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In a permeable MgO ceramic containing TiO; and Al;O3
as matrix Mg0O- Al,03-2MgO - TiO; solid solutions were
detected and no Aly03:-TiO; was observed. Therefore,
the solid state reaction among MgO, TiO; and Al,O;
with excess MgO was studied at various firing tempera-
tures. The formation mechanism of MgO:Al,Os~
2MgO-TiO; solid solutions was studied from the
results of interface reactions between MgO-TiO; and
MgO0-ALO;. MgO-Al,05-2Mg0-TiO; solid solutions
were detected at 1573-1673 K and increased with the
firing temperature. 2MgO-TiO; was formed in the sys-
tem MgO-TiO;, but was not produced in the system
MgO-Ti0O»-Al,0;3, because the amount of Mg diffusion
at the interface of aggregate and matrix additives was
not enough due to the large aggregate size of MgO.
MgO- AlyO3 and 2MgO-TiO; formed at the interface be-
tween MgO-TiO; and Mg0-Al;0; decreased with the
firing time at 1873 K. On the other hand, MgO-Al;0s-
2MgO0-TiO; solid solutions increased. Mg was recog-
nized in the matrix without addition of MgO as a
matrix. Al diffused in the layer of MgO-TiO,, in opposi-
tion Ti diffused in the layer of Mg0-Al,0; by EPMA
analysis. From the above results, the formation
mechanism of a Mg0-Al;03-2MgO - TiO; solid solution
was proposed; (1) Mg diffusion at the interface of MgO
aggregate and matrix additives, (2) formation of
MgO-TiO; and MgO-Al,0;, (3) formation of 2MgO-
TiO; due to the reaction with MgO-TiO; and MgO, (4)
reaction of the solid solution with MgO-Al:03; and
2MgO-TiO,. In the reactions between MgO-TiO; and
MgO-Al,0; the product layer of MgO-Al;03-2MgO-
TiO; solid solution increased as the firing time in-
creased. The diffusion coeflicient of Mg was about
4.8 X10~7(cm?/s), in a good agreement with that of Mg
which was reported.

Key-words : MgO-Al;0s-2MgO- TiO; solid solution, Inter-
face reaction, Mg2+ diffusion, AB* diffusion, Diffusion
coefficient
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2.1 FEHRUERBOER

BHICEBERE MgO KL F, < MY v 7 AGMICIEBERS
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WOTES MY v 7 AR OEED 8wt &4 inis o7
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F 7z TiOg, ALOz DEBEMER N 57-%, Ti0,=6.6
wt%, AlbOs=84AWtX DA% < b U v 7 AITH W@k
LIEELL 72 (BIF, #hZh MgO-TiO; 5%, MgO0-Al;0;
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Table 1. Physical properties of aggregate and matrix.

Aggregate|  Matrix
MgO Ti02 | AlOs
Apparent I
density(gierd)] 335
Bulk ;
density(gler)| 32 5 - T
Apparent 3.0 . _

porosity (%)
Size | Max. 1000 Q25 | 40
{um) |Mean 680 012 5

Table 2. Chemical properties of aggregate and matrix.

Aggregate Matrix
MgO Ti0z2 | AlOs
Si02 022 084 | 018

& [ T0 | — 9457 | —

= [A:0: | 009 311 9907

18 [Fe:0:]| 005 002 | 002
E[Ca0O | 039 003 | 014

S%[MgO| 9921 002 | 002

29[ Na:O0] — 005 | 054

£ KO | — 002 | 003

6 B20s 004 — —

Igloss{ — 134 | —

ThBOREWC, KedmmL, 7V vy PV TI5S
RIRM L7, 1398 MPa O ¢, 40 mm ¢ x40
mm O MAFERICEFEY Lz, ZoO#393 K ClI6FRRE
L. BREE (BAEERE) 13973~1873K OB&
FES, 2003 K Tl bV RIVFEILVVTRE L. W
NaFRCHRBZRABARL, IERECELZOD
6 MeRIBER L7z, E7-, MgO-TiO; 5% & MgO-Al0;5 B
B&Wad0h LORML TR E, 9 MgO-TiO; X%
B L7=D%, O BRI Mg0-AlO; & FICHIET 5
TEIC ko THREROBMGZER L, 1873 K Zfi/h
7-BRIF T, 0.5, 1.0, 2.0 U400 [EEERL (B BRI
L7z

2.2 HEEHERUCSWHE

< My 7 AR MY v 7 AF EEMRT L ORH
OBBEL SRS (Olympus #8, PME #) T,
F - TE RO RERIL EPMA (Tracor Northern #H%L,
TN-422] #) & XREFAE (v 784 TV AR,
MXP3#) Ik VAT L, EEESHTZIT- 7.

