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Mullite-ZrO; and mullite-ZrQ,-Al,0;4 composite ceram-
ies were prepared by in-situ reaction between alumina
and synthetic zircon powders. The mechanical proper-
ties of these composites were investigated as a func-
tion of Al;03/Si0, weight ratio in the matrix. Three-
point bending strength at room temperature and frac-
ture toughness increased with increasing content of
Al;O3 over the entire range of the AlLO,/ SiO; ratio
from 70/30 to 90/10. In particular, the mean bending
strength was 650 MPa in the vicinity of the composi-
tion ratio of 90/10. As judged by the crystalline phases
and observation of the fine structure, a strengthening
mechanism which acts significantly on the mechanical
properties of the composite sintered bodies was indi-
cated by the following : (1) grain size reduction of the
mullite matrix by dispersion of the Al,0; phase, (2)
nano-structure in which Al,O; and ZrO, particles were
finely dispersed in the mullite grains and (3) disper-
sion-effect of the Al;03 and ZrO; crystalline phase with
a larger thermal expansion coefficient than that of the
matrix.

Key-words : Mullite-ZrO, composite, Mullite-ZrO-Al,04
composite, In-situ reaction, Zircon, Microstoructure, Mechani-
cal property
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Table 1. Impurity contents of synthetic zircon and zircon sand.

2r0; Si0; Fe Ti Ca Mg Ni Mn v Na Al gL

Synthetic Zircon 66.2 31.8 <0.01 <0.005 <0.005 <0.002 0.004 0.001 0.002 0.023 0.15 2.0

Zircon Sand 66.0 329 0.1 0.07  <0.005 <0.002 0.001 <0. 001 - 0.2 071
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Table 2. Chemical compositions and crystalline phase of compo-
sites sintered at 1650°C for 15 min.

Specimen Chemical composition of specimens Calculated volume fraction in sintered bodies

2r8i0s / Al20s Alz0s / 8i02
(vt) (wt9%

Mullite / Al20s / Zr0e (V2)  Mullite / Alz0s
[ (vol%) (vol%)

45.8 / 35.0 70 / 30 72.1 /#3.0 / 24.9 00 /0
39.6 / 37.0 74 / 28 7.6/ 0 /2.4 100 /0
35.1/ 38.5 M/ 74.3 /5.1 /20.5 93.6 / 6.4
29.3 / 50.4 84 / 18 57.8 / 26.1 / 16.0 68.9 /31.1
18.3 / 54.0 90 / 10 40.3 / 48,8 / L.} 45.3 /54.7
11.0 / 56.4 9/ 8 26.2 /66.6 / 7.2 28.2 /71.8

N N L

* Glassy phase

Table 3. Volume fraction of transformed tetragonal zirconia on
the fracture surface of composites.

Specinen Volume fraction of t-2r0. phase Volume fraction of

Polished surface fracture surface transformed t- Zr0. of composites
(vol9%) Vz XAV (vol%)
15.5 13.6 0.48
34.0 29.5 1.02
40.6 32.8 1.66
35.7 34.2 0.24
51.8 44.3 0.85
.7 34.0 2.719

No.

» e W N e
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2ZrSi04+ (3+ X ) Al,03—3A1,032Si0, 4 2Zr0,

+ XAlL0O4 2)

ZFIT, BRIV ETIVIFTOREHEFD Al,Os/
SiO; MR (wt%) %90/10 (No.5) +94/6 (No.6) &
L7-BEBEDORI k% B 5 H L eH1450°C T 2h OFfH s
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((2)3) 131550°C, 1h OB TIRIEE/ LTz, 2D
BERITEKR YV a v E B W Claussen & Jahn? O &
—H L, A4 MLOSIGREZHRBFEROFE X T
W \WC ER g 7.
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L7201, K2R L6 BEOBREEE No.1~6) %
1450°C, 2h O FipERE#, 1650°CT15 min BEpL L CTIEH
L. B2 ICEEEAHREEONLIFTE & Q) ORIERD?
FEINAERBEEOREEZRT. WTFhoMB (No.
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OFEA X RETIC L DTN, YvavoRry —
3B ENZh T
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Fig. 1. Conversion rate of synthetic ZrSiO, as a function of sin-
tering temperature.
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Fig. 2. Compositional dependence of the densities of composites
sintered at 1650°C.
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Fig. 3. XRD patterns of composites sintered at 1650°C for 15

min.

AL03/Si0, (composition ratio): (a) 70/30, (b) 74/26, (c) 77/23,
(d) 84/16, (e) 90/10, (f) 94/6 and (g) Al,O,.
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Fig. 4. Scanning electron micrographs of sintered composites.
Al,03/8i0; (composition ratio): (a) 70/30, (b) 74/26, (c) 77/23, (d) 84/16, (e) 90/10 and (f) 94/6.
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Bkt (71.8/28.2) khkxE< (X>0) bk, L1541

FEUNTZTHUACT VI FHROTEATFEINS.
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(X4 (a).
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A2 T 5 &, EEREEOMEIZTILIFED
Win e SRz A U, ML A390/10 £ 31 T & A fE D700
MPa BEZ/R LA, 94/6 U ETET L7z, %72, X6
ICR Lo A BERS R OBE BN LR OB BURFFNE & Rk
7B 2R L, MBUH=90/10fH:0 TRKAE & 7% - 7c.

