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ULTRAVIOLET ABSORBING, FIXED TINT GREEN OR BROWN SUNGLASS

In recent years both governmental and private agencies
have stressed the damage which can result when eyes are
exposed to bright sunlight, this damage being caused
primarily by exposure to wavelengths in the ultraviolet
portion of the radiation spectrum. Therefore, glass
manufacturers have been active in designing compositions
for sunglasses which will essentially block the trans-
mittance of ultraviolet radiation. United States Patents
No. 5,256,607 and 5,268,335 present two disclosures
directed to the production of such glasses.

The U.S. patent 5,268,335 also discloses a glass
commercially marketed by Corning Incorporated, Corning, New
York, which exhibits a neutral gray fixed tint and limits
the trans-mittance of ultraviolet radiation at 380 nm to no
more than 1% at a thickness of 2 mm. An analysis of that
glass, marketed under Corning Code 8015, is tabulated below
expressed in terms of weight percent on the oxide basis:

sio, 68.41 K.O 9.71 C0,0, 0.021
21,0, 0.51 Zno 6.76 Nio 0.126
Na,O 8.81 Fe,O0, 5.54 As,0, 0.111.

There has been a need for a glass suitable for
ophthalmic applications exhibiting a brown or green fixed
tint of a desirable hue that can be chemically strengthened
to high values with surface compression layers of
significant depth, and which limits the transmittance of
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glass, marketed by Corning Incorporated, is illustrative of
such. An analysis thereof is set out below, expressed in

terms of weight percent on the oxide basis.

sio, 65.4 Ca0 6.0 Nio 0.48

Al1.0, 7.0 Zno 3.0 V.05 0.40
Na,O 13.9 Tio, 0.25 as,0, 0.10
K0 2.6 Fe,0, 0.28 Sb,0, 0.60

The brown color is imparted to the glass through a
combination of a relatively high concentration of NiO with
a low level of Fe,0,. Unfortunately, however, its trans-
mittance of ultraviolet radiation at a wavelength of 380 nm
is greater than 30%.

A fixed tint brown ophthalmic glass which absorbs
strongly in the ultraviolet region of the radiation
spectrun is marketed by Bausch and Lomb, Inc., Rochester,
New York, under the designation B-15. That glass has the
following approximate composition, expressed in terms of
weight percent on the oxide basis:

sio, '69.1 K.0 9.8 Nio 0.11
al,0, 0.49 Zno 6.1 Se 0.046
Na,o 8.2 Fe,0, 5.8 As,0, 0.40

Because the strain point of that glass is so low, viz.,
about 435°C, it encounters problems in chemical
strengthening in the standard commercial white crown glass
salt bath; i.e., immersion for 2 to 16 hours in a bath of
molten KNO, operating at a temperature of 450°C. For
effective chemical strengthening brought about by
exchanging potassium ions from the salt bath with sodium
ions in the glass surface, the strain point of the glass
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exchanging potassium ions from the salt bath with sodium
ions in the glass surface, the strain point of the glass
nust be higher than the temperature of the salt bath; in
this instance higher than 450°C.

Also known are glasses displaying green colorations.
For instance, in "Coloured Glasses", Dawson’
{(London, 1959), W. A. Weyl discusses the utility of the
ions of chromium, cobalt, copper, vanadium, and
praseodymium in producing green glasses and also examines
the palette of colors, including greenish hues, which
result from the combination of Fe** and Fe** ions in the
glass.

U.S. Patent 2,937,952 (Smith et al) discloses green
glasses suitable for ophthalmic applications wherein the

green coloration is imparted thereto through the inclusion
of 2.8-5% Fe,0,. The patent noted that, although the total

0.

Zn0O
60

iron was reported as Fe,0,, the presence of both Fe** and Fe™

was acknowledged. The glasses consisted essentially, in
weight percent, of

5i0, 65-75 ca0 5-8

Na,0 7-10 Mg0 2-4

K.0 7-10 Ca0+Mg0 7-10.5
Na,0+K,0 15.5-17.5 Fe,0, 2.8-5

Patent No. 5,268,335, supra, explained that the
incorporation of substantial quantities of Ca0 in a glass

composition has customarily been observed to retard the ion

exchange taking place between potassium ions from a salt
bath and sodium ions present in the glass surface. That
action of Ca0 leads to a shallower depth of the surface
compression layer even after relatively long exchange
periods such that, whereas providing a very substantially
initial improvement in mechanical strength, can result in
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Corning Code 8053 glass, marketed by Corning
Incorporated, exhibits a green hue and absorbs very
strongly in the unltraviolet portion of the radiation
spectrum. Both the color and the ultraviolet absorption
are primarily the result of the high level of iron present
in the glass, which glass consists essentially, as analyzed
in weight percent as expressed on the oxide basis, of

sio, 67.0 K,0 13.1
B,0, 7.5 Zno 2.5
Al,0, 2.0 Tio, 1.0
Na,0 2.4 Fe,0, 5.1

Unfortunately, because the Na,0 content is low, the
glass does not perform well when subjected to chemical
strengthening in the standard commercial white crown glass
salt bath; i.e., immersion for 2 to 16 hours in a bath of
molten KNO, operating at a temperature of 450°C. Thus,
there are insufficient Na* ions in the glass surface to
exchange with K" ions from the salt bath so as to produce a
surface compression layer of significant thickness.

Glass RB-3, marketed by Schott Glaswerk, Mainz,
Germany, displays a green color and absorbs very strongly
in the ultraviolet portion of the radiation spectrum. 1In
like manner to Corning Code 8053 glass, supra, both the
color and the ultravioclet absorption are due primarily to
the high level of iron included in the glass composition,
that composition consisting essentially, as analyzed in
weight percent on the oxide basis, of

5io0, 72.6 cao 4.4
Al,0, 0.54 As,0, 0.12
Na,0 10.6 Fe,O0, 5.76
x,o 6.0
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retarding effect which Ca0 exerts on the ion exchange
reaction comprising the basis of chemical strengthening was
explained above. To cause a compression surface layer to
develop, the strain point of the glass must be higher than
the temperature of the salt bath; in this instance, higher
than 450°C. Otherwise, the bath temperature will cause the
glass surface to relax such that compressive stresses are
not built up therein.

Therefore, the principal objective of the present
invention is to devise glass compositions suitable for
ophthalmic applications which exhibit a brown or green
fixed tint, which exhibit a transmittance to ultraviolet
radiation at a wavelength of 380 nm of less than 1%, which
will exhibit a transmittance having a dominant wavelength
between 580-588 nm with a purity of 48-70% if brown, or
transmittance at dominant wavelength between 554-564 with a
purity of 18-32% if green, which exhibit a refractive index
of 1.523, and which can be chemically strengthened.

Summary of the Invention

That objective is achieved in transparent glasses of
fixed brown or green tint, transmitting, at a thickness of
2 mm, less than 1% of ultraviolet radiation having a
wevelength of 380 nm, and which, if the fixed tint is green
are composed of '

Sio, 65-72 Na,0+K,0 15-21
B0, 3-8 Ca0 0-4
Al,0, 0.5-5 Zno 0-4
Na,o 6-12 Cao+2no 1-5
K,O 6-12 Fe,O, 4.8-7

the fixed green tint being defined by the area bounded by
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sio, 65-72 ca0 0-5.5
B0, 3-8 Zno 0-4
Na, 0 6-10 Cao+ZnoO 2-5.5
K0 7-12 Fe,0, 3-5
Na,0+K,0 15-20 Se 0.02-2
Al.0, 0-4 Nio 0-0.12

the fixed brown tint being defined by the area bounded by
apices A’,B’,D’,F’ ,A’ of the drawing, having a purity
between 48 ~ 70%, and a dominant wavelength between 580-588
nm.

As employed herein, the expression "consisting
essentially of" renders the glass composition open only for
the inclusion of unspecified ingredients which do not
materially affect the basic and novel characteristics of
the glass. In general, the total of all such inclusions
will be less than about 5%.

As was explained in U.S. Patent 5,268,335, optical
and ophthalmic laboratories are under increasing pressure
to reduce the concentration of zinc released in the
effluent created by their finishing operations. Therefore,
whereas ZnO may be substituted for part or all of the CaO,
not only because of the above-described environmental
concerns, but also because the redox conditions during
melting require more exactlng control with ZnO-containing
glass melts, the preferred subject inventive glasses have
compositions which are essentially free of ZnO. As used
herein, "essentially free of ZnO" indicates that no
substantial amount of a ZnO-containing material is
intentionally included in the glass composition.