3. EERER

3.1 EMERRU EPMA SR

B 1,5 2 iz MgO-TiO-ALOs %O RS BEMEEIC XL 5
M EHE - EPMA 5 EE %79 . M1k T1273
KEERTIE, ~ MUy 7 AR E MR FRIO ST
L, RIELEMIIEEA ZA O, L L1473
Kb E< Yy 7 AR ETEBML D, &
MRFERO—H LG L LS A EE IS, &
HEW2003 K Tid, < FU v 7 ARSI L
TW5BEESIKEHRT EORIGLET LTS, ZD/:
DEEH & R E MR, BT R R ORI EICIE
BV IROIA A, F o BFRRIMICIEA S WHRPBIE
ENb. O rFERK2 O EPMA S EETLHAS
ek, BRIBEOKWI2ISK Cld AL TIR~< R v
7 AT UL Le A, RER1473, 2003 K & & <
B ONEMRTREYL, AEANEBAL TS, Fc
Mg HMER CTREHBIC LAk - 72008, SRk
ER Py 7 ABTHRONE LD > T 5. R
HiZid O RUBERORMMIZ L5 Ca DS AR LR L
7=

3.2 X iREFHER

* 3 ~% 512, MgO-TiO,-ALO; %, MgO-TiO; %K
U MgO-ALO; RO X REPFERERT. HREVEH
MEIZT 5728, MgO W TRA X BREY —7 DOhY
VIFRTRLTWA. 7272 L ALO3; U Mg0-Al,O3 122
WCi A —7 DBERZNnZh MgO DREAE—7 &
2OV —7 LEEILOTHE2OE -/ BEZHAL
7= : ,
3.2.1 MgO-TiO,-Al,0; ZNEE
E 3R T LT, 1273~1573 K T4 < DS

Fig. 1. Photomicrographs of specimens in the system MgO-TiO,-Al,0;. (G: aggregate, M: matrix, B: bright glossy area,

D: dark glossy area)
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Fig. 2. EPMA analysis of specimens in the system MgO-Ti0,-AL0;.

Table 3. Results of the X-ray diffraction analysis in the system
MgO—TiOZ—AIZC)g.

Firing temperature (K) |973[1073|1173 [1273[1373 [1473|1573(16731773 [1873 {2003
Periclase MgO %1/ 5" | 5[ 5*| 5*| 5| 5% 5| 5*| 5% | 5*| 5*
Corundum | Alz0s 313/300{325/350(275(60 | — | = | = | = | -
Rutile Ti0: 625|550|525 43814381275 | — | = | —= | —| =
Magnesium | MgO-TiO: — 50|63 /8888 170(188] = | = | - | -
titanate |MgQ2TiO. %2 — | — |~ |88[88 (80| - | - | - | - [ ~
Spinel MgO-Al-0s =41 —= 1= [—- 1501504200} = | — | —{ —
1
oS smamen | (=12 =17 [ [ - [re|e s}
Perovskite | CaOTiO: -l =1—=1—=1-150]88 [125[138 {113 [125

% 1: Numeral shows the peak intensity of the X-ray, 575>4>3>2>1>17
% 2: Count persecond of the X-ray intensity.

Table 4. Results of the X-ray diffraction analysis in the system
MgO-TiO0,.

