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Inhomogeneity of Porcelain Body Formed by Pressure Casting Method
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Kutani ware is characterized by its overglaze decorating style using Japanese colors. In Kutani industry, it
is empirically known that Japanese colors have the tendency of peeling off more often when the body is form-
ed by pressure casting method. In this study, inhomogeneity of porcelain body is examined after measuring
the body with applying a X-ray fluorescence analysis to detect the change of chemical composition in the
layers from the surface to the center of the body. Converting the obtained values of chemical composition in-
to mineral composition, it was found out that the body formed by pressure casting method becomes highly in-
homogeneous; high amounts of clay minerals was observed at the surface and at 1040 um from the surface, a
composition almost the same as the slip within a layer 300-960 zm from the surface, and less clay minerals in
the center layer. The result of this experiment also shows that it is possible to improve the homogeneity of
the body by controlling the water content of the slip in order to achieve a less mobility of the clay particles.
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Table 1. X-ray Fluorescence Analysis Result of Chemical Compositions of Porcelain Body Powder

Composition (mass%)
Si0, Ai,0, Fe,0q Tio, Cal Mg0 K,0 Na,0 lg. loss Total
69.02  20.25 0.25 0.08 0.51 0.14 3. 31 1. 25 5. 15 99. 96
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Fig. 1. Schematic illustrations of (a) pressure casting system and
(b) gypsum mold.
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Fig. 2. Particle-size distribution for (a) porcelain body powder
and (b) clay powder.

Frequency(mass%)

© 45

E X

+ [

) 40 |

b X

) i

0~ [

& 35 |

8 C

< C

2 [

o 30 PRV S PR SR S WO SR S ST S |
0.0 0.5 1.0 1.5
Added amount of deflocculant

(mass%)

Fig. 3. Relationship between added amount of deflocculant and
discharging time.

Water content of used slip was 35 mass%.

Water discharging time was 11.9s at 12°C.

Table 2. Prepared Conditions of Slip Used Pressure Casting

Water Deflocuurant Solid
Symbol content content content

(mass%) (mass%) (vol%)

A 26.5 0.2 51.2

B 26.5 0.3 1.2

C 26.5 0.5 51.2

D 25.0 0.3 53. 1

E 28.0 0.3 49.3

%25.0, 26.5, 28.0 mass% IZFA% L7 L x5 D, B, E © B#
IHERENZh44.5, 19.6, 9.3 Pa-s R L-.

3.3 BEREEIOO({LEFIAR & SRR

RBEREORT DR L £ 5 TR L0 2 A7z, %%
X OO FPIEIC X B OBELE 5 1053, 58E
DOEBONFNIZIS T, &y v L Wik
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Fig. 4. Apparent viscosity of prepared slip.

(a) apparent viscosity versus deflocculant content, (b) apparent
viscosity versus water content.

Symbols are same as Table 2.
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Fig. 5. Chemical composition in the layers from surface to center of fired bodies formed by pressure casting method.

Symbols are same as Table 2.
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Fig. 6. Chemical composition in the layers from surface to center of fired bodies formed by pressure casting method.

Symbols are same as Table 2.
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Fig. 7. Intensity ratio of mullite (110) to quartz (100) calculated

from XRD pattern.
Symbols are same as Table 2.

10

TR EICHARBEREL 55, LESFOKE XIZIER UER
ZRLTWS. Si0p, ALOz D—HILFEMBE IS IR L &
E2bNBHR, ALO; BHEVEBRE TIIASA FOE—2r 5
MBS h, S0 AL VEBHRLBTIIREOY —7 2R
CHEHEhic. COFEMRVWIhORBCHE U TH - 7.

