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2 9](8~12 pm) H57 chalcogenide® el Ajzslod Ux, 2. 7|AH 4, FFAe % e Frds
H)5e - Paabelr]. Ge-As-Se?|, Ge-As-Se-Ted ™ Ge-Se-Ted 2|2 #2]Ae|&%(T,)= =M 280~365C, 210~
236T 2 210~260C, HAH-2%(T)= Ge-Se-TeA F217} 305—400C Hog v, ddd4 e 474 1L7~-152X
10 %/K, 154~180x10 " /K % 174~27.8X 10" /K He4rt. 2=, 4= o) s294-2 7H7} 15.2~18.6 MPa,
36.1~58.2 Kg/mm?, 1.0~ 1.3 MPa- mm'#2| 18.9~24.8 MPa, 40.9~65.1 Kg/mm®, 1.3~15MPa - mm'* % 24.1~30.8
MPa, 409-86.0Kg/mmé 14— 18 MPa-mm'#¢]gc}t. FFHA-E2 Ge-Se-Ted fai7} ¢ 60%= 713 F3kon
8, 12 um Fol A vlelbd Ge-O 3= Mge] 7tz A 5 glsloh Ge-Se-Tew 8/ Eeof Hd 74L&
gEslged, e wl Aty Frlel wlzl &3] FrlEln, AFAEL AEEHUDL

ABSTRACT

Chalcogenide glasses having IR (8—12 um) i{ransmittance were prepared and their densities, thermal and
mechanical properties, IR-transmittances and chemical durabilities were determined. (zlass transition temperatu-
res (T of Ge-As-Se, Ge-As-5c-Te and Ge-Se-Te system glasses were in the range of 280~365T, 210--236C
and 210~-2607T, respectively. Crystallization temperature (T.) of Ge-Se-Te system glass was in the range of
305~4007C. Their thermal expansion coetficients (a) were mn the range of 11.7~152x10" % /K, 15.4~-16.0xX 107%
/K and 17.4~278>107% /K, respectively. Their MOR, hardness and fracture toughness were in the range
of 15.2~18.6 MPa, 36.1~58.2 Kg/mm?, 1.0~1.3 MPa-mm'?, 18.9~249 MPa, 40.9~65.1 Kg/mm? 1.3~1.5 MPa-
mm", and 24.1--30.8 MPa. 40.9~86.0 Kg/mm? 14--1.8 MPa-mm'? respectively IR transmittance of Ge-Se-
Te system glass was about 60%. Ge-( extrinsic absorption peaks at 8 12 pm were significantly eliminated
by the addition of Mg. Chemical durabilities in deiomzied water of Ge-Se-Te system pglass were good and
IR-transmittances decreased with leaching time and temperature.

Key words: Chalcogenide glasses, IR-transmirtance, Gluss transition temperature (T,), Crystallization temperature (T(),
Thermal expansion coefficient (), MOR, Harvdness, Fracture toughness
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Table 1. Compositions of Chalcogenide Glasses.
Composition {(at.%)

Ge As Se Te
GAS-1 20 30 50
GAS-2 20 40 40
GAS-3 30 10 60
GAS-4 30 15 53
GAS-5 30 20 50
GAST-1 20 30 30 20
GAST-2 20 15 25 40
GST-1 30 60 10
GST-2 30 50 20
GST-3 30 40 30
GST-4 30 30 40
GST-5 30 20 50
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Fig. 2. Cleaning process of a silica glass tube {am-
poule).
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Table 2. Densilies of Chalcogenide Glasses.

Table 3. Thermal Properties of Chalcogenide Glasses.