Firing temperature (K) 973 [1073[11731273]1373[1473[1573 [1673[1773[1873]2003
Periclase | MgO 1| 5|5 |5 |5 |5 |5 |5 ]5]|5]5 |5
Rutile TiO: 625|513 | 575425538575 50 | — | — | — | -
Magnesium 900 | 63175 100[113 1175 [368[ 55 | — [ = [ ==
! MgO2Ti0: k2] — | = | = [175|20[100] = | = | = | = | =
titanate  lovgOTi0o: | [= | = | = | - |60 |125 |388]720 813 |700|775
Perovskite | CaOTiO: — [ = =T =T=750[100[125[195 [125 125

% 1: Numeral shows the peak intensity of the X-ray, 5*>5>4>3>2>1>1",
%2: Count per second of the X-ray intensity.

Table 5. Results of the X-ray diffraction analysis in the system
MgO-A1,0;.

Firing temperature (K) [ 973 {1073[1173 12731373 [1473 1573 (16 73}1773 1873 [2003]

Periclase [ MgO k1| 5* | 5° | 5*| 5%[5°[ 5% 5* [ 5*[5*[5*[5*

Corundum | Alz0s qu 375 [450(413 500 (375 [623 (313 [~ | = | = | =

Spinel [MgO-ALOs || — | — | = | — |75 [138 185 [300[400 [413 [425
% 1:Numeral shows the peak intensity of the X-ray, 5>5>4>3>2>1>1"
% 2:Count per second of the X-ray intensity.

L, EMTHERICR > TW5A21673 K BLE Tt MgO,
Ca0-TiO; LI4t iz MgO- Al03-2MgO- Ti0; SR E D A&
LRI N TR WO THS. FICHELIATA

% ¥, AlO3 131273 K & TR (LI m W R 2 h DI
L, 5K Cika<mHEsnTuvz\v. £/ TO i
1073 K i B8R4 1A LIz Lo, 1573 K TIEED b
V. —JF, MgO-TiO; XU MgO-2Ti0; i3 % 11 #n 1073,
1273 K THEB L TWAD, ThZh1673, 1573 K Ttk
Tz, FE/ Mg0O-AlO3 (31373 K THRL L,
ZOEBETREBREEAE G5 >N 2 5081673 K
S B RO LN, 1673K 17 5 & MgO-AlLOs-
2MgO-TiO; % & Z 2 DN AREBEEPAER L, TOLERE
BB & 2 biICS ko TW5h. U EOEEND, K
2OQUTBBK CTEMNFRIDICSMH L T\ Mg, ALRU
Ti 13 MgO-TiO,, MgO-2TiO: B U MgO-ALO3 D B 4
T, INHLOEBRBITEEL WL LRGN 5. i
2003 K BERC CHBEZ S N7z B 5 W IR O 413 Ca0- TiO:
THY, BORROTHIE, Mg0-Al03-2Mg0- Ti0,; %
BEBECTHLEEZONS. LEL, WIFNOBEREBEE T
4 2MgO TiOz I SN TWin W, BWRROES
75 MgO- Al,05-2MgO - TiO; REWAEMETH L Lk, D
SO X AREHT/ N2 — VAR 3 ITR T & 512 MgO-AlOs
& 2MgO-TiO, O HICFE T 5 T &, ALO; - TiO,-
MgO-2TiO; RE WA (—Fl & LT MgosAlosTire0s) &
WEZALEIFNAZ —vaRd I &R MgO-ALO;s &
2MgO-TiO; L iIZEWICAEOEI & TEEBT AP Ehb
T L7z,

3.2.2 MgO-TiO; RRU MgO-Al,0; RDBFA

% 4 I27R 3 MgO-TiO, 5% & MgO-Ti0,-ALO3 5% & ©
K EEWT1373 K BL_E T 2MgO-TiO, A8 H & 1T
BT ETHD. ZOEREFFBIRE & & LTz Th 5.
MgO-TiOp % T MgO-2TiOz iCB§ L TId R 3 L BHE k7=
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Fig. 3. X-ray powder diffraction pattern in the system MgO-
Ti0,-Al,0; fired at 2003 K.