As was also explained in U.S. Patent No. 5,268,335,
the presence of Ca0 in a glass composition has customarily
been observed to retard the ion exchange taking place
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taking place agteeepepataselyn bAgSekERGhgeSpbtiods which, while
providing a very substantial initial improvement in

mechanical strength, can result in a considerable reduction
in strength as a consequence of surface abuse suffered by
the glass during use in service. Quite surprisingly, the
substantial quantities of Ca0 in the inventive glasses do
not appear to adversely affect their capability of being
chemically strengthened, inasmuch as the phenomenon
customarily encountered of the development of shallow
compression layers has not been observed in the inventive
glasses. It has been conjectured that the presence of B,0,
exerts some influence in securing surface compression
layers of desirable depth.

When compared with Corning Code 8053 glass, the
inventive green glasses resulted from the replacement of
part of the K,0 with Na,0, the substitution of Ca0 for 2no,
and the elimination of TiO0, to obtain the desired green
coloration. In general, the levels of Na,0 and K,0 will
preferably be about equal.

With respect to Schott RB-3 glass, the inventive green
glasses contain substantial amounts of B.0, and the levels
of the remaining components, particularly those of Na,0 and

'K,0, are adjusted to assure that the strain points of the
glasses exceed 460°C.

In discussing Corning Code 8079 glass above, it was
observed that, whereas that glass exhibits a brown fixed
tint and is chemically strengthenable, its transmittance of
ultraviolet radiation is much too high in today’s sunglass
market. Glass B-15 of Bausch and Lomb was also discussed,
it being pointed out that the reduction in ultraviolet
transmission displayed by that glass involved the use of
much higher levels of iron oxide than are found in Corning
Code 8079 glass. When higher levels of iron oxide are
utilized to achieve the desired color and absorption of
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oxide replaces alkaline earth oxides and/or zinc oxide, the
temperature of the strain point drops quite rapidly. As
was observed above, for suitable ion exchange strengthening
utilizing the replacement of sodium ions in the glass with
potassium ions from the standard bath of molten KNO,
operating at 450°C, the glass nust demonstrate a strain
point higher than 450°C. The subject inventive glasses
exhibit strain points of at least 460°C.

When iron oxide was substituted for part of the alkali
metal oxide content of Corning Code 8079 glass, glasses
with strain points high enough for chemical strengthening
were produced. That substitution, however, led to glasses
that proved difficult to melt because of their high
viscosities in the melting region. Because of anticipated
melting and forming problems and the excessive
volatilization of selenium due to the need for higher
melting temperatures, that approach was abandoned.

The inventive brown glasses resulted from substantial
additions of iron oxide, expressed as Fe,0,, in substi-
tution for Al,0,, ZnO, and a minor reduction in CaO content,
plus the inclusion of significant amounts of B,O,.

Arsenic oxide or a combination of alkali metal
chloride and alkali metal bromide can comprise fining
agents for the inventive green glasses. For example, As,0,
in concentrations up to about 0.5% or a combination of
chloride and bromide u§ to about 1.5% total, consisting of
up to 1% chloride and up to 0.5% bromide, has been found to
be quite satisfactory for that purpose. As can be
appreciated, the use of this latter combination yields a
much more reduced glass. Accordingly, compensation for
that factor must be made by adjusting the ratio of the iron
oxide batch materials; e.g., adjusting the ratio of iron
oxalate to iron (*3 valence) oxide batch materials.

Arsenic oxide or a combination of sodium chloride and
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Thus, of the iron oxide batch materials; e.g., adjusting the
ratio of iron oxalate to iron (+3 valence) oxide batch
materials.

As was observed earlier, although the total iron
content of the glass is reported in terms of Fe,0,, it is
recognized that both Fe**’ and Fe*® ions are present in the
glass. Consequently, when iron constitutes the glass
colorant, the oxidation state of the glass must be
controlled in order to secure a desired tint. Figure 1 in
the appended drawings illustrates the "color box" of
chromaticity coordinates (x,y), as determined employing a
conventional tristimulus colorimeter with Illuminant C.
Thus, the desired green tint lies within the area A,C,D,E,A
of the drawing, with the preferred glasses exhibiting tints
within the area A,B,G,F,A. As can be seen, in the basic
glasses the dominant wavelength will range between 554~564
nm at a purity of 18-32%. In the preferred glasses the
dominant wavelength will range between 554-560 nm at a
purity of 18-26%.

The more preferred green glasses consist essentially,
expressed in terms of weight percent on the oxide basis, of

sio, 66-72 K0 6-11
B0, 3-7 Na,0+K,0 15-20
Al.0, 0.5-4 cao 1-4
Na,0 6-11 Fe,0, 5-7

As can be appreciated, Fe,0, concentrations of 3% by
weight and higher impart a distinct green coloration to the
glass. To achieve the desired brown coloration, selenium
in amounts up to 2% by weight are incorporated, the hue of
which can be adjusted through the addition of nickel,
expressed in terms of NiO. Figure 1A illustrates the
"color box" of chromaticity coordinates (x,y), as
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of ZnO and consist essentially, expressed in terms of
weight percent on the oxide basis, of

sio, 66-71 21,0, 0.25-2

B.0, 3-6 Cca0 2.5-5

Na,0 7-10 Fe 0O, 3-5

K0 8-11 Se 0.03-0.5

Na,0+K.,0 16-20 Nio 0.01-0.1.
cripti de wi

The appended drawings comprise plots of chromaticity
coordinates on a color mixture diagram utilizing Illuminant
c, for green glasses, Fig. 1, and brown glasses (Figure
1a).

escripti (o) E iment

Tables I and IA record several base glass
compositions, expressed in terms of parts by weight on the
oxide basis, illustrating the instant invention. Because,
‘however, the sum of the individual components totals or
closely approximates 100, for all practical purposes the
values listed may be considered to reflect weight percent.
The actual batch ingredients for preparing the glasses nay
comprise any materials, either oxides or other compounds,
which, when melted together, will be converted into the
desired oxide in the proper proportions. To illustrate,
Na.CO, and K,CO, can comprise a source of Na,0 and K.,0,
respectively.
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The batch ingredients were compounded, thoroughly
blended together to aid in obtaining a homogeneous melt,
and charged into platinum crucibles. The crucibles were
introduced into a furnace operating at about 1450°C, the
batches melted for about 4 hours, the melts poured into
steel molds to yield rectangular glass slabs having
dimensions of about 25.4 X 10.2 X 1.3 cm (10" X 4" X 0.5%),
and those slabs transferred immediately to an annealer
operating at about 520°C.

Test samples were cut from the annealed slabs for
measuring softening points, annealing points, strain
points, linear coefficients of thermal expansion
(25°-300°C), densities, and indices of refraction.
Measurements of chromaticity and transmittance at a
wavelength of 380 nm were carried out on ground and
polished plates of 2 mm thickness. .

Whereas the description above is directed to labor-
atory melting and forming practice only, it must be
appreciated that the glass compositions reported in Table I
falling within the ranges of the subject invention can be
melted and formed in much larger quantities employing
conventional commercial glass melting units with standard
glass forming equipment and techniques. It is only
necessary that glass batches of appropriate formulations be
prepared, those batches fired at a temperature and for a
time sufficient to secure homogeneous melts, and those
melts thereafter cooled and shaped into glass articles of
a desired configuration. Customarily, those glass articles
will be annealed.
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t hi ckness of

B0, 4.2 4.3 4.3 4.3 4.2 4.3 4.3
Al,0, 2.2 1.9 1.9 0.5 1.9 1.9 1.9
Na,o 8.7 8.8 8.7 8.7 8.7 8.8 8.8
X.0 8.3 8.9 8.9 8.8 8.8 8.9 8.9
Cao 2.4 3.2 3.2 3.2 3.2 3.2 3.2
Fe.0, 5.77 5.5 5.5 5.5 6.1 5.0 5.4
Tio, - - - 0.23 - - -

TABLE IA (Brown Glasses)

la -2a _3a ~4a_ 5a
sio, 69.1 69.3 68.7 68.7 68.7
B,O, 4.2 4.3 4.3 4.3 4.3
Al.0, 0.5 1.0 1.9 1.9 1.9
Na,0 8.4 9.0 8.7 8.7 8.7
K.O 9.9 8.9 8.8 8.9 8.8
cao 4.0 3.2 3.2 3.2 3.2
Fe,0, 4.0 3.9 3.9 3.9 3.9
Se 0.013 0.04 0.05 0.05 0.08
Nio 0.035 0.07 -— 0.07 -
Tio, § - —_— 0.15 - -

As was noted above, the glasses of Table IA can be fined
using either As.0, or a combination of NaCl and NaBr in
amounts of less than 1%.

