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Minimizing the water absorption and pyroplastic deformation of alumina-
strengthened porcelain with wollastonite addition

Dong Hao, Takashi Akatsu

Nobuaki Kamochi, Yuzo Shiwa (Saga Ceramic Research Laboratory)

1. Introduction

The addition of alumina particles has been proven to be
an effective approach to improving the strength of porcelain.
However, alumina-strengthened porcelain (ASP) is prone to
pyroplastic deformation (PD) during firing at elevated
temperatures, which is caused by inhomogeneous sintering
shrinkage and/or viscous flow of the liquid phase. We have
identified the key strategies to realize both small water
absorption (WA) and small PD in a wide firing temperature
(MFT) range by optimizing the addition of talc (Mg?*) and
petalite (Li*), but there is a possibility to decrease the thermal
expansion/ shrinkage of ASP. To maintain or improve the
thermal expansion/shrinkage, it is important to develop the
Ca?*-doping porcelain because there is no possibility to form
any crystals with low thermal expansion/shrinkage. This
study aimed to find out the optimization to minimize WA and
PD in ASPs with various levels of added alumina and
wollastonite. Specifically, WA and PD of ASP were minimized

with the amount of ~30 mass% added alumina.

2. Experimental

Seven raw material compositions were used to produce
ASPs with different amounts of wollastonite and alumina
(Table1). Both small WA and small PD are optimized in ASPs
with 30 mass% alumina at the MFT of 1290-1300 C.
Therefore, the role of wollastonite addition in the optimization
of PD and WA was evaluated with a fixed amount of alumina.
The green body preparation method, the PD test and the
characterization are the same as described in our previous
research 7).

Table 1 Raw material composition of designed
porcelain samples

mass%
Amakusa Wollasto- Gairome .
clay nite clay Alumina

W14.3A0 57.1 14.3 28.6 0
W12.1A15 48.6 121 24.3 15.0
W10A30 40.0 10.0 20.0 30.0
W7.9A45 314 7.9 15.7 45.0
WOA30 45.0 0 25.0 30.0
W20A30 35.0 20.0 15.0 30.0
W30A30 30.0 30.0 10.0 30.0
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3. Results and discussion

Porcelain with the alumina addition of 0, 15, and 30
mass% exhibited a decrease in WA with increasing MFT up
to ~1230 °C, ~1255 °C, and ~1300 °C, respectively, at which
WA decreases by less than 0.5% (Fig.1). Beyond that
temperature, the WA increased dramatically due to bloating.
Unlike porcelain which contains less than 30 mass% alumina,
the WA of W7.9A45 was only reduced to approximately 5%
with the increase of MFT. This is attribute to the small amount
of liquid phase in W7.9A45 at firing, which also gives a small
Pl value without bloating even at the MFT of 1380 °C (Fig.2).

15— T
® : W14.3A0
A : WI21A15
B : W10A30
¥ : W7.9A45
. 10F
N \{
~
z
v
)
SH m .
0

1100 1200 1300 1400
MFT /°C

Fig.1 WA of porcelain as a function of MFT

A Pl below 1.5 10® mm™ was achieved at an MFT of
~1240 °C for W14.3A0, ~1290 °C for W12.1A15, and
~1330 °C for W10A30. Small PI values at relatively high
MFTs except for those of W7.9A45 were attributed to the
rigid microstructure constructed with entangled needle-like
mullite crystals in a liquid phase (Fig.3). Although W14.3A0
and W12.1A15 have a similar rigid microstructure with
W10A30,

22— - .
® : WI4.3A0
A I WI21A15
B WI10A30
- L5 v : w7445 .
=
F
= If 1
=
[
=
0.5F .
0

| y¥ ! !
1100 1200 1300 1400
MFT/°C
Fig.2 PI of porcelain as a function of MFTs



a drastic increase in Pl is observed at high MFT because
of the large amount of liquid phase at the MFTs. Optimization
between small WA and small Pl was achieved in W14.3A0 in
the MFTs range from 1190 to 1240 °C, in W12.1A15 in the
MFT range from 1240 to 1290 °C, and in W10A30 in the MFT
range from 1290 to 1330 °C.

addition change. Q and A represent quartz
and alumina, respectively.

