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[1] N. Kitamura, N. Kitamura, et. al, “Different viscoelastic behavior between alkali and alkaline earth aluminophosphate glasses”, J.
Non-Cryst. Solids, in press.

[2] N. Kitamura, “Compression creep and dynamic viscoelastic studies of binary sodium and lithium silicate glasses around
deformation temperature”, J. Ceram. Soc. Jpn. 125 (2017) 721-727.
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Fig. 1 Relaxation shear moduli of (a) 60NaPOs-40Al(POs)s glass and (b) 33Na20-40B203-27SiO2 glass as representatives.

Table 1 Activation energies (100-x)RPO;-xAl(PO3), glasses estimated

from Dynamic and quasi static (Creep) measurements.

Table 2 Activation energies 33Na,0-zB,0,-(67-2)SiO, glasses estimated
from Dynamic and quasi static (Creep) measurements.

R, X AH, AH, AH,, AH AHyy 2 AH, AH, AH,, AH,, AHqeep
Na, 20 159 233 38 430 595 0 174 235 110 519 441
Na, 40 169 311 18 498 618 10 149 278 150 577 584
Na, 60 177 317 35 512 698 20 151 312 107 570 613

K ,20 139 221 11 371 543 30 148 324 107 579 681

K , 40 160 290 27 477 589 40 126 348 264 738 723

K , 60 176 359 32 567 682 50 172 348 198 718 737
Rb, 20 83 227 39 304 489

Rb, 40 102 253 29 384 550

Rb, 60 126 363 55 544 599
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Improvement in fracture toughness of soda-lime silicate glass via

incorporation of silver nanoparticles
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2 Japan Science and Technology Agency (JST), Saitama, JAPAN

*Corresponding Author: k-shinozaki@aist.go

Soda-lime silicate glass is one of the most widely used glass materials because of its high strength and hardness as well as
excellent optical properties. Nevertheless, the low fracture toughness limits the large-scale applications of soda-lime silicate glass.
Ductile metal microparticles can be used to toughen glasses through plastic deformation, crack bridging, and crack deflection [1,2].

Silver nanoparticles (AgNPs) were introduced into soda-lime silicate glass powder via Ag—Na ion-exchange and subsequent
annealing in H2. The AgNPs doped soda-lime silicate glass powders were consolidated by spark plasma sintering (SPS). It can be
seen from Fig. 1 that AgNPs were homogeneously distributed on the surface. Since the diffusion of Ag+ is quicker than that of H2

permeation, AgNPs were precipitated on the surface while annealing in Hz for relatively short time.

Fig. 1 Typical morphology of soda-lime silicate glass powder annealed at 400 °C for 1 h.

The optical image of ion-exchanged soda-lime silicate glass powder annealed at 400 °C for 1 h followed by SPS is shown in Fig.
2. A fully densified microstructure was obtained. In particular, a lot of powder boundaries intersected with each other at an angel of
~120°, indicating a balance of grain-boundary energy. AgNPs were homogeneously distributed along the boundaries of glass powder.
The incorporation of AgNPs led to enhancement of fracture toughness, which is attributed to the plastic deformation and crack
bridging of the ductile AgNPs. Moreover, the “interface-like” microstructure is also beneficial to the enhancement of fracture

toughness.

Keywords: Soda-lime silicate glass; Silver nanoparticles; Spark plasma sintering; Microstructure; Fracture toughness
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Fig. 2 Optical image of soda-lime silicate glass powder annealed at 400 °C for 1 h followed by SPS at 570 °C for 10 min.
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This talk presents our recent achievements on structural studies of supercooled liquids and
metallic glasses. In a series of works the author and colleagues studied the internal and
surface structure of metallic glasses by synchrotron-radiation diffractometry, scanning probe
and high-resolution transmission electron microscopy. Structural changes in a Zr-Cu-Ni-Al
glass-forming liquid alloy on cooling and vitrification were studied by synchrotron radiation
X-ray diffraction using a containerless levitation technique. Subsequent analysis of the atomic
and electronic structure of the alloy in liquid and glassy states revealed formation of
medium-range order on cooling towards vitrification and its relationship with liquid fragility
[1]. The structural changes in this alloy are smaller in comparison with a more fragile
Pd-Ni-Cu-P one. The atomic clusters [2] and even atomic structure [3] were also observed by
scanning tunneling microscopy. These clusters likely form hard and soft zones responsible for
the changes in properties observed on cryogenic cycling treatment of metallic glasses [4].
The atomic structure, oxidations states and electrical conductivity of the native surface oxides
formed at ambient conditions on a Cu-Zr-Al metallic glass [5] was also studied by
high-resolution transmission electron microscopy, aberration-corrected scanning transmission
electron microscopy and X-ray photoelectron spectroscopy.
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g L7z (Fig. 1) o S HIC T Ok TlX, £H5H D BisNbsOws HH & BisSisOr fHANEEEE L 728K (Fig. 1d, W
) & LioBsOr M D 70 8L (BIER) MBIz, ZORY— S, T ORBHHICBWNWT, &
& O EbAH O JEHPEIZAFAET 5 Lio0-B0s % H 7 AFAMN Ty THEML LT L HER S LD,

