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Fig. 2-1. Particle size distribution of raw materials.
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Table 2-1. Chemical composition of raw materials.

Composition / mass%

Oxide GB Kaolin Bas'cca:g%%gfes'“m
SiO, 45.68 0.03
Al,O, 38.36 0.03
Fe,O, 0.51 0.02
TiO, 0.01 0.00
CaO 0.05 0.43
MgO 0.27 42.51
K,O 0.01 0.00
Na,O 0.01 0.02
Ig.loss 14.86 56.54
Total 99.76 99.57
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DODHEEREIFIFZIERACMETY 45m%/g THo/z. TOEMNSHERARFHER
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DRFNLIETHH I EIWCELADHBDT, E—XIINVAEIZED MgO &4 %
D> MBI THMABRRFEROMEEOEMANELBRLEZIL
NEBRETORBGERESEZEZEZSN S,

232 I—FT4IT51 bDTH#ERL
n=1.0 DR =)V IIVEAB KR OIE—XI )V 2 ERE T 1REBERLZ &
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Fig. 2-2. XRD patterns of (a) ball-milled powders,
(b) bead-milled powders.
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Fig. 2-3. Relative (200) peak intensities of free MgO and specific
surface area for the specimens calcined at 700°C before and after
bead-milling.
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Fig. 2-4. Particle size distribution of the specimens bead-milled
after calcining at 700°C. The values of "n" indicate mole ratios
of MgO in the starting mixtures.
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DEIFHENERINSIPE-XINHABOAFRNEHRBITES, MgO O RIEN
HEBHMES THEZENDNS, 2-2 DHERERD 900°C, 1 BFHE DR
WES>THR=—IIINHAB TS MgO ORFHENAERL, E—XI VB TIEu
A—=TF 4 LI FORFHRITIFLIELS Zo7z,

1000 CLAETIRMEAB EDICI A I AL FRBD NN, "—IVI )
HEOFNERBIETZZ W, £72, R—IVI AR TEIHFY F 1 N BEHD S
FHELEZEZEZSNDLTA RN 900CLULETRYD SN, 2OZEHBR—I
SIEBFDO MgO OREBGRENARE —-THBHZLZERL, E—XIIIVEHBT
BREBRMBBRLEZZIECIDESRENZDE—ITRD MgO DOILHK IR
BE SN, K T Mg0-AlL,0,-Si0, RO LB Y —LRERZEYNE SN
ZRLTWS, n-d—T 4L FORFBRIZBEO LR L EBITHEL,
a-A—T4TT1 ME, F—IVII)VHAR T 1200CT, E—XI)NEABTIE
1000C TRER SN, MaEB ED 1300C T a-I—F A 51 MEXAEXRI
UNDOEIFTE—ZEROENENO . ¢-T—T A T4 MANDODEBEED
HEIDODWTERERIZENTIEARWDE, E—XINVHBICIVDEBALEBEDD
VAT N u-A—F 4 T34 MBS a-A—FT 4 T51 MADEBEREL T
WHHTREHE S H D, BCHELVWRFENLETH 5,

2.3.3 BEHEBE

HAV D EEEMRB XU LOREEGHE (n=1.0) O 2 E N HEE E
DIEREZK 2-6 IZRT, "—IVIJ)VEABIL 270CHHEN S EERERBR 7 X
LD RITE DK, 520CHENS A D RFAKIT K B IUHE R
Nz, EE50HEBID 850~940C O THBEICLIHIBERNBENE I DED
BNMEIZIEEAEEIEL, 950~1050CHIEE TENMNTNENEER I N,
p-A=T AL TINS5 a-A—TALTI71 FANDODEBICXDEERIE, K-
VAR TIZ 1100C E T, E—=X I )V B Tld 10560 CL ETHE X1, MgO
DRBEEDEBBENETLTVEIEN NS, E—XINHE T
1250CHHEM S 2 B E OB ICK D IENER S NI,

