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Changes in the structure and permeability of porous PIZENTIOR— 5 At KT X DAREM BB 5 DT, |
magnesia ceramic with a TiO;-AlO; matrix with a #HTIEP, MgO BHIC< MU v 7 2D Ti0; & Al,O3 D
TiOs/Al;0; molar ratio of 0.96 were studied at differ- LB BWY L EIC L, FOENEEELSEI b o

ent matrix contents. The shape of pores became compli- . ) - o
cated and pores tended to have fractal nature as the 5, FIETVHCRRHE R URE RIS R BN S

matrix content increased. It was proposed that the ZEEHE L.

change of pore shape was caused by the increase in the £0m, TiO-ALOs ¥ MO B R — 5 i k4 ks
amount of the matrix and its reaction with MgO o o N .

grains. Both mean pore diameter and permeability PRI RIETHBERE T 5720, TiOy/ALOs EIVH0.96
showed a maximum at a matrix content, 10 wt% and E—EBELERET-72E 25, BRNEREZ BT ONR

15%, respectively. On the other hand, the fractal T OB EMICET S & WO Bk 2 EERBTH Hh
dimension of pore shape changed from 1.39 at 5 wt% to 7.

1.65 at 20 wt% of matrix. The fractal dimension , ‘ _
changed sharply between 10~15 wt%. The permeabili- ARG, BICRTROEMICER L, 757 218

ty was found to agree well with that of a nonspherical A X B R T ROZBRAKR CBKAEEEICRIE TR T

particle system by using pore size modified by the its ROBEI ST LImADTH 5.
fractal dimension.
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x1,21Ci, ThZhEH LM O BEMEFRT
Al O3, TiO; B RO, (LEAFMZRT. BHIC
1. ¥ (2BERS MgO BT, < MU v 7 ZABEINICITBER Al,Os
BT 0 AT BT LBMBE R VT 4 vV 2 TOHA BREOCTERLFIVE TIO K (SRS ER) %
REAABEICT, RCEH, <PV 7 AME BT Ao, oo b2t TiOs/AlOs E)L H=0.96 &
Al Os Z#ERST &35 ALOs Bl — 5 A kBB HEH S h —EICRD, TOWMEEL 5~20 wtl% b E 2 7- 4 BHED
TWwa. L L ALOs BR— 5 A%t k#y<it, G I ABEER L7, BICHERR S LT, <MY v 7 R
BWMOBRFEPEL, HARERLPRAEIC R HBERD Beft MgO M REZR U< 5~20wt% 2 vkin L7- 4 BEO
0D, BREHIEDPEEREICE > CTREGFREIT/Z-> TV AR B IEBL L7, R 3 ICERBOEMILIT &b
5. M ERT. N vH =13 Ca DRAIKC & A8 %8
MgO Hit kK iii BN >BEMOBE LD T v BIOK 27~3.0wt¥%) OEx&AW. HEBHTK%E
2, BERBEFEICE S EBHMONTHAED. LaL, wmL, 7Vy FIVTISHMES L. 20K, BH
< MU w7 A E LT TIO & Al O; Z AWIIE, KR WHEOILMNO 7Y 7Y g V7 LAT, 230x115x%55
MO ALTIO AR L, &t WREME, BERiKH mm DFRICHEIE L, 393K TLOBREERME L. B
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Table 1. Physical properties of grain and matrix powder. Table 3. Weight fraction of grain particle and additives in the
Grain| Matrix matrix.
MgO *| TiO2 |AOF A5 [A10 JA15 [A20[BS [BI0 [BI5 [B20
Sample
Apparent 35 | — | — M-TA M-M
density (glemi)) > Grain particle 95|90 {85 |80 |95 |90 {8580
Bulk density | 355 | — | — Matrix M@0 [~ —-|=1-15 [10]15]20
(g/cm?) owder TiO2 (22144 166/88| - |- | =i —
Apparent | Lo | - | - P AzOs [28(56 842 = | = | = | -
porosity (%) '
Particte | Max | 1000 0251 40
size (um)|Mean| 680 [012] 5

