
EP 0 384 555 B1 Description . This Invention relates to a method for making
infrared polarizing glasses. U. S. Patent No. 4,479,819 describes the
preparation of glass articles exhibiting excellent polarization in 5   the
infrared region ofthe radiation spectrum from glasses containing
particlesof silverhalide dispersed therein, the silver halide being
selected from the group consisting of AgCI, AgBr, and AgI. The method
disclosed com- prised four basic steps: (1) a batch foraglass containing
silver and atleastone halide selectedfromthe group consisting of chlor-
ide, bromide, and iodide was melted and the melt shaped into a glass body
of a desired configuration; 10      (2) that glass body was subjected to a
heat treatment at a temperature at least above the strain point of the
glass, but not In excess of [err] above the softening point of the glass,
for a period of time sufficient to cause the generation of slver halide
particles therein selected from the group consisting of AgCI, AgBr, and AgI
ranging In size between about 200-5000A; thereafter (3) the glass body was
elongated under stress at a temperature above the annealing point of the
glass, 15      but below the temperature at which the glass demonstrates a
viscosity of about [err] poises, such that the silver halide particles were
elongated to an aspect ratio of at least 5:1 and aligned in the direction
of the stress; and then (4) the elongated glass body was exposed to a
reducing atmosphere at a temperature above about [err], but no higher than
about [err] above the annealing point of the glass, for a sufficient period
of time suf- 20      ficlent to develop a reduced surface layer on the
glass article having a thickness of at least 10 microns ([err]) and,
preferably, about 50 microns ([err] ), wherein at least a portion of the
elongated silver halide particles was reduced to elemental sliver particles
having aspect ratios greater than 2:1 which were deposited in and/or upon
the elongated particles. The principal objective of the invention disclosed
in that patent was to produce glass articles displaying 25  excellent
polarizing properties over the infrared portion of the radiation spectrum,
most preferably within the region of 700-3000 nm (7000-30,000A) but also up
to longer wavelengths, e.g., 3 to 5 microns. As was explained in the
patent, the dichroic ratio Is defined as the ratio existing between the
absorption of radiation parallel to the direction of elongation and the
absorption of radiation perpendicular to the direction of elongation, the
sharper (taller and narrower) the peaks, the higher the dichroic ratio.
Sharp peaks occur 30  with the presence of relatively small particles.
Nevertheless, the patent cautions that the particles must not be too small;
with particles smallerthan about 100A, the mean-free-path limitations to
the conduction electrons cause the peak to broaden. Moreover, small
particles demand very high elongation stresses to develop the necessary
aspect ratio. And, because the likelihood of glass body breakage during a
stretching-type elongation process is directly proportional to the surface
area of the body under stress, there is a very practical limitation 35  as
to the level of stress than can be applied to a glass sheet or other body
of significant bulk. In general, a stress level of a few thousand psi has
been deemed to comprise a practical limit. It was emphasized that the heat
treating parameters of Steps (2), (3), and (4) were critical to securing
the desired properties in the final product. To illustrate: The growth of
silver halide particles cannot occur at temperatures below the strain point
of the glass be- 40  cause the viscosity of the glass is too high.
Therefore, crystallization temperatures above the annealing point are
preferred and, where physical support is provided for the glass body,
temperatures up to [err] above the softening point of the glass can be
employed. Elongation of the glass body, along with the silver halide
particles grown in Step (2), will be carried out at temperatures above the
annealing pointof the glass, but below the softening point thereof. Thus, a
temperature 45   at which the glass exhibits a viscosity of about 108
poises had been adjudged to constitute the maximum. Cus- tomarily, the
elongation process will be conducted at temperatures at least [err] below
the softening point of the glass to permit high stresses to be developed
and to inhibit respheroldization of the silver halide particles. Laboratory
Investigations indicated that silver halide particles can be elongated
atlowerstresses than met- allic silver particles, but yet will provide
excellent polarization characteristics after reduction to elemental or 50
metallic silver. Nonetheless, firing of the elongated body in a reducing
environment under atmospheric condi- tions will be undertaken at
temperatures above [err], but no higher than [err] above the annealing
point of the glass, and, preferably, somewhat below the annealing point of
the glass, to prevent any proclivity of the particles to respheriodize.
