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Changes in the structure and physical properties of
porous magnesia ceramic containing TiO:-Al,03
matrix with TiOs/Al;03 melar ratio 0.96 and 15 wt%
content were studied at different sizes and firing tem-
peratures for controlling the pore shape. The shape of
pore was complicated depending on the grain size and
firing temperature, and pores were found to have a frac-
tal nature. While the fractal dimension increased with
increasing firing temperature for small grains, it
decreased with increasing firing temperature for large
grains. The fractal dimension of each MgO grain size
tends to converge at a lower firing temperature which
is close to the temperature at which the MgAl,04~Mg>
TiO, solid solution is formed. Specimens with small
grains were found to shrink on firing, but the expan-
sion was observed for large grained specimens. These
phenomena were explained by the densification and mo-
lar volume of MgAl:0~Mg,TiOs solid solution and
CaTiO; formed. From the above facts, it was possible
to controll the pore shape by grain size and firing tem-
perature.

Key-words : Firing temperature, Grain size, Pore shape,
Fractal dimension, Molar volume
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Bikk MgO # BRI T &L, <MY v 7 AFMD TiO, &
ALOs ODENLVHAEH L BIVICHEL RS, ZTOHRMELZE
2RIV ORERICE 5 &, BT BRIEMESHTIZo
NEHRICEINLL, 757 XIVEPERIN, FORTLE
5 wt% ¥ T1.39, 20 wtd% TL.65 L 72 1, FRME/HE 2
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BT ORETEMB T &< MY v 7 AR & DX
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2. EBREZE

2.1 FEHRUHREOMESR

BFIZITEERS MgO RF, < MU v 7 ATRIIC I BERS
ALOs M REBEUOTERLF LV TIO B EZH V. Th
LEEOHIRE), LFEMEEER, T2 IORT. BMK
F110.1~0.3, 0.3~0.5, 0.5~0.71, 0.71~1.0, 1.0~1.4 K (¥
1.4~2.0mm O 6 BEE SLVHFICEDRAE L. N
T, B TEREREZFIRE TR T, TR O LR
I Ti02/Al03 €V 1096, Z O¥RINEIL1S wt% —5E &
L7z, BWRT &I OREWITIK 4~6 wtigisin L,
7 Vv FINTISGHEEMS L. B#id CM-100C 2y
FEA FERBR GRS ELERTE) AV, 98 MPa®
BREEC, 40 mme x 40 mmH OFRERICEE L=, Bl
13393 K C16M:EIfT - 7=. BEpkid, 1673 K~1873K D%

Table 1. Physical properties of aggregate and matrix.

Aggregate Matrix
MgO Ti02 |AlOs
Apparent
density(glcn?) 335 - -
Butk
density(glc?) 325 - -
Apparent
porosity (%) 30 - -
Size | Max. — 025 [ 40
(bm) [Mean — 012 5
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Table 2. Chemical properties of aggregate and matrix.

Aggregate Matrix
MgO TiO2 [ALOs
Si0z 022 084 | 018

s LMo | — 9457 | —
= [AO: | 009 311 [9907
@ [Fe0: [ 005 [ 002 | 002
£~ Ca0O| 039 [003][014
8T [ Mo [ 9921 002 | 002
gE[Na0| — | 005 | 054
£ [ KO — 002 | 003
E% B20s 0.04 — —

Igloss. — 134 | —

HFHRESKF T, 2003K T FRIVFIL VTR 6 B
HiT o7z, COXSICUTIER I h7BEgh s R 2 L
7=
2.2 BAREIERUTMESE
2.2.1 EBBRRU X REHF
< hY 7 AR MY v 7 ZF EBEHRT L ORE
DB I EMSE (Olympus #:3., PME #) T,
FMABREY I X BREIAE (v 794 T A8,
MPX3 &) 12 kb FE L¥EEFTH 2T - /2.
2.2.2 HEBERURBHITILE
JIS 3K R2205-7412 5\ CHIE L 7.
2.2.3 MWALAE
KFPEARRT VA — 2 — (BEEIERTE, 9310%)
7z R WAL AREEOMIABER 2 AR & L.
2.2.4 BEE
JIS i R21151c KD &, HROZEK AW THEL,
ORIV BKKRLZEH L.
L @
K=2-5 (1
2T, K:@RE (m?/s-Pa), Q: HAWME (m?¥/s),
AP: % (Pa), L:ABES (m), A: AR EE

(m?)

