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Preparation and mechanism of strengthen and toughening

of Al,05/ZrQ, ceramics compounds

Abstract

The ZrO, matrix nano-ceramic composites were fabricated by hot press sintering
using nano- ZrO, powders. The microstructures were analyzed by means of XRD, SEM,
EDS and so on. The effect of the second phases Al,O; and SiC particles on the
mechanical properties and microstructure of ZrO, nano-ceramics were investigated, and
the reinforced and toughening mechanism were discussed.

First of all, based on the introduction of microstructure, development of ZrO,
based ceramics, fabrication methods and sintering methods, the content and
significance of this thesis were indicated. Second, fabrication techniques, testing
methods of mechanical properties and observing methods of microstructure of
ﬁano—ZrOz matrix ceramic composites were introduced.

The research results showed that composite powders of Al,03/ZrO, can be well
dispersed after being ultrasonically dispersed with dispersant agent of PHAA-NH, and
wet ball milled. The second phase AL,O; dispersed homogeneously in the matrix grains.
The second phase Al,Os inhibited matrix grains growth, i.e. the ratio of grains is inverse
proportion to the amount of ALO;, but excessive amount of Al,O3 causes grains
agglomeration decreasing the density. When the amount of doped-AlL,O3 was 9mol%,
the relative density, hardness and flexure strength of composite ceramics reached the
maximum; but fracture toughness arrived crest value when doped-Al;O; was 12mol%.
The matrix ZrO, grains were refined after adding AlO; and SiC, which induced
fracture model to change from intergranular fracture to transgranular fracture.

It was analyzed from SEM photos that many toughening mechanisms played roles
in composite ceramics material. Firstly, the second phase Al,O; which located at gréin
boundary refined matrix grains as a result of pinning effect. Secondly, the second
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phases AlL,O; induced crack deflection and bridging crack obviously, which ALOj;
grains shape played a very important role in performance improvement. Thirdly,
transgranular microstructure formed when Al,O3 entered matrix grains. The formation
of this microstructure has direct relationship with sintering temperature and second
phase’s grain diameter. Transgranular fracture became the chief fracture model because
that difference of thermal expansion coefficient between Al,O3, SiC and matrix ZrO,
exerted compression stress on matrix and reinforced grain boundary. Those mechanics

increased fracture toughness of composite ceramics.

Keyword: Zirconia; Alumina; Composite Ceramics; Microstructure; Reinforcement

mechanism
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ALOY/ZrO, M BB & F BN I & RS PILH LA A

2 E. ALO/ZrO, EAMMERIH FFIEEE T

2.1 HIEREMIZRT
211 ERFALR

SRAAEERN: m-Zr0, KBRS TA= MR EME, BiEHEGS
BLE 2-1.

£ 2-1 m-Zr0, Bt S B
Table 2-1 Performance parameter of m-ZrQ, powders
SiO; TiO, Na,O Fe,O Zr0, Y DTEM Dso ALO;
(%) (%) (%) (%) (%) (g @m)  @m) (%)

<0.001 <0.0005 <0.001 <0.0005 >99 >40 20~40 0.1~3  <0.0005

a-ALO; ¥ B EH BN s F1 4 7E, 4i1E>99.7%, E%%‘&%&E%%Eﬁ
By BIEK 2-2, 2-3.

# 2-2 a-ALO; MLF AR
Table 2-2.The Chemical composition of a-Al,O; powders (wt %)
ALO; Na;0 Ca0 " Fe,05 Sio,

99.7 0.08 0.05 0.02 0.15

£ 2-3 a-ALO; K EEHAE
Table 2-3.The physical properties of a - Al,O; powders

BET [m%/g) 7.0
Primary Crystal Size, dso[um] 0.6
Granule Size, dso[um] 200
Particle Size / sieve > 63 um [%) 90
Bulk Density [g/1] 900~1200
L.O.L [%] 2
Moisture [%)] ' 0.3~0.6

K SiC M S IEFF RAKBEARRBR RIEA A RE. RASE FIEE
RETEER, FRAZ 40nm, EESH K 24,
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ALOS/ZiO, BB R B & H FH B & s Bl L N BB