A L.
# 5 O MgO-ALO; R Tid, 1273K £ ClREMOEL
RO LN, 1373 K L EIC: % & Mg0-AlL05 43

AL THw5. 1673 K R 5 J:?EEJB@ AlL,O; 1247
AT, D5 MgO-AlOs DEREAS (75> T 5. Fig. 4. Photomicrographs of specimens in the interface reaction

3.3 RMEBEMERLOEERER at between MgO-TiO, and MgO-ALO; at 1873 K.

MgO-AlLO; % & MgO-Ti0, ZDERF A b b L (MM: MgO-Al,0;-2Mg0-TiO, s. s., MT: 2MgO-TiO,)
HEEE, EPMA 5T EE R EPMA I X 555
ExZthZhnR 4 ~F61TR7.

3.3.1 MRBIZRU EPMA DR

X 41 3T MgO-AlLO; & & MgO-TiO, R DOIE R
DE MR A B OB FHRLF A OBARRIZ IRV BIRD
WMo (MM) BEEINE. ZOXRROES OB AL EE
EREARWE EEBSKE LT T ah. BRI
T4 IVAROKRBPBEEINS. 4 Hacf':aﬁ?fﬁ)ii@ MgO-
TiOz AANCIE EABOXR L D FHFHLVER MT) @
HohBEEns.

X 50 EPMA sHERIL LS &, BEMNTOREBRY
< hUy 7 ARRIC, K2 THESNICESICY Y vy : _ ;
A ELTEHEMLTW W Mg MMERBETHHLTWS Fig. 5. EPMA analysis of specimens in the interface reaction be-
COEBITERERAEVE A TWA. %ﬁ%ﬂ tween MgO-TiO, (M-T) and MgO-ALO; (M-A) at 1873 K.
(BL) 2» & MgO-TiOz 5/ fll (M-T) IZIHEKRE D Al 23,
#Z MgO-ALOs Rl (M-A) I[CIHMERED Ti 57 L
TEY, INLOGA LTV AHERITEREEAE T &
A > T 5b . BEREFOROEH 12T Mg, Ti XU Al
B, E 7 4 ReEBERL D MgO-TiO; REIDIER DT 411
Ti, Mg RCMEBE O Al B3 HA L TW5. EHRETO
T 4 LR OFIROFHIZ Ti BA BN S.

X6 D EPMA WCEABOSMEETE, RRFECELS
TTIiEAIOHRFTAELIATMg BEHI LTS, E

BRI R < A1z oh, Al 3 MgO-TiO; SR Al
BT, TiZ MgO-ALO; RUIDOHEEECTHMLTEHD,
Ti ED B AIDOTHTBELGHBLTVWBEESKEAZD

3.3.2 X iREHTHER

RO ICHEMMe O & LSRRI 4 5 X R E

- — . _ L Fig. 6. EPMA linear analysis of specimens in the interface reac-
PriaRAeRd . BESIREAR <251 “O’“ 2MgO-TiO, O tion between MgO-TiO, (M=T) and MgO-AL,O; (M=A) at 1873

ERENEAD L TW5E. MgO-ALO; IiFIE 6o 21T AL K. (Firing time : A=0.5, B=1, C=2, D=4h)
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Table 6. Results of the X-ray diffraction analysis in the interface

reaction between MgO-TiO, and MgO-Al,0; at 1873 K.

Firing time (hr) 105|171 |2 |4
Periclase | MgO [¥1] 5*|5*|5" |5
Qandilite |2MgOTiO2| (175138 100 |88
Spinel MgQ-AlO:| 163175 (138|148

Solid solution %2
(MgO-AL0:-2MgOTi0;)|  |'00]125[125 145

Perovskite | CaOTiO: | |75 {100] 93 [100

%1: Numeral shows the peak intensity
of the X-ray, 5%5>4>3>2>1>1",
¥2: Count per second of the X-ray.

NAHD, EEICITEERER & & DICED T AEEBAD
n5. iz, MgO-Al,03-2MgO- TiO, RRE # AT L
TWwh. X6 LD, M4 THESINZERTOLROE
513 MgO-Al,05-2MgO-TiO: 52 &% 2 b h S FE sk, 4
e FEBL D MgO-TiO; SR A D IR DF 57313 2MgO0- TiO;,
BEMRRLO T ¢ )V RO 1L Ca0-TiO; & & 2
bhb. 7k 3 01873 K Tid MgO- Al,03 K. UF 2Mg0-
TiOz I I ThEWnwW I Eh b, RE6WRLZIND
DEFT F N Fn MgO-ALOs %, MgO-TiO; %h 5
DEFMTH 5.

