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Effect of Motoyama Gairome Clay on the sintering and pyroplastic deformation of Arita-yaki

Dong Hao

Hiroaki Katsuki (Korea Institute of Ceramic Engineering & Technology, KICET)

1. Introduction

Arita—yaki, made from Izumiyama pottery stone in ancient
time or Amakusa pottery stone now, is a type of Japanese
porcelain that originated in the town of Arita, Japan, from more
than 400 years ago. It represents the long porcelain
manufacturing history of Saga and Nagasaki prefecture in
Japan. However, the main raw material, Amakusa pottery stone,
contains less than 18 wt% of Al,O; making it prone to
pyroplastic deformation and having lower strength compared to
potteries containing kaolin because of the less amount of
elongated mullite crystals after firing. Motoyama gairome clay
(MGC), has a high content of Al,0s;, over 30 wt%, and its
addition plays a similar role to kaolin, which promotes the mullite
crystallization and thereby inhibits the pyroplastic deformation
(PD) at high temperatures. In this research, the effect of MGC
on the firing of Arita—yaki and the alumina strengthened Arita—
yaki was investigated by observing the fired porcelain at the
firing temperature range of 1100 to 1400 °C.

2. Experimental

The raw materials used in this study are Amakusa clay,
Motoyama gairome clay, and Alumina (A-34, Japan light metal
co.). Porcelain green bodies with different amounts of gairome
clay (0-40 mass%) were prepared using a slip casting method
D The raw material composition are listed in Table 1. The
pyroplastic deformation index (PI) was calculated according to
our previous research V. The water absorption (WA) and bulk
density were measured based on the Archimedes principles
according to ASTM C373.

Table 1 Raw material composition of designed porcelain

Mass%
Amakusa Masuda Gairome ]
clay Feldspar clay Alumina

TP 100 0 0 0
TP-G10 90 0 10 0
TP-G20 80 0 20 0
TP-G30 70 0 30 0
TP-G40 60 0 40 0
ASP 60 10 0 30
ASP-G10 54 9 10 27
ASP-G20 48 8 24 20

260 EBAF EEIESIvoWEEY&— EEBIREE 2023

3. Results and discussion

The firing temperature at which the water absorption was
smaller than 0.5% for 100%Amakusa and porcelains with
Gairome clay addition (~40%) are 1240 and 1295 °C,
respectively (Fig.1). This indicates that the densification
process was inhibited by the Gairome clay addition. The inhibited
densification process with the addition of MGC is due to the
mullite crystallization at higher MFTs. Beyond that temperature,
all the porcelains still have a WA of 0.5 mass% although it is
possible to have the bloating due to the large amount of glass

phase.

12 — : : : . ;
o TP
10", —e—TP-G10
—o— TP-G20
—a— TP-G30
—~— TP-G40

Water absorption / %
(=2}

Firing temperature / °C

Fig.1 WA of Porcelain as a function of MFTs

[x1076] :
~-=--TP :
4| | —e—TP-G10 ; d
—o— TP-G20 '.'
W 3| |—a—TP-G30 ‘.' i
E —— TP-G40
S~
= 2] ]
o
1} ]
0

1100 1150 1200 1250 1300 1350 1400
Firing temperature / °C
Fig.2 Pl of Porcelain as a function of MFTs
Pl value below 1.5 107 mm™" was achieved at the MFT of
1335°C for porcelain contains 10~40 mass% MGC except TP-

G10. Furthermore, the Pl was decreased with the increase of



MGC, which was attributed to the promoted mullite
crystallization 2.

