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Ceramic composite was synthesized using an in-situ
reaction between synthetic zircon and Al;0;. High-tem-
perature strength did not decrease up to 1500°C for the
sample having only mullite for matrix. While, the
strength decreased above 1300°C for others. With in-
crease of the Al,O; precipitated in the mullite matrix
phase, the mullite grains became isotropic and small,
which may occur the creep deformation. On the contra-
ry, the ceramic composite used in the in-situ reaction
revealed excellent high-temperature strength. It was
found that ZrO; and Al;O; particles dispersed in the
grains of mullite matrix, contributed to increase the
room temperature strength, and to improve effectively
the high-temperature strength. Remarkable difference
of the microstructure was not observed in the compo-
site obtained from the natural zircon instead of the syn-
thetic zircon at same composition. However, high-tem-
perature strength decreased markedly due to the in-
crease of impurity content in the natural zircon. High-
temperature strength of the ceramic composite ob-
tained from synthetic mullite, ZrO; and Al;O3; powders
by the mixing method, decreased significantly at
1300°C. This behavior can be explained by the shape
and size of the mullite in matrix, or the quantities of
ZrO; and Al,O; precipitated at the grain boundary.

Key-words : Composite, High-temperature strength, In-situ
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aZTHER (BY—#, TZ-0Y) 372 Fh PR+
0.2um 203 um OHOEMERA L7z ARLTA + (ALOs/

A L7z, SRMEEOBEEICIT 3 AT (JIS R1601)
TRV, BRE6ADPHHMEE L. £/, BERTO
BEREICEARAT A FPROKREHEA L 3 AT
(JISR1601) MW= 7xd, WEFFEEEL1000°C/h,
RIS TfT o 7o SEEBREEOBBER, B
HEBRT 5552 E, RN & BmICHTE L%,
RRAFTISH0°C, IhBATL v v 7 LcHx 2 ENETFHE
e (SEM) 1C &k D EIZ U CaFli L7-.

SiOz H (wt%) =75/25) ¥Rz, WB7 LI =7 A (T 3. EERRER
FEMBETHER, RELIRK &V UV IVEFER LY - 3.1 BESRRHGOEREMERY

FIREIC XD ER LD, ERICHER LRIV ay,
KREVVAY (A—AFSUTE) RUEERASA FO
EMRPOTMPELR 1 ITRT.
BEEABHREEOMERITE L U TIORT. T2 ISR TR
IC72% KD ICFFE Lo &R R 2 T & / — )L 2 B B
WaR—)U I L TC24h BRBEES L7, O—& U —I/ 0K
V=Z—%AWTEEZRELRERE L. CORRES
¥R % &F % F\VCH50 MPa T 1 ez L, EI2#200
MPa T CIP i@ L7=. COE#HE%E KK T1450°C, 2h
FifEEeRs U748, 1650°CC 1h #&#5 L C in-situ reaction {2
EVDALTGA MEER, AS5A -V NI TROELTA F-
VNAZT-TIWVIFTHEEREEAFR L. £/, R
EVVaVERCIESEICIERY IV VOBE L AT
HERUEHT, ARLTA PERERWEECITTH

EHVV 2 2R UCER U S OE A BERs 4k (3R
2 DR No. 1~4) ORMEICH 5 E R 51500°C%
TORERFEZR 1 IR T. SREBEORIKE M-/
AlLO3/Si0; BB (Wt26) =90/10D &8EkE 4k (No. 3)
500 CE TIC WV 5 7 AME DK T 27" 448, 500°CLL 1
T 13 AlOs/SiO2 #H Bt (Wt%) =94/6 D 8 & HE & &
(No.4) ZiZITF UEEER L7z, SEROE A kO
HEII1300°CHU L CREKFEREZRL, Y FY v 7 20D

800

600F|

FLEXURAL STRENGTH (MPa)

J e R~ B SR ) pas - =7 400 ™ ——— - :=:::;2§'\\'
BEETDTIC, ENENBARBELIFRLE. 551 Ay — tﬁ N
F=VNWAZTROLTA b=V azT-TIVITHEEH o
Wtk (No. 1~4), RREE DL % B\ -8 A B
(No. 5) K UFin-situ reaction ZF|HE FTICERAS A F . . ,
0 500 1000 1500