An increase in the amount of added wollastonite above 10
mass% led to a decrease in BD and an increase in WA
(Fig.4) which was attributed to the suppression of liquid-
phase sintering owing to the enhanced anorthite
crystallization with the consumption of the liquid phase.

15F \q—’//'
= 1ob
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=
5 ® : W0A30
A :W10A30
B : W20A30
V¥ : W30A30
0700 1200 1300 1400
MFT /°C

Fig.4 WA of Porcelain as a function of MFTs

Fig.5 shows the PI of porcelain with 30% alumina as a
function of MFT. All porcelains without W20A30 have a small
Pl value in all MFT ranges. Consequently, small WA (<0.5 %)
and small Pl (<1.5 10 mm™') can be achieved in WOA30

and W10A30 at MFTs ranging from 1290 to 1380 °C and
1290 to 1330 °C, respectively.

8 ® : W0A30

[ A : W10A30 .
B : W20A30

6 V¥ :W30A30

PI/10°°mm!
N
]
|

1700 1200 1300 1400
MFT /°C
Fig.5 PI of porcelain as a function of MFTs

4. Conclusion

The densification and PD of ASPs were examined within a
range of alumina and wollastonite contents. Both the
alumina addition and anorthite crystallization not only
prevent the liquid-phase sintering, which plays an important
role in the densification of the porcelain during firing, but also
the suppression of PD at high MFTs. The prevention of
densification as well as the suppression of PD is basically
described by the change in the amount of liquid phase at
firing. As a result, the optimization between WA (<0.5%) and
Pl (<1.5 10 mm™') was found out in the relatively wide MFT
range for porcelain with the addition of 30 mass% alumina
and the addition of <10 mass% wollastonite. Consequently,
WA and PD can be minimized in ASPs fired between 1290
and 1380 °C.
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¥ AEB T B &SI o=o, REOREHNE LTRE
¥t (BAEXETEE) #FALTVIONEBETH D,
R T EXEH LT LRAFCRERET 2HICIF. B
BB CHEARE OO QR BLTMEAEEREBETH 5,
AL, EREPARE LCRIUMTERERTONBEEDE
WZBEL 2 HMERRICHEST 2TEAENERE LT,
M FOoI04 MEEHEEICEB L, EREOELIC
ST TOXEERXOEZENCE L TERWIC BRI
T26DTH D,

2. BHTOMEEERAE

St L LT, RIUMELESLURERLT L) 2EAL
fzo BELXEABOHERIARICEL D X BREFOHIC LI,
AT OFER-LEYIEIEER <2 a1 b (BT M)
AXVFAbTHD, BESFELIIEREKEL ERERR
MNIEREBITEC IS ATEEERAERERCRETE
BN E, BLCHLTORBEMITMESINERBE TIEHRCE
MERICE>TITSAPEE LV EbD, AERTET
F—ILaA—2FK0 11.5mm EASICHYET 2 EKEEHME
RAELH7 LIz GO - &HE, 2020),

SERESEERICHE L %5 1B/KIE. Na Safitp Lok &
NaCl BEE=EERMLTHAEL, RE6cm D7V JILY
) A—IZF & 20cm £ THIE L1z, MIHEKE S IERE .
ZhZ1500~6000%.0.2~30g/L DEFHTH 5. ERE L.
EFKDESIEEE (mS/cm) 12 0.64 ZF LTk 1=, EE&
B OMGEIRIER 2 BB & Lz GEBED, 2006),

