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Near-zero sintering shrinkage in pottery with wollastonite addition
Dong Hao, Takashi Akatsu, Nobuaki Kamochi (Saga Ceramic Research Laboratory),
Miki Inada (Kyushu Unviersity), Atsunori Shiraishi (Saga Ceramic Research Laboratory)

1. Introduction

The precise control of the geometry of pottery is a challenge due

to the undesirable shrinkage and deformation observed after firing.

During the past decades, several near-zero sintering shrinkage
(NZS) ceramics have been developed to meet the requirements
of different applications. However, all previous research focused
on the fabrication of advanced ceramics, which are made by the
reaction bonding method and from artificially synthesized
materials. To the best of our knowledge, no studies have so far
been conducted on the fabrication of NZS densified through liquid
sintering. In this study, NZS, with less than 2.0% sintering
shrinkage (SS) and small pyroplastic deformation (Pyroplastic
deformation index < 1.5 x 10%mm?), was developed by
quantitative examination of the alumina and wollastonite addition.
The criteria to obtain NZS were identified, and the mechanisms of
near-zero sintering shrinkage in pottery was proposed according

to the phase and microstructure evolution.

2. Experimental

Twenty-seven raw material compositions were used to prepare
the green bodies with different amounts of wollastonite, alumina,
and Gairome clay ?, labelled as WxAyGz, where x, y, and z denote
the wollastonite, alumina, and Gairome clay contents in mass%,
respectively. The residual mass from 100% corresponds to the
amount of Amakusa clay. Green bodies were prepared through a
slip-casting method 2. SS was quantified using the value between
the maximum thermal expansion and the maximum shrinkage
observed up to ~1350 °C, and Pl was evaluated according to our
previous study 2. In this study, the following standard was applied
to distinguish NZS from all kinds of pottery products: SS <2.0%
and Pl <15x107% mm. Other characterization details were

described in our published research 2.

3. Results and discussion

Fig. 1 shows the expansion/shrinkage of NZS green bodies
as a function of the firing temperature. The sintering
shrinkage begins at at ~1000 °C and stops at 1100-1200 °C.
Consequently, the SS of NZS fired at ~1300 °C was less than
2.0 %, which is different from the conventional porcelains
that have the SS of more than 4 % after firing at ~1350 °C.
The XRD profiles of the pottery obtained at elevated
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temperatures are shown in Fig. 2. Anorthite was
progressively crystallised above 1100 °C and remained stable

after crystallisation, thereby suppressing sintering shrinkage.
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Fig. 1. Expansion/shrinkage of the pottery green bodies as a
function of the firing temperature.
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Fig. 2. XRD profiles of a pottery green body (W40A30G0) as a
function of firing temperature

The phase composition of pottery fired at 1200 °C was
quantitatively analyzed using the Rietveld method to consider
its effects on the shrinkage of the pottery. The SS of the
potteries is listed in Table 2. The wollastonite-added pottery
with SS of less than 2.0% can be selected from the table using
the following criteria (Fig. 3): (I) amorphous phase < ~30
mass% and amorphous / anorthite < ~1.5; or (Il) amorphous
phase > ~30 mass% and anorthite > ~30 mass%, where the
amorphous phase forms a liquid in the pottery at elevated
temperatures. The suppression of the liquid-phase sintering of
pottery at ~1200 °C by anorthite crystallisation is based on the
following criteria: () increase in the viscosity of the small
amount liquid with a small amount or (ll) formation of a rigid
microstructure constructed by columnar anorthite crystals (Fig.

4) in a liquid with a relatively large amount.



@ : Pottery with small SS (< 2.0%)
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100
| Amorphous / Anorthite = 1.5

o

o

¢
&

o
g
&

20 40 - 6080 . 100
Anorthite / mass%

Fig. 3. Composition of anorthite, amorphous phase, and other
crystals in wollastonite-added pottery fired at 1200 °C.
The pottery in the grey area of the ternary diagram
exhibited SS of less than 2.0%.

Fig. 4. FE-SEM image and EDX mapping of W20A30G20. In the
SEM image, anorthite and alumina crystals are observed
as grey rods and bright white particles, respectively, and
the amorphous phases are shown as a dark area. Each
crystal is assigned based on the EDX mapping. The
brightest particle at the centre of the image was assigned
to be diamond particles used for polishing the pottery.