The Tables II and IIA recite softening points (S.P.),
annealing points (A.P.), and strain points (St.P), expressed
in °C, linear coefficients of thermal expansion (Exp) over
the temperature range 25°-300°C, expressed in terms of
X 1077/oC, densities (Den) in terms of g/cm’, refractive
indices (n,), percent transmittance (Tran) at a wavelength of
380 nm at a thickness of 2 mm, and chromaticity values
(Y,x,y) measured on polished samples of 2 mm thickness, all
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2 mm less than 1% of ultraviolet radiation having a wevel ength of 380 nm
and which, if the fixed tint is green are conposef_of —SFE2 2
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564 nm and composition for a study of the effects whlch excur51ons of
iron, selenium, and nickel contents would have on the
chromaticity values exhibited by the glass. Accordingly,

because the variations in levels of the base glass components
were relatively minor, it was deemed that the physical
properties of Examples 2-5 and 2a-5a, except for the
chromaticity data, would be similar to those in Examplé 1 and
1A and, hence, were not measured.

TABLE 1] (Green Glasses)

-1 —2_ -3 -4 5. 6 7
S.P. 703 - - -- - - -
A.P. 528 - - - - - -
st.P. 494 - - - - - -
Exp 85.7 - - - - - -
Den 2.502 -~ - -- —-= - -
np 1.523 -~ - ~-= - - -
Tran 0.13 0.22 0.21 0.58 0.07 0.53 0.36
Y 16.4 13.7 15.5 18.7 10.1 22.5 19.0
X 0.3284 0.3176 0.3341 0.3164 0.3314 0.3214 0.3264
Y 0.3811 0.3868 0.3978 0.3792 0.4021 0.3802 0.3860

In the "color box" of the appended drawing, apices
A,B,C,D,E,F, and G designate the following x,y coordinates.

X y
0.3139 0.3791
0.3153 0.4073
0.3168 0.4278
0.3394 0.4061

0.3267 0.3668
0.3216 0.3718
0.3267 0.3965

oM mO O
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which, if the fixed tint is brown are conposed of § St

CaO 0-5.5 [err] 3-8 Zr{OTHIS SHEET HAS HEEM fierr]
6- 10 Ca0O+ZnO 2-5.5 [err] 12 REPLAGED Fe, 04
3-5 [err] 15- 20 Se -149. 02- 27Ferri =&

Ni O 0-0.12 the fixed brown tint being defined by the area

bounded by api ces 28, &rnpeobgervedt fivon the npeaparengnts piepeytedt ken 48

- 70% and a pPieapt 4RA CAENGE bfw@f PEPreSéntdd fﬁ eﬂalpy seieln
t he expression "consjsting esse ) renders gﬁa SS coggg tion

open only forCPMROFHEIOR; GAnEFO ng eﬁg?léﬂv?ﬂb+%%|% RISGRi TH Wb

assure that the glasses will demonstrate the chromaticities
included within the polygon delineated by apices A,C,D,E,A,
while limiting the transmittance of the galss at a wavelength
of 380 nm to less than 1%. Even more critical, of course, is
the control of glass composition within the preferred color
target area bounded by apices A,B,G,F,A.

TABLE IIA (Brown Glasses)

S.P. 705 - - - -
A.P. 531 - - - -
St.P. - 492 - - - -
Exp 89.5 - - - -
Den 2.501 - - - -
n, 1.523 -- - - -
Tran 0.76 0.89 0.87 0.94 0.75
Y 14.9 11.7 17.9 13.1 15.1
x 0.4722  0.4289  0.4178  0.4087  0.4358
y 0.4008  0.4036  0.4029  0.4003  0.4055

, In the "color box" of the appended drawing, Apices A/,
B, C*, b’, E’, F’, and G’ designate the following x, y

coordinates.
X Y
A 0.4075 0.3977
B* 0.4520 0.4353
c’ 0.4703 0.4175
D’ 0.4875 0.4002
E’ 0.4467 0.3810
F’ 0.4317 0.3748
G’ 0.4352 0.3942

As can be observed from the measurements reported in
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material l.y affect the basic and novel characteristicef Gipasasglass. In
general, the total of all such inclusions will be Ie#%&i?vf S N
was explained in U S. Patent 5,268, 335, optical and t:i:§;;~m;\1;; off i es
are under increasing pressure to reduce thg5eoncentrati on Or=ssal’

in the effluent created by their finishing operations. Therefore, W das
ZnO may be sUBELPt dfeBnflopspgrapBicallyorepresentedndn Shey apperdses of the

above- descri hedwenyl,' e8MpOEaL1i6ANEBHAFO1DBE &ha0 iRoeative! bRakedeX is

condi tions d%n'ng meltin re ife Hnre exactin o] t%pl ith an:cpntaining

gl ass nelts, Ph@ ngfgﬁ?gH sgﬁ?ch PnILREEEE H&&isag ﬂ&§g|85ﬁp5 €t i ons

whi ch are esshpbmakligities dhcYufedAwithdéf ktRecpblygensdeliakchyed &y of

Zn0" indicatgs; LAt AR Br, pr, Fr, and A’, while limiting the
transmittance of the glass at a wavelength of 380 nm to less
than 1%. Even more critical, of course, is composition
control within the preferred color target area bounded by
Apices ¢/, D’, E’, G/, and C’.

Ground and polished lenses having a thickness of about 2

mm were immersed for 16 hours in a bath of molten KNO,
operating at 450°C. The lenses were extracted from the bath,
the salt rinsed off in tap water, and dried. The samples
were divided into two groups; the members of the first group
being subjected to the American Optical tumbling procedure,
the ophthalmic glass industry standard procedure for abrading
lenses to simulate abuse during normal service, and the
members of the second group not. Table III records whether
the lens had been abraded prior to the test and the mean
failure height (MFH) measured over a total of 25 samples of
each glass, along with the standard deviation in the
measurements {Std.Dev.). The test involved dropping a steel
ball having a diameter of about 1.6 cm (0.625") onto the
center of the sample.

TABLE JII]
Example Abraded MFH std.Dev
1 2 hr No 6.64m (21.87) 1.31m (4.37)
1 2 hr Yes 3.66m (12.0°) 1.31m (4.37)
1 16 hr 'No 6.93m (29.3/) 1.92m (6.37)
1 16 hr Yes 4.69m (15.4°) 1.76m (2.5%)
Table IIIA
Glass Abraded MFH std. Dev.
la No 10.42m (34.27) 1.55m (5.17)
la Yes 3.96m {13.07) 0.49m (1.67)
It is immediately evident that the abraded strength
T



substantial anpbunt of a ZnO-containing material is intg
in the glass conposition. As was al so explained in U
5,268, 335, the presence of CaOin a glass comnposition =
observed to retard the ion exchange taking-jg-ace -7 en potaSS|um
ions froma salt bath and sodiumions present in the glass surface. That

action of Caévidedsedohy dine Iahemiaidoih strengthenddcalassps cafibhel ayer
even af ter rskagw.el xmlwm%wé&y%ﬂ@'ﬂhemIﬁo&aoahélﬂgu@ very

substantial Tnitial inprovenent in
Administration (FDA) "Drop Ball Test" requiring survival

to a height of about 127 cm (50%").
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mechani cal ul't in a considerable reduction in strength as
a consequenﬁmmﬂﬂm Eﬂmese suffered by the gl ass Tt Trr—tsa-dn servi ce.
Quite surprisingly, essubstantial quantities of CaQ |Th”$BHEEnmg§tééé%
glasses do not appear to adversely affect EBEI r capamek:[gg |
chenm cal Iy strengthened, inasmuch as the phenomenon customartty—easountg
of the develwgpnepnhigk shal | ow conpression |ayers has not been observed in
the inventive glasses. It has been conjectured that the presence of [err]q
exerts some influence in securing surface conpression |ayers of desirable
dept h. When ronpaTednephirefitr gilags€sdef8&iXedl grsent be bnownt tistgreen

gl asses resu.Ledohtopbheaten! aRTURNLs" oty nl| 10852ak' 1B ber). the

substitution o '
ultraviolet radiation having a wavelength of 380 nm, and

which,. if the fixed tint is green, are composed of

Sio0, 65~72 Na,0+K,0 15-21
B.O, 3-8 Ca0 0-4
Al.0, 0.5-5 Zno 0-4
Na,0 6-12 Ca0o+Zn0 1-5
K0 6-12 Fe,0, 4,8-7

the fixed green tint being defined by the area bounded by
apices A,C,D,E,A of Figure 1 of the drawings, having a purity
between 18-32%, and a dominant wavelength between 554 - 564
nm, and which, if the fixed tint is brown, are composed of

sio, 65-72 Cao 0-5.5
B.O, 3-8 ZnoO 0—-4
Na,O 6-10 Cal+7no 2-5.5
K.,0 7-12 Fe,0, 3-5
Na,0+K,0 15-2¢0 Se 0.01-2
Al,0, . 0-4 Nio 0-0.12

the fixed brown tint being defined by the area bounded by
apices A’,B’,D’,F’,A’ of Figure 1A of the drawings, having a
purity between 48 - 70%, and a dominant wavelength between
580-588 nm.