3. HHTOERERR

F11% WHTORERFROELLERLEZEDTH D, EE
EEENSEL5E, RIUHETOREBRISET L, XEHLT
DOHEMERFITEMT 2LV TOERER L, 8%, €
VEYOFA MOLS BEENIIMEECHIOSEE. B
BKAHIKDBE IR BVEERFZR L. EREDEMNIC
PVEHEBRRITET T EAMDN TS0, RILKELIC
EENEHSFEEORLEINEENTND I LOHEES
Nd, —H., REMRTICEVTIHEEEOEIMIC A LEERR
(FIBINT BIERIZH D =8, REM T I(FERBEEOSEE L=
BULEEEERLTWD,
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1 RUMT EXEHLTORERFDOELL

SRILRL RERE+
O HlikeEA 50.2 41.2
@ NaCljtfiz :30g/L 435 476
® NaCljt i : 60g/L 41.6 478
@ WRPERALE (@/D) 0.87 1.16
® BAEMEOHE »HY oL

4. HHLOXBEER
$ERAKDEEHRR L. L OBESRE, BLUHERE
BICE>TRED, it OREEL L THEIEKL &, #HE
BIEEHLLTNaCIEEERA L, BAhOERAL, B
T ERERE, REEERLE. RELE EZLED 4 4
A FIZNFEIh, TAEThOEEFERXOEBIRDELY
THd FAIE FEED, 1996),

BYTFEBLEE. THFAOBREOETFAHLKET
584 7THY., 204 RO &S B FHIREBEERS
5, REMEBREEE. TRFN IOV Y CRER) 21
RL. 70y 7 BHENEHIEELTW SO T, BELRE
FER NGO EBEAREEEFORNICERCLED, &
ELEE, 70y I DA—HBEETEBRTZ2EDTHY., L
BHREXETHFRLEOBIZIZHABELSREAER NS,
EFEEE. 70y R EREAET. BLoLFN
HECEMLAVEEERTS210THY. RELEDIS
BIZERTEBEEEN MBS TRIBIZA D,

X1 (&, —fFl& LT NaCl B EN 8g/L DiHA DER-L
BHRERLELOTHD, MthL & B IC, REBAFFREIL
MO EEZR L TWLD A, FHIEKE (wo) #Y4,000%
LEDOBEICITEEEERLELE LY. RIUKTOMHE
JKEEAY 500% DIFEDH, EELBEER LT,

M2 E& WEHEIOXEEREXZRLEEOTHS, EBE
To-EREOCSHANTIXRILG T IZENFARLEER
ST, EERENY 020l LEWVMGATH> TH EEREIE
BEBREICIZES LMo, — A, REMLE EEENK
0.5g/L LIRIZ/ % & L BABPREFOBREBRELZRT &
SI2hHY, ARBRCIHEERENTHKRICA >, EEDL
ALLRT. Mg eI EwENERAOCTERRXZBA L A IS
L8R GRS, 1996) LB T 2 &, RILKET DOIERERE
HIE 11 BT THDI AL ) A MZERL RERL
F 21 BT TH D1 T4 MZEULTLD,
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LlEmWzd, RIUMETOAENKER T LY H58 VRIF/~
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AEFTTHEOCIBRTROUEBYOBEEITBREDEN
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51 Ak

1) EEEXE - SHERM (2020) SR 2 FERXBRNIS
KNNHBIBASFHREEE, FRES 4-1.

2) EEXE - -BHREA - SWUER - BAKE (199%) : &
EITRFEXHXE, 185, 73-80.

3) EBEXE - BEEM - Kk #) (2006)  BELARERR
X, 242, 67-73.
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1. FL&HIZ