Glass Density {g/cm’)
GAS1 444+ 0,02
(GAS-2 4,51+ 0,03
GAS-3 4351+ 0.03
GAS-4 442+ 0,02
GAS-5 443003
GAST-1 4,88+ 0,02
GAST-2 4,99+ 0.03
GSTA1 427+ 0,03
GST-2 443+ 003
GST-3 4.71+0.02
GST-4 4,93+ 003
GS5T-5 519+ 001
5
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Fig, 5. DTA curve of GepSeyTeyn glass.
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T, T (T T a
Glass . N
() (€) [T | (107" /I
GAS-1 284+ 2 - - 15.2
GAS-2 326+ 2 - - 13.7
GAS-3 24013 - - 13.6
GAS4 351+ 2 - - 12.5
GAS-a 363k - — 117
GAST-1 | 236+3 - - 154
GAST-2 | 212+ 2 - - 15.0
GST-1 260+ 3 | 400+3 | 0.538 174
GS8T-2 242+ 2 | 360+4 | 0488 19.1
GST-3 231+ 3 | 341+£2 | 0476 21.6
GS5T-4 22243 | 32543 | 0464 244
GST-5 210+3 | 3051 | 0452 278
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Table 4. Mechanlcal Properties of Chalcogenide Glas-
ses.

[ Modulus of | Hardness Fracture
Glass Rupture {(Kg/mm® | Toughness
(MP=z) (MPa-mm*?)
GAS-1 183+ 0.5 423+ 04 1.1+01
GAS-2 152+ 04 361+ 0.7 1.0+0.2
GAS-3 20,1+ 06 582+ 0.5 13+ 0.1
GASA 186+ 0.7 469+ 0.3 1.2+ 0.2
GAS-S 16.1+ 04 391+ 06 1.1+ 03
GAST-1 249+ 0.7 65,1+ 038 1.5+ 0.1
GAST-2 189+ 0.6 409+ 05 13+0.2
GST-1 308+ 0.7 86.0+ 0.3 18+0.1
GST-2 200+ 04 709+ 0.6 17+01
GST-3 278+ 05 64.3+ 0.5 1602
GST-4 256+ 0.8 526+ 04 1.5+ 0.1
GST-5 24.1+0.3 40,9+ 06 14+02
100, ¢n
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Fig. 6. IR specira chalcogenide glasses with thickness
of 2 mm,
(a) GexSexTen glass
(b) GeyAsmSewTes glass
(c) GexpAsxSes glass
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Fig. 9. Chemical durability of GST-1 glass in deionized
water at B0°C.
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Fig. 11. IR spectra of GST-1 glasses leached in deioni-
zied water at 80T.
{a) parent glass, (b) 1 hr, (c} 2 hrs, (d) 4 hrs,
(e) 8 hrs, () 16 hrs

1. Ge-As-Sed|, Ge-As-Se-Ted 3 Ge-Se-Ted] f22]
e 435451 g/lom’, 4.88~4.99 giem' B 427519
giom? Helgorm Se % Tes] gape] Frg +5 F
et

2. Ge-As-Se#|, Ge-As-Se-Tedl ¥ Ge-Se-TeA F&
2} fre]de) 25(T,He 77t 280~365T, 2102367 o
210~260%, HABALE(TIE Ge-Se-Ted H=7F 305
~4007 H$| . SelS Ter &g 2 o) Se-Te o
Te-Te A% 28 FFslg e, Ga3A 5 22 117
~152x107" /K, 154~16.0x<1075 /K, 174~27.8>107F
/K 92 frjde| £ 5(TY7) #ad 45 7184k

3. Ge-As-Sed|, Ge-As-Se-Ted|, Ge-Se-Ted -+=]2j
5, e 9 gaelae 7z 162~18.6 MPa, 36.1—
58.2 Kg/mm? 1.0~13MPa:mm'? 3 189-~249MFPFa,
40.9~-65.1 Kg/mm?, 1.3~15MPa-mm'?, 18] 241~
30.8 MPa, 409~86.0Kg/mm? 1.4~18MPa-mm'® 3
=2 Ser} Te® &A% Ge-Se-Ted #2771 4%
Bh4ivh

4, FFIEL Ge-Se-TeAd =7} 2k 60% =2 Ge-
As-Sed| 2 Ge-As-Se-TeA| fele] 95k 10~15%
= Fskch