PRIV T T o T, EBEOBFETOR—F At k¥

% show sintered particle. )
OFREEL, 1923~1973K DT, FRKEOR—F A

MgO was also used in the

matrix as a reference sample it kOB EERTZER LT, BREREZ2003K &L,
(mean size=l1um, max=1504m) 6 BFRISER L7e. 0 % 51T LCYRBL S N7 Bes b ST

FEOWRICEI O L, Bkt e L7z,
2.2 MEBESRRUTFESEE

Table 2. Chemical properties of grain and matrix powder. 2.2.1 HEBEAZR, EPMA SR 0 X EEr
Grain| _ Matrix <Yy 7 ABRUY by 7 AR EFHRF & ORI
MgO¥] AlOs | TiOF* DREABBIER IS BEMBE (Olympus 48, PME #) T,
s ?.’igj 0'32 0'1_8 94_4 5 * 7= TERE R OSSR REIE EPMA (Tracor Northern #-54,
= 71205 009 19507 — TN-422] #1) & X fREHFFEE (v 794 TV AR,
gl/; Fea0s 10051 002 | = MXP3 &) 1 X 0 L7e.
g3 [Ca0 |039] 014 | - 2.2.2 MhERBERURHEHITGAE
-g 2 [ MgO [9921 0.02 - JIS #4% R2205-7T41Z £S5 W CHIE L 7=,
€ Nézg - g:gs = 2.2.3 MILHT
5 B205 1004 — — KE|EARREY A —&— (BEHIERTE, 93103

P Mgo was also used in the matrix. %‘Fﬁlf\fﬁ“ﬁg L, %H%@E%ﬁ@ﬁﬁ%[ﬁﬁ%@fﬂﬂﬂﬂﬁﬁ &
%% Analyzed value by a manufa- L7z.
cturer. 2.2.4 BEE

Fig. 1. Microphotographs of specimens added TiO, and Al,Os in the matrix.
(g: grain, b: boundary crack, c: crack, 1: bright glossy portion, d: dark glossy portion)
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JIS #i#g R211512 0 &, HROZES A AW CHIEL,
DALV BKELEH L. RBHIERS50 mm, /&X50
mm OFERR & L.

Kzéﬁ €8]
A AP
CCIE, K: BREQ: TAMBAP : EHEEL : 2%
B3 A R,

3. RBRER

3.1 BEREOAMER

FRBO R AT EMEIC X A EBREFE AR, 2ICRT.
< bU v 7 AEIC TiO, & ALO; ¥R L% (LI M-
TARE L, TiOz+ALOs=5wt¥%D¥é, A5 +¥5) T
&, BINEIC k> TR7OBRICBIABZ OIS, A5 T
BAREL, HEWEMDR TR TE 55, GRS
BICONMBRICZ D EHIZZL LTS, BIc L8

(B5) (— 100.Lm)

Fig. 2. Microphotographs of specimens added MgO in the
matrix (9: grain, m: matrix).

(B20)

(A5)

(A10) (—10940m) (AT5)

BLTAHD EHRMBEOAIT W A5 TR TIEHICHEEL
TVEESTHY, RTEHITIT B X e B bR T2
FEL TS, BHRTORFRICIZNE S VRO & i
WHROESBRD OIS, AL0TIEETHSIZ A5 Ok
SEEMBRFIIRD . 5 WHROE Bk
TORRDEZIZHFFEL, BNHROBASI BT ORI
BRORHRT L BT OBMBICHEE L TN D, Fi-k
WHROEH B OB HIR OIS & BT & DR
E1~2um BEOEZAURBDENS. Al5, A20 & EINE
BELTEBICON, BOKROBHBEL Y, proxzl
&< 7moTW5h. Bz, Al5, A20 TR 7 mL AR
L, MRS POHBBREE LTS, —F, <+ v
HIZ MgO %M L7z % (BEM-M % & L, MgO=5
wtB MDA, B5 &3 5) Tit, BMEFHE, < -
Uy 7 ZBRREREMRT &< R v 7 285 & 0B
BORBETAEDOLNBLDD, <Py 7 ZABEDIFEA
EREMRTFORMBRICHEEL, BB L EkE ko T
W5, M-TARTBREINSH B WVEIR &RV RIRO
5 DIFAE & TR BB BT OFE B L IZIFR U Tk 5 28,
BMEIC L > TRT OWMRIBBILS 5 & A ICHIR L OR
WRAR LN 5.