IR UNHEFITE, K, BRGESHTFTELEEOR
HIZOWT, DFOHER. HIREEERT IRFOERSZE
BRATIEREDAED—DOTH D, IXUDHIEIETIFER
B THRASN TS D, R FEMTERELHBIN
WO TAD &b, EMKCEFOBENINFICETER
ShTWd, BEESHIZENT, I UINEEEEOHR
Hh, HEE, REROFTMAEISFERINATELED (1. RXE
RV, HICHMBIELHSRETHY., TOITUIE
ERENNS CHBANBSTIEEMN Dz, BAILARINGE
B 785 nm METRE LTIV ARYT MLOEREE
BICHEICHRXTIBEZELETERT L ERH L. BR
ZULBEICETIAEREY—N—E LTHEATE AR
NHdEEERLBNILTER, B2, ZOEFHNBE
TOHRERMENBEBESTUBIENTIEAL, LI Ry
TR (BE) THEIIEERLTERL 2, LHOLELD
BREHETBIZEE>TWEN D, F2 T, AFETIE
EOFEWENITOY—ILE LTOFRAIFFSIND IR
ARETEIAINDRLIZODVT, BEHOBEERLDRE
RERDIERERFTELLEOTRET 5,

2. STUBELEFHK

IR UDIHETHOFHEEREICE DI ARET. BE
ICZRLF— hv (hIE TS0 EH. v EXOIREH) O
HEBHF LAEEETORELESERT L, HIAXDEIFT
FILF—HEZT (GHMEREL ISLA U —8EL (v) £5RD

—HIEEBEAFTHOEH L OBEEEAIZ L > TRE
BAEELESTUBELE () &G, COEETAFNLE
BELEDIRSHDZE (n—w) NI T b GEBIXEHK
cm! BN TERY) & LiEN, R FELIFERICERORE
(v IZH5T 5 (K1), >T. I VEHEXOTRIL
F—IlX w=wtv TIN5,
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COESIZ, IR UNDIETIERABICEBELEZL—Y—
KD ORMENEHAL., TORIHERELEADL L
THF  #HRIRB-ETIMELNELND, IREIARYT ML
EDFRECHESBECBEATHY., IRVART MLE
BT D ETYEOREREETEIENTES, — A,
HRIRIZ &> TER L EEFHRRENLELEFEER
RBIZIRIBICREIRILY—ERE L THET 20085
Thd, BXEHTOEMBOBBRTHY .. —MRIZT I U
AAICEANTETRENKEVONRFHTH S,

3. EBRAE

FRVUBLEUVRENLARYT MILOBIEICILEH#EY > T
BEDAERICHRELEZERNI Y - RADHIEBEEZR
Wz, BIEERICIERIRKE 785 nm OFEER L —H—% A
VD, BAREAZRERA LAY R T AICKYEBM
LOIRVHELAB L UVRLEENX L, BRXEIET 7
A N—IZ K YNRDKHBEIZEIN, DS hizDEIZ CCD
BREBICKYRE Lz, R2ICIFEBONRERLE,

B2 EHRNT T - BAEDHEBONE, BRHERY > TIL
FIEITFRRES, PRELTWE =8, AlENE
RFOBHEODBEVWEI7FAN—FEAVEIRATLE
BELE,

TRAMICIEFERE T X REASHZE (Inductively
Coupled Plasma Optical Emission spectroscopy, ICP-OES)
ERWN=, BEHEE 1 MIEEB. 2 MREBEIEEEKT
1 B2 L, JEBL7=EHKIZ DT Shimazu ICPS-8100
THHfE fT> 1=,



4. REODRELEZDIRHOEE

3(a)l= 900 CTHEM L-HREHMDO I T Y - BHAR
2 hILER LTz, 850~950 nm T ICEHDFEN /Y B
BRI, BROBER L~ L [2], EXRAHOFEEL
£A (25%). wHEHR (25%). R (14%). EXKE (8%).
ARAE (4%). REBA %) BRETHD, ChbDFER
I2D0TH 900 CTRERL, T - BHIEARY MLERIE
L7, B3 (b~g) IZiRLELSIZ, EEH 850~950 nm
HREICEZEGNY FERL, HFITHMNEROIRY LI
HEXEBMOARY MLEBRL T, SOERIE, 785 nm
FECEASNDIELARI MLEERETHEIREAIZH
kT B EMNELMICEDT,