F 244 K SiC FHIAHERES B
Table 2-4 The properties of SiC powders

HEESH S MEERE HRER KB AE  HEESE PONE RESE

B-SiIC K 0.08g/em’ >80mYg IMLF >99.09%  <0.2% 40nm  <061%

212 ERPR
SRR RmT:
RRRERTBRHRET ALO; MAFE B 10%HI 2 B 4 kR R EH,

% ALO; RE S HCH 0.5%IMA 5 BOR P ERH#Y% PMAANH,, FAEUKIE PH

- EfEZERTE 9~10 Z18), BiHE 20 S EEREEBE S 20 48, ZJEMA Zr0oo 8

&L CeOr MIBFMA, & ZrO, JRESFEA 0.5%MA 5 BFIR FERH R E

PMAA-NH,, 44598 pH {8, k48P 20 4. BB H 20 4, BRFBRAER

HEEREBHLREREE 2 /DB, BN 200pm. BEKTRE, WE, T 80 BIF. #

WM THRT 12 /0, BIET 4R,

WEBAE B ES, 7£H Multi-5000 2 % AR b AT A4,

BT 1450°C~1600°C, 317K H 40kN, E&EEEERFERE. S8 RFK

R % ¢60x5mm. BAFZAEFREWE 2-5 Fir.

#7543 # 20min
ALO+H,0 Bt PMAA-NH, +?702+C°02
A
w |2
# | 5
ol YR IR EE -
HMETHR | TR I e B¥ PH £ 9~10
RERE I
e —| ¥ 3 AL,

2-1.98K ALOYZrO, H AW EH & T ERER
Fig2-1.The flow chart of the processing of nano- Al,O; / ZrO,composites

2.2 AlOs/ZrO;, EERERNIZ’IT
TZHRETELYE ML 7 MRS T EMRHER FEINE 2-5.
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AL O/ZrO, B & B £ 1 %k (3 % FR VAL HLEE BT

£2-5 AFEPHENORLTE
Table 2-5 The mixture ratio of material

?E (mol%) 1 2 3 4 .5 6 7 8 9 10 1
Zr0, 97 94 91 8 8 8 91 9 8 8 85
ALO; 0 3 6 9 12 15 9 9 9 9 9
CeO, 3 3 3 3 3 3 0 1 2 4 6

PLES MR 450CTFEZHRIERSE, HEEN 1.0x10° Pa, EHA
40KN, R 30min, A T HEHF, 7£1200C LA LR EFABEE 10°C/min, F4
& 5xD60mm [ E H TR, ZE IR # M REHT ALO; 1 CeO, BIERME.
B RAARE LU A MR, 4 AI7E 1500C. 1550°C. 1600CEE TEFEEERE
—H#EIRAE)F N, SRR 7 LIRERt EARIN S wt %SiC, MJ/EZE 1500°C. 1550°C.
1600C T RESFHES, EARMRERBEAE, RiEMIRREDE 2-2.

1500C
?ijgf sRtatE —— PeLk IR (K
L2 ' SHRAM)
|
4 1600°C B¢
Fxd
I T R
N 5wt%SiC

B 2-2 B TEMBT
Fig 2-2 Design of sintering technology

23 ERREMMEENR
2.3.1 K AP % B 3l

F A Archimedes HEMBLERFENFE Dgem’), FHitEEBRRANEE
D/Dy(%). EFRIHERAENTE.

W, -W, 2-1)
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ALOy/ZrO, BRI 5 B &0 B ) & R AL AL BT

X¥P p,: HRNEE
Wa: HERESSFHEE(Q)

Ww: HmTEKFHEE (@)
Do A ALOS/SIC BEMHKEREE, ATRLXHEH:

) o, 17!
D, = A% + % 2-2)
D, D,

AF: A%, B%—RAHFREHIIEEF L
Di, Dy—iAEETHEMHAEANASHERTEE, g/cm3o

2.3.2 B IRBERE KA

4 BRI 1 R SR A — AR TR A b 1360 S RIE TE UMk,
E— 5 P MEATEARERE, SHEHRTHESDRAN, TR
HE LR —AEARMER. ERNEME THELERFEN AL d R d 0K
B, BHITHIE d=1/2(dyty). FEHERMERER F, U PF (R ERFRA
Mdk BEREME. B4 MPa. % KBEENRSHHV, HEARWT:

- P p
H,.=—=1.8544= 2-3
Y F d? 2-3)

RF: P—HFTS, N;
F—ERMEHER, mm.
d—ERAEX ALK E K FHE, mm.

