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3BMEFKTFEL AR T T, 2020459 ] AT A B
Tk

% % Gl—, INERE M, fRESAT, S E
KOG 282 05BN OO
TG/FT-IR/OCT A T AT LA DB, 533 [aFk T
VARV UL 20209 H AT A B
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137.

138.

139.

140.
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S e f, 2« Rifti—, 8
frde

Hae—L A RNEST T T 4 —IZLBT NI TR
T3 v 7 ADBERGHTE T D8 E S O AL,
E3BEMTE R T L, 202049 A AT A
B

BT, WAERE, b

FHAM, o Bbli—, REET, SEHE
~A7ah T U= B E O THE I -
KIPTDY Y B AT ADOMITIREE, § 33 [mfkZEE
VIRT T L2004 9 B AT A B

MRS, 22 FLpli—, BREETT, @3, BN
IEPE

a-SIAION £ T 2 v 7 ZADOFEIAMEC KIF 97 1T
T DEEE 55 33 [ EES L ARY ™ I, 2020429 A
T A B

% 2 FLfl—, BRHEEE], SREAETT, mEHE
W7 ADER D 8YSZ RIBIAD~ A H —
VRV T =T, FHIBEIEY R TT A, 2020
HE9H FrTA B

G R
Yo —L A NS T T 4 —E AT B
BFOIEMEREAM, ETS-2 ZE2, 20209 A 47
A BifE

141.

142.

143.

144.

145.

SR, 22 Rfi—
WERSIAEY o —L VR NES T T =21 D
£ 7 X v 7 APNEE L O IEREEREMEL IR, 2020 42
BRI ET Ry s ADOETEEICET A U —
Jvavw 7 201461 A v T A Bk

% % Rili—
~Ar7ahrFLA-hiFRBRICEA T I v
AD A A=)V IR, 2020 AR 1 [A]8
7T Iy AOEEEICET V- vay
T2 FE 1 AT A B

%2 Sl —, I PHRE, SUSETT, mfEh S
Strength measurement of BaTiO3 single crystal using
microcantilever beam specimens, [CACC2021, 2021 4+
20 A T4 Bk

%2 Spli—, HETERM, BBETT, SifhHE,
Visualization of density distribution of alumina
ceramics during sintering estimated by optical
coherence tomography, [CACC2021, 2021 FF2 H A
74 Bt

G, Sox Sl
WERIASY o e — LR NES T 7 4 —I2 LD
ALOs BYTEAR & BERS TR D e 72 fEIE Y M O E &
"L, BAE T I v 7 A 2021 FF4ES, 2021 4F
3A Ao 4 Bk
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147.

148.

149.

NEPIEHR, AT E, 24 AA—, EPEm, HEE

HE

~A 7 ad)rF L AN—IEIZ X DH[101]E M LNKN &
T ADRA Y A r— )V )RR, A A
TR v 7 AW 2021 FAE, 2021 FF3 A AU T A
> B

BHEE, Zx lili—, &7, @i
OCT-TG AV AT LE W7 NI F AT Y —
DOHIERFEDO Y 7TV Z A 2L, BRET I v D
AW 2021 FEAEE 2021 E3 A AV T A R

BRI, Zx Rfli—, SEETT, SiEhE
ALO3 FRIER OIS MFLIZ 51T 2 N RS & By
RO ZOHBN, HARET I v 7 A 2021 4
2021 4R 3 B AV T4 Bk

% 2 Gil—, 11O, BREELT, MSEn%E

~A v aBrF LA—EB A &AWzl RBRIC
X% HfEE BaTiOs D A VA7 — V) SRR AR,
AAY T 2 v 7 AW 2021 4R4E42, 2021 4E3 H A
T4 B

(Re&EHX]

1.

R | ERBER T O T X v 7 ADNEEE A
e tae—L >R NES TV 40— (OCT) %
Jis

2018 4£8 A 31 H

1.

FOLRKLF e 7 X v 7 A 2 Wi CEE L
~ UM ) BRI E 3 5 mBYs B R
b LB b5~

2019410 H 10 A

(&#]

BN BEARET I v 7 AR HNE

% % Rili—

WO ARG G & BB FHC RS e T 2 v
7 ADEAGHEEAL, 2017 46 A

BHHBEAAET I v 7 ABEFNTEE
AR, %x Agth—, BEET, SisE
OCT IZ & 2 BEfEIE 9 AlaOs BN E S L
DEDYHEEL, 2018 4F 9 H

Rl

HARIAARET 2 v 7 AGRFENGEEE
DR H, %2 WHl—, ST, WiEH%E
RIS E 5 ALOs IR & B B2 b o [FIF
T OWHIEL, 2019 4F 9 H

BHE

BIME TS24 2019 4E RN SRS
—K

kR

ORI 23 H MgO SV 7 T Xy 7 A0 TR
4k, 2019 ££ 10 H

SR RRAH
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5. F74 BIHAE T I v 7 AEESE
[ERiEE S
Y T3 v 7 AOERREIL D72 0 DR AT
L HURFEE, 2019 4F 11 A

6. 2020 FEKEET I v 7 AF2 Society Fellow
% % Rili—
2020 4= 6 H

[EFNEEREtSIv IS 70o1 ok — 22—

[Bre (BEMER)]
1. EHEEF 727 0 ao—maE - HIE,
2020 4E 1 H 29~31 H HEE Y 79 A b
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EPRFRFHIRE 8 1
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BIAHOE SIAION RNV 7 & 5 2w 7 ZAD VR

mff PR, i W, BN B, RS BT

1. FCHIC

2016 FICHIFERIE S A7z HERIERE (Lol SRaTE DA BV
B, FERICEEICE L L, 40 B EATRICRIERD
LED SElE, —fMREEIR & U CIxEZR A St 25
RTETWDLHOD, FoTENEIMERNZHH A X T
L7 B ORBIZER 2 IR O KAIRHIOR R, 7 e Ve
Jarvey Moy % —, LED v
— =72, WmHIRER SN D LED KO KT~
L< 72, ZofWiE, miibssgl &# 24 LED /Ny
r—Y ORI L D EFG (IKVEFME) ThY,
2D L D BRI YR 1 & B 1k 3 2 R o i EiE:
EEMREMEDRSICH D D, LED 7Sy 7 —Y ORETL, i
SR TdH 5 LED F 706 OEATE I DF) 70%I2FHY
T AT RN T — DL L | SRR O R IR R
W28 (A h—2ABR) THDH. ZnzhhEd 57
®HIZ, LED 73y —Uoxf L CTEFMICRE Ve —
> DS, BVRENE D SO RLEM 2 T 572 80
TRREINTVAELOD, ~N— RENLDT 7 a—F|C
IERREE RS &V, AR e BRI ITE S 720, £ 2Tt
L BOEEM O M & E D DELENE, BEX Y HEVR
BYEOL WS N v 7 A~OEFITLHAA, YAGCe'
72 B OB E LRI oW TIE, FREEE B N
NTETIvIALTHEENSTT 7a—F RN TbilT
W5 RO L, EOMRRL O EIRE EMR~ MY v s
AL DORUGHE, RELTE BODOMMEREDREND Y, Rk
IZIEE > TV,

B & 72 D fldh LURIE A A2 O AS bR TH~FR A
DOHRJEVE A RBLITE 2 SIAION RHEOERIT, 1FE A
E@ LED YIRS o HBM B Th 5. o ek
CHEE LT, IR COIRIERE DK T A2y (REE R
NEWV) FFENHDH. & 512 SIAION I, SisNs @ Si fi7E
IZ Al, NAZEIC O NEHEELZWE TH Y, 16k, 1%
WEMELE L OSSN TEE. 207w, SiAION RHE
1% SisNg & [AlfE, MAECEMAE RN <, BURIRE

PMENE W RFE LT 5. D7, SiAION Rt
BEOHLOOFE L (RELER), HoHWITEZhENE
T 5B SIAION SV 7 BT 2w 7 A (HRIRRI -0
) Z RELUCE UL, EROBIEOH T ADa VR T v b
AL YR Z R 258 I TEMER S D (R
1).

— RN, BT X v 7 AOBILO DI, KL R
PPN K E < Bp 2PN ARE - 72 % i) PRl L
RUFIUEZR BV, SIAION (3 H CIERARERAY/ N & < HLR
T OFEACD R EE e BERERS M B Ch D T8, ERFIART
TOWMRBEREZ & 2 @SB LN — R TH 5. WAL, &
HIFE CRIFUC T 7 A ZTERLT 572, SiAION BEfs i
ORI ARYERE XX IR T X 50, Rif, R
T A, KILRE R EOXK (BHE2NW) THDH. T
DT, b1 & DIFEITHREN TS KE W& AT 5 %
R EREEII R CH D . Tbb, KM% FekEEd )
SIS IR < Z LN SIAION® 7 2 v 7 2A0&EB1kIC
RARTHD. ZhERTHF—Tnv L, E7rEA
LIER T a2 TH S,

BRI T oORE1 D FEsEME & NS OB EMEZ R B
FiEE LT, MERKENE (Coldisostatic press: CIP) 4L
PUIFEEMIZ L AV DN D — 7 FIEThHH. CIP ALEE
DORA Y ML, T 2EAOKE S LLHEHTH 5.
ZAVE T, 100-600 MPa i BH CITALEEE ) A3 IE E
BINFEIBR & R ZE RO ~HENB U, BB AR EES A F

; \
| Surface reflection |+
!

Grain boundary ;""'

glassy phase |

| L O/ \J
b Pore I , ‘\;E

B1 SiAINtES 2y I AP TERESNSIRAENTHERE
ERBEDA A—D.

i Grain boundary |-

®1 BRI EORBOLEK

L. . . Transparent and fluorescent
+ +
Composition Resin + Phosphors Glass + Phosphors Oxide phosphors SIAION bulk ceramics
Temperature © o “ ©
UBII)_IChiJ_l SiAION phosphors SiAION phosphors Degradation SiAION phosphors
d £ available constraint at high temperature available
Heat resistance - O O O
About 160 °C =300 °C =300 °C =300 °C
Thermal X x O ©
conductivity #70.1 Wm-K 1 Wm-K #9110 Wm-K >10 Wm-K
Thermal expansion X VAN AN ©
coefficient 30 pp/K 9 ppm/K 9 ppm/K 3.5 ppm/K

[EHNBERE LS Iy S 28%] 7OV



THZERREINTND D, SBIS, HWRINE &R
&Y ET A7V v s CIP EIC X 0 g A
WD FERIHIEREA L 72 0, TBRIE DO b O FET 5 2 &
THIGARDRF FRIEEREE B, %L T 2 2 & bl
HINTND Y.

fli )7, SIAION IZFRBT, T I v 7 2OFELIZB
TFEUIEUIRBER 7 v A3 EH &b, SIAION OBERS
I, —RRAICIE 1 MPa FREE O N HCHERL Y D 1 A TEBERS

(Gas pressure sintering: GPS) 23 fH &5 ). v 7L
AN~ T A~ (Spark plasma sintering: SPS) 412 %
HHBAL LR LTS 12, LasL, Wb etk
5155 £ TOMBEIOREILH D OO, BRITARET
H%. ZORKO—2IL, BERRIERTORF T IED i
U7 Cd 5. BERS IR OB A S L T 5 R0
FKEENBDTHHELTHD. LIEN-> T, @EEIDH)
BRI AR I N TV S RIEMEIE E X 0 KIR TOBER
DT T B 728, MELL EORREC KGO 78 & o
FHIR B EREE O TE R & AR ABYIZ Bk D/ 2D Ev
TIR—FEEZLND.

Z ZCARBITE UL, 8 03K L CIP ABRIC X 5 BgERH
BT OFEHME & NS OB EMEO M L2 X 5 R &,
GPS & ZARIZE G ENNE  (Hot isostatic pressing: HIP) BEfE 2
FHAE DR T BERUC KV, AEERR & B AR5 1
D SIAION BB NNV T T 2y 7 2%+ 5 Z L& H
& L7z,

2. 2ENtEH

a-SiAION 1, KIRZZEFTH D a-SisNs DOk i 2~
— 2\ LI BHRERATH 0, fisiEE o a BT REN
BABRETE AFRZEMICY R Ca R ENBATH LT
R E N LB LT D 32D Yoo SIAION (LRI (Y-
«Cex)13Si10.5A11.5005N15.5) DEE, FEIRZERNZFET D Y
DO— % CeHINEHLEIRT D &, $RIMNEIRE © Ce* D 5d-
MBBNRY, FoErErd. F, 5d-4f BB 2T
A Lok, e om0 Bzmd s,
DI, x BT HZ & TRIGE R A HIECE LR bHF
Hchs.

210%, (@) @I TE (b) UVAT (365nm) T Y-o
SIAION:Ce** 7 X v 7 2 (X 0.1 mm) OB TH 5.
HRIEL Smm I EDERMAHHIZH b b T, BHTEE
MR L T2 £, Ce DIRMENZ VT E L
DS L, IORRBIRL Zeodz. K3 1E, HT AZlL
DTN BEREERLEMRE Y-0 SIAION:Ce* 2T X v 7 A
N L TR TWDERTOFETH D, FEICITRFITRL
TR OB B A -, BRI R AN EA TR A D
HOD, Y-0SiAION:Ce* 2T I v 7 A& L TR X b
B TH Y, IERITEOVEREGRIEEZ R L WD &
VLY oYINEeY

4 1%, Y-a SIAION:Ce* & 7 2 v 7 ADJhidd b A2
7 MV THD. AT O, FISLERSC 5d-4f
B2 78— KRB ART MVERT 2 EDBHRT
&7, FE7z, Ce DIRMBENRLWEE, ©— 7 (ETRK

[EFNEEREtSIv IS 70o1 ok

B2 (a)&EFAEITTE DU (365 nm) FIZH B Ce IREA
BELRZEHENXAEED Y-a SiAION:Ce* £S5 I v o ADIE.

3 Y-a SiAION:Ce*t 5 I v RDBBAMEDRIT D%
F. AFRABMLIZRZA TV RS OHKBOERHEA.

Fllzr7 bL, K2 OfEHRE—E L. Ziuddeak Lz
91T, A AL EERDORE W Ce DEEREM L, fEdh
K& DR S 4L, M OREEIRE MR T L7 2 L ITEIR
THEEZBND.

X 5%, CIP[al%k (S-CIP: 1[al, C-CIP: 10[F]) & HIP
BEASIRE 2 2% & U CTER L 72 Y-0 SIAION:Ce** 2 7 2 v
7 AQ NI D EMRERECTH S, 400 nm LLF
THEERNRE D LTz 2T 4 1255R Lzibe 22
7 MVEERDERE TH D00, RIS E /2K TH
2. 500 nm LA ECIIEREMORE L LT TRE B
ST, b EWERREIRE Z R LI ERSEE T 60—
70%T Z Rk L7z, 22T, a-SiAION OJiER% 2,129 L
L7356, BRI TORFEITNI 25% TH 5. Z D72,
RS DA% B (=PEBICHBERDEE L) 56



x=01 —
x=05 —

Intensity / a.u.

280 340 400 460 520 580 640
Wavelength / nm

B4 Y-a SiAION:Ce*t5 I v Y ROFBERERFLIARY ~L.
ERRAABERARY L, KERBISHILERART ML

[+]

Ju—
(=1
<

x=0.18-CIP —
[ x=0.1C-CIP =---

x=058-CIP —
x=0.5C-CIP ---

w0
[=}

[=2)
<

'
=)

b
(=]

In-line transmittance / %T

(=}

300 400 500 600 700 800
Wavelength / nm

100
IEI x=0.18-CIP —

80 [ x=o01c-CIP ——-

x=058-CIP —
x=0.5C-CIP ===

In-line transmittance / %T

300 400 500 600 700 800
Wavelength / nm
K5 HIP GEEREMNERLS Y-a SIAIN:Ce* 53 v R
DEREBEDLLE. (a)1600°C, (b)1800°C.