4., £ B

BoNIACFEER A S LICERRE B L, REHE
OHEBNCOWTHRET 5. BBERE £500 um OFLE, i
D ALO; BB AMEZ R Lo BRU ALO; B/ MEL = L
7o DI O 4 ERT OB ER B LR EE 8 IKR.
SR OBERICII Na ER, KEA, 43V FRUAE
DOEERE % BV Iz, ‘

RRRE OSBRI, KO B—E TR SFRMBELE 2
el L x 2% AWAEREA, B, C T, EAM364,37.2,38.7
mass%, 74 A#H19.1, 18.5, 17.9 mass%, ¥t 5344.5, 44.3,
434 mass CTH 7. B OSFGMBB—E TG EE L)L
BLE>EAVWERRD,B, E Tk, EAM35.2,37.2, 36.0
mass¥%., 7 4 F7520.1, 18.5, 19.8 mass?%, Fi-+2344.7, 44.3,
44.2 mass% TH o 7=. 5BEHORBVFNICE WS, HE
BOFe03 B TsTWABI NS, FHALEEROFRT
Fe,03 % <, WL FRER L TCHAZ EIIHLAT
BB, el x5ORETHE L RROKLEORNICHERR
BNEDP -7l b, L x5 OREBIHRELNANOERMR,
HHRBOMRICEE L TCWAB E#EESINS. 3k C OHWHE
B, NaO $B1.75 mass% %<, BEROEHEEXEH L/
WR38.7mass% L7V, FBAICH~N2.3mass% % <, R
BB LTH15massB % <k-TW5b. Rk COEFIC
FWZRL & 5 O SFIEMBEA0.5 mass¥% LS NT &
b, B SFNZEEND Nay0 OEB ~OBENFERLTW
LrEZOLNS.

500 ym DALBEDOILEMBS, EBRICH W 5 BEORRO
W S IREDILEER S I1FIER—TH o 7z. 500 um OFLE
DLW, BFMH32.4~32.9 mass¥%, 7 A 5 H32.4~

NI | -El ectronic Library Service



The Ceramic Society of Japan

Journal of the Ceramic Society of Japan 106 [ 6] 1998 613

FEEA il
. (mass%) R C EEZHEtT s BRCICAWKRELED YR Yo i
Surface [ ___36.4 [ 19.1 ] 4.5 | E1316.1Pa-s, RBECHAVARL x> O RBIFHEZ.S

A soouml[ 324 T 827 [ 348 | pagcioid, RRROMOMEERCH27.1 mas%, B
to40pm [ 320 1 289 ] 39.1 | 328.0mass% 7D, BHIREDTF—F LROBENES
Center. | 33.7 | 37.6 [ 28.7 ] hi-.

Feldspar Quartz Clay
(mass) B CICHAVERL x5, B S FEHRMES0.5 massk
Surface | 37.2 [ 18.5 | 44.3 | T, MHEEOERERM ORI > OBREIRIE L, 3B

B 514um | 32. 4 I 32,7 | 34,9 | EWCAWERL x5 ORC > FRINE130.3 mass¥% T, B>
1058 um | 32.1 [ 280 | 39.9 | OBREZFRBCICAVWARL : SIENEVWEELZLNS.
Center | 33.8 I 37.2 [ 250 ] 2 C & EORLTICHIT AL EORE»H, L & DK

Felcspar fuartz olay B 15% R kRS S FRMBZ0.2% 8 L AH, #
surface | — 7 | - (mass%) | BRI FOBBICS L DHEHRE R LT 5 7.
507 um | 375 | ) | T I R TFOBEERL, BRAeZEEY LIES, RET

C 103om T T — | 15 um, FRDESTS80 um TH o 7. REIOLIIERIHI20% ThH
bty T T mT] PCoifh BEROBLOBBERED, FNEECH20

Feldspar Quartz Clay um, SEHPOECHIL00 um LEHINS.
(mass%) BL LS5 OREE - SRROFNMHEE b &1, ENgEA
Surface | 35.2 [ 201 | 44,7 | ABTUHUR DT BREEETS.

