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Abstracts: Self-lubricated composite ceramics are potential candidates for the application of
wear-resistance components in extreme environments. Bionic laminated self-lubricated composites
are highly attractive materials because of their excellent overall performance. Optimization designs of
macro/micro structures of them are key paths to achieve the integration of structure-lubricating
function and improvement of reliability. In this overview, the influence rule and mechanisms of
structural parameters of layered structures and morphology, geometric parameters and compositions
of interfaces on the mechanical and tribological properties of alumina laminated composites were
reviewed based our previous researches. These have guiding significance for the performance
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improvement of the self-lubricating ceramic composites and promoting its application in high-tech
equipment.

Key words: Self-lubricated composite ceramics; Bionic layered structure; Structural parameters;
Interfacial micro-structures; Reliability
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Figure 2 SEM photographs of laminated self-lubricated composites
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Figure 3 Schematic diagram of interface design of alumina laminated self-lubricated composites
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Figure 4 The interfacial and profile microstructures of the laminated composites with (a) sawtooth-like interface,
(b) orthogonally microcorrugated interface and (c) mineral bridge
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Figure 5 SEM photographs of laminated self-lubricated composites with (a and b) transition interface,

(c and d) modified interface and (e and f) compounded interface
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Figure 6 Mechanical properties of the laminated composites with different structural parameters **)
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Figure 7 The schematlc diagram of precracked monolithic Al,O; ceramic and laminated composites with
different layer-numbers different thickness of graphite layer *
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Table 1 Mechanical properties of Al,O3/Graphite composites with different thickness of graphite layer

Samol Layer-number Layer-thickness / pm Mechanical properties

ample
P ALO;  Graphite  AlLO; Graphite ~ K;c/MPa-m'?  yyor/J'm>  o/MPa
A 6 5 516.9 15 6.0+£0.1 684 + 82 132+9
B 6 5 516.9 30 7.6+0.3 572 + 36 148 £ 11
C 6 5 516.9 45 6.4+0.3 423 +58 131 +£10
D 6 5 516.9 60 4.5+0.2 374 + 44 158 £ 11

B8 RAEARTFEER )” . AL Os/Graphite &4 & & 4 #8997 B 41
Figure 8 The crack-path of Al,05/Graphite composites with different thickness of graphite layer
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Figure 12 SEM images and EDS of the worn surfaces of the monolithic Al,O; ceramic, Al,O5/Graphite
laminated composites and friction pair Al,O; balls
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Figure 13 (a) Microstructures, (b) distribution of elements and (c) XRD pattern of Al,0/Graphite-BaSO, 1**!



-207 -

—_—
1]

—
—_
%]

Friction coefficient

0
0

»
Ba 4.2
Al 0.6

(b)

mALO, 4MoS, ©BaSO, *BaMoC, *TiO,

Element | wit.%
Al 475
0 3335
Ba 95
Mo 7.6
T 14

Cu

0.6

Bl 14 & Jf £ £ 5 BaMoO, #] Al,O3/MoS,-BaSO, 2k & A 4 K i
(a) E#MPo. (b) XRD E# K (c~f) 0% » # E>
Figure 14 (a) Microstructures, (b) XRD pattern and (c ~ f) distribution of elements of Al,03/MoS,-BaSO,
laminated composites doped with BaMoO,*”?

AlLO,/Graphite-BaS0,
L,0,/Grap . A 800

600
400

200
AGB46

|~~~ Temperature

Il Il

0
1800 3600 5400 7200 9000
Time /s

Do / 8uNjesadwa]

—_
o
—
2k
[\%]

Friction coefficient

0.8

04

0
0

ALD,/MoS,-BaSO
£0/MoS,-BaSO, 800

3

600 .g

| @

o

400 €

k ] @

i Lo g
]\Temperature ) 0

1800 3600 5400 7200 9000
Time/s

B 15 $fk ALO; % . ALOs/Graphite-BaSO, 7 ALOs/MoS,-BaSO, Z 4k B i /& 41 1 £ £ 5 £ 800°C
SR AR R R S &)

Figure 15 Friction coefficient curves of monolithic Al,O; ceramic, Al,O3/Graphite-BaSO, and

Al,03/MoS;-BaSO, laminated composites at elevated temperatures [2937]
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Figure 16 The schematic diagram of the formation of tribo-films at different operating temperatures
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®2 AAEHENEREMEN ALOyYMo BRE &M HH /1 F tak

Table 2 Mechanical properties of Al,O3;/Mo laminated composites with sawtooth-like interface