ASP is a typical alumina strengthened porcelain recipe in
Hizen area. Fig.3 shows the effect of MGC on the WA of ASP
as a function of MFT. The addition of both alumina and MGC
inhibited the densification '2. Therefore, the fully densified

temperature increases as compared to traditional Arita-yaki.

o -<1- ASP
12 & —e— ASP-G10 ]
—0— ASP-G20

Water absorption / %

. . L BINRE
1100 1150 1200 1250 1300 1350 1400
Firing temperature / °C

Fig.3 WA of Porcelain as a function of MFTs

[x107¢]
5F Fo- AspP o
—e— ASP-G10 i
4l ZO-ASP-G20
D
E 3l -
E’ e
S~ ‘,’
& 2l ey 1

g 1100 11I50 12I00 12I50 13I00 13I50 1400
Firing temperature / °C
Fig.4 Pl of Porcelain as a function of MFTs
As shown in Fig.4, the ASP with MGC addition present a
different Pl value, which is lower than 1.5x10®mm™"in all the
firing temperature range. While the bending strength of ASP is
approximately 1.6 times that of TP, the plasticity index (PI)
increases with higher MFT, a trend consistent with that
observed in TP. However, the Pl of ASP containing MGC was
suppressed because of the rigid—microstructure constructed
with entangled needle-like mullite crystals”. In summary, to
prevent the PD of both Arita-yaki and alumina strengthened

Arita-yaki, to use MGC is very effective although sintering was
inhibited due to the liquid phase consuming for mullite
crystallization.

MGC, characterized by higher plasticity and containing
over 30wt% Al,O3, bears striking resemblance to Chinese Kaolin
and Korean clay. The technique of incorporating kaolin to make
white porcelain bodies with high refractoriness was introduced
from Jingdezhen to Korea (mixing of quartz, mica and kaolin)
approximately 400 years ago. Based on this combined
technology, we may predict that, ancient Korean potter could
produce a heavy and thick bottles and vessels without PD . In
the case of Arita—yaki, it is difficult to find similar kaolin raw
materials and to control PD. However, PD control can be
achieved through the addition of MGC or Kibushi clay.

4. Conclusion

The effect of MGC on the densification and PD of Arita—yaki
and alumina strengthened Arita—yaki were investigated. The
results revealed that the addition of MGC partially inhibits the
densification of the porcelain but effectively prevents the
porcelain from pyroplastic deformation. This is attributed to the
promotion of mullite crystallization by MGG, which consumes the
high-temperature liquid phase while constructing a rigid-
microstructure. We suggest that in the preparation of Arita-
yaki or alumina strengthened Arita-yaki, the addition of MGC
(Or Kibushi clay) can effectively mitigate pyroplastic
deformation, while any influence on densification can be
alleviated through the introduction of feldspar or petalite.
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TICBT2RBREITV. ZOT—XEBVWTRT—LT v
AT HIETHEYATF 2 —TREEITI LI ABETH B,
M/ NEEEERRFICEET 2BBERDIFEIRTK
BTHILICk-oT. BRETH/I\EEEBST IEBOKRE
TS5 ZEHENTH D,
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21 WNILTICBITRBREEEALT I v/ RTFORHR

Triethoxymethylsilane (MTES), 7 v EZ7. TX/ —/I %

EEL. ERT 24 FEBHLY Y ARFEEHL, E=
WEZD Y ANFICEATEHIC, MTES LUV
3-methacryloxypropyltrimethoxysilane (MPTS) %#E& Lk
G E7 EHICMPTS O VEARESE LTTIvE
L&D T EEART 571291 2-dimethylaminoethylmethacrylate
(DMAEMA) &% % \M & sodium p-styrene sulfonate hydrate
(SSS)% APS % 5 LM AIBN %BR#a#I& L TERAL. E4%
Totze EEROF 2 —T4KEBRLTEELT-.

