layer and the AloO3/TiC layer

Intensity (a.u.)

Fe Fe
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Fig. 11 EDS result of the worn surface of the tested
Aly03/TiC/CaF; layer in the laminated Al>O3/
TiC/CaF2-Al;03/TiC ceramic composite

Fig. 10(d) shows the micrograph of the worn sur-
face of the junction between Al,O3/TiC/CaFs and
Al,O3/TiC layers. It is seen that friction surfaces of
the main loading area on Al,O3/TiC/CaFy layers are
covered with Fe. Al,O3/TiC/CaF; layers exhibiting
better wear resistance than Al,Og/TiC layers. Wear
behavior appears to be abrasive, with numerous pits
resulting from granules falling off.

Fig. 13 shows the exfoliative worn surface of
Al;03/TiC/CaF4 and Al;O3/TiC layers. Microstruc-
tures of AloO3/TiC/CaFs layers appear to be more
compact than those of Al,O3/TiC layers. Fig. 13(a)
shows that a number of vacancies are formed on the
Al;,03/TiC/CaF4 layer by granules falling off on the
worn surfaces. Fig. 13(b) indicates the presence of
numerous holes in the matrix on the Al,O3/TiC layer
because the matrix becomes loose without the appli-
cation of pressure during sintering.

Fig. 14 shows the microstructure and EDS results
of Al,O3/TiC/CaFy layers. It can be seen that AloOs
and TiC appear to be large granules. CaFy particles

Table 2 Compositions (wt.%) of different layers in Al,O3/TiC/CaF2-Al2O3/TiC laminated ceramic composite

Layer C (0] F
Al,03/TiC/CaF, 1001 3344 161
Al,O3/TiC 4.65 32.73 -

Al Ca Ti Fe Ni Mo
15.37 0.65 33.38 1.90 2.66 0.98
1.16 - 3.23 55.17 3.06 -
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Fig. 12 EDS result of the worn surface of AloO3/TiC layer
in the laminated Al;O3/TiC/CaF3-Al;03/TiC
ceramic composite (a) AlpO3/TiC/CaF, layers
(b) Al2O3/TiC layers

exist in the gaps between the granules as the binding
phase, which may be attributed to the melting tem-
perature of CaFy (1450 °C). EDS of Al; O3, TiC, and
CaFy are shown in Fig. 14(b), (c) and (d), respec-
tively. Wear resistance of Al;O3/TiC/CaF layer ex-
ceed that of Al;O3/TiC layer because CaFs is used
as the binding phase. Under the selected friction
load, thermal expansion coefficient of CaFs parti-
cles differs from that of the matrix, which caused
microcracks to appear as a result of induced ther-
mal stress. When Al;O3 or TiC granules fall off
on the worn surfaces, the CaFs phase is exposed on
the worn surface. As a result of low shear modu-
lus and strength, CaFy particles pull and cover fric-
tion surfaces and form a self-lubricating film. This
solid, self-lubricating film on the friction surface

Fig. 13 SEM images of worn surfaces of Al,O3/TiC/CaF3 layer (a) and Al,O3/TiC layer (b) in the lami-
nated AloO3/TiC/CaF2-AloO3/TiC ceramic composite
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Fig. 14 SEM image of the Al,O3/TiC/CaF; layer (a) and EDS results of the position denoted by the circle
A (b), circle B (c) and circle C (d) in Fig.14 (a)
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makes the friction coefficient of AlyO3/TiC/CaFy
layer lower than that of AlyO3/TiC layers, thereby
increasing wear resistance.

3.4 Comparison of AlyOs/TiC/CaFs- AlbOs/TiC
laminated composite and Al, O3 /TiC

Fig. 15 shows worn morphologies of Al,O3/TiC/
CaF2-Al;03/TiC laminated composite and Al;O3/
TiC ceramic, which were fabricated and tested under
the same conditions. The wear rate of Al;O3/TiC
ceramic is shown to be higher than that of
Al,O3/TiC/CaF2-AlsO3/TiC laminated composite.
Therefore, wear resistance of AlyO3/TiC/CaFs-
Al;03/TiC laminated composite surpasses that of
Al;O3/TiC ceramic.

Fig. 16 presents a comparison of friction coeffi-
cients of the two studied specimens at a load of 20 N.
Friction coefficient of Al,O3/TiC/CaF3-Al;O3/TiC
laminated composite is shown to be lower than that
of Al,O3/TiC ceramic. As the rotational speed rises
from 100 r/min to 200 r/min, average friction co-
efficients increase from 0.3 to 0.6. By contrast,
Al503/TiC ceramic composites have a larger friction
coefficient. As rotational speed increases, friction co-
efficient of AlyO3/TiC ceramic composite falls from
0.68 to 0.63. Al;O3/TiC/CaF5 ceramic composite is
clearly lower friction coefficient than Al;O3/TiC com-
posites at low rotational speed.

