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Densification conditions of alumina, MgO stabilized zir- THHIEND, BNIERIMESTRINSITEES T
conia (MSZ) and zircon composite were studied, and W 1011

sintered bodies were evaluated as cutting tool by the - s . = Say e .
temperature dependence of three-point bending o ”fzjﬂﬁjhvc I fﬂ/ 37, MSZRUD V=Y Of
strength. The Mg-spinel formed from Al,0; and MgO, FLET OIS, ERVVIVEROBMOMEEHREL

stabilizer of zirconia, prevented the densification Al,03;-MSZ 7o & T A, BEFEEAMEBLIN, TOBERNKD HEE
composite. Thus, the zircon was added to the Al,O3- B ENTE LD CHET 5.

MSZ composite and then the powder mixture was sin- R WETS

tered after molding. The addition of zircon prevented .

the Mg-spinel formation, and the composite was den- 2. REBAZE

sified by controlling the cooling rate. Pre-sintering and MgO % 9 EJ) % &3 ZrO; 3K (OMSZ, |V —#,
HIP treatment of the composite which contained 60 M £ . () 2L —~ 0/ AR N
wt% Aly03, 25 wt% MSZ and 15 wt% zircon were per- I}Zig%l@c ' O;3 04um) %10 35}_24’ Ry
formed. The bending strength of the composite did not (ZrSi0y) Bk (RY —8, PRI : 03~05um) %
decrease to 1200°C, and increased with increase in the 5~30 wt% X O AlL,Os ¥k (BBFIE LH, FHRE: 1~

content of zircon. On the other hand, high temperature 2 um) %60 wt% O TRV, T/ —LhR—

bending strength decreased with increase in the con- - A P N N ] g
tent of zircon. In order to evaluate the composite as a SVERCTREL, BONLRABATRE LR,

cutting tool, the resistance to fracture was investigat- 500 kg/cm? ODESTFHEY L7z, £/, BoONFMH
ed. It was found that the sample, which had a high tem- BAELT &5 E 2t/cm2 OFENTIN—S VAT LD
perature bending strength, had good resistance to frac- L7 RIAE, PRERE (1300°~1500°C) THFER:
ture. B (I~dh) BERER1T - 7. BONABEREL, » Wl
Key-words : Al;03, MgO stabilized ZrOs, ZrSiO,, Compo- ZHlE L/ctk, SEPB A H W CHIESNEEY, AR o
site, Cutting tool +HE%E 3xAX4A0 mm I T L, FEHA/SVE®Z30mm &
LT 3 Flli R Bk & 0 =R KX U1000°~1400°Cic 1
« % ERmEE A EE L. 3 PRSI LER
1. % § TRIOGKDORERF %, GRTEIERE L L5 K0RBR
TIFEVIV AT BRI LU EEREREL, TV ZRWCHREMZEE L, MEEOES D& TS —/—
FOEMEL R UEMLICHR A D 5 Z EPmbNn T THOWTEL, FRECST A EHELFEICR L. £
B, Va7 TV FOERICBNTE, TV 7=, Bohn/-EERA 5 ISO #HEs, SNGN120408 (/U
BEOBBEBICBWNT, ZEtFlEAVviN a7y HR—3I 27020 mmx —20°) OYEI TAZER L. =
ETNVIFTOEERCEBT BHBEFV DR, v FUT " OYHITREZAWT, KREM (S48C) wEROHH KX
ZEAFE LTHAW YL a7 LTIV FTOEARICE Wit D4 CHIHEI L, YIEIMEERIC RT3 ZrSi0y OIRINE
T ABEHEHO D RH D, Wih SENEREEE % DB O\WCHE L.
R EBHEINTWS. Lal, Va7 ED Bic, Boh-REAER O SMEE X FREHRBRIC
FCLEBIETH Y, DOMBEREEICENTWDS T &h FOREL, BERSEHREOMMELILI300°CICis\VWT 2h,
5, EBOMLE LAZA Az EICBAINTHER TR V- VLo F VT e L, EEMNETHEMSE
VTREAYIV T (MSZ)® %N TIVIF LD (SEM) ZRWTEZE L.
TwEbIE, MgALOL EDOARIC L 0 T4 ) B
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310 TWIF-MgO BEALY IV AT -V B EBEREEOIERL & 7 Ot
3. RRRUEZE ZORER, SR ZrSiO R OTRMELR 0 /» 515wt
3.1 BEBRBEAEDHIREICRIFI MSZ RUAH NEWEMT AL ELDICHRNEEIRLEL, BREED
ZrSi0, MY RARMEDHE 959% & Tl Lz,

B 11 ALO; FinE %60 wt% ICEE L, IMSZ % &
B ZrSi0y MR OWRINE % B S 72 BA& OB & Bk
DOFERIEE & BERSRE OB fRE . FekicB L T, B
BIRE E COREME%200°C/h & U 2h 5 L%,
200°C/h OFHREE CERE £ TAH L.
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Fig. 1. Relative density as a function of sintering temperature.
Holding time: 2 h, Cooling rate: 200°C/min.