L | T T T L I T T T L T L T T
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3. EIREMB LUV ZDEMOERNT T - BRHIEARY
®", MiEREEE 785 nm T, 900°C THEM L =¥ %
BIEIZAW=, BE# (b~g) DARY MLIEZENRThH
DEMLE TESREZRIEE LA,

5. #XOFREERBTROEE

RIEDFERE LTRRAICEFNIBEOFRIETRE
ENEZLNE, 2T ANRALEARA. SRAML
LTREBRICOVWT, FER/ETIAIRLDNHAICEK
PHMETROREZET >z, K1 DLIITRANOARSR
BORFTTL (ND) £ETSEFT L (Pr) BEEShT=,

F1:BHIZEENDZPréNdDEEE (mg/g)

Pr Nd
XEWE+HER 0.0007 0.0007
HERL+HEM 0.0018 0.0028
N A+ 1ERE 0.0010 0.0018

BIZREDRELAND & PrELIFELELNTHDLIZEE
FARNB=H, BAART MLOBECKHT DEKREHAD
Nd & Pr OFMHREFAN, ZORER. K4 IZRT LS
IZ. Nd Z5NY 25 ETRABRENEF L. Nd AFEXLD
RATHETH B LiEam LTz,
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=
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E; Glaze + Nd
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Glaze + Pr
(b)
Glaze
(©

800 850 900 950
Wavelength (nm)

4 BERAMOFEALRARY ML E N -0 PrifmaiR,

6. £LH

FhEE % 785 nm k2 L =BRICEAI T D 880 nm fHE D F
KENERORBIZEEND Nd CHETZZ LAbA oz,
Nd EEEERADEIZE>TERDZZENEZLN, &
BIEZOEXERWN-EHEZOEBRER &~ OISHANEE
FEINnd,

SE W

1] ®E, #B%, 53y ¥ X 51,550-552 (2016)

[2] Kamura, S., Tani, T., Matsuo, H., Onaka, T., Fujisawa, T,
Unno, M. ACS Omega 6, 7829-7833 (2021)
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1. FL&HIZ

EMHTFEHBLABRELE, ZOBROY 1 2L
TRVWVOLNIARLEHKRTH D, BENTOYA XE—F
IS B ENTENEHME, BEF. 7172 EORFIC
LM EEDICREIEEENTES, £33 vY
ZHFORAEFERE LT, KBEERES K UBRELNH .
KBEBETEHNTFREFE L CERT D LIEAHETH
DNREBICEET D LIERETHD, — A BRETIESE
BEHRLTHNTEEHET INKREICRETEDLIN £
DHBEOERIEST VA LTH D, BRAED &> TREITH
FEEER. BUICOBMET D2 LN TEAEZCOAR
ICEATEIRNFONERNGEEICEND,

CNETICHFOBELE LT, 2I0DDBECEZRA W
FEMEEIATWDS, E5Iv I RRFERRET DL
FIZUTO&LS> GEERANTFEST S 1) MREATERES M
eI RHFNENY A XDHEEDLEHIZT—ED
IREAVEEBETEUITH D, 2) 20DBEETIERFO
BELOBIRETH D, 2T, CAETICRA 70 A—
B—DTF LT EEDTERECTHABELTHTILIZREL,
IV RHFONBEICHALTERLN, 2], FILRIFIE
FEHEZHFDEERT D, WSLIZTRELESLVHFOR
I2KEFZEBRTDE. TILBIZRHTDENIZK>TREIFE
EENREDLHIC. TILERTERLESNDIARIEH T A
DTREEEFNMET D, COHTLDEFIARDSILER
DABRDTHERAND LT, MNTFEDBMT D ENTESD,
LhrLads, FILERICHESNTFERE LEVRTF
FHEAETIH. SHRICHREETSIVENH B,