AR, FE P KRN TRIEBEFR RN EEMRLERGMARE.

RELTREFTFT. WARED TEAMGRESR, FOLAET. KK
EEELKTERMALNFE. A—HLEPBERFRMLEN 5 D ANYERKE
B, kEHFHEELZAENEE. RREFE TH#T. REHRARE %
10s.

2.3.3 HiB BRI
B, '

EEARAFEBESR L, RELA ERTRMAGWE 2-3), RIEDFE
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ALOL/ZrO, BEE B A MR 1 % R BIAL YL EE BT

RPN AEERE. WHELT, MREMZERE orh

M
C,=—
Z (2-4)

M—Ei R 5 P = £ R KB EE
IR W R A
X FREEBE KRS

M=1pr
4 (2-5)

z=Low
6 (2-6)

P— BN B4R B Y S A QN)
L—37 225 32 5 (6] 7 #% 6 (m)
b— AR S (m)

, h—iA 4 F ()

A PR ERREE, RS

3 PL 107

(o] ! =" X
2 bh (MPa) 27

B3k
B

SN S S S S

¢ l q

B 2-3 HERLNATEE
Fig 2-3.The sketch of flexure strength testing

BN RTEINITIR 3x4x35mm AR %, =A% iyEnide
FIPE & E (o).
2.3.4 WiRPIHE R
RS ORESENBIER AN, RERT N 2mmx4mm*36mm, 1]
AREEN 0.25mm, JErBEEE% 20mm, SENB iﬁ#ﬂ@%ﬁ@%@ 2-4., AR BN
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ALOy/ZrO, BR B 5 & 4 KL 1 & MR FLHLEBT 5T

FEEH 0.5mm/min. KIRPE K 2 KA TRIHE:

a. 3PL
K=Y a
7w w2

(2-8)

KXF: a—VIOFE, mm;
W—FaEE, mm;
b—H Mm% E, mm;
L—X pREEEE, mm;

V) _FBMEY, B5 oW BRMEEEEX. 70 <a/W <0.6 THEN,

V) mrikmm 2-5 BUA.

b

A—%‘

[ L |

e < —f

P2 P2

2-4 FF SENB #liffidk
Fig2-4 Sample for SENB testing

001 0203 04 0.5 0.6
a/W

B 2-5 SENB ®RH(3 HEH)Y 5 oW KRR
Fig.2-5 Relationship between Y and a/W for SENB sample(three point bending)

235 HEMERNEWHNE

F X S 4TS (D-M88 B! X-H&ATHN, EEMFERARAFWERGH K
Mg ki mmank. BrOMEREwARR#HEFEMENE(SEM, JSM—840,
HABFAF). '
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ALOYZrO, B & H %) & FaR B L LA A

F3E SEEREMRIN N PMEENENEN

3.1 EAREN NSRRI
3.1.1 B ALO; ENB MR L ¥ RENEN
MR E R ALO; & BMEEHWE 3-1 FiR.

97

96 - \-

Relative Density(%)
3 % &
1 SP 1

o
N
A ]

©
-

T 3 + v ' L M

i v T
0 2 4 6 8 10 12
ALO.amount (mol%)

31 ALOYZIO, B &M EAIM BB A B A B i
Fig 3-1 Relative density of Al,O3/ZrO, composite ceramics as a function of ALO; amount