Finally, experience had demonstrated that the silver halide crystals
generated during the initial heat treat- 55   ment [Step (2)] ought to have
diameters of at least about 200A in order to assume, upon elongation,
aspect ratios of at least 5:1 such that, upon reduction to elemental silver
particles, those latter particles will display 



aspect ratios greater than 2:1, thereby assuring the placement of the long
wavelength peak at least near the edge of the infrared region of the
radiation spectrum, while avoiding serious breakage problems during the
EP 0 384 555 B1 subsequent elongation step. At the other extreme the
diameters of the initial silver halide particles ought not to exceed about
5000Ain orderto preclude the development of significant haze in the glass
accompanied with a decreased dichroic ratio resulting from radiation
scattering effects. 5      Laboratory investigations and field experience
have evidenced that one of the key measures of the ef- fectiveness of the
above-described polarizing bodies is the contrast ratio, or as referred to
simply in the art as contrast. Contrast comprises the ratio of the amount
of radiation transmitted with its plane of polarization perpendicular to
the elongation axis to the amount of radiation transmitted with its plane
of polarization parallel to the elongation axis. In general, the greater
the contrast the more useful (and, hence, more valuable) the 10  polarizing
body. Another important feature of a polarizing body is the bandwidth over
which it Is effective. The polarizing glass articles produced in accordance
with the description of the above patent tend to have a rather narrow band
over which the contrast is at a maximum. Thus, on either side of that peak
wavelength the contrast falls off quite sharply. 15      Laboratory
experimentation has indicated thatthe level of contrast attainable in the
polarizing glass bodies prepared In accordance with the above patent is
dependent upon, among otherthings, the amount of reduction occurring during
Step (4), i.e., during the reduction firing step. Typically, the greater
the extent of reduction, the greater the level of contrast. It has been
demonstrated that contrast can be Increased by employing higher reducing
firing temperatures and/or longer periods of firing. That practice is
limited, however, Inasmuch as high- 20  er temperatures and/or longer
exposure times lead to respheroldization of the silver halide particles
wherein the elongated particles shrink and/or break apart, thereby tending
to form spheres. Such respheroidization can result In a decrease in
contrast and/or a narrowing ofthe peak absorption band or a shifting of the
peak absorption band  in the direction of shorter wavelengths. To
Illustrate, the "standard" process for preparing po- larizing glass
articles according to the above patent has utilized firing in a hydrogen
atmosphere for four hours 25  at [err]. When the glass articles were fired
for seven hours in a hydrogen atmosphere at [err], the contrast exhibited
by the articles was Increased somewhat, but with a concurrent reduction in
the bandwidth of high contrast. Consequently, the primary objective of the
present objective of the present invention was to prepare In- frared
polarizing glass bodies of higher contrast and greater bandwidth than those
produced in Patent No. 30  4,479,819. A second objective of the present
Invention was to produce infrared polarizing glass bodies exhibiting high
contrast over a relatively broad bandwidth utilizing shorter exposure
periods to reduction firing than required in the method of Patent No.
4,479,819. 35  Summary of the Invention The inventive process described
below achieves those objectives. It permits the manufacture of Infrared
polarizing glass bodies wherein the degree of contrast is. limited only by
the intrinsic properties of the glass composition, ratherthan by the level
of reduction possible before respheroidization of the silver halide
particles 40  occurs. In broadest terms, the Inventive process contemplates
carrying out Step (4), i.e., the reduction firing step, in a pressurized
reducing atmosphere, instead of the conventional practice of firing at
normal atmospheric pres- sure. The process creates a much higher degree of
reduction In the glass than when fired at atmospheric pres- sure
forequivalent times and temperatures. Because of that phenomenon, high
contrast can be obtained with- 45  out hazarding the onsetof
respheroldization. Afurther benefitflowingfrom the inventive process is the
broad- ening of the effective bandwidth over which the polarizing action of
the glass is operable, thereby further en- hancing the value of the glass.
Whereas the use of a hydrogen atmosphere provides the most efficient means
to achieve the desired reducing surface layer on the glass, to decrease the
hazards inherent in the use of a pure hydrogen atmosphere, a mixture of
hydrogen with an inert gas, e.g., forming gas consisting of about 92% 50
nitrogen and 8% hydrogen, can be employed. Other reducing gases, such as
carbon monoxide and cracked ammonia, can be effective, but commonly require
higher pressures and/or longer firing periods than hydrogen- containing
atmospheres. Whereas any increase in pressure over conventional atmospheric
pressure conceivably can exert a pos- itive effect upon the reduction step,
we have found that aminimum over pressure of at least about one atmos- 



55   phere Is necessary to assure a significant enhancement in contrast and
broadening of bandwidth, and a de- crease in the extent of time involved In
the reduction step. The maximum operable pressure is governed only by the
equipment utilized or the mechanical strength of the glass body. High
pressures can reduce the time required and may permit the use of lower
firing temperatures. It will be appreciated, nevertheless, that at the
point at which the glass surface becomes saturated with hydrogen, no
further Increase in the rate of reduction    EP 0 384 555 B1 can be
expected with increased pressure. In like manner to Patent No. 4,479,819,
the present inventive method is operable with phase separable or
photochromic glasses of widely varying compositions. One preferred area of
photochromic glasses is en- compassed within U. S. Patent No. 4,190,451 and
consists essentially, expressed in terms of weight percent on the oxide
basis, of 6-20% [err], wherein [err] consists of 0-2.5% [err], 0-9% [err],
0-17% K20, and 0-6% [err], 14-23% [err], 5-25% [err], 0-25% [err], 20-65%
[err], 0.004-0.02% CuO, 0.15-0.3% Ag, 0.1-0.25% CI, and 0.1-0.2% Br, the
molar ratio [err] ranging between 0.55-0.85, where the composition is
essentially free from divalent metal oxides other than CuO, and the weight
ratio Ag:([err]) ranging about 0.65-0.95. Two 10 areas of preferred phase
separable glasses have thesame base composition as that immediatelyabove
except that either the composition is essentially free of CuO or the
composition contains CuO but the molar ratio (R20- [err]. Another
particularly preferred base composition system of phase separable glasses
which contain silver halide particles and copper consists essentially,
expressed In terms of weight percent on the oxide basis, of 15  5-12%
alkali metal oxides, 27-35% [err] 1-15% [err], and the remainder [err]. A
most preferred glass from that system consisted essentially, expressed In
terms of parts by weight on the oxide basis, of: [err] 20             [err]
[err] 25      A particularly preferred base composition system of
photochromic glasses which contain silver halide par- ticlesand copper
consists essentially, expressed In terms of weight percent on the oxide
basis, of 5-12% alkali metal oxides, 27-35% [err], 1-15% [err], [err] CdO,
and the remainder [err]. In summary, the present inventive method provides
a product having a microstructure similar to those de- scribed in Patent
No.4,479,819, but wherein the polarizing contrast demonstrated is
greaterand the bandwidth 30  of polarizing action is broader, and those
improved properties can be achieved in a shorter period of time at the same
reduction firing temperature. PriorArt 35      U. S. Patent No. 4,479,819
reviewed at some length the disclosure of U. S. Patent No. 4,304,584 and
dis- tingiished the two disclosures. The explanatin presented in the former
patent is equally valid in differentiating the present invention over that
included within Patent No. 4,304,584. The invention described in Patent No.