Area density of ~ Layer-number Interfacial Fracture Work of  Bending
Sample the grooves bonding toughness fracture strength
/% ALO; Mo strength /MPa  /MPa-m"? /J-m™ / MPa
A 21.0 2 1 18.1+0.8 6.1+£0.8 264 258
B 26.5 2 1 21.8+0.5 79+0.2 339 310
C 36.0 2 1 26.9+0.6 6.7+0.5 274 297
D 55.6 2 1 349+14 53+0.3 196 269
E 0 2 1 Interfacial failure occurred in the machining process
F — 1 0 — 3.9+0.1 179 251
G 26.5 4 3 21.8+0.5 8.0=+0.3 1179 293

B IR v 1 T AT DR A AR 2 R R S AP RHE S 2 800°C i B2V Il N HIELRIEIE . 5341, MoS,
FI5AL ) MoO; £ 800°C "~ B A A RHE S MG . @i i EECIHE S A0 EE, Wi
5 ORI R 7R (0 W TR OR, b SIS B 2R BT AR EE R A PR RE RO A

5 LB Bk B A AT RO T 5T S b B R B g (20-280-24.7)

FE VIR EE N, SRR R S 2R R A R Seistr i s — RN R . R
T 45 2 700 2R A A v e ) T e e A SR AL 4 B R T S R TS o R R S B AT A i
W HEE R AR SIS A 50, SRR J7 24 Mk e A B R 2 R R, R e R L IR T 2
Mo ARUREALE S A IS SIS E AT 245y, R T B R E AR
YRR R E AR, JEERVT T MR SR S MR M e s ma B 25 LB . A0, RA S
JZ Ak S AN VAR R 2 A S5 A BT B, B T BA mPUAER e R A E I
ALO3/Mo-AlLO; Fl AL,Os/Graphite—Al,05 2 Fl %5 2 JF BRI A A4 k), 45 & 6 387 2] Tolb IR 358 2 35
PERIELR NS i, 52T 3R 2R B B A AR R R B R BN B

SR O 21 ik v R A RS AASEAR (1) 77 VELE ALOs/Mo Fll Al,O5/Graphite JZ IR & & 4RI ST A4 57
THAWEERL. S SRR YIRS A g . R AR R R PR SR T A b, T
SRR LS TERE . 2 2 71 T ik ALO, &R ALOyMo R E A FHEHK 124k fe . BA H 814
VIR G 1) ALOy/Mo ERE A AR EILH Ttk ALO; F# s It 710 7724 e k. JF H., @il 1
5 ST RS R ) LAR) S 50mT A5 25 1 J2 TRV B AR B 1 9 51 S RS0 R A%, b i S bk B AR
o 4T RRI B N 26.5% I, BARHEIM 2SI L FU25 58 B AW 22 T 7] 253k 7.9 MPa-m'. 310 MPa
1339 Im>, HAILHRE ALO; R MVEREIR R T 102.6%. 23.4%H1 88.9%. AUk, RA%JT
PR ALOyMo JZARE SRR J1 24 B L U 28 & 2R E A A B e, JRH,
B Mo JZZ s n, S mE ARSI E . 24 Mo ZE0N 3 i, MEHABIR ) Tk
8.0 MPa-m'?, WrZTHAlHA 1179 J-m™, ¢ 2B SR JE M M W 244510 (B 17),

K18 &4 T A ARSI LS Al Os/Graphite 2R E A A K f154PERE. AT DURGRH, @
S ST AT 5 AR T B, SEBUMDRIIT I M B SR B R B IR . 7R IRAL R
BN SO BT AT AN AT LA S 3o 458 K2 (6 Ao T A v 4 o5 T 45 A BB, (RIS vT DL B2
B2 B A B IR IR R R A . FEAMENE 2 BN G, B Ml ARG A BA R e A B,
7B e SO R 3 AL Os/Graphite 2R & A4 BHE AT (R HH X6 52 48 1 25 1 o 3% b L T e
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Figure 17 Crack-path and load-displacement curves of Al,0s/Mo laminated composites "’
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Figure 18 Mechanical properties and fracture behaviors of the Al,O;/graphite laminated composites with
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composites with modified interface after sliding 1000 m **
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Figure 21 Equivalent stress distributions of in Al,O5/graphite-Al,O; laminated composites under 3-point bending
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Figure 22 SEM images of cross section of Al,03/Mo-Al,O3 (a, b) and Al,03/Mo (c, d) laminated composites
after thermal shock test*!
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