M 3-1 ATLLE ), K520 Ce-Zr0, MR B RN 91.4, MLLTFHALILANR
HRERH, MBI T ETGIEE ALO; & BIIMIMATHM, fE ALO; S8
7 9 mol%iEFI B K 96.5%, HELMK ALO; B EFEETHER. BEMME
BT ALO; SHFAAR KN B R, R\ THEMBEN; MAEMLEN ALO; E5
BegE AR H BT R 2c), IXH0 S. Tekeli ™ FT18 4 R — 5 S K R H A 88 R BEE ALO;
SEMMK, BRM ALO; MEE Z10, Mgk REMERR K, FhRBHMNA
RIEFHREZRFEKK, KK ALO; BHEH — S HIRERF LT RHE
AR T AMME XS REAMER 7, RIS T Zr0, R NBH L.
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ALOS/Zr0, R & &P EHH &I & FERILHLEBIST

B AR NAEERE ALO; BRI E 3-2 FiRk:

1050 - .
<4
10007 /.\.
950 /.
. \.
i 900
=
g
» 850
[}
g 4
[ 800
B
(]
T 7504
700
550 r L v T I T v ¥ T M ) T v L}
0 2 4 [ 8 10 12 14 16

ALO,amount /mo!%

32 ALOYZrO, RAMEMEEL ALO, S BHIXER
Fig 3-2.The hardness of Al,0:/ZrO, composite ceramics as a function of ALOs amount

W 32 Fim, K7k AbOs REEHIBERE ) 675MPa, A FILB(RE, TR
I 3mol%AlL0; J&, FEIHIEEREREA RS 930 MPa, FEE ALO; & EHIE—F M
X, BEZHHA, ERETHEBMBEKX, E£BZ omol% ALO; &k EE(H
1026 MPa; #TIHA ALO; &8, BREFHTFHMES.

B4 AT 0-ALO; MR E L 210, R K, BB EBEEH R EH
BN, BEE ALO, S BHREIMM, XFBFEHHIT, RIHMABATHE
R . HRBERE MR AR AR B R A ABUER, LB HE
BEHIBIEIE T MR M2, FTLBRM ALO, WBEEAT 710, BEKHE
FERIRRAR, ZEHEINE BN ALO; 5, T RTH FTF1E.

HEEMENNTRERE ALO, B BAWE 33 fink. NE33TUEH, &
SHEMREBEE ALO; & BB P HIHERNH ALO; & BHM MMM, &
BN omol% R ABRELIB AN, TESEHK ALO; HEEE, WEBES
SR TR, P XERREER SRR D SRR KRR, B
B S R O T K1Y, 38 SR T ALOs XS AR 4 0 B SR A
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ALO3/Zr0, FIE S LA EL B & SR B HLETFR

REEMEBER AR ALO; ZWEHWHE 34 Fi7R.

320 7

300 - /
280

S

160 T T T
-2 0 2 4 6 8 10 12 14 16

A,0,amount /mol%

N

(-3

o
1

Flexure strength o/MPa
8 R R
(=] Qo o
1 1 1

v T F i 1 v I

B 3-3 ALOYZIO, B &M EMIE R ALO; MAERNES
Fig 3-3 Flexure strength of Al,O+/ZrO, composite ceramics as a function of Al;O3; amount

N
o
1

Fracture toughness KICIMPa"m"2
(-]
s

\

o
o
1

T T = T T LR | T
2

4 6 8 10 12 14 16
AlLO,amount/mol%

N
o

B 34 ALOYZrO, E &R E KT R TR ALO, (L #hEE

Fig 3-4 Fracture toughness of Al;03/ZrO, composite ceramics as a function of Al;O; amount

W 34 firR, B ALO: JE, EEMENKRIMELR TRERKEX,
E 6mol%RIEKIBEMA, TE 12mol%RiET|iEE, LW mMEE, MHITF
TR, AT ALO; RINLLE, BTRAMMEMISL, F T H OIS, —
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ALOYZrO, BB R AF RN Hl % RS EL LB B A

BEAT, BREAMTEEHER/NES, BEXALRPIRBELE Imol% ALO; BILEIR
KIE, TERPHELE 12mol ALO; BRIXBIBEAME, AHEREEE 12mol% ALO; ¥
HEECEHFHEE T FTREYE, BARATFENDHUGERXNRRE FTRAY
REFIEFIEM, A7 BRYEIPTEARTEHRYE, RAF=4E W, B
BB HIMARAM AR T ERAMWSIEE, BRI RARmIIER,
MR TR TR Pt . EbEd £ REHR, WMRIUK SBCET K =R 6
B AP,