2. A transparent glass according to claim 1 of fixed green
tint having the composition

5io0, 66-72 K0 6-11
B,0, 3~7 Na,0+K,0 15-20
Al,0, 0.5-4 cao 1-4
Na,0 6-11 Fe,0, 5-7

This Sheet Has Bee
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and t he eJ to obtain the desireg=green-coloration.
general , ﬂmmm""gm"mnﬂ and [err] will prefe a"mug shm:&t}fp,;(gsggg
respect to Schbttt RBt3'sgl @Ss, the inventive greenjgl as SREPICIERI N
substantial amounts of B203 and the |evels -pg-the
particularly those of [err] and K20, are adjusted to assure that the straln

poi nts of thetlgéasis:eédegﬁeeﬂ ﬂﬁﬁi;ebbhgdeanbﬁlﬁ ﬂéésns ﬁocnr;w EP0Pi §R¥8 1
gl ass above, t hat er eas bits a, brown

bserved
fixed tint aﬁﬁ% %Q%hgﬁ?%ngﬁ s?r@Hﬁ%ﬁ%nQﬁF@eePt%gf?ﬁ sn???a%cgp?ﬁnant
ul traviol et reavaléngth sbetwaehods5hi-§80i nmt oday' s sungl ass narket. d ass
B- 15 of Bausch and Lonb was al so discussed, it being pointed out that the

reduction in ultraviol et ) ) )
3. A transparent glass according to claim 1 of fixed brown

tint having the composition

sio, 66-71 Al,0, 0.25-2
B.O, 3-6 Cao 2.5-5
Na.0 7-10 Fe.O, 3-5
K0 8~-11 Se 0.03-0.5
Na.O+K.,0 16-20 Nio 0.01-0.1,

the fixed brown tint bounded by apices c’,D’,E’,G’,C’ of
Figures 1A of the drawings.

4. Transparent glass according to claim 1, 2 or 3 having a
composition essentially free of 2Zno.

This Sheet Has Been R laced

L lil




of i'ron oxide than are found in Corni ng Code 8079 gl ass:
of iron oxide are utilized to achieve the desired colo
-8- ultraviolet radiation, the refractive pLedex nust big
alkallne earth

by renoving either alkali neta

zi nc oxi de. VWhen iron oxi de reAbs

TSHEEB it
adj RERIR FcP 1.523

&s and/ or zinc

oxi de, the tenmparatreraieg rma@cm@mcpopmmﬂrm crmém I P BRYWN ASLNES

observed above, for suitable 1on éxchange strengtnenln%
Transparent green or brown glass which, at a thickness

of 2 mm, transmits less than 1% of ultraviolet radiation
having a wavelength of 380 nm, and which, if the fixed tint

is green, are composed of

sio, 65-72
B0, 3-8
al1,0, 6.5-5
Na,0 6-12
K,0 6-12

Na,0+K,0 15-21
Ca0 0-4
Zno 0-4
Ca0+Zno 1~-5
Fe,0, 4.8-7

the fixed green tint being defined by the area bounded by
apices A,C,D,E,A of the drawing, having a purity between 18-
32%, and a dominant wavelength between 554 -~ 564 nm, and
which, if the fixed tint is brown, are composed of

Ssio, 65-72
B.O, 3-8
Na,O 6-10
K,0 7-12
Na.,O0+K,0 15-20
Al.0, 0-4

Cao 0-5.5
Zno0 0-4
Ca0o+2ZnoO 2-5.5
Fe,O, 3~-5

Se 0.01-2
Nio 0-0.12

the fixed brown tint being defined by the area bounded by
apices A’,B’,D’,F’,A’ of the drawing, having a purity between
48 - 70%, and a dominant wavelength between 580-588 nm.

{Figure 1)

i
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utili.zing  the replacenment of sodiumions in the glass with potassiumions
fromthe standard bath of nolten [err] operating at 450C, the glass nust
demonstrate a strain point higher than 450[err]C. The subj ntive
gl asses exhibit strain points of at |east 460 C. Wen iron o1&
substituted for part of the alkali netal oxide content of
gl ass, glasses with strain points high enough for chem cal
were produced. That substitution, however, led to glasses that proved o
difficult to melt because of their high viscosities in the mel ting region.
Because of anticipated melting and,fgormng problems and the excessive

vol atilization of seleniumdue to t e need for higher nelting tenperatures,

t hat approach was abandoned.
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The i.nventive brown gl asses resulted from substantial additions of iron

oxi de, expressed as [err], in substi- tution for [err], [B
reduction in CaO content, plus the inclusion of significa
[err]. Arsenic oxide or a conbination of alkali nmetal ch

metal brom de can conprise fining agents for the inventiv
For exanple, [err] in concentrations up to about 0.5% or a conbin

chl oride and brom de up to about 1.5%total, consisting of up to 1%

chl oride and up to 0.5% broni de, hqg“peen found to be quite satisfactory
for that purpose. As can be appreciated, the use of this latter conbination
yields a much nore reduced gl ass. Accordingly, conpensation for that factor

nmust be made by adjusting the ratio of the iron

-
44}

40 |

38 |- A‘

36 -

32 4 . i 1 1 1 | 1 N S
28 30 32 34 36
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oxi de ‘batth materials; e.g., adjusting the ratio of iron oxalate to iron
* (+3 valence) oxide batch materials. Arsenic oxide or a conbination of
sodi um chl ori de and -9- sodium broni de can conprise fining agents for

-the inventive brown glasses. The use of this latter conbination results in
a nmuch nore reduced gl ass. Conpensation for that g§ éft made,
however, by adjusting the ratio of the iron oxide RERLAGRM g.,

adjusting the ratio of iron oxalate to iron (+3 v Ience
materials. |l Date L.

ULTRAVIOLET ABSORBING, FIXED TINT GREEN OR BROWN SUNGLASS

In recent years both governmental and private agencies
have stressed the damage which can result when eyes are
exposed to bright sunlight, this damage being caused
primarily by exposure to wavelengths in the ultraviolet
portion of the radiation spectrum. Therefore, glass
manufacturers have been active in designing compositions
for sunglasses which will essentially block the trans-
mittance of ultraviolet radiation. United States Patents
No. 5,256,607 and 5,268,335 present two disclosures
directed to the production of such glasses.

The U.S. patent 5,268,335 also discloses a glass
commercially marketed by Corning Incorporated, Corning, New
York, which exhibits a neutral gray fixed tint and limits
the trans-mittance of ultraviolet radiation at 380 nm to no
more than 1% at a thickness of 2 mm. An analysis of that
glass, marketed under Corning Code 8015, is tabulated below
expressed in terms of weight percent on the oxide basis:

Sio, 68.41 K.O 9.71 Co.,0, 0.021
a1.,0, 0.51 Zno 6.76 Nio 0.126
Na,O 8.81 Fe.0, 5.54 As.0, 0.111.

There has been a need for a glass suitable for
ophthalmié applications exhibiting a brown or green fixed
tint of a desirable hue that can be chemically strengthened
to high values with surface compression layers of
significant depth, and which limits the transmittance of



As was observed earlier, although the total iron cont @EPDAGEWENBﬁgggi
reported in terns of [err], it is recognized that botin [er Gasgp[ ).
are present in the glass. Consequently, when iron con$tpdgeit.es -t hex
colorant, the oxidation state of the glas®2Tust be co 'n order to
secure a desired tint. Figure 1 in the appended drawings illustrates the
"col or box" %4t€ﬂVbﬁﬁ?FcF?91é§éP§|ﬁ§té§°(¥myF° ne werer ¥haBd18nptodti ng a
conventional thitkheBEl B 20harineter with Illumnant C. Thus, the desired
green tint lies thin the are of th dr aw

preferred gIassethQHPbelﬁﬁeFPnngﬁﬁ%Eﬁﬁctﬂﬁ qrRgT A9 a%ﬁ?SAWEA§R e
seen, in thechemicaylysstreniythdnablhenareakabengih thel ar&nge Codewsens
554- 564 n”‘q&lﬁsgyrh5¥kgkeé8b§2%5rh§n&hanB?ESEE@ngl§§Sgilhgﬁrative of

such. An analysis thereof is set out below, expressed in
terms of weight percent on the oxide basis.

sio, 65.4 CaO 6.0 Nio 0.48

Al.0, 7.0 Zno 3.0 V.0. 0.40
Na,O 13.9 Tio, 0.25 As,0, 0.10
K.O 2.6 Fe,0, 0.28 Sb,0, 0.60

The brown color is imparted to the glass through a
combination of a relatively high concentration of NiO with
a low level of Fe,0,. Unfortunately, however, its trans-
mittance of ultraviolet radiation at a wavelength of 380 nm
is greater than 30%.