4,479,819was alsofound to be patentableover U. S.Patent No.3,653,863.
Because the method of the present invention utilizes the general elements
of the method disclosed in Patent No. 4,479,819, it is equally distin- 40
guishable from the description provided in Patent No. 3,653,863. Patent No.
4,479,819 referred to U. S. Application Serial No. 427,510, now U. S.
Patent No. 4,486,213, which was  filed concurrently with the application
that matured as Patent No. 4,479,819. Patent No. 4,486,213 disclosed a
method for stretching a laminated glass sheet consisting of a core glass
containing silver halide particles which is covered with a thin layer of
cladding glass. 45     It is believed that Patent No. 4,479,819 comprises
the most pertinent prior art. Brief Description of the Drawing The appended
drawing presents curves illustrating polarization contrast and bandwidth of
polarizing be- 50 havior as a function of wavelength illustrating the
improvements resulting from the use of the method of the instant invention.
Description of Preferred Embodiments 55      In investigating the
parameters of the inventive method, samples of Corning 8111 glass in
sheetform hav- ing dimensions of about 1" x 0.5" x 0.04" ([err] 25.4x 12.7
x 1mm) and exhibiting photochromic properties, were placed into an
electrically-heated tube furnace which had been preheated to [err]. That
glass is marketed by Corning GlassWorks, Corning, NewYork underthe
trademark PHOTOGRAY EXTRA. The glass had a com- position encompassed within
U. S. Patent No.4,190,451 and the sheet had been drawn as described in
Patent 4 



EP 0 384 555 B1 No. 4,479,819 to produce silver halide particles having a
size of about 200-5000A and an aspect ratio of at least 5:1. We have found
that temperatures up to about [err] above the softening point of the glass
can be successfully used to generate the desired silver halide particles.
The use of temperatures higher than those 5  described in Patent No.
4,479,819 can reduce the time required for crystal generation. After the
sample was placed therein, a period of about 30 minutes was allowed to pass
to permit the furnace and sample to return to equoilibrium. Thereafter, the
furnace was purged with flowing nitrogen to remove any residual oxygen. The
outlet valve, which was connected to a flare tube, was then closed and the
furnace filled with hydrogen to a pressure of about 58 psig ([err]). The
outlet valve was thereafter opened a slight crack to allow a small flow 10
of hydrogen gas, and a catalytic combustorwas placed immediately contiguous
to the flare tube to assure com- bustion of the hydrogen. After a
predetermined period of time (clocked from the instant hydrogen was first
ad- mitted into the furnace) the outlet valve was opened to relieve the
pressure, the furnace was purged with ni- trogen for five minutes, and the
furnace allowed to cool before the sample was removed therefrom. In
simulating the conventional (non-pressurized) firing step, after purging
the furnace with nitrogen to re- 154   move residual oxygen, hydrogen was
simplyfiowed through the furnace and outthe flare tube into the catalytic
combustor with essentially no pressure buildup, i.e., at essentially 0
psig. Corning 8111 has a softening point of about [err], an annealing point
of about [err], and a strain point, of about 462C. Atemperatureofabout
[err] ([err] above the softening point of the glass) was used to gen- erate
the silver halide particles. 20      The appended drawing illustrates the
signif cant advantages in contrast and breadth of bandwidth which result
from the present inventive method. Curve A illustrates contrast as a
function of wavelength for a glass sample treated In accordance with the
conventional practice; viz., hydrogen firing for four hours at [err] and 0
psig. Curves B, C, and D represent treatments applied to glass samples
utilizing pressurized atmospheres. Thus, Curve B depicts contrast as a
function of wavelengthafter a one hour firing at 425C under a hydrogen 25
pressure of about 58 psig; Curve C after a four hour firing at [err] and a
hydrogen pressure of about 58 psig; and Curve D after a seven hour firing
at [err] and a hydrogen pressure of about 58 psig. It Is immediately
apparent that the use of a pressurized reducing atmosphere not only gives
rise to a dramatic increase in con- trast, but also leads to a tremendous
broadening of the bandwidth of useful polarizing effect. And those effects
are produced in a short span of exposure time. Hence, as can be seen, the
one hour firing in the pressurized 30 atmosphere yielded greater contrast
and broader bandwidth than the four hour conventional treatment. This
phenomenon is extremely Important from a processing point of view Inasmuch
as processing times are much reduced which, in turn, result in considerable
cost savings. With respect to bandwidth, after four hours In the
pressurized atmosphere, the region of high contrast extends over a range of
wavelengths at least 2000A, and commonly in excess of 3000A, whereas the
sample fired in the conventional mannerdemonstrated a very nar- 35  row
band on either side of a peak, with the contrast falling off sharply. In
general, whereas an exposure time of as little as one hour can produce
bandwidths and contrasts of greater magnitude than a four hour conven-