3.12CeO, A BEXNE AT ML W

m-ZrO, 7E B Fe M BB B A B AR B E, HEN-Zr0,, AT EZERE
FEt- 210, FEMEF MAREFCe0,. —A N, Ce" " Mz B HMRMM A, Ce*
F43(0. 092 nm) 5Zr* ¥42(0. 077 nm) HEFRK, HEZrO,FHIBEMBERK, AL
MZrO et WA FEREMELRNEEE, XHEBEEAHIES
RGN R, BB TR YT HENL B RF TR, Mm@ REuRss T»
AR AT P AR UK, T LA/ B — 5 R OSB3 09200, 50

MNRGEEFAEER, ZIOEREERIAEREIELELE FERY #,
MERY BABERTNENEEFDER, TANEFE—FTHASEETHNT
BRETANETR; Z—rHEREARXENAERE, FUTET, BEE
FHEEERE, ATIMER T8, TAREES, BFNT BEERSER. &
BREFBAREHRANSAERXERE FT0M, NMTMERTFF 5, Ri#Zr0, M
RHRENZIO BB K K. E—EHRANBERMAGEE, FANEETS
PiFEE, BFWERT BREAS, SNHEE KRR, mREERNT
Ay, ERBRERENSETEN, SFBENEENIHE KIS,
REAFMNRELMBASHNFRENRE, XHGHNEEHERMBEEN™Y, H
B Bss B 7 o s 202,

BMNIFEREEE, 3Y-ZrOK 1 F BB T CeOAE AR E MKIZrO P B,
B EERRKERT, Ce-ZtO,Y- ZrO,FIAFRAFRANRHEE, A
HEFEHRENEEER TIIE . ALO/Zr0, 8 A M BB 2 % B ALO3(9mol%)
HIBTR T, SRERENCOMENE, HARXRAWENEZH. E3-SHRNA
& B CeO, % 5 & M8 B2 ) S HE LW |
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ALOYZIO, E R SHE MM AN EIHLNRBR

11501

11001

/\ﬁ_ﬂ\
o 1 2 3 4 & &

CeOgamount/mol% CeOqamount/mol%

8

Hardemess HWMPa
g

g &

Flexure strength ofMPa
g 8 ¥ 3 8 8 ¥

@ (b)

10.04

3.8

> 8%

“Fracture toughness Kic/MPa'm 2
~ =~
5 o

g &

© 1 2 3 4 5 &
CeOgamount/mol%
()
B 3-5 ALO; (9mol %) /ZrO, R SR S Z1ERER CeO, B BHIX R -
(a) HAMENERE 5CO, A RMXRMLL: () HAWNENHINE 5CO, X RMRR ML
(©) HEMBERBRESCO,TRMXReiLR
Fig 3-5 Mechanical properties of ALO; (9mol %) /ZrO; composite ceramics as a function of
Al;0; amount: (a).Hardness; (b) Flexure strength; (¢). Fracture toughness
ME3-SHT LAY, SRR HFHENCOMNERAETIXRE, TLEN
HEE T ZRB TH-Zr0,, BEBEENRHITERRTHIMRIEL S, BERND
“MAFRANESRE". RTFRBE/N, CeRFMBAZ TIHROZ, B
HBRBAREIHEE, BIREORR. E3-643mol%Ce0-9mol AlLOyZr0,
R SHWRHXRDST.



AlL,OyZrO, Fa & 8 & ¥ 10151 & Fsa ) L YL BT I

300 +
o t:t-Zr0,
250 aa-AlLO,
m:m-ZrO2
S 200
L)
2
‘@ 150
| =4
2
£
100 -

26(degrees)

B 3-6. 3mol%Ce0,-9mol% ALOy/ Zr0, R &M & ) XRD 1% E
Fig 3-6. XRD pattern of 3mol%Ce0,-9mol A1,05/ ZrO, composite ceramics

f XRD EETLE Y, HAWEL 250, 5%, HAEH m2i0y. EHT
B 1200, 1 H 1, EAEI 2 R E B a8y B B,
313 $EET EXHE 2 B R B W

99.5
99.0 -
98.5
98.0 1

97.5

Relative Density(%)