FIT. HBRSNVHFEHSLIZKREL, T3V I R%E
DEERHTEEEDENELY - FTL FILEBEATLD
BIAAICER ETES T LT AHILBRICE-TH
’LERTERBT 2HEEEE LT (Fig. 1), 7 ILRERIE
FEACLDEBCTHNMET 2D, EHERKTDLETILE
FET L. FILEREXREC AR Y HFIFRLISTRESN D,
SEIGFEMR - BTIE2EHEELIE T RET DHFD
YA XERAT,

2. EBFE
BRTES

£/ ¥—¢& LT NN-Dimethylacrylamide, Z##l& LT
N,N-Methylenebisacrylamide . Bf #& % (Z  Ammonium
persulfate Z AL\, BBEAEIC L > THRO T IV F 57
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DEEZNBNEYETH D2 LTI v I ARFHBEEE
ALz (72 vy RHFHOEE% Fig. 3 CHERDME
EHIZRT), BT VI RRFOBRETVALTHY .
BUBDHMBTENBETHDIENDID, ETIVIR
KFNBORP O AEEIE 1.3X107 ATH o=, KE—F
EH. HD2VEEHET S TAHKRERIXL, BFHEKS



DR FDEE%E UV-Vis [CL> T, £/ SEM [Z &> THF
EHERLE,

3. BEBLUSBE
—EEHCEBZTLEINLGDEST S VI ADBEH

EAHE LT, 0.10MPa & &K1 0.010MPa T—=EIZ L. i
HEROELZ I v I RMFOREEE, SEM & L THESD
TOFEEEEHIZFig. 4 12:9, BVWEAH (0.10 MPa)
TEBLEBAE. 2RO TFOREROENEE M > 12
FOD, NSVWEHHERDET T v I ARFNRHE L, —
H. EAMNMENES (0.010MPa) [F, 8 L TREHNF
MNBRE L NEWVWEHADFE. TILEOERITNE W=D
IZZORBKRIEI/MEShTOEN, F0ORH, KERTA X
DIV ANMFRETILERESRICE>THET ST
ENTERBESINZ, EHOKRNZ &> TAHT H2HFD
A REERBZEIFIBELANIZHE =N, 0 0%REE
DETITVIRHMFFTILBORNSBIZHESINEZEFETH
%,

TILBOEMEETICLZET Iy I RHMFDOBRH

TILBIZHIE SN EEI I vy I RUFERHT 5701,
TILBOEMEETET>z, T2 T, 0.10—~0—0.10—0
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TILBOEMEBETET o=, T2, EHDOERIFI0HT
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B BB LERFOH A RXE—ETHo=, —A. 0.10—
0—0.01>0MPa D ELHELDHE REEEEML, /=,
THETIHNFOYA XELEMLE, EAZO0MPalzd s <&
FILERIERECHEY, 0.01MPa L WSEWEHIZEET
5LETILEEARE, HIESNRFEIBBLNBHIZEHD
EEZBND,

4. FL&OH
TLBOEREETERAWSZ LT, HiEshkzES =
VO RMFERRICEET I ENTER, WETEZY
ILEBOEEEMT 2-HICIE. FATL2HITLORNEEX
ELTEIRENDH D, F=. TILBOEME - Bx. LU
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[1] Yuji Takaoka, et al., Size-dependent separation of
graphene oxide by deformation of packed-gel in a
chromatographic column”, Separation Science and
Technology, (2019) DOI:
10.1080/01496395.2019.1586726

[2] Manoka Miyoshi, et al., “Size separation of silica
particles using a magnetite-containing gel-packed
column”, Processes, 7, 201 (2019)
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—WHRET Iy RBBRIE TS RTF v T MBI RE
M THEEEEZELTVD, £ TOEERPCERNLR
EARHREE., T7AFvIERIYVI I IV I REUFED
FEOANEZL, —AH, BREIENMENC D, RELF
BZLoTEARLTL, TOEREET I v AUBREDH
2 WEREMISHFET 2N RENFBORSAIZRY SR %
EESHEIEHEEZLNTLND, COBIEANZZXLMD
ISHERELGLC LSO ESPBI B LN DEFEEEK
ETDHLEOBRAFERICHY 25, TITHFETEET S
v AR ONE~BEEFTIBET 22 L CLEORHBERRE
M>TW5, BifgdfBEEEFL. HFICHEOMENEED
BOITRILE—ENB~NDET 2HKBIERT, 2FY. KN
HMABIEEFTRIET 2 EMNTENE. KERFRICL->TE
WIEINIZC K, REREBRETELRFTHLWVEEZ O
RAIMTELIOTREEONEEFRLL,