22 LEVEADF 2 —T~DBER

LEVRE#% 3C 74 Z—IC&>TABLT, ZDH.
6200 rpm TERODBEZITVL. KBMEZREL. BRI 23
BaRHE L1z LEVRAZARELAF2—TICRELZEL
SHETERL, REREREBNICNEL, RAF07 X0
WEVER 2V 0B BLUHEOREZ, TN Z14 280 nm
DWRIE., Bradford ik, BLURE 7 = / —IViEIC L - TH
E L7

2.3 Bl \iaiEDES

LEVRADOIBRES L OFRHERIC APC anti-mouse CD81
H & 8 PE mouse anti-human CD63 T%H® L. flow
cytometry (BD, FACSVerse) %#{# L TAIE L 7=,

3. BEBIUZEE
31 7 IV I RABRERBDF 2 —T~DEA

RUA I FOREEBRET LAY TEHL, » Y ALEY
DEEZERAVWTEIIv I RBEZEALT, EF7IvIRE
FEZVEAEL T2 EMABRL LTI PALEREZTTL
RUR—T 5V %BATEHIENTED, BEEOF1—7
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3.3 &R D/ NNEERDOFER
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DFREDFEF 12— 7REICEELIETI I v 7 REIC
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Lo TFa—TARETYERBIERE L CEINT 5, L
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fan ok B/ Batk YN BERICIEATE 25, €5
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v Iy oY ATy XHEERE

EHETICHRE LEERRAFEREOE=_4 Y UV LEETRAD

REBEOBEHERE
BE ®{

1., FLoIic
EBEPRIFEDIERIMX &0 EN % i Tl EE AR
ATHY, ZEIIHS AL ZOMFEEZZTZ TELEED—D
THD, INETIZ, IO DEXEEESTFH O OFEHEEREE
MYEBREREMOU YA LT Y FLAEEME LK
REGRHEOREAMAREL TEPICKREL. BE0B4E -
BHRCOREEZBNE L TEZRY VI 2EBLTELY,
—A T, EBENISERHICETIREHE 7 BEENR
& L-BEBIREETEASH b &£ 4 BIcRRESni2, o
FICIDAEOHETELH Y, BIHEOBEHBEED—DE L
TEENTWS, INFETIC, PERERREMZ A W72 RED/E
BPHRBEAITo>TETLDS VA, KBHEADEEILAR L,
ZZTHBRITOBRREZAE L SHROREORBED/-0, K
Fo—>zERLAERZRAROBEBREEOE=2) VY JH
BEHHETEREL .

2, BREAWMEREEOMFR - RELE=2 YV I7RE
AR TIE, FEMARR. BAEREROUYA LTI T
LEEMEE L, INSI2eX > & MATEREAEOE
HeAERIL 7o, R L 7-PORERREEM OBRREF 12, RIBRIKE
RHcENRINELDTHD, £/, BEGEICTDOWVLTIL,
EBEREZMMIE T Y1 V28 (BH¥ v /tR) TRES
NI-EEREREMEV YA ILLELORFERLT, 20F
BRMEMICOVWTIE, BENITREEOH 2EEHED S
WaETo7T RLIDOIERERLE-DOTHEH, ESE
BT vR RVRIIBHEINTLAEL,

1 FERALE-BERETOEEVEINER
THR Pb Cd Hg Cr F B

== | \p | no | np | ND | ND | ND
(ppm)

3. —iEMmEERER

LA & (RS pH, 28 B4R o—EERERBEs %
R 2 ITRT, SEEIL HRO-DEIAR 7 7 52ME L LT
FERLEH 0L EHBEMEEME Lz 0, BERREM
ZEMELLODOIBEEERE Lz, k2 &Y. AAERT
ERLL /=3B pH 12 12 & W H/hE Lo 7-, — AL
AV EDpH A 13 FTHDE I ELEET D & AT TIERL
L7-REORBARmIEIRKEDLDOLY HEVWEEZI 5N,
Bonft-—EEMESICO VTR, BEOWHE Tl
8MN/ma#&%ERL TWB A, SEIIHERD 20%~30% T2 E
O—EHEMEEES L o7z, BELFIL LTotE 4> Mk
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&2 BLA%KML pH BLU—HEMRR S

e/ Rz — No.l1 | No.2 No.3
BERE 30 30 80

B | PRI R - 42 -
& | BFtexv b 10 10 10
bt | "R Z S 42 - -
(%) | & 18 18 10
it 100 100 100