3. ERERRUER

3.1 BEREOHEBERRU X BEITHER

B 1 ~B 3 \ZB#EHRF£20.2, 0.6 2 1.2 mm @, %
PERIREIC U 2RO KHBME T E 2T~ d. hHo
K 5WThORNFRETOEREESEWEERT R E
{720, RTHOBEERZONS. %/, BERIEESEN
Bh, NTRERERIC< MY v 7 AR - 20 L EFE
LTCWAY, BBIEEREL L5122, FOFESTH
MrzoT\W5h. 0.6mm, 1.2mm O%4, 1673~1873
K D& CHEMRTFHBICHE VR T ABEIN 5054
BThH5.
FBICHLLBEL AL L, R1DI6T3K BERE T
i, BWRF LGN EDORIGDALNE S, HINWTE
MRFEICOFEEL (R1oM), BEHRTICHRTHS
WRRERLTWA. 1773K 17 % SR & BHh
EUOGMYREORIGHAEL—TF, <~ U v 7 A

Fig. 1. Photomicrographs of specimens for mean aggregate size
0.2 mm.

T : CaTiOs, S : MgAl,0,-Mg,TiO, solid solution, M : Matrix,
PL : Long pore, PI : Independent pore

Fig. 2. Photomicrographs of specimens for mean aggregate size
0.6 mm.

T : CaTiOs, S : MgAl,0,~Mg,TiO, solid solution, C : Crack,

M : Matrix, PL : Long pore, PI : Independent pore

Fig. 3. Photomicrographs of specimens for mean aggregate size
1.2 mm.

T : CaTiOs, S : MgAl,0,~Mg,TiO, solid solution, C : Crack,

M : Matrix, PL : Long pore, PI : Independent pore
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63 KICHNRNTERML TWADORBIR - 2D G505, &
7o b U v 7 A E BN TFRICIEMEERVRT (PL) 2
RDON, ITNHEO—FTEWICEELTWAS. 1873K
Tid, wm#iE, IR TFECIEERYS, TOKRES
FEMRTFERIEL, ZORIWEEMR TR CEH
BT REDOBEMBICRE VR - TROON 5. BHR
F R OB O KT 13 BRI X 2R 7 BBz A
RLTW5 (PI).2003K {275 &, BB WT £ VARD
HRBEMRFOPIBIC, BECIRBEMRLF ORT R
BN FRTOEMTICROONS. HRTEEEORT
ERE L7 XD IR CHEEIC > T 58, RTFEED
BRICITELERADNS. Ik, B WHREESER
BRI OBELHY, Zh £h CaTiO;, MgAl,0,~-Mgs
TiOs REBGAETH 5.

X2 01673 K BER Tld, T EHRFREICHE
L, M1T&LNALEDIC, MY v 7 AWEEMET
BizfEWRT (PL) BAabhnb. 1773K k% &< b
Uy 7 AT % OMIRT P BABNS. 1873
KTiE< M) v 7 ZAMEBEHNF LORIED A BN, %
DERBIZOTPIC/DIGRT 5y 7 BBEINS. 2003
K TiZR 1 D1873 K THE I N/B 5 W HR B WHR
PRDHOENS. RTRIZIST3IK IR THmD TR EL /&
D, HoRTEOEESEA TR T IRITERE TR > T
5. £1773 K RU1873 K TEMM FHHICBE I /-
MEVWR7EZBDOONT, £FNIICEMRFESIE L
o TWABLDIICAZS.

M3 T, M2ICHERTR7ERBOTREVWT &%
BOEEBRPICKERELITAL N WA, 1873K,
2003 K FEERIBESE K RAICoN, BHRT &G
RO & OBRE R TR IROWS D7 S v 7 5B4% <
o TWA,

xR 3 I ABMRFER U EBERIRE ICH T 5 X MR EHT
ERERLIEADTHS. MgAl0O-Mg,TiO, REEMAED
ERER ATV METRAAEEG, BREBEABVZY, %
7B TEPPNINEES Lo Tn5.

