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Effects of Addition of Titania and Alumina Powder into Permeable Magnesia Ceramics
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1-3-1, Shinhama, Arai-cho Takasago-shi, Hyogo 676

* Department of Chemistry and Chemical Engineering, Faculty Technology of Kanazawa University,
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Properties of permeable magnesia refractory containing titania and alumina powder in the mairix were investigated in order
to produce permeable refractory with high thermal shock resistance, corrosion resistance and low penetration of molten steel.

By adding titania and alumina powder in the matrix, bright glossy portion and dark glossy portion were observed in the mat-
rix and in the grain boundary of magnesia. Bright glossy portion was CaTiO, (Perovskite) from X-ray diffraction and
EPMA analyses. Dark glossy portion was suspected to be ALTiO; (Aluminum Titanate) from EPMA analyses although
AL TiO; was not detected by X-ray diffraction. The collapse of magnesia grains was caused by the generation of CaTiO, and
ALTiO; in the magnesia grain boundary. Apparent porosity, mean pore diameter and permeability became high and large as
Ti0,/ AL,O, molar ratio decreased, and reached the maximum value at the equivalent molar ratio, However, above the
equivalent molar ratio the values became low and small, Permeability was proportional to the product of apparent porosity
and the square of average pore diameter. Thermal shock resistance increased twice compared with no addition of
Ti0,/ ALO,. Although corrosion resistance deteriorated by adding TiO,/ ALO,, it was superior to the conventional porous
alumina refractory. Penetration thickness of molten steel was not dependent on TiO,/ ALO, addition, and was very small
compared with conventional one. This permeable magnesia refractory will have a good possibility of being used on actual
operation, [ Received November 20, 1989 ; Accepted July 16, 1990]

Key-words . Thermal shock resistance, Corrosion resistance, Penetration of molten steel, Permeability, Grain bound-
ary, Collapse of magnesia, EPMA analyses
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HFxns. Table 3, Weight fraction of additive in the matrix.
<< T“ZK%E%(“L;, AR E L THEFHINLTY Samp(e sign MINI|O PlOIR
BEERE~ AV TR EEMNTEL, 2O M) v MgOols |[-|-[-]-]-
AERIZFF =T ET A IFTOWBKERMLz 73 Y Matrix | TiOz | — {1.3|23]35(4.9]6.1

TER— T A K OEMEIZ D DTS L 72,

2. EBA*E
2.1 BEHRUEHOER
®1, 21213, 2henfFRHLUIL< A Y T BT
RO ALO,, TiO, fky Rk oK, (L2005 %2R,
BRI IEBERE MgO KT, < bV v 7 ZFEINYIC 1388
& ALO My K RO LML F VR TiO, HyK % FHi 77,

BRI 92wt% I L, BN 8 wt% EHE&E L,

wWimofbEER (TiO/ALO, ®VvH) #4527 65
BOFEBZER UL, 312, BEBICB I 280
EFHEBZRT. S4 V5 —1cid) Sy Ak VEED

Table 1. Physical properties of grain and matrix pow-
der.
Grain | Matrix
Mg 0*| TiOz | ALD
Aggr?srﬁ;t(g/cn?) 335 | — | —
Bulk densit
(g/em3) Y1325 | = | -
Apparen
gg?osit; (k) | 30 | = | —
Particle | Max.|1000 | 025 | 40
size(um)Mean| 74 [012] 5

X shows sintered particle.

MgO was also used in the matrix
as a standard sample (mean
particle size=11um,max =150um)

Table 2, Chemical properties of grain and matrix
powder.
Grain| Matrix | Rax
MaOF[ALzOs | TicE| o €T
Si02]022] 018 | — 005
TiOz | — — 19449 —
S [AkOs [009[99.07 [ = [001
3 Fe203|005 | 002 | — | 004
& [Ca0[039[014 | - [513
S %[ Mg0 (99211002 | — |06
S 3; Na20 | — | 054 | — | 011
L~ KO| - [003 | - |007
£ [Ba|004] — | = | -
S [Mno] = = [ = Too
Igloss.| — - — 9442

X MgO was also used in the matrix.
X% Analyzed value by a maker.
XXX Binder is calcium lignosultonate.