3.2 BHEAED EPMA SRV X BEFEE
M1OMBEET, MYy 7 AMROT M v 7 R
& BT L ORIGE %t & L7 EPMA BE 4K 3
ICRd. AS OB WHIROIFCIE Ca & Ti NRRIC T ¢
WERICHALTEY, > Mg & 02 < DI LI

Fig. 3. EPMA analysis of specimens with Ti0,-A1,0; matrix.
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Table 4. Spot analysis of T4i, Al, Mg and O elements on the MgO
grain and dark glossy portion.

MgO grain Dark glossy portion
A5 [AI0 |A15 [A20 | A5 | A10 | A15 | AZ0
Ti 0 |015| 0 |057 {1514 |17.79 |150816.12
Al 0 |0 0 [038 203716972015 |19.16
Mg  |6031(6015|6031|59.31|2186|2307|2218 |22.26
0  |3969|3969|3969|3975 |4262|4217 |425942 46
(Wtalo)

Element

Table 5. Results of the X-ray diffraction.

Sample sign |A5 |AIQ |A15 [A201 B5 |B15
Periclase | 5|5 |5 |5 |5 |5
Solid solution

(MgAlzOz.'Mgz'l"lOr.)‘I 241313 |- |~
Perov_skite lrlrle - -
(CaTiOs3)

Numeral shows the peak intensity of
the X-ray. 1":weak, 1Tand 2 :medium,
3 and4: strong, 5and5™: very strong.

ELTWA. —F, BOWEROMSICIE, Ti, AL Mg XU
OBRFALTVWAY, FORERRALICRT LIICIEIE
Ti, Al, Mg, O DJEILE< /&->"TkY, Mg EHORE
WCHARTHEVEL /o Tnh. ThBOTLROSFMMRE
i3, WINEAEZ LI OoNTEL K> TW5.

L EOHEELFES IR L X REYTHRRE2 S, MgOF
MR FORRICA SN SH L VWHROH L CaTiOs
(Perovskite) CTH 5 &b s, COEWEBRT
% Ca i3 MgO KU Al,Os FRFOTHMAIC L HHDTH
%. Bi# T AL TiOs (Aluminum Titanate) &H#EESN7C
B IR O i, MgO-Al,O; (Spinel) & MgeTiOs
(Qandilite) DEBEEICE-> TW5. B COERIT< F
Uy 7 ARMOWIE 8 wt% —E FIZ, TiOz/Al03 €IV
EE2 o720 THY, TiOy Xix AlOs OERMELS
BHirl, RISEBYEPo Il EEZLNS.

3.3 HEREAONSHEBERVRBTRIAE

B 4 IR & S HER O R KALEREORRZ R T .
M-TA R COP I LEIROEME L & HITELSRDH,
10~15 wt% OWRMEH» b—5E LfEIC x> TW5b. Rt
FEIAL L IHLBEICE U TRIRE 250, LOBR—E
BIZES L. —7, M-M R CIRERMEICHA L Tr St
BB, REISAEMELSE>Tnah. BRI M)y
7 AWOVEIMESHEMNT 5 & EHRFROMBRICFET 5
< Py 7 ABEPHEZ HDOT, HPILETHEML, RENT
SHERFATE. FEBROM-MRTZO0—fAsVA
5. LPLM-TARTREL B> BRZRL TV
%. Thid, M1 oEKREE TR X512 TiOg, AlOs O
TR v 7 ARG HEMET ERIGL, £ORIGPRIRR
BRI TFRE~BET 520 EEZONE. TixbbERM
ENE 2 I O RIGAERY Td H MgAl,0,-Mg,TiO,
Btk 2, RTROBMICH > THOKALDER S

18

R DT 57 ZIVEE—
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Fig. 4. Change in bulk density and apparent porosity with con-
tent of matrix powder.

7o, PAKEMETL, RBFSARSE LS. Ly
L 5—E U EOWwRIMEIC e 5 LN KRS —E Lk
YV, HhEAKE, REISIARL—EHEICEEDDEERD
h5.