DOEMFEERIL, 15%T THDH. Thbb, EEEER 60
—70%T I FHEFFE IR D 80—90% I TABY 5 Z Lok, JE
FWICEWERAMZ B TE R E b o 7o, [RY 72 < HL
AR ERREIR ER A HLT 5 e, "/l L
D F T HHELR OMIER 2 PERIZ b B A D Z & R AT
Z ZFAEOIEIERC a-SiAION DIEEE S5 P K4 5 ki
FHELO72 &, S DICHEERT v G2 ME L
DIEHEAH L 72 B )5, TEREFOREIZ DWW T
I, Ce BMEIC K-> TEE L. Ce BMEDD A2\ LK
(x=0.1) TiX, CIP[HDENI L DEITITT R0 o7
23, X UARIE T HIP JEfET 5 2 & CHEREmE XM EL
7o M7, Ce IRMENZWMAL (x=0.5) TiX, CIP a3k
%L T H & CHEAABIRETN LA, HIP BEfbRE
DZEFEAFGRRICRKE R L) ol Ce IRMED
FENE, RIGAR T ORI R P ERE 2 2R U 2 A B &
WEALDEZZ LN, ZROBNEEMIZIER LIz,
BASICHBRRIOENEE LD EEZLBND.

X 6 1%, BRSNS Yoo SIAION:Ce* & T 2 v 7
A (x=0.1) OPNEHEE & FRIMRIRMET OF 8T — N Tl
LBLTRERTH S, HIP BEFHIED 1600 °C DIGE, X5

S-CIP C-CIP
+ HIP 1600 °C

+ HIP 1600 °C

Observed image Black point
— +HIP 1800 °C
Closed pore
L I
IR

X6 MFREHEMNRLSY-a SIAIN:C*ESI VIR (x=
0.1) ONEEEDLLE (FIMREMIEDOEBE) .

B 0.1 64¢
+HIP 1800

x=10.1 C-CIP
+ HIP 1600 G

x=0.5 C-CIP | x=05Ccrp
+HIP 1600 °C +HIP'1800 °C

X7 CeifmE & HIP BHEEEMNEL S Y- SiAION:Ce¥+
STYYRDTSARIYFUIEDLE (SEM{E).

(@) AT X9 ICEABREIIRER 7203, CIP AL
FAMRED IR L CTERIT 2 & B CRR SN AL O£k
W, L0 MRS OIS TH D Z b
Wohoto. ZOMAE, Ce MENSZWEAIC L VB
ElZoTz. 2O Lnb, YL CIP ALE AR D
BB, OV CIIBERS (R R O PNEAE O M A &
BIBIIZHETHD Z LR 6N E oz, I HIZ CIP AL
A 10 B VIE L, B2 5IREEC HIP BER L2561,
iR (1800 °C) TR 2 & HELIRAN B TN L7z, B
FoORERE, KSIORLEEBREOLILE RS —FK L.
X 71%, #7272 Ce YSIE & HIP BERSEE CIERL L /- Y-
o SIAION:Ce* "t T 2 v/ AD T I A~ v F L JHD
SEM#TH5. WIhd CIPEEIT10RITHS. X7 X
v, HIP BERSIREIC L 5T, Ce RMEN LR CIRZE
WRIRR RN Z o Ty, Ce WSINEND 72 L i
T A=V DORLAI B 7R DA TR E 2 T LT
2. AR X 512, x=0.1 LT, x=0.5 TIEEHERSY
L7 Y205 & CeOr DI IR ENBE L Z 1.2 {5 RE I/
L2728, [ CIRECE U DIRENEZ <, WEIEMEE
ENTRER, R ENEATEEZ NS, Thbb, x

[EHBERELSS Yy /2RI 701 b



a8 LAFRNEE 0K

~

1 a
X8 (a)fZBEAIADB-SiAION:Eu*HIF5 8 Y-a SiAION
TSIV IR, O)EREKAED Ca-a SIAION: Eu*HiF 58K
Ca-a SIAIINES I VI XDHLNTTOINERE W EBHTH
FLTOBHHF.

Intensity / a.u IZI
Intensity / a.u.IEI

200 300 400 500 600 700 200 300 400 500 600 700
wavelength / nm wavelength / nm

Intensity / a.u. -

Intensity / a.u. IEI

200 300 400 500 600 700
wavelength / nm

200 300 400 500 600 700
wavelength / nm

B9 (a) B-SiAION:Eu?#34K, (b) B-SiAION:Eu*#iF 7 8K Y-
a SIAION+ES5 3wy X, (c)Ca-a SiAION:Eu*#k, (d) Ca-
a SiAION:Eu*HF5 8 Ca-a SiAION €5 3 v RO
HIEARY ML

= 0.5 DL THIVUE, KV IKETOMELN T /- whE
PENd 5.

PLEX 0, ARBFZECIafg v I Lo CIP LB X - THE
POk FEEME O E L & SBBELEITV, ZhE
THEEHEDFEIDORE N &> 7~ SPS X° HP %\ 7= Hefkk

(1800 °C #H % % i) £ 0 b IR RE (1600 °C,
OWNWTIEE BIZZNE TRIAKR) TO R LR % 5
B Lz, ZOER, #&EoF ) 2 r—nifb s KifaOEER
PEBRAS AL S A0, BN & S JABLIC RS Lz,

[EFNEEREtSIv IS 70o1 ok

700
600 | Phosphors 5 vol%
z 500 |
z
7}
= 400
g
.2 300
&
& 200
100
1 vol%
0 1 I
450 550 650 750

wavelength / nm

B 10 AB-SiAION:Eu*#IF5H 8 Y-a SIAIINES I v I RD
HYLRRE & BOLRE DR

IEI 100
0 vol%
= 1 vol% —
S\j 80 1 5 vol%
53
Eot
g
g
Z 40 |
)
8
=
— 20 }
0 L L L L
200 300 400 500 600 700 800
Wavelength / nm
IEI 100
0 vol%
1 vol%
= L
3 80 5 vol%
Ny
3
g 60 |
g
E 40
=
°
H
20
0

200 300 400 500 600 700 800
Wavelength / nm

N BAKEENEL D B-SIAIONEHFHE Y-a
SIAION £33y REBAEMFEETETLL Y-a SiAION

3. HAKRFIERE

HGARRCE OB 2 KB C X 72 o-SiAION £ 7
v 7 A=A, HIROD SIAION HGIRO A ZFRIN L
T BRI BB A SO SIAION & 7 2 7 ZADBR%E
HiED 7.

8%, JEZ 0.1mm @ (a) FkEH KD B-SIAION:Eu?*
B3 Y-0 SIAION £ 7 X v 7 A, (b) SHEEIALD Ca-
o SIAION:Eu"hi /38 Ca-a SIAION & T I v 7 2D HE;
KSITFOSMELE UV B THob L TV D8R Th D, F7z,
91z (a) B-SIAION:Eu*"#3{&, (b) B-SiAION:Eu?"hi¥5y



B Y-a SIAION 7 2 v 7 A, (¢) Ca-o SiAION:Eu2"#3{A,

(d) Ca-o SiAION:Ew?"hi¥-%3#% Ca-a SiAION £ 3 » 7
ADFHEE AT MV ER U, DLEORERN S, W
NOHFE BT THEEZ RN L TRy (=T bbb, 40
L72\) & a-SiIAION BT X v 7 Anb75~ N v
AT, RN L 72 SIAION SOBER ENENLD 7 4 h L
Fow L ARG U R E R L.

S BT, EEERBED O EMRE IR JIE T RBIC S
THHLMC L K101, SOGRIREE 1vol% & 5vol%
TYERL L7z B-SIAION:Ew?"hi T-/0H# Y-0 SIAION &7 X v
I ADENART M ThD. K10 L0, HERBEEC
SIS U CHOERES N L=, )y, K11 I1RL7ZED
2, BRFRITERERENEG 2DIFERTFLIELOD,
ZOEENTEFRE L L CIEN T, HET 5 HiRicBn
TIEZE LA 20, BRSNS ARL T OUING X 0 b
L7 BRI, SRR O i YA IR D528 & | e AR
T~ MYy 7 REMET DRF & CIERIT RN R D
7o, FU T OJEHELHIN G & ORAEEIT

L LISV LI Z EICERT D B 265,

B 12 %, B-SiAION:Ew**hi¥4# Y-a SiAION 7 X v

JADT T Ay T THiE SEMBIELIZERTHS.

F72, K13 XM LT B-SIAION:Ew i T OEETH 5.
X 12 WS D 52 e K918, Bt um OHLK
TeHOGIRRI - 2RI LT H o-SiAION 25725~ U » 7
AEBILAAN TRV SIS S 2 O L T e, Th
I, BV L o> CIP ALEEC X 2 BRI AR R ok 7 Feis &
WARBERE DSEABNTHE Lz Z &2 L 0, BRI 10 J80)
LRI EDOKRIEERETICRHBIL TEREEZD
D, LLEORERNG, AR TITREOt R & [k, AL
TEAROYIEAL & i AL K A IR BER T o sl
DEEFIZLY, = M) w7 ZE/E LD HILDMITE R
(R % 81 0-SiAION & 7 2 v 7 A ICE & iz 7=
SRR B OB SIAION Rt 7 2 v 7 AD /RS
WZEEh L7

4. SHRORE

AFETIE, miH7 LED ~OIGH 2 40E Uz @R
OFRBEEM & LT, B Lo 2E0e AL & 3OR AR -
SR OB SIAION RNV T 2w 7 ZAD—ERIC
DWVWTIHRAZ, FENTIRIEZE T 52, Z0EMNIT bRt
BTHDH CaAlSING:E TENMEATRT SIV I BT I v
AR, LV EIEOBAMENELR S D L—V— iRz 48
E L7 a-SIAION ROV 7 BT 2 w7 A, S BITIEAN
Jea N LEURAER E LT KRR T 7 A N Y v 7 A
HZ SIAION R ERRI - & h-BN R -2 BV 7 ¢ 77—
& U TIRIN L 7z mEMmig aO ks 290, B 4 —817
DFICH IR CRE L AEERE T T I v 7 R WL, 3
JEIIDDHSEHERY 2 Al R © 28045 D Avie (B IEAREE Chili
HY). Fiz, FFFHBOEMANCITY, EEE LT
By L. & 51T nanotech 72 & O REUED BIREIT
HHEL, L—W R ER LT 2T A L
HRFEITEWVETOAREZIT /e & 24, HEKk A —h

B 12 B-SiAION:EuVHIFHHEY-a SIAIINES I VY R0
WiEERE (75X Ty F UV mH).

10 pm

13 ZHMFHIYEMICEASLEEVEEBENSHEDL-
SiAION:Eu? #1F.

—, BT I v I AMBA— T —, BIAA—T1—72 &, A4y
b D Z < ORENORIWE DR &2 W72 &, HEF
FAb T BIZE T2, 29 LIzHiiRBERN Rk Sz 2 LI,
AR T D OMFEORE S AR LIz b D &
EZD.

e RERRFBAS OEBIC AT IS OB A BN
JEUZ, &7 LED (CBEE$ HAF70RR A4 # HIEFITAT
bhatbolEZExbN5. 7ayx s NI CRKOIE
ThHo=BRIICOWTIE, &2 TTIERARWD, ek AT
Wz B~ EHERITHM LS, & 575 mgieb L mfEE
LD EHD KDNIHIFTE @Al FH 2 &R
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1. [XC&HIZ  (Introduction)

The white light-emitting diodes (LEDs) have attracted increasing
attention as the new-generation light source in the recent years, which
can replace conventional incandescent and fluorescent lamps due to their
long lifetime, energy savings and positive environment effects [1, 2]. It
was reported that the first white LED, which was commercialized in
1996, mainly composed of a blue LED chip and a yellow phosphor
(Y1-4Gda)3(Ali-Gan)On2 :Ce** (YAG: Ce*) [1]. Currently as shown in
Fig. 1(a) [3], the most common approach for producing white LEDs has
been to use a broadband yellow-emitting powder phosphor dispersed in
epoxy resin with a blue LED chip, where YAG: Ce** yellow phosphor
has been used in industry for general lighting [4—6]. In this kind of
device, phosphors usually play a pivotal role because they down-convert
the blue light from p-n chip to generate a whitish light. However, for
high power LED:s lights we know that a large amount of heat (almost 70%
of lighting energy) is produced in the process of luminescence, which
results in the thermal degradation of resin. Over time the LEDs will
become invalid gradually, such as degradation of luminous intensity and
change of emission color. Therefore, a new kind of resin-free bulk
ceramic plate phosphor is demanded in the high-power LEDs instead of
the conventional powder phosphors as shown in Fig. 1(b). It is known
that compared to the structure of powder phosphors dispersed in resin,
the appropriate ceramic plate phosphor has many advantages, such as
high mechanical properties and excellent temperature resistance, which
can dramatically improve the service life of LEDs. Therefore, finding
out a bulk ceramic that meets the phosphor’s requirements: transparency,
yellow light emission and high fluorescence intensity, is the key to solve
the existing problem.

Competitive to the commercial YAG: Cée** yellow phosphors,
0-SiAION has been found to be excellent host lattices for Eu?" showing
yellow-orange light and high luminescence efficiency [7-12]. As well
known, a-SiAION is a solid solution isostructural with o-Si3Ng,
stabilized by the interstitial dissolution of a cation (M), such as Li, Ca,
Mg, Y or some lanthanides [12, 13]. Its general formula can be given as
MSi2-minAlmmOnN161 (x =m/v, x and v are the solubility and valence
of the M ion, respectively) in which (m+n) Si-N bonds are replaced by
m AN and n AI-O bonds. Based on the strong covalent bonds of (Si,
AN, O), o-SiAION has been used as a promising engineering
ceramic material as well as 0-SisNs4 and has superior mechanical
propetties, chemical inertness, and thermal shock resistance [14].
Moreover, 0-SiAION has also been discovered as a promising host
material for RE-doped phosphors (such as Bu?’, Ce**, Sm*', Nd*', Yb*",

(a) Yellow powder ite li Yellow (b) ite li
oh sph%r White light ohoton White light
A
Yellow
photor
Resin-free bulk cgramic
plate phasphor
ue ) Blue
photon' Resin photon!

Blue LED

Fig.1 (a) Schematic of a white LED with a conventional ceramic
yel low powder phosphor; (b) Schematic of a new type of white

LED using a transparent fluorescent ceramic phosphor plate.

Dy?*', Tb* and Yb**) over conventional oxide phosphors due to their
excellent mechanical properties and good fluorescence properties, such
as visible light excitation, narrow half width, high durability, and a good
temperature dependence for the emission intensity [7-13, 15-17].

Among these RE-doped 0-SiAION phosphors, a series of intense
research on 0-SiAION: Eu?* yellow phosphor has been carried out [8—
12]. Xie et al. [10] developed a yellow Eu*’-doped Ca-o. SiAION
phosphor with the formula (Ca.Euy)Siiz2:3,Ale3yONi6y (x = 02-2.2, y
= 0-0.25) from the starting powders of 0-SisNs, AIN, CasN2 and EwOs3
by gas-pressure sintering at 1800 °C for 2 h under 10 atm of N2. The
absorption edge shifted to longer wavelength with increasing Eu?*
concentration, resulting in changes in color from light yellow to orange.
Xie etal. [11] also prepared a yellow Ca-a SIAION: Eu?* phosphor with
compositions of Caoe2sEwSiiozs-s.0Al25:30010N16-100 (¢ = 0-0.25 )
by gas-pressure sintering at 1800 °C for 2 h under 0.925 MPa Na,
showing a single intense broadband emission at 583-603 nm. Michalik
and Pawlik et al. [12] synthesized a series of phosphor powders about
Cam2)~EwSin-mmAlntOnNis (m = 1.6, n = 0.8, x in the range of 0
0.08) in flowing nitrogen in a carbon resistant fumace and reported that
the emission peak position shifted toward longer wavelengths with
rising Ew?" concentration from 565 nm (0.1 mol % Ew?*) to 585 nm (10
mol % Eu?).

