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Effects of yttria on structure and properties of
Ca0-BaO-Al,03-Si0,-GeO, glasses
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Abstract: Germanate glasses in CaO-Ba0-Al,053-Si0,-GeO, system with the yttria contents of 0—6.84% (mole fraction)
were prepared by conventional melt quenching technique. The effects of yttria contents on structure and properties of the
glass system were investigated. The results show that the density of glass, glass transition temperature and thermal
expansion coefficient increase with the increase of yttria content, and the chemical durability decreases with the increase
of yttria content. The bend strength of glass increases from 53.52 MPa to 109.65 MPa when 1.80% Y,03 (mole fraction)
is added into glass. However, with the content of yttria further increases to 6.84%, the bend strength is suspended about
110 MPa. Y,0; acting as network modifies in the structure and makes the island-shape network unit repolymerization by
the bonding of Ge-O-Y because of the decrease of non-bridge oxygens (NBOs) and strengthening of glass network
structure. At the same time, the change of glass network structure reduces the formation probability of hydroxy, so the
content of hydroxy in germanate glass decreases.
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Table 1 Chemical composition of glasses
Sample Mass fraction/% Mole fraction/%
No. CaO BaO ALO; SiO, GeO, Y04 CaO BaO ALO, SiO, GeO, Y,0;

1 11.50  6.50 7.50 2450 50.00 0

2 1095  6.19 7.14 2333 47.62 4.6
3 1045 591 6.82 2227 4545  9.09
4 10.00  5.65 6.52 2130 43.48 13.04
5 9.58 5.42 6.25 2042 41.67 16.67

16.99 3.51 6.10 33.79 39.61 0.00
16.69 3.45 5.99 33.18 38.90 1.80
16.39 3.39 5.88 32.59 38.21 3.54
16.11 3.33 5.78 32.02 37.55 5.22
15.83 3.27 5.68 31.48 36.90 6.84
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TRR>HER N 2 em™, WHERILBEA 400~4 000 cm ')
AR NS T

2 HRSNH
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REfEbRg T3 2 e i 2 Pl A, IRFEDSCIR
JIT A () BB e AR (O R ATE T Dy 714~792 °C, Hr
AR P2 (0, AR VE R 1 021~1 036 Co B 1 Fiow
hy AL O R B e AR U 5 AT o U U 1) 56
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Table 2 Physical properties of germanate glass with different Y,O; contents

. . Thermal expansion Density/ Bend strength/  Mass loss/
le No. 0,/'C 0,/C 7 e -
Sample No ¢ / coefficient/107 'C™! (grem ™) MPa %
1 714 1021 4481 3.254 53.52 1.118
2 744 1026 50.29 3.311 109.65 1.535
3 763 1025 52.74 3.424 115.12 2.128
4 789 1026 56.38 3.475 108.20 2.417
5 792 1 036 61.13 3.547 115.36 2.636
1080 820 70 &
o
1800 166 :‘:
1780 o 182 2
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£ {s4 g
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46 é
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Fig.1  Relationships among Y,O; content and 8, 6, of

multi-component germanate glass

2 AL RS PO LRI R B C &R

Fig.2 Relationships among Y,0; content and density and
thermal expansion coefficient of multi-component germanate
glass
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Ft, M 53.52 MPa Ft# 5] 109.65 MPa; 3E— 548 4
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T BT I 1A AR M B A L 5 (R 3 I B

120

Bend strength/MPa
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Fig.3 Relationship between Y,0; content and bend strength

of multi-component germanate glass
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Fig.4  Effect of Y,0; content on mass loss of multi-

component germanate glasses by immersing in 1% HF for 24 h
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Fig.5 Two kinds of vacancy defects in structure of Y,0;

