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Abstract

Optical and Scanning Electron Microscopic investigations were performed for clay rooftiles
produced at Gotsu of Shimane in Japan. The clay rooftiles have been traditionally called ‘Sekishu
Kawara’ and famous for their high quality. It has about 25% shear of all Japanese product. Before
firing in a tunnel kiln, the clay rooftiles consist of Kaolinite (Al,Si,Os(OH),) and quartz. They show
lamella structures. ~After the firing at 1493 K (1220°C), however, they change to mullite and several
SiO, related materials. The lamella structures disappear.

From the X-ray diffraction analysis, chemical formula for the firing reaction would be
3AlL,Si,05(0OH);—AlsS1,0,3+4H,0 + 6H,0; that shows, kaolinite changes into mullite, cristobalite
and water. As minorities, K, Na, Ca and Mg are detected all over the area and some types of oxides
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of Fe, Ti, Mn and Zr stud ‘Kawara’. The result of the chemical analysis in this study is as follows:
Si0, related materials 70.2%, mullite 22.3%, iron oxide 3.7% and others.

Microscopic images of the rooftiles exhibits extremely rough shape. Holes or tunnels with three
dimensional complex figure are observed in the SEM images. The smallest diameter of the holes or
tunnels in the rooftiles is 1 or 2 micrometers. These holes or tunnels would be open pores. On the
other hand, the SiO, related materials show small closed pores whose diameter is in order of a tenth
of one micrometer. The total volume of the holes or tunnels are estimated to be 24% of the whole
volume of the rooftile.

Huge volume of vapour comes out of the clay during the firing at 1493 K in the tunnel kiln.
The vapour would be one of the important factors in forming the complicated three dimensional figure
in the mullite of the rooftiles.
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FrEENDL,

3A1281205(0H)4 g A165i2013 + 45102 + 6Hzo
HAVFA  LATFTAM ZYRINTA D KER
Kaolinite Mullite Cristobalite Water
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R AS100fE THRE L7- SEM (2% [ 6a, 6b, bc, be, 6f 1R L720 ZNENE 1 DEBRLA,
B,C,E,FiZxuLTWwWh, ¥4YEY NI vy —IZX ) TEIZYMLZICd 22b b TFR
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X 612k L7 SEM 84 5545 £ 9 IZLOIAIC & 2 D&V IE RS20,
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X6 D SEM B LR ICITo 72, ZOREFNOBERIWOFHBS T OEREELIC
ALz COMRFOHEEEBLE 0.5 mmX0.7 mm THb, £1DREEDT VT 77Xy
FRXFIZEOHFMEZRL, THORE top BELOEEEE, bm FELOEREEZRL T
Wk, R2EIR1DEDOEHERILL o7z, EALEORFTHLOFEHETH S, X1 H»b5H
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6 1220°C HER#B D SEM £, a, b, c, e, f IZFNFNIE A B, CE, F 25T 5,



AT EONFEMBES L OEERETHEMEIC L 8% 9

£1 1220°C BEEFEFE D 0.5 mmXx0.7 mm DFEED S KD - TESRERIE
DL ERRIEI OB (wt.%). Ave 13FIfE

Awp Abtm Biop Boim C

Si0, 76.1+1.2 76.3 73.440.6 | 76.6+1.1 | 75.7%0.9

ALO; 16.5+0.6 16.1 16.3+0.3 | 16.4+0.5 | 16.5+0.6

Fe,03 3.8+0.3 4.1 3.840.1 | 3.8+0.4 | 4.1%0.5

K0 1.940.1 1.9 2.040.1 | 2.0+0.1 | 2.3%0.2

TiO, 0.8+0.2 0.8 0.6+0.1 | 0.8+0.1 | 0.9%0.2

NaO, 0.3+0.1 0.3 0.3+0.1 | 0.2#0.2 | 0.3+0.3

Eiop Ebtm F Ave

Si0, 77.0£2.3 | 76.9%0.6 77.7 76.5+3.6

ALO; 15.240.4 | 15.7+0.4 15.5 16.0+1.6

Fe,05 3.3+0.4 | 3.2+0.1 3.3 3.7+1.2

K0 1.8+0.1 | 2.2+0.1 2.2 2.040.5

TiO, 0.740.1 | 0.8+0.2 0.8 0.7+0.7

NaO, 0.340.2 | 0.7+0.1 0.5 0.3+0.5
BWIZDOWTH WERE 217 o 2 HEE EVIIZWEE - T R2 TERIFERO
I, HIE (at.%)