The objective of this research is to fabricate transparent and
fluorescent Ca-0. SIAION: Eu?* yellow phosphor plate. In order to
achieve good properties (high transparency, high luminescent properties
and so on) of Ca-0, SIAION: Eu?* bulk ceramics, scattering sources such
as pores, grain boundaries and other defects should be removed as much
as possible. Therefore, the preparation processing firstly should be
optimized. For instance, cyclic high-pressure cold isostatic pressing
(CIP) and hot isostatic pressing (HIP) before and after gas pressure
sintering (GPS) were applied to improve packing structure of powder
compact and achieve higher densification. Another is to use much finer
raw powders with more uniform particle size distributions, which are
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expected to improve the sinterability of Ca-o. SIAION: Eu?* ceramics.
Ball milling was usually used to mix and grind ceramics powders, while
bead milling is a well-known technique to pulverize ceramic powders to
the size ranged from nanometer to sub-micron and to disperse
nanoparticles using a fine grinding medium (<1 mm), which has been
used in TiOz, ZrO2, CNT-dispersed SisNsand SisNa powders [18-21].
However, there is no research about preparation of Ca-o. SIAION: Eu?*
ceramics using bead-milled raw powders. About bead-milling, we will
investigate it systematically in the near future.

In this study, ball-milled raw powders of Si3N4, AIN, CaCOs and
EwOs were used to fabricate Ca-o. SIAION: Ei
composition of Euo.1CaosSivAlzO1Nis by gas-pressure sintering (GPS)
and hot isostatically pressing (HIP). The effects of preparation

parameters (such as CIP pressure, the numbers of CIP replication and

* ceramics with a

sintering temperatures) on the phase purity, microstructure, relative
densities, optical and luminescent properties of Ca-o. SLAION: Eu?* were
investigated in detail.

2. 3E& (Experimental procedure)

Ca-0. SIAION: Eu?* with compositions of Euo1CaooSivAOIN1s
were synthesized from the starting powders of SizNs(SN-E10, Ube Co.,
Ltd., Japan), AIN (H grade, Tokuyama Co., Japan), CaCOs (Particle
size: 100 nm, Shiraishi Central Laboratories Co., Ltd., Japan) and EwOs
(Shinetsu Chemical Co., Japan). Euo.1CaosSisAl;O1Nis was selected in
this study to investigate because with increasing the contents of Ca ion in
the M (Ca and Eu) ions of a-SiAION from 0 to 0.9, the external
quantum efficiency (EQE) of Eui.CaSivAlzOiNis increased from
14.8% to 38.4% as shown in Table. 1. The four kinds of raw powders
were ball-milled using SisNs balls as mixing media (®5 mm; the
weighting ratio of balls to powders: 3: 1) at a speed of 110 rpm in a
polyethylene bottle with an added dispersant (Celuna E-503, Chukyo
Yushi Co., Ltd, Japan) in ethanol for 48 h. In order to make granules, 4
mass%o paraffin (melting point: 46-48 °C; Junsei Chemical Co., Japan),
2 mass% dioctyl phthalate (DOP, Wako Pure Chemical Industries Ltd.,
Japan) and 3.5 ml/g cyclohexane (S grade, Wako Pure Chemical
Industries Ltd., Japan) were added to these mixed powders as binder and
lubricant, respectively. After that, the powder mixture was obtained by
sieving using a 250-pum-mesh nylon sieve.

The sieved powder mixture was then molded into cylindrical pellets
at the size of @15 x 2 mm by uniaxial pressing at a pressure of 50 MPa
for 30 s. Following, the pellets were isostatically cold pressed at pressure
range of 200-1000 MPa for 60 s and then the process was repeated to
1-10 times using an ultra-high pressure CIP machine (Dr. CHEF, Highest
pressure: 1000 MPa, Kobe Steel, Ltd., Japan). After binder burnout in air
at 833 K for 3 h, the green bodies were fired at 1823-1923 K in 0.9 MPa
Nz atmosphere for 2-4 h using a gas pressure sintering furnace (GPS,
Himulti 5000, Fujidenpa Kogyo Co., Japan). The sintered bodies were
then hot isostatically pressed at 1873 K (according to the GPS
temperature) for 1 h under 100 MPa mixed atmosphere of Ar and N».

The density of green bodies and sintered bodies was measured by
weight-volume method and Archimedes method, respectively. The
phase present was examined by X-ray diffraction (XRD; 6-26, CuKo;
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RINT2000, Rigaku Co., Japan). All the samples were cut and
mirror-polished for two sides and the final size was 6.5 mm % 6.5 mm x
0.1 mm in thickness. The images of appearance were photographed at
visible light. The internal structures of green compact by CIP and
sintered bodies after HIP were observed by infrared microscope
(MX63/MX63L microscope system of Olympus and Light source:
LA-100 IR, Hayashi-Repic Co., LTD.) The fracture surface of green
compact and sintered bodies prepared at different CIP pressures were
observed by SEM (JXA 8100, JEOL). The in-line transmittance, total
transmittance, and reflection spectra of the prepared samples over the
wavelength range from 200 to 800 nm were evaluated by a
UV-VIS-NIR spectrophotometer (UV-3100PC, Shimadazu Co., Ltd.,
Japan). The absorption spectra were calculated by the following
Equation 1:
Absorption (%) =100% - total transmittance - reflection (1)

A fluorescence spectrometer (QE-2000, Otsuka Electronics Co., Ltd.,
Japan) was used to test the emission and excitation spectra and the

quantum efficiency.

3. #ERLEE (Results and discussion)

Figure 2 shows the effect of CIP pressure (200-1000 MPa) on the
XRD patterns of Ca-0. SiAION: Eu?* sintered by GPS at 1873 K for 4 h
and by HIP at 1873 K for 1 h. With increasing the CIP pressure from
200 to 1000 MPa as shown in Fig. 2(a){(d), no phase transformation and
no secondary phase formation were observed and only peaks of
a-SiAION were identified after sintering. These suggested that Ca-o
SIAION: Eu?* with compositions of Fuo1CaosSisALONis  were
successfully prepared in this study. Xie. et al. [9] prepared Eu**-doped

Table 1 External quantum efficiency (EQE) of Eu;_Ca,SisAl0iNis (x

=0-1).
Ca content (x) 0 0.225 045 09
EQE 148%  244% 329% 384%
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o O o-SIALON
o
o
— o
=3
g @ Jeo S La 1 h|
= @]
§ th’t I‘U' \w U | @UKWUL"
Elo | ||
""’”I‘.A"\“"'v"-"‘)l".Vlfi‘\l‘\;_w“ SRTRLR | LW | | i [V "; '_ e
b |
"‘(‘ ?»».M.\mr ‘l.h.,hs,w,_,}‘ww,u ‘W,Jl J »WJ U\‘ ﬂljl 'ﬁ‘mr"‘v\.,f \JI‘LW..«-.,.J".,AI“".J\-»
L

10°

500 MPa (b),

20°

30"

20 (CuKa)
Fig.2 XRD patterns of Ca-a SiAION: Eu* ceramics sintered at
1873 K by GPS and HIP, where before sintering the green
body was prepared at different CIP pressure of 200 MPa (a),
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Ca-o. SiAION powder phosphors with the composition of
Cao25sEuSio7s-3xAl1 2513:0:N16-x(Ca-a SIAION: Eu, x = 0-0.25) and the
XRD pattem showed the samples had the single-phase crystal structure
of 0-SIAION (see JCPDS card No. 33-0261), which was similar with
our results.

Figure 3 shows the effect of CIP pressure on the relative densities
of green compacts and sintered bodies of Ca-o. SIAION: Ew?*. For
comparison, the relative densities of sintered bodies at different GPS
temperature and holding time were also included. The theoretical
density of Buo.1CaosSioAOINis was 3.2852 g/em® calculated by the
unit cell parameters from the XRD pattem. With increasing the CIP
pressure from 200 to 1000 MPa, the relative density of green compacts
prepared by CIP increased from 58% to 68%. Corresponding with this,
the relative density of Ca-o SIAION: Ew?* after sintering by GPS for 4 h
and post-HIP for 1 h at 1873 K increased from 86% to 93% and from 88%
to 98%, respectively. With increasing the GPS sintering temperature
from 1823 to 1873 K and elongating the holding time from 2 to 4 h, the
relative density also increased by 7% and 1%, respectively. This
indicated for the density the sintering temperature is more important
factor than the holding time. As shown in the insert appearance images
of the sintered body after HIP photographed at visible light, the samples
in Fig. 3(a) and (b) were yellow but not transparent because the relative
density was below 90% even after post-HIP. While the samples in Fig.
3(c) and (d) with high relative densities above 98% were transparent
with yellow color.

Figure 4 depicts the effect of the number of CIP replications at
1000 MPa on the relative densities of green and sintered bodies of Ca-o
SiAION: Eu*'. The effect of different GPS sintering temperatures of
1873-1923 K on the relative densities was also shown for comparison.
Similar to the effect of GPS sintering temperature on the relative density
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Fig. 3 Relationship between CIP pressure and relative density
of compact/ceramics of Ca—a SiAION: Eu®, where the
insert photograph is bulk ceramics sintered by GPS and
HIP at 1873 K for 4 h and 1 h with different CIP pressure
of (a) 200, (b) 500, (c) 800 and (d) 1000 MPa.

in Fig. 3, the higher GPS temperature, the higher relative densities.
However, above 1898 K, no change in the relative density was observed
with increasing sintering temperature. Compared with the effect of CIP
pressure on the relative density in Fig, 3, the number of CIP replications
had little influence on the relative density. With increasing the number of
CIP replications from 1 to 10, the relative density slightly increased from
65% to 68%, from 91% to 93% after CIP and GPS at 1873 K,
respectively. Moreover, the relative density almost kept constant at 98%
after HIP at different numbers of CIP replications and at different GPS
sintering temperature. As shown in the insert appearance images of the
sintered body after HIP, all the samples in Fig. 4(a)-(d) were transparent
with yellow color at different numbers of CIP replications of 1-10.
Generally, the fully densified samples with transparency and yellow
color were successfully prepared at a CIP pressure of 800-1000MPa
where the CIP process repeated 1 to 10 times and sintered by GPS at
1873 K for 4 h and then by post-HIP at 1873 K for 1 h. Post-HIP is
necessary for increasing the relative densities.

Figure 5 shows the internal structures ((a) and (b)) and fracture
surface ((c) and (d)) of the green body of Ca-o. SIAION: Eu?* prepared
by CIP at 200 MPa ((a) and (c)) and 1000 MPa ((b) and (d)) repeated 10
times, respectively. In the internal structure (Fig. 5 (a)) at 200 MPa (58%
of relative density), a lot of small black pores were dispersed in the grain
or grain boundary. While at 1000 MPa (Fig. 5(b)), the relative density
increased up to 68%, and the internal structure showed less pores and
more homogeneous as well as the grain size became smaller than the
green body of Ca-0, SIAION: Ew?*at 200 MPa. Corresponding to the
internal structures, small pores were clearly observed at the grain
boundary of fracture surface and the grain size of green body at 200
MPa was about 1 um (Fig. 5(c)). While at 1000 MPa (Fig. 5(d)), less

pores and smaller grain size (below 0.7 um) were observed.
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Fig.5 Internal structures (Fig. 5(a) and (b)) and fracture
surface (Fig. 5(c) and (d)) of the green body of Ca-«
SiAION: Eu? prepared by CIP at 200 MPa (Fig. 5(a) and (c))
and 1000 MPa (Fig. 5() and (d)) repeated 10 times.

Fig.6 Internal structures of Ca—a SiAION: Eu* sintered body
after HIP at different CIP pressure of 200 (a), 500 (b),
800 (c) and 1000 MPa (d).

w

Fig. 7 SEM images of fracture surfaces of Ca—a SiAION: Eu®
sintered body after HIP at different CIP pressure of 200
(@), 500 (b), 800 (c) and 1000 MPa (d).
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Figure 6 shows the internal structures of Ca-o. SIAION: Bu?*
sintered body after HIP at different CIP pressure of 200 (a), 500 (b), 800
(c) and 1000 MPa (d), respectively. When the CIP pressure was less than
500 MPa as shown in Fig. 6(a) and (b), a lot of small black pores were
observed in the internal structures, which are the main reason for the low
transparency with relative density below 90% as shown in the insert Fig.
3 (a) and (b). While with increasing the CIP pressure to 800 and 1000
MPa (Fig. 6(c) and (d)), pores were almost not observed, and the
sintered body was almost fully densified with high relative density of 98%
and was transparent as shown in the insert Fig. 3(c) and (d). With
increasing the CIP pressure, the shape of pores changed from circle to
line gradually, indicating that the CIP pressure had great influence on the
densification of Ca-o SIAION: Eu?* sintered bodies.

Figure 7 shows the SEM images of fracture surfaces of Ca-o
SiAION: Ew*'sintered body after HIP at different CIP pressure of 200
(@), 500 (b), 800 (c) and 1000 MPa (d), respectively. When the CIP
pressure was 200 MPa in Fig.7 (a), lots of pores in size of 2-3 pm were
observed. With increasing the CIP pressure to 500 MPa (Fig.7 (b)), the
number of pores slightly decreased, and the size of pores decreased into
1-2 pm. With further increasing the CIP pressure to 800 and 1000 MPa
(Fig. 7(c) and (d)), the microstructures were more homogeneous where
pores were almost not observed, and the grain size dramatically
decreased. Moreover, the fracture mode was mainly transgranular.

Figure 8 depicts the in-line transmittance at the wavelength of
200-800 nm of Ca-o. SIAION: Eu?* sintered body after HIP prepared at
CIP pressure of 200-1000 MPa repeated for 10 times and at number of
CIP replications of 1-10 when loaded at CIP pressure of 1000 MPa,
respectively. For the samples at CIP pressure of 200 and 500 MPa, the
transmittance was close to 0. For other transparent samples, the
transmittance almost linearly increased from 2% to 33% with the
wavelength increased from 490 nm to 800 nm. If the samples were fully
densified, the CIP processing parameters did not have great influence on
the in-line transmittance. Considering the measurement error, the effect
of CIP processing parameters on the in-line transmittance can be
negligible for the fully densified samples.
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Fig.8 In-line transmittance at the wavelength of 200-800 nm of
Ca—« SiAION: Ew* sintered body after HIP prepared at GIP
pressure of 200-1000 MPa repeated for 10 times and at
number of CIP replications of 1-10 when loaded at CIP
pressure of 1000 MPa.



Figures. 9-11 depict the total transmittance, reflection spectra and
absorption spectra at the wavelength of 200-800 nm of Ca-o. SIAION:
Eu?* sintered body after HIP at CIP pressure of 200-1000 MPa repeated
for 10 times and at number of CIP replications of 1-10 when loaded at
CIP pressure of 1000 MPa, respectively. At CIP pressure of 200 and 500
MPa, the sintered body was not fully densified with relative density
below 90%, therefore there are lots of pores which are the main
scattering sources for low transparency. In Fig. 9, the total transmittance
of samples at 200 and 500 MPa was low which increased from 0 to 7%
and 12% when the wavelength increased from 500 to 800 nm,
respectively. Because of the open pores in the surface, the reflection of
samples at 200 and 500 MPa in Fig. 10 was very high and increased
from 30% to 58% and from 32% to 61% with increasing the
wavelength from 400 nm to 800 nm. Therefore, the absorption of
samples at 200 and 500 MPa in Fig. 11 decreased from 60% to 40% and
30% with increasing the wavelength from 400 nm to 800 nm,
respectively. Because the relative density at 500 MPa is higher than that
at 200 MPa, the total transmittance at 500 MPa is higher than that at 200
MPa. Because the number of open pores at 500 MPa in the surface is
more than that at 200 MPa, the reflection at 500 MPa is higher than that
at 200 MPa. Then the absorption at 500 MPa is lower than that at 200
MPa. While for the transparent samples, with increasing the CIP
pressure from 800 to 1000 MPa and decreasing the number of CIP
replications fiom 10 to 1, because of the slightly increasing of relative
density in Fig. 3 and Fig. 4, the total transmittance in Fig. 9 gradually
increased, where the highest value increased from 35% to 67% with
increasing the wavelength from 500 to 800 nm. In Fig. 10, with
increasing the CIP pressure from 800 to 1000 MPa and decreasing the
number of CIP replications from 10 to 1, the reflection also increased
because of the increasing of the number of open pores in the surface.
The reflection increased fiom 35% to 45% with increasing the
wavelength from 350 nm to 590 nm and further decreased to 40% with
increasing the wavelength to 800 nm. Then, with increasing the CIP
pressure from 800 to 1000 MPa and decreasing the number of CIP
replications from 10 to 1 in Fig. 11, the absorption gradually decreased.
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Fig.9 Total transmittance at the wavelength of 200-800 nm of Ca-«
SiAION: Eu?* after HIP prepared at CIP pressure of 200-1000 MPa
repeated for 10 times and at number of CIP replications of 1-10
when loaded at CIP pressure of 1000 MPa.
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Fig. 10 Reflection spectra at the wavelength of 200-800 nm of Ca-a
SiAION: Eu* after HIP prepared at CIP pressure of 200-1000
MPa repeated for 10 times and at number of GIP replications
of 1-10 when loaded at CIP pressure of 1000 MPa.
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Fig. 11 Absorption spectra at the wavelength of 200-800 nm of Ca-«

SiAION: Eu* after HIP prepared at CIP pressure of 200-1000
MPa repeated for 10 times and at number of CIP replications
of 1-10 when loaded at CIP pressure of 1000 MPa.
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Fig. 12 Emission spectra emitted by the blue |ight at wavelength

of 455 nm of Ca—« SiAION: Eu** after HIP at CIP pressure of
200-1000 MPa repeated for 10 times and at number of GIP
replications of 1-10 when loaded at CIP pressure of 1000 MPa.
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Table 2 The internal quantum efficiency (IQE) of Ca—a SiAION: Eu*
sintered body after HIP.