02— 10 J24/049/095(192 [391

W LK (K2.0~2.7wt% iU, 1wt%) %2H
Wiz, FEBHCAL v V=2 mML7 Ly bIvT15
THEEMLU .. 20%, BMYE 0.15MND7 )7 v g
Y7L AT, 230X115X55mm OERICETE L,
393.15 K ¢ 16 BFRE B L 1z, BERRIE b Y ANVF LV T
fiotz. EBROBETDOR—I MK OFRIERE I,
1923.15~1973. 15 K EETcH A DT, HHAKEOKR—F
AT K ORELEE 2 ZER L T, HENRIEE L 2003. 15
K&U, 6iRmRLE. Cokd I L TR nr
fEEr SFEDERICEI VL, #ERE Lk,

2.2 {EBESRRUFHEAE

2.2.1 fE#ERZR, EPMA 547 KOS XHREIHT

TNy I RAERET Y v 7 AEEBMRTFEOR
i DARBB R IR M (Olympus ##8, PME A)
T, FaERCHEEIREEIZ EPMA (Tracor Northern
8y, TN-422 J3Y) & XREHNE (vy 794 2>
A8, MXP 381) 2 k0@ L 72,

2.2.2 »PILMERURAGRILE

JIS #A& R 2205-74 I2HES W THIE L 72,

2.2.3 LS H

KBHEARAR T Y 2 —% — (BEBUWERR, 9310 4Y)
HHAOWTARE U, B FLER 2 AR E U,

2.2.4 ARE

JISHI#% R 2115 1t - &, HREOZESZ AV TAIE
U, (1) REv@EGERZEHL 2. 30HEER 50 mm,
5= & 50 mm OHBEREIRE U 7.

_L. Q
K="4"ap ()
22T, K I@%¥E (cm¥/s-Pa)

QT AWE (cm¥/s)

AP : FEJi$E% (Pa)

L:#BES (cm)

A EBNERE (cm?)
2.2.5 F#EEERUEIT®RE
E#ms RO rmszsrhshn JISHEHER
2206-77, R 2214-75 IZES W THIE LU 2. FHE®R 1%
HET, s 3IERAOBETR (1673.15K) ¢fT-
fz. Jsdk, IR S 3 St EREREIC ko 1.
2.2.6 HEREHMY
BEBERAEE S DO HETEMEL 2. Tab 5 30
X40X 115 mm OER %2 1773. 5K IR - - EBEKF
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T, 0HEasLE0s, 7y v THRE CHREIZES
5. ZOBERZBEVELITY, ARTHBHICBRIK
M oA S HEET 2% comBcHHiisT 57
B, FRoEE (NE-SA) %2 1ET-> 2O 5ERT,
B3R 2BIE L, BB LTV HRER T 551k
Thb.

2.2.7 EhEREAREER

JIS ##% R 2207-76 IZHS W THIE U 12,

2.2.8 HEMRUERSELE

R A O WS UTHW ATV 2R
BETITV, BETEZME LU CEMEL 2. EBRIX, &
aFlEUTEERY, 1923. 15K T30 pRANZER
x4ost, BRAIZHHEL. Z0RIIIIICEREAE
BAL, BO0SHBERI S, ZOHEZ 3EEY
BULE-DL, IS 10 pEcEETEZRAIEL,
FOFHEEENE (D) &Lk Oz (2) R
RE &9 Ti0,/ALO, HHIN O LB R D BB~ 5k
(Do) iextd BLLAMEEER (%) & U1
i oA =D X 100 (2)

22z, D:EBOFEBOFYEESTE

D, : Ti0,/ALO, MEAINEUE O T 5~ ik
%7z, NEEER%K, FEHCERZE L Z#MOER X VKD
FHOBRBES L0 REEZFHEL /2.

3. XREBRRUEER

3.1 BEAOEGESRE

ZABORB O R HBEMGIC L HHBEE 2R 1 IR
3. K1 &y, TiO,/ALO; ENHRMHEAKRELLBIT
>N (M—=R), NSWKRTHEZEL Y, FTHEDODZ
BOBSELY, BHICETBHEELTVS LS ICH
Bahbd, BIZHULBRUTCAHS &, BN M]
T, FhEhEMRT, < bY v 7 AETLROBEMR
FE2 by 7 ARTEDOBEPRDONS.