4. £ =B
4.1 MgO-Al,03-2MgO-TiO, REBED & S
HBRER, EPMAGHTROCXBEENTER» O BE
MgO %1 351F 5 MgO- Al;05-2MgO - TiO; 5% & it D2k
FRHERE 2 LAIF O & 5 I L.
(%1 &FE) : MgO-Al03 MDA
MgO-Al,0s DAERIIFES, £5 LV,

1273-1373 K

MgO+A1203 MgO 'A1203 (1)

MRXOKIEBIE< P v 7 A& LTEHMLZALOs &
MgO E#FLF & OBl R E X U MgO-AlOs 4 F %
BLTETTALDEEZBNS. MgO & AlLO3 DRIL
1% 3Mg?T, 2AB* DI TH S L WO RELALNS
2389 REBRCIIN2 (1473 K) 107 L7 & 5 KB HE
HIBA~D Al DIRE L D AlLOs ~D Mg DINBE R %\
EBEICME D—FHIEB CTRIEAET L TS0 &
Zzbh5.

(55 2 ERFE) : 2MgO-TiO, MEERY
%355 MgO-TiO; BI7T3K L ECAERLTWB T &,
MgO-TiO; i21573~1673 K TRD LML %D, o
T MgO-Al;05-2MgO- TiO; REIBESER L TWEH T &
HORRTG)RORIGIC L - T 2Mg0-Ti0, B34 L
TWABLDEEZONS.

973-1573 K

MgO+TiO, MgO-TiO, (2)

1573-1673 K
MgO-TiOz+MgO ——— 2MgO-2Ti0, (3)

L LB oRERTEINTNORERRE Td 2MgO-

Key |Firing tem. (K)[Mineral
[¢) 473 .
o 73 MgOALOs
A 473 .
W 1873 2MgOTIO;
300t
v 200¢
o
O
100

%oz o4 o6 08 1 12
Mean aggregate size (mm)

Fig. 7. Influence of mean aggregate size on the count per second
(C.P.S) of the X-ray intensity for MgO- Al,03 and 2MgO-TiO,.

TiOy FEH I N TV, BN TRE2E 2 /EES
DERIC L NTOR T ITRYT & 2 B TERNEL
7B o 2MgO-TiO BB INTWBE T Eh 5 ()R
ODRIGETHELZOLND. Licio THRER T 2MgO-
TiO, 23 S sy - 7 DT EFRL TSR A = <,
Mg DIREEE DA inip o lclcd Tl v b E 2 HhA.
HAFOHEDL R SHEET S & Q) RORGIE Mg0 BT
TiO; FEEMIC BT 5 BT BERA LD, WEORHR
DEMFAEIC IS CETHREVORLEELEL, DT
MgO-TiO; OfEf %445, LHEmE S MgO-TiO; @
BZRL TS A EICk- THTT5. COBE, H
ik Titt LD & Mgt OFBIH LTV E LT 5.
BRIZIB N7z X512 Al 10 b Mg DIRBEN S W &%
ERETLZLBRORIGEH@REAULS>ICERLE
MgO-TiO; & MgO B # ¥+ & o & Fm & U 2MgO-
TiO; DA Z B LT, EIT Mg DISEIC & » THST
THLDEEZBNS.
(85 3 BxR) : MgO-Al,03 & 2MgO-TiO, DREIER R
%3 & b Mg0-ALO; & 2MgO-TiO; O [H ¥ K il (4)
RIfE > TETTHLDEEZDNS.