tional treatment, to assure the development of a relatively broad bandwidth
of high contrast polarizing proper- ties, an exposure period of about two
hours will be employed. 40 Claims 1. Amethod for making a glass article
exhibiting a relatively broad band of high contrast polarizing properties
in the infrared region of the radiation spectrum from glasses which will be
phase separable or will exhibit 45      photochromic properties through the
presence of silver halide particles therein selected from the group
consisting of AgCI, AgBr, and AgI, which method comprises the steps of (a)
melting a batch for a glass containing silver and at least one halide
selected from the group con- sisting of chloride, bromide, and iodide; (b)
cooling and shaping said melt into a glass article of a desired
configuration; 50        (c) subjecting said glass article to a temperature
at least above the strain point, but not in excess of [err] above the
softening point of the glass, for a sufficient length of time to cause the
generation of silver halide particles therein selected from the group
consisting of AgCI, AgBr, and AgI, said particles ranging in size between
about 20 - 500 nm (200-5000A); (d) elongating said glass article under
stress at a temperature above the annealing point, but below 55
that where said glass exhibits a viscosity of about 108 poises, such that
said silver halide particles are elongated to an aspect ratio of at least
5:1 and aligned in the direction of the stress; and, thereafter, 



(e) exposing said elongated glass article to a reducing environment at a
pressure greater than atmos- pheric pressure and at a temperature above
about [err], but no higher than about [err] above the annealing point of
the glass, for a period of time sufficient to develop a reducing surface
layer on said 5    EP 0 384 555 B1                           *   C  L  M  S
* No. 4,479,819 to produce silver halide particles having a size of about
200-5000A and an aspect ratio of at least 5:1. We have found that
temperatures up to about [err] above the softening point of the glass can
be successfully used to generate the desired silver halide particles. The
use of temperatures higher than those 5   described in Patent No. 4,479,819
can reduce the time required for crystal generation. After the sample was
placed therein, a period of about 30 minutes was allowed to pass to permit
the furnace and sample to return to equilibrium. Thereafter, the furnace
was purged with flowing nitrogen to remove any residual oxygen. The outlet
valve, which was connected to a flare tube, was then closed and the furnace
filled with hydrogen to a pressure of about 58 psig ([err] atm). The outlet
valve was thereafter opened a slight crack to allow a small flow 10  of
hydrogen gas, and a catalytic combustor was placed immediately contiguous
to the flare tube to assure com- bustion of the hydrogen. After a
predetermined period of time (clocked from the instant hydrogen was first
ad- mitted into the furnace) the outlet valve was opened to relieve the
pressure, the furnace was purged with ni- trogen for five minutes, and the
furnace allowed to cool before the sample was removed therefrom. In
simulating the conventional (non-pressurized) firing step, after purging
the furnace with nitrogen to re- 15 move residual oxygen, hydrogen was
simply flowed through the furnace and out the flare tube into the catalytic
combustor with essentially no pressure buildup, i.e., at essentially 0
psig. Corning 8111 has a softening point of about [err], an annealing point
of about [err], and a strain point of about [err]. A temperature of about
[err]([err] above the softening point of the glass) was used to gen- erate
the silver halide particles. 20      The appended drawing illustrates the
significant advantages in contrast and breadth of bandwidth which result
from the present inventive method. Curve A illustrates contrast as a
function of wavelength for a glass sample treated in accordance with the
conventional practice; viz., hydrogen firing for four hours at [err] and 0
psig. Curves B, C, and D represent treatments applied to glass samples
utilizing pressurized atmospheres. Thus, Curve Bdepicts contrastas
afunction of wavelength aftera one hourfiring at [err] undera hydrogen 25
pressure of about 58 psig; Curve C after a four hour firing at [err] and a
hydrogen pressure ofabout58 psig; and Curve D after a seven hour firing at
[err] and a hydrogen pressure of about 58 psig. It is immediately apparent
that the use of a pressurized reducing atmosphere not only gives rise to a
dramatic increase in con- trast, but also leads to a tremendous broadening
of the bandwidth of useful polarizing effect. And those effects are
produced in a short span of exposure time. Hence, as can be seen, the one
hour firing in the pressurized 30 atmosphere yielded greater contrast and
broader bandwidth than the four hour conventional treatment. This
phenomenon is extremely Important from a processing point of view inasmuch
as processing times are much reduced which, in turn, result In considerable
cost savings. With respect to bandwidth, after four hours In the
pressurized atmosphere, the region of high contrast extends over a range of
wavelengths at least 2000A, and commonly in excess of 3000A, whereas the