ZRWICREE TR L2 EE A No. 6) ofk2d
B CTER L 7o B A BERs Rp O & FE RS RO R %
2HRICE LD TR

YRR U 7 BB BRSO BEIRARRE B LU F O T2 VW C

TEMPERATURE (%)

Fig. 1. Dependence of flexural strength on Al,O; fraction of com-
posites. (a) Al;03/Si0; (wt%) =74/26, (b) 84/16, (c) 90/10 and
(d) 94/86.

Table 1. Impurity Contents of Synthetic Zircon, Zircon Sand and Synthetic Mullite

Si02 Fes03  Ti0p Cal Hg0 NiQ Mn0>  Va0s Na,0 Al.0s Ig.L
31.8 <0.01 <0.008 <0.007 <0.003 0.005 0.002 0.004 0.031 0.23 2.0
32.9 0.14 0.12  <0.007 <0.003 - 0.002 <0.002 - 0.49 0.7
24.0 0.018 0.005 <0.005 <0.005 - - - 0. 04 - 0.5

Zr0»
66.2
66.0
69.9

Synthetic Zircon
Zircon Sand
Synthetic Mullite

Table 2. Chemical Compositions and Crystalline Phase of Composites Sintered at 1650°C for 15 min

Specimen  Chemical composition of specimens  Calculated volume fraction in sintered bodies
Powder ZrSi0s / Alz0s  Alz0s / Si0: Mullite / Al20s / Zr0= Mullite / Al20s
No. (wt%) (wt%) (vol%) (vol%)
1 82 5L7/483 T4/ 26 .6/ 0 /224 00/ 0
2 SZ.  36.8/637 84 /16 57.8 / 26.1 / 16.0 68.9 / 3L.1
3 82 25.3/747 90 /10 40.3 / 48.6 / 11.1 45.3 / 54.7
4 S.Z 16.3 / 83.7 94/ 6 26.2/66.6/ 7.2 28.2/ 7.8
5 NI 25.3/ 747 90 / 10 40.3/ 48.6 / 11.1 45.3 / 54.7
6 SM 253/ 747 90 / 10 40.3/ 48.6 / 11.1 45.3 / 54.7

S.Z.: Synthetic Zircon,

N.Z.: Natural Zircon,

S.M.: Synthetic Mullite
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Fig. 2. Temperature dependence of flexural strength, in speci-
mens of composites (Al,05/Si0; (wt%)=90/10), using various
types of starting powders. (c) synthetic zircon, (e) natural zircon
and (f) synthetic mullite.
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ik, TVIFERFEOHEME ELIT, FILLTA MEOK
PHCHTH L W BE o7 IV I T & Vv a = 773
BRI BRIFICHTHE T 5 121D, RARICATA
P hU o7 RORELEAS LW, £ LT T3 F
SAHEMNL/6 T THMT 5 L, MACHETIHTIEE
FOUNAZTRTEERE, TEACBESINGP 7.
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Fig. 3. Comparision of load—displacement curves of composites
at 1500°C. (a) Al,0,/Si0, (wt%) =74/26, (b) 84/16, (c) 90/10,
(d) 94/6, (e) 90/10, natural zircon and (f) 90/10, synthetic mul-
lite.

Fig. 4. Scanning electron micrographs
and (f) 90/10, synthetic mullite.
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B o7V 3V DBEM RIS LW, £, BEE
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1300°CCIT AL (wt9%) =74/26 % 1°90/10 & &R
B (M6 (@FD%H) AL TWe. —J, 1500°CO%
FIT B EER SO BT slow crack growth $Hik A EZE X
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Fig. . Scanning electron micrographs of the fracture surface of composite (Al,03/Si0, (wt%)=74/26) as a function of temperature.

Fig. 6. Scanning electron micrographs of the fracture surface
near the fracture origin of a composite (Al;05/Si0, (wt%) =74/
26) at 1300°C and 1500°C.