A fixed tint brown ophthalmic glass which absorbs
strongly in the ultraviolet region of the radiation
spectrun is marketed by Bausch and Lomb, Inc., Rochester,
New York, under the designation B-15. That glass has the
following approximate composition, expressed in terms of
weight percent on the oxide basis:

sio, '69.1 K.O 9.8 Nio 0.11
al,0, 0.49 Zno 6.1 Se 0.046
Na,O 8.2 Fe,0, 5.8 As,0, 0.40

Because the strain point of that glass is so low, viz.,
about 435°C, it encounters problems in chemical
strengthening in the standard commercial white crown glass
salt bath; i.e., immersion for 2 to 16 hours in a bath of
molten KNO, operating at a temperature of 450°C. For
effective chemical strengthening brought about by
exchanging potassium ions from the salt bath with sodium
ions in the glass surface, the strain point of the glass



dom nant wavel ength will f 0 nmat B ddoEVENTLEARSP0 |}

The nore preferred green ;Iasgséﬁéﬁag%i %Fntlally gggié%g%d L n terns

wei ght percent on the oxid QDJ@
6-11 [err]

[err]
0.5-4
[err]
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and higher inpart a distinct green coloration to the 8Iass To achi eve the

t are

€& cr:ﬁgxsiggml;npggtagséi%;n @io%s Iijz%urq: eA s',aut!ij Sbé’@ﬁ evﬁlir:}qesodium
ions in the glass surface, the strain poin; of the glass
must be higher than the temperature of the salt bath; in
this instance higher than 450°C. '

Also known are glasses displaying green colorations.
For instance, in “Coloured Glasses", Dawson’s of Pall Mall,
(London, 1959), W. A. Weyl discusses the utility of the
ions of chromium, cobalt, copper, vanadium, and
praseodymium in producing green glasses and also examines
the palette of colors, including greenish hues, which
result from the combination of Fe'* and Fe'®> ions in the
glass.

U.S. Patent 2,937,952 (Smith et al) discloses green
glasses suitable for ophthalmic applications wherein the
green coloration is imparted thereto through the inclusion
of 2.8-5% Fe,0,. The patent noted that, although the total

iron was reported as Fe,0,, the presence of both Fe'* and Fe"

was acknowledged. The glasses consisted essentially, in
weight percent, of

sio, 65-75 cao 5-8

Na,0 7-10 Mgo 2-4

K,0 7-10 Ca0+Mg0 7-10.5
Na,0+K,0 15.5-17.5 Fe,0, 2.8-5

Patent No. 5,268,335, supra, explained that the
incorporation of substantial quantities of Ca0 in a glass
composition has customarily been observed to retard the ion
exchange taking place between potassium ions from a salt
bath and sodium ions present in the glass surface. That
action of Ca0 leads to a shallower depth of the surface
compression layer even after relatively long exchange
periods such that, whereas providing a very substantially
initial improvement in mechanical strength, can result in a
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“col or box" of chromaticity coordinates (x,y), as -
Accordingly, in the basic glasses the dom nant wavel eng
bet ween 580-588 nmat a purity of 48-70% In the prefeire
dom nant wavel ength will range between 5844388 at a pu
general, the level of [err] in the glass will be held higher than that of
[err]. The n@@nspderebﬂ@dbehmmtghmsiassarengsneas|aIbynééqaeﬁéeZOE and

EQQ?LStOESSQQﬁfﬁébﬁ aBhReC ik d Fod O PBLRE - gfgégh&uggﬁgeﬂgeogn r9¥Lde
’ The glasses described by Smith et al. contain substantial
levels of CaoO.
Corning Code 8053 glass, marketed by Corning

Incorporated, exhibits a green hue and absorbs very
strongly in the ultraviolet portion of the radiation
spectrum. Both the color and the ultraviolet absorption
are primarily the result of the high level of iron present
in the glass, which glass consists essentially, as analyzed
in weight percent as expressed on the oxide basis, of

sio, 67.0 K,0 13.1
B,0, 7.5 Zno 2.5
Al.0, 2.0 Tio, 1.0
Na0 2.4 Fe,0, 5.1

Unfortunately, because the Na,0 content is low, the
glass does not perform well when subjected to chemical
strengthening in the standard commercial white crown glass
salt bath; i.e., immersion for 2 to 16 hours in a bath of
molten KNO, operating at a temperature of 450°C. Thus,
there are insufficient Na* ions in the glass surface to
exchange with K' ions from the salt bath so as to produce a
surface cémpression layer of significant thickness.

Glass RB-3, marketed by Schott Glaswerk, Mainz,
Germany, displays a green color and absorbs very strongly
in the ultraviolet portion of the radiation spectrum. In
like manner to Corning Code 8053 glass, supra, both the
color and the ultraviolet absorption are due primarily to
the high level of iron included in the glass composition,
that composition consisting essentially, as analyzed in
weight percent on the oxide basis, of

Sio, 72.6 Cao0 4.4
Al,0, 0.54 As,0, 0.12
Na,0 10.6 Fe.0, 5.76

K,0 6.0
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retarding effect which Ca0 exerts on the ion exchange
reaction comprising the basis of chemical strengthening was
explained above. To cause a compression surface layer to
develop, the strain point of the glass must be higher than
the temperature of the salt bath; in this instance, higher
than 450°C. Otherwise, the bath temperature will cause the
glass surface to relax such that compreésive stresses are
not built up therein.

Therefore, the principal objective of the present
invention is to devise glass compositions suitable for
ophthalmic applications which exhibit a brown or green
fixed tint, which exhibit a transmittance to ultraviolet
radiation at a wavelength of 380 nm of less than 1%, which
will exhibit a transmittance having a dominant wavelength
between 580-588 nm with a purity of 48-70% if brown, or
transmittance at dominant wavelength between 554-564 with a
purity of 18-32% if green, which exhibit a refractive index
of 1.523, and which can be chemically strengthened.

s a of e _Inventio

That objective is achieved in transparent glasses of
fixed brown or green tint, transmitting, at a thickness of
2 mm, less than 1% of ultraviolet radiation having a
wevelength of 380 nm, and which, if the fixed tint is green
are composed of '

sio, 65-72 Na,0+K,0 15-21
B.O, 3-8 Cao 0-4
Al,0, 0.5-5 %no 0-4
Na,0 6-12 Cao+%no 1-5
K,0 6-12 Fe,0, 4.8-7

the fixed green tint being defined by the area bounded by
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however, the sum of the indivijfdug
approxi mates 100, for all ti
considered to reflect weight €
preparing the gl asses may conprise any
conpounds, whi ch, when nelted together,
oxide in the sifoRE

BEBLAFEMENT SHEET

i St be
i haﬁeeﬁfbe%g% -----
ei t her oxi deS or ot her-
converted into the desired

mﬁfl
idraRing: chaytRg)a BHyityr Pptygen 18
conprise a seusdes ofaniela Jdoaihdrft Mavd BSHeER | Nétween 5841 Chsewhan, "ghied

together, wi L, C9W/GHEG P {15 IR E000 08 LhnbhE A" 30°"
proportions. TO 11l ustrate,
sio, 65-72 CaOo 0-5.5
B.O, 3-8 Zno 0-4
Na,O 6~10 Cao+Zno 2-5.5
K.0 7-12 Fe, 0, 3-5
Na,O+K,0 15-20 Se 0.02-2
Al.0, 0-4 Nio 0-0.12

the fixed brown tint being defined by the area bounded by
apices A‘,B’,D’,F’,A’ of the drawing, having a purity
between 48 - 70%, and a dominant wavelength between 580-588
nm.

As employed herein, the expression "consisting
essentially of" renders the glass composition open only for
the inclusion of unspecified ingredients which do not
materially affect the basic and novel characteristics of
the glass. In general, the total of all such inclusions
will be less than about 5%.