3.4 BHEAOEIERUBETER

B 5 g & EHMARR CRIEORERERT.
M-TA % Ci, BOGENE & & HICFHMARERKRE S
AR, WINEL wt% D ECiich <k s. BRE
IEMEIS% ETiEEm < &AM, ThHETRELS T
TW5. —JF, M-M RT3 FHMILE BRENIND
IR > & b/ E L, €L 5. M-TA R TR
& SICOEEAILER K E L, BEESEZHDH,
RT EICHEAE LT\ Hl N S 7 B AR T 25 i &
L, BFREREERCEE L ThiEnWT &, RUEHRT
LRIMMORIGIC X VR 28 2, RT7HEOEKAE
UaiedbELbNS. HNESE &5 &R T RO

Mean pore
diameter(um

(cm?/s-Pa)x10°
N
3]
—o

Permeability

O b

5 10 15 20
Content of matrix powder (wt°/)

Fig. 5. Change in mean pore diameter and permeability with con-
tent of matrix powder.
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Fig. 6. Influence of apparent porosity(P,) and mean pore
diameter (d) on permeability (X).

PEICEARNFOFEEREL, S8 LTI RRESICR
B L GRIFLED NI &), BERIIEL 5. £/, F
PIMFLE CIIEINELO wtd% T, BRE TIE15 wt% TRk
BE7D, TORMBICTNBALNSD, BIESMIL
BOKPDEMC, RTHOBREICOKEST L LaE
20, mEOMIZTNAE L CLFBIEI LTV, +4b
HLEMELO wt% CiHMARE R SR E WD, 15wt% T
i3, AARLHEBRAEL, 2OoRTHOBEELS A
RREBTHEA V2 A, B6E, S THEL-LSIT,
BRE, REN KRR EHMAEOBRER LD
THsb. M6H»6M-MARTHE, 7IUIFERRRF%
B & U7eR—5 Ak CHRE L7389 SIiRiF—% L
TWw52, M-TA% (K6 DOH) TikThaiabhb.
ZOFRRFEZTRARS L3 ITRT OMRBERE L T\ 5
tEZONS.

4, £ =

4.1 RT7ERECDAH=X L

MBREERURIERY 2 R 7 HROZBLZLL T O &
DHANZALTEIALDEEZLNS.

O HMEIDIRHE, W MgO %45 b T
D2THAENE L TH-05 MgO BLFRICBAT 5.

@ FIHMr#Ez5 e, FO—WIRRICBATS
A, D IEEI MgO B TRIOBMET 4+ hl & LTE
Bd5.

® MgO BM OB R R OB MBI OB ClIming &
BEMRFORERE D, MgAlO, & Mg,TiO, D%k
BERKT 5.

@ BEBEERCEZRAEE MgO BT O S iR s
EICE T EE 20N 5 2RRRKET 5.

® COFHERLUTER L QOB RO 53R
BIA.

I ODORFOHEEC & » GEEORTIT I\ ICHkE
L, 78 U7oRF R T RS IC B B U OB FRIRIER A5
PNEL2Y, RTHIROBEREZ 5.

4.2 R7HIRDTZ 9 0LRKkTO
RER Sy L) OBBHEMN T, KA L2
BLcLE, BBICHETHEEN () &r EOMIC,
ZDRIZIRFED B AL B hi (2) R LAIEI R4
B OID.
PBEBEEN () < GEEMCOREES DD (2)
L7eBo>TC, 757 NMVKRTEDIIB)RTEHRINS.
Alog N(r
:ﬁ% 3)
—75, BREK, RENIKILE Py, FHMALEd DM
I (4) ROBIRPB AL T %Y.