p “®um[ _s27 1 324 | 349 | REOEE@E, L xOSAEy avBICEASN, £y 3
16tum [ 322 [ 805 | 37.3 | wRoON@ECEs L TR MIEICERIhBBTHS. L
Comter [ 332 T 361 T 807 [ 5k MERUMT OHMORMRICEREZ L, WINORR

F T, FEDEMERIC - HLA% <, L dBHOK:
Surtace T 55 ] A RICKSEEBRONIRS K. BERELREICRLE LS

E 500 um | 2.5 T 337 | 34.8 I Iz, *.\L)E‘J}Tﬁﬁﬁﬁiﬂfﬁb‘f:éb, oy 3‘71@@&2@%0:@&7? L7z
1044 um | 32.3 [ 28.5 | 30,2 ] BiAGERSSMITE U, KOBEICHE > ThFEODNSW
Center | 33,9 [ 381 20 ] MHERFHABEHLIKEBCERT S \—ab—vaVvsELT

Feldspar Quartz Clay W5 LD c‘:jﬁﬁéﬂ%-

Fig. 8. Mineral composition of surface, about 500 um, about
1040 um and center layers calculated from the chemical composi-
tion of fired bodies.

Symbols are same as Table 2.
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FHGERED T — 2 RURBIHED T — % LR T ARERNE
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736.1, 37.2, 38.1 mass¥% L 7x o 7o, Wit OEEFEIIERD T
30.7 mass%, ¥ B T29.0 mass¥%, FELE ¢28.0 mass¥% &
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50~300 um DBIZEHF BRL £ D KFDOE v IVEHADH
BEEr, BRIcEERAEREINTWAI 2D, KEARBTO
BEPEE LV XWEEZLNRS. RETHES20.0 Pa-s I
TFToORE A, B, C, Eick\WT, #1100 um OAIE T AlLO; D%
VWEAKRHEEIhTW5A. ERBABRICHEEREINTHScdD
Yy aEORKEORITTHEI/ NS kD, KFOBEIC
Yo TCTDFHEDRL & 5 OKFIET T 55, HERFor
BHAVTRE T, FOBOKIBE CHANTFOEELICLEZD
Nna. ®BL x >KGDBHE LD REPREE 4344.5 Pa-s DYE
L k5 &AWAEED T, #9100 um OB T, ALO3 D%
WEBIRBEHEN Do BLEOIKGBITNZ b, fill
O ERABOKRG Ry a7 HMABE) LR T, KT
MREE LBB TER k70 E2ZONS. 1T1E300 pum DAL
BCHBIIRELTWA T i D, EEH»H300um TTORE
i, vy avEOWKEIEKR LBKGEE TSNS D
LHEEINS.

300~960 um DBIL, BT L/2TRTCORBT, BL LD
KB SERMEIC» b V<, FREOMK EIZIER
—DMEER L. BT, #9300 um OEIOBBBR INT
WBZ Ehb, TOBOBKMEKS U7 HEHRE 7K
OBEPEZONS. 960um T TORBRERINSH, &
LrokGgoty avBABELEL & D DERAED TS
EICE- Ty avBNHARL > BN 5. a3 h
7L S IRIEREBIZES. KEBIRTOBEBRTEL &
5 OESEAEERRABIC R D, L x O ABROMER CEEL S
NTWwa L0 EHEEINER, TOBOWRRRBIIHRE O
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Fig. 9. Schematic cross-sectional illustrations of mobility of the clay particles and water at 960 um, 1000 ym and 1040 um layers.

A

200

Fig. 10. SEM photographs of fired body formed by pressure casting method.
(a) surface layer, (b) 500 ym layer from surface observed middle pores, (c) 1040 um layer from surface observed small pores and

(d) center layer observed large pores.
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pm BEOKIPBEE I N, 1040 um OALE T, 500 um
DB THESINZLL VPSS VWE um OFABEES N
Jo. EHEERBICS—a b —y 3 VHIET, BRTFASILET
BELTW5EEZONS. LI TII50 um BE ORI
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