F—U— R OB, fEaer T R, ~T agEs
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BEEBROFER, Fig. 1 TRENZ 4 FEEORR(LAT 7 2225, Rhodamine B O3 S S SHERR S iz, FF
(2, T BL O Ty OFREHI B W TR & 720, BisNbsOus #H & BisSiaOrp FH 23 AT HIZS S OVERSEE 1E
WL DA~T rEAOERP IR I (Fig.2 A 2y b)) o MZAT, Bi-p#uE [BICREET 2 KA~ b
v (BEEYE @ 312 nm) ZHIE L7-fER, fEbiEEo R & & IR EIXED L, ZoZ &id~T uE
BRIV E LRI —NVOBEEENHIESINTZ b0 LHZEINS (Fig.2) , S OICAFIETIE, KFAD
NV —RELFIH L, SETENEICH 5T 20 FHE (OH 0, 0. 7 VN, A—n) LRIGESED
Z T, BoNTEERET T AT MR D A T = X LB X ONT n A OFREEZ A L 72D T,
FNHICHONWTHEET 5,

Fig. 1.

—
=
Ex:312nm ° igiatg-__o
® Xe spetral line 9 0\ o
pl \ "
T, o 9, \
i, 3 \
- [* ]
T, g 9

100 200 300
Time (min.)

PL intensity (arb. units)
3

460 51.10 6(-)0
Wavelength (nm)

Fig. 2. Photoluminescent spectra in the studied
samples obtained at the different temperatures. The

TEM images of the heat-treated samples,

which crystallize (a) BisNbO; (Tp1=495°C), (b)

BisNbsO1s (Tp2=570°C), (c) BisND3Oss+BisSisO1
(Tp3=627°C), and (d) BisNb3015+BisSiz012+Li2B4O7
(Tp=670°C, bright region: Li,B4O7, dark region:
Bi5Nb3015+Bi4Si3012).

inset indicates the photocatalytic activity: Degradation
test of rhodamine B solution as a function of the
UV-lamp irradiation time. The values of C/Co indicate
the ratio of rhodamine-B concentration to the initial

(1]
(2]
(3]
(4]
(5]
(6]

concentration.

B N
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TINTA NI T ABEEOIF L SR RS

— 1T AR O EIEEEAC B G 2R Uz B SO /R &
FTT A HNVHINV A AT MR AERES —

O, WA, EEA, R TFHL, REEE
FR LHERT

IXUDIZ TATA NI T AL, BIEPERIERITEN R, FIHEN S PR E THEREBBIEN, 74/ =
AT =R, FBELFROBROCT RGN ESFRNEBEN TR EE A LTS, 7T A R
F A% AW T DGR ESOOCER BRI T T, SR L—Y—HERES ARy Y U 7SR T A
BEDNTERR ST\ D, BEPCHEBELTERT 256, 7V 74 hORITEE RN OIEEENT S92 02
DEBARLTAMDONEN VI 72> TN D, Bill, A FESE um OAF 7 2D AL (EHERE) Z2ERL, =
IR CEBUCIR LAHT 2 721 CE#E824 (Optical contact) TE 5 Z & A BT L TE7[1,2], ZDHETIE,
B L DRIROMEBIC L DN TICERBR BN T VT A b H T AEEZ TR TE D, AR T,
7T A REEDVERSE I JOEMR & DES RIS OV TR L2 RICHOWTHEERT 5,