Samples
Internal quantum
CIP pressure Number of CIP efficiency, IQE (%)
(MPa) replications
200 10 25.0%
500 10 28.3%
800 10 36.0%
1000 10 41.1%
1000 7 403%
1000 4 41.5%
1000 1 47.7%

Figure 12 shows the emission spectra emitted by the blue light at
wavelength of 455 nm of Ca-a. SIAION: Ew?* sintered body after HIP at
CIP pressure of 200-1000 MPa repeated for 10 times and at number of
CIP replications of 1-10 when loaded at CIP pressure of 1000 MPa,
respectively. The yellow light at wavelength of 585 nm was emitted by
the blue light at wavelength of 455 nm. With increasing the CIP pressure
from 200 to 1000 MPa and decreasing the number of CIP replications
from 10 to 1, the intensity of emission spectra increased, and the peak
position kept no change at 585 nm. Table 2 shows the internal quantum
efficiency of Ca-o, SIAION: Eu?" sintered body after HIP. The IQE of
transparent samples was above 40% at 455 nm. These indicated that
Ca-o. SIAION: Eu?*were successfully prepared for yellow phosphors.

4. #5Em (Sumary)

A single a-SiAION phase was identified at the composition of
Buo.1CaosSivAOiNis. The relative density of Ca-o. SIAION: Eu?* green
compact was improved up to 68% by applying CIP over 800 MPa
repeated 10 times and achieved over 98% after post-HIP sintering. With
increasing CIP pressure from 200 MPa to 1000 MPa, the numbers and
the size of pores in the microstructure decreased and the shape of pores
changed from circle to line gradually At the same time, the
microstructure became more homogeneous with smaller grain size with
increasing the CIP pressure. The in-line transmittance of Ca-o SIAION:
Eu?* was up to 30% in the visible range. For transparent Ca-o. SIAION:
Bu?', with increasing the CIP pressure from 800 to 1000 MPa and
decreasing the number of CIP replications from 10 to 1, the total
transmittance increased, the reflection also increased, therefore the
absorption gradually decreased at the wavelength of 500-800 nm. The
yellow light at wavelength of 585 nm was emitted by the blue light at
wavelength of 455 nm. With increasing the CIP pressure from 200 to
1000 MPa and decreasing the number of CIP replications from 10 to 1,
the intensity of emission spectra increased, and the peak position kept no
change at 585 nm. The internal quantum efficiency of transparent Ca-o.
SiAION: Ev?* was above 40% at 455 nm, which is promising served as
yellow phosphor plate in the white LED.
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5. S%OEE (Research in the future)

In order to obtain better properties, such as higher transparency and
higher luminescent properties of Ca-o. SIAION: Eu?* bulk ceramics,
much finer raw powders with more uniform particle size distributions
should be used. Ball milling was usually used to mix and grind ceramics
powders, while bead milling is a well-known technique to pulverize
ceramic powders to the size ranged from nanometer to sub-micron and
to disperse nanoparticles using a fine grinding medium (<1 mm).
However, there is no research about preparation of Ca-o. SIAION: Eu?*
ceramics using bead-milled raw powders. Therefore, the bead milled
raw powders mixture would be carried out to synthesize Ca-0-SiAION:
Eu?" ceramics at lower GPS sintering temperature, compared with those
using the ball-milled raw powders.

Then, using the N-rich powders (EuN and CasN») in a glove box
replacing of EwOs and CaCOs to reduce the oxygen contents in the
starting powders would change the color of transparent sample, which is
interesting and necessary for the future study.

(8E3#) References

[1] S. Nakamura, G. Fasol, The Blue Laser Diode: GaN Based Light
Emitters and Lasers, Springer, Berlin, 1997.

[2] D. Zhu, CJ. Humphreys, Solid-State Lighting Based on Light
Emitting Diode Technology, (2016) 87—118, In: M.D. Al-Amri, M.
El-Gomati, M.S. Zubairy (eds) Optics in Our Time, Springer,
Cham.

[3] J.B. Talbota, J. McKittrick, Review—Electrophoretic Deposition of
Phosphors for Solid-State Lighting, ECS J. Solid State Sc. 5 (1)
(2016) R3107-R3120.

[4] S. Nishiura, S. Tanabe, K. Fujioka, and Y. Fujimoto, Properties of
Transparent Ce:YAG Ceramic Phosphors for White LED, Opt.
Mater. 33(5) (2011) 688-691.

[5] N. Wei, T. Ly, E Li, W. Zhang, B. Ma, Z. Lu, J Qi, Transparent
Ce:Y3AlsOn2 Ceramic Phosphors for White Light-Emitting Diodes,
Appl. Phys. Lett. 101 (2012) 061902.

[6] Q. Yao,P. Hu, P. Sun, M. Liu, R. Dong, K. Chao, Y. Liu, J. Jiang, H.
Jiang, YAG: Ce*" Transparent Ceramic Phosphors Brighten the
Next-Generation Laser-Driven Lighting, Adv. Mater. 32 (19) (2020)
1907888.

[7] R. Xie, H.T. Hintzen, Optical Properties of (Oxy)Nitride Materials:
AReview. J. Am. Ceram. Soc. 96 (2013) 665-687.

[8] R. Xie, M. Mitomo, K. Uheda, F. Xu, Y. Akimune, Preparation and
Luminescence Spectra of Calcium-and Rare-Earth (R = Eu, Tb, and
Pr)-Codoped ¢-SiAION Ceramics. J. Am. Ceram. Soc. 85 (2002)
1229-1234.

[9] K. Sakuma, K. Omichi, N. Kimura, M. Ohashi, D. Tanaka, N.
Hirosaki, Y. Yamamoto, R. Xie, T. Suehiro, Warm-White
Light-Emitting Diode with Yellowish Orange SiAION Ceramic
Phosphor, Opt. Lett. 29 (2004) 2001-2003.

[10] R. Xie, N. Hirosaki, M. Mitomo, Y. Yamamoto, T. Suehiro, K.
Sakuma, Optical Properties of Eu** in a-SiAION, J. Phys. Chem. B
108 (32) (2004) 12027—12031.



[11] R. Xie, N. Hirosaki, K. Sakuma, Y. Yamamoto, M. Mitomo,
Eu?*-Doped Ca-0-SiAION : A Yellow Phosphor for White
Light-Emitting Diodes, Appl. Phys. Lett. 84 (2004) 5404—5406.

[12] D. Michalik, T. Pawlik, B. Kuklinski, A. Lazarowska, T.
Lesniewski, J. Barzowska, S. Mahlik, M. Grinberg, B. Adamczyk,
M. Plawecki, M. Sopicka-Lizer, Dopant Concentration Induced
Optical Changes in Ca, Eu-o-Sialon, Crystals 7 (11) (2017) 342.

[13] L. Gan, Z. Mao, Y. Wang, F. Xu, Y. Zhu, Q. Huang, X. Liu,
Photoluminescence Properties of Ca—a-SiAION:Ce** Phosphors as
Function of Composition and Microstructure, Ceram. Int. 39 (7)
(2013) 8319-8326.

[14] EL. Riley, Silicon Nitride and Related Materials, J. Am. Ceram.
Soc. 83 (2000) 245-265.

[15] T. Chan, C. Lin, R. Liu, R. Xie, N. Hirosaki, B. Cheng,
Photoluminescent and Thermal Stable Properties of Tb**-Doped
Ca-0-SiAION under VUV Excitation, J. Electrochem. Soc. 156 (7)
(2009) J189.

[16] C. Liu, E Ye, Y.Zhou, Y. Wang, J. Rao, Effect of Different
Rare-Earth on Microstructure and Properties of o-Sialon Ceramics,
J. Mater. Sci. Technol. 24 (2008) 878—882.

[17] W. Chen, X. Su, P Wang, D. Yan, Y. Cheng, K. Watari,
Comparison of the Luminescence Properties of Dy*" in o-Sialon
and Oxynitride Glass, J. Am. Ceram. Soc. 88 (2005) 2955-2956.

[18] M. Inkyo, T.Tahara, T. Iwaki, F. Iskandar, C.J. Hogan, K.
Okuyama, Experimental Investigation of Nanoparticle Dispersion
by Beads Milling with Centrifugal Bead Separation, J. Colloid
Interface Sci. 304 (2006) 535-540.

[19] G. Suarez, Y. Sakka, T. S. Suzuki, T. Uchikoshi, X. Zhu, E. F.
Aglietti, Effect of Starting Powders on the Sintering of
Nanostructured ZrO2 Ceramics by Colloidal Processing, Sci.
Technol. Adv. Mater. 10 (2009) 025004

[20] M. Matsuoka, J. Tatami, T.Wakihara, K. Komeya, T. Meguro,
Improvement of Strength of Carbon Nanotube-Dispersed SisNa
Ceramics by Bead Milling and Adding Lower-Temperature
Sintering Aids, J. Asian Ceram. Soc. 2 (2014) 199-203.

[21] J. Tatami, S. Fukuda, Fabrication of SisN4 Ceramics Using Raw
Materials Prepared by Bead Milling, J. Soc. Powder Technol. Japan
51(2014) 430-435.

— 35—

[EHNBERE LS Iy S 28%] 7OV






01 =8 Y | gy w i el S e )
W BRI T B Mg0 NV 7 & T X v 7 ZADYER

1. XFCHIC

B EE RO EE O £ 0 2R, RO IZ
R BIHEWE & BVmE PRI BN - Bt M N E T
5.8 T3 v s RIEE L AR TEWBMREE A AT T
W, N~ R v 2L LTHERMEIO 2 TH 523,
EBVEEREORILO I DIITEE BB LRV ETH S,
)5, FIREEN A FBLT D 2Dl TR O
DL 2 BRI L 22 AU 72 & 37, b TR OBIME & &
PE7AIEAL D WISL & U O RSS2 SR D b D,
ZOXHRBUENS, AT v =7 T SIAION % i
L L7BEREAV ' T I v 7 AOBAT[—2]%1T >
TEbOO, —EHOFENMEIZONTILFEIR T TOEER
JIEANEE Z B 72[3], 1000°C ZHB 2 5 miBERs & 1 5 1t
kDt TI v I AT ATIHRROELWVEREND -
2. TN EMRRT 570120, KR, FEmAIZIT=IET
OBBALENIET I v I A=REEWE V) RS E
HHWa 5 LW ot A0OMNLNRD BN,

€73 v AORERELIL, =X DA DS T
ANF L Lo THEBEZEET I EETH 5. KEL
A b7 L R¥E[4]%° Cold sintering ¥E[5]1%, {bZRIGH &
IS DOEENZ L > THEC ORIETEE(LZ X5 Tk
TH5. BEC, 2o FECO W TCIEREEE T I v o
AREF5 B A OIS mIRBERE [C R D H BN L 4 R &
nCWa. iy, soetk, FIRDEEEE, mEMREEE
VN9 2R B HERE & R S A LA T, YEERSLO BN & 2L
(LR ATEROBSLIIMATH S, TR0 h, NIET DA
FLRE L o o AR B R AR R L, s e L
FuE7 572008, bk L FEIRWTRh b msEib ok
DIZEEC OIBNMETH Y, I HIZEEOKPIET
TH7E, #EREIREE &l 2 [6 s 2 B R~
D Fefg % T X 72\, IR MEL L 72 BDIRIAE, WE
B 2Lt 5 T O DEREL 8 143 TR d TH D, T
b, FHICRE RGN F—PNEAI T, FiR
OEBEIEBATE 2T Th D, -, Rk
ROMHEETZRE D Fullx & 72 B IR TF R 12 S A &
FERUZHIAE C & Ao i b, REVEREE O R & v 5 8l
RTCARFITHD.

AKIFFETIL, HK 1000 MPa OFf7KJENNE (Cold Isostatic
Press: CIP) (2 XV DE 7 v & A Chi -5/ E D 5D
Bibx D & &bz, OB bIc 320 2 R W %
AL TR & DA % [RIRF IR ET 5, 0 A O &R

wiE RR, =if hE, L4 R M-

AL EANT O FEBERY A R, R IR D IR, IR ORI
AR, AREA B E OAHBIBIR) 25T, HR
TR AEML ST D E L HIC, WIETEEE 2L
I T IvIAEFERRTLIEEANE L.~ MY v
AL DWHEE LI, AIEDEEE M & N - BRiE R A
B 5 MgO #38E L7=. £72, MgO I3/KIZH L TN
WIRIEZ R L, KB(EMETERRT 5, (LFRT v LD
BT, MgO LARMENENHEMTHFETLHLD b
Mg(OH): ZJERK L7 R 2DE/ARFEE LTI h &< 22
D2 DD, IEHBEINC X0 BUSMEE S, EE AL
WCHEETH LD LW TES.

m o

N

2. RRBRLER
2.1 EER
211 I YUY O RDOBEEL

TR DW b~ 7 % 0 LK (DISPERMAG TN-1, % 7
P TEMKXSHR) LB~ 7 3 > 7 AR
(PUREMAG FNM-G, # 7 A b LEMRRSHE) 25
B L LTRWE. B 1 IS BEORT & JBR O e %
RT. BERIOEIAA 0—100 wt% & 72D KO ICHEL, #
DAY DOF A v rR—Ll L HIZEIAN, B Al
X — (b & 0 HERRS, HRathy v —8) <2000
pm, 1min OFAETHERES 21T 72, BUBIE, CIP AL
IO TAREIE & AR (Pl CIP ALER) o —BERECiT-
T TARAOGIL, IRGHIEE ¢ 15 mm OSTIT U , — il
JUE (50 MPa, 30sec) TiT-7=. T CIP ALERIE, #Hik
JEANTEEEE  (Dr.CHEF, RSt 8gRErE) ¢ 1000
MPa, 1 min fREFOFEMTIT 7. BEELO T DK
CIP AL, MgO DEFITHR LT 9 wt% DK & R MAIZHR
ML, 1000MPa, 60min DFMFTITo7. D=0, K
N2 UC CIP AL 24T - 72 o 7V b ERL U 72 31
SHEBERIEIC X0 B U7 o T AR T A
(SEM, JSM-6390LV, HATEFHASHH) KOy, 2%

(b) FNM-G

H1 EHHOSINEE
(@) TN-1 (b) FNM-G (&%)

[EHEEEEES S Y 2 X8I%] 70914 b



RE/HT I 3 - TE A% SE (JSM-F200, A AE~RRAS 5
THIE L=, IS OREE XRD HIE (Multiflex, R
24U H 7 E) T LV iToTn. BVEERIIL—F—T 5
¥ 2 EBENEHGR T E (TC-9000H, 7 R /30 AH TS
) THIE L7z,