A1,05: 60 wt%, MSZ: (60 wt% ZrSiO, content)

® 0 wt% ZrSiO,, [] 5 wt% ZrSiO,, /\ 15 wt% ZrSiO,,

@ 20 wt% ZrSiO,, O 30 wt9% ZrSiO,

9
(=9
L 3rF
o
o
E A
=
n
g
£
>
g
T .
> (o]
10 20 30 60
28 (CuKa)

(a)

w
T

X-ray inte«nsity(xm3 ) (cps)

Ll

10 20 30 40 50 60
20 (Cu Ka)

(c)

B2 (a)icid, ZrSiOy IOV 7 %1600°CT 2 h
PERS L 7o BERS AR 7 X AREITRBRIC & 0 & Lok R
ZRY . B ZrSiO B KRR IO BERS K Cid, 1500~
1700°CTEERS L 7= BEEARIICIE, 7RV T AR R
I (MgALOy) PBERLTED, XHEHFARBROEEL
LEERAERE O Zr0; #81E, F LA & mZr0, (BATRY
VazZ7) LixoTED, BEESENTICIIM N E8RRR
B3 7z. Reijnen & FirathlQ RA#ERH LTV 5 XS5,
AlO3 & MSZ ORFEMAF & ORIGIZ L D AR LIz AR
VBMEEALZBAE L, #FRTC, ZrO; OBZELIC & 0 B
FEENTICBAPE ARG -7 DEEZLND.
B2, K1»6505 LI ZeSiO R OB INE15
wt9% DY 7 IV B TE1400°CLL_E DR BRI 36\
T, F7z, ZrSiOy OWRINE 5 wt% OY v FIVic BTl
1500°CLL_E iR EEFHIRIC 35\ C, wﬁﬁﬁﬁﬁTﬁéﬁ
AR L7c. CORRPEERT L0, FEEasis
7e& A, BEEEPNTRIChEPICBRRE LTV, T
T, 1600°C T 2 h BEfE L 7= ZrSiOy ¥ in & 5 wt% & U°15
wt9% OFFIER 7 X MEHRBRIC L O FE LERE X
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Fig. 2. X-ray diffraction patterns of alumina/MSZ/zircon composite.
Sintering temperature: 1600°C, Holding time: 2 h.

(a) 60 wt% Al,Os, 40 wt% MSZ,

(b) 60 wt% Al,Os, 35 wt% MSZ, 5 wt% ZrSiO,,

(c) 60 wt% Al,Og, 25 wt% MSZ, 15 wt% ZrSiOy,

(d) 60 wt% ALOs, 25 wt% MSZ, 15 wt% ZrSiO,.

Sintering temperature: 1400°C, Holding time: 2 h.

A MgAlL,O,, @ m-ZrO,, O t-ZrQ, or c-Zr0,, A Al,Os, [[] ZrSiO,.
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NZFNE2 O RUR2 QIR Y. Fiz, HEODHIC
1400°C T 2 h BefE L 7= ZrSiO, ¥ i 215 wtd% O R B E
X HEEHRRBCI VAT L ERZRK2 D IRd. <
TRV AACTIVOERIZRK 2 MIZRB TR DN
7B 2 Q)IEBWTCRBOONEP -7, F/2Zr0s 13,
K2 ®7AELTILK2 () &b, $XTmZrOy THo /b
1400°CIZ B8\ CBERS L7calkRHZIE, tZrO; (EFRYIV
=7) it cZrO, IHRYINAZT) BEETHI L
M6, ZrSiOy DREMEZHEIMI S EICLD ALY XV
DR AIME S RN D B0, HMBORIMTLEN
B PHEIT L1400°CIC B W CHIREBE SR K LR 5 R
1500°CLl O BEEBEER I, BEEATICEBET 5 mZr0,

iD%FﬁWL%Q#EL/t I, BERS RO B E
f)“"‘ﬁ BELEWHEREZ LD EEZDLNS.