HI AT a— A o TEIC L BH T A BEBEO VR
10B205—13.5Nb205-76.5TeO2 T % (mol%, T 372°C, nmene : 2.13) Zi@E OWEALEIC L0 /ER L 7=,
ZDHTAB Y IHTANA T ORI ESE, 7 —A L ZICE 0 I — RIS EE D2 ETH
T ABENEE ST, T —A UV TIREB IO AREEX RN T AN —ZK L, 60D 07 A
HBTHENROD R Wi A AR R - BAMMBEIC L 0 E LT,

Fig.1 1X. 7 A — 0 ORI 250 7 ABHEEOE S OMELE 72 v N Th D, (EREHFIZE-T
W T AERDIEX1E 0.3 235 260 um £ TE{E LTz, WTHNOIRETH A AEANSA FZANSb— 2 D B
BLOASNL— DI CTREENEL e ole, THUXENENT 7 AFKROIFEIL & BN L DR DOETIZ &
LHDTHDHEBERZDBIND, 413°C BLV463°C TR L= T A/ b— 0 Tik, HAEPHZ D (b—r
DEZENRKEL12D) 1 FEENELS 2o72, LrL, 538°C TIEH A BIZE D S FIRIER CIREEDO H Z A @
ik ieoie, I AWEEERT DIREREZGIET 2 Z & T, F—RED T 7 A@ERE 2 ERNAER T

_ W W

el £ 100! 60 & 100! G0

2 2 2 10

g 30° g o £ 30°

S : S S \

£ g =

8 E E o1 —o—2mL

= 5 [ —©—TmL

0° e 100 |-e-12mL

~©-17mL
—©—-27mL

300 300 / 300

(2) (b) (©)

Fig.1 Dependence of film thickness on the latitude of the glass balloons blown at (a) 413°C, (b) 463°C, (c) 538°C.

The introduced air volume was 2-27 mL. The left photo is the balloon blown at 550 °C after introducing 27-mL air.
X—U—R:TNTA NTTA, BT ARG, REED, A7 T hvarz27 b
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EL2ENDND, ZOXS RO ENBGIL, T T ARKREOMRETIC X 2 KuE AR L BN
FJ0 BT ELRTEIRENER SN2 THD EEZHND[3], EEEITS538°C TIER LT VT A N T A
RO FK [ % ToF-SIMS (FRATIRFH] —RA A EESHT) THOtr L7zl 2A, KEA Te 8L UB U v F
Lo Tz, BLEXEY | HT 2@z wICARWICHL SN ML Z2FHT 2 2 & T, H—REE
DA T ABEE AL E L TERITE 5 Z R s i,

TNTFA N7 ABEEORIREEES

HFGAT O —A o PIETERL LT T A B4 | IMPa OJE S TS Lo THES S8 7=, Bl

AT A RFZ A, Si, LiNbOs, Sapphire, # 7 AMEHEEL & [FFHK DT VT A NI T A% MWz, Si ML, HF
IKESHRE F 72 1% HNOs KESIK CREMMBEZ AT, SiO2 BEILIEZBRZE: (Siphovic)  FE 72X (Sipninie) L 72 2 FEEH
DHEM A HE LTz, #BEERFOFHAKITIRKE « iR - HHRE RH) 15%& Lz, A7 A R T A2 T
IX RHO2%\Z 31T 288 HWE Uiz, H T ARENE & Hb & OBEE TR 1T, B & o s fla Ah7
B OEED JE B TR 2 & B2 5 58 E % B H 9~ % Obreimoff-Metsik 1A[4112 & 0 JIIE L7,

Fig2 1Z, FHEEMUHES Lo T VT A N7 AEBROBESTRE 2 | Bk EokoBdfs Ok & o)
WXL T7ry hLTEbDTHD, RHO2% THES LT AT A RH T AL RHIS% THEA L2 b DI~ TK
SLHEAMEIMET Lz, ZAUTREICHBYE LT

KZEBbDEEZ B2 5, —J7. RHIS%THEA L 500
BHOE, KL OBUMES R (A b e 0 0T
] B =h 400 F ellurite glass
BIENM LT, TATA NTTAERICESE LT 2~ 150 T
g = B
B, RebRVEAIE 400mImY) L720  KFEKEE T o, | . | Siicate
(-150muim?) {ZHATHRICHOMEL oo te, kD SE Ho0 | 1 gE™
-+ L‘: ..
Optical contact #2545 TlL, KFEEICLIV 77T AT %DE 200 | osi, é Sapp‘hire
5= phillic \\\
—VARNEDBRNES L RDN, TATA NHT AR E%lm' | LiNbO,
W TIL, 2 COB{EWER CRIEHGE ERIDEEE 2 100 » .
L L Z 50 Silicate glass riea, Siphobic®
WRE Lo oTo, TITA NI T AR & BB EER i
L ORENCIE, KIEHE S LIS O BN 2551 T D Y 0 o %
ZENRBEND, PLEX Y REREA YRR Contact angle of water (degree)
HZET, T ABHEB L RO REICTEWHAIER  Fig.2 Adhesive strength between tellurite glass ultra-
EHETEDLZ Enbholz, thin film and substrate vs. wettability of the substrate.

