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Abstract

Visible rays cutoff infrared transmitting glasses in
TeO,-GeO-V,05—PbF; glass systems were investi-
gated. Glasses without OH~ absorption band trans-
mitting wavelength regions from 2-0 to 5-0 nm were
obtained. The addition of fluoride to these glasses
and the treatment of dry-air-bubbling during melting
decreased markedly absorption coefficient and
reflectivity of OH~ bands. Reflectivity of OH~
bands increased with increasing absorption coeffi-
cient. Values of glass transition points from 520 to
540°C and flow points from 560 to 580°C were
obtained. © 1999 Elsevier Science Limited. All
rights reserved
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1 Introduction

Tellurite glasses have been developed for high
refractive index, high dielectric constant!> and
good infrared transmitting properties for use in
various kinds of electronic glasses. However,
although the problem to remove OH™ radicals in
tellurite glasses has been important in infrared
transmitting glasses, they have hardly been accom-
plished. It is an interesting fact that they have
much residual water and OH™ radicals, which are
caused by water in raw materials and atmospheric
moisture during melting. Experiments carried out
by Grove et al.>* showed that OH~ absorption
bands decreased by the use of dry-air-bubbling
through molten glass during melting and vacuum
melting. They are effective methods for the
removal of water or the expellation of OH™ ions

*To whom correspondence should be addressed

637

from glasses.®> The introduction of fluoride ions
into raw materials is advantageous as a means of
decreasing the infrared absorption bands in the
region of water peaks.® The hydroxyl ion and the
fluoride ion are isoelectronic and are also similar in
ionic size and therefore, hydroxyl ions can be easily
replaced by fluoride ions during melting.”

Harrison® was the first worker to measure sys-
tematically OH~ absorption bands of various
oxide glasses. He found the OH~ absorption bands
at 2-70 u in fused silica, at 2-85 & in boric oxide, at
2-95 i in sodium tetraborate and at 3-2 u in fused
metaphosphoric acid. Scholze® also observed OH~
absorption bands around 2-75u in silica glass.
They are absorption bands of fundamental vibra-
tion due to OH~ absorption and another overtone
frequencies may be observed by the use of infrared
absorption spectroscopy. The author investigated
the visible rays cut-off and infrared transmitting
properties of TeO,-GeO,—V,05s—PbF, glass sys-
tems and the removal of OH~ absorption bands in
the infrared region.

2 Experimental

TCOZ*G602*V2O5*PbF2 and TCOz*GCOz*PbO*
V,05 glasses were prepared for use in the experi-
ment. Batches comprising 1kg of reagent grade
chemicals were melted at 1000°C for 3h in an
ultra-high-purity Au-Pd crucible with an electric
furnace in an oxidizing atmosphere. Dry air passed
through silica gels was blown for 0-5h through
liquid glass during melting in an oxidizing atmo-
sphere. This is the dry-air-bubbling technique.!?
After homogeneous melting, the glass was poured
onto a stainless steel plate and annealed. Infrared
transmission spectra were measured using a Digi-
Labo spectrophotometer with 10x20x1 mm and
10x20x2mm plates. Thermal expansion curves
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were measured using a Rigaku-TMA Thermo-
mechanical testmeter with rods 3mm in diameter
and 30mm long. Glass transition points and flow
points were obtained from thermal expansion
curves, using a method previously described.!!

3 Results and Discussion

Transmittance T is given as follows:!?

(1= RPexp(-f1)
1 — R%exp(—2p1)

(1)

where R is the reflectivity, 8 is the absorption
coefficient and 7 is the thickness.

When ﬁ;ﬂ[) < 1 eqn (1) is written as follows:
(2)

T = (1 - RYexp(~ 1)
When T is the transmittance of a specimen 1 mm
thick and 75 is the transmittance of a specimen
2mm thick, 77 and T, are respectively written as
follows:

Ti = (1~ R)’exp(~0-1p) (3)
Ty = (1 — R)*exp(—0-28) (4)

From eqns (3) and (4), 8 is obtained as follows:
B =23-03log(T1/T>) (5)

The value of R is computed from eqn (1) by the use
of values T and B. Values of 8 are computed from
eqn (5), using the transmittance of glasses with two
different thicknesses.

Glass composition, R, T and B are listed in
Table 1. Infrared transmission spectra of TeO,—
G602*PbF2*V205 and T602*GCOZ*PbO*V205
glass systems are given in Fig. 1. These absorption
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bands around 3500cm~! are due to the funda-
mental vibration of OH~ absorption bands, but
the over-tone frequency of OH~ band is not
observed in these glasses. As shown in Table 1,
PbF,-containing glass showed improvement in
absorption coefficient of OH~ band. Particularly,
the glass treated by dry-air-bubbling showed much
improvement in absorption coefficient. Fluoride-
containing and bubbled glasses showed the best
improvement in OH™~ bands in comparison with
the glass without fluoride and dry-air-bubbling
treatment. Pyrohydrolysis reaction'!!> to remove
water in glasses is represented as follows:

PbF, + 2H,0 — PbO + 2HF | (6)

The values of R also increased with increasing
values of B and they are not negligible, since they
have a tendency that R becomes substantially lar-
ger, when B increases. These equations for obtain-
ing the values of 8 and R from infrared spectra of
glasses with different two thicknesses were derived.
The method for calculation of absorption coeffi-
cient and reflectivity is not only for use in calcula-
tions for infrared region, but is also in those for
ultraviolet and visible wavelength regions.
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Fig. 1. Infrared transmission spectra of tellurite glasses.

Table 1. List of glass compositions and values of 7, R and B calculated from infrared transmission spectra of glasses with different
two thicknesses

Glass no.  Treatment TeO, (mol%) GeO; (mol%) V05 (mol%) PbO (mol%) PbF; (mol%) T(%) R B (ecm™!)
() Bubbling 70 24 1 — 5 83 007 020
(ry Bubbling 70 24 1 — 5 85 007 020
2) — 70 24 1 — 5 75 0-10 039
Qy — 70 24 1 — 5 78 0-10  0-39
3) — 70 24 1 5 — 62 017 0-58
(€4 — 70 24 1 5 — 66 0-17  0-58

(1) TeO,-GeO,-V,05-PbF, glass with dry-air-bubbling, 2 mm thick;
(1Y TeO>-GeO»-V,0s5—PbF, glass with dry-air-bubbling, 1 mm thick;

(2) TeO,—GeO,-V,05-PbF, glass 2 mm thick;
(2) TeO>,-GeO,-V,05-PbF, glass, 1 mm thick;
(3) TeO,—GeO,—V,05—PbO glass, 2 mm thick;
(3) TeO,-GeO»-V,05—PbO glass, | mm thick.
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Fig. 2. Thermal expansion curves of tellurite glasses: 1. glass
no. (1); 2. glass no. (2); 3. glass no. (3).

4 Conclusion

Visible rays cutoff infrared transmitting glass
without OH~ absorption bands which transmits
wavelength regions from 2.0 to 5-0nm was
obtained. Thermal expansion curves of these glas-
ses have been presented. Glass transition points T
from 520 to 540°C and flow points Ty from 560 to
580°C of these glasses have been obtained.
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