2.1.2 EREDFM

RIE U 72 BERLRINEE ORI AR B ek (Rt
A 7 m 8 CaAlSiNa: Eu?', LU CASN) Z#WN#ENT T 10
VOl%FIN L, LA TIRE L. ZD#%, =+ J v 7 2 LA
FRIC TR, T CIP 4LER, /KIRIN CIP ALERZ47T\),
CASN BiF43H MgO /v 7 25 2 v 7 A& /ERLLT-. £
7o, MOEEIR TS RIS AR B MgO V2 & 5
2 w7 AOVERRATRED Z TR D D728, SR (KR
Kby 7o B 0-SiAION:Eu?t, LLF a A 71 2)
KOS (k&Y 7 1 8, B-SiAION:Eu?",
LR BHA T ) HNENT T 10 vol%ishn Liz ¥ 7
OYER AT 572, WIS B T 5 728, CASN
% 10 vol %S L 7= Ffi CIP ALEYA 2K 7 oA (F 5
Bk L1300 C, 1 BERIREEER e 7L aER L
72. ¥£72, CASNKL & FRIERM LR UHE~ F Y
o7 AT L— O ERL U, R e A BT B AAS

(ISM-1T200, HAE TSR CHEIZ L, 2otk
1%, ETERES AT A (QE-2000, KEE st
) ¢, FhiIE R 455 nm, SCHHE— K& W CHIE L7z,

2.2 WRLEE
2.2.1 7MYV ROBEIE
@ EHOFMEORELHMEESRRE

Il 7 Bk B A IR E T B2, IR A ZE X2 TERLL 72
TP CIP ALER{A & /KN CIP ALEYAR 55 % [X] 2 1R
TAR CIP RO, EDRGEGITHE N TS 2.37—2.43
grem? (FHRPHEE 66—68%) &@mVMETH -7 Fiz, K
RO CIP ALPRHE DL DN e b i W EI G IXIERIAY 30% 0D Rf
T, ZTOREOEEIL 3.0l g-em™ (R LIZAKBRETRISL
To CARGE U CRMA U 7o B 1 96%) & i CRGE b S
HIHEATHMD TRWEEAH LW e, iRz,
Fhii CIP ARIZ/AKZ G L 722 LISMEIR U J7 ¢ CIP ALEE
AT T2 VDL, T CIP % &£ Hd, e
fELTCWRso T, X3 1(a) P, (b)Ffii CIP (&
B L O()KIEIN CIP (R DAl O SEM HH. A2 777, Z D5
BB T CIP #1%, PARAUEH & bl U CEl % ORL7-23
BICEEE - QO DER TR C X 72, F 72, KIRIN CIP 1%
WIERIRBERR SN2 BERS RO X 5 ICBE R 7 7 > b
Blztsniz. SEM FHE DRI REWE LR, T
FIEARDRL T2 0.3 pm KL, (LB ORI/ 0.3
pm B LT, BIEREREI T IGE &3 ReD, kik
ERBEL LT ULEDORENS, A7 akAIcE
1T % i e PRI B A L, W TR ET 22 & 722
SEEICHBILESE L Z LICREILE. -, A7 et

[EFNEEREtSIv IS 70o1 ok — 38 —

32
30 t * * 'Y .

o L 4

'EZ.S -

(8]

@2.6 .

i

824 O o o O 7
2o | *KARMCIPE

o FHCIP

2.0 T S S

0 10 20 30 40 50 60 70 80 90 100
BHOESEIS %
B2 BHORMEEFE

3 ED SENEE
(a) FiERMA (b) T CIP 4K (c) kiR CIP I



R ..

® |® Mg0
¥ Mg(OH);
INE#L 1h
|
o
[
INESHEY 1h .
v
v &8
10 20 30 40 50
28,7°

4 KFmEDY > TIL OB

0.2 um

0.2 Hm

5 JK#hn CIP fAa> TEM—EDX #55
(a) HAADF—STEM{& (b) BER<vELY

(c)

(a) & (b) DERKER

6 5.0 HAADF-STEM {&

TIARDOBFMPA TR TEH Y, K2 T L7226 s
LU Z ERHEMME o7z,

@ Y TN DERED E M

JKUSIN CIP 1% OAERFE % B 5 23295 728 XRD HIE %
1To72. X 41ZKEH 1GPa T CIP L7=¥ > 7L & KEH
BANE L7 o 724 o 7L XRD lER B 477, @1%
MgO %, ViX Mg(OH) Dt —727 %#ZFNFH R L TIN5,
X 72>5, 1GPa CTHIE L7=H v 7RO Mgo &
Mg(OH), O B — 7 MMfifggd iz, —75, AKBIEEZR L
T 1hf&E Lz 7 m 513 Mg(OH), D B — 7 [ LHERE T
EF, MEIZ L0 AKRBEAMERE LTz 2 E B DT>
7o, #DT, AR L7 Mg(OH): OAFLERLE 280 & icd
% 7=%, TEM-EDX Z#r %47 7=. Mg(OH) MFLEL T
HYPTE, MgO X VEEENZ WD, BRI ER5
Z LT Mg(OH), DAFAENLE 2 RN~ D Z LN T
%. [X 52 HAADF-STEM f4(a) &, ﬁw7~y v To G

BO)erRd. £, Wtz ST 2 7-0ICliFz FERGD
BRI 2 (2R, () T D WK GO ER IS MgO
DRI EFRLTED, ﬁ%tﬁ%@ﬁaﬁmmﬁ% E{ioe IRV 2
FEOEC A TWSD, £, RUTlFOET I v 7 A
BEASR L ORI BNIENZ ER 00D, (b)D~ v B
BciE, BaniEkk, He, R By, AOIRICERED
E/VRENEHWEIRZ R LTV D, ARkERe)x D &,
BRSO =B A E RO LA WNE A 54 LT
%. L/LL@F%WB, BRI Mg(OH), 3FIEL TV D 2
LRy Ino T T, RIRICHAET 2 KER L) O e
BlET 5720, *ﬂH SYOBEEITo7= (6) . K5 D
HAADF-STEM 1 & [FFRIZ, B2 WIKEDFR T MgO Ki
FERLTOD. D LEOE N IR TR -2 2 <
5O EIVTHFHEL TS, DE D, AL L7- Mg(OH) 1
REFUTHCR TIEEL TV D Z ERH LN o7 PLED
DD, BT e A, MBI & 0 Rl
T MgO OVEMEDMEE L, RO 22EIc Mgt 238 L
T Mg(OH) 23HTH L T (L3 2 L HE S 5.

39 [EFOBEREL LS Iy /A8 7OV b



=1 U TILOHE

ik MER
. = wE BREE na
E4 L AEhnE [g-cm®] [W-ma-K1] si_?ﬂﬁ (Uv365Rm)
[vol%]
0 3.01 7.8 -
10
(asn) 3.00 6.3 86
MgO
10
) 2.97 5.6 73
10
B 7O 2.78 4.0 65
ThEY 0 1.12 0.2 -

L

2.2.2 HREDFHM

WETOBB LT ERAZLY, ~ N v 7 2O
WHEETH D EBH LN E o Te DT, SRR T 2 1
ML 7238 %47 >72. X 712 CASN % 10vol%¥shn L=
VOO SEM FEL AR CASN Z IR L6
b, < U w7 B L(b), Sk T 2195 2
LI F LT, ZOREOEEX3.00g-com™> Th o7z, £ 1
\ZCASN, a7 my, BYAT Ry EENZIRML
To U TNV DR L BGRB8 XUYME R
TOHERE LT, =R UBIEORME G Rk L. Y
T 365nm O UV T4 MERE L2 L2 A, 8k
RTxT (FEI1SMR) . 202 Lnb, EORCEE TN
LB ATHLRIESED 2 LR EELTEDZ EHH
Hinkleode. —HT, KREEERK LT-W o 7 WL aiRguE
fEERF=H 7 &l LTS IS e < L
THERITIGE LT (K8) . <~ Y v 7 ADEYRE
RS 5 &, MgO TR UHIEDK 40 5 K& o
Jo. F o, ERMRLTERIRNT S &, SRR OREEIC LS
TEETDLTERY, T o TAMRER IR 2D 2
LI T DT, ‘?ﬁi‘éﬁ:ﬁﬂ””fbfm‘:{&ﬁﬁﬁb

R a.u.

1 EEE=EL L,T—ﬁj'nﬁi#i?"%k NMg0 0)5&@
(a) ﬁ;‘:ﬁﬁu?&? YO R (b)) =Yy REHEK

BRI () DR

M8 EEmEtE (k)
(UV-LED BB&T)
ﬂﬂ"f?l?l) at(POY

CASN

ani i?-?.b‘a

e

540 590 . 640 690 740 790
S TN Mﬁrjwbzﬁ: A T DU ALY s zﬁiﬁ/fnm s
7 - N 9 ﬁ” ﬁub :#D }bo)ﬁ‘lf E
PAREETT ST WO LSRR AT SIvERL, R (AR : S35 10vOl%, AR B AR
CASN, a3 a‘ﬁ%’?lﬂ/, BN BpH AT ERL,
FRREAAR 10vol%Z W LIz 7 v, sifgosas e
WKOBAEF LTS, ~OREMND, MRS 7or B8 Xk

(1]
(2]

AT LY > T ADEI AN B, STEOHAI
BHOMA Ll L T —2 7 NI, SRR EE LT
W EAEE S 7. -

3. SROEE

A EIBRZE U 78 Ykl 13, BRI Crle < pEEH o K
TAARATLART OV = Z—Tp E~OFHANPR/HTE
. Flz, BT I v AFEICBNT, DT RLF—H
BDZN TR Z20E L LAVWFERZT e 20700, B
FEARESCHEDK a2 MEICH KELSHIRTE 5.

(4]

(6]

[EFNEEREtSIv IS 70o1 ok — 40 —

e IE, %« Rili—, OPTRONICS, 6 (2016).
RIS, Zx Rl —, BNIERE, €7 3 v 7 R, 52,
245-248 (2017).

M. Oishi, S. Shiomi, T. Yamamoto, T. Ueki, Y. Kai, S.F.
Chichibu, A. Takatori, and K. Kojima, J. Appl. Phys., 122,
113104 (2017).

N. Yamasaki, K. Yanagisawa, M. Nishioka, and S.
Kanahara, J. Mater. Sci. Lett., 5, 355-356 (1986).

J. Guo, H. Guo, A.L. Baker, M.T. Lanagan, E.R. Kupp,
G.L. Messing, and C.A. Randall, Angew. Chem. Int. Ed.,
55, 11457-11461 (2016).

J. Fan, L. Zhou, Z. Cui, S. Chen, X. Fan, and G. Zhang, J.
Lumin., 219, 116874 (2020).



EZAEE R A T h-BN, T A3 Ry F OFER

1. FCHIC

EA MVl B & mh b OFEEO R E v 225, LED 72
EOYSEARIRIR S R W] K 2pE (R I IR IS S e &
RDHNTWE D, &b, ml/kizsnTidERe
T % B R B 1A OBVREN: & fEWE DR S 28 8 &
LTHINEE LTS, ZHET, BIIEICHE < 7Bl
RERL % r i S, BMEE M2 LS D mEn T
TW5 2, Fiz, arRYy MEEROBMRERDE T %
HA8 L7285 B IR0 @ BAE R O ET b BRI 21T
TEY, ERD 0.1 W-m' K755 10 3R 0 & 2R
RERTEIELIRE SN TS 3. LaL, Zhbd ok
R IR EE DS R <, VA~ OERFREDRN 28, N
TN H 5. 0T, fE L0 bmEWE, vz
DEN AT T AN FBMBERL - & 8GR 2 20 8, [ 7E k.
T5HZ LY, BEMREEOREEREM A ER TE S
LEZOND.

EZTARMIETIE, B, R, IREE SRR
RIS T & D @GP REHEIM OER A HIEL ¢, %
(EI R - % 5y 8 U T i BBk -/ 5 A 2 LR
U NEERS L LR AN E L. B e, B
bt & R CIREE EFIC L 0 B NK T LIS
SWREENRH DY, a6 bar Ry y N ThHI-
O, ETH T A LGB T, 725 T @EEMRER - L D
EEERFELTZ. SHIThy MU REE®EA LTS
TRBERE R D VR & 3R 7

2. RYEDIREE

A7 AR LT, il EN TV D Y R RIS
T AR (b 380 °C) &MV o, Z{bipaoeiRiy, 55
AR D o-SIAION:Eu?, kA GIAROD B-SiAION:Eu®,
IREEIEAR D CaAlSiNa:Eu? & AV o, EEMEERL 113,
BREROE AIN, SisNg, h-BNZHW72. K11, %
NENORRZBIE Lz SEMBTH D, #OEMRIF &
BRERL - ORE S, Bffkmea R Yy FoE,
SRR & B ICRAR T 5. M LIS L2 B bR o
W, a-SiAION:Eu?" & B-SIAION:Ew 1IN F b 7 A7 b
FEDOREVFERBF2EATEY, &5ICETOE(LYxH
SAR RIS R M BRI BE S U 7o pom O BEEERL
FREEMER SN, SEMAER & L THAW AIN I
B oum OERIRKIT-, SisNa (XY 73 7 v kOB -, h-
BN KL F-I3tRRL T o 7.

2. 1 HSREERGHT

VERL U 7= IR 10 BT T ADBERRGIREE &, %t 5
FEXHEE B & AMBLA 2R 11", 600 °C LA THERK L7253 &
VAR RE DM < 72 57278, 500 °C THERL T 5 & 80%LL

Ml 9, e i, fRE BT

T (@YUBERAS X, () a-SiAION:Eu*, (c) B-
SiAION:Eu?, (d)CaAlSiNg:Eu?, (e)AIN, (f)SigNs, (g)h-BN
DRFRE.

500 °C 600 °C
— lpm 1 pm

2 FBETHERLEELERTFAES S ADOWEEE.
EFEolls b Uiz, X 2 13 AR CRERk L7230 e Ik 74y
BT o 2DOWEREE TH 5. 600°C LLETEHERL L 7= 81%
T LTz &9 7R e R AL Bl Sz, 500 °C CTRERR L

[EFIBERL LS Iy 7 ARB 70V b



1 FRLUEEARNFARASRAOBRBERE EBARE, HEOLR.

Phosphors a-SIAION:Eu?* B-SIAION:Eu** CaAISiNs:Eu?*
Firing temperature / °C 500 600 700
Relative density/ % 80.6 92.9 92.0 313 71.9
Appearance .

AT O L) RRAUTBER S e hr o 7o ZAUTEE
(WU VEREER T T A LRI & A 600 °C DLk
TRER L7 B A L, I Lo & 2RI LTn5.
F72, 700°C THERL L7=55A 1L, 600°C THeRk L7=%H&
D HBHKZREILOEIT D 22772 2T 600 °C THERK
LI BT D7 7 ADRER E <, KId DR ENED &
WZDIZ R W ZLEFE LoD EBEZHND.

3 1%, (a) a-SiAlON:Eu?*, (b) B-SiAION:Eu**, (c)
CaAlSiNs:Eu?" 2 oIl L CHERL U 72 Otk w7 A
DOFRESE AT ML THD. Wb 500 °C THERL L
AR —7 OV 7 MIR ST, TR A L [RIkE
ThHdZENbnol=. —KF, 600 °C LLETRHERK L7-
CaAlSINs:Ew Wi 1-/3 0 7 A G, B —7 I3k E
MNZ> 7 b Uiz, 2O XD IR0 B I 7 A L&k
SR TS LTz Z & &R LD,

VL EDRERZEERD L, CaAlSINsER R -8l 7 A
DY5E, 600°C LLETHERT % & 1 T A & a IR 53
IEL, SRR AEET D2 LN RB SN 2O
7o, AT AL EHERLT- OIS, FEXIEE, 7+ My
IR ARFEOBLEIND, 500 °C 23Nk b ) e BERL IR
ETHDHI ENH LN 2oz,

2. 2 HSRLEHRMZENTF

4 1% 500°C THERK L 7S fl s BBk o0 BT 7 A
DHNBTH D . BB IR O B AR S - 723 RE L %
FEHEL UT-FARIEE 1, AIN TRIIR T 40.4 %, SisNa ¥
FT36.9%, h-BN IR T 8.7 %72~7=. Zi1E TAIN
LU VERYE R AT T A R TEIR CRVLELY 5 &, BVILERRT X D
HERENFDT L ENMEINTND ). E/z, AN
L SisNg 12U U RA N T A EEND P0s EJS LT,
No AR Py W AZAERT 2 Z ERHEIN TS 19

4 2 2 2 2
§A1N+§P205_>§A12O3+§P2T+§N2 (1)
AG 073 k=222 kJ'mol™!