sample fired In the conventional manner demonstrated a very nar- 35 row
band on either side of a peak, with the contrast falling off sharply. In
general, whereas an exposure time of as little as one hour can produce
bandwidths and contrasts of greater magnitude than a four hour conven-
tional treatment, to assure the development of a relatively broad bandwidth
of high contrast polarizing proper- ties, an exposure period of about two
hours will be employed. 40 Claims 1. Amethod formaking a glass article
exhibiting a relatively broad band of high contrast polarizing properties
In the infrared region of the radiation spectrum from glasses which will be
phase separable or will exhibit 45      photochromic properties through the
presence of silver halide particles therein selected from the group
consisting of AgCI, AgBr, and AgI, which method comprises the steps of (a)
melting a batch for a glass containing silver and at least one halide
selected from the group con- sisting of chloride, bromide, and iodide; (b)
cooling and shaping said melt into a glass article of a desired
configuration; 50        (c) subjecting said glass article to a temperature
at least above the strain point, but not in excess of [err] above the
softening point of the glass, for a sufficient length of time to cause the
generation of silver halide particles therein selected from the group
consisting of AgCI, AgBr, and AgI, said particles 



ranging in size between about 20 - 500 nm (200-5000A); (d) elongating said
glass article under stress at a temperature above the annealing point, but
below 55         that where said glass exhibits a viscosity of about 108
poises, such that said silver halide particles are elongated to an aspect
ratio of at least 5:1 and aligned in the direction of the stress; and,
thereafter, (e) exposing said elongated glass article to a reducing
environment at a pressure greater than atmos- pheric pressure and at a
temperature above about [err], but no higher than about [err] above the
annealing point of the glass, for a period of time sufficient to develop a
reducing surface layer on said 5    glass article having a thickness of at
least 10 um wherein at least a portion of said elongated silver halide
particles are reduced to elemental silver particles having aspect ratios
greater than 2:1 which are deposited in and/or upon said elongated
particles, whereby said glass article exhibiting a relatively 5
broad range of high contrast polarizing properties in the Infrared region
of the radiation spectrum is formed. 2. A method according to claim 1
wherein said photochromic glass consists essentially, expressed in terms of
weight percent on the oxide basis, of 6-20% [err], wherein [err] consists
of 0-2.5% [err], 0-9% [err], 10      0-17% [err], and 0-6% [err], 14-23%
[err], 5-25% [err], 0-25% P206, 20-65% SiO2, 0.004-0.02% CuO, 0.15-0.3%Ag,
0.1-0.25% Cl, and 0.1-0.2% Br, the molar ratio [err] ranging between about
0.55-0.85, where the composition is essentially free from divalent metal
oxides other than CuO, and the weight ratio Ag:([err]) ranging about
0.65-0.95. 3. A method according to claim 1 wherein said phase separable
glass is essentially free from CuO and con- sists essentially, expressed In
terms of weight percent on the oxide basis, of 6-20% [err], wherein [err]
consists of 0-2.5% [err], 0-9% [err], 0-17% [err], and 0-6% [err], 14-23%
[err], 5-25% [err], 0-25% [err], 20-65% [err], 0.15-0.3% Ag, 0.1-025% CI,
and 0.1-0.2% Br, the molar ratio [err] ranging be- tween about 0.55-0.85,
where the composition is essentially free from divalent metal oxides, and
the -  weight ratio Ag:([err]) ranging about 0.65-0.95. 4. A method
according to claim 1 wherein said phase separable glass consists
essentially, expressed In terms of weight percent on the oxide basis, of
6-20% [err] wherein R20 consists of 0-2.5% [err], 0-9% [err], 0-17% [err],
and 0-6% [err], 14-23% [err], 5-25% [err], 0-25%[err], 20-65% [err],
0.004-0.02% CuO, 0.15-0.3% Ag, 0.1-025% Cl, and 0.1-0.2% Br, the molar
ratio [err] ranging about 0.55-0.85, where the composition Is essentially
free from divalent metal oxides other than CuO, the weight ratio Ag:(CI+Br)
ranging about 0.65-0.95, and the molar ratio ([err]):B203 <0.25. 5. A
method according to claim 1 wherein said phase separable glass contains
silver halide particles and copper and consists essentially, expressed in
terms of weight percent on the oxide basis, of about 5-12% alkali metal
oxides, 27-35%[err], 1-15% [err], and the remainder [err]. 6. A method
according to claim 5 wherein said glass consists essentially, expressed in
terms of weight per- cent on the oxide basis, of 35 2
2 [err] [err] 40 7. A method according to claim 1 wherein said
photochromicglass containssilver halide particles and copper and consists
essentially, expressed in terms of weight percent on the oxide basis, of
about 5-12% alkali metal oxides, 27-35% B203, 1-15% [err], at least 0.01%
CdO, and the remainder [err]. 45 8. A method according to claim 1 wherein
said band of polarizing properties extends over a range of wave- lengths of
at least 200 nm (2000A). 9. A method according to claim 1 wherein the
pressure at which said elongated particles are exposed to a 50     reducing
environment is at least one atmosphere greater than atmospheric pressure.