ZOGHER ST, ABOKRES EZERT 2 HE - REY MR (at.%)

FA ) ARMNTA FrE S0, LA b AlSiH0, 7R Si %6.241.0
REL - TN A P OREY [ Fe,0s, DEEZRED o TAHL Al 6.500.7
Do SiOy, ALOs, Fes03 D ZNENDFHERIREIZ, £1 L e 1.00.3
D 76.5, 16.0, 3.7 wt.% TdH %, ALO; £ T & ZNIIHILT
% Si0y 1244 FLTHEEN, 454 FTHE SN7=Si0, K 0.940.2
FELBIWZERYD S0y 13, ARELRET S, 2HLTE Ti 0.240.2
BRELFELETL SiO, AlSiOy3, Fe 05 iF 121 70.2, Na 0.240.3
22.3, 3.7 wtB% &% b, 0 64.9+0.3
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K, Na iZ3Betichzo TR L Twb, Ca, Mg I3 ETIZH 5052 b LHH
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WahrE5E, RETHYABOKTST % ED D, Si & O OANHE SN EE 5L,
M5 FICHEETHHEL Ko 2EHE, LAGE, WERIICHIET S, Fe & O O&, H5
Wit Fe & Ti & O O&, PRIEENZEHSIE, REICEETLIHRPEOBOE B L UE
DOHFBEOTHFIHIET 2, BEBLOLFEBEIGEDSLIIONT Ti OFFENFHEMT 5,
ZOf, Mn, Zr, Ca EORENFRONIEELH LS, TNLONRFEMFESTE L OXIE
IARBETH 5,

(4) FEHYD SEM 5 L M7

EOMHFTSi & Al & O PFEBRICHE ENEE 5D SEM 8L Z D3 K18 %K Sa, 8b, Sc
LM 8d, 8e, 8f TRT . X 8a DFYEIFDILAK SEM £H3K 8b, & TH B, K 8d Dk
HOYLKR SEM 05K 8e, 8f TH B, T IR LAFBREET 5 BBIEERE O KIS %
HEOTBY, BRESIELS A bE S0, (0 BE-ZJAMSTA b - REFS AR E)
LEZOLNL, MMOBLVWEMLZZRTORK TS 5, EEIZIIWUDLMILAS A
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EI8 1220°C HERLEEID SEM £, b, ¢ i a OFLENILA SEM ETHY, e, fiZ d
g Dfi A SEM B Th b,

HENb, MfLOKE SIIHBEHREVD, NEWLOTIRERENY 1 um b DO FE THEE
T2, ZOMILRASILTH 2 EBbNE, T/, BEEOMMDSHEET S L% 10 um
D EDFD B VIZBESFEET S EBEDbNS,

9a, 9b, 9c, 9d IZ Z DEBHF TOSMHERD Si & O T 90 wt.% % # 2 5 E4? SEM
B TdhH b, X9, 9citSiO, D EHEHNIY wt.%, K obik 0 wt.% Tl 1Z ALO; 75 & F
NTWb, MIADSIO, &HFEILI3 wt.% TH ) fIZALO; B X KO &EF N Tw 5,
SiO; ER D HEBIE, KAV LOLNTELTH A, TO L) REBUCITEZRENH0.1~2
um DIER/NS WL RE SN 5, MIFLOTBIKIEFABISEV b D% v, HBEEMES
BT, 5b HOREREITRLAEITD L H 12, HL o GERICEE IS, ZOFHIC
RonsMfLIZMAKILTH 2 L Bbh s,
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K9 1220°C BERaE D SEM £,