87.0

96.5

T T T T T T 1

L) 1 L4
1440 1460 1480 1500 1520 1540 1560 1580 1600 1620

Sintering temperture/C

& 3-7 9mol %ALOy/ Zr0, E & VSN HE S4B X R
Fig 3-7 Relative density of 9mol %A1,05/ZrO, composite ceramics

as a function of sintering temperature

RAERENERENEEFEZXEROER, EIRGRES ERHEIHH
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ALOVZrO, FEE O 8 10 i & Rk ML LA B

wEWH ), REFREAAFTERNBER, XAZETHRET B4R
REKK, HWBRNNEERE.

3.7 3 3mol%Ce0z-9mol AL,y ZrO, M FN ER MR LERBN XA,
BT, AR E AR AR AREMAIRK, 1 1500CR, HMERE
IEE) 98.6%, B 1430 CHZFFARAMN, MEBLRBREYE, BREHEE
K, BERCAB/D, 7 1600°CHARRKE 9%, HEATL, BEEGAR

150 4

B
<
1

w3
S

Harderness Hy/MPa
g g

1100+ L ]
ulx. 13;&: 1550 W0
Sintering temperture/ C
(a)
380
; o 10 a
3.01 ;- o 102
] / - Bl ’
604 / i d
e { Ve = 100 |
€ 04 / £ |
v €
4 o |
§ w0 <
5 1 @ |
£ 33+ 8 %%
- d c 1
o £ |
E %201 g 9_4]' .
2 3104 o
o 3 929
PE—— g€ |
1440 1460 1480 1500 1520 1540 1560 1580 1600 1620 * .

9.0 r T -
1440 1460 1480 1500 1520 1540 1560 1580 1600 1620

Sintering temperture/C

Sintering temperture/C

(b) (c)
B 3-8, 9mol %AL,OJZr0: H O MR h - AE LA LR BN X R (a) [ERIRR4T IR I R0 B 22
(L)L SRITBILE LA B A ()MBTEMIPEL R LA
Fig.3-8. Mechanical properties of 9mol%A1,0./ZrQ; composile ceramics as a function of sintering

temperature; (a) Hardness: (b) Flexure strength: (c). Fracture toughness



ALOS/ZrO, R E &M B S B LILER A

T 1550C, A H TRENEE, BEMRENERTBAK, REZE. A
B 3-8 RATLIZ A, HEMRBEAL—MIE 1550 CRUEH TEE, XM
HIEEX—B, 7 1600CHMENTEERAKR, BREHEPITRCEH T B
FEBKONE.
3.2 Al,04/Zr0, EE AR HF M EFRMEH
321 BRAKESHNEERX R

BT REER K E BT, RRA KGN RE B HEENRH S, R
C HAKHRNEEERNSFENRONEZARERIK. ERENT. B8, &
REBEFBAFRFEIROEHAENERS THEGHNHBRP OB, HELHR
FEM, FEFARME RREE A Pl T2 AR E T b T R K R Y
K Ko #RIE Brook MM KB A, FZRSEFT B EKAETRRN:

D" -Df =Kkt (3-1)

b Dpo D ABIH 0 B o=t MEORBLR: n RIK BAH, Kb o MBUED A
FHFRIBRE: LRNEEKAN, n=1; YRRELHRREE KK, n=2;
LEZMTILHEFRN n=2 5 3; LA EKETIELNE ZHENRARRS T &
‘*ﬁ“&i)#ﬁiﬁﬁ’ﬂ‘ﬁ_n=3; L KRR FEAER, n=3; J&HEKZRA
FHFITREY B, n=4. XG-DF, K=4exp(-QRD), HH, 4 HEFEFK
TRRMLGIER, 4 ELTFRATHAKMAEE: O KA KHRRENL
BE: R ARHEH, dXG-DTM, S&AEKEERRTYFEEILHRERAE
KEIMELRERI KA