A=V INRABEERARE—=XI)Vidk 2 900~ 1300C THERLZEZDER
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Fig. 2-5. Effect of firing temperature on the crystalline phases of
specimens (a) ball-milled, (b) bead-milled.
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Fig. 2-6. Dilatometer curves of ball-milled specimen and
bead-milled specimen.
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8 DEDIKEZRDILENTES, HMEAERLZ MgO CHRHREBONAY F
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MERT S, ZOESEMIEREEDZD 900CHIETEL < FHT 5,
940CHEN S - —FT 4 T4 FOKRERILICLVBELNEBHEEIND, £,
1200CHHIEN S BB OBEENETT 5. NI, BRIETSEICKD
Bk GENERS LN TENE, BHIEIEICET IS EEA 505,

2.3.4 BREEERK

E—XI NV ZEBETRERLZREEEROBRAZERE (R.T.~700C)
DEEAMERZK 2-9 ITRT., LI00CLUTFTHRRINZHKBTEL-O—FT 1+ T
TA MR EERZOZDODBAEEREREIIE WA, 1200CLL ETHERKR I NZHE T
B a-J—FT 4TI "R EHEROEZDETORKICTPE N TRFZRMBREIIET
L7z, 1800CTHERLEZHABTRED DI —T 4 51 MEKIZIEY n=1.0 O
RN ERDENME (2.2X10%K) ZRLU7Z. n 2 1.0 KD/PMNEWHEFELS A
NOAERENEINL, REVWHGEFEAECXNVOERENEMTSZD0nTND
R ERKZHEMNE B,
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Fig. 2-7. Sintering characteristics of (a) ball-milled powders and
(b) bead-milled powders.
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Fig. 2-8. Scheme of thermal reaction of kaolin-basic magnesium
carbonate mixtures.
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AlL,0,-Si0, RIEFEMITRBICER Lz, £z, THITHEW 900~1000T
BT Bu-a—T 471 bOHHENBRL =,

(2) 1300CIZBITH n=1.0~1.4 DMK TIZ a-a—T 4+ T4 bE2EHLRE L
LEMMEE 5% LOBEREEENESN, O—T 451 MK
HIEW n=1.0 DK TIE 2.2X 109K (R.T.~700C) O #HEAIZEHREN
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B3 ' KBRIESITXIZTULWMETENAY T bORKIR
B & BERS

3.1 W&

METIE, IFVFA PR T2HEEERB IR TL0RAELEZSELS
TR EROETDRERREE — X3 )L D ERE BB L =B 2 E
ML, MgO EAFHF I CORBEBERVEHBEZLEBERIELEZ. TO/K
B O—FT4IZI710 MRITGEVWESE” S 1300COHERICED -0 —F 4
IT514 M2 EHRETOBERERENEONDI I EE2HELE®, LhL,
MEFICHWET VI TR EEZIDNIZTE—XDERICL D RHMY
DREACED+HREE -  BELSWEENESNRVWERNNS D, £k, BRI
EMMEzET2E0MELS 5.

AETIE, FHEMMNMBEALRWEZIICHAR L ZKBIET T 22w LEAR
L, CHEHFU D EQRABUDSBMBERI—FT 4 T 1 MEHKEDOERZH
Bim. Fe, BRUEKBIES TR I AERETSE0I1C 1 HRAEDHEE
HRBE X ILARY 1 BAEOKBIES T XS TAZHRBRLEDDICD
WTHERZITVWHEBERE L., ZOHE, RLEKBES IR TLEZRA
W52 L&D, 1350CHOERICED - I—T 451 hE2ERREETEHIH
Blad—T 4 ILI1 MNERKENES N,

3.2 ZEBRHFIL
3.2.1 A DHH
HAVFARELT GB AFUZE2AW, 3um UTFICEBXASHKL 2%, &
BRELZH SO BEITTICERALE. HEIAAEO/ERZR 3-1 12, 1k
ZHREE 8-1ICRT. GBAAY VIIEBHKRFR 08um OHFUFA T
H 0, S10,/ALO0, BT AU S0 POERMR EIFTIEZ—HKL 2.03 TH 5.
X7/, 7IVAhUE&EEALY (K,0, Na,0) 2IFEAEEF LWV BAME
DENHDTHD, XBEFO/EENS AU F A bUNDOREREL TENIC
AEMNRBRD 5N,
MgigE & LT, 0.25mol/L O~ T %7 AKBER 200mL #1iZ 14.8mol/L
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Fig. 3-1. Particle size distribution of raw materials.
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Table 3-1. Chemical composition of raw materials.