NZS can be found in pottery with the following criteria
(Fig. 5): (i) amorphous phase < ~30 mass%, or (ii)
amorphous phase > ~30 mass% and amorphous /
anorthite > ~0.7. The decrease in the amount of liquid at

~1300 °C effectively reduced Pl by suppressing the

progress of the liquid-phase sintering of pottery (i). When
the amount of the amorphous phase exceeds 30 mass%,
the low viscosity of the liquid, which is achieved by the
stagnation of anorthite crystallisation up to 1300 °C, is
required for a small Pl because the viscous flow of the
high-viscosity liquid destroys the rigid microstructure
constructed by the columnar anorthite crystals to enhance
pyroplastic deformation (ii).

m: NZS
O : Pottery with small S5 and large PI

9100

‘ Amorphous / Anorthite = 0.7

a6 e 8 100
Anorthite / mass%

Fig. 5. Composition of the anorthite, amorphous phase, and other
crystals in the pottery with small SS fired at 1300 °C. The
pottery in the grey area of the ternary diagram were
identified as NZS.

4. Conclusion

The sintering shrinkage was successfully suppressed by
the anorthite crystallization, which not only suppresses the
sintering shrinkage at 1200 °C, but also suppresses the
pyroplastic deformation of the NZS at 1300 °C. As a result,
NZS with porous structure were prepared using natural
minerals of Amakusa clay, gairome clay, wollastonite, and
alumina as raw materials, which can significantly reduce

the cost to prepare the ceramics with fine geometries.
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Fig. 1 Zeta-potential on the surface of CNFs and
alumina nanoparticles after each LbL step.
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Fig. 2 SEM image of CNF covered with alumina

nanoparticles using LbL.
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Fig. 3 Young’s modulus of the CNF/AI,O, as a function
of Vi. Broken lines were drawn as a function of V¢
with varying £ by using Egs. (5)-(7).
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Fig. 4 R-curves of alumina polycrystals (black closed
circles) and the CNF/AI,O; (blue closed circles for
a Vi of 9.4 % and red ones for a Vs of 15.4 %,
respectively). Solid lines are R-curves estimated

using a discontinuous fiber-bridging model.
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AHTICAIN TV A, FERIE, FEEM e RBRERB D
WHITRBZ En b, EMRCEROERMTEFICHER
ENTW3B, F-BHBEIFICEWT, I roXEdBEA
PR, M REKOFMASISERINTES (1, *
T84 |HEFRANEHD 785 nm FIEETHE LA RT b
I ERMEBICHELA DN S XABICHRT 2BEELES
ZRdIEEREL. COERNAMETOARAINZE
ST UBELE TR, 2 A YT L (Nd) ICHKT S
WIFyEyR (FH) THEZLHERLTER [2], A
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DTHRET 5,
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BHPER LT VEELYE () BB, ZDOEEAGE
BELLDIREBDE (n—w) BT 7 b GEE cm?
DEAMTERT) & LiIFh. HF - IFERICERDIRE (v
2S5 (K1), IREARY LD TFRBECERBE
ICBBTHY, FIXVARY FIVERINT 52 & TYED

REREEZT B LENTE D,
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HEEREICRZBICARRIANT -2 LTRET 20D
HENXTHD, FRHBEBR>T-BFRERDOBE THY ., —&
127 R VBELRICHANTESBELIKRE VLV DOARHTH 5,

3. RBRIE

TIVELURELRRT MILOBIEICIZMEEREY > T
BREDHMERICHFELIAERAT v - AN NKEEZH
W7z BIEFIRICIE IR R 785 nm DBk L —H —%
W BARELAEFRERAB LAY R T LICLY HED
LbNTIVHEAXE LU RAEEL L. BAXIEKT 7
A R—IZ K Y MRHKBISENI N, HHENEOBIC CCD
BHESBICEI VB Lz, M2 ICIFEBONEERLT,

K2 EFEATV - BESHERBEONE, BT~
WS EITEFHKRES, BRZELTWSEH, AE
HKEROBHEDOGSWH T 7AN—ZAWVYRT
LEBELT,

BEICITERITES RBERES L CEF Mg it
tra—hoERAL-ERERF AW, BHITOEE
l&/vELE (1610~1630, 20 &), @/ /& (1620~1640, 20
=), XA (1640~1660, 20 =), FHicHT (1650~EFA,
25 ) THY ERFTOBA ISR LEZED (19 e,
B 5 5EH (19 tHc ) . SEAEFPIZEN (19 tHicaTHA) .
WAHT-ZEER (19 SRR, (LAEBMIEN (19 HicHHEh)
KE 9 mERAWE, FRERO-ORUEGEXRERG %
BERNCEUE L =HBEIC O OWTHEIE L 1=,

4. HREEERRF DRFNT <V RIS b

AR TIEEBEHSE 25T 6 BRI O>WT, ZD
ZHONFT AT —RICEEEOMEXEZHAWEAN
TIVARARY FLOBEIIKELAY AJREBEHO 532 nm
KAREXE LTRLWLONDE ZEAZ W, LA LEEHS