5 8 % 12um FTelA el Ge-O #=24= Mg 30
ppmg H7PEre 24 AA" = glsich

A 327 A 12 £(1995)

% 917 ADD(UDS40102BD)¢] &l7-a] =42
Zojglan els] zHal=giviv]

=

REFERENCES

1. RW. Cahn, P Haasen and E.]J Kramer, Materials
Science and Technology, Vol. 9. pp. 381-391, pp. 441-
442, Verlagsgesellschaft mbH., 1991,

2. E. Hecht, Optics, pp. 552-555, Addison-Wesley Publi-
shung Co., 1987.

3. D.C. Harris, Infrared Window and Dome Malerials,
pp. 84-104, SPIE Optical Engineering Press, 1992

4, GH Frischat, "Glass Formatien n ihe Chalcogenide
System Se-Ge-As," Proc SPIE, 400, 73-77 (1933},

5. PJ. Webber and J.A. Savage, “Some Physical Proper-
ties of Ge-As-Se Inlrared Optical Glasses,” [ Non-Cr-
yst. Sol, 20, 271-283 (1976).

6. T. Tnagawa, R. Tizuka, T. Yamagishi and R. Yokata,
“Optical and Thermal Properties of Chalcogenide Ge-
Bs-Se-Te Glasses,” [, Non-Cryst Sof, 95-96, 801-508
(1987)

7. S. Mahadevan, A, Gindbhar and A K, Singh, “Studies
on Some Ge-Se-Te Glasses,” J Non-Cryst. Sol, 103,
176-194 (1988).

8. DW. Richerson, Modern Ceramic Engineering, p. 87,
Marcel Dekker Inc, 1982.

9. J. Cheng, G. Tilloca and J Zarzycki, "Infra-Red Trans-
mutting Glass-Ceramics of the As- Ge-Se Systern Nuc-
leated by Zirconium Selemde,” J. Mater. Sci., 16, 2531-
2543 (1981).

10, RK. Charles, Strength of Inorganic Glass, pp. 389-453,
Plenum press, 1983.

11. J. Nishii, Y. Kate and T. Yamagishi, “The Glass For-
ming Region in and some Thermal and Infrared Tra-
nsmitiance Propertics of (Glasses of the Ge-5e-Te-TI
System,” Phys. Chem. Glass, 28, 55-58 (1987).

12. G.C. Das, M.B. Bever, D.R. Uhlmann and 5.C. Moss,
“Relaxation Phenomean in Amorphous Selenium-Tel-
lurium Alloys,” J Non-Cryst Sel, 7, 251-270 (1972).

13. J.A. Savage, P.J. Webber and AN. Pitt, “Infrared Opt1-
cal Glasses for Applications in 8~12 pm Thermal
Imaging Systems,” Appl. Optics, 16, 2038-2941 (1977).

14. LV Chepeleva, “Paramagnetic Radiation Defects in
Chalcogenide Glasses and Glassy Se,” [ Non-Crysi.

—1431—-



FTEE - HAy

Sel, 97, 98, 1179-1182 (1987). 17. AM. Reitter, AN. Sreeram, A K. Varshneya and D.R.
15. €. Jijian, “Mechanism of Controlled Crystallization of Swiler, “Modified Preparation Procedure for Labora-
As-Se-Ge Glasses Nucleated by Different Nucleants,” tory Melting of Multicomponent Chalcogenide Glas-
L Non-Cryst. Sol, 52, 249-262 (1982). ses,” [ Non-Cryst Sol, 139, 121-128 (1992).
16. ].A. Savage, Infrared Optical Materials and their Anti- 18. J. Nishii, T. Yamashita and T. Yamagishi, “Oxide Im-
reflection Coatings, pp. 58-118, Adam Hilger Ltd., purity Absorptions in Ge-Se-Te Glass Fibres,” [ Ma-
1985, ter. Sci, 24, 4293-4297 (1989).

—1432— 2137