PEART, ARG ALO: METEIBEE, BT Zrio, &7 LR ALOs X
I HIEM I APIR: —RY ALO: FRFE&EFTH T EHEREIEN, ALO;
BPHRNRARE, HE 20, ATERARER, MG BRAEKTER, it
B nE 2. ZRE ALO; IR EMR T RALE _MNMITBEE, ALOHHE
BEGR, XMRAETHER, 20, NEREKHUZ IR, EUMERT
n B2 & 3. '
. Hague. Liao & Kim CSUZmilh, STFRELHTHEAMAK, hTHE
%?E%Ez‘a%ﬁé&ﬂﬁ%%ﬂ?ﬁﬁ#% E%%X%%%Eﬁ&ﬁ%*%ﬁ%ﬂﬁ
‘%*@W\m&, BRI ZEE] . ERER T, SN RTREHEY
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ALOYZIO, I8 8 MR & 3 L BLELEE ST

FEIEWELE MM, BIFERHEFELEUTXA:
G=aD+h (3-2)
AF: GHRBBRT: DAMMERE: aflbhEH.
Liao®" #FRET HEELEAMIIHBEHEENH, BRUETENEEMET

RER MM EHERTE:

. _25D33,0 .
GH¥rn-py? (3-3)

A Dsy &My o ABAREY BE. REMY HOFRMRAFEE: & A Boltzman
8 D AMMERE, TABMER: QAEFER.

TR P, ERNEAEY K SEE LU RN RIBIEET. #E
AR KR Z R R TR B I ER AR, TG 5D 1
ZIER . —RNN, ERETH. SATHERTTRMNG, ARFHSa
RAKEX, MEHSASHTEERKRME, BrLlREY 0T 6 -tk B ok
4 K S FELHIL RIS,

ST EE>95%, SRR SHMEEMAN X R R, HAELEN S
A K SEERURRAT BALE#T. —fAh, EREAMERIBREH
A KMEENS, REOY BESIERMEZENS. hAG-3), EREKSY,
RHURTIATRET HAR. REF BOERRE. RERGAETERE, R
MR T SRR EEEETHEAERR.
3.22 ALO; RINB X E R NG L RRKEW

NONI

#d 3-9. 9mol%ALO/ZrO; M FEE SEM: 2)1550C: b)1600°C
Fig 3-9.8EM of 9mol%A1,0+/Zr0;: a)15350°C: b)1600°C

5 AR T M TERE P B 0 RUD S RN S AR R 45 5 IR LR 2
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ALOVZIO, BIR B 8 RO & MR LB 7T

HAMERIEE, B 3-9 AMEEMEE SEM B, E 3-10 4B 3-9 F b)HIEEE
[go

ZriLat Al
& 3-10 #AEmE EDS EE
Fig 3-10 EDS of polished surface

FERE 3-9 & 3-10 BHRAFERRNAN 2:0;, BEMNA ALO;. B4R
BT ALO; S8 TEED, BEASMRY, HEFERY, BEEAEDX
Fo T 3-9 86 BBATLURH 210, BAH HFHK,

RATBRB_MHEFRE, MW EEEEEFEENEW, mHENTRRZ
BHEEERAER. B 3-11 AFF ALO; S BME MR 1450 CLREARMRME

B 3-11 ATLAE S, T ALO: BRMAF R AR LIS, EFREX,
EXUBREH T, BRETRZ AMFEARRAEE REERTENER, A
REMIE, ZREFBENEIERRE. MESN 3mol% ALO; BRI, W
FIASH MM 2 EE, BERAELRMPEREA, FHFPEXRBNEFELR,
RETRERNEE. AAREH=ZXER, IHBENBFEAOHAETRAHE
By, MALEEK ALO; 58, SAXBRE, FHBHEXE . XFTERAR
ALHT ALO; FEFG T A FRIEE . RESTHERAFEE 20, ERZ DG, AE
WA, A5, BEEEF ALO; MANEN, KRATEEMEWAARN, it
—IGIE% T ALO; BKIRT ZrO, & FMATHAER.