pH 119 | 11.8 11.9

— B E#EsR & (Mpa) 2.23 | 1.88 1.71

CRILTHDZLaERT I L, FRLI-BEREDKDE
DEERZ|T-bDEEZILND,
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EEDI-HHRADARE « TELXLHHEL LY, BMEL
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3, £1-. BREO/NEBREDEELIERTES, RELT
BEORBICIIHR YT 880, THEI, VIvFIRE
DBRLERTES, £, TNLOMSREORRICIZZ <
DLTZYF I —EICH VY HEHERTE S, TNETD
EDRUVTICENE IV HHERBTINETICR SN
THEIE, FDIEFEEAEDLTIY XTI _TH B, LTYFY
ZIIHISMEN H DD, BREEORD L L HICAREST
HBETEEN DY) THMEEHNEL ET LD,
HEBRBRIITIIRENTTOhTLWAEWL S THB, hTN
FPT7S TATREDBEOMICH Y ZEICLZBEDNER
ENMESNTWVWS I, —ZOMITld, BWEEITDORELRR
RCHYHEL BT O NTWS Y8, FEICZDH Y HED
BRINZ D, BREEOBEICE > TEDERLER
BEEZLND,

REOHE L REBRVA, BEICKEL/REICOWTH,
BREOEENHERTE /o, RERORBFEHNIRL LD LM
BELETLTWE D, BEAECZORBEISERIRERTE
7= BROBELL UL KVYET7 788 VIvFT, U3
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/. ABHARKETOBE T 7 YEDERLBERT AL
WNTES, PTYERIMICEET T 2BETHY ., SHEICESR
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CRoNEA, BEFERLTWSLITHB 9,
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BRRBEEWREOER - HEZITV. BERICKRELR
BLEOEZRY VT 2EE LIz, £/, FICEEHE
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ICRREBL-BECSEERB LRI OV THBERDE
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LTWdHDeEZbN, SELBRIEZEOBEDHEEN
BilhdeBEbhbNn3,
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1) REERZ. LAFEKRER, BOEM  EPRoEs, — KR
EaERAEEOER L RE - BT 5 Vol.67, No.1,
Ser. No.732, pp.24-27, 2019.
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3) BEE. AR, RIFE  KEXBERISTHARHRIEES
¥ ZAMAREOARIBEHAICHT 2EE0OERMRA B
FEREE (ERK 13~16 F£E). p.28. 2005,
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D% 23] [FHATHEVWHDE 28] #&JE WS EATHRAE
EBIH-o>TW3, KRTIE RWTIFELB D% 2 1] [H7
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FARPEOBEEVTIRTIT I N No.10 OFFML F L,
2) EXVEDLD
No.6 OFFffiA = < . FFICHMEA LIl E =T T 5, R
T No.3 & No4 DA mW. LiD 3 KROEBESIE. KR
BRPEINTVDZ L TH D,
3) AbLBLLLHD
EEIRNIC No.3 OFHEA E D 272 KIRDIHRL/N— b AD
bbb LIETE—ILLTWS, BEICELNHDHDDRIE
No.2 TH>7=, No.2 [FHhRICTEHREDH L L1 DTH >
2o METAHA—=FRTRREDLDLDL LIDORBETHEZHHY P
TWTHA oz EZ 3,
4) HEMIZEWEZLLO
REZEZRB-DIEELEEDH S No.8 TH-7=H. BE
WEE L NT DN, 10% U EDFFli % 573 D 1E, No.1, No.4,
No.5. No.6, No.8 TH Y, FFICHEEMN 1 DICEHRT B & (F
Bh o7,
5) BYU#ITEWNLZLDLD
CDERBHBBENLLNT DWWz, 10% U EDFHEA 157
H DIk, No.l, No2. No3, No.4, No.5, No.8, No.9 ¢TH
*2 NGO EEER)