1573-1673 K
MgO-Al,03+2Mg0-TiO; ——— MgO-AlO3

—2MgO-TiOss.s. (4)

CIT@WROEIBITHEUTOZSOBEAEZ NS,

—DIFAER Tl 2MgO-TiO; AH I NTWE WS &h
5, TITHAER L7z MgO-AlOs 17 (3) R, TR L7z 2MgO-
TiO, BMEXE R L CWLEZ L, HTIKRLALEDK
MgO-Al,O; & 2MgO-Ti0; i31473~1573 K T 3t Ik 8
IZdb 5T &5 MgO-Al0s & 2MgO-TiOy AAER LD
LN O OEMRERCERYEEE L CRIBSETT 5
EZ2HTHB. WTFNOBE L WH OEME C OB S
13 Tidt ¥ ABT BE2ZONBHR, AT VEEOKESI
Titt >Mg2t>AB+ T ABY {34 F VEROKEVEA 2
VEBBEINOTWEEZILONAC L, RUKGEDH
Titt L0 & ABT OFBIEH LT WEHESINS T L
5 EEEEBRIEIT EIC ABY OIREIZ X » THETT 53D
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E 1600 150 mL7e. . _ \‘
= 1400 (2) 2MgO-TiO; i MgO-TiO; R ClIHE I /=2,
% 1200l ,'140 ’g MgO-TiO~ALOs R TClEHmHE I NE L - /2. THid
S 1000} liso = MgO BHH TR HIRIA & <, Mg OILBE D750 -
S so0} i reteid L 2 B,
f_j 600 1120 g (3) MgO-TiO; % & MgO-AlO3 5 D pJE [ #E Rt 2
; 400k % B, IThBHOBRHTD Mg0O-AlO; & 2Mg0-TiO; DAL
é 200 110 >‘£ BITFERIFME L & SICEA L, #1C Mg0-Al03-2MgO-
E ol g R 100 TiO, SREEARDE R EITIBM L 7.

Firing time(hr)

Fig. 8. Growth of reaction layer in the interface reaction be-
tween MgO-TiO, and MgO-Al,0; at 1873 K.

EEZOLNS.

Dol érb, <y 7 AE LTTIO, & AlLOs %
wn L7 MgO Bt k4 Tidk MgO & AlOs KU MgO &
TiO; & DRIGHETE L TE I 4728 Aly03-TiO, 234 L
LigipolcdbDEEZ2 N5,

4.2 MgO-Al,03-2MgO-TiO, FE A & & i R iR

E

B8 13X 4 OBERAETOMMEE 31 H 6 MgO-Al,O3-
2MgO-TiO; REBEOERKICE R A% & 3 EElE L,
BERREHICR L CF By F LD TH S, E-FENKICIE
% 6127 L 7= MgO-Al;03-2MgO- TiO; R E D X 4
HEEL T2y P L. R&DRICBEATBERRHE & &
Lz L, MgO-Al0s-2MgO-TiO; SRE A D X {5k
EEIFTEREL ThE I 2B 5.

AEBROBBRGITI Mg DIEBEREEZ NS &
"o, M8 LD ZOIEREEKRD S &IF1F48x1077
(cm?/s) &7, TOEIRPEINTHEHED &4 —X
—MIZIFER VAR LTV A.

5. # §

< FU v 2k LTTi0; & AlOs Z¥sin L7 MgO &
KB, YEFAE L7z AlOs-TiO; 3 I 1 e,
MgO-Al,03-2MgO-TiO; % &% 2 LN HEE AP B &
N7z, T T TMgOBAFEEKIC 1) 5 MgO-TiOg-
ALOs FOBEERIGIC W THET L, LTORSH%E7:.

(1) MgO-Al,05-2MgO- TiO; & & % £ 121573~1673
KCERL, BEREBENPEL R >NZ0ERETHE

(4) MgO-Al,03-2MgO- TiO; SREBE A D4 BRI,
(i) MgOEHMES MY v 7 AN & DEMMFAE T
D Mg DHE#L,
(ii) Mg OIBIC &5 Mg0-TiO, DR & MgO-Al,
O3 DR,
(iii) MgO-TiO; & MgO DRISIC & % 2MgO-TiO; ©
AR,
(iv) Al Oik#c & A MgO-ALLO; & 2MgO-TiO; &
DEEIE, '
[CEINTWBE LD EHEFE L.
(G) REBEHERIE? S Mg OLBGEE & L T4.8%
107 7(em?/s) %#H7-. T OfEIFHE I Tw5S Mg OIL
BRI —F— I BV —F &R L.
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