B Oxygen vacancy
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Table 3 Bend strengths of glass prepared and several
commercial infrared optical glasses
Bend
Trademark Main composition  strength/ Reference
MPa
Corning 9754  R,0-A1,05-GeO, 44 [40—-41]
Pyrex 7740 R,0-B,0;-Si0, 69 [42]
AMTIR-1 Ges; AsppSess 19 [43]
. o . 50
Corning 7940  Fused silica /SiO, 54 [43—44]
CaO—BaO-A1203- 54
SiOQ-GCOZ
Glass sample
CaO-BaO-Y203- About 110

A1203-Si02-G602

35 HEMIINEIESHIBIIMNETES

Kl 6 BTk B FEAE 400~1 200 em ' XI5 1
H2r AR 2. Horh 953 em AR IR IS VA 45 T
BeFSH Si—O—Sil X B I4E4R 3 :  500~900 cm ™' X 45
£Ge—0—GeO—Ge—OM 45 5 2 Ik 8 IS X
U1 o 5 W 0 ) LA VA 15 )3 SR A7 AR B K 4 i
WANGZEZIA ) 800~900 cm™ [X 35 (1) W Wi 3 IH & T
[GeO,] 1 R FRIREN RS . RACHKOVSKAYA%%:
B\ g, A5 IR ER B8t 880 cm ' 720 cm ' BT 4L
AN 53 50 VA T T DY C A B 5 S A B TR AR B .
SIMONZE TN Ay 54 R Eh B AE 750 em ' AR IR
RSO AFAE . 45 LITR, $4IR R
B P B R TR X 480(800~900 om ") Fry R g Ut —
FBEN A AR TG AL 48 AH DG I HR Bl 1T 88 A A0 26 X 35
(700~750 e ) AR SO O ) 2 e BCASE A4 AT D R iR B o A
W9, Ge—OHRBB K 3= X X 5l 800~850 cm ™,
T2 DR PR IR AT U 1 14 A2 3 3 v DU PRC A 5 7S AV 46 4 5
W BT . K 6 Wl LUE Y, BESAEL
BN, — 5 TR B K00 B 852 em i) 811
em FE B, X7 U B PR A B R AN WD 1T
P B T LA 22 o TR, A R A 3 5 3
(R, B8 v Ge—O IR 4 0 U (L B W I 42,
X2 T B AR O 1) S AT R 78, 0 DT
AR IELL T, Ge—ORS = LRI L ., Hitk, K
Hh 852 em Ak (AR OV B AR A AL R R IR T ) 811
om T 3 B 3R HR R S B R BB 1) v PO S e
% 5 RACHKOVSKAYA FHHE I i) — %5

£ 500~700 cm DX I FHEAX HL A P4 B S5
Wi, 3L 613 em I JE T Ge—O—Ge KX By s

T, 2 (WA i S B AR A L B N Tk, X
e Ge—O0—Ge IR 5 Ge—O—Y I TE LA K.
MBI N EEL)G, 7E 669 em AR HILT
AN R TR S, LA R R AR AL TR R G
T35, LEAH DG SCHR H 3 A R AT AU AT e (1) 4 3
MBS ) A A DL B DL B OGN A B i AR ek
E, AZWRIIE ] A8 52 Ge—O—Y K BUTT S B4R 3
ST

K7 s B A S AT S 7E 0.3~5.0 pm
WBGER L ANE T R ML . WK 7 ParEH, AR
BT BN 3.54% FAE)E, BRIE 3.0 um FHE
FRELIEA — e FEBE AR 995, BRBAAELL AP X ST
IR AR AR A . 3K W AR A AE B I B 5
8 FEE P[] B L AE — e FE R kb T B R R I I

(e)

(d)

(c)

(b)
(a)

1200 1000 800 600 400
Wavenumber/cm™!

Bl 6 BESAFEAE 400~1 200 cm ™' X IR LLAMZ it e i
Fig.6  FTIR spectra of glass samples: (a) Sample 1;
(b) Sample 2; (c) Sample 3; (d) Sample 4; (¢) Sample 5
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Fig.7 Infrared transmittances of germanate glass samples 1

and 3
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