B3 icid, M1 &MRIC ALO;s Hing %60 wtd IZ EE
L, IMSZ ¥k & & ZrSiO ¥ R DR ImE = L 3 ¥/
B4 D1400°CIT I8\ CTHERS 217 - 7o A BEfE (5 O BEfS RF
&M ORRART. FESREALR L Ch, Hx
%F@rﬂ: BROLNT, BIChTHIPHETIRDLN

. BERERRRARER L7-BRIC, ZrSiOq 715 wtd% & A 72 %
khmT%%%%OHﬁ%E#ﬁ)Ltﬁm%ﬁ«ét
12, 9MSZ %25 wt%, ZrSiO, %15 wt% & %1400°Cic
WC 8h BifE L/ BERSAER 7 X BEIHTRERIIC L VRN
TREE, M1 0EE A, MgALO iZBE SN -
7o, BEREAREMO Zr0s 133N T m-ZrOs ICHHER LT
B0, BERAERIC LS OBAMRED LN/, TORE
o, BERRMAEE TSI LIk, BRI Tk
BREPEL R, FREEEE O m-ZrO; ~OHEEBIC X
FATHBINCLD, RNk, SERERREOER I B
BEROMEEIZET LI2bD L HEINA.
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Fig. 3. Relative density as a function of sintering time.
Sintering temperature: 1400°C.
@ 0 wt% ZrSiOy, (15 wt% ZrSiO,, /\ 15 wt% ZrSiOg.

500°C/h N DA LI LY, BEMETHEEL Tm-
ZrO; DA AHH L, FASHREEOR L& A7,

4 @EUCK4 M ICiZzhth, 1400°Cic B %8
WHBROLGHEE Z500C/h & L-BE&0EBE RO
ZSIOL R MM E L mZrO, OE & 72 b CIT B A F O
ZrSiOy TN E & B EOBRERT. COKEMD
GHEEZRDSL T LICXD, mZrO; DEIEZET IR
HTERTESDEE LI, B ZrSIO, DFRINE & BN &
®*HEITLED, *H?T?%‘P%WJ:?’Z) LGtz
T, HBD7-DICE 5 IC1EIMSZ %25 wt%, ZrSiOy %
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Fig. 4. (a) m-ZrO, content as a function of ZrSiO, content.

(b) Relative density as a function of ZrSiO, content.
Sintering temperature: 1400°C, Holding time: 2 h.
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Fig. 5. X-ray diffraction pattern of alumina/MSZ/zircon compo-
site.

60 wt% Al,O5, 25 wt9% MSZ, 15 wt% ZrSiO,.

Sintering temperature: 1400°C, Holding time: 2 h. Cooling rate:
500°C/h.

@ m-Zr0,, O t-ZrO, or ¢c-Zr0,. A\ Al,0,, [] ZrSiO,.
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312 T2 F-MgO BN O 2T -V /B A BEEROVER & 7 Dk

15 wtfs & A1400°CIC $51F % Befs 4 O i HIE B 500°C/h
& LTS U7 BEis O K H # X R EFTRBRIC X 0 ik
L7BBREZRT. BICRLZN2 (@) L HiET 5 2B 50
RS, BHEEE#200°C/h » 5500°C/h N EHED B
LI XD mZrO; DEIGMET L COBHETFRG2 5. &
7o, B O SEM BZIC L D ZrSi0y DIRINE % 7 wt¥%
Plb&44Z ic X0 FEfgERmE LoBR LR SN
molz. BI6ITIE, BESHROGAEE #500C/h & LIk
E OBEBAEOAREE & FEEREOBREY R 3. BHEE
%200°C/h 2 5500°C/h N & D 5 Z & T, ZrSiOq DU
215 wtl L EDOFEBHT B\ T d m-ZrO; D4 %K
TE¥, BEREAEECHNBESY EChHEIEsl &
BTET.

3.3 HABREREDREKRSENY

AlO3 %60 wt%, 9MSZ %25 wt%, & B ZrSiO, %15
wt% & LC, 1400°C, 2 h OFHBERS 21T - 7o Befs k% 5|
ERE 7N IVERAKPICBWTI500atm DFE D& &
T1350°C, 2h O HIP ¥R % L7z & 25, 1EBL L 7-BEksE
DOEIRFREL600 MPa, #EEEEM(EIZ4.0 MPavm, &5
Y v J1— AP EEIL 1500 kg/mm?2 TH - 7=.

R 7 i3 Al,Os 60 wt%, 9IMSZ 25 wt%, &5k ZrSiO,
15 wtd% OB O H FEBEAS 4k & HIP AL D =i/ K U
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Fig. 6. Relative density as a function of sintering temperature.
Holding time: 2 h, Cooling rate: 500°C/min.

A1,04: 60 wt%, MSZ: (60 wt% ZrSiO, content).