H—HE, NE3-18LER2Z, BENHEREETHRIERE ALO; HFMN
FRARMERA. AHER: EABREHEHEEHRE, W OPF #iH, i
B A R A ) AR T 0 4 e 13 16 4 B o OO 2 5 31T
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ALOWZr0, FRE ST {44 1Y) 7 A 28 W BLR B 5

H YR B AT . BTLUE 3-11 1 a)iRFEREES A HIRITT G IR i 2

RATEBRa) IFE, HFAAES, ZRCEREREMEELRRE. % M ALO;

WD 6 5o

B 3-11. BIAR A & ALO: MESMRRLL 1450°CHELI R SEM:
Ak ALOSEEM: b)3mol% AlOs: ¢)omol% AlOs: d¥mol% AlLO:: e)12mol AlLO:
Fig 3-11. SEM image of fracture surface of composite ceramics:
a) none ALOx: b) 3mol% ALOs: c)omol% Al,Ox: dY9mol% ALO;: e)12mol ALO+

BFOMABNT 0T GMF 8, BLET RABRIKA, i T peaiigh.
X F AR AT LA 3-10 sHBRAR BB SRE 2 9 BHER . A SEM AEH] ALO;
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Fig 3-12 Energy spectrum of marked particle
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B 3-13  1450°CHRELA RPN O SEM: a)E#82% ALOs: b)IB7% 9mol %AlLO,
Fig 3-13 SEM image of fracture surface of sample sintered at 1450°C :
a) None Al,O;: b) Doped 9mol %A L0
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B 3-14 9mol% ALOy/ZrO, M ERE 5K EZEAIXFRQ25T)
Fig 3-14 Flexure strength of 9mol% Al,03/ZrO, as a function of porosity (25°C)
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3-15 AR dRERE SEM: a)1450CHEE ALO;:
b)1450'CHE4515 Imol% ALOs: ©)1550°CHELH4¢ Imol% ALOs
Fig'3-15 SEM of different grain shape: a) None Al,Ox sintered at 1450°C ;
b) 9mol% Al,O; sintered at 1450°C ; ¢) 9mol% ALO: sintered at 1550C
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B 3-16 M 12molde ALO; (X FEET O SEM(E P IR NERLA ALO3)
Fig 3-16 SEM image of fracture surface of doped 12mol% AlLO:
(The particle of aspheric shape is Al;03)
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B 3-17 1M Smol%SiC M ME ZARF BT D SEM: a) 1550°CE SiC I AlOy/ ZrOy:
b) 1600°CTE SiC #1 ALOY ZrOs: c) 1550THRM SiC; d) 1600°CHM SiC
Fig3-17 SEM image of fracture surface of doped 5mol%SiC and none:
a) none SiC sintered at 1550°C;b) none SiC sintered at 1600°C;
¢) doped Smol%SiC sintered at 1550°C;d) doped 5mol%SiC sintered at 1600°C
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Fig 4-1 Residual stress field created by spherical particle in infinite large matrix
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Fig.4-3. Conjunction of main crack and micro crack create deflection
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Fig 4-4 Crack propagatien of composite ceramics: a) Doped 9mol% A1203, none SiC;
b) Doped 9mol% A1203 and Smol%SiC
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Fig.4-7 SEM of sample’ s Fracture surface at different temperature: (a) 1450°C:  (b)1550°C
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HABRAL A FI(ZE d < dunin B).

Rk, FECRRHMEMEIRRE RS, A4 RUHRIIEAAR, A
RE—H B —HtER, TERRNMINEE, XEhRNER, AR
B, BFRERPRNE AR TN AT T AR RS N T E A3
WA RS, FERGAHEES, DESAREBRERNS, MR R,
FE R 250, RANE, WEHEREKRET SR08E, KTkt —HEH
W—AER S, EEANBAYZ AEEEFHRELS. YREARRES
Wi, B5IIEMENRE, BUEATRALSRBOIY, EXMTER
5 AR IR A
4.6 KENGE
L ALO; KEMLTHEIIRAL, SBARETHMM, MWElTHBABREK

X, MTGHRE T HEHERE,

2. BITFETHER ALO: LUK SIC SRANBKRAMERENER, £XBY
¥ Ret, WLMBREE R SHRSIER, DR T YRS,
3. BTART ALO; MELHWEER, TEHKMY BLRE, AL KFHT
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