As was explained in U.S. Patent 5,268,335, optical
and ophthalmic laboratories are under increasing pressure
to reduce the concentration of zinc released in the
effluent created by their finishing operations. Therefore,
whereas ZnO may be substituted for part or all of the Cao,
not only because of the above-described environmental
concerns, but also because the redox conditions during
melting require more ekacting control with ZnO-containing
glass melts, the preferred subject inventive glasses have
compositions which are essentially free of Zn0O. As used
herein, "essentially free of ZnO" indicates that no
substantial amount of a ZnO-containing material is
intentionélly included in the glass composition.

As was also explained in U.S. Patent No. 5,268,335,
the presence of CaO in a glass composition has customarily
been observed to retard the ion exchange taking place

This Sheet 1
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poi nts, |inegftepetblatetbsyoiohfcetBhafiyBaper@das which, while
providing a very substantial initial improvement in
mechanical strength, can result in a considerable reduction
in strength as a consequence of surface abuse suffered by
the glass during use in service. Quite surprisingly, the
substantial quantities of CaO in the inventive glasses do
not appear to adversely affect their capability of being
chemically strengthened, inasmuch as the phenomenon
customarily encountered of the development of shallow
compression layers has not been observed in the inventive
glasses. It has been conjectured that the presence of B.0O,
exerts some influence in securing surface compression
layers of desirable depth.

When compared with Corning Code 8053 glass, the
inventive green glasses resulted from the replacement of
part of the K,0 with Na,0, the substitution of Ca0 for 2Zno,
and the elimination of Ti0, to obtain the desired green
coloration. In general, the levels of Na,0 and K,0 will
preferably be about equal.

With respect to Schott RB-3 glass, the inventive green
glasses contain substantial amounts of B,0, and the levels
of the remaining components, particularly those of Na,0 and
K,0, are adjusted to assure that the strain points of the
glasses exceed 460°C.

In discussing Corning Code 8079 glass above, it was
observed that, whereas that glass. exhibits a brown fixed
tint and is chemically strengthenable, its transmittance of
ultraviolet radiation is much too high in today’s sunglass
market. Glass B-15 of Bausch and Lomb was also discussed,
it being pointed out that the reduction in ultraviolet
transmissibn displayed by that glass involved the use of
much higher levels of iron oxide than are found in Corning
Code 8079 glass. When higher levels of iron oxide are
utilized to achieve the desired color and absorption of
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melts, and Egﬁﬁgrature of the strain point drops quitg rapidly. As
was observed above, for suitable ion exchange strengthening
utilizing the replacement of sodium ions in the glass with
potassium ions from the standard bath of molten KNO,
operating at 450°C, the glass must demonstrate a strain
point higher than 450°C. The subject inventive glasses
exhibit strain points of at least 460°C.
When iron oxide was substituted for part of the alkali
metal oxide content of Corning Code 8079 glass, glasses
with strain points high enough for chemical strengthening
were produced. That substitution, however, led to glasses
that proved difficult to melt because of their high
viscosities in the melting region. Because of anticipated
melting and forming problems and the excessive
volatilization of selenium due to the need for higher

melting temperatures, that approach was abandoned.

The inventive brown glasses resulted from substantial
additions of iron oxide, expressed as Fe,0,, in substi-
tution for Al,0,, 2n0O, and a minor reduction in Ca0O content,
plus the inclusion of significant amounts of B.0Os.

Arsenic oxide or a combination of alkali metal
chloride and alkali metal bromide can comprise fining
agents for the inventive green glasses. For example, As,0,
in concentrations up to about 0.5% or a combination of
chloride and bromide uﬁ to about 1.5% total, consisting of
up to 1% chloride and up to 0.5% bromide, has been found to
be quite satisfactory for that purpose. As can be
appreciated, the use of this latter combination yields a
much more reduced glass. Accordingly, compensation for
that factor must be made by adjusting the ratio of the iron
oxide batch materials; e.g., adjusting the ratio of iron
oxalate to iron ('3 valence) oxide batch materials.

Arsenic oxide or a combination of sodium chloride and



~rt

melts thereafter cool ed and shaped into glass articlesf®s

configuration. Customarily, those glass articles wll md4

u uvu T

EﬂhﬁﬁﬁMﬁNTSHEﬁﬁE
| (Geen dasses) 1 2 3 4 5 6 -]
68. 5 67.3 67. 2 68. 8 66. 9 6727 67.4 [e~r9ate..2..9..§§éﬁ£...
4.3 4.3 4.3 4.2 4.3 4.3 [err]

1.9 0. sodium kromidej can compglﬁgrﬁPnlng agents for'gh@ 1nvq9t1ve
8.7 8'7brown8g3asse§ 8 ¥HE use of Bhis 1at€§ﬂ9combﬁidilon re%dits
gg S in 8a 9mu Omore reéuced glagsz. Com?f)ensatlon fzor that

3.

circumstance can be made, however, by adjusting the ratio
of the iron oxide batch materials; e.g., adjusting the
ratio of iron oxalate to iron (+3 valence) oxide batch

materials.

As was observed earlier, although the total iron
content of the glass is reported in terms of Fe,0,, it is
recognized that both Fe** and Fe'™ ions are present in the
glass. Consequently, when iron constitutes the glass
colorant, the oxidation state of the glass must be

controlled in order to secure a desired tint.

purity of 18-26%.

Figure 1 in
the appended drawings illustrates the "color box" of
chromaticity coordinates (x,y), as determined employing a
conventional tristimulus colorimeter with Illuminant C.
Thus, the desired green tint lies within the area aA,c,D,E,A
of the drawing, with the preferred glasses exhibiting tints
within the area aA,B,G,F,A. As can be seen, in the basic
glasses the dominant wavelength will range between 554-564
nm at a purity of 18-32%. In the preferred glasses the
dominant wavelength will range between 554-560 nm at a

The more preferred green glasses consist essentially,
expressed in terms of weight percent on the oxide basis, of

Sio, 66-72 K;0
B,O, 3-7 Na,0+K,0
a1,0, 0.5-4 cao
Na,0 6-11 Fe,0,

6-11

15-20

1-4
5-7

As can be appreciated, Fe,0, concentrations of 3% by
weight and higher impart a distinct green coloration to the
glass. To achieve the desired brown coloration, selenium
in amounté up to 2% by weight are incorporated, the hue of
which can be adjusted through the addition of nickel,
expressed in terms of NiOo. Figure 1A illustrates the
"color box" of chromaticity coordinates (x,y), as

E
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54-70%. In general, the level of K,0 in the glass will

be held higher than that of Na.O. .

The most preferred brown glasses are essentially free
of ZnO and consist essentially, expressed in terms of .

weight percent on the oxide basis, of

sio, 66-71 Al,0, 0.25-2
B.O, 3-6 Cao 2.5-5
Na.,O 7-10 Fe, 0, 3-5
K.O 8-11 Se 0.03-0.5
Na,0+K,0 16-20 Nio 0.01~0.1.

The appended drawings comprise plots of chromaticity
coordinates on a color mixture diagram utilizing Illuminant
C, for green glasses, Fig. 1, and brown glasses (Figure
1A).

escription of Pref d im

Tables I and IA record several base glass
compositions, expressed in terms of parts by weight on the
oxide basis, illustrating the instant invention. Because,
however, the sum of the individual components totals or
closely approximates 100, for all practical purposes the
values listed may be considered to reflect weight percent.
The actual batch ingredients for preparing the glasses may
comprise any materials, either oxides or other compounds,
which, wﬁen melted together, will be converted into the
desired oxide in the proper proportions. To illustrate,
Na,CO, and K,CO, can comprise a source of Na,0 and K.0,
respectively.
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and strain points (St.P), exf set—n-._Cyili npar coefticients of therwa

expansi on (Exp) over the tenperature range 25[err]-300[err]C, expressed in
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pol i shed sarfj£9s0hnd Krﬁf%ucamempmse a source of Na,0 and K0,
respectively.

The batch ingredients were compounded, thoroughly
blended together to aid in obtaining a homogeneous melt,
and charged into platinum crucibles. The crucibles were
introduced into a furnace operating at about 1450°C, the
batches melted for about 4 hours, the melts poured into
steel molds to yield rectangular glass slabs having
dimensions of about 25.4 X 10.2 X 1.3 cm (10" X 4" X o.5"),
and those slabs transferred immediately to an annealer
operating at about. 520°C.

Test samples were cut from the annealed slabs for
measuring softening points, annealing points, strain
points, linear coefficients of thermal expansion
(25°-300°C), densities, and indices of refraction.
Measurements of chromaticity and transmittance at a
wavelength of 380 nm were carried out on ground and
polished plates of 2 mm thickness.