EFRo)

TNTANTTAERNT, JESE pm LT OBERE T T A7 0 —A 7R K O ERL | S50
BHIHES L C L OHEEME 25l L7z, BUIZRRETH 7 ABERA/ERST 52 LT, Ten—A v 7 T2 E
LT —EDRIELFFHOT T ABERPGEOND Z L 2N Lc, 1ERLIET VT A NI T XS
%, X OH BB RIEIZHRBEET DI e NbroTe, TRHDREIIT VT A NITT ADMHEL=

F (TeOs =7 MHE) DOIFFMEITER L TWD AIEEMDR B 2 v, K OH O HMRmAFRFOT /LT A M
T AN A R TR L AR BRI U AT S 2 AFIET. 3IRITIEEIE & o e DB S
RHTEBREOHEICAMTH D LHfFEN D,

B N
[1] R.J. Jeng, T. Kishi, N. Matsushita, T. Yano, Int. J. Appl. Glas. Sci. 10 (2019) 248-258.
[2] R. Jeng, T. Kishi, N. Matsushita, T. Yano, J. Non Cryst. Solids. (2021) accepted.
[3] P. Laimbdck, Thechnical Universy Eindhoven, PhD Thesis, 1998.
[4] J.W. Obreimoff, P. Kapitza, Proc. R. Soc. London A. 127 (1930) 290-297.
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TR R R TR 1, B VRN RS T2 2

[Zroiz] AL OB VA L—F—REC LY T T ANEISHR i 23 E U 2 BI%1E, 2008 4
WS SN, A B E TIThEL RIS BT 2 MEBIN & 5 [2-5]. FE %0 b +HE V%R DAL Z AL
WAL, Appen OIMPERF[6]72 HHEE S D K O ICEITENENT 2 2 L b, KT 7 ANEBIZGE R
BT D HEDNZNB-5]. Si02 & Tk & L TEL A 7 2B N T, — IR0 T Si02 7
BHE U CRITRME T 42 DO —REITH o 723, T4 Fernandez 5[5]12 & - T, SiO2 % 60mol%FeE 12&
T2 7 ANZBWT b—— B SO IR W B TR 70 D B S dds & vz, 2011 21, Fxixr
— P — R ETMEINC X D AR O REARIC L 5O TH Y, HEAR L ZE L2 ic L v 8l
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%%, EIE Kempers 7 VTP L2 ETEBRICK > THEIELZOTHET S.
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1757 A P (EPMA; JXA-8100, JEOL) C/3#r L 7=.

[EBHFER] EPMA CTOHIEDREE
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SIARFRHT 24T o 72, 90B205-108102 (2 45
FARERER2IZRT. 2O b L 50B,0,-508i0,
— P —H OO EIR, SMIAME
RTHDZ &N 0 . 90B203-10Si0:

