Journal of the Korean Ceramic Society
Vol. 40, No. 11, pp. 1078~1084, 2003.

Na,0-Nb,05-TeO,Al R2[2] &&d MA D L -ZHSHE (1)

AT - FEI|* - MR - 2 HB - O[Ty
zgz st sehe s Ty
*Rabj gt A 838k
wg ot oAl A F &)

(20032 6¥ 200 A< 200343 109 319 59

Nano-crystallization Behavior and Optical Properties of Na,0-Nb,Os-TeO, Glasses (1)
H. G. Kim,” B. K. Ryu,* J. M. Cha,* B. K. Kim,** and L. S. Lee

Department of Chemical Engineering and School of Environmental Science and Engineering, Pohang University of
Science and Technology, San 31 Hyoja-dong, Pohang 790-784, Korea
*School of Materials Science and Engineering, Pusan National University, 30 Jangjeon-dong, Busan 609-735, Korea.
**Department of Chemical Engineering System, Changwon National University, 9 Sarim-dong, Changwon 641-773, Korea
(Received June 20, 2003; Accepted October 31, 2003)
= =

—t =
g FEAE 2 FE0E ALslr] 98k, NayO-Nb,Os-TeO, Al F2]S dwtzel £-¢ 2L F sk whyoz A
ST 233 NayO-NbOs-TeO, Al F2] 9 #3H4 A3 U285 & FABI . NayO-Nb,Os-TeO,Al 819 %
8H2 A3 B84 42e i 2 FEEMS 2.0410.04, WE(gem Y= 4.87+0.58, 3 YA WME(eVy=s 3.14+0.
o)t UxZdAyor TAE £93 AFsFEE 350°CA 1A @) T, o]RAL thA] 400°CelA 147 DA
st Gt YAy ez FAE Cubic A4S 470°C )49 LEdAH 2L AN E Wasigrh

LR o N

ABSTRACT

In order to develop a new type of nonlinear optical materials or photocatlaysts, Na,O-Nb,Os-TeO, glasses were prepared using
conventional melt quenching method, and the crystallization behaviors and optical properties of these glasses was investigated. The
optical and physical properties for Na,O-Nb,O5-TeO, glasses are: refractive index, n=2.0410.04; density, p (g/cm3)=4.87i0.58;
optical energy band of the transmission cut-off wavelength, Ej (eV)=3.14+0.04. The transparent glass ceramics consisting of the nano-
crysatls were obtained when the Na,O-Nb,Os-TeO, glass was first heat-treated at 350°C for 1 h and than at 400°C for 1 h. A cubic
crystalline phase consisting of the nano-crysatls transforms into a stable phase at temperature above 470°C for 1 h.
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Fig. 1. Glass-forming region in the Na;O-Nb,05-TeO, system.
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Fig. 2. DTA patterns for 14Na,0-14Nb,05-72TeO, glass. The
heating rate was 10 min .
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Fig. 3. Values of refractive index (A=632.8 nm) and density at
room temperature for xNaNbQO;-(100-x)TeO, system.
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Fig. 4. Molar volume for TeO, and xNaNbOs;-(100-x)TeO,

system.

Table 1. Values of Molar Refractivity, Ry, and Polarisability, o,
for xNaNbO;-(100-x)TeO, System

Ry (cm3/m01)

o, (x1 0_24cm3)

16.75 6.63
12 1693 6.70
16 16.95 6.71
20 17.04 6.74
24 17.06 6.75
28 17.07 6.76
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Fig. 5. Basic structure units of TeO, trigonal bipyramid (A) and
TeO; trigonal (B), and Te-.(O,-Te band (C) in TeO,-
based glasses.
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Fig. 6. Powder XRD patterns at room temperature for (A)
original glass and heat-treated samples in the 14Na,O-
14Nb,05-72Te0, glass : (B) 375°C, 1 h, (C) 450°C, 1 h,
(D) 475°C, 1 h, and (E) 490°C, 1 h.
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Fig. 7. Photographs of 14Na,0-14Nb,05-72TeO, glass (A) and
heat-treated (375°C, 1 h) sample (B).
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Fig. 8. Optical transmittance spectra for 14Na,0-14Nb,0s-
72TeQO, glass. The thickness of sample is 2 mm.