AEHAAENRDIBE. BERLDFERA 532nm TlEHE L 5
DHERHIENPKELC, MBES T VI EBEITERNT &
NEWV, T TCAMBTIIEALOEE L ZIFIC < VIERN
ME D 785 nm FERNEHIRE L TH W=, £7- 785 nm [l
BTHETRIET, I VAT MLOAIE EREFICH
FABICHETHHREZHATZEI EVWSFRLH B, &
NHOEEMS, AMETIRBEEREOHEOS <> /5
HRXRY b L%EREEE 785 nm TRIE L 7=,
BRLAET<Y  RAERRT FLOFIER 3 ITRLTZ, &
D TIEEEZRE (nm) OEAITERLAD. 814 nm DR
IBOBNAY FIE o BRICHET S 461 cm* DI /\y
RiIClRE &/, —7H. 850~900 nm (ZIFHRIBDE LY R
HEA S 4, METHEEICAONE AT T REICHFKT S Nd
DHEFRNRY RIZBBI Nz, F7-# 800~850 nm DFEIE(IC
THEWICHKT B EBONBREIEA SN D a B
EDTT Ny ROBEP Nd DFEL/N VR OBE PR
AR EVERY ., ZNEThOBFORMOEW % kiR
LTLWABAEEENH S, LirL. ALEMTHERFILDOE
ENREWEZD, BL4OHBNOZIRS ML ELBRTL T
BEABRZEELST L IIRETH - 1=,

Aex = 785 Nm

S
L=
X

T
(o]
N
T

Intensity

800 850 900 950
Wavelength (nm)

3. HiERR R DT~ SR ARY b L, R 785 nm,
(@) /NEBL (1610~1620). (b) M/ R (1630~1640).
(c) Rz (1650~1660), (d) FHcET (1650~1670).
(&) FcHT BFR). () HEFH CEARTIEENN 19 tHicaED.

5. ERAAITIC & BT

tEok5ic. BRDOS< Y/ BREZARS PLIERRS
EDEEAREWVED, ZEROFARIC OV THIREN
T DRENH D, Z I T AARTIIERSDITICL 8
WEITo7ze ERDDWEIIZKDERET O>T—2 %%
HL. SVDHEWEECERERICEN L RS % 1R
T HHMENATFETH S, SEIT 96 BOMEERHARD Z
RYSRERART FADDS a REDSI YNy FOME &
BE. 877, 892 KL 10904 nm ICH 175 Nd dFEK/AV R
DB, 829nm BT B ENMEDEE 6 BEOEHICD
WTEITZ1T> 7,

4, HBEREBREDOI <Y/ EIEZART PILDOERD T
(a7 -7av k),

EFRDOWOERERIT -7y FOFETCRRL: (K
4), FRTEDONFTYFORESERBL TRED A
v MIERYAKREWL, LA LERICKESTT 2 EERICK
2EVLRoN, FIZIEWMERORE (MNEL, @) & 1780
FLEOBAE (KGR, O, A) TRAWIEVLAR SN,
ZHOBEROEVHREING T, SERITKEYICHET
ZERBONBIENOEEZRET 2 HEzRTTHEL
TT—20BRL*BEITHELH D,

SE Xk
1] BE, B%, £5 I v o R 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. IIL®»Ic

s oowINB/NEEIL. BE_EEEEEZET S
100 nm FEDHV A X% BT IV Y —LEFIENTLS
Zo/NREIMREEOII a5 —>avERELIYEEL
THEET B2 Z EABALAICHE > TETWS, /NaERDRER
IS 2RO EREIT TR ZBPRNANEFTINTWS
MEE, DD INTNBEEDHTHZ & T, @mwﬁ
ERERTT DI LN TE, BT EANRT 2 LEEENR
ETHZLLHARETH D,

HiEs L oMk I NizEEoaoizHIliE, Mg
ﬁ$&¢®ﬁ%<®$¢“?ﬁb%mm%%% B - Bl
TERELNH D, SETICY aEARELHEEVP/OT
FoZ 742 L;é TEEAESREINTWLDS, BONEE
EDBE. DEETCES/NRBEOENLVETHY . AT RS
774 —%BVBEE. EMTHEIESHTFOIIY Y IR
IZNBED IR S NDBERICO XT3 E2RETH B, i€
ST, EHEMNIC, A RTBZ AL, igh oo E b
RO EIREMOMILITEETH 5,