T o
Ajisuayul jeubig

o
2

g R §ow e e = L |

1. EPMA (Z oto“C{EJﬂiéﬂer# éEXn’*’i(DéﬁfE 53Af,

16



The 31st Meeting on Glasses for Photonics 2021

$ LU 80B203-208102 Tid B 23wl HLHEL L, Si 2MEIRMANICHLE T 5 2 L 2SHesd S iz,

90B,0,-10Si0, 808,0,-205i0, 508,0,-505i0,

2500 . . . 025 3000 Lo S | I L B B B 30 3000 T T T 8

Mole fractlani Mole fraction 1’\:1ole fr;actt:on l \ | 80
Temperature | ! o~ Temperature | N Smpersture i | o
oy 0200 ~ ) | o \" ‘\' Q9
Quol |, / 52l il | @ €= A %
» I ‘ 5 o LAY "‘ it ‘{ .%o i \M I "%
5 [ h ‘|| "l ro1s o 5 2009, {\’,l I e 5 ‘ ‘ il [ N | Hes o
=) ! A [ I S % | I ! A | H d S % ' “ (l I S
i3, 1001 “I U g 8 | LM 18 871 il I I o3
a 1l W ¥ Lo s 8 A i s 2 {LEH Wil ! ' | NN | [Fss @
£ iy " : VII' “Jﬂ'f E £ a'l" I 'M C= 1 V]l\',lf’\ l I i i J | i t=
) i I\ ) o O ot | i o O N { | | ? 1y )
000 \ N 2 (L™ 1\ . I | fl 10
=1 1 I o5 © F o ' M, M UJ l\l wo F e ,||I vi “”‘H | ! ||\ '!‘ i‘ . o
P = gt = | ‘i i “ ‘l‘ i Fe=

V V)
500 ey 000 e P e R, 1000 . . . . | - [
-40 -30 -20 -10 0 10 20 30 40 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 -15 -10 -5 0 5 10 15
Position (um) Position (um) Position (um)

2. L— P — RGO /340 & MRS

[B£] &IE Kempers 7 /VFR TR IIND. osor™0fied Kempers 133 L —{ZETH Y, Z O SNIERD
TEGRAT, AR ITEIENTERE L 2D Z L 2md. £z, T OB SR & AR O3 2= 2155t
&Y.

mix mix
hy™ _ ™

O_modified Kempers __ V1Vz v, 1%
Soret,1 vy + Von, c?,u{mx
Tn1 F]
ny

ZITC, FAEXT L, 2 X ROy
1, 2 1ZH/G L, v, Ay T, g, n lXERS B /LARRE, 25
e T U H L E—, MR, (LFER
TV, BEAGREZNENET. L
i & 0CF mix [LREG R TOELE KT,

ERiZB T, o oBihhmaikd 50
1E, o™X fyp- hy™X g TH D, 4y 1 % SiOe
LTy hLEZOMRK 3 THAH. VL
— RO/ 5 K EE A KT 52B0s

‘n5i02=0'1‘ ‘n5i02=0-2‘ [n3i02=0.5‘

he20s™ Ve205sio2" 1Vsioz (kKJ/mol)

488i05(mol%) & B S 61, EBREE & — oo r ]
L. 1.0 ]
Uisaa] RIS & 5 BB 1 00 i 8 B | - L

00 01 02 03 04 05 06 07 08 09 10
Mole fraction of SiO,, Ngq,

3. {&1F Kempers €7 /L2 L 0 5H&E &7z SiOsg il sy D
VL —1RE DK hB203Mix/ vB203- ASio2™iX/ v8i02,

) THIE S, EIE Kempers £5 /1
Ko THBATEAZ L& LM LT,

(518 3Hk]
[1] S. Kanehira et al., Appl. Phys. Lett., 93,
023112 (2008).
[2] M. Shimizu, et al., Opt. Lett., 36, 2161-2163 (2011).
[3] T.T. Fernandez, et al., Opt. Lett., 38, 5248-5251 (2013).
[4] T.T. Fernandez, et al., Opt. Express, 38, 15298-15304 (2014).
[5] T.T. Fernandez, et al., Opt. Express, 28, 10153-10164 (2020).
[6] # T ATLFNy R7 w7, #igE, (LR EZHRE, pp. 681 (1999).
[7] M. Shimizu, et al., Sci. Rep., 8, No. 15489 (2018).

F—U—NR: TR, AT A@R, WEAER, MpSAM, Y L—3R



The 31st Meeting on Glasses for Photonics 2021

JEHAMEE B DB RARFE DO @k E 22 E R OMEE, B L OERL

BEH KR4 KWRE
e AGC SR th BEHAPEHR BT 2 - & T I v 7 AMBTF — 24

MEFOBHTRITIEINT L 0BT D, ZNEFHEZR & RO, HHEERITE OB E %2 6 > TE
BEIND, TAARAT VA ZNRHET D HN—H T 20, ALFRIC KV JERIS N ZEA LT 7 A0MEH S
NDR, ZOIRNT a7 7 A VORI, KD REARA L2 EERSHWSND Z LR TH D
(11[2], Bz X, T AREEHEOIJFHICIE, EHE L2 AFHED p alisyr & s By T, s & v R#rRic
ENELDZ EEFIAT D, ZOHE, BIFRORVWEREORERANDZ EICLD, LV EVEY OIS
ARELICHETE D, 20X, T ZADISHFHEICIZZ SRR ONFEAHNLOND X927k ->
7o ZDTD, FEE X HMEEBOERRKLAFELIET 20ERECT, —F, HEMEEBR O R R
IR LML NTELT, BonT —FERELL 74 v T AT THZ L b#LnoT,