n | No.1 | No.2 | No.3 | No.4|No.5 | No.6 | No.7 | No.8 | N0o.9 |[No.10

S 397 56 22 10 18 79 12 66 49 48 37
204 | 100.0) 14.1] 5.5] 2.5| 4.5 19.9] 3.0] 16.6] 12.3} 12.1 9.3

Bk 382 52 26 7 12 81 9 53 39 50 53
304 | 100.0) 13.6] 6.8 1.8 3.1} 21.2 2.4| 13.9| 10.2} 13.1| 13.9

fodid 478 84 46 12 10 83 5 76 34 57 71
2046 | 100.0) 17.6] 9.6 2.5/ 2.1} 17.4 1.0{ 15.9| 7.1} 11.9/ 14.9

i | a37] s7[ a2[ 1] 17[ 78] 1] sef s1f s4f 80
3ot | 100.0] 13.0 9.6| 0.2] 3.9 17.8 0.2] 12.8] 11.7| 12.4] 183
@it | 1694| 249 /136 | 30 | 57 ' 321 27 @ 251 173 ' 209 @ 241
100.0] 14.7] 8.0] 1.8] 3.4 18.9] 1.6 14.8] 10.2] 12.3] 14.2

£3 EXVHELD (BEER)

n [ No.1| No.2 | No.3|No.4|No.5|No.6 | No.7 | No.8|No.9 |No.10
s | 340] 19| 41| 63] 54] 26] 48] 20] 34] 15 20
20t | 100.0] 5.6 12.1| 18.5| 15.9] 7.6 14.1] 59| 10.0] 4.4 59
i | 322 28 39 s4f 49 23 54 15[ 21f 19 20
30t | 100.0] 8.7| 12.1] 16.8| 15.2] 7.1| 16.8] 4.7| 6.5/ 59 6.2
e | 369 21 26] 62 70/ 24 81 12 32 19 22
20t | 100.0] 5.7| 7.0| 16.8| 19.0] 6.5 22.0, 3.3 87 5.1 6.0
we | 354 24 30 67 60/ 20 77 18] 19 16[ 23
30tt | 100.0] 6.8 8.5 18.9] 16.9] 5.6/ 21.8] 5.1 54/ 4.5 65
ast | 1385 927 136 © 246 ' 233~ 93 ' 260 65 106 69 85
100.0] 6.6| 9.8 17.8] 16.8] 6.7] 188] 4.7 7.7 5.0/ 6.1

x4 MOV LED GEEER)
n [ No.1 | No.2 | No.3 | No.4|No.5|No.6No.7 | No.8 | No.9 |[No.10
St 333 10 52f 135 29 13 49 14 13 7 11
2044 | 100.0) 3.0/ 15.6} 40.5. 8.7/ 3.9| 14.7 4.2| 3.9/ 2.1 3.3

FICBEA 1 DICEFTEZ LR o7
6) BEFELDHD

No.5b DFHIEN R ED 2 7= B L THREICIENNTYED
HONKEREFI RN o272, BEEBHABEOFHERH
THIZ, REICEEHRLLHROBESEHHEL TH
720 2 %A LEDENRH > T > 7 ILIENo.b & No.10 TH Y .
No.b I3FEHEN 17| LEZFL-EIErEHRDOEELY S
<. Nol0 FEA [H7E | LEELEEILERDOEIG L
WAED > 7=,

Rimld BN B DV CHMEHERERE L= 5%
EZEEMTREDHTZEERL. ERZFDOHTLELL,
B ARSISEA LAY P FILT =R IEFAMNIERZOHIINE
ERENOREE S F-boTHY ., ZZICRLTHEHEERLET,