@ 0 wt% ZrSiO,, [15 wt% ZrSiO,, A 15 wt% ZrSiO,,

Q@ 20 wt% ZrSiO,, O 30 wt% ZrSiO,.
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Fig. 7. Bending strength as a function of sintering temperature.
60 wt% Al,Os, 25 wt% MSZ, 15 wt% ZrSiO,.

M Sintering temperature: 1400°C, Holding time: 2 h.

@ Presintering temperature: 1400°C-2 h.

HIP treatment condition: 1350°C-1 h, at 1500 atm in Ar gas.

1000°~1400°CiZ &1) % 3 ST HEOELERS. FD
KR, WERMKE - HIP B % it L/ BiEA i, =R
DBEICII K EEEZIRDONEh o 1B, BiREOBEI
3 LWESE U WHERERBE T, 1000°CHHEA 5
BRI T AR E 501w LC, HIP LB % i L7-5
BERENRTCIII200CETIT A FREET 2RIV
R &,

B 8113, B G & HIP AL % HE | /- BEis k%t —
WLy F U LI, SEMBIER LIERERT. O
ORPOGHE G2 k51, HIP MBI L DR ROZHL A
FBILLBALLTCWBI ERGhE. TORAOBEAIT &
D, BEREBEEALLALOEEbNS. F, XERE
PakBr CIIAERR S 72 - 7274 AlOs 2 MSZ & D F R
ICAEF0IY BEFET A7V AU &B OB Si0,
EDERL AL &2 HIP I X O FE b L7z wTREME &
B, 5 UIZERBERME DK T D%\ R E HER %%
FEEERSAIC I L C200°CiE SR AI~NBE S R /o B O—
DESTNS EHEINS.

B9 iz, ZrSiOy OFMmE L X+, 1400°C, 2h
FEBERE L7-%%, 1350°C, 2h o HIP B % fi L 7= BEks D
MEOREEKEEETRT. COKEND, ZrSiO, OFmM
ERENT 5 EEEBRERDIArCHLETSLDD,
1000°CLL EOBRIC 331 2 SR T 23544 % 4 B BT
BERBAAB LR ko, SO XD, ZrSi0y D¥siN
BEnsd, MSZ DIRMEZFHA I®L2ICED,
FRBAETAETS DD, 1000°CLL EOREMET ¢
HHATHMBICRT C S L WA, ZrSiOy ORmE %

Fig. 8. SEM images of alumina/MSZ/zircon composite.

60 wt% Al,Os, 25 wt% MSZ, 15 wt% ZrSiO,.

(a) Normal sintered body
(Sintering temperature: 1400°C, Holding time: 2 h.)

(b) HIP treated sample
(Presintering temperature: 1400°C-2 h, HIP treatment condi-
tion: 1350°C-1 h, at 1500 atm in Ar gas.)
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Fig. 9. Bending strength as a function of temperature.

AL,0;: 60 wt%, MSZ: (60 wt% ZrSiO, content).

A 15 wt% ZrSiO,, @ 20 wt% ZrSiOy, © 25 wt¥% ZrSiO,,

O 30 wt% ZrSiO,

(Presintering temperature: 1400°C-2 h, HIP treatment condition:
1350°C-1h, at 1500 atm in Ar gas.)

BN 5 L XHEHFRBCEASA MEHORIEITZTE
Ty o to8, ZrSiOy & AlOs LDOMID LS A + & ZrOs %
T B RIGOEERA L, MAICHERFEIRIC W TLE
7t MSZ LIS ZxOs G BT ICERT 5 & HB—2
OER LV BEBEZRET S, 1000°CLL ETOR
BHEOE TS Ir ¢ 2 ERAUNBET5 &0 I BRIC
ol b#HEEXINE. UEOKEREML, AlO3; 60wtk
OMSZ 25 wt% , & B ZrSiO4 15 wt% O O B & %
1400°C, 2 h O % FE 8RS L 7=, 1350°C, 2h o> HIP AL
T L7 BRI 1200°CO BB FIR & THEE T2 RS
TN RGP T,

3.4 EABREEOUIHIREDTE
BEERAEOYEI T A Y L COREEEMT 5~ <
ALO3 DWRINE %60 wt% IZEE L, MSZ KU ZrSiOy ©
HINE % 7 7 n25wt¥% K U156 wt% & 10 wt9% K 130
wt% & L, 1400°C, 2 h D% FBesS L7-#%, 1350°C,2h @
HIP LB % e U 7o BERE Ak Dt BEREME T OVt R 38 M % FR A