— M DRESS SIS E FIET 2R ALIEN 5~25%TH Y. ®
BERETH-HDICEBBEOREIRINSTESE, O
OARMETIEBIEETIET 2L L CRERBINMBERLES
ERVTWD, BEREIE#ES L 2017 FI2EE B LRER
oA —EHIARKICK > TRRE SN ERTE CINE®
EREFEACRISGVAIEEEL "THY . BERTHS
ANERTZERABICEMNERBLTERERERRTHD
F/)—HArEEL. CADEMBTO oM AEELT
DEEEZ L CEMOBEBEHILT S, ZOE-HBEMRINGEL
FEAEELRBY, COEHEMEI—TAIFALED
RICIREINTE, OB EEBE L TCESABERHIERER
518, MBEROKHAIZLYELOBEERET -0
BRICELEMHTHD EEZT,

B REER CFIE T AR TR URiEE ALV, T
REVEBEZORABOEHINDEAMBLI VT Y-
DHEFRM & LTOFIANEATH Y. BEESRERIZTTE L BRI
BIEREOR EARAD DYETH D, AMERTIE HEDE
HI-EAOHELHEEST I ETHEIEIENTED
ZHERBEXA TOIRFUEEEALNTNS, CORRIFEL
FTEHETORENIRN=O, BRIFREBOFERNTIAFTEL,
EART LEHEBEARSNDZLEEEELTLS,

BEMESDHIIZIFECHIHTIRERVTHERELTD
NENH D, RGBS R EZEEBE LTI
BAROTHEE Lan o=, APFETITBEREIGET
BORAEEERIBLEHITEREAR—RER LS
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ZEYE. TOELHNEHITALDSINTWD, FICEGER
BIEEBIAN S TONEIABRETHY., TOERAELI S
FUHA LR I-ZALEEFINATNDE M), — AT, H
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BERERRBICE TS REEORARG L LY., BFR
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I22mm3 3 WV E@EB L7z 0 SRR A IERE
TEIRD I D NTIFHRIZR 0.1~0.4mm, BRI A ISk ZE
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3. #E L-ERRAEHRERO—HERESR
BEREEFREEH LA CES TR LZARGEOT R
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Bk E 30.7
BEE 30.7
Ed g 30.7
2 Lo 30.1
2| BEECS 217 | 217 | 21.7 | 21.2 | 22,5
(i) 7K 17.9 [ 17.9 | 17.9 | 19.7 | 18.6
MERiEs e | 159 | 159 | 15.9 | 15.6 | 45.3
AN 10 | 10 | 10 | 9.7 | 85
530 38 | 38 | 38 | 3.7 | 5.1
—EhEfERS (Mpa) | 244 | 5.02 | 429 | 2.78 | 3.38
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(URL:https:/lyamaichishoji.co.jp/news/knowledge/377/)
(2021,10,3)

2) ABR—ROREFELADE-H|RASHIL—BEE
(URL:https:/lyamaichishoji.co.jp/news/knowledge/212/)
(2021,4,11)

3) FWAE - PILEE - FHELS - BEKEZESOREE
ICEIFTHBFEEY 145 (5255 $25) , pp.100-
106, 2003.4.
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FoLERB, FMiilE XRD, ZTHRERETIT> -, EtiF
MO/ L TL., EBICEHETAB2 = 20
mg (10 mg. HWICERE) FIo L, EMEIZT 1M
LiPFe/EC:DMC (1:2) &R Nz, BAIESHEX, EEEM 2.50
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