Composition / mass%

Synthesized  Reagent Basic
Oxide GB Kaolin magnesium magnesium magnesium
hydroxide hydroxide carbonate

SiO, 45.75 0.07 0.20 0.03
ALO, 38.23 0.00 0.05 0.03
Fe,O; 0.53 0.00 0.02 0.02
TiO, 0.01 0.00 0.00 + 0.00
CaO 0.02 0.00 0.82 0.43
MgO 0.25 67.30 64.17 42.51
KO 0.01 0.00 0.01 0.00
Na,O 0.01 0.00 0.01 0.02
Ig.loss  14.37 32.54 34.08 56.54

Total 99.18 99.91 99.37 99.57
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@ NH, k% 50mL iz, 1 REE#HRLTKEEIITIRITLZERLEZ. &
REBEELDBESEEZAVWTOBEREBEERERYICOBEL 2. BEEEREIT DB
WICDBEOKET N TLAKBRERZMZ, BMRLTHWS Mg Z/KEMY &
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BNSINEZELSWVWEENS KB AX L VLDEREBEEZEELE, 20O
KB T XL DL BEBREELE < EOEBEIETICHEALEZ, AREBEDK
Bk~ %> L0 TEM EEZK 3-2 12777, EHEK 0.1um OASARIK
MERNBERINZ, £/-, XBEFICXS 001 @OEFROILEN D M5 E
K 19nm LEEINZ. ARLULEKBET TR TLAELEBETS20IC 1
GREOEEMRBY TR TARY 1 ZRAEOKBILT T Z T L ERR
L7DbDIIDOVWTHERZIToE, MR EDITHBREAELTIZY /I %
FRAL, "—J)V3I)V (10mmd DY IVIFHR—J)V) T 24 FEEXHELZE
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3-3-MICR UMK FDO SEMEENSHIMNZ S,

HAY P EIT XTI AMEEYMDEIEIT MgO-ALO, 2510, £35S 1
Eal, T2RCBTERIBESG LR, ASPTHARLENGEERIEL, L
%, REBZEZAERKBII XU LMAT, RBEKBEAETXITL, KO
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—EHIMERE Lz, REAIZEKFICED, 1000C £ Tk 5C/min T, 1000C
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ELEREFARBLE, £/, BEAEOHEIL 1350CT 1 BkHEL R
FRNRE Lz,

3.2.2 HIE

FESHIL, BEOUNBRKRELSAREEE (BEREEMERE, SA-CP3L)
EDHEELE, BRERMIE CuKolf 2R L 72K XERETESE (HEEERE,
RAD-B) ICXVRIEL”~., DTABIEIR RER-BEENITEE (HPEEHR,
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O.Em

Fig. 3-2. TEM photograph of synthesized magnesium hydroxide.
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10um

Fig. 3-3. SEM photographs of raw materials.
(a) basic magnesium carbonate, ball-milled for 24h,
(b) reagent-grade magnesium hydroxide, ball-milled for 24h.
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HIVSTSRREBYFILENFY DOKBEBI2REBRERNL, =
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KCAFV D ERBTEEDTHD, —FH, MgO AU OKBIEBITBK
BBEBIEOVWTIE, EESOMEUNMCIIESEZLT, TORGEBIIOWT
ERBETH B, LHLANS, MgO OMETZRENIA ) > 0HRIEBE X
DNEL, ZOBRET HARBIZFLEFTSHEEEZIKS W, £EZOKRBITH
EHSNERE T SERROE/EDEN, TORKE, 940C fiETO kS EHM
DAL Mg & O*MAB I VA BM I T 5 2 e kB EERD
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1350C T 1 R L7z B O XREHF O EZKN 3-5 TRT. £ TOR
BicBWTa-3—FT A IZI31 MEDEBDAERIDKRE I N,

3.3.2 B4

RIS BREERANT2EOICEREDO DTA HIFOREEK 3-6 IKRT. &R
LD 450CLNTFORBME— I TR ULMEEM DR EZRL, 515CHHiR
DRBE— 7 ZAAYF A FOBAZERLTVS, ZTOBY — 2 EFERANE
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Fig. 3-4. XRD patterns of fired specimens.
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Fig. 3-5 XRD patterns of specimens fired at 1350°C for 1 h. -
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Fig. 3-6. DTA curves of powdered samples.
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3.3.3 BEREREME