B [N] ci, 38 M] Kkt M) v 7 28
DRHEDHES, ZOREREERPEMNFERIGL TV 5.
BN TFORAR O MY v 7 AFRICE, KARBAEHER
Hond. RREBEZITIIFIBIICHA S WIERPBE s
B, Flrw by 7 AEITEHBNAT OZ 0B &4
CRTDBEVEPADEET S, KT OEVEHFIIEITL D
ITHLTHY, BOHKIREL->THS.

2B [Pl w55 &, BHOBLROESEER [N]
WHARTEL R, BTFRELE>TWVAD. BEONIRD
BE, < b v 7 AMD A 5T EMNTFORTEIZL
H oM, B WHIRES ERBRERENZ < 2>TWV 5.
B, B TORABREINFHNERECROONS.

B[R] T, BHaWERO#MAEER [Pl ik
NRCEHEFPEL 20, BIBOHROFHNELLE-T
W5, FBEMRFIEEERTRSRE chABRIRA
LThBY, —RULTEDHESBY M) v 7 A THEH

Microphotographs of specimen (bars
b : light glossy portion, c : dark glossy portion, d : boundary crack, e :grain, f: matrix

Fig. 1.

1100 gm). a :the center on EPMA analysis in Fig. 2,
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Fig.2. EPMA analysis of specimens (bars : 78.75 ym),
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RAT& 5 E>Th5.

3.2 BEEERO EPMA ST R U X SR EHF SR

1 DHBBEETY MY v 7 AHPT< b)Y v 7 AER
EEMRTEORIGEHZFLE Uiz EPMABEREZH 2
INVING I

Periclase DR FIZH 5N 5B WEIROERD I,
WFTNORE S CaRUO TiN7 4 VARIZHFEL T
5. 828 [P] RO [R] Tid, T<bhIn»ic Al 4
FLTWVA,

BRI, &8 [N] ofs, Al piEd
UTTEEL, 00EF iz Mg & Ti B8 bFpICETE
LTWwa, 38 [P] ©id, Ti& Al SREBEOERET
BFHUTHWBEEEBIZ, IPICMg EOPTEDHLN
5. &8 [R] ©E, 88 [P] itk AL Ti k0
EEE cHEAEL TV ALUMIER [Pl ERUAH E 2o
TWn5.

72808 [N] cix Ca BN TIRAAEL TV 5.
WENDERIS < M) v 7 AERIC Mg 25388 55 05,
CAUEBMR T ICHE U 7z MgO o HER FER D /NS
W (74~100 um) HDDEBELEZ SN,

LIEOEFEEKLITRL ZXERPHER» 5, MgO
BHRTFORRICH 5N B0 RIROERS & CaTiO,
(Perovskite) ©& 5 2 DR s NIz, CDLEM %
e 5 Calx, N4 v ¥ —ROBERHORHMYIC LS
LoEEZHNS. T, BORROES T ALE T
MIEIFREEOEE CHELET 505, Mg 13 Than.
U5 TREWVIRD #4551 ALTiO; (Aluminum Ti-
tanate) *Ex HN 5. L L, XENITKRE N ) -
2l EDHIRBEBICESTVALZOTIEREVPEEZ
Hhb.

¥ 77, Periclase O FIZ Ca, Ti, Al 9 FHE LTS
», MgO fz ALO,, TiO, NELET 5 &, 4 ORT
R 2T ¢ #/NSLThIRDEEZLNBY.

%513 EPMA SR » o HEE S 558 % XiR
MEREBEZICLCELED L HDTHS.

3.3 BEHO» SHEBRURHITRILE

& 3 iC Ti0,/ALO; E)VEINL & IRIEFIEE L, » S

Table 4, Results of the X-ray diffraction.

Samplesign |[M | P | R
Periclase | 5*| 5*| 5"

Qandilite
(Mg2Ti 0z) L:
Perovskite | 1~
(CaTiO3)

Numerals show peak height.
17:weak, Tand?2:medium
3anda4:strong, 5and5*:
very strong.