AR TIE, BEHRNIC. ORT 3 EELMEONEEE
HEE-ENT 27-DICUTO & 5 BB TEBEER LT,
1)AES00 ¥4 /70X —2—DAEF1—7OREICES
VIR DORDIEREEEERK. 2) WNBAEREERRE
BREL. 208, BB, BREOBIFOERNEEZR
EBICHEENAL TRE. 3) Y1 XHKRENNIEIETH
NICK ZBETRICK > TF 2 —7HTHRE S ERINT 5,
EEXDFREAFIL. MEELY NIV A X THB-D
ICHBRIC L 2MEBEDIES AXRTHY . Fa—7RMA
ISR SN2 Iy I AREBEBICL > TRET B EAT

—A. P4 XH 100 nm TH B /NEIZILEIC L %
&Y HRETRIC L 2 WERBN XN THE/-HF 12—
TAEICHRET B2 A TED EEZ D, DY, /I
KEEBRPICEET 2BBEERNTFEITRTRET DL
IC&>T. BET /M EEzEET 2REDRTZHA S,

wEmAUNDEBRE fRa/NRaIR
A \
/ @

Hﬁﬁﬂ Eﬁﬁﬂ
QA’P @
N REE

Fig. 1l €7 v/ ARBEBEAF 2 — 712 & B/ BAEDEE

ENEEE D&
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2. EBRAE
21 NULTICB TP EBEREEAL T I v/ RNUFORE

Tetraethoxysilane (TEOS) 0.019 mol, 7 »E=7., T X

J—LEEFBL, ERT2AREBHLIY ANTFEERKRL
T EZIWEEZ DU ARFICEAT B7-5I2, TEOS0.0095
mol 3 & O* 3-methacryloxypropyltrimethoxysilane (MPTS)
0.0095 mol #BA&L. PYEZTF7. TX/—L, LUK
RTERTTBRARIGE B, E5IC MPTS DEZILE%
AR e LTTIVEaLDa0FE2ERT 57010 2-
dimethylaminoethylmethacrylate 0.026 mol =77 > € =7,
TR/ =), K  ABN % 75°C, 24 BREIRIGES €7, B5
NrfiFE, TR/ —LEKkTEELT,

22 Y AKRFADR Y RIBORE

ALV ARFAOBREBEEZAND2HIC, F1E
7T Iv (BSA) BRLIEMIE, BSAREIX 1g/LIC
HREL. pH % PBS #HWT 7.5 ICRE L7, BSA DEE
1& 280 nm ORFEEICL > TEH L7

23  RUTZIRFa—T7AHENDELIIVvIXBOEA

AE 500 um, R 10 cm ORY A I FFa2—7%EH
CLTERLE YU v IPIicE 2T RKYSM I FFa—TD
NEBICL > THEZFAL, $IRBEENT T4 LLICE
STY—=ILTFa—7HNEAIICET IV I RBEERIE
7o £7 1y REDOHMIBE% Fig. 2 ITRT,

@1 '\”712\‘,?3%“;0 mi TEOS 0.019 mol
7 UEZT (RhLE) s

®CH§§_C()3EH $10 mL o I8/—),K
ﬁ(ﬁ ;
|&H—;—gl

h»Tz@#iElﬁ
Fig.2 RUA I FFa2a—TRE~DLZ I v I XEOFRER

KSR TTEOSEA

9. 1MNaOH BRZFEAL. KTHE LT RICEER
BREZIAL.BOKICE > THE LTz RU A 2 FEMK
DT EICE > TREIICHLRVBZER L. W
T. TEOS, 7Y E=ZT7., T&/ —L, BLUVKEERBRKR%E
BUF2—7AMISEAL, HARFIVEEREICHK
ST, T VY ABEF 2 —TREICERT B70IC
TEOS BEZABITEAL TR S H, Fa2—7HARE,
SEM ZBWTEREDERR%Z L 7=,



24 €7 Iy Y RABAF 2 =T ~DE /8T EHKBBRDER

3.2BSAKBRDF 2 — 7 ~DEB

KREMHRVAIRFa—7, BLTEFIv I REAF 2
— 712 PBS &% (10mM, pH7.5) % 1K@ &KL. F2—
TREHDWEET I vy ABEFELI B, RIZ, 0.02
g/LBSA &K (PBS. pH75) #5mL/h (SV260h') T&
Bax Lo Fa—7D00ORERETBERNICHEEL, Z/3
JBDEE% UV-Vis (280 nm) TAIE% L71=,