HHBOMEKREHAHZ 1350CT 1 KRR LZEEZDOERE & RETFKL
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PXINOHEEFEERBICHD, AERINEFEIL 1llmassh E ARFED SN, EFE
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EK<HBEEIT 87.6%THhVBELREEAERIFTON N>/, —F, MHS &
AHUEARAYOAVEREE 97.7% OREREEENE SN, &5
EEROWHEmD SEMEEZK 3-TIZ/RT., £ 3-2 DERICHETLHIEDKIL
MERIN, MHS TRIEFELAELADVERINTRERBEEARTHD Z &N
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(1) HAV D EEHK 0.1lum OKRBIEIT XL T AMMTZ2RELEZRBT
X MgO EHFUFA SHEYORIGIEE SN, 900°C - E O N # i =
I2 & D Mg0-Al,0,-Si0, RDFERBEYMMNERL 2. ZDEKBEWIE, 950T
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Table 3-2. Sintering characteristics of specimens fired at
1350°C for 1 h.

Sample Apparent porosity  Bulk density Relative density*

% 10°%kgm’® %
BMC 15.1 2.15 81.5
MHR 2.2 2.31 87.6
MHS 0.0 2.57 97.7

*True density is calcUIated, including 11mass% of spinel.
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Fig. 3-7. SEM photographs of the polished surface of specimens
fired at 1350°C for 1 h. (a) BMC, (b) MHR, (c) MHS.
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Sum

Fig. 3-8. SEM photograph of the polished and etched
surface of MHS fired at 1350°C for 1 h.
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T OBBEOXE

4.1 WS

%2 ETIR, MERRBTIRIIAEATYFA FORAREEREL
T, E—XINHRICIOBET TR TLENFTYFA DB OMD T
WM RIEEMEERL, 1300COMRTe-I—T 4 LI bEEHERETS
BERBREENEOND ZEZRELZ®, LaL, MEFEITHW DR
ROBRIZLODAHMYOBEACHBICEREZETLIZOBMEND LD, %
3 BT, FMBPEALZWLENICHEL ZKBLI TR T LAMAT &
SumUTEABLEEGHENAY > EORAMEERER &L, TORKE,
1350 COBEMRICED ¢-O—FT A T4 b2 ERBRETHIHMEE 97.7%D &
BREBENEONDZEEZRELAD, L2rL, RIGBEE, HEEBERUR
BEEICDWTIETAIRESMICESN TR, '

AETHE, ATV COBERCRREZECI T TEBERZITY, KINATRE,
BERBERNEEEAOHECREITHERHEOMBERIOFBEOEEIID WTHRAL
2o TORR, WMRAFVF A MEKBIEI X UL FEZHEREER &L
T, 1300~ 1350CODERBEICR VW T a-I—T A ITI71 b EHERKETHMH
BRI-FT 4 ITI51 MNEKENESNEZ., LML, $tRNOTH 1 hOEARF
BT+ I BE R BEEEITE S N o 2,

4.2 FEBRITIL
4.2.1 HWEORAH

HA) EEBERELT GB 14 Y > (Greenbush, West Australia,
Australia) & NZ 141U > (Watauri bay, North Island, New Zealand) #
AWwiz, GBAAUE 1L, 3, 5um EARIC, NZAAU 2IE0.5, 1umAFIT
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Fig. 4-1. Particle size distribution of kaolin.
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Table 4-1. Chemical composition of raw materials.