Table 2. Optical Band Gap Energy for xNaNbO-(100-x)TeO,

System

X Agp (nm) E, (eV)

8 389 3.18

12 390 3.18

16 389 3.18

20 392 3.16

24 394 3.14

28 390 3.18
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90° Z-E nA AN ZEE nBAHY AEAA A7)
£ WFAMS RS Fresnelel 2o & vehd 4 9o

R= (Yl/srﬂB/nA"'ﬂB)2 4

714 nyS 14Na,0-14Nb,05-72Te0, fr2l8] 4§
(0=2.07), ng= 5719 ZHEm=1)°|t}. 4 (3)°l <3t
14N2a,0-14Nb,05-72Te0, F-8 A8 % EHoA A7)&
HRALE-S Al ¢ Qleh fEjAEe] o BHlA He
HEAbeL Abeh o] 9)o) AJ7ztEolX]= W] £42 14Ng,0-



Na,0-Nb,05-TeO7 4]

14Nb,05-72TeQ, A FH-2] We) F5molt}, webA 14Na,0-
14Nb,05-72TeO, FEANEY] JESTEE &80 &
589 e ogeH 2e HoE yepd = Ao

d/T=-odx )

T e FEHN e o) 4 (5o e 5
ot}

_ —0lX
Ioul - Iin €

(©)

A7 I BAREY AT, L, A B B=, o
® 54T, x2 FEAEY FAY. & AT A AL
43k 14Na,0-14Nb,0,5-72Te0Q, F&12 T2 2 mme]d}.
2] (5) Lambert®] H2 o7 2 Ad&A Uk 4 33 4
Gy BEsha, Yol B2 Fo2 dAEHAR Ay 22
oA He] WALZE dojupE R o2t o] RHT F ot

Iout = Iin - RIin (7)
Iout= (1 —R) Iin (8)

A=, Fe BRY) FEVHRANEY FEW)elA A
F oA 22 Lambert-Beer]-& T3+ 7to] ®t}.

Lu=l, (I-R) e™ 9
a8z F B34
T=1,/L,=(1-R}* ™ (10)

el 5 Atk 2] (9)2 o435t o]8A O E 14Na,0-
14Nb,05-72Te0, 8¢ & F34&S AL 4 I} +
71/14Na,0-14Nb,05-72Te0, §-&1¢] Al™el] thaled (1-R)?
e 0772 VEROH, o 3 0.0654mm HE VFERGt
th & B AellA |28 14Na,0-14Nb,0s-72Te0, 52
WEGEA 2mm)e] F4¢ o kol 0.0654mm HE w9
2l & $7 2mmel 14Na,0-14Nb05-72Te0, FEAI &
WellA Wo] FEo] &4%E A Bt 14Na,0-14NbOs-
72Te0, F8l & EWHAA F7/ElAlEe] 2HE o]
2 A7)= Yo AR 2 vt o a3 gQlolgle A
S ¢ F Ik 633mmelA1 9] 14Na,0-14Nb,05-72TeO,
fEo olBHoR F FHLL AL Ade 7%=
Ebted, Fig. 89 A¥ Aot A X3 RS ¢
F AN

4.

(i
T

1. NayO-Nb,Os-TeO,7l frele Wl S5AEHe
= TR FE7F A K, FEFYHAAMRG F
W fFEE FASHT. AREHI NayO-NbyOs-TeO, 7
Fele 2ZFHEES 2EEE YERIATh

2. Na,0-Nb,O5-TeO,Al fre&le] # F3-&S UV-visible

HU

o] F8A A3 Y AAsE (1) 1083

spectra® ©]&3td =X 3 A 633nme] HF Y Y oA
76%5 VYERIQ e, olAL o|2H R A F £
£33 Ao dzlstsith. B3 He-Ne laser(=632.8 nm)E =
A g Na,0-Nb,O5-TeOAl 7819 28 EMD=2.07)% °]&
3t 0|22 o2 I B3&E AAE A3} NayO-Nb,Os-
TeO Al FEl(E A7dA A8 a5 774 2mm) W
o] AAAHR F Fre vie A2 AL Yehyth

3. NaZO-Nb205—Te027fﬂ f2]9] optical band gap energy
= AAZH o R 3.16-3.18eVE YERIA T

4. Nay0-Nb,05-TeO,Al 218 A st &<t 375°C
A 30nme] AHAVIR FAHA FPS F438 &
ERiie=E =

aAael 2

2 dTE @5 st EAT HEFEAUA LA 7
A2t A= WA AL RCECS) B A AR 2
221717l A ARG 22 7]&FAME(TIC)]
Tk At 2 E e Aol 25 o] FolH
m old A=Y

REFERENCES

1. J. E. Stanworth, “Tellurite Glasses,” Nature, 169 581-82
(1952).

2. R. El-Mallawany, “Structural and Vibrational Investigations
of Thermal Properties,” J. Mater. Res., 7 [1] 224-28 (1992).