L7z

B10(a) i= 1% S48C %500 mm/min O3 B THEMLIGEI L
7o & EORFEEREE & UIHIRHOBRE, XM10 (b)iCi
300 mm/min OFERE CTHEAMBLIE Lz & SICTABR
BICE 5 & TOEHEBER A ZrSiO, g & OBFR TR L
7z. K10 (@) 2 B2 OFRHT BT, YIHIRHE & BEEE
DOBRITIFITRASETER 2D, ZrSiO, ORMEIC X5
Mt EEREME T 5 2 A B - 1o, K0 2 b0 5
£, RBIEES & COMBERICIIA ERELBED
B, ZrSiOs OFEIE %15 wtd% & L7 BEs kO KBk
1330 wt% W in L7z BRIl L TN/ D & - T
7z

COXDCMREEAHELAERE LT, KR
LBt OMEOBRBERERESE 2 b 5. —IC, T
BOANEL, UEICEVER, BETICSHIH, #oOY)
Bl C12300 mm/min BE OYIHIEE T, NERED,
1200°C%#z2 5 ¢ T5HEP LB 5. SEOUHIGHEI
BWTh, NEOREIZI0CCEAXIT I NnE LES
BE: s EAFHREIN, GREEOETO/MI W
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Fig. 10. (a) Flank wear as a function of cutting time, (b) Num-

ber of shocks as a function of ZrSiO, content.

AlLO,: 60 wt%, MSZ: (60 wt% ZrSiO, content)

A 15 wt% ZrSiO,, O 30 wt% ZrSiO,

(Presintering temperature: 1400°C-2 h, HIP treatment condition:
1350°C-1 h, at 1500 atm in Ar gas.)

ZrSiOy DERIME %15 wt¥% & L /2 Befs A O R B #: 2830
Wt RN LB Ric b L ClEN /b D bl s oD &
z26Nh5%.

4. B FB

(1) MgO ZEALZrO; (MSZ) & AlyOsic ZrSiO, %
15 wtX% L BRI L, BREROBHEEZHI#E T 5 Z &
£, MSZ > MgO & ALOs iD= 7Ky A AE R
o (MgALOy) OEBZIEIL, HERBEIC LT, 95%
FCIBBILTEL RGP -7,

(2) 60 wt% AlyOs, 25 wt% MSZ R 1815 wt% ZrSiOqy
D ABEEBERET, 10000CU ELOBEICE VW TLE
BHREOKTH% L, i, HIPAE 2K L, 8&E Lz
R X 7= BRHT1200°C £ CEBEOBME A REET5 2 L
BTELT LRGP T

(3)  AlOs-MSZ-ZrSiOy #8 & B #S 44 7 O ZrSiOy ¥ i
EXHMIE5Z L EERBE AR LS R ABRIC oS
5400, 1000°CH EOBRICKIT 5BEZEKTIE5
T EByIp oz,

(4)  AlO3-MSZ-ZrSiO4 # & Befs (A O WK 82 O S
BT o7 T A, THEREEICII A SR bIRRD b hixh-
7o, M/RIBEIIE AR AOBRIC i 5 BERE - B8
RABDY, BIREEOR\EEREESREEICEN S EE
Lo,

NI | -El ectronic Library Service



The Ceramic Society of Japan

314 TR F-MgO BN A =7 -V 2 VR ABERE R OTERL & 7 Dbk

ZHE (1987) pp. 1-15.

X N 8) R.C.Garvie, R. H. Hannik, R. R. Hughan, N. A. Mckinnon,
1) N. Claussen, J. Am. Ceram. Soc., 59, 49~51 (1976). R. T. Pascoe and R. K. Stringer, /. Aust. Ceram. Soc., 13, 8-
2) N. Claussen, /. Am. Ceram. Soc., 61, 85-86 (1978). 11 (1977).
3) F.F. Lange, ] Mater. Sci., 17, 225-63 (1982). 9) R. C. Garvie, “Bifs (5 —RARXF 4 —)", REEF, F
4) D.]. Green, J. Am. Ceram. Soc., 65, 610-14 (1982). R, PIEEEBE (1983) pp. 265-74.
5) R. Stevens, Trans. J. Br. Ceram. Soc., 80, 81-85 (1981). 10) P.Reijnen and A. C. Firatli, Interceram, Nr. 6, 19-21 (1984).
6) F.F.Lange, J. Am. Ceram. Soc., 66, 396-98 (1983). 11) J. Wang and R. Stevens, J. Mater. Sci, 24, 3421~40 (1989).

7 BH B, kBB BH R SEE, NFRES, & 12) PREF, emEBEX, BEEMR, 40, 156-61 (1974).
MR, “UNaZ7v53Iv 7 A7, EEEH, AH

NI | -El ectronic Library Service