3. BEBLUER
31 NULYTHRELEVYAMRFICEDZ RV NV BEORE
Fig. 3 ICFABIL-=@fED > Y hfiFD SEM %R,
TEOS A THRELIEE. HRONFTH -7z, ZhiE
TESO IC L 2MBEANESTWNICEAL-OTH D,
TEOS+MPTS THREL 72> U hKFDHE. MPTS O—EB
ICEZLWEDNFEET 27010, BEANICKFIAREL. A%
LORTFEhotz, TSI/ HEEZHDODRYUS—%EBALLY
Y AR FDHE, TEOS+MPTS TR L= ) AKF L
BROARTH - 72,
DTEOSDH

(@ TEOS+MPTS @ KRYST—EA

Fig.3 =D > Y hRIFD SEM

AR L -=EEOL Y AN FICBSAZHRE LTz, TDE
= BSA DEREDOREBLE(L%E Fig. 4 ITRT, $XTHOVY
AR FICH LT, BSA DBEMET L0IC, RENE
Tl IS, RYUT—Z2BA LYY hNFOBEIL. &
BHWABEERICE > TRELE-LHERINS,

1g/L BSA®H# (pH 7.5)

B 10 mM ) U ERRETE }-TEOS

-/A-TEOS+MPTS

O~ BREENA @

® D

@

Fig. 4 =0 > ) AR FIZ K 5 BSA REDREFZEL

KEHF21—7. BLVEFIv I RBEER LT
— 712 BSA A KA BEK L. BSA DREZEH AT, T
BORE#ZAEL., VEEDE L RHRERBIOER L
BSA DREEDRIEZ{L % Fig. 4 IT5R$, TZT. BSA®D
REERF1—T7REBICHNTIREEICHREL -,

i F1—T
BF1—7

0.02 g/L BSATE#
pH75 plI 47

Fig.4 YA I FFa21—7~DBSA DREDRELE

FEBREAEMT 2L, WIThoF2—7I1CH BSA IERK
Bl £ 27 I v I RBEZEALEF2—T7DIESH
KREFHF2—7LVbBVWREEERLT, 20, Fa—
TR LIzEF Iy 7 RENBSADREY A &L
THEREST D L 2 HER L 7=,

4. 8

s BT BEEESEE - BINT 52720, £F Iy
JRABEREKRLIzFa1—7%AR L1z, ZOEBETIE, £
DFXEDTFETF 2 —7RAICERLI-ET Iy I REIC
L THEBE LREL. NEEIETRNIC & 28FIxRIC
Lo TFa—T7HABETYEBHSERE L TEIUNT 5,
RUNRGBREEF1—TICBERT B . REMDOF 21—
TR L TRy VBORE=IIEML, €7 IV IR
BHhREYA M L THET A ZEPBHALMICE T, &
®Blx RIS DM T B/ Y DL BERIICISATE %
BRI, EZ 2 v 7 RBOERY. BEOF 2 — 7T EEHBED
REtEBET,

5. 5IRAX#E

1) E. Willns, et al., Sci. Rep., 6, 22519 (2016)

2) S.Huang, et al., Biotechnol. Prog., 36, €2998 (2020)
3) C. Lei, et al., iScience, 23, 101571 (2020)

EBARY BHtES Iy oMRtEy2— EBREE 2022 35



7 Iy oY ATy REFRERF

UV BE{ListiE = AL - B SIS EBEHRMH A~ OBk
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1. iREs

BELBIIEDEFHZRERT 27-DICRARTH 5,
LAL, KEBRFBEICLYBRAPLIZLEL S, £EFRNDOF
i< l3dh2H. BEMVEOECEERICK YRIET D5
A TW5, BEBET2HEHIEDICRS T AR
BWTHMERICEMETE L TARETHDEREINS
COMERFEISBINTWE, ANEIPEHRHL-BCSEEM
BEIZBEIrELTHLELBET S, H2LIIHSNE%HE
JTETEBEINIMEEEL. TI7XFyorarsl—
FASARZMEATICEESNTWSE Y , — RO B SEEM
BHE, BCBRICL > TBET 2MH 2 REHEHIEA TS
V. BELEBICACESE 525 2L THEIOBERATE
ICLTW3, HOEERERES Iy IMRoREELITS
AEEMEBELTWS, €5 I v 7 XHRHCE T B EEER
BEld. E— U IHEMIEN DR OBRIRIGEFAT
ZZETHRICARINTWS 2, ZoEB{LmIEERIE. Bt
ME7 Iy /BMICk > TRk SREINTE Y, BIBIC
Lo TBERNPRRICILIND FLEERRET T, 8%
BRI A RS THAET 2BIEROHIE TR S NEEIRI N
5, L LEDPDEZ7IvInBToZBEIR. SREH
SEWRISHEFOEY FZWNC K WHR E - IEHR T A X —
Z0LBCBVMBMCL > TBEEZRTIE24ELH Y,
FICEFETHRINIHERADOLBIFEENTIEAL, ER
CHEMEVRETOBEEZRRIE27-0ICIEMHEER
HETHRED DEEANDEE S 2NV ETH S, B
TOECBENIELEFREDHEE, MR’ EFTHEL-E
OREPERZIED, BEHLUOEFMEREI/NERVEEEH,
LBRICE>TRESIND, TDBEEE Y MIFKAL X B
BtT Iy IRICEERE L TRIEDEEEEZ FoRET
2t T, BETHEEI ELBREADBERZ2XETE
>ECEBEMREER LT,

