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Development and Prospects of High Strength Pre-stressed Ceramics
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Materials Science and Engineering, Jingdezhen Ceramic Institute, Jingdezhen 333403, China)

Abstract: It is a worldwide challenge to simultaneously improve the strength and damage tolerance of ceramics,
which is a core issue in the development of ceramics and a goal pursued by materials scientists. While the pre-stressed
design has been widely used to improve the strength of concrete and glass for over a century, a little progress has been
made for ceramic materials. In this paper, the research progresses of ceramic reinforcement are summarized, and a new
pre-stressed design and model of high strength and high damage tolerance composite ceramics are proposed. The novel
design focuses on the generation of residual compressive stresses on the surface of ceramic components to inhibit
crack initiation and growth, and offset the external tensile stress, which can be applied to different fields such as struc-
tural ceramics, architectural ceramics, domestic ceramics and so on. This simple and economical technique with no li-

mitation of size and shape in ceramic components has great application prospects.
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(a) A compact
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A compact M compact
(800 nm)  (800—30 nm)

N compact
(330-30 nm)

K1 SRR AR £ 5 SiC &R SEM I8 A (a~c) K J1 2 BE (D)

Fig. 1

Microstructures of A (a), M (b) and N (c) compacts, and mechanical properties of SiC compacts (d)?**!

R 1 TEFRS VAL SiC BB ERE R R

Table 1 Mechanical properties of composites with different fiber contents

136]

Content of fiber 28vol% 32vol% 43vol% 55vol%
Density /(g-em ™) (2.69+0.01) (2.55+0.02) (2.44+0.04) (2.27+0.03)
Open porosity/ % (2.47+0.09) (2.95+0.01) (4.31+0.04) (4.85+0.03)

Bending stress/MPa (198+37) (259+43) (325+35) (500£11)
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Fig. 2 SEM photomicrographs of different compositions (a-d)
and formation process of the mullite whisker network (e)[m

(a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4

f
7
p

1.3 Tk 13858

AR JEL A, SR T 2 i v B AN R L AN B
o Horh, TN AR EE L 3 E T2 Jackson T
1886 fEH Jeith, (Hiw i AT . EE
1928 4, y:E TFE)H Freyssinet 7% Vi ikt AN 44
PEREREAT KRB AR B g I BEah b, $RH T HIR
TR P o 20T R FH e R AN R AR vy e VR s DA gk Vi
U4 H54RAE, X — R TS IR AR b
(ISR L SR Y, R R B, THUNE A7 IR e 45 A
PURE . WIS RN AR #7710 i TR A L 4 1,
ALV, R M ThiRe, ff v 7 A 25 R A
REHME DAA LI 1) 8, and oK s B A R . BRI E
A, R et g A& 3(a)). A
— AN R Ty b R TSE 7 5 5 B R (1 2 9 A 3% 1
1874 SFHVEE N K, R 2 17 0] 4 AN A3
B, FRESEE B TR o BN B I 7 I 3
R — ZTUER ], e IEmBmsmEE 2~5
G, SRR Em AR E A R, JET 20 )
TF AR AE 4 tH 0 B P9 458 21 AT (3 3 R 1784042



402 T ML A K R

35 %

(K 3(b)). o1l A& E TR it UL & B s, 1%
F T — Bl BS54 IR TR, ) G s e v, Tise £ M Rt
B rh 51N S N PR S B B B Ay, AT
80 B A4 32 5K T F 2R ) AR B, 3k B4 AR
ZLORPE . AT SEME R AVER . WA, FEIL R
K TR A A B, (B0 A B 7 A — N A )
IR T, #5120 B 778 K () 9 R 5 S (R B 77,
AEFA IR IFAKPIE 3(c)). BRAN, FiIFH KRk
IR 0, B R 25 T b e R v A T 1) 7 T s 46 o
JIWITR B #E, ANRELEE, REERERE
Pkl KB RE ), TN T e AT R
HAT, & WA RN 7734 1)#E)
A A HE B E s ok A EII R AR R T A
FINFRRERNFT o IXPEAR )2 R T 1R /)
B 1 (AN Ak B 38 A7 M U R0  R L e b R AT
DAL, s E R, ERATHER, KA
B NS BB T, SRS, WK E
TR BB T ST LR, 25 RHE R 2 Bk
SRV A8 B, I Ak A EE % Ak
AN FH T 3538 R 8 2 9 23 A RFAE (B 3(d)) A 9 2%
RETMWEAERERAE; 3)ZREEME
(Laminated Composite), J&f5 5 & A kL A 13 55 AH