Whereas the description above is directed to labor-
atory melting and forming practice only, it must be
appreciated that the glass compositions reported in Table I
falling within the ranges of the subject invention can be
melted and formed in much larger quantities employing
conventional commercial glass melting units with standard
glass forming equipment and techniques. It is only
necessary that glass batches of appropriate formulations be
prepared, those batches-fired at a temperature and for a
time sufficient to secure homogeneous melts, and those
melts thereafter cooled and shaped into glass articles of

a desired configuration. Customarily, those glass articles
will be annealed.

This sp,
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was deened that the physicalTaspowert (€te@h €iaBgesy 2-5 and 2a-5§,'éxcept
for the chronaticity_ggﬁa, mggig be shyilar to, t hose ig Exanpge 1 aig_;A
hence, were not asur ed: TABLEﬂ—T(}een-%%assesT—i —2 3
6 7 S. P 703 -- -- - -- --
Sio, 68.5 67.3 67.2 68.8 66.9 67.7 67.4
B,O, 4.2 4.3 4.3 4.3 4.2 4.3 4.3
al,0, 2.2 1.9 1.9 0.5 1.9 1.9 1.9
Na, O 8.7 8.8 8.7 8.7 8.7 8.8 8.8
K,0 8.3 8.9 8.9 8.8 ‘8.8 -. 8.9 8.9
cao 2.4 3.2 3.2 3.2 3.2 3.2 3.2
Fe 0, 5.77 5.5 5.5 5.5 6.1 5.0 5.4
Tio, -~ - - 0.23 -- - -
TABLE IA (Brown Glasses)
. 1la _2a__ ~3a_ 43 _Sa
sio, - 69.1 69.3 68.7 68.7 68.7
B.O, 4.2 4.3 4.3 4.3 4.3
Al.0, 0.5 1.0 1.9 1.9 1.9
Na,0 8.4 9.0 8.7 8.7 8.7
K.,0 9.9 8.9 8.8 8.9 8.8
Ca0 4.0 3.2 3.2 3.2 3.2
Fe, 0, 4.0 3.9 3.9 3.9 3.9
Se 0.013 0.04 0.05 0.05 0.08
Nio 0.035 0.07 - G.07 -

Tio, - - 0.15 - --

As was noted above, the glasses of Table IA can be fined
using either As,0, or a combination of NaCl and NaBr in
amounts of less than 1%.

The Tables II and IIA recite softening points (S.P.),
annealing points (A.P.), and_strain points (St.P), expressed
in °C, linear coefficients of thermal expansion (Exp) over
the temperature range 25°-300°C, expressed in terms of
X 1077/eC, densities (Den) in terms of g/cm®, refractive
indices (n,), percent transmittance (Tran) at a wavelength of
380 nm at a thickness of 2 mm, and chromaticity values
(¥,x,y) nmeasured on polished samples of 2 mm thickness, all
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0.3139 f%é;ﬁx%éaenium, and nickg13é§§tentg'$8z§d have on the
chromaticity values exhibited by the glass. Accordingly,

because the variations in levels of the base glass components
were relatively minor, it was deemed that the physical
properties of Examples'z-s and 2a-5a, except for the
chromaticity data, would be similar to those in Examplé 1 and
1A and, hence, were not measured.

TABLE _II (Green Glasses)

- . -2 - . -5 6 7
S.P. 703 - - — - -—_ -
A.P. 528 - - - - -- -
St.P. 494 - -- - -- - -
EXp 85.7 -— - - - _— -
Den 2.502 -- — - -- -- -
N, 1.523 -- - - - - -
Tran 0.13 0.22 0.21 0.58 0.07  0.53 0.36
Y 16.4 13.7 15.5 18.7 10.1  22.5 19.0
x 0.3284 0.3176 0.3341 0.3164 0.3314 0.3214 0.3264
y 0.3811 0.3868 0.3978 0.3792 0.4021 0.3802 0.3860

In the "color box"™ of the appended drawing, apices
A,B,C,D,E,F, and G designate the following x,y coordinates.
x Y
0.3139 0.3791
0.3153 0.4073
0.3168 0.4278
0.3394 0.4061
0.3267 0.3668
0.3216 0.3718
0.3267 0.3965

Q" mOo0 0wy
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Table II and as graphically represented in the Figure 1,
composition control of the inventive glasses is vital to
assure that the glasses will demonstrate the chromaticities
included within the polygon delineated by apices A,C,D,E,A,
while limiting the transmittance of the galss at a wavelength
of 380 nm to less than 1%. Even more critical, of course, is
the control of glass composition within the preferred color
target area bounded by apices A,B,G,F,A.

TABLE IIA (Brown Glasses)

—31_ —2 —3 —4 -5
S.P. 705 - - - -
A.P. 531 - - - -
St.p. - 492 - - - -
EXp 89.5 - - - -
Den 2.501 - - - -
n, 1.523 - - -_— -
Tran 0.76 0.89 0.87 0.94 0.75
Y 14.9 11.7 17.9 13.1 15.1
x 0.4722 0.4289 0.4178 0.4087 0.4358
y 0.4008 0.4036 0.4029 0.4003 0.4055

In the “color box" of the appended drawing, Apices A’,
B’, ¢/, D*, E‘, FP*, and G’ designate the following x, ¥y

coordinates.
x y
A’ 0.4075 0.3977
B’ 0.4520 0.4353
c’ 0.4703 0.4175
D’ , 0.4875 0.4002
E’ " 0.4467 0.3810
F’ 0.4317 0.3748
G’ 0.4352 0.3942

As can be observed from the measurements reported in
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TabIeEiﬁ and"as %F%Phlca11§ir5bresenéga in the appended :: Den
2. 501 drawing, composition control of the. 1pgpnplve glasseaep3iis --
-- vital to assure [€Rdt the §1d8ses wi?188emonstrat® the 0.94
0.75 ¥ chroma%1c1t1es 1§bluded w1t&Zn9the polygon dellﬁgiééd by
Apices A’, B’, D’, F’, and A’, while limiting the
transmittance of the glass at a wavelength of 380 nm to less
than 1%¥. Even more critical, of course, is composition
control within the preferred color target area bounded by
Apices ¢/, D', B/, G’, and C’.

Ground and polished lenses having a thickness of about 2
mm were immersed for 16 hours in a bath of molten KNO,
operating at 450°C. The lenses were extracted from the bath,
the salt rinsed off in tap water, and dried. The samples
were divided into two groups; the members of the first group
being subjected to the American Optical tumbling procedure,
the ophthalmic glass industry standard procedure for abrading
lenses to simulate abuse during normal service, and the
members of the second group not. Table III records whether
the lens had been abraded prior to the test and the mean
failure height (MFH) measured over a total of 25 samples of
each glass, along with the standard deviation in the
measurements (Std.Dev.). The test involved dropping a steel
ball having a diameter of about 1.6 cm (0.625") onto the
center of the sample.

TABLE III
Example Abraded MFH Std.Dev
1 2 hr No 6.64m (21.87) 1.31m (4.37)
1 2 hr Yes 3.66m (12.07) 1.31m (4.3%)
1 16 hr ‘No 6.93m (29.3’) 1.92m (6.37)
1 16 hr Yes 4.69%9m (15.47) i1.76m (2.57)
Table IIIA
Glass : Abraded MFH ' Std. Dev.
la No 10.42m (34.27) 1.55m (5.17)
la Yes 3.96m (13.0’) 0.49m (1.67)

It is immediately evident that the abraded strength
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evidenced by the chemically strengthened glasses of the
present invention far exceeds the Federal Food and Drug
Administration (FDA) "Drop Ball Test" requiring survival
to a height of about 127 cm (50").
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1. Pransparent glasses of fixed green or brown tint,
transmitting at a thickness of 2 mm, less than 1% of
ultraviolet radiation having a wavelength of 380 nm, and

which,.if the fixed tint is green, are composed of

8i0. 65-72 Na,0+K.0 15-21
B.O, 3-8 Cao0 0-4
Al.0, 0.5-5 Zno 0-4
Na,O 6-12 Cao+Zno 1-5
K.O 6~12 Fe,0, 4.8-7

the fixed green tint being defined by the area bounded by
apices A,C,D,E,A of Figure 1 of the drawings, having a purity
between 18-32%, and a dominant wavelength between 554 - 564
nm, and which, if the fixed tint is brown, are composed of

sio, 65-72 cao 0-5.5
B.O, 3-8 Zno 0-4
Na,0 6-10 Ca0+2n0 2-5.5
K0 7-12 Fe.0, 3-5
Na,0+K,0 15-20 Se 0.01-2
Al1.0, . 0-4 Nio 0-0.12

the fixed brown tint being defined by the area bounded by
apices a’,B’,D’,F’,A’ of Figure 1A of the drawings, having a
purity between 48 - 70%, and a dominant wavelength between
580—-588 nm.