Fig. 7. Scanning electron micrographs of the fracture surface
near the fracture origin of a composite (Al,05/Si0, (wt%) =90/
10) at 1300°C and 1500°C.
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1000°CLL kGO ERAB OB & BRSO I3 AR
BRI DOWTEET S &, ALOs/SIO; R (wtd)
=74/260DFK No. 1) F< Vv 7 ABLTA FEE
ThHY, L5 FORTEPKEL, BRIV IZTH
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Al,O3/SiOz FHELH (wt%) =90/1003k (No. 3) D54
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wiT, &YV a v % H\ 7o in-situ reaction 12 & U fE
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WCAFEEL, M4 @©PICHRTHATRLZEDECSR
P v 7 AD LT A FRIT S RRAZ TR TR EIRRF2
HETAHIOIC, BRBEDEKTIZI300°CTHED M
nir o7z,

Fio, HERMBCRREY IV VEHER L7 ALOs/
Si0, MBLEE (wt2%) =90/100#% (No. 5) Tik, ZDH
BETERIVa v EFER L R—H RO & ELLT
Wiz, FBLICER LAV VEBRPICE £ 5 FeOs,
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bz TnWhEEZLNS. REICRAY VOV 2ER
7= Orange S100OWMEITHEVTL, (L D1000°CLAET
EMTBMERTA2RLTED, 1000°CHITTHS AHER
WAL LIBD 572D THH D LBRTWS. El2FRLTA
FEERE A TIE, TN S5 AMOEKALIZ1300°CHHE TH
D, ITNHOHRENLDLRRY NIV EDOER, TihE
DEWICLAHELEZOND.
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in-situ reaction ZFIfH U CIESL LU - B & &S CIL, FR

BEDOR FICEE LRI LT AFET S W
S WHEB OB, TOBRBEREOR LICLRELSHF
ELTWAI G holz. TOHESER, A—O YL
NIV THLERLTA b, TVIFTROVINVAZT ORE
B CYEBL L - A BERS R OMiEE & T OSRME R T
B L2l & THRTE L.

5 # &
EMECHBREERYIVAVERTT VI FERW
in-situ reaction #F|JH L TALS A F-VIV 2T REAT
A =V aZT-TVIFEELSI v 7 AEZEHHL,
Z O EERE OHRKFE R CHES & OBREHE L
7o BIC, RREVVAVEER LSS EERATA
F, VVaZT7RUTIVIFHROBAEYER LB
THE L, (EH LS E ARG EOMES L SEBE DM
RO L7e. ZORE, UTOLS%ENPHLRLE
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(1) HERYINVa v ETIVI JFO in-situ reaction % FI
LCfESL L7 &R R OBRMEL, < FU v 7 XHR
A5A FEHEOBEICIRIS0CETE T L7, L
nL, 554 TRy AT 57V I FHOHE
mE e BITASA PRTREFNEER EED, »ONE
LWA L, 7U—TEHEBEE L5 57-I1C1300°C%H
25 LEERET L. :

(2) BMECTHBERLEERYNVaAVRUET IV F M
F L7z in-situ reaction #FIH L T FR L2 LT 4 -V
AT ROELTA b=V a=T7-7T VI T EEREEHT
13, SERBEON LSS LRI o8 LN T B FE
T5 &S BHEEORES, TOBRMEREOM EIZD
RELFEL Q.

3) ARYNIVORPDVICRREY VI VEFERL -
ToFA— R DOE ARG EOBRES I N EEVI RO N
Mo 2B, ZOEBBMRE IR RAOTHYEEEOEICHE
AU CEEICET L.

4) BEATA b, VNVaZTROTIVIFHREE
WTREATEIC K O LSRR AT, sRYIVav e
7L X O in-situ reaction &\ 7B S BERE (k& HBE L
T, BRERBEOCELWVETERL:. Thid, A5 v
Uy 7 ADOIRR TR ES, RFCHH L727T IV I F K
GV a2z TRTFDOEHEEDBE N X A BlESE % Sk L7z
LD EEZLNS.
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