1 . 2 2 . 2 2
gSI3N4+§P205—>§SlOz"'ngT"'gNz (2)

AG1073 K=-189 kJ'mOl_l

[EFNEEREtSIv IS 70o1 ok

=]

e =582 nm A, =450nm Aem =534 nm A, = 450nm

Raw powder

Raw powder /‘/\Jk

500 °C

/ 700 °C
250 350 450 550 650 750 % ﬁ/\j\k

Wavelength / nm

Intensity / a.u.

600 °C

/N

250 350 450 550 650 750
Wavelength / nm
B3 HAARNFIBASAOBEHELRARY ML, (a) a-
SiAION:Eu?, (b) B-SiAION:Eu?, (c)CaAlSiN;:Eu* % hnL
THEEL

Aep=534nm A, =450nm

Intensity / a.u

<]

Raw powder

Intensity / a.u.

250 350 450 550 650 750
Wavelength / nm

4 500°CTHER LR IESRCEMF IS X DIE.

ZNHIE 800 °C TOHHETZRLX—ZALTHLN, LY
RIRCTHRIGOBE T RE VWL D EEZ BND. AHFSE
TR ADGHIIRFEMTH D0, & 1 &K 2 OFERD
B, BERRTICEIANE Z > TV Z SITHEHETHH 20,
INSDRIENREZ > TWEZ EITHREEZBS. T4
HbH, AIN & SisNg 2RI L7253 CHATBERZE L& T
L7ZRENE, 29 LA D= AAIZENTDE EE2LND.
ZHUTKI LT, h-BN ZIRIN LR T, XLy FOEIR
DOHERE & @ OHRHE 2k L7z, ek L7z AIN & U >
IR 7 ADHE NZH D X H1Z, h-BN 13V VEEER
HITAZFICOET DA DT ADEMDOIF L LT



®2 Ky FTLRETHERELZEYRAFHFIEO-BN/H5XA0RDy FOHEREE.

Phosphors a-SiAION:Eu?* | B-SIAION:Eu** CaAlSiNs:Eu**
Content of h-BN particles / mass% 0 10
Relative density / % 86.8 91.1 | 923 | 91.5

Raw powder Raw powder

Intensity / a.u. IEI
Intensity / a.u. IEI

TN

Raw powder

N\

Intensity / a.u. -

Composite Composite
Composite /\ J
250 350 450 550 650 750 250 350 450 550 650 750 250 350 450 550 650 750
Wavelength / nm Wavelength / nm Wavelength / nm

5 Ry FTLRETHRLEZEHHEFHFIE BN/ ASRXA KRSy FOBMBEILRRY FL.

(b) B-SiAION:Eu?, (c)CaAlSiN;:Eu® %m0 L THESL.

RSN TWD. 725, h-BN 1TV VBIERT T A &
SOS LN Z SRR TH 0, X 4 OfE FITBEF O M &
I =& L )5, WINT 2RO KRE IR, ok
PEZR EU, RGP, A g8 4 L BB BT 5
EBEZDND. FEMTEIET D0, THOMETOMRE, i’
MR- DRE IDN/NEL e IEEMHBEMEFT 52
Ebholc. Thbb, REHGEOREAHIET2 Z &
T, MEMAERALICAR o] R R BB AR 2 3 S &
naxFchHs.

L EDOFERD B, AMFTECHW & 95 bbb+
S5 h-BN/ H T A3 Ry y FEFERT A, B
%% 500°C TfTVY, h-BN R 1% EEMsER 1~ & LT
THZENWEYITHDZ ENHLNE IR T

3. Ry FTLAREKICK D ELMESEBFLE A
—BN/HSRaAVvRSy bOER
#212500°C, 5MPa DIES)THy b7 LA L TR L
7~ 2= SR -3 h-BN,/ T A2 Ry O
RITETE ™. BALaO kI - & h-BN KL - O U &
FNZEH, 10mass% & Smass% & L7, WO EOGARE
FEDBES VTG A CTHHEIEE L 90 %a B2 5 mEsE
ZRERE L7Z. 2, INEIC X0 s boMEtE S iz
EEZBND.

h-BN KA OB FIE, a-SiAION:Eu % 8GR+ &
L THWV, h-BN ORINEZ LR E LI R THRIE T M O
fRERE L —F—T7 5 2 BT LV EEL, gL T
FEL72. h-BN OFIMED 0, 10 mass% DI OBYRIER
i, FnEN05, L7W-m-K!'THY, h-BN #2425
ZETEMRERNR BT A ERMERTE T TR v
N VRIET= WY w7 ZADH T A BEEELL, &5
|2 h-BN R T/ E N BRI S 2 2R L2 2 Lok b &%
Zbib.

512, Ry N7V RECER U= 2{eaoniihi 5
Bh-BN, T ARy FORIRE AT ML EIR
T DT OB SRR A RN L7254, R

(a) @-SiAION:Eu?,

Hot press: @5 MPa A 10 MPa
100 2

o e
] -
N A o L> {15 7
<95t -
g . B
g A 1, =
= b
¥ =
= . 2
= =
= 9 : =)
L] (%]
[~ {105 =
. 2
@
=

85 1 1 1 0

0 10 20 30 40

h-BN content / mass%

6 h-BNAFDRMEICHTHIVRT Y FOERAEEE
REROHAMBER. 5 masshdD a-SiAION:E &%,

IR ERIURIEARY MV ERLIZ, ZUL, &Sy b7
AEEEH LT HEEMRI ) VRN T A & UG
LRWZ EZ2ERT 5. £, WEbET2hR1E, Bt
R UK & ER) (R DBIE LRI (HOCRO R
B2 &) O BRI R T E WS, KA & iR
He A FRRCHET 2 EETHIVUIEIC TCE 55425
no.

aVIRY Y FOFHEE, ~ R Y v 7 RITNTET B EALAR
E DRI, BRSO R BMBERL 7 DI R RE D FE R I
BETHD. T7bh, NEEEZRET L7 v A KT
ELT, Ay b LVADES), h-BN IRINE S, FHREE
L BREROMBANE A BN T AR ERH S, K 61,
5 mass%® a-SiAION:Eu* Z sl L CIERL L7 h-BN /4 &
A3 RY b O h-BNIRITEICH T 2 FHX B & MRS
R WEFH =4y F 7L ADONES) OFMEBGETH
5. F£12, Ry NV RAERNILS, 10MPa O 2 5 TR
Lz, 3, Ry LV RIESOEEIZHSWT h-BN TN
7 10 mass% CHl 32 &, JENEEL §5 2 & THXHE
FEixm B L7223, BVRESRIIEMNE T L. 51T, b-
BN WSIESEINT5 &, MIxHEEITK T L, B

[EHNBERE LS Iy S 28%] 7OV



—
(3%

In-plane direction Q

—
o

%]

Thickness direction

Thermal conductivity / W-m' - K*!

0 10 20 30 40
h-BN content / mass%

B7 h-BNHFOFRMEICH T 2REHR EEANA RO

BROFEABER. 5 massh® a-SiAION:ElZE&H.

g T RS .
G_L S 10 mass% ; 100:53 !
S o L
""""" 1
,_. 20 mass% p 100015
E . |
B pmen .
g 30mass% | | 100:1.0 !
E ']

X-ra

Y y
| PR | A

20 30 40 50 60 Press direction

26/ degree

8 Ry FTLADMEARICEELZE®D XRD /852 —2.
BRHRBE LM (002) & (100) D E— D SRELL.

£ 3 a-SiAON:EVHFHE h-BN/-HSRaVARDy FOMESF EFTHMEICH T 2MHEE HTE, h-BN HFOREAR

EMEARDETHO .

h-BN content

10
/ mass%

20 30

] =l
9] 5]
= =
Q Q
L i [
SN e
- 3 ©
w w
@ < @0
L L
il -
(=¥ (=¥

Microstructure

Press direction

Z 10 pm

Particle size / pm

Orientation angle 6

52.9+225
/ degree

68+18.1 72£12.4°

DEPICEL R DMEDF DN, —RACIE, FEXREE
DEWVIEE, FEmBMRER 12 T IEE OIE SRS
KM ETsEEZLNTWA D, LA LK 6 1TRT X
212, h-BN WINE OISO E 23w B LT HEYRE
RIIRE B L oT2. 22T, h-BN OffbkE &%
7T 7 2 TN & B D sp AN 72 5 ST ORER
iGN B o o EEEE TH Y, LRI 2 A X
BeLC, RIFMORT VR THD (K1), RE %
BRI IE, By BTV AEDO XD ST OG5
YER$ 2 7 at AdC, IS AOHIITF NS U CRLm 5
ZENELAMBNTNAS., SHIZh-BN X, TOERGH
fEm I CER LT, B Q5SW-m! K LN
M (250 Wem™-K1) & TEMRERNRESERDLZ LD
BB THnE D, LER->TC, Ry 7L AIZED h-
BN R 7 DI GBI A Z o TO D EAICIE, BMmEsR
DIETFAE ZHUCEE R TR E TRE LS B2 5133
HBH. FIT, By N T L RAOMEF AN Y BRES
M &, ZAVUCHEEZREN SR OBREROREZIT - 7.
B 7 IZFESR AR, h-BN USHIEOHINIE, MR
DOBGE R THEL/TEIN L 72, —J7, mNJT R OERE
%, h-BN MO > TR R BGIME R 2R L,
WINEDY 10 mass%DBFIZIEL 2.7 Wem - K (BE 518 DK

[EFNEEREtSIv IS 70o1 ok

2 %), 30 mass%DHEZIL 9.4 WemT- K (BRJEHF1H DK 5
f5) Tholz. ZORERNG, Ky T LVAETERLE
Z WGB3  h-BN/ BT Aa Ry y M, K
ERMRERBFMEZALTWD I AL ERo T,
F 2D DT, BEROECRRL T3 8T Z A a Ry
v FOBMHER (112 Wem-K1) DL TR IS E D
ETHDH. Lo T, BMRERD RS EEE LT
HEHZ LY, FTEOFAIC h-BN RO EFI#E A TE N
X, LORN R HEA L ATRE L 72 D

B 8 1%, A v b7 L AETIER L o bW E e IRRL 14y
B h-BN,/ 7 A3 Ry R OME IS5 L CIEE 7R
i) XRD 7$% —> &, h-BN 0(002)[ D ' — 7 58 % 100
ELEEHEA D00 E— 27 ORELTH 5. X8 Db,
h-BN O (002)i i 123 2% 7 — 27 SR E D EEIIS @ 2 &
7225, h-BN ROt 237 ANk L CHEE 27 < X
SNSRI LR S H T AT 8L T D Z &2
HnERoT.
TEBIICEAPE 2R 5 72012, SEM Bl 41T -7,
7 31%, o-SiAION:Ew K753 h-BN/ T A3 LRy
N OINETF 6] & AT 72 3V DA, R (iR
KD EGh 7 OF &), h-BN ki~ OFdil 76 & e J71H
DT 0 ThD. SEMAL XV RO FRIL, h-BN IR



MEICELTEBLZ 4um Zo7=. 2L, WThosk
TRZHBWT S, 72 AR TR 7O E03E Z > T
TNZ L EEWT S, E72, BORO h-BN KL T-O Edh23N
JEJFIANE 6k U C TRE 71 % [\ - Bl RS A 22 S, i
&I h-BN & EBEXEINT 2IE EBHFIC R -T2, Zh
AT, B 0 2L TRO . b LR
@ h-BN KL HSECIAE 2 FF72 T R I2 040 L TV 554,
0 OFHEIL 45° 12725139 CTh D, Lo, FHILZ 0
DOEEIL 45° L0 b RE <, S HIZ h-BNIRITEOEN
k> THERT D Z Edbiyo 7z, Ziud, h-BN Ri1-0
BOEPER TR 7p ol 2 & BEIR L TV 5.

h-BN Ri1 OFL SO BEEN ] 1X, 7 A DRV
ML VAT -BN R FOEEz M VY EEZHND. &
v MU AETIE, IRE ERRIC—NER M EED. 20
WE, 7 2038 AW 2 50 CRIPEREY L TR b9 5.
FEPEVRENC X 2 BERG ElGR 1O CIE, KRR W S
WK 9 5. £z, — M, BEEREAEFEOMNE &
BITKHEILEL 25, T72b5, h-BN RN 10 mass%
DEMETIE, RO, Kb R <R
SET L72RER, h-BN KT OIS HIBLHN HE D HEE 2o
JebBEZDZENMKD. —F, AR TIERKORINE
T D 30 mass%D St T, h-BN RiA 08\ = D RGFE
DSBS @ <, B RIC R 2 2 U705, h-BN R 1
DISHFA A L VHEITLIZEEZ BN 5. 10 mass%iino
IRVEL A C b T N 7 0] O BB SR D3RR 7 [ = C
2 fEFRE £l b L=EHIE, £ 5% 5O h-BN OFYRY
BTN IEF TR E W20, ROELFAPE T & R E
MECTEZEZBND.

4. SEBRORE

AWFFETIE, A > 7L AEIZ LY mAF IS EWEYR
AR A AT DB EARI T8 h-BN, H T 2 = VR
Ty OVERUCER D) L -, ZFOEE, SR ogT
% h-BN R F-OFEESIENL, &y TV 2AOEEH D
% hu, h-BN RLFAZ[AHE RV 24545 0 5 2 ORI
BT DIRECHEARE A F, h-BN KL B KD ERD
LT SIS T DR FIpRE (K& X, Bk, 7A~<Z b
) 728, FEEICEL DT AR FIC L TRESND
ZEEHLMCTER. LEN-T, Zhbia X EEBIC
BRI, (LT 52 LT, 85745 @mEAVEERITR
IR T & 5.

5, WRAHEI & LT, MENERO MG &
SR TH D, B LIS AR 1438 h-BN,
HIZAA Ry ME, v N T ATHLIHT AL, &
JEARRLT-0 h-BN Ri 1- & BERRDIEIETH D70, Th
5 SERTE TG LS RIICA U B, 22T, Mk
@ h-BN KL-7-OFid[a] 77 10 Z i8I © = AuE, Mmoo
BT BT, WSR2 D DI ENRANEY HI 6
REFLFRETH D, h-BN K OELEHIEZ Tl & L= &
LALLM T vt 2D EE I T 5.
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L& 75 7 = LB B-SisNy FERL T DARREERR M- X 5
c BB A SisNy 2T 3 w7 A D fEHL

1. FCHIC

A A F (SiaNg) 1T BV & BRI 2 b
S D ZMizwh, 250 °C Zix D EiIRERTL F O A
TEEIND SIC /U —F 3 ZAD R E L Coi A
DHIFE ST D 129, BT, SiC /8y — Y8R 3 fld &
DB DR S HIN@EBMLERE N L EN TN D, &
BZEMTH D B-SisNa I, SisNat T 2 v 7 20—y
R TH Y, KRG PECERE LT e il mic L0 @
BRER AR 2 L RS STV D 1419, Hirosaki 1,
B-SisNs @ ¢ Hili 51 & a Wil )5 [0 OERGRI 72 BYRE = 2
F450 L 17T0Wm!' K' THDHZ LEHRELLEW. Lib
%, B-SisNs KL T-0 ¢ HhFm & a fill 5T OBYRERNZ N
FI180 & 69 Wm! K ThHDH Z & AFERNITIR LI,
T ORERIE, B-SiENs D ¢ HHFL S E BRI A
HTHDHZEERRLTVS. Watari 51, B-SixNa K7D E
iy 710 7 — 7RI T IS B S, & 52 HIP BE
T % 2 LI K D RERELHE SNaE T 2 v 7 AA{ERL LT
16, ZOfER, BLHF I 155 Wm™ K O BVRER 2 5
BEEDZ LTI LIz, L LR S, AETITIERD
JE S HANT B-SisNg D ¢ BBl X5 Z L IERARETH
5. Li i, WG L AREMELAIEIZ KD B-SisNg D
c BHASELIA) U 7 BERS IR A NS L7 1. Zhu & (X [R16E
35 % IV C ¢ BhECIA SisNa &7 X w7 Az i 18201,
IS SISO EIINC K DLW SisNa B Z 2 v 7 A% L
7220, AR, Zhu HIE B-SisNs D7 4 A B —% 12T Dlaliis
M X0 fidm S, 176 Wm! K O VRS ER 2 38 L &
BHZETHII L0, L LARns s, BBk
WisaFAT 5 7 0 203, EATE TR ©& 242k
W2 /N S WD BEEMEME <, 2 AL OB TR
BEITRE .