2213 1000 CHHETHER T 2 RELH Y, BEFTHS
BN TERZY—ISRETERT 3 & ZOBEDTFHOE
LTLZES -OBMAICZORKROBEMRELEALZ &
ISR TH D, T THREDOHIRZEILAIC UV BLEiE%
FIETHIEHEERT, DEVHBRHIEHETRLIZBRICF
DHEAATU VI LBIIEN B AZIED UV BEICL VIEET
XZ2HCBE#MSATHS (K1), LrL. —RROBLRRILEE
AFRBEIEZEHDEIIING~25 %THY ., HREHRET S
T=OICIIBIIEDHBELEANS T ED, ZDHARFETIE
BilE = 7B T 2 RiER & L THERBINIERIER Z AL B, BERLER
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1 HERABHRZEERLIBICFOHLAAT UV BILERED
B EED, UV EBHICL VBETE 2 BCEBERS

INHERGRS 3B BTt 2 —BthhARIC & > THRE
SNTBRIRTINBECER AT L A ST A WABEER
T ITHY., BERTHIRADPERT 3 LEBICEMERIGL
TERRERERTHET/ —U14 bPEEL. ZNHBEME
TOoWATEELLTOEER L TBEMOBEZHILETZ0T
BERRIEIXIEEAEE LRV Y, ZokoBMEI—-FT4T
74 MEORICIREIA TE, ERDOHE LB L THRALE
ZLECEAROBVHE L D120, BERAOKILICLY
ZL OB = RIET 2700 BMICE LM THE LEZ
T2 —H. BEEROETLIL. REICEEYES T EERICKY
MBESH 5, FIEMBERORTSICYENICILEZELZ L
ICE>THERT ZENABETH D, £ Z THRRBIRREMKIC
MI%MRY =& CHIERERDOEAFEDEEZRA-HB
IZDVWTHIRET L7z, BOBEMOFMEIE. ZhZhoRifE
FolERgR A = M PEBC—EBMT L 7=, EEL T UV &
92z ETBEEZRS T, BEEIEEROBMISHOE
FEHOHERTED, ZITIE. ZOBEMISHDOEERRIC
FTAKEFEEICOVWTHRTEITo 72,

2. =B

WasREH, ERENEREOFRRRS Y — (FBEEE
ittty —& Vi) 2wy o RE L, REE,
EI2HEA 100 °CT 1 BREEIE. 5EFRBESRIF (QHT-450)

EZ10m

fe—

2 Whas~hiE X 3 Bl oFEEE

M4 MIoHAE () BiEFEen. (b)) #iEFxiEk



AT 1300 "CEERRIT S Z & T/ 7=, BEfER OB ITE TR
¥ 40mm, EE 10 mm oERRE L (K2), BEED
FHEICIF, RBEOEE (SRS OMmiGE E2K— X TE
BLNMECREZHBARRIRFICHITZOENEZH
WTHEZRET 2 (K2)) AW, AKILAIBIC70%
O EREBET 2 TEDZZLIILUFIOBRETHLOMIZL T
W3 (R4) Y, gL, miRD UV RBLilE (LY Y) %
Buwi-, 1 BBz EREBREEITVEREZ TiER. FERHT
1HMEBL. E2ZBE L 2ZTIE3D2OEAZHRHC
DWTHRE L7z, BB 1 IE R 0AETHER L 72 BRI
fERse, B2k, FMOVRERBIOXSY —~NEA -
BT, RS L 727 A 0 VR A AR B EIERES (ks
ITRTHFABYAHRELERNSILOERER 7= (K
5 F)). 3k 313, BERENERSARE X 7 U —&MEIC
BT - BB, ZOMEICH L THREH (K& 0.8mm. &
& 50 mm) ZAWVWTH 10 BOEEI % Z DB KICZ IS
LTREEBRICERT AL THE (R5T), UV #f5IdhE
=<, BHoBETIEBERBEORABICEETCE AN -7,
Z01-OEEFRERICY R e —X—%EHALMNEAMGT0~
80 °C) LunbIiE %ﬁotoﬁhmﬁ i%%%ﬁ
(emd) I 7 2EIREFIEE (2) TRDH7z, BETEHIE
@Uﬁﬁ&fﬂmLtO@@&®MEH\Eﬁﬁwﬁ%%f
ARzl L 2T CIcmzEZE& Y. 770 7%2H
WTEELAEDS UV BEH(233 nm) % 6 BSfEmE L 7=38Hc
DWTIT- 7= (EEH 1 BRU5 H),