10. A method according to claim 1 wherein said reducing environment
consists of a hydrogen-containing at- mosphere. 11. A method according to
claim 10 wherein said period of time sufficient to develop a reducing
surface layer on said glass article is at least two hours. 6 



EP 0 384 555 B1 Patentanspruche 1. Verfahren zur Herstellung eines
Glasgegenstanides mit polarislerenden Elgenschaften und hohem Kon- 5
trast Ober sinen relativ brelten Bandbereich im Infrarotbereich des
Strahlungsspektrums von Glasern, die phasentrennbareind oder die durch das
Vorligen von Silberhalogenidteilchen darin, ausgewihit aus der Gruppe,
bestehend ausAgCI, AgBrundAgl, photochmmesEgenschaften
aufweisen,wobeidasVerfahren die folgenden Schritte umfaiBt: (a) Schmelzen
elnes Glasansatzes, der Silber und wenigstens ein Halogenid enthilt,
ausgewahit aus o0        der Gruppe, bestehend aus Chlorid, Bromid und
Jodid; (b) Abkfhlen und Formen der Schmeize zu elnem Glasgegenstand einer
gewfnschten Konfiguration; (c) Aussetzen des Glasgegenstandes elner
Temperatur, die wenigstens fiber dem unteren Kfhipunkt llegt, jedoch nicht
mehr ale 75 C fiber dem Erwelchungspunkt des Glases, fir eine ausrelchend
lange Zeit, urn das Entstehen von Silberhalogenidtellchen darin zu
bewirken, ausgewahit aus der Gruppe, 15        bestehend aus AgCI, AgBr und
Agi, wobei die Teilchen elne Grolle von zwischen etwa 20 - 500 nm (200 -
5000 A) aufweisen; (d) Dehnen des Glasgegenstandes unter Belastung bel
einer Temperatur, die fiber dem oberen KOhl- punkt Miegt, Jedoch unter der
Temperatur, bel welcher das Glas eine Viskositat von etwa 108 Poise auf- -
weist, so daB die Sltberhalogenidteilchen auf eln Hohe-Breite-Verhaltnbs
von wenigstens 5:1 gedehnt 20        und in Richtung der Belastung
ausgerichtet werden und, anschilegend, (e) Aussetzen des gedehnten
Glasgegenstandes ehner reduzierenden Umgebung bei einem Druck, der groiler
ist ale derAtmospharendruckund bel elner Temperaturvon fiber etwa 250
C,jedoch nicht hoher ate etwa 250C fiber dam oberen KfihIpunkt des Glases
Hlegt, fUr eine Zeitdauer, die ausrelchend ilt, umr eine reduzierende
Oberf"achenschicht auf dem G!asgegenstand mit ehner Dicke von wenigstens 10
jtm 25        zu entwickeln, wobei wenigstens sin Tell der gedehnten
SItberhalogenidteilchen zu elementaren Sil- berteilchen mit
H8hen-Brelten-Verhaltnissen von mehr als 2:1 reduziert werden, die in und I
oder auf den gedehnten Teilchen abgelagert warden, wodurch der
Glasgegenstand gebildet wird, der polarisle- rende Eigenschaften und hohen
Kontrast Gber elnen relativ breiten Bereich im Infrarotberelch des
Strahlungsspektrums aufweist. 30 2. Verfahren nach Anspruch 1, wobel des
photochrome Glas im wesentlichen, ausgedriickt In Gewlchtspro- zenten auf
Oxidbasis, baetsht aus 6 - 20 % R20, wobel R20 besteht aus 0 - 2,5 % Li2O,
0 - 9 % Na2O, 0 - 17 % K20,.und 0 - 8 % Ce2O, i4 - 23 %
BO23,,5-25%A203,,0-25%P208,20-65%SiO2,0,004- 0,02 %CuO, 0,15 - 0,3 % Ag,
0,1 - 0,25 % Cl, und 0,1 - 0,2 % Br, wobel das Molverhaltnis R20:B203 In 36
elnem Bereich zwischen etwa 0,55 - 0,85 llegt, wobel die Zussmmensetzung Im
wesentlichen frel von di- valenten Metalloxiden ist, die nicht CuO sind,
und das Gewichtsverhiltnis Ag:(CI+Br) Im Bereich von von etwa 0,65 - 0,95
liegt. 3. Verfahren nach Anspruch 1, wobel des phasentrennbare Glas im
wesentlichen frei von CuO ist und im 40      wesentlichen, ausgedrfckt in
Gewichtsprozenten auf.Oxidbasbs, besteht aus 6 - 20 % R20, wobei R20
besteht aus 0 - 2,5 % LkO, 0 - 9 % Na2O, 0 - 17 % K20, und 0 - 6 % Cs2O, 14
- 23 % B203, 5 - 25 % At203, 0-25% P20r, 20-65% Si02, 0,004 - 0,02 % Cu0,
0,15 - 0,3% Ag, 0,1 - 0,25% Ci, und 0,1 -0.2 % Br, wobel des Molverhaltnis
R20:B203 in elnem Berelch zwischen etwa 0,55 - 0,85 liegt, wobel die Zu-
sammensetzung im wesentlichen frei von divalenten Metalloxiden let und das
Gewichtsverhiltnis 46      Ag:(Cl+Br) In einem Bereich von etwa 0,65 - 0,95
liegt. 4.  Verfahren nach Anspruch 1, wobel des phasentrennbare Glas Im
wesentlichen, ausgedrflckt in Gewlchts- prozenten auf OxIdbasis, besteht
aus 6 - 20 % R20, wobei R20 besteht aus 0 - 2,5 % Lk2O, 0 - 9 % Na2O, 0 -
17 % K20, und 0 - 6 % Cb2O, 14 - 23 % B203, 5 - 26 % A1203, 0-25% P205,
20-65% SiO2, 0,004 - 0,02 % CuO, 0,15 - 0,3 % Ag, 0,1 - 0,25 % CI, und 0,1
- 0,2 % Br, und das Molverhiltnis R20:B203 in einem Bereich von etwa 0,55 -