=5 BEMNIZELEWLWED (3DFIR)

n | No.1 | No.2 | No.3 | No.4|No.5 | No.6 |No.7 | No.8 | N0o.9 | No.10

S 576 77 50 46 87 73 52 54 73 34 30
204 | 100.0) 13.4| 8.7 8.0| 15.1} 12.7 9.0} 9.4| 12.7} 5.9 5.2

S 540 85 31 29 66 73 56 49 84 43 24
304 | 100.0) 15.7| 5.7 5.4| 12.2] 13.5| 10.4] 9.1 15.6] 8.0 4.4

it 648 76 47 76 96 62 74 45/ 111 43 18
204 | 100.0) 11.7| 7.3} 11.7| 14.8; 9.6| 114} 6.9/ 17.1} 6.6 2.8

it 624 76 34 54 80 90 66 44 115 49 16
304 | 100.0) 12.2| 5.4| 8.7| 12.8] 14.4 10.6; 7.1| 18.4] 7.9 2.6

&3t | 2388] 314 | 162 | 205 ' 329 ' 298 248 | 192 383 169 88
100.0] 13.1] 6.8 8.6| 13.8] 12.5] 104] 8.0] 16.0] 71| 37

*6 BYPIFELELED (3D=FR)

n [ No.1 | No.2 | No.3 | No.4 | No.5| No.6 | No.7 | No.8 | No.9 [ No.10

B 576 78 77 69 60 59 45 53 49 37 49
2044 1100.0) 13.5| 13.4| 12.0| 10.4} 10.2) 7.8/ 9.2| 8.5/ 6.4 8.5

E=l3 540 60 74 48 53 65 46 43 56 40 55
3046 ] 100.0) 11.1} 13.7| 8.9| 9.8} 12.0, 8.5, 8.0/ 10.4; 7.4 10.2

ey 648 92 78 64 81 69 61 45 67 36 55
2044 1100.0) 14.2| 12.0f 9.9] 12.5] 10.6] 9.4 6.9/ 10.3] 5.6 8.5

it 624 63 87 77 61 70 54 35 79 37 61
304 ] 100.0) 10.1} 13.9] 12.3] 9.8} 11.2) 8.7} 5.6/ 12.7/ 5.9 9.8

ast | 2388[ 293 7 316 ~ 258 © 255 ~ 263 © 206 ' 176 ~ 251 ' 150 @ 220
100.0] 12.3| 13.2] 10.8| 10.7] 11.0| 8.6] 7.4| 10.5] 6.3] 9.2

RTFEHED (1 2FR)

n | No.1 | No.2 | No.3 | No.4|No.5 | No.6 |No.7 | No.8 | No.9 |[No.10

S 382 28 35 36 41 53 56 28 43 34 28
20/ 1100.0) 7.3] 9.2| 9.4| 10.7} 13.9| 14.7} 7.3| 11.3] 8.9 7.3

S 362 27 47 27 25 49 42 38 37 29 41
3046 | 100.0f 7.5| 13.0f 7.5/ 6.9] 13.5| 11.6] 10.5| 10.2] 8.0] 11.3

fogid 425 23 43 54 47 56 41 49 34 49 29
2046 1 100.0) 5.4| 10.1} 12.7| 11.1} 13.2| 9.6} 11.5| 8.0 11.5 6.8

fodid 411 24 50 32 36 58 49 49 42 41 30
3046 ] 100.0) 5.8] 12.2| 7.8] 8.8] 14.1| 11.9] 11.9] 10.2} 10.0 7.3

&3t | 1580] 102 ' 175 ' 149 ' 149 216 ' 188 164 156 153 @ 128
100.0] 6.5] 11.1] 9.4 9.4| 13.7] 11.9] 104 9.9 97] 81

xR 8 HEHRLLHRADOHE

s | 205 8] 47] 139] 21| 9] 39/ 7] 15/ 5 5

30% | 100.0] 2.7 15.9] 471 7.1] 3.1} 13.2] 24| 51| 17| 1.7 N[ No.1|No.2 | No.3 | No4 | No.5 | No.6 | No.7 | No.8 | No.9 | No.10
Py 357 14 62 158 16 10 39 12 33 7 6 20-30 1580 102 175 149 149 216 188 164 156 153 128
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