A7 AONHMEERIL, FITIXABREMREBIC LV E I TE Tz, L L, MEROBIERFE CTILIS 15T
MZANWDICIE A EIEE AT, ET IR IOWNEREEL N LsE5 2 L2 BIF Lz, PIREMETIE,
TIARTEZ DT TEBRICA CDMHEbIC K-> T AR L OBERREICE VBT 52 L 2RI L,
P TNVRLOBEEN R BIELS RAMEAIET D, Tk CIIEEN R GIKL 225 iz B TR L
TV, —FEOICRETHZ ERIEFICH L, WERERTORROERTH -7,

AHETIE, ZOWEEMRT 72012, P TP LOBEOE B EZRAT, K112, RRE CHEEE
LIEHERZTRT, WAT TRG LB 2, BGITY 7 FEHWTY 7V A DTS5 2L T, 3
YN OBEEERRIFICT AT 52 & Le, YU MITAET T A M Ls, MREKFEE
M2 72, HIEIE 365 nm~790 nm DD 5 FEHOM E & FH\ TR EE B ONEE 1T - 72,

FREOFETRE L E o R ERE X +0.1 nm/(MPa-cm) TH 0 | [FH > 7Lz BEICTY4ET
HIE L7285 E OBEREA 1.0 nm/(MPar-ecm)FEEE Th o722 L, BERUGEN AL Oz, £72, ki
PEER DWW RARIFE O BRI 72 ER UL & R I Tz, BIS T T OIS, St ER &I 2 BT i % 25
L IBATORIEMEOND, ZNERWIRTELYA Y —KTT7 v T A7 Lz, 22T, n i3
PreR, A THNAREYS 720 ORI FORERTEAL~A Y — T A—F— ArZdBEE. VIDROEE
Thd, K228~ T —R_F 2 =5 —LHEBERICRITTICIOREL R, B E& bR L
BMRICH 2 2 L’ hhoiz, ZOMEERV, e—L o YEFANLRBEEZITS 2 & T, BKmIc@%
e, 22T, CIIEMMER, n0 XIS T TOREIE, mA & mAlTEFhEntEL~A, Y —RT XA —X
— LB ROIGCH T HMHE tA L tUFENTNOBIEI T TOETH D, KAz, AT T ADN
BRI ER OW BRI Z Q) TT 4 v T A 7 LTSERE TR T, M EROMEIT, HHRE O FREREE
&L D=0 EIZ Primax O 7V —7 I ko THRESNTZ b DA R L TWH 4, ZoXEHuviud, I
WA X HEER DR RIRGTE 7 4 v T A T TEDLZ LR’ yinoiz,

AA2
n J 1+ PERPE 1)

1 1\ /m 2myt
C=—Q%——J<—i+ ll)x1w )

tg B —tF

F—U— N e, AT T A

18



The 31st Meeting on Glasses for Photonics 2021

Sellmeier’s coeffcient

[1]1 K. Akatsuka, S. Ogami, S. Oharaand S. Orihara, —BefA AL 2N T AZBT BIS 70 7 7 A4 VRIEF IEDOBRFE, J.
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B 2.5 - 25 pm O HFRSMEIEI I FIREI O E A A RN G EN TR Y, WNART iz HWmE O
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Bt RS SN TV A, IREEDED —DIC A — =2 F ¢ = 2— 2 (SC : Supercontinuum) S350
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[1] A. N. Ghosh et al., “Chalcogenide-glass polarization-maintaining photonic crystal fiber for mid-infrared supercontinuum

generation,” J. Phys. Photonics, vol. 1, no. 4, 044003, 2019.
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Fig.1 Raman spectra of the 50SrO-16R203-34Gaz203 Fig.2 Raman spectra of the xCs20-(100-x)Ga203
(R=In, Y, Gd) glasses. glasses.
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Fig.3 DSC curves of the 50SrO-16R203-34Ga203 Fig.4 DSC curves of the xCs20-(100-x)Ga20s
(R=In, Y, Gd) glasses. glasses.
(2% 3]

[1] WeE SR, AT B BuE, WOk B, BH OB, BGR B S, ‘YRR T AT A N—L—W =" HLIEE
(JJSLSM) , %5 33 %, %5 2 &, pp. 158-165, August 2012.