0,85 liegt, wobel die Zusammensetzung im wesentlichen frei von divalenten
Metalloxiden, die nicht CuO sind, let und das Gewichtsverhiltnis Ag:(CU+Br)
in einem Bereich von etwa 0,65 - 0,95 liegt und des Molverhilltnis
(R20-A]203):B203 < 0,25 betragt. 5. Verfahren nach Anspruch 1, wobel des
phasentrennbare Gles Sllberhalogenidteilchen und Kupfer enthalt und Im
wesentlichen, ausgedrickt In Gewichtsprozenten auf Oxidbasis, aus 5 - 12 %
Alkallmetalloxiden, 27 - 35 % B203, I - 15 % A1203, und als Rest SiO2
besteht. 6. Verfahren nachAnspruch 5, wobei des Glas im wesentlichen,
ausgedrLickt in Gewichtsprozenten auf Oxid- 
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[err] 10  7. Verfahren nach Anspruch 1, wobei das photochrome
GlasSilberhalogenidtellchen und Kupfer enthalt und im wesentlichen
auagedrflckt in Gewichtsprozenten auf Oxidbasis, aus 5 - 12 %
Aikalimetalloxiden, 27- 35 % B203, I - 15 % A1203, wenigstens 0,01 % CdO
und als Rest S102 bessteht. S. Verfahren nach Anspruch 1, wobel des Band
polarisierender Eigenschaften Oiber einen Wellenlangenbe- 15      reIch von
wenigstens 200 nm (2000 A) reicht. 9. Verfahren nach Anspruch 1, wobei der
Druck, be! welchem die gedehnten Tellchen einer reduzierenden Umgebung
ausgesetzt werden, wenigstens eine Atmosphare grffBer lst ale der
Atmospharendruck. 10. Verfahren nach Anspruch 1, wobei die reduzierende
Umgebung aus einer Wasserstoff-enthaltenden At- 20.... .. mosphire besatht.
11. Verfahren nach Anspruch 10, wobel die Zeitdauer, die ausreichend let,
um eine reduzierende Oberfil- chenschicht auf dem Glasgegenstand zu
entwickeln, wenigstens zwel Stunden betrigt. 25 Revendlcatlons 1.  Procede
de fabrication d'un article en verre presentant une bande relativement
large de propriets pola- risantes de. contrasts elev .dans la region
infrarouge du spectre de rayonnement, a partir de verres pre- 30
sentant des proprietes de separation de phases ou des propriftis
photochromiques du fait de la presence de paricules d'halog6nure d'argent
dans ces verres, lesdites particules 6tant choisies dans le groups
constitue des particules de AgCI, AgBr, etAgl, .ledit proced.comprenant les
etapesasuivantes: - (a) fondre une charge de depart pour un verre contenant
de Ilargent et au moins un halogenure cholsi dans Is groups comprenant le
chlorure, le bromure et ilodure; (b) refroidir et faconner la masse fondue
en un article on verre presentant la configuration souhaitee; (c) soumettre
ledit article en verroa une temperature au molns uperieure a la temperature
de contrain- to, mals n'excedant pas 75C au-dessus du point de
ramollissement du verre, pendant une periode de temps suffisante pour
generer lea particules d'halogenure d'argent A lFInterieur dudit article,
lea parti- cules etant choisles dans le groups conatituh des particules de
AgCI, AgBr et Agi, lesdites particules 40        ayant une tallie comprise
entre 20 et 500 nm environ (200 - 5000 A); (d) 6tirer ledit article en
verre sous contrainte A une temperature superioure au point de recuit, mals
* - inferieure a latmperature a laquelle leditverre present
uneviscosited'environ 108 poises, de maniere quo lea particules
d'halogenure d'argent solent etirees pour prbsenter un rapport
d'allongement d'au momns 5:1 et soient alignbes dans.le sens de la
conlrainte; et, ensuite, (e) exposer ledit article en verre de forme
allongbe A un environnement rbducteur, A une pression su- pereure A la
pression atmospheiique et A une temperature supbrieure A 2500C environ,
mais n'exce- dant pas environ 250C au-dessus du point de recuit du verre,
pendant une p6riode de temps suffisants pour dbvelopper une couche
superfldcelle rbductrice sur ledit article en verre presentant une
epaisseur d'au moins 10 lm, ofi au moins une partie des particules
d'halogenure d'argent de forms allongbe sont reduites en particules
d'argent.elementaires ayant des rapports d'allongement superieurs A 2:1,
ces particules etantdeposeesdans etloucur lesdites particules deforms
allongee, ce qui permetdeformer ledit article en verre prbsentant un
bventail relativement large de proprietes polarisantes de contrasts eleve
dans la region Infrarouge du spectre de rayonnement. 5s  2.  Procede selon
la revendication 1, dens liquel ledit .verre photochromique et constitue
essentlellement, exprime en pourcentages en poids sur la base des oxydos,
de 6 A 20 % de R20 ob R20 consists en 0 A 2,5% de LiO2, 0 A 9% de Na2O, 0.