K=k-Py (d)? @
ST, ki ER
% Z TR RS T 5 1172295 X 420 mm O FEEES

H (88f%) #BTITRT E>I2r=1/2,1/4,1/8,- & 5]
WE41/128% TR, R7OMWH (HWLELr) #8
BYAKETAEENG & r OBBRAE 8 D L > iclx
B EIC 7y F L7z, ZORBRVFhoRmEiCs LT
b EIMEL/8~1/128 CEM & e 5 Z L BRHER SN /.
DT b M-TARORTHRICIZT7 57 2 HERD
HBEWERB. LIch->T, IBDEELD 757 XIVK

r=1 r:% r=—1—
N(r):1 N(r =4 N(r)=15
(a) (b) (c)

10 AW\
10} \
)
Z
= 2
= 10
10"t [Key|[Content(wt*s)
e 5
] 0
e 5
. o] 20
107 L -
10° 107 10’ 10°

Fig. 8. Number of segments N (7) to cover the shape of pore for
M-TA systems.
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TRRDLHE, BIIRT LD ICHEMESwtlDRT O
757 ZIVIRTE139E 70, WINEAHE L HICONER
e, 20wt TIRLESKTLIC > T b. 7574
AMRTEDKEL e H @ ETRVBEHEC D & L 2FRT S
DT, BTHRIEH D v BERKRE LR CERS
Boht. ¥EmEI0O~15wtY% T7 527 2 IVKRTOE
{EBAR BN, ZhbOfERZTh TN EESMAERURKE
BEKE L T ARNEIL—K L TWA. BI0TRARELY
57 ZIWRTEOBRER LSO TRIE I bE< A5
TS5 RIVRLEPFETHIEEZR LTS, BBETH
L, HAOWMBEFANIL TGS L7, BAHWETAR
W BOICED R TIRBEET S EETFRL TS
ko EZLLNS.
BAMTHENRAE DI, BRE, RBUKAKRCTEY
MAROBERIIFREROERERICH LIhBRD LN,
ZOEREZ, M6 DOHMIIRTHROB#HIICLLT,
—HICHEASREAW D EE L ONS. T TTHEY
BELTHREIN/FHMARIERT D7 57 XIVIR
TR AW AR d 2 BEATS. ThbbH
D752 Z VKT De, BT D757 2Kk DRTdD
RN HABIEAR D D ERETHIEG) R &7 5.

-
]

o
T

~

Fractal dimension(-)
o
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w

5 10 15 20
Content of matrix powder (wt%)

Fig. 9. Change in fractal dimension with content of matrix pow-
der for M-TA systems.

w

Permeability
(cm?/s-Pa)x10™
N

1 \ \ ,
13 14 15 16 17
Fractal dimension(-)

Fig. 10. Influence of fractal dimension on permeability.

RT DT 5 7 XV E——
JD:a.J..DQC (5)
2K, a: EBE
a=1, Dc=2 D4, ORTO)REEB.
2
K=k-py (15 6)

B)RIZHE - T, BIEK, R RILERUHAEDORS
BE IOy FLAEDDAR6 D@ THS. @HILOH
ICHAREFOERBRERICHZVESTVTWE T E8bh
5. ZOT D HRTOMRPELLTERTDT 57 X
WIRTEE AWT(G)RO &2 ICHIALERBIE T UL, fEk
DR—F A KB THONRBRIC—HKT 5.

5 &

BRE< TRV T REMHRTEL, ZOX MY v 7 AFD
TiO; & ALLOs; DE IV H TlOz/Aleg #0.96—%E - L, %
DOEMBEEE 2 /2= 72V T BR—5 ABEEGROBBEL
BRUBESEEC WKL, DTofRwmEE:.

(1) HINE#x5wt%h 520 wt% £ TELX &5 &R
T OWRPBEALT 5. OREITEMY & BT D
RIGICRKRT 5 &0 s RSN .

(2) PIHLBEREWRME L & LIEL BB RNE
10~15 wt% LA EC—E &7k o 7. REIFKARL LI
BICIH U TR 58, TOH%—E[ L% 7.

Q) FHMIBRRUREERIVINLIHEMEICS Lk
RER LR AXEZRIENETZhZh10 wtds, 15
wt% E e DRI AE LT o 7.

4) RTHROT7 57 ZNVEKTERDI-ETH, 1.39
P BHLESKRTICEL L, 757 ZIVRTZHRMESE I
DNEKRTLE - 7.

(5) BRKEIRIBARALBRTHBROT 57 2 VKT
PHETS.

(6) BEE, R#EIKARRCFHMILEOBIRI,
REROFER X OIS FNB AR BN/D, 757 ZIVRTIC
Eo TBELLG)RTERINSIMARLHVSZ &IT
ko TPERDBERIC—HT 5.
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