[2] InEEt, ghAffh, KAEHRL, K7 4/ =R X —8r0-Gax0s-In203 H 7 ADIER” AARY T I v 7 APRESH
P Hi4E March 2020.

[3] K. Fukumi, T. Kokubo, K. Kamiya, S. Sakka,Structures of alkali niobium gallate glasses, J. Non-Cryst.
Solids,vol.84,No.1-3,pp.100-104,Jully 1986.

[4] Xiu-J. Zhao, J. Fukunaga, N. Yoshida, and M. Ihara,Raman Study of Glasses in the System CaO-Ga203-B203,Yogyo Kyokai Shi,
vol.93, n0.1083,pp.708-716,November 1985.
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Fig. 3 Optical absorption spectra of
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Table 1 Parameters of luminescent properties of Ce3* in SBO glasses.

B20s Theoretical Energy difference PL peak shift PLE peak Full width at
PL decay
fraction, optical between the lowest and for shift for half maximum of
constant,
13203 basicity, highest 4£5d absorption normalization, normalization, PL, FWHMpL (09)
7, (ns
(mol%) Atn bands, AZ (103 cm™) 6pr (103 cm') e (103 ecm™)  (103cm™)
60 0.692 13.18 1.636 1.545 5.1 3435
65 0.658 12.87 1.162 1.144 5 35.12
70 0.624 12.65 0.746 0.701 4.7 35.79
75 0.59 12.40 0 4.4 36.35
G N

[1] J. A. Duffy, and M. D. Ingram, Establishment of an optical scale for Lewis basicity in inorganic oxyacids,

molten salts, and glasses. J. Am. Chem. Soc. 93, 6448—6454 (1971).

[2] V. Dimitrov and S. Sakka, Electronic oxide polarizability and optical basicity of simple oxides. I. J. Appl. Phys.

79, 1736-1740 (1996).

[3] H. Masai, G. Okada, T. Ina, N. Kawaguchi, T. Yanagida, Temperature-dependent luminescence of Ce-doped
SrO-B203 glasses. Temperature-dependent luminescence of Ce-doped SrO-B:0s glasses. J. Lumin. 207,

316-320 (2019).

[4] A. Torimoto, H. Masai, G. Okada, N. Kawaguchi, T. Yanagida, T. Ohkubo, Correlation between emission
properties, valence states of Ce and chemical compositions of alkaline earth borate glasses. /. Lumin. 197,

98-103 (2018).
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[1] L.Chi, H. Chen, H. Zhuang, J. Huang, Crystal structure of LaBSiOs, J. Alloys Compd., vol.252, pp.L12-L15, May 1997.

[2] J. Zhang, M. Yang, H. Jin, X. Wang, X. Zhao, X. Liu, L. Peng, Self-assembly of LaBOs:Eu twin microspheres synthesized by a
facile hydrothermal process and their tunable luminescence properties, Mater. Res. Bull., vol.47, pp.247-252, November 2012.
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[1] T. Yanagida, K. Kamada, Y, Fujimoto, H. Yagi, T. Yanagitani, Comparative Study of Ceramic and Single Crystal Ce:GAGG
Scintillator, Opt. Mater. vol. 35, pp. 2480-2485, 2013.

[2] S. Q. Man, E. Y. B. Pun, P. S. Chung, Praseodymium-doped Alkali Bismuth Gallate Glasses, J. Opt. Soc. Am. B, vol. 17, pp.
23-27, 2000.

[3] T. Yanagida, Y. Fujimoto, T. Ito, K. Uchiyama, K. Mori, Development of X-ray-induced Afterglow Characterization System,
Appl. Phys. Exp. vol. 7 pp. 062401, 2014.
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[1] N. Hirosaki, T. Takeda, S. Funahashi, and R. Xie, Discovery of New Nitridosilicate Phosphors for Solid State Lighting by the
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Thermal Stability Discovered by a Single Particle Diagnosis Approach, Chem. Mat., 27, pp.5892-5898 (2015).
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Table 1. Incident laser power vs. Surface temperature of emission side

Incident laser power | 0.5W | 1.0W | 2.5 W

MO matrix 30C 37 °C 63 C

Glass matrix 64 C | 124 C -

F—U— 1 BRI, Y, SO
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