Table 5., Products presumed from EPMA analyses,

Sample | Ti02/Al203
sign | mole ratio

Products presumed
trom EPMA analyses

0
0.24 CaTiOs D AlzTiOs , MgALO«
049 CaTiOsAlTi Os MgaTi O » MgALOsx
095 AlTiOs ) CaTiOz P MgaTiOx . MgALO.
1.92 Al2TiOs CaTiOs »MgzTiOs , MgAl20x

oo |vjo|Z|X

3.91 AlzTi Os ) CaTiOs ) MgaTiOx , MgARQ.

CaTiOs exists in only MgO grain boundary.
It is presumed that(Q)and(R)include TiO2 which

didn't react.
310F 3
% o~ Bulk 120 :—;
5 5 300} o A 18 8
c & - §O‘ /‘jl/ =
g 2 . . 16 8
g’ _..? 2 O m /' \~.§ '1 4 "E
€% 290 "o
5 lmey st |
£ Packing a
280, . . . . <
0 10 20 30 40

TiO2/Alz03 moleratio

Fig.3. Effect of TiO,/Al,0; molar ratio on packing
and bulk density, apparent porosity.

HERUCRBISAROMEGBEZ RS, WEREEREE H»
SHE I Ti0/ALO, E VML E £ B ICE L 25T W
5. —7, R#BIFEARE Ti0/ALO, ELEME 1.0
FCWETEL 250, NS ZFEERIVD LT
WKL 2> TWA. RIEFREEESTVRMLE & b1
BB, REOEWTIOBPHEA A120TH 5.
F77, EARMEEEE I IREIEL, REBISH
BPEL 55 (BEVRMINKLOLILET) oW, FEREICH
BOEW TiO, B/HMICHE X 5 2 &IT k505, £S5
THELLIRIGEBEYM cH 5 HEOE W ALTIO
(Mg, TiO, 0 It & ; 3.545, MgAlL0,; 3.575, AlL,TiO;;
3.702) DEBNSEZ HN5.

—77, MR, K125 ESh5 &5 IS
INE LB EEBITHIFLEIO» 2250 HSEA L (BIAE
LoED), BERKASEATVEIEICLS. EUER
mi 1o IF e, &<IKRET[IARSEIVRMEE &

WWEFEL 55013, TiO,/ALO, FiNC & » TEBM
NROCBHBET rHEEZ SN,

3.4 BEFOHEILZRVCABRTE

41z TiO,/ALO, ®BVERINLL & SEgM AR R ORE
RORFKRERT. FHMARZRTBSRE TiO,/AlL0,
BRI E EBIZREL Y, FIFFEENVTRAELS
5B, ZENVEORMTCEBICELS 2->THD, K3
TRUZRBISRFALEE TiO,/ALO, E LGN & DB
REFU &S BHEIERLTNS.

HAEP KX L, BERNEL L > TV AEE T,
H1msbhhrd LDl b)) v s AEEEMRTFEDR
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£ 10°
v § 80r
8 = 60} Hagen-Poiseiille eq, /-/ /
€ g 40 JF/D\O\_O i /
g E 20 ~ s
S 0 cg Spherical 7o°
o F u article
2% 20} Tad P
§g15- Ch
> 1o Ti02/AI0
“E’J\n 10_ x Key| mole ratio
5 5 S 0 0
o o, . . . [ 024
0 10 20 30 40 © 049
TiO2/Alz03 mole ratio 161 8 ?£
Fig. 4. Change in mean pore diameter and permeabil- / [ ] 3§ 1
ity with Ti0,/ALO, molar ratio. 10 1(')2 163
A, HTBBBICHEL TO b Y 5 ; Pod") (urmf)
ORISR, ALTIRNEPR b1 2Ry 7 2 Fig.5. Influence of apparent porosity (P,) and pore

WA T 220 TH5. HITENGRINE 1.0 DL i b5
RIEHE 5I1C#ER, BICEMELORESMDY, 3.3
TN &IOS D T 5 12 OMFLES /N &
<, BREVELI LBLDEEZEZOLNS.

