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The most excellent characteristic of glass products is transparency of visible light. So,
the defects of glass, such as blisters, stones and cords are not allowed in glass products.
It is necessary to eliminate these defects in glass. The glass defects are tiny inorganic
materials. The important technology of glass defects analysis is precise identification of
material. The identification means the determination of chemical composition and
structure. The recent progress of identification methods are described in this article. The
optical microscopic analysis is also important method for the identification of crystalline
defects. Especially, it is easy to determine the structure and chemical composition by
polarized optical microscope. The texture of stones are easily observed and evaluated by
optical microscope. The electron probe micro analyzer (EPMA) is also important
apparatus to analyze cords and stones. The recent methods of EPMA analysis are also
discussed. Regarding blister analysis, mass spectrometric and micro Laser Raman
spectrometric analysis are discussed. The analysis of 30um diameter blister made it
possible to determine the gas composition by Laser Raman analysis.
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Table1 ZrO, and SiO, system crystals.

chemical crystal . s
crystal " refractive index | birefringence
composition system
a=2.13
baddeleyite ZrO, monoclinic £=2.19 0.07
y=2.20
. . w=1.92-1.96
zircon ZrSio, tetragonal ¢ 21.96-2.02 0.04-0.06
crystal chempgl crystal refractive index | birefringence
composition system
. . . w=1.487
cristobalite SiO, tetragonal e 21.484 0.003
a=1.469
tridymite SiO, orthorhombic £=1.470 0.004
y=1.473
w=1.544
i h | .
quartz SiO, exagonal ¢ —1.553 0.009
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(1) baddeleyite from AZS refractory (2 baddeleyite from ZrO, refractory

(@ baddeleyite from zircon decomposition @) recrystallized baddeleyite

Fig. 1 Crystal morphology of baddeleyite(ZrO.) crystals.
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cristobalite . f00um tridymite 00um
Fig. 2 Crystal morphology of SiO, crystals.
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Back scattered electron image
1 wadeite crystal
2 surrounding glass

Fig.3 Wadeite crystal in glass.

Optical micrograph

Table 2 Wadeite crystal in glass measured by EPMA.

1 2 Theoretical

SO, 456 46.4 453
Zr0, 31.5 28.8 31.0
[%e) 19.0 22.0 23.7
BaO 15 1.4
Na,O 1.9 1.3

crystal system . hexagonal

a=6.912 A

c=10.151 A

Table 3 Chemical composition of glass surrounding
wadeite measured by EPMA.

A B
SiO;, 53.0 515
ZrO, 9.2 15.4
K.0 8.0 5.9
BaO 6.1 7.9
Na.O 9.6 9.3
Al,O, 10.0 2.6

A from AZS refractory
B from ZrO, refractory

R OERREZHLPICT L, L) A
VB Z b h b,

IR, AT ABBANOMEERIZEL XV LL %
0. BFEMBIZETCIEFETE 2w, EPMATIZE
PR AT D2 525, NETETERGNATE
TWREPEMLTWS, L2L., wEFE -
EPMA (BT8P Y V7 ATy Tl>HRL 74—
Fr3Ivyarysy47) PRI, LN EK
MORENRTREIC R > TE 2, TOEEOFEIBITHN
KDEPMAL T 572K HUETH AN, BTHEN
KDOLDOLVMILKDZENFTREICE>TWVD, #
DFEF, PEROEEE X D MA VL ZE DS S XD
5> T& 72,

Figure 413M 7 F AMICHEAET B RYEA I A TH
bo WIHIBIZIZ X D IEIRDOR LR 20 O DD
GIETHIENDPDL, COREN I AMEW (¥
VITAFV) 74XV NEHWETEDOEPMA,
MO FE - EPMA % v Tl L 7245 R 4%Figure 5T
Hbo TOMERDNDFERIYET T AHIZIZFed %
WZ EDRbhb, &5IZFE-EPMATHIE L7
WX, R RS T ADERW—T 4 T A



Fe mapping analysis area
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Fig.4 Optical micrograph of ream in sheet glass.
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Fig.5 EPMA mapping analysis of Fe-element (field
emission type vs W-type)
condition:15KV 50nA 500X 500point 1um interval
300ms measurement/point).
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Fig.6 Small crystal in glass.
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Fig.7 Raman spectrum from small crystal in glass(Fig.6).
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Table 4 Blister analysis by Mass spectrometer.

Analysis Data

Bubble Size Gas Composition (vol%) Pressure

Sample | D.EQ. Volume

No. {mml U N2 | CO2 | O2 | SO2 | Ar |H2S|COS |total| [kPa]

aBA 0.15 |1.88E—09| 17 | 83 | 0 0 (02| 0 0 |100 8
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Fig.8 Raman spectrum from 150 ym® blister.
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Fig.9 Raman spectrum from 30um and 150pum blister.

Table 5 Raman shift and sensitivity of gas molecules

Molecules cm” Sensitivity
H. 587, 4156 11,3.4
SO, 1151 4.2
CO. 1285, 1388 0.7,1.2
(6 1551 1
Cco 2143 0.9
N. 2331 1
H.S 2611 7.6
HCI 2886 3.2
CH, 2917 9
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