Doz ehrb, BMRFE< MY v 7 AN & DR
B3, BMRTEMNSVIEEER TR, BELRRKC
ONRILBETT S &, ROFEICGMHTHRTIE, &
MRFEP DSV & EIBERERESEL LHICoNE ik
HB, RFEPKEWEEFERTHEOBEZ D5 HEA,

WAL ixs. itk M1~X3 CEMNTICH > T
LNIHIEWR T, < MUy 7 RRIMIREDO RIS
WICEID, ZOBMICL > TRETESDEHEES N
5. £cM2, M3 TEMETFEMNELAZHDE, &
MRF R OME\ VR T OILK - #ERIZ & - CRF 2558
L, DBEL/-NTFARBT CEES LD EEZDBN
5.
3.2 REKROFEERE
B 4 TR OFRERE & B M OV TREOBRE R
T PR TEAKRE VT EREFEE TR, HIOTFE
0.8 mm I ECAKEL B LS. HNTEDELST
HILBWT, ANTFORTEPKEWTE, ZOMBRIRIC
NRTRADRT L, BREERDD. KERTCIEMD
SR FREARI0.8 mm Bl BT, NFTHEL< R v 7
AP EHRTFREETICA D R0, TEBEN
BllolcbDEELZONS.

3.3 MEEEKORR - IiEER

BUGAEDBER I OMEELERZR 5 iR T, BERRE
D < 7 B I DN BRI T RSN S WB A IEE %
AL, TNPRELIEBICONEEEEZRT LIRS,
T, ¥EHA D) CHERTEIFHE H) OBEAX
2L, BEBXNELSZoTW5E. BHNTFERPHIEILT
b, BEEREMEVWEEIEEEERL TS, 3K
FNIXBEIRE BE VB S T b MgAl,0,~Mg,TiO, R
BAERC CaTiOs BEF L TWEI D, ThHORIG
WIEMNT LD LEVEBERAEVWEEZ DN, TORK
REZERER 2SO LHEEINS. HICHBEE S <
B E, BRECIABEPIBELLNTL 5. TIONTFER
KELBBIZONERMICIET 5 DL, BEEIC X 5 IHER
Bir iy, BICRINERPOEEPAKEL LI LIk
5D EELZONA. DAHMICHRT, HERORMER
KEL, BRI 2o TWABDIL, EEFAICERT
LZENOEELEZONS.

3.4 BHEHRONEBRERUCRBTRILE

B 6 ICBERE R D S R U RN KILER & FERRE &
OBRfRERT. MXD, —RCEMRTRIC LSRR
EiAmL s onr3BEIRL, RBUKIEIMESL
HAERERLTHS. EMRFENMNIWIZEER TD
BERKEL, HTERAKEWVEESIEREEIC X 5L
EhEDAERLNEV. THEK 1~ 3 OEBEERUTZE

E 280
Table 3. Results of the X-ray diffraction analysis. é
Mean agg. sizefmm) 0.2 0.6 1.2 "? 270¢
Firing ternperature(k|1673 1773118732003 1673 1773 1873 [2003 11673 [1773 1873 [2003 2
Periclase (MgO) | 5*| 5| 5" | 5" [ 5" |5 |5 |5" |5 |5"|5"|5" g
Perovskite(CaTiOs) | 1" | 17 | 417 | 17 (17 (17 (17 {17 |17 17 |17 [ 17 o 260F
Rutile (Ti0) | — |—|— |- | |- |=]-1T|-]-|~- £
Solidsolution 1] 1 11 |1 |2 {1 (1|1 ]2 (1|11 1 8
MgALOrMgTiOs) [%2|5751750| 8751225 (550700 (775 [1075 [300[400 | 725 |875 a 250 L L .
0 05 10 1.5 20

% 1: Ordinary expression.(17:weak, 1and 2:medium, 3 and4 :strong,

5 and 5*: very strong )
%2 : Count per second of the X-ray intensity.

Mean aggregate size(mm)

Fig. 4. Variation of packing density of green bodies.
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206 IR YT ER— T ABHE R OBMECRIT T BRI TR & SRR E DS

+30 3.6 RTHRDTZ 74 ILAFAISC & 24T

+2.0r (D) EMLTROERILC A DN DT 57 X LR

ol | Ko THID & [ LI CR T TROIT & 17 > 7. PO
~ -1.0f REURT ORTEWET HICETLEEN ) LA
%}ag-g¥&%% Hor OBIfREMRIBMIC Ty F LR, WFhokT
o 0]0.2 |m|085 T Bt LChaEim () 1/8~1/128CiRIFE L7 1,
2 : REBORTIARICT 527 2 VHERHRS NI, Lk
5 20 BoT, r &N @) LOBREILRTHROT 57 21
& *g WItRRD, BERREICH LCTHy R 5 LB 8 486
~ 0 ns. M8 LY, BMEFESNIVBEDT S X)L

-20} WTTBEREIE R < 2 51ICoh, B ko TWAS, K

1673 1773 1873 1973 2073
Firing temperature (K)

Fig. 5. Expansion-shrinkage curves of specimens after firing.