v 3R

»
FAaVREE
BRIz Y—

FRITHLRAG

RERS Y — Ao IHESE <
sticeo s Blks

5 Bk 2(F4 0V RBEHASL) & HK (BB )
BERK BN ERE 35 0 SRS R

3. R

FELI-UVELLERRIEEZ 2T D THEPADOEEDE
BEEHNDD B, BIFEEABROBR 113 B’5| L F-BE2RimD A

FLRE->THY . ZNEANOKREDOREHIEARIOHZRE
nEFEFTH-7= (B5@), Bk2 TRARIIFEAEHFUTL
TOMIEZHERT 5 & REINTWELES D HRRIZTK>T
Wiz (B5(b), #K 2 IIABRUEBIREICH 71 RV RIS

R 6 UVEBLEIEZEIARORNES !
(@) #&t1, (b) &r2, (o) &x3.

BRI 2ERNKINRET 5 Z LRI N, BRI 3 1X3H
BRERUCHESEICBEITEEYVFEEL TWB I EAHE
RTEz (W6), UVELEIIEOTERIZ, HRll, 2, &
V3ICBVWTZENZEFN 0.33+0.02 g/cm®, 0.37%+0.03 g/cm?,
HL0043+0.03g/cm* TH o7z, TDZED LR3I A UV
BIE%* Z < FIETEBZEHPALMIR ST,

3mphlFHBREIC L 2R OB Z L TZDBRDERICL
YR 3 nEBILG EHBROAMEERICIGHDHERTE 1,
ZOZ e HSEIRLZEMBE B DEBEKIEZTIE 04
g/cm* U LOBIEFTIELIBDETH D EEZ LND, KT 134
HAREHTRE (IB1ERD) &81EHR (BMTRER) SN0k
ZnRlTW3, 1 HE 5 HEBROHEKOFIGBRMITAIEZ
NEN24MPaH5L U113 MPa TH Y. 1EEEDFIHMRT
BAIEK 9MPa ER L7-, 5 HEDEEFRIEIC K Y BEHETIC
PEREHBMTS N A 29 BEELI-Z & E2RT., UEDHER
o, EBEREZELT L SHRYBALBCEEM
B, LUEVWECSBEEEZRT I EABL MR ST,
4. BEXM

60 __60
. LT S50
§ 40 - -E1EER 40 |
5]
< 5 30
g 20 Eoo |
& R 3 {
] 2 10 }
R =]
0 . 0 $ N
0 0.5 1 WE 1AERE sarza&
. 1EE R
Strain(-)

7. fils e HRIE S H oK 3 OB ERTREME
IBSAVS AR (). SISO EEREEREE (B) .

1) ¥FcHE. RMEFLAMT, 2014, 65.10: 464-469.

2) OSADA, Toshio, et al. Scientific reports, 2017, 7.1: 17853.

3) SEMREAS, EEREERINt X — T 29 FEX
BWESE1-3

4) BAMS EBEAFBIFIMLFIRMIZEER 2021
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1. 1FC®IC

THEHFE L CAEREZEETIHRICIE. AEEEHNE
HEnz, ZORBREC, BEARICEIN-CHEA Y, D
P Y DARTLRPERERIEEEY & L TikbNn b, IR
DEEYIIEHBR < T L L TRERIE O TN 5 TUE
INBH. AEEREMICOVLWTIE, RPORESZEL
Ehn, EBENNSDG TORBIIUNDDEE R D, —H T,
REBETIRABEOENLA CICH B EIBAIED I TR
BETETRAMERICH Y, FHAEMBBELE-oTWS,
AAETIE, BXEBEEED) SHHINIZEEZEHOE
FAEZNICEZAEBEHOEBOBENPBENTHS, =
*([EFBLOORBEUREMI. AEYEEZEET. K
MY I—REUBAITUDBRETH D, F71-. WHIREMIC
DWTHEEYEEFH WD, ERICYUI-—REUHYA
ILNBRETHD. INLEEMETIRRIEAWREERE
HEUMEL, IhEBHRICKREL. EZRY VI %1To71. £
NITIMZA T, BEREICKEL THEIREOFIBEESIZOWVT
HIART,

2, BHEOFHRCBEABRRVEZ=Z) Y IRE
AR TIE, AEEREMEZ VYA 7LV LIEEBEREL

PERE 2R M & B R IS8k L 7-PRmgas ik R 2 EICER L.