BESFEIIMZ X 2 /A, FEOER Th 28T 3
X —DEFGM AE PNEEEL RV X —kT L0 4712

RKEWEAICEZD.AE L, ()X THRTZ ENTE 52D,

1
AE = ——AxB*V ---(1
20X (1

I T, Ay ITRL - OB ERE G VE[-], B ISREAE FE[T],
VTR AHEmI | Th D, KEIEWE D Ay 1% 108—10710
emu/g THDH. ZD=H, BP0 70 AE 215572012
%, 10— 12T OEBIEDB I LR D, KD Ay &5V
V # REL CENUIRERBHRBEEZ K TEDH00,
B ORI AR T S TREE L LICS<T5
728, HELLI ARV, E£77, Ay ARELTAHT Fu—F

mff R, LA W, KBl OREE

E LT, —DITBMEEAOUIM, 95— 21 Ay BRE N
RRR T OBEENEZOND . RBT Ay NREOWEIL
Fe, Ni, Co e EDE&BILHLFTLWENLL, ThbD
FTOEME, WEFOLODOMEEERELEZ D En
LAFR TR, )7, BRI T OBEAE, fRiTAEEO
RIS B2, FERLT- O3 L oo, #4
T2 TR ORED = 72 G IRF C& 5. S 61T, fid
M%ILER D OBHIRETE TN L. Lo S
O, AR CIIRE I 7y (G LEEE 7577
A MO G E=EFIRED VT 7 =) IZEH L.

L8777 = TRFESNBIR O sp? IRAIGE & p WLEIC
X2 n B FOPEEMIER LT, Ay BDKEL (FT77
7 A M T Ay =2.0X10° emu/g) 2, c@ilfmIc Ly
KERNEACR R T D BB TS E 72,
TTT7 2 VIR 2IRTEIE TH BT, TR L2
TT7 2 F— MROKITIREL 72D 2T T 7 =
D ¢ BHAEITIA) A [T S O IR SEIIHEC > v —
IVDINTR EIE, R Y BB 72 B R TRV U
FEDORGKIAIEE T B RS ZHLA (e BhASREGHIINT A%t L
TwEEFAEML) T5. Tbb, clilifmichiki L
T B-SisN AR - D L 912, TIRBE G MR & ki1
DEREIEES T 7 20D c izkETENE, 277
T 2D Ay BAETE, BB TOLRDICRAT S L E
26D, XHIZ, FERATORIEY 7' AT LR E
TE L7, BEMEERLDRVETHLAENTHS.

V= MNRDOEIE ST T = BT EO I CET DT
WU, BER AL O TR BB AW 2 BN 5 ki 7
AN EE E 2 B D 263D, LRI & D ki1
A, e oF  EER T ORBLCAEHTH D 2 & NH
BEAXNTWA. 2BY T 7 = o5t LTI, JEEEA W
FIINIC & 580 & B-SisNg ALK+ i ~D 5 Dl
NIRRT S,

AWFIETIE, B-SisNa FIRBL 2 L CEIB 7 T 7= v
BRI 2T\, T EFBRLT- & L C c Bl M) SisNg &5
Iy AT A L EEME L.

2.5 WMBE B—S i s N AREFER

B-SisN4 FERI 113 a-SisNa, Y203, MgO ZJFEHI A RkL, 1
— VLTI TR 72, F72, 28/ 9720 LU T, T
W7 Z 7 =7 /30 2 — (EM Japan 8 G-13L) % H]
W2, ZNHOEEEK 1R T. B-SisNe FERL 713K
Wit 28777 = i3y — MRELT T, W bR
THENRENT N0 5. 2 S OFE 2 Mk

[EHNBERE LS Iy S 28%] 7OV



1 (@&RLz B-SisNEHIF & ) MERDEBI 57 <

v DREE.

&

il m

2 BHHNBZETORLSEEI ST T HE B-SiN FEH
FOREE.

= m

! = o1m Y . 0.1}
R3 BEIUSTzUHE B-SiN FBHF O (2) ZREFH
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BISICHOWTIRRD, &5, L0 &ERERETGT 5
720 3D HEEZ R FEOBZL L LT, AW X
H AT Y —Hokr TEAHRE O L, — T T ORI
R DZERRTERED ZALIZ OV TR 5,

2. SS—OCT(ENHEE

AMFFECHUZ SS-OCT #& (IVS-2000WR, santec ££
NS OFERARE R IR Elly o s fidterk
HIRO LR & ERDIE, SO LV RE I
5. RO REREIT RO LG E & Lo Ko fE SR
BEEBI OB OIEESND. £ LITRT L DI, AiFFET
FAVZ SS-OCT #EE 1X, Wb um A — & — D &0 fifhe
Thsd. Fio, HROMDIEREE S 20 kHz & FETHD
728, WEESED Y 74 A L 2D BECEME 3D BN

&1 SS-0CT HEDE LK

Center wavelength / nm 1300
Sweep width / nm 170
A-scan rate / kHz 20

Axial resolution (n=1) / um 4.4

Lateral resolution / um 9

Scanning range / mm 20%20

[EHNBERE LS Iy S 28%] 7OV



— 2..

T BRA—ARMFEEAFE LTHRMLUTER L AL BEEAR TRES W RS AR (A-scan F1) ICERKEE L DESE

& 0CT RE1R (£) L ERLEZO 0CT 8 () DLE. BEDEL\E

Depth (A-scan) dlrecnon

BEBHEENKEVRANFET S LETRT S,

"‘1 c D
j

B2 REIARIERT 2BAOBEEEO—F. & K3 R—0OBEEE A—OX7—)LTHELEZWRSHFRICERELE
DIDEEDESEMNBRICENS(CDON, REIZE EGRLERO OCT B & B)BBE— FOERIMIBEMER, ©) BEREM

EOEWEEAHET 5. 718,
HRETCTH D).

HHEE
1 PSP OB R G & mER R
B 112, Btk — R k2 LAl & LR L CERY
L 7= ALOs BEFEIR CBIZ SN TR & 5 1E (A-scan J51A)) 12
B EZ S OESA2E&Te OCT Kl () & mifgarg
D OCT# (F) %77, FikOEY, OCT g2 TiIatkt
WCNTET D JEHTZRDS 72 5 Ll COIHE T 5. JR
{5 OB O ORI G B IR N E DN L A ERR L,
JEITRAENRKE WVRESFEL TS I EE2RET D, 2
RICER T D &, < ONET 2 AR LB s
ERHTE CND I ENEEMICEfiECE 5. )7, OCT

3. ER#ER
3.1
3. 1.

JRE{R TR, O OCT R & D EAREIZ R % 5.

:i’bi ALy J LIS H — ‘/é:ﬁiﬂéﬁ%i‘l’:ﬁi@?%

WL DR A X THY, BIEMRIC IZBNA. 7272 L
W%%L%ﬁ@%u&%bthﬁfi@“k@jﬁ@ﬁ%
<, EGENSERED 72y (=S ME T H AT
BHENRBE— VNI B) EVIFHER S B, LT TC,
Image J FOWGIILY 7 N T = TIZJH 0 Ay J)usR K
— B RIBICKRT 2 Z LIEFRETH D, EEBLETE O
OCT %, JFEGIZxE L COEAEOBE 2> 7 2 b
HeHAT o2 b D Th D03, (5 5 OB RIEIZ M) F LT
WD ZENGDD. X 21, WRAE% D OCT D 5 b,
TR E IS R AL & R O B & JERFR
RLEHTH D, HOEBICAEAET D O @ VR S
DEAR) PR ENEE L2 DITONTERIRITIAN S & &

[EFNEEREtSIv IS 70o1 ok

(D)X #% CT 1&.

HIZ, O PN AR ORI HEL L TV < ERT-235
R, BREOARWEEEIE, DN A E R IE N FAE L
RNZ EERET D, ALOs BERS T CREE S D e
(AN S A 1 e e O YA S VAR SVIRVAC I (YA T B YA SR}
DRTERARCZHE VST RIBETH DN, K2 D X5 7%2E
REZAL DAL, KT L 28R B 72 DRV &0 5 R
& RN 2R < EBBT B B T2 2R ER A b o K RIC AN
HEZEZLND. EIT, RBOFEEZHLINITH720
12, BEWCEEAITAO IS RENT. L 72 5 C b 2 T AR MRIAIMEE 1%
WE— K, HEEREMSE, XM CT ZHWC, R—ofEk
BB LT, ZOMBE X 31T, RSN S T
BT 2 D OFRS AR L T D72, FEE DR
BT WL T 5 BN R E S CTh 5. B
TARBE I, BUBH L3 O WS U 7 B35 o SO & F
LCW572, JEH & 3 B 7p 2 RY G & 2 Al g
. Xk CT BT X ARRIHR 2% AT LT 270, BHED
TRWBES IR 95 & 0 B FEIE L7\ 2 & &R
29 LR 5B G oMK E -2 LR, OCT BT
WG e b R LT2E R (K3 1, VRATY—7)
X, W B ERRKRE (KAL) O E TORS & NETo
BBIZERINT D Z ERALNE Tz,

4 1L, FEERM IR & 72 0 15 80N KB a2 N TR
BN L7z ALOs Bkt (R CRBLZE S iz (A) BRIR K & (B)
R KBHD OCT 4 &, <t d 5 [E Wik o X # CT % T
HD. K1—-31F, AFFHRNLBE L OCTERTHDHD
W2 LG, X4 1T AR AN TRE R J7 1\ (C-scan J7lR]) 7>
LR OCTHTHS. M4 (A) ITRT LI, dktok
5 0.74mm, BEEk7~ 5 0.67 mm BEAL/ZALEIC T2) @



— 0.1 mm

|
&
<
S5
o

1
0.67mm  ‘'-==!

1.15 mm

0.51 mm

4 Al BEREIRICRTET S (A) BRIARBR & B) EHRRKED
OCT g & LR R —HED X #% CT .

Small Large

0.1 20 10 60 80 200 pm

B 5 3D ARk L7z AlLOy ERERICNTE S S BRIRRBREE.

TROGEF N R BT, AT (C-scan W\ ~OiHfE
PEZRERLT=& 24, K1 ITEEL L EZE (Z 085
WFERR TR < T2 oFR) MRSz, ZhlcxL
T, X B CT Ik 28805134 < 7 UZERINLEICER
RBEFAET B 2 & AEaE S 7z, ERIRO A CIE S
DOBREENZAANAE T D, J bbb, A e R e Ok
AN 180°12r3<NEE T r—T Tl > T B iR
FEVHR T3 5720, A7 & el <ix (2] oF
ML TRHPSNZESZOND. ), X4 (B) T,
PEFOFEE 2D 115 mm, HE2> 5 0.51 mm B 7207 Ei
BURDIE SRR ST, 2 CTH—WriiE D X ## CT 4%kt
B L7 R, mRRMEMFAET 2 2 L3RR STz, R
FTAREY, ERAICEHME LAk SS-OCT i L A1
F2IEREBIZRIC L D BT, 1 mm &8 2 2 N O K
LRHTE TV ETH Y, NEEEOHELIREIZ L > T
%, 2370 OEEBENHIFCE LB bNDS.

X 50%, BRI ST ALOs HEREAD OCT JEEIC
RTUTC, s C B ERE L L7 R AL T e R A

501 MPa 300 MPa

476 MPa_

6 OCTERZ TR SN AL EHERFDSIREMIZNET
BDRKRRME & T RIRE.

— 0.1 mm

7 SEFHEEZTLLBARMO OCT K &=l T3
BRI DM E D SEM B0 HLER.

AL HICTH#EE L 3D £ THS. 3D BT OiERD
B, BT —/"—0@ Y FAEROERDER TRl L7z K E
SERIEL TS, K4 TRLTEEDIC, ATIZEAL
TERIR KBTI 2 K72 T2 oFROEFESELH S
Aoy ZIVE LRV SR Thix 7 K& S ORE AR
EREE A2 Z BRI TE L. ZRDIIRER TILLS 54 LT
FAEL TN D Z 0D, JFREHR RO REJEM RS 7 v
AT LTAE U TERI L TO RS ERR S S )
WZHKTHEFEELLND.

3. 1. 2 FEERE~OREH

X 5 FTOREND, OCT B LDIEEDIEHE L EFED
REEREEOERE BRI & mkXRiE) & OB
ool 2T, REREZIEMER A~ & BT
AL PR TEIR & 72 0 5 DR R A N THICE A L
7o ALOs iR ZAER L, ff SRR KHIS 9~ 2 i 5]
SR A SS-OCT CIHEMEEILE L, MK KIMBIER T 5 &
EZONAESEIE L. &6, FR6D~HE LR,

[EHHBERLE LS Iy /RAM] 7OV b



i s e e o o S

,.,i&mvw* re i i e s o s S

T RS RN e

808

8 KRRTZY—DERICHD ARIFIRNE & T HERBE
(BEMAEHE 30 vol%h, ZERALF : A0, 2BUE: K, 28
Bl RY AR UBEREERS T TR,

— 0.1 mm
9 KENREL-RICESARICERLE-EREZNEYT
BERER S ) —DREIAFEDIEKE

SCF £ TR D I EERIME D & 3880 O B AR3i g 2 7 L
7o, ZOFRERERK 6 1T, Tl ST AR T O i flf
JEIZ 300MPa 7= > 7=, & ZC, ARBRA A& = mth iR BRI
BEL7=& Z A, 299 MPa DT IREE 23 S 3, OCT Bl&2ic

BT LT RARSREE & FEHIC L < —B L. M 713,

BAS TR E 2 R L7 LR K MG OCT & = 5dhiF ikl
% O O EEAE IS (SEM) oK THS. X
7 XV, OCT 14 Gl X iz Kl & AlsakBn ek o Bk i o
T T GRS S TR O ~1E L AL E N IER I L <G
LTWAZ ERnbnns. UEORENS, OCT #lEnt
Ty 7 AOIMERERE LTEHNTH L Z &M
Bk lporz.

3. 2 BEIMEE

3. 2. 1 RFY—dhOREHW/ELTILIERE
WHARD I E AR ORLT- B LTz AT U —1, 4
TEARD A 550, BB &\ o T AMG = 1 L — & FIH
L 7R TR E OHIE 72 &, 87 X v 7 2ET R
OFREM EIZR 72 Bk 7 r et ADETH L. A
7V — Ok ARG LR O AR 10 < RO
INDI, THEBEEOICIHICEX L, HBESL AR
O — R 7R & A BN S AT E A S R BRI HIAE
SNTELAT U —HORI- D53k - BEE % e HIH3
LZLWHREL D, FIT, FTRALRLAT Y —D

[EFNEEREtSIv IS 70o1 ok

BB D PR SR FRIC OV T, OCT g4 ik /-,
K 8IX, 254 FHF A LT FLIZAKRZRAT ) —Diz
RO NS SRR 2 BOBIE LI IR Th 5. Wi
I, IRE MR KO IR D S o3 ISR LI R
TAY—%FRE L, BREZT L CITo7n. BUEEILEN &
ATA KRBT AOREIIK L CRERBE CH D, £,
HLREBALA S 80 s FCOMIMTIX, IRED & & BRI T
RTFL, RN CHiETE > 72k OFRmEEHE b L. R%E
BRCIEAT U —OFEBEE(ERE L TR0, 0%k
ATV —FNL NI TH D KRBERRICE VRESR
FZLICERLTEY, [HRGEICHEY T 5 LB 265,
F70, 80s R ClEFRm A gL <@g shi. 2,
TR E DS AL L 2 & T, RERFHERPKRE L 2otz
O THD. SOICHEENEITT D L, 965 FE CRIEAR
DO NFERIHE S ASELI, I RIERIRE OB S0 5L U7 20
(ZHFOHER DS 3 DR T MBUER STz, 2 O K 1 JE
WOPERKZK 9IZART. ZTRETORBPETRLTERLL
212, OCT B CIXKHMNLEE = 288803 L v (5 55hE
W<, BN 2 5 9ANEE 9 A B E SR AMK
<72V, W IIAE BRI O K & G OB O K L A%t
TS B9 TRT & DI, VRIS B DS S RImICE
HET, BEOROVEIROGESNBE SN, ZhiT,
ALOs AT U — OHZERR DR IAIN & NHE £ Tl Lo 4
THY, MO EETHER T2, UL EORE R D, OCT
IR ERHOBEMBABETE LI LN LMNE RS
7. ek, EZUESROBE N RHCE ORI OV T, JE
P ERITRNLE R D RABET DI, 7V T OREEE
o, kAl (EEEY) MR LT-fERCH D, RFEBRTO
SR EICRE G LIz &R SN D.