dge and concrete

(a) Pre-stressed bri

RS, BT Z I B, &R
) I B b e, SR F I i 2 5 M B A
B H M R B0 2 R U /. Song 2517
FIH K 2E00 8.1X 10 ° K [l ALOs- 1 B E A4
B 2508 8.5X10° K7 11 ALO; EHI& TR
REGMEL, GRER, BEE.ZHEEFRESR
PRI WA TR A L 77, T S 1 A 6k 1) 25 it i B AT
W LB It 2P e (] 4). Qian 2SR FIAG IR 3L be gt
W %5 (LTCC, low temperature co-fired ceramic)#4 £}l
# 404 MPa &R E AR E GAPRL, W H T T
(Electronic packaging).

g ERmR, BRITESIRAE — e R B
e, HBTRAER S EAR, PLES R
WA, 1R 2 BOR 32 3l B A AT BT R A RS 1 R
i), [FIINE, )8 RSAR R K AR M DA K 38 & ORI )
A DA A H A M. bR b, fEABTSE
FH ) W B 8 s R Ik, [ P 435 e N — PhRR 4
ToVE TR B REBY B, a8 0 SR FH 25 38 5 771 i) 45 1)
HEMRE, ORI R 2 A T BARA BRI 5 A R
Z M), HZRH& T2 PLas s & MR = AR S5 R
RIS, ME LT R TR N o e Ah, TR
JIHE SRR BAR RS N LA . SE R A R

(b)iPrie-sEr;s;éidgagsi

Thickness

4 o8 Surface
Ion exchange
) /
Quenching
v s Surface
Tensile stress Compressive stress

0 —>

B3 TR HORAE AR o K R (a~e) B AN [R] 1 95 07 578 B3 o 1) R 7 347 11(d)

Fig. 3 Application of prestressing technology (a-c) and stress distribution diagrams in glass (d)
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Al,O;-graphite composite

Al,0; layers

Ale;/ Ale;-gIaphlte
laminated composite

(h) Sample AG3 AGS5 AG7 AGY AGl11
Compressive stress / MPa =72 =78 =79 -80 -81
Tensile stress / MPa 108 97 93 90 89
Bending stress / MPa (234+24) (292+16) (299+15) (304+12) (307+17)
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Fig.4 Schematic diagram of the laminated composites (a), microstructures of different structural composites
(b-g) and mechanical properties of different laminate samples (h)"”

(b) AG3; (¢)AGT7; (d) AG11; (e) Interface of composite; (f) Microscopic structure of Al,O5 layer; (g) Microscopic structure of Al,Os-graphite layer
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Fig. 5 Comparisons of impact resistance and armor piercing resistance between pre-stressed and unpre-stressed ceramics

[50]

(a) Test of impact resistance performance with the nail gun, which could penetrate the steel plate with a thickness of 6 mm; (b) 30 mm-thick alumi-

num alloy plate penetrated by nail gun; (c) Mushroom-shaped fragments of pre-stressed composite materials fired by ordinary rifle bullets;

(d) Morphologies of the armor-piercing incendiary bullets before and after firing at pre-stressed composite materials; (¢) Morphology of aluminum
alloy pre-stressed ceramics after shooting; (f) Unpre-stressed ceramic materials being crushed and penetrated after shooting; (g) Frontal morphology
of pre-stressed composite materials fired by armor-piercing incendiary bullets; (h) Reverse morphology of the pr-estressed composite materials fired

by armor-piercing incendiary bullets, which could not penetrate the pre-stressed composite ceramics
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Fig. 7 Pre-stressed ceramics samples(a, ¢), SEM images(b, d)*'! and Ashby diagram(e)"*
(a, b) Pre-stressed structural ceramics; (¢, d) Pre-stressed architectural ceramics
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