SiO; DEHFEN 90 wt%LLETH o THERBEHN TIIFI LTV AHAICIEZID L) %L
BREONRV, T0X) REFIZEEEMETIEIN 50 FORHTRLESOREICITEIC
HEIRE,

(5) HMESLWD SEM &

W ORER, Fe & O OAPHL ENLESD SEM 8% [X 10a, 10b, 10c 2R, i
LB EHOBEE R - TRTH Y, AEOYWE»SEREL TRIEENS, Lzd5o
T Fe, O DAMRHE ENLEDTBERTGIZ L A2HEBTED LA LEREZIT SN2 v, X
FHEMBEEETIE, H5OMITICRALNEBEIHS LML TV, B 10c XK 10b ®
FRER S DI K SEM 2 TH 5,

Fe £ Ti & O DADHRHENBEES D SEM %[ 1la, 11b 2R T Z DEHICHITL
v, BFEMESEETIEIREERSICHIET 5, Ti BS%WIIEREIHET,

Zr & O H5WViE Mn & O PSEICHRB SN IFICHFET 5,

(6) E2TOLEOHE

BREDOLDOHEEZREIT L TAHA LI )THREFLALD I, ABOKEFEZHERTS a-
B, - REFSA - ZVAINT AL ¥ 1810, L5 A b AlSiyOp, FRksh - v 7 ~A<
4 FDOEAEY | Fes03, DEELIZ 70.2, 22.3, 3.7 wt% Th b, CNLOYWEDHLER
FNEN 2.4 (RE 2.7- ZVAMNNTGA b 2.3- AEF I A 2.0~2.3), 3.2, 5.1 (FRék
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11 1220°C MERcatED SEM (2,

B 5.3 AL 4.9) EIRET B, =
NODEPSLOFHLEXFET L LY
2.7 % Bo —F, S, L RO KB DK
BLEFOEEPLRPTOREERRD S L,
2.1 % o7, LREDRENFELVET S &,
BRESLE &4 DLENLROIZFHILE
2.7 LEMPITORE 2.1 OEITHMILCHBE
DO BEHBDEEICLEEEZOND, &
_ DA, ZEOLEERIZED 2EE5138922%
b, INFTIAKPETHESNAZZOEGEIBLZURTH 5%, ZOEIKEHEIC
LBWPEA 7.5 um PUF 0.01 pm BAEDZERRIIH LiTb, TN EDOKRE ZILCIRE
L TIRBIEEN TRV EIZEADTR VWA EEZ LS,

4. % & &

WEoxdg & LI L RO EMS BRI 4 1) F 4 b (ALSi,05(0OH)) & o RET
b, 1220°C DEEF DL T A b (AlgSizO) Lo HIEEL S ) ZAMNT A P TH5B, 500°C
INELERTIE Z DBERSUSIE F 5 %2\,

EABOLEWEBICOHRTHVEEEWE LT, K, Na, Ca, Mg 25 &5, BENR
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EHME LT, Fe, Ti, Mn, Zr # EH5 & T AHWPETN TV 5,

BERCHT I 1B IR DA AR IR S N2 2R R MIFLIE R v BRI B RS
DN FEERT EBbivs, —7, BEEREOKEOMMBICIIBREEIZD bR,

BREDO LT A MIMILPBE NS WES &6 L2k E R o SRTHREM#1ET,
ZLELYPE 10 um 2564 1 pm OREPMILIL CBESNSE, LIL, EHITKE
THAXOBEME BB LEDNDL, 454 FHROMILIIFARIL TR LBHERILTHA I,
Si0, FFED > LTBY, BEEMH 2 pm 2254 0.1 um OHILIZ V. TOHEH
SILEBEDbNB,

F7z, BERIETHE SN ZE2DKRSPELFOBRECHILOEELRET 5 —D2DER
THs9,

Tidefe LTh22% D FEH RMfLIC L A =M TH 5,

AE L COMRIGFRNAEEBRAF TRSRER ST AP EMRER L LT, MEE
AL EhEAREG &2 0 DEB &% TiTbih iz, BEBPICEHOBELERT S,
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