SR (K), R S[AE (P) ROFHHIAE (d)
& Dz 1x Kozeney-Carman &, % ¢f Hagen-Poiseuille
ORI ENiX (3), (4) ROBEZRMSDH 5.

_125

K T'Po'(d)z (3)
812 oo
K»ﬂ Py-(d) (4)

Z 2z, K BEZKE (cm?/s-Pa)

u ki (Pa-s)

P, REBISAER (—)

d : FEHFLE (cm)
ThbLbBMAT, K& (Py)X{(d)2 2 U il Eoik
FCHEBERHERZRLTWVS. BHE, KERERS
7uy bUEES T, MEIERBEREZ-THY,
HER COHEEPERERO R — 5 AMAYICLEHATE 5
CEBbhB. BICHKE %P - 12 Kozeney-Carman
RN EBby» 5. B, ANICHbETRULET
V3 FEBRIRKT EIEBRIRRL T2 U 72K — 7 2tk
MTORRENET 2 &, AERIFERIRNTOBE &
FEF-BLTWA., LEh->T, BHMRTFOMEDEL
L, BMRTOERICEZEFKALNS. F 12,
TiO,/ALO; ELVEML 1.0 CRLEL K->THY, E
AtOE IS,
3.5 Bt OME
B6icERICBIAEHRIROERESGETICH Y
AT X & Ti0/ALO, NI E OBGEE RS .
Hfgm s, fiusma & 12 TiO,/ALO, gt & &
HIETT 505, ZEP ETig, TiO/ALO; ENVE
thE & bicE< b, TiO/ALO, ENEMEIC & -
THENMETT 50D 3.3 HiTk~7z k512 MgO &

diameter (d) on permeability (K).

i
VN

strength (MPa)
o o
S &

(=]

(MPa)
<

167315K
----------- o

R.T.

(=)
T

Bending strength  Compressive
N
o

St . . . ,
0 10 20 30 40
TiO2/Al203 mole ratio
Fig.6. Influence of Ti0,/Al,0, molar ratio on
strength.

NFICEKTHNREHEO D THY, BiIZZEELDE
OWEOHEME, REULE, #HEgr@8EtuirnsE
Zoh5.

®iZ, BRTEERTCHEO N IMFRS 2 T 5
LERTOENEL E>THY, —RFFL TS,
IhEER T TR L, ABRSSBINICES L2,
% B Wik ALTiO; ~® MgO @AY 4 U, AlLTiO,
E MgO i conFRBESBI LUz EHTESN
%.

3.6 BHEAFOHERIKRME

TiO,/ALO, E ViRt & BRRE R OHEE o
B-GHORE VR U & N 1 [mNE-GH 217 - 12
BOBRMMIRIEL OREBREREFHINATVD TV
IHEAR-TFAWKPOT -5 EELIZET7IIRYT. F
12% 61213 1773. 15 K CORMERDME Z R
K7iB0T, BREBET COMB-BHE VK LME
¥t TiO/ALO, E NG &> CERNOBED 1
|lp»s 2EICEELTWSD, EVERMEEEZTHZ
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+ 3 6F Table 6. Results of the X-ray diffraction of the speci-
E’% Porous alumina brick mens after corrosion test.
=] -
29 4=/ & until separatir_mg Samplesign |[M | P | R
5o U Ooo @ Periclase | 5| 5" | 5*
$ = Y Unti : - Qandilite
ig g Until crack generation (Mg2Ti Os) 1 11
- of Magnesioferrite| | | 4 | 4
£ 60 . _ (MgFe20:.)
g2 Porous alumina brick Numerals show peak height.
o< 40r 17: weak, 1and2: medium,
IE§1 3andé4:strong, 5and5*:
g% 20 (Pp\o\oho very strong.
[}
- oL, DEIZR6 IR U EEERIE, TiO,/ALO, NG

0 10 20 30 40
TiO2/Al203 mole ratio

Fig.7. Influence of Ti0,/Al,0, molar ratio on thermal
shock resistance.