VEBL L7 A5 F=U a7 -7 IV I FEEEEED
BRSO LOB#B LY LTE, <MYy 7 AHDO LS
A FEMES STV I TSN OZELIT RIS U TERE
BRUBESMEAM ELTWAZ ETHY, HIZATA M
& TV S RO GEMEIEE L kA THRE
RUOBEREARAELRT I ETHDLH. CTOHERER,
AlLO3/Si0; R OBALIC & » TH LB EBEREEOM
R O OB LA R ICBRE B 52 T
WAHZ ERREL TN 5.
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DI DN TEE L 7-.

T, Wby 7 AOEREBLTA FEED L WITA
SA FHICAYBONS A% S L74/26 R TT70/30 D
ALO5/SiIO; MR H (wt%) Tit, A5 A4 FHEIZE+ um
OB A SR AMBTH-> bbb 67, FR
L7 BB OME R OB EHEERBICHRE S h TY
AREELEBROERALTA P25 I v 7 AOED LD LB
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Fig. 5. Dependence of bending strength of composites on Al,O
content.
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Fig. 6. Fracture toughness of composites as a function of Al,O3
content.
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KIZ, BEHEBEREED AlOs/SI0; MR (wt%) BAT
A4 FPEHBERETEZ TTIVIFRFORE LT A%
(No. 3~6) 12725 &, HEBSEROBBAOEE LM L
T A, ZOLZORBFER/HBOMBEBREN O, L54
FHORIEERT IV I FHOBIN - TR L, Do AT
4 FPHONRWNICT VI FTHEATHE LTS BT
7o TNHEEBEEEOME R OB OR_ EICEF S L
TWwWh EEbNA. B, <MYy 7 ZARTRICTIVI T
PHHE L TWA T &0 D, EABSEOBMAEM:Om L
GEFREINTWS T/ EEERIC L L LS LIE
BLTWAEEZOLNS. £/, MYy 7 ZAHOBEE
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i3, ) TVITHOGBICLSASA PR v 7 A
OREWA, 2) A54 FPRFRICTIVIFRUEVIL T
ZTRAFOSEB LIS/ BE, RUQB) vy 7 Ak
D BZERREOK E e 2 HOSERD 3 BEOKE
MEABICERLTWAEE2BNE. L Lanb, X
4 (e) R () D SEM BEEITR L-HBEZEIICRON S
£, TIWITHOBNASA FHEEDLELhB L,
T IFHELIERALATA FPHONAICEEET S &0
WEEL 25, B2, 7IVITHEBEFOBRKRICZS LA
A FHETIVIFHORNRICOB LU /EE LA, Ok
2 IR TR BER RO/ NI AR GBI L T 57280,
LT BRI CE 5.

DEOZENLL, A4 F=-VNaZT-TIVITES
BEERFROAT A PRET VI FTHOBEMIIFE L L
% AL Os/SiO; AR (wt%) D90/10iC 35\ C, Eak L
7o 3B OBBEB IR LIREOCERLTCVSLLD L
Ez2bHh5.

4. B B

EAME CEB R ARV VB ERRUTT7IVI RS
BT, in-situreaction #F|H LA 54 F-Va=7
BUOLSA P=-VNa=T7-7IIFEEESI v I A%
FHL, OB OBBUKF Z8ET L. Tok
B, UTOLI% I EBPHEOEMN L7z,

(1) BEFEEHORRMEL, < M)y 7 AHOLAS
A FPEHICT VI FHOWEA AT S & L bicmbL,
LTA FPHRETIVI FHOGEMTITE L Al03/Si0;
MR (wt%) D90/10fF3T CTRAEZ R L7z, ZDFH
SREEI3650 MPa TH 1, WHEBERIC LBt 3y
ZADFRTRIIN I T RERAEICKRSEBHRE LR L.
7o, BEBMSGORBEINE LHEE L RKESRER LR L

7o

(2) BEAFEEOMBESLIL, A5 FOBEBHEEKAO
MR CIXEK AT b~ D) v 7 ZRF ORI O R
NV AZTRFRGE LG LD, L Lasib
T FTEFEOHEME & GIGREI L7V I TR AT
A b= Yy 7 ARARORRICRERMEE LTI L, 7
W FHOERENPATA PHOGE LD L% b LRA
T NVIFRFIRITEAERONA L k7.

(3) BEBERSEOBMAEME R EICPER L %381t
BWREL LT, 7IVITHODBICEDAGA FY )y
7 AOKERA, LA PRIFRICT VI TRV a s
TRTFOGE U/ BERU~ R v 7 AL BEaR R
BOKERTNVIFTHLE DN a7 kEEEOS B &
DIFELEZON, AF4 FHEETIVIFTHOEEN
T L < b ALOs/SiOx RLH (wt%) 90/101F 3k
TROLUGRIERAL WS EEZLNS.
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