Composition / mass%

Oxide GB kaolin NZ kaolin Mg(OH),
<lpm <3um <b5um <0.5um <ium
SiO, 45.68 45.75 46.46 4544 4549  0.07
ALO, 38.36 38.23 38.39 38.64 38.49 0.00
Fe,0O, 051 053 052 0.25 0.27  0.00
TiO, 0.01 0.01 0.01 0.10 0.07  0.00
CaO 0.05 0.02 0.01 o0.01 0.01 0.00
MgO 0.27 0.25 0.23 0.04 0.17 67.30
K.O 0.01 0.01 0.01 0.01 0.01 0.00
Na,0O 0.01 0.01 0.01 o0.01 0.01 0.00
Ig.loss 14.86 14.37 14.33 15.17 15.37 32.54
Total 99.76 99.18 99.97 99.67 99.89 99.91
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Fig. 4-2. TEM photographs of (a) GB kaolin, (b) NZ kaolin.
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Fig. 4-3. XRD patterns of fired specimens.
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Fig. 4-4. TEM photographs of mixed powder.
(a) GB1-A, (b) NZ1-A.
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Fig. 4-5. DTA curves of powdered samples.
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Fig. 4-6. Dilatometer curves of mixed specimen.
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Fig. 4-7. Bulk density and apparent porosity of fired specimens.
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Fig. 4-8. SEM photographs of the polished surface of
specimens fired for 1 h. (a) GB1-A at 1300°C, (b) GB5-B
at 1350°C, (c) NZ0.5-A at 1350°C, (d) NZ1-A at 1350°C.
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Fig. 4-9. Effect of firing temperature on the crystalline
phases of specimens.
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Fig.4-10. Linear thermal expansion coefficient (R.T.-900°C)
of fired specimens.
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Fig. 5-1. XRD patterns of fired specimens.

(a) mixtures of GB kaolin and basic magnesium carbonate ; BMC,

(b) mixtures of GB kaolin and reagent-grade magnesium hydroxide ; MHR,
(c) mixtures of GB kaolin and synthesized magnesium hydroxide ; MHS.

1 : p-cordierite, MsB : 3MgO+B20s, A : Al2Os.

-62-



(a) GBkaolin i

-
8 | (b) B,Os-added
> GBkaolin
D
c
2
= '
(c) MHS-2
I
| 1 ! | ! | .
10 20 30 40

Diffraction angle 26 / °

Fig. 5-2. XRD patterns of specimens fired at 850°C.
(a) GB kaolin, (b) 2mass% B20s-added GB kaolin,
(c) 2mass% B=0s-added mixtures of GB kaolin and
synthesized magnesium hydroxide ; MHS-2.
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Fig. 5-3. TEM photographs of specimens fired at 850°C.
(a) GB kaolin, (b) MHS-2.
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Fig. 5-4. EDS analysis of specimen fired at 850°C.
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—— spinel (26=44.7" )

Fig. 5-5. Effect of firing temperature and time on the crystalline
phases of specimens.
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Fig. 6-1. Particle size distribution of raw materials.
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Fig. 6-2. Bulk density and apparent porosity of fired specimens.
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10um

Fig. 6-3. SEM photograph of the polished surface of 3 mass%
B20s-added specimens fired at 900°C for 1 h.

-74-



\l

| —— 900°C —&— 950°C —o— 1000°C

(6)) »
T T I T

N

w
T IAI

N
T T T T

Thermal expansion coefficient / 109K

—t
T

] L ]

o

1 2 3
8203 / mass%

Fig. 6-4. Linear thermal expansion coefficient (R.T.-900°C)
of fired specimens.
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Fig. 6-5. Effect of firing temperature on the crystalline phases
of specimens.
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Table 6-1. Relative dielectric constants of
fired specimens measured at 1 MHz.

B.O, 900°C 950°C 1000°C
mass%

1 6.0 5.5 5.5
2 5.6 5.6 5.6

3 5.8 5.7 5.6
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Table 6-2. Characterization of 3 mass% B,Oz;-added specimens.

Thermal Relative
expansion dielectric
coefficient constant

Firing Bulk Apparent  Bending
temperature  density porosity  strength

C 10%kgm?® % MPa 10°K™ at 1 MHz
900 2.64 0.0 170 3.3 5.5
950 2.64 0.0 226 2.9 5.5

1000 2.63 0.0 202 2.8 55
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X ZEZTRTDIIHIZD, BYBRLHEELHFREZHBOILCENTIE
RETZHISHEZER MEHAEAR (AHELIERFLAEFAR) TESEH
DEEZRLET,

iz, FWMXERCHLDARTHEE, BEEZBVWEENIRRFELYE
IS FAEER IR —B B, FHEABERICESEHNEZLET,

FATLRRFRZEIFMARBLREEL MR TEFERANDOAZEK O
ROBRZEZTCTE ok ES I v 70 WEMREEITL
FOBHANEZLET,
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