SOXMEFHEI OGS LI, BTFEMNHIIVE
BOBWRZET< Y v 7 AR & BT DR G25
FOERTHEID, RNFEAKRE BB OB FHEBEE
HTEICS Y v 7 ARIMIR ORISR Z 5720 &%
Z2oh5.

3.5 BHEGROMILBRUVERE

R 7 \CBEE R O MARE R OB RER & FEiEE OB tR
Ry, PHRAZRUBSE E SICERRERE 5
ICOoNKEL LD, FCPFHEMRMFENSL2 mm L ET
i3, 1873 K U ETEBICKELL>T5h. 1873K I E
TEELTWAI R, 2, K3OEBRFEELLDMS
F O CBBIREMECES, WIMIERFRICHEE LT
B8, 1873 K Ll ki 5 & T HICHINIFER ¥,
ZD5, MABENKEL Y, »oRT RLSERE L Y
KPEL, ZOBRERKIELE ZHLDEEZ LN
%.

~28

g A

S 270 A

>

‘@ 26¢

]

©

x 2.5

a A Mean agg.
suze(mm?

= ol07 [W[085

%= 0|04 |8[1.2

-@' 30} 006 [a[1.7
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1673 1773 1873 1973 2073
Firing temperature (K)

Fig. 6. Variation of bulk density and apparent porosity with
firing temperature.

FEBREVWHED T 57 X NVEKRTGIEBITE R 7> T
. R1OMEBEETHESI N/ X DI1C, MTFEIDS
WA ITEERRE & & DICREORT BER L, HEk
B5EEBIT, ERECHATHIRTBEL HONI-. TDC
EBRT ST BNVKREHEL It> CHHEBHETHS. —F,
RFEPRE 25 L, mIY & BT ORI EERIER
ERRWEEETL, XOMRKR, KT HOEREST5IHE
Ry, TPV Te>T, 757 ZNVRTGIIEL 25 DD
EEZOND. Lo T, HFERPINIWBETLEHM
W& VIR L BRI F ORG-S ICEERT O
BEPEL, 757 ZNVREFELS 2HDDEHESN
5. M8 RSN fifR % BERRE ORI RNCER
5 E—RICBORT ABERBALN, ZORITERI 2L
£ LT, MgAlOs~Mg;TiOy REEEDEBIREIZTWE
Bz > Tw5.

4, #

B MgO ZBMBF &L, = FU v 7R E LTTIO,
& AlLOs W ED A% FHH L TiO2/AlOs EIVH0.96 K U7
DEMEZIS wtl —CILELEA L, RTHEROFI#E %
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Fig. 7. Influence of firing temperature on pore size and permea-
bility.
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THRRICIZ 7 57 2SR I Nz, BHRFESNS
g VBEDT 57 5OVKTABERIREE & & bICH < 155 7
@ 20} BFRABKE B EMIEL ol 77 XVKRTE
g BERIRIEDBRIC W T, BRTEROT 57 #IVKITE—
© 18 RICIUR T BEAA RSN, % 0MRIE MgALO,-Mg;TiO,
2 rgbe FEBEOEFEREICE S LR EEIN/. U EOMR
UE:’ POBMRFEEEREETELIESC LITE > TR
L . . . RO FIEBFTRRIC 25 & & BB DPITTE - Tz,
1473 1573 1673 1773 1873 1973 2073
Firing temperature(K) -
Fig. 8. Influence of firing temperature on fractal dimensions of 1) EEREBA, BASHERIZ, TH B, €ATHEH, k5397
pore shape. AERICEE, 99, 561-66 (1991).
2) iﬂ;?ﬂ:?%ﬁ, ‘M T2EE", ATITERFL (1986) p.

HIC B FEROEREE % 2 7- MgO Bl —5 A 3) Eﬁ?ﬂﬁ ‘777200, BAEE (1989) pp. 7-25.
i DI T BRI o\ Tl L, sy ) i 7700, BRI (1989) p. 33
AR bR T B OBERIRIEIC k- TR L,
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