NP kot asohizn., HETH2ETORVELE
¥k, Ti0,/ALO, EIVEINLE 0.49 F TIEENEGRMELIC
HEILTEL 20, TR 0.49 TRAEE 55T
W5, #hll EoENVRMLETERD U—ERBEZ->T
Wa., —F4, BRhFRaERL Ti0/ALO; £ VEINL
0.49 F TGN E EHICHAIL TEL 2> T B,
FnL Eowmt T IEFE—EEE T > TS,
BARE T TOME, FEE cOmBIK OB TR
XBOBAMEIZNT DL Ti0/ALO; BIVERINIZH A
T2fEEm->Thy, BERESMAHELTWVS. &
NIEBMRTFORNABUNSEAET HRICHZBINL TH
LizbEEZOND. ChHDELREFHZINTNS
TNIFEFR—T AP E O E KL 12858, B
BT X EOEICKEZENH HNBD, KFEERTIEIME
RS E ST VEIICLIE—BOETIVEED 2%
R URBRSETHY, BREREME U THORMY 2 5
MINEBZIRRLABEEZLNS.

Ik 0.95 ¢ix TiO,/ALO, T VERINICH T 15%
KL< m->ThBY, BEREFMOR LICFSLTNSE
EZzon50, FIRLI 2fE0REREAESRIZD. 2O
HHIEIDTO LS ICEZZ NS, BEPKRET HLED
ZEmUABEICESLHWSNEDIE (5) RTRENS
BEREEEFGRE R ThH. TREAGHICLVREE
LIz BEAEDREMUS2IE (6) RTRENSHEH
BIRGIEIHRE R TH 5.

,_SU—wK
R'= Ea (5)
~__ EY .

R_Sz(l—,u) (6

22T, SiF[-RD@mE

CART VU

D BMRE R

X VIR

D BETRIRE

DT AV E —

(5), (6) XKoL~ LS ICBAERERMEICES
FTHERTFIEEL, LIzh - TEERFEOATRU 5N
BNEZAHILHB.

< = B >x

(After tiring) (Atter heating and cooling)

Fig. 8.

Specimens after corrosion test.
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200

Porous alumina brick

c

o)

g _150f

5

=

5 @ 100

%0

O e

£ s5ob @ |After firing

1 | o |After heating

15F | < cooling

5 E 10—.—.Por_ous alumina brick

=% I

c < 5

£

o

30 40

0 10 20
TiO2/Al203 mole ratio

Fig.9. Change in index of corrosion depth and
penetration thickness with Ti0,/Al,0, molar ratio.

3.7 BHEAROMEMR VRS

X8, X9 izllExfE &% OUIMEEE K O Ti0,/
ALOs EVHRINE & Bk, BBEMOBGHRATRY. -
B 7 IR Ut &5 1 R - e % o i 58 x R
PED > 12D T, EFERBHI OV TTREEADELE %~
HONERERBK LT 2. Z0KE, Makiz
TiO,/ALO; ENRIEICHBI U TET L, Ei@SEL
BINTHRHIETT 208, 2nll Lowmmcddicm b L,
MEMEICERELETNEE N e 12, 12, BEE
#1& Ti0,/ALO; T VIR OFE S ZEAE ST T1E
E—TELUIET, BREZEORBE b REZ L1, D
LOREBRTESNIERE, HEFHINTHNST L
ITEAR- T AMAIEREST 5 &, ariEL1.1
~2.1f5mEL, BBEREHIX1/6~1/7 &k his
<7->THY, MgO Bftic TiO,, ALO, o< rY) w2
AL UTOFERBRERD T IV 3 F K —F At kpic o~
TEBNTVWSIENDDB.

xR 7 13BEREOEEE HO - BEREREDEBED X
BMETAS R TH 5 »5, Periclase, Qandilite D i3 7> i
Magnesioferrite M4 K 25588 5 1 5. Magnesioferrite
DEK L, 825 FeO 0 © MgO IZE % L, Magne-
siowustite BFR L 20, BHICE > THERLIZEE 2
L5NBY. BMOBENEBD T Hahrotz2 &t FeO
D MgO ~NDEBIZEAEZAPRENEEZZLNBY,
% 7z Magnesioferrite MEhFE 13 1986. 15 K, Qandilite o

Table 7. Thermal expansion at 1773.15 K.