A 17 % de. K20, et 0 A 6% do Cs2O, de 14 A 23 % de B20, de5 A 25 % de
A1203, de 0 A 25 % de P205, de 20 A 85 % de S12, de 0,004 A 0,02 % de CuO,
de 0,15 A 0,3 %le 8    



*    C  L   M    S    * EP 0 384 555 B1 d'Ag, de 0,1 A 0,25 % de Cl, et de
0,1 A 0,2 % de Br, le rapport molaire R20:B203 6tant compris entre 0,55. et
0,85 environ, la composition 6tant essentiellement exempts d'oxydes
m6talliques divalents autres quo CuO, et le rapport en poids Ag:(CIBr)
etant.compris entre 0,65 et 0,95 environ. 5 3.  Proced selon la
revendication 1, .dans lequel leditverre pr6sentant une s6paration de
phases ost essen- tiellement exempt de CuO etest constitue essentiellement,
exprime en pourcentages en polds sur la base des oxydes, de B A 20 % de
R20, ob R20 consisteen 0 a 2,5 % de U02, 0 A 9.% de Na2O, 0 A 17 % de
K20,etOA6%deCs2O,de 14A23%de;B203,de5a.25 %deAI203,deOA25%deP205, de20A65
10      % de SiO2, de 0,1 5 A 0,3 % d'Ag, de 0,1 A 0,25 % de CI, et de 0,1
A 0,2 % de Br, le rapport molaire R20:B203 6tant compris entre 0,55 et 0,85
environ, lavcompositlQn etant essentlellement exempte d'oxydes metalli-
ques divalents, et le rapport en poids Ag:(CI+Br) etant compris entre 0,65
et 0,95 environ. 4. Proced solon l revendication 1, dans lequoe ledit verre
presentant uns separation de phases oet cons-. titue essentiellement,
exprim6 en pourcentages en poids sur la base des oxydes, de 6 A 20 % de
R2O, oO R20 consiste en 0 A 2,5% de U02,0A 9% de Na2O, 0 A 17% de K20,0et
Ob 6% de Cs2O, de 14 A 23 % de B203, de 5 A 25 % deAI203, de 0 A 25 % de
P206,.de20 A 65 % de S1O2, de 0,004 A 0,02 % de CuO, de 0,15 A 0,3 % d'Ag,
de 0,1 A 0,25 % de Cl, et de 0,1 A 0,2 % de Br, le rapport molaire R2O:BiO0
*tant compris entre 0,55 et 0,85 environ, la composition etant
essontiellement exempt d'oxydes metalli 20      ques divalents autres quo
CuO, le rapport en polds Ag:(CI+Br) etant compris entre 0,65 et 0,95
environ at le rapport molaire (R2O-A1208:B203f tant inferieur a 0,25. 5.
Procede solon la revendicatlon 1, dans lequel ledit verre pr6sentant une
s6paration de phases contient des particules d'halog6nure d'agent et du
cuivre et set constitue essentiellement, exprim6 en pourcen- tages en polds
sur la base des oxydes, de 6 A 12 %eenviron d'oxydes de metaux alcalins, 27
A 35 % en 25 polds de B203, I A 15 % en polds'd'Ai203, ie reste 6tant
constltu6 de SiO2. 6. Procede selon la revendlcation 5, dans loquel ledit
verre est constitue essentlellement, exprime en pour- centages en poids sur
la base des oxydes, de: 30 SiO2      51, 8          Na2O     91 8 .
Br       1, 2 B203      31., 0         Ag.        o,18 I.       F       1,2
A1203      7,8           C1.    0,52              CuO    0,03. 35 7.
Proc6de solon la revendication 1, dans loquel ledit verre photochromique
contient des particules d'halo- genure d'argent et du cuivre et est
constitue essentielermnnt,. exprime en pourcentages en poids sur la base
des oxydes, de 5 A 12 % environ d'oxydes de rnetaux alcallne, de 27 A 35 %
de B203, de I A 15 % de A1203, d'au moins 0,01 % de CdO,set l rests etant
constitue de SI02. 40 8. Procede solon la revendication 1, dans lsquel
ladite bande de propri6t6s polarisantes stend sur une gam- me de longueurs
d'onde d'au moins 200 nm (2000 A). 9. Proced6 solon la revendication 1,
dans lequel la pression A laquelle lesdites particules de forms allong6e A5
sont exposees A un environnement reducteur est superieure d'au moins une
atmosphbre a la presslon atmosphbrique. 10. Proc6de solon la revendicatbon
1, dans lequel ledit environnement r6ducteur eat constitue d'une atmos-
phere contenant de I'hydrogbne. 50 11. Proc6de solon la revendlcatlon 10,
dans lequel ladite p6riode de temps suffisante pour d6velopper une couche
superficielle reductrice sur ledit article en verre ost d'au moins deux
heures. 55 9    