The wear resistance of the ceramic composite
is proportional to H\l,/2 . Kf’é4, where Hy is the
Vickers hardness and Kjc is the fracture tough-
ness. Following Eq. (1), the wear-rate curves
of Al;O3/TiC/CaF2-AlyO3/TiC laminated compos-
ite and AlyO3/TiC under different loads are out-
lined in Fig. 17. When rotational speed reaches
100 r/min, AlQOg/TlC/C&FQ-AlQOg/TIC laminated
composite and Al,O3/TiC composite demonstrate
completely different wear characteristics. Wear rate
of Al,O3/TiC composite tends to increase rapidly
as load increases. The value rises from 4.073 x
107" m2N—! to 26.714x10~" m?N~! when the

3mm

load increases from 20 to 40 N. The wear rate
of Aly03/TiC/CaF2-Al,03/TiC laminated compos-
ite tends to decrease slightly from approximately
3x107 1 m2N~1 t0 1.28x10~ 1 m?N~! when the load
increases from 20 to 40 N. A minimum wear rate is
obtained at the load of 40 N. As the load further in-
creases, wear rate increases at lower rate. Over the
entire load range, wear rate of Al;O3/TiC composite
is higher than that of Al,O3/TiC/CaF2-AloO3/TiC
laminated composite, particularly under high loads.
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Fig. 16 Friction coefficients of the Al,Os/TiC/CaFsz-
Al;03/TiC laminated composite and AloO3/TiC
ceramic variation with rotational speed (load=
20 N)
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4. Conclusions

This paper investigated and compared wear be-
havior of Al,O3/TiC/CaF2-Al;O3/TiC laminated ce-
ramic composite and of Al,O3/TiC ceramic. The fol-

lowing findings were derived from the study:

(1) Al,O3/TiC/CaF2-Al;O3/TiC laminated com-
posite prepared by cold pressing and sintering, has a
friction coefficient of 0.5 to 0.6, which is lower than
that of Al;O3/TiC composite. The wear rate of the
former increases with increasing friction plate rota-
tional speed. The wear rate of the laminated compos-
ite is lower than 10x10~ " m3-N~'.m~!, which is also

lower than that of AloO3/TiC composite.

(2) The wear morphologies of the Al,O3/TiC/
CaFq and Al;O3/TiC layers of the laminated ceramic
composite are different. A large number of the pits are
formed by the scraped AlO3/TiC matrix on the worn
surface of AloO3/TiC layer. The Al,O3/TiC/CaFs
layer maintains its original appearance, and the worn
surface of Aly,O3/TiC/CaFq layer is smoother than

those of AloO3/TiC layer.

(3) Al,O3/TiC/CaFs layer is more compact than
Al;O3/TiC layer in the laminated composite, and ex-
hibits lower friction coefficient as well as higher wear
resistance than Al;O3/TiC layer because CaFs is used
as the binding phase. When Al;O3 or TiC granules
fall off the worn surface, CaFy becomes exposed. As
a result of low shear modulus and strength, tiny CaFq
particles are pulled out and covered on friction sur-
face to form a self-lubricating film. Because of the
solid, self-lubricating CaFs on the friction surface,
friction coefficient of AloO3/TiC/CaFq layer is lower
than that of AloO3/TiC layers. The wear resistance

of the former is also better than that of the latter.

(4) Friction coefficient and the wear resistance
of the prepared Al,O3/TiC/CaFo-Al2O3/TiC lami-
nated composite are found to be better than those of
Al;O3/TiC ceramic fabricated using the same sinter-
ing process. Al,O3/TiC/CaF3-Al;03/TiC laminated
composites improve the worn surface and have better

wear resistance than AlyO3/TiC ceramics.

(5) The main wear mechanism of AlyO3/TiC/CaF5-
across
Al,03/TiC/CaFy and Al,O3/TiC layers. The main
wear mechanism of AlyO3/TiC/CaF; layer is adhe-
sive wear, whereas of AloO3/TiC layer is abrasive
wear. The wear resistance and self-lubricating mech-
anism of AlyO3/TiC/CaFs layer are attributed to
Solid CaFs lubri-
cant fills micropits and the worn area, and develops
a self-lubricating film during pressure driving. This
self-lubricating film enhances wear resistance and de-

Al;03/TiC laminated composites differs

CaFy absorbed on friction pairs.

creases friction coefficients.
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