BBl LTEAY bR TREXER L, BERE
I2DW\WTlE, BAKIEA 5 mm O DT, EHERTICEIRF
T 110°C - 20 FFEIU LIRS CTH D& ER L=, £,
PR R IS DWW T, BARNED 2mm OH D% FER
L7z, REFIC—EEMREBRAEESE($50 mmxH100 mm)
HEELL, 28 HEERIC—HEMRAREEEL /-, 7.
R L - EREETERE L. RBEAHEDHERSE
FEICREBL, kP AXS5Z2BVTRABOBEDIREIC DL
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5. Data analysis for SMEs in Saga
5.1 Impact of the spread of COVID-19 on business
performance
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FREEBICRELTAFTROEERHT-ZT-EE (EE)
DVOEDTHD, HEBEEOFIREREE HRaAFY
ANRABEERTEICL > T 2B 0T, REEBICHE
ERIFLTWAZEADHND

Table 1 Impact of the spread of COVID-19 on

Manufacturing by market are

Pl P2 P3 P4 P5

SagaArea>90% 5.9% 153% 529% | 47%

SagaArea<=10% 103% 129% 414% A0%]  43%

Total §.5% 139% 46.3% 209%]  45%

Source: Statistical survey by Saga Federation of Commerce and
Industry (2021). P 1:Increase, P 2:no change, P3: 1% - 20%
reduction, P 4:20-50% reduction P5:50% or more reduction

Table 1 &, EEREDEEEIZH T D EFE LRI DM
I& Saga area DibFE L ZNUNOHIHEERED 2 DIThH
T TERBZRLTWD, HgH & DIRFERIC & B IR~

DEEIIRELRAVWEWVZ LS, ZTOT—X TIEBENRTGE
EHDOLENDED ST, ERICT—20FEDELT

IFWiw, SEoFHE D E'j"7’f/|/7<’§’z’j1“r‘/m1"l' THAEA
TORBEEDOBE AT LI RERTAFROEEE LS
LTWabhIFTIERL, L L, 5k KFREDOHLE LT,
FNBETOTRI A Y MW THHBEREEICHT S
YR ZDHTDELHIT, ZORB~OHIGHER LEHE
REZERAL W ZEHEEFEL VR LS,

BEozenn, fhiZEoBEELRMALTVWCLET K
Fede. Balk xRk (BFREERS LUHEERAIL) &
LB, S BEERBELEZIOND DI, THREEIC
IFEIFHRYRIADHIGTH B,

5.2 Business Succession

Figure 3 I3, BAZELEBEOREZEOERIMERL
TW3HDTH 5D, BEREEHETHTHBE, 60EDN D T4
FT7T flat EHEBZBERVELCTWBERICH D, ZHICH
L. EBTIE 55 WA D T4 ME TCOXATEIEAEML T
WAERINH LN D,

Figure 3 Age distribution of company managers
20.00%
10.00% /\
]
0.00% e
< ) T O OO O O O
N N OO O < < IO 1O O© O M~ 0 0
O WO DO BL OO WO w N
N N OO MO - < IO 1O O© O M~ M~
— 5300 Japan

Source: EBEBILESSIAET —X(2021), h/hiEEAZE(2022)
TEHFER & Y 15K (2021)

ZTOREE Lo TERNEERBDOEWNCLZ L OR
Oh AENREEDEWVCLZLOEDO,, 2O LIZH
LTlE, FElADTETCELRI -7, SF. BBESZRK-

TOMBLVZDERLPREEEZIOND,

EBEE ; AREE L. J.Hong and H.Nakamura. (2022) “What are the
Critical Issues Facing Local SMEs in Japan?” Proceedings of the
31st Asian Economic Symposium , pp28-42.5 &L U TEBE B/ -
NEEGERE] 2022 FRRO—EZMEBEL/ZHDTH D, &
B, AABRIE, EEEEBRENEL, #HAICH D FNBEZDR
BEON D7, EFERFREFMEEREATESRHI’HETIT-
TWAEBERRNOFRNEERET — XAV TELDH-EDOTH
%, T2V A XE 1240 TH Y, EBERNOHIFEZRY A& UNE
INTWD, 1250, BERT VI LYY TU VT LTV RN
O, BB EO/RIZRL T WAL (Collected by Saga
Prefecture Federation of Commerce and Industry, Year : 2021,
Sample Size: 1280, Purpose: To understand the general condition
of SMEs in Saga. Not complete random sample),
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