NSG Found. Mat. Sci. Eng. Rep.

R HIE R ToF /2 w2 FIH L 72
EWT Wb T A7 7 4 N —A 8 B SR

PESERATRR AR AR —
Properties of Transparent Nanocrystalized Glass Fiber Fabricated by Melt-quenching Process

Kenji Shinozaki
National Institute of Advanced Industrial Science and Technology

KR TR, 7T ADRE T TOEYF /fibOFEZHRK L, SHIZZhzfHL
CTEWHF 7R T AT 7 AN—Z R U Z5HMIT 222 HE Lz, F /458
ILLR T WA S AOHPHEIEEZ BT L. 7T ZAOBEERZ LT Vw05 XZ2415T5 2
LA T. BT TOBEWF LT 5 ATFTHFAL YO ZW ST, EBIZF
%%mﬁﬁx7vﬁn—%@%¢5_kmmwttoé%m%@7vfnyﬂ—9ay%
FEBRIB L, F2REET T AL LTotE2RTIEZHLNITL 72,

The purpose of this study was to explore the theory of transparent nanocrystallization of
glass under rapid cooling, and to create and characterize transparent nanocrystallized glass
fibers using this process. We analyzed the medium-range structure of nanocrystallizable
glass and attempted to generate fluctuations that facilitate glass nucleation. We clarified the
guideline for designing transparent nanocrystalline glass under rapid cooling, and
succeeded in creating nanocrystalline glass fibers. Furthermore, we detected the
up-conversion luminescence of the fibers and found that they exhibit the characteristics of
nanocrystallized glass.
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. . Fig.1 (a) DTA curves of glass samples. (b) XRD pattern of
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heat-treated samples. (¢) TEM image of heat-treated

x=40 & 50 ® & KX 2 H KD glass samples with x = 40. (d) ' B- MAS NMR and (e)
BaF, fH AT HI L7225, fho btk F-MAS NMR spectra of the glasses. (f)
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- 175 -



() HARBRS AR 2B %4, 40 (2022)

o EEE4-6 nm OFRRPF2BEEINL, TD XD /NS R F18 &R0 X,
B 2 AL e W2, BFETF N ANDOIBHICIHFETH B TNHEDH T ADE
PREERE & 2 AR5 72012, UB- B L OF ¥ F-MAS NMR #ll5€ % 17 5 720 1 B-MAS NMR O # 5$
(Fig.1d) Tlx. I XTCORPTIEA &L 4RO F T RITERT S ¥ — 7 Bl S 7z,
Zn0 Z&E L WilECld, 4B & S OFR T FEO Y — 7 M EIMERESHEIIC Y 7 M L
TBY, TNEFBHEAOHEICHEBRLTVWEEEZONS, E—Z D EMIZLD, x =
0 & x=40 DREOF R T RNV EITENZEN3. 5L 3.3 o720 ¥—F DfEL
MEICR3 27 vibAR TR BLI=y FORBIIEMTH -7 E 2 515, 9F-MAS NMR
DFER (Fig.1(e)) TlE. Zn0O ORI E Y ¥ — 7 fiEAKE S ZILL TWwW5b, BaF,-B,0;
#F A TR F-Ba BREISER S5 ¥ — 2 2910 ppm (ZHE L TV 5. ZnO M & 1 (x=20,
40), ~10ppm O ¥ — 7 25H L. ~90ppm (2 ¥ — 27 B3BIN 7z, ZnF, DJETHY 7% F-Zn 1
& BaF, @ F-Ba D7 v ZOALS Y 7 MIENZF1-200 ppm & -15 ppm I[N 5 2 &A%
MHNTW5D, (51,52) &5, B-O-F2=v MZBI}SF-B ¥ 7 F Vit 24~55ppm I
Bha W, 7n0% F—7L7=R&F 0 k2> 7 b (-90 ppm) i, -83. -98. -156. -160
ppm (¥ — 27 HHN 5 BaZnF, L FP L 7-BREETH 5 2 LAURE S L7z 181, Z s FIg,
TOBEAFT VI AFRRZH AT F VORICEMN L TWBEIDIERL, §XTD7
YFEAFT PN N EWETOM GO I FF VIO EFNTWEI EERLTWA,

Ty 7A=Y 3 YESGIE, GG EL o EIREERE S, B ZIE BT =F v
4 b OIS KB 2, Fig. 1012, Z-72FFOH T AR Er3* £ + v o
Ty TAUN=Ta YENBART PVEIRT, RIS, Ty T3y —Ta Yt 7
AL H T A, FVNVERET S ARED T+ ) VY ZAVFEF—PRWT S ATEIll SN 5%
FETHEBIETH 5 (8 600 cm) 19201, LrL, 74/ YT ALVF—DEE 7R (~
1350 cm?) Tid, ZOHBIZEE S 2020 x-0-30 @ BaF,-B20s #' 5 X R 1{% ZnO
&4 BaF,-Zn0-B,0s I ATIET v 7 v N—3 3 YRGB S W57 —H, x
=40 P EDOE Zn0 AR TIZ, BBEDT v 72y N—T 3 YHFI I N, i,
Zn0 OFRIMZ LY HLEA F OB EREIM T + /) VANV F—D 7 v bWy thBR
BB, 74/ VIZANF—D B0 WAL TWBEIEERBLTWS, ZORE
X HT AP OHEEINET B E —HT 5, Ty TarnNn—=Ta Y0 KT+
YHA M Thbb T v ALWICE A ZBMENT IR Erdt £ 4 U AELD A F ok R
U722 EDRBENDL, S5, FFIAFDESR A F DT vy FarynN— 3 VEXRD
A7 MVIEIRIE, BaF MTHEE & A TH o720 $7hbBH. Erd 4 4 v ORI,
DTN EIEFIZI AP TNh DL Z EDITRBINTz, AR MVIZES A T VD)
FTBREE \CARAE T 5720, FEOAIIE A T A & BaF, &5k Erd {00 Js ik & 2580, L
TWAHZLERRETEHIDTH 72,

BT A OV F — S X R ET (HEXRD) % v C. WiiEER R 2 #i-X72. 55772 G(r)
ES(QiEEZFNEFNFig.2(@b) iRt MDY Ialb—YaryTEohizgnfiln
H#I2X b, B-(0,F):1.39 A, Zn-(0,F): 1.98 A, Ba- (0. F):2.88 A, Ba-Zn: 3.66 A,
Ba-Ba: 4.22 A, 1 X 0¥ Ba-Ba: 6.82 A I0/#)8 & 72, 1ErF;-19BaF,-40Zn0-40B, 05 7 5 A
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(a) Radial distribution function, G(7), for
BaF,-B,0s3 glass (x = 0) and BaF,-ZnO-

B,0j; glass (x = 40) samples obtained from
ex situ HEXRD. (b) Total and partial
structural factor, S(Q) obtained from ex
situ HEXRD, and MD calculation of the
PIM force field. The partial S(Q) for the
fluoride group, (Ba,F)-(Ba,F), is shown.
(c) S(®) at various temperatures for the
ZnO-doped BaF,-B, 03 glass (x = 40)
sample obtained from in situ HEXRD at a
heating rate of 5 K min-!. 22!

Intensity (arb. unit)

Fig.3 (a) XRD pattern, sample appearance
(inset) and (b) TEM images of the melt-
quenched sample. (¢c) Microscopic
observation under white light and under
near-infrared laser irradiation (inset), and
(d) TEM image of an optical fiber drawn
from the melt. 22!
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