3. J. Heo, D. Lam, G. Sigel, E. Mendoza, and D. Hensley,
“Spectroscopic Analysis of the Structure and Properties of
Alkali Tellurite Glasses,” J. Am. Ceram. Soc., 75 [2] 277-81
(1992).

4. A. Abdel-Kader and M. Elkholy, “Network Structure of Tel-
lurite Phosphate Glasses : Optical Absorption and Infrared
Spectra,” J. Appl. Phys., 73 [1] 71-4 (1993).

5. P Balaya and C. S. Sunandana, “Crystallization Studies of
30Li,0:70TeO, Glass,” J. Non-cryst. Solids, 162 253-62
(1993).

6. R. El-Mallawany, “The Optical Properties of Tellurite
Glasses,” J. Appl. Phys., 72 1774-77 (1992).

7. M. Imaoka and T. Yamazaki, “Studies of the Glass-for-
mation Range of Tellurite Systems,” J. Ceram. Soc. Jpn., 76
[S] 160-72 (1968).

8. S. H. Kim, T. Yoko, and S. Sakka, “Nonlinear Optical Prop-
erties of TeO,-based Glasses,” J. Am. Ceram. Soc., 76 [4]
865-69 (1993).

9. T. Sekiya, N. Mochida, and A. Ohtsuka, “Structural Study
of Mo00;-TeO, Glasses,” J. Non-cryst. Solids, 185 [1-2]
135-44 (1995).

10. T. Sekiya, N. Mochida, and A. Soejima, “Raman-spectra of
Binary Tellurite Glasses containing Tri-valent or Tetra-
Valent Cations,” J. Non-cryst. Solids, 191 [1-2] 115-23
(1995).

#1403 A 11 E(2003)



1084

11.

12.

13.

14.

15.

16.

B. Viana, M. Palazzi, and O. LeFel, “Optical Charater-
ization of Nd** Doped Sulphide Glasses,” J. Non-cryst. Sol-
ids, 215 96-102 (1997).

M. J. Weber, “Glass for Nd** Fusion Lasers,” J. Non-cryst.
Solids, 42 189-96 (1980).

H. G. Kim, T. Komatsu, R. Sato, and K. Matusita, “Crys-
tallization of LiNbO; in Tellurite Glasses,” J. Non-cryst.
Solids, 162 201-04 (1993).

H. G. Kim, T. Komatsu, R. Sato, and K. Matusita, “Incor-
poration of Crystals into Tellurite Glasses,” J. Mater. Sci., 31
2159-64 (1996).

K. Shioya, T. Komatsu, H. G. Kim, R. Sato, and K.
Matusita, “Optical Properties of Transparent Glass-ceramics
in K;0-Nb,Os-TeO, Glasses,” J. Non-cryst. Solids, 189 16-
24 (1995).

H. G. Kim, T. Komatsu, K. Shioya, K. Matusita, K. Tanaka,
and K. Hirao, “Transparent Tellurite-based Glass-ceramics
with Second Harmonic Generation,” J. Non-cryst. Solids,

a2 81

A - 87 - 2 -

17.

18.

19.

20.

21.

g - oA

208 303-07 (1996).

T. Komatsu, K. Shioya, and H. G. Kim, “Thermal Stability
and Optical Properties of K,O-Nb,0O5-TeO, Glasses,” Phy.
Chem. Glasses, 38 [4] 188-92 (1997).

K. Domen, A. Kudo, and A. Shinozaki, “Photodecompo-
sition of Water and Hydrogen Evelution from Aqueous
Methanol Solution over Novel Niobate Photocatalysts,”
Chem. Commun., 356-57 (1986).

H. G. Kim, D. W. Hwang, J. Kim, and J. S. Lee, “Highly
Donor-doped (110) Layered Perovskite Materials as Novel
Photocatalysts for Overall Water Splitting,” Chem. Com-
mun., 1077-78 (1999).

J. Kim, D. W. Hwang, H. G. Kim, S. W. Bae, S. M. Ji, and
1. S. Lee, “Nickel-loaded La,Ti,O; as a Bifunctional Pho-
tocatalyst,” Chem. Commun., 2488-89 (2002).

S. H. Kim, T. Yoko, and S. Sakka, “Linear and Nonlinear
Optical Properties of TeO, Glass,” J. Am. Ceram. Soc., 76
[10] 2486-90 (1993).