3. 2. 2 [RIEROEHBEADGNMEELLENBEE
ik

ifE 7" a & 2%, 7 m AT E S MR TR R Y
TWIN U= B % B ChrE L, Bt Z2ET 5 55
IRRA- DO IAED Z TR RS T2 OME TR THH. L
L, BRI EC LIRS, Rl LA L
RIZxE LT wt% & AR IZE A D 720 2 &g, R
FIRRNEREZELITE Z HRNEA ) EEZ bR TE .
L2L, EV DT =TIV Ry AT 4 T D IS
\Z, ZEDOEMMN &G TRIARSe, B CA T T AN
FAMZHEH S S WRBLD BB 72 & TixElh i
52 R SN T b 00, (IR Z > TV D
DHE NS BRO EREOFRR £ CIIRMRAI MR 4T
WIRho Tz, & ZCAMIETIL, SS-OCTHEEE T AT 1
—H[REZR/ N SRUR, EEAD Y T X A LAED D
DEARIE, HAGH DT8O FT-IR Z A HE 1= HHR
FEA S AT B A& B L, AR O iR o NS S 28 koD
FRT v NI AR

X 10 1%, PVB /A U & —% 10 wt% & TR OBl
OB & N E 2 LR & 4T o REIZE L, X
11 SR T X 9 ICEEZ LRI 72 RS C oW Th
5. (A) ITHEHEL R DERTOOCTHTHS. 200°C %



[—vB—scan
A - - -

0s 26.2°C 0.0% 100s 207.8°C -0.2%

e S S

s

140s 274.5°C -1.1%

150s 291.2°C -3.4%

R S

290s 524.5°C -14 %

10 PVBAA U E—BTCEMBADBRERONBELLEN
BEEEILDF RSy FHRE.

330s 591.2°C -15.1%

A B CD E F
0
2 4 :
— )
3 0T
L
B2t
ey
-16 L L
0 200 400 600
Temperature / °C

11 OCT BRE L REFRIE L -BlEh DR AN EEL L.

B-scan — 0.5 mm

A-scan

Room temperature

1600°C"'5 min

12 BHEREARL D AL MR ERERE (RATOREER
EIZEEA 1300 °C, FTEA 1600 "C) L7I=piisAD Bk
DHAREILERTBERLDF RS U FERE.

Hz7- (B) OREETHE, IMECHEREEO BB R B
NH OO, IO EEIE L <SRBT 2 M RO
EAERNAE U, Z O, ZeoemEED 23 G E > T
Tl emb, AMORRE T 1 Yy ARl L, IR
HNEFREIL TV LB 2 BD. EHIT270 °C 2L
72 (C) ORpRTI, AMAREERD & & IR
FEAIIRIZHE & 28k, TR 36 (D) 290°C A

TIRREIFICERPEC L7 L, BN EZ 72,

Z DX D IR RIS B T DR, ERAMROBEO U T
VA A MBI, RV TH D, SOITRENESAL, (B)
520°C # x5 &, BIGIRNEOE SRS SR N L
TEAL LA, (F) 590°C M2 5 & NEEOAE S50 AN
V@< potz. T, AEMORAIC X DR O%
&, HEE RIS X0 BN ETT U, I O M
Licleh Bz bivh. BERAIE, 600°C #BA THRT
L7z, 728, dEMNTEIEI A0, AEEPICECT-T 21T
FT-IR CRFSHT L TRV, EERNIHIR Ly 5 B
BIZ PVB OERGIENET L T ZE BB NIC L

DED XSz, BREfEE AT REEL AL E, A

M DB FRZEB D RSB 552 1 F C, FEW (A s 2L
DR 5> TND ZENEFRICH LS. 25 L
AL, ZHE TARERAZ 2o R RRE TofbEx
T —Z AR R RER—Z2 D b0 L HiFFT
x5,

3. 2. 3 BMEBPOEEAEONEELLAETEE
it

Bk 7 me A, BT I v IV A=HEEH LI A A=Y
NoD L IICHEMN e TEIRTHD. PERBR A2 MIA+
L7201, ZivE CEHETE TS (TEM) & Hv7-7
J A — VORI OREERE OBEILE 90, miRBRBTER
T HIEE& VTR R & RALBRE D2 D5#l42 9
7R EPTOITE ), SR RE AT LI
0 Ay — VOB RDOERERITIT T v /Ry 7 ADEF
Thb. TOERO—DL, Rk F TOBELECHES O
B L, mEUC X DG SRER A RET D0y, &
W) B2 B BECH o 72, AHFFETIE, SS-OCT EEE &
BERF 2 M A o TRl S AT L& BISE L, KRix 22l
oA D IR D BEfE B OIMEZAL & NS L O #]
BUR T DD B2 5T, SMETHEDZALD B ks EE 721X
MERRE S FRFZATRECH D Z L # R L CT& 7. AT
I, ZOHRTH &0 DT EBREOZE LN R S F o
WTIRR 5.

X 12 1%, BEREEENER D ALOs i RZfEE (HIRT
OBEFEIREE L 2 1300°C, FED 1600 °C) L7z kg ik
DBERE R OINEEAL & WS LA 4T Mg L
BRIZEAL DI R E Do TR ISR Dl Ch 5. H-iER
FE1X 100 “C/min & L7-. SIB CTOWE SR KAEL T5 &,
F91300°C B2 THMERMIRICKE S EFRLIZ. Zh
13 EE ORI B O IcERT 2 B2 6D, S
511600 “CIZBIFET 5 &, IR 5 & RRFIC Y
DRERSTZ. S HIZ Smin fREFT 5 &, KOIXITFILED IZ
Rolo. Ziu, TEOEREERSEOBELIE Z 727
HEBZHND. M 12 OFERTRET &1L, BB
bbb, REREFEMDIRL T, ETH
T2 2 &b AP EEL LIZRTH D, £z, OCT
BlEC RGN  BEAS NG I C AL IR 9~ 2 B 22 8) 0 2 O 5]
BT E 2 Z &L, BEWE O BRSNS AR K 72 EEM B
RO BE & o TR T X v 7 AR B SRR L
L EEEMEICE T 2 ERN M B E 2X 5 L CHEE
RAANEOND LD LW TE S,

3. 3 EMHEL 3 DEHRIICEK D 4 R
3. 3. 1 HAMBEMIZKERZ ) —HDRF
REBEDEL

321 TRRZEHIE, ATV =3I I v s AEESE
F 2 HEELRBEHEIERO —>Th 5. fEk, Bk
MEEREE (LA A—F—) THOLNAAT Y —DLFn
U —RME &R Doy - R IRB IR I BR T D L B R
SNTEEN, AW T CoRHESEEOFEEITT
v IRy I Aol ZD, U VAR o—FRiEo =

[EHNBERE LS Iy S 28%] 7OV



Cone-plate of theometer

A-scan

4
o
¥

C-scan

— 50 pm

—
(=1
(=1
(=]

100 ¢ ."\

o8 St T ——

—
=

Shear viscosity / mPa-s

—

1 10 100 1000
Shear rate / s

13 BAMBTICE TSRS ) —HDHFEREEERE
DEILBIE EREFAE Lz LA DD —HE.

100 ~
90 .- : ;"': l .
80 .
'°§ 70 H| 1=x<10um
>
< 60 O] 10 =x <100 pm
2 105 = x > 106 um3
g 50 = 3 L
E 40 O 105 = x > 107 um?
Z 30
I~
20
10
0

0 10 20 30 40
Shear rate / s!

14 CAMERED LRICHI KEGHTFREABEDHR
DHFDEEFRIE.

T U —THRBARIRIRZEN A U, &l Td 2 Bk
ORBECEIEMEME T 272 CORBENAE LTV 22
TAMFIETIL, SS-OCT DORFZERE 72 = A fFRE A 157> L7z
ATV —OWNEREEE L L VA v O— o RIRHIE IS
X DART v RBIE L, #EOY AWHEE TO 3D G

[EFNEEREtSIv IS 70o1 ok

MOBHZ L D 4 RotHliZ1T 5 2 & T, AW NIk
DR TR AREE LR IR O R ORI &2 3 7. SIS
AT AlX, SS-OCT % L LA A —4— GRUEIE DK E
LT L— FTES) ARG L TTREI .

B 131, TAMSG NI LA n o —Fkni7e 2
25— ORI THEAHE OB ABINELZ L, A
Wik e N R & < Hh7p A AMNERE TO OCT et L L
TaRL. BIEMAATZ V=1L, KFROD 10 vol%® ALOs A
FV—THV, pHIEEIC LY LA a O—ReE 26l L7,
L7 o T, A7 U —HHOHELFIIK &R0 Fl i & kit
KFAIZIET DRITF L KO RENREZbND. 7=, H
BALPRIZ K 0 KL & IRIR D FL i C O R HE R T 2 B
DOEVMESZH L2, OCT B0 FTHICH 25 Ak,
LAA—HZ—DAGRT L — AT U —DRETHY, =
NEVHLENRATY —ETH D, HAWHEE DO EF T3 L
THAMRENRE D bR 2 — =7 VEEZ R Lz
HFETHASTZAT Y =BT, HAMNEE D FSIzx L
THER OSSR E SONHIZHEE R ELITR b2 -
7o — 07, BAMREEN BN S22 CTHAWREE MK T
T =a— =T VEHER LA THSTATY
—IZBWTIE, HABEED LR & &b I A DR
SUZEAER A STz, Bl CTld 2 02 b & 0 B (B
T&7z. 9 L7 OCT BoZER T, W AWk ERIC
LD RIFEAENBIL L CND L 2RSS, 22T
I A WNE EE I C 3D BlE2 A 1TV, il L7 BiR % 3D
LU TR EARBSEZ Lo BGHE 21T 7. T O R%
X 14 \RT. REROREORE SR AR OO
BCERIL, &5 10pm ZEICEasF LCFERRLE. K
14 75, 3D af{kIZ k- C, 10 um LA EOERFR SR kL
TGRS () PEAWSGEZEINT 22— L— |
7> & AW EE O b FHE > TEPERITI D k7 2 W]
OWCTDHIENTE. 2, E AN T A TRLEERL
THELSWHEE ORI EOEN G b, W AMNEE O EFIZ
PEo TR E R T HE ARSI SN D BT 03 IS
RENT. Uk XS, OCT #iga iz Li-A7
— D 4 WICFHINEIARF R FRA ORATH DD, < D
RN OBIR 7 0 AR ECHEAERONTE 25
RErnw—&%2RLE FO—FT, a—r7FL—htHn
BT L— PO RIRIITAE U DB AW BE D55 4 D5
B Z TR FEAHEER L, BEfFDO A T Y —FF
PEOBRF & I — 1 & P U A BRI L3S STz
ZEEREAERTHY, B T 0t AORELDOK
=T b0 M TES.

3. 2. 5 —EMETOENMEEBLOEMAELE
DELD 3 DEHE
—HMERIEIL, ©T 2 v 7 A5 OHRR 5T, AL
IR & W o T BEAIL L O BLEIZ K0 i B T
EFEMDBWERORIE T2 2 Th 5. JFEE LT, &
IO I LR A VD 2 B3R TH 5.
WL, — R DR DL, S —RWAIE Vo
TR E 2 R A T D AR & 2 AT U —{b LT



B 15 ZRBENETHRE LREBIZAVHER AL FEHN®
MEREIE.

e

Acryl mold

16 SS-0CT HE & M MARBEME LI=FHE S X T 4.

A B

A-scan

B-scan

- Press direction

B17 —HMETOENN 5EHHHARBHO 20 rE(ZE
SEMMEOERIT L.

BAL, fix oFETER U CERY 50, ZofldEit
WIS U RIS IR E < B2 b, E7e, —HiinE &
2 BRSSO, BMEEH T2 2 LI2L 50
KRR DISFI AR L CREE R R EE AT D
ZEEESHMBNTND T ERMERIE TR Z 2 Blg 03

REFRFA D72 3012, JRIBITE ) & IR FE O BIR O FEERITIfR
NC K 2T NV OZ Y MEORRGE O, —EFRLO AR
(2 & 2 BER YRR & R EOFIBEMARA 10, B
% (Discrete Element Method: DEM) °f [R2E3E75  (Finite
Element Method: FEM) (2L 532 alb—varilor
Ta—F RN CE i Y, TETIE, DEM Akl
LAY R 2 L — g BV, R EMERBR R 8T
HERIRFEZ IO L, SO OEBRFERICT 4 v T 4 >
T LT T A=W TEMEEESE TR 5 & &b,
Xt CT TRBME ENT=FF VERRD RS & ik L
TETNOZLEWERBFELZHELHD . UL, B
B T ORI th ook 7 SRR AR A EEEICBER L o
IR0, 2 CARRIZE T, Sl T ORERID B 72 D8y
KB 2D Wi 2 BRI BIZE L, S HICHRry72 3D
DS & GBI X > THIR AR 22 2 fhit L, IEIC
PE S 22 Re D 2B o 3D WL & E BRI AT 9 2
LR AME LT, BHliS A7 A0% SS-OCT HE{# & b Elak 5k
WAAA LTSRS,

B 15 1%, 12k ik Tl U7 JUEHS AV 72 TR AlLO3
WERL D NEREIE CTh 5. IRIREIIEIE, ALOs & BT,
TR (BENEYa—RAZ V) 2ERSEDH 2L TH
KINOEELZ KR L, Btz i LS5 2 LT, Nk
WAL T2 TFETH D, LEN-T, W< LA % ik
1L ALOs Kit- & JEITRENKE S BAZ RN TFET S
TEEEMT S K15 LY, TERRIE20—80 um T, fH
KD UL pm B D~ VAR DTES (hrekErE) A
THZ R ghote. £, TRIPIC G AR, DV
ROBSRPIEET D 03, R ZHERL T 5 O— b 748
1301 pm THDHZ Lnh, FERINZERITY 77 1L
TEEZBEND. LIER->T, OCT B ClIEki %)
IS LT R 7 v v R — L ORER R 22 B Re, JERIPN O 2k
RN L EmaEgsns B2 605, X 16 134
Ny RBIET OIS AT AOABITH D . RSO E
W 54 BRI, 727 U VISR ORI 241 L7-.
7'r— 7 OACEN, Y EE OO BE R & e D &
IREET, BMOMEIZHRE LZ. LR -T, REHN
(A-scan J5 1)) (3OS WINT, B-scan J5alIINETT I
YT 5.

X 17 (A) 1% 0.5s HkFED OCT Bli#, (B) (5%
THAOR TR - - fE NI 3 T, B BIREE N TR
EFET DT 7 VBRI OBENEL & R <, A
FOZEBITKIRT D & & 2 5D fEk A EEALER CThh
L, b, ARMESEEESRTHD. 20 1 DEO
FIME 31X 02MPa TH 5. £72, (B) (TR L7z AV
I, 77 U VBRI & ARE S 72T R E T H Y
17— ORI E N E A CEITCA T T 5 ZE A~
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