TiO2/ARO3
moleratio | 0 [095]391
Thermal
expansion(®/e) 22511921202

AiAIE 2005. 15K &, W N s K- F i kB o FiH
BELOLELS, POBBEEREDEO &b ZDO4ER
B3P, s OHECREENSETT 52 & 134
BTWEEZHND.

3.8 R—FZAMAME L TOERAMICONT
BIEFEAIATOBE TN I FER—J KO ks
RS, BEROMIIRS, 1673.15 K cofiFima K osE
SEIZENZF N, 400~1000 MPa, 7~20 MPa, 4~7
MPa J ¢ 0.008~0.012 (cm?/s-Pa) BETH VY, KE
BRO~ 73 Y THR— 7 MK OB EREN I I13+5
FERELG S5 EHME N5, Uk LIBEERIMENT®,
FICNESHOBRA 2 ITOVEDLRENE L. 2084
BEREICHH U T RB G KR, fIAEsAkE<nY,
BEREHIE S S NS HICH 508, Rk, BE
WANDBHBENEZ HN G, KEBROBEEK T R TE
LR, MiARSNSNC ELH BTN I FE I AT
‘], BEETENTH Y, BERITTNEHE 12 kE X
g, SRS haMEIIZ05 5. 2O5BEE L
T, BLPCHERUIZTFF VEET VI = A DF|H,
WESHORE, <7 4y 7 BMNTORES <2k
TOBRAY 74 Y T HMRTOMMH, FICI358RE 556
ELTO, mipokitnEnEgzonsd., v/ i
YTHEK =T AMAYOBROERE LTIE, BMDE
BEBDTHENIETH D, ERETIRMOBESE
W12 B EHAREAWRAEES /2 5 12 0B IS B E
TATHBEZ ST IEENITODRATV S, BEE
WHILNEND T EIE NS DEENE Y AL B
0, EBROBEIIGADIHMBEIRENEELSNS.

4. & W

Bk~ 742 Y T RBEMNTEL, 20O M) v o 2H
WKF I =T ETVIFTHMREZERMUIZ~ I AYTHE
=T AR OREIC DNV THRRET U 724558, DT
R A

(1) =PI I REICF I =T ETNIFREMNT
5T EITEST, HHWOVMIRDEHS & BEWHIROIE S A
ERT 5.

(2) BABVHIRDERS 1 CaTiO, (Perovskite), F
WIEIRDE 5 1k EPMA s8R & ALTiO; (Alumi-
num Titanate) EHEER X7z,

(3) CaTiO, 13 MgO BN FORBD A IZIELES
5.

(4) ALTiO; 1k TiO,/ALO, EVEMEEA D s i &
X~ MYy 7 AERIZ, BENEMNEZL 2 HIZOHN MgO
BMRNTFORFICLHEET 5 LHI25 5.

(5) TiO,/ALO, BV & & 612 MgO &k
TIRFJE D 5 RESITR FNERE TR BRSH A T
5.
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(6) REBFRIE, FHMARKRCETERE TIO/
ALO, BELE EBITKEL, B<ay, FIFEE
VIS CRAEE 20, HEVLLEORIK TE®IC
NS KL 12 5.

(7) WREK, RHEISARROEEGRIAEORICIE
(3), (4) RCHEINERERIBILL, Bk
FORRIZESENSR NS,

(8) Fgpimx, phmms g Ti0,/ALO, DEAEIC
EFoTETUL, 0 ETE Ti0,/ALO, VIR
LELITEL LS.

(9) sEERELM I Ti0,/ALO, NI £ » Tk
U, TiO,/ALO; #HIMICH AT 2 ke 5.

(10) e E Ti0,/ALO, EVEIMHIT HAI U T
FU, FEFEENVRINTRLETT 555, 2hllEOE
meEcmE by 5.

(11) B#EMH 1 Ti0,/ALO, E NN OFEZ 2
¥, EFETHD.

(12) FEAWOHE » SHRAFHINTVWAETVITEH
K—F Ak E BT AL, WEME, BEETENS
S, BEFRETNTETSAEETHY, TS
WETE 5.
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