2. A transparent glass according to claim 1 of fixed green
tint having the composition

Si0, 66-72 K.0 6-11
B,O, 3-7 Na,0+K,0 15-20
Al,0, 0.5-4 cao 1-4
Na,0 6-11 Fe,0, 5-7

g
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3. A transparent glass according to claim 1 of fixed brown
tint having the composition

. 810, 66-71 Al;0, 0.25-2
B0, 3-6 Cao 2.5-5
Na.O 7-10 Fe,0, 3-5
K0 8-11 Se 0.03-0.5
Na,0+K0 16-20 Nio 0.01-0.1,

the fixed brown tint bounded by apices ¢’,D’,E’,G’,C’ of
Figures 1A of the drawings.

4. Transparent glass according to claim 1, 2 or 3 having a
composition essentially free of ZnoO.
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Transparent green or brown glass which, at a thickness
of 2 mm, transmits less than 1% of ultraviolet radiation
having a wavelength of 380 nm, and which, if the fixed tint
is green, are composed of

sio, 65-72 Na,0+K,0 15-21
_ B,O, 3-8 Ca0 0-4
Al.0, 0.5-5 Zno 0-4
Na,0 6-12 Ca0+2no 1-5
K,O 6-12 Fe,0, 4.8-7

the fixed green tint being defined by the area bounded by
apices A,Cc,D,E,A of the drawing, having a purity between 18-
32%, and a dominant wavelength between 554 - 564 nm, and
which, if the fixed tint is brown, are composed of .

Sio, 65-72 Ccao 0-5.5
B.O, 3-8 zZno 0-4
Na,0 6-10 Cao+Zno 2-5.5
K,0 7-12 Fe,O, 3-5
Na.0+XK,0 15-20 Se 0.01-2
Al.0, 0-4 Nio 0-0.12

the fixed brown tint being' defined by the area bounded by
apices A’ ,B’,D’,F’,A’ of the drawing, having a purity between
48 - 70%, and a dominant wavelength between 580-588 nm.
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must be higher than the temperature of the salt bath; in
this instance higher than 450°C. ‘

Also known are glasses displaying green colorations.
FPor instance, in "Coloured Glasses", Dawson’s o a Mall,
(London, 1959}, W. A. Weyl discusses the utility of the
ions of chromium, cobalt, copper, vanadium, and
praseodymium in producing green glasses and also examines
the palette of colors, including greenish hues, which
result from the combination of Fe™ and Fe™ ions in the
glass.

U.S. Patent 2,937,952 (Smith et al) discloses green
glasses suitable for ophthalmic applications wherein the
green coloration is imparted thereto through the inclusion
of 2.8-5% Fe,0,. The patent noted that, although the total
iron was reported as Fe,0,, the présence of both Fe'™ and Fe®
was acknowledged. The glasses consisted essentially, in
weight percent, of

sio, 65-75 Ca0 5-8

Na,0 7-10 Mgo 2-4

K.0 7-10 Ca0o+Mg0 7-10.5
Na,0+K,0 15.5-17.5 Pe,0, 2.8-5

Patent No. 5,268,335, supra, explained that the
incorporation of substantial quantities of Ca0 in a glass
composition has customarily been observed to retard the ion
exchange taking place between potassium ions from a salt
bath and sodium ions present in the glass surface. That
action of Ca0 leads to a shallower depth of the surface
compression layer even after relatively long exchange
periods such that, whereas providing a very substantially
initial improvement in mechanical strength, can result in a
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retarding effect which Ca0 exerts on the ion exchange
reaction comprising the basis of chemical strengthening was
explained above. To cause a compression surface layer to
develop, the strain point of the glass must be higher than
the temperature of the salt bath; in this instance, higher
than gso’c. Otherwise, the bath temperature will cause the
glass surface to relax such that compressive stresses are
not built up therein.

Therefore, the principal objective of the present
invention is to devise glass compositions suitable for
ophthalmic applications which exhibit a brown or green
fixed tint, which exhibit a transmittance to ultraviolet
radiation at a wavelength of 380 nm of less than 1%, which
will exhibit a transmittance having a dominant wavelength
between 580-588 nm with a purity of 48-70% if brown, or
transmittance at dominant wavelength between 554-564 with a
purity of 18-32% if green, which exhibit a refractive index
of 1.523, and which can be chemically strengthened.

Summary of the Invention

That objective is achieved in transparent glasses of
fixed brown or green tint, transmitting, at a thickness of
2 mm, less than 1% of ultraviolet radiation having a
wevelength of 380 nm, and which, if the fixed tint is green

are consisting essentially of

sio, 65-72 Na,0+K,0 15-21
B.O, 3-8 ca0 0-4
Al,0, 0.5-5 Zno 0-4
Na,O 6-12 Cca0+Zno 1-5
K,0 6-12 Fe,0, -~ 4.8-7

the fixed green tint being defined by the area bounded by
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66-72 [err] 6-11 [err] 3417
15-20 [err] 0.5-4 CaO 1-4 [ erH
[err] 5-7 the fixed green tint-@ounded by apices A B, G FA of

Figure 1 of the drawings, a purity between 18-26% and a dom nant

apices A,C,D,E,A of the drawing, having a purity between 18
- 32%, and a dominant wavelength between 554 - 564 nm, and

which, if the fixed tint is brown are consisting essentially
of

Sio, 65-72 cao 0-5.5
B.O, 3-8 Zno 0-4
Na,0 6-10 Cao+ZnoO 2-5.5
K0 7-12 Fe,0, 3-5
Na,0+K,0 " 15-20 Se 0.02-2
Al,0, 0-4 Nio 0-0.12

the fixed brown tint being defined by the area bounded by
apices A’,B’,D’,F’ ,A’ of the drawing, having a purity
between 48 - 70%, and a dominant wavelength between 580-588
nm.

As employed herein, the expression “consisting
essentially of" renders the glass composition open only for
the inclusion of unspecified ingredients which do not
materially affect the basic and novel characteristics of
the glass. In general, the total of all such inclusions
will be less than about 5%.

As was explained in U.S. Patent 5,268,335, optical
and ophthalmic laboratories are under increasing pressure
to reduce the concentration of zinc released in the
effluent created by their finishing operations. Therefore,
whereas ZnO may be substituted for part or all of the CaO,
not only because of the above-described environmental
concerns, but also because the redox conditions during
melting require more eﬁacting control with 2ZnO-containing
glass melts, the preferred subject inventive glasses have
compositions which are essentially free of ZnO. As used
herein, "essentially free of ZnO" indicates that no
substantial amount of a ZnO~-containing material is
intentionally included in the glass composition.

As was also explained in U.S. Patent No. 5,268,335,
the presence of Ca0O in a glass composition has customarily
been observed to retard the ion exchange taking place
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The batch ingredients were compounded, thoroughly
blended together to aid in obtaining a homogeneous melt,
and charged into platinum crucibles. The crucibles were
introduced into a furnace operating at about 1450°C, the
batches melted for about 4 hours, the melts poured into
steel molds to yield rectangular glass slabs having
dimensions of about 25.4 X 10.2 X 1.3 cm (10" X 4» X 0.5v),
and those slabs transferred immediately to an annealer
operating at about 520°C.

Test samples were cut from the annealed slabs for
measuring softening points, annealing points, strain
points, linear coefficients of thermal expansion
(25°-300°C), densities, and indices of refraction.
Measurements of chromaticity and transmittance at a
wavelength of 380 nm were carried out on ground and
polished plates of 2 mm thickness. '

Whereas the description above is directed to labor-
atory melting and forming practice only, it must be
appreciated that the glass compositions reported in Table I
falling within the ranges of the subject invention can be
melted and formed in much larger quantities employing
conventional commercial glass melting units with standard
glass forming equipment and techniques. It is only
necessary that glass batches of appropriate formulations be
prepared, those batches fired at a temperature and for a
time sufficient to secure homogeneous melts, and those
melts thereafter cooled and shaped into glass articles of
a desired configuration. Customarily, those glass articles
will be annealed.
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WE CLAIM:

1. Transparent glasses of fixed green or brown tint,
transmitting at a thickness of 2 mm, less than 1% of
ultraviolet radiation having a wavelength of 380 nm, and
which,. if the fixed tint is green, are consisting
essentially of -

Sio, 65-72 Na,0+K,0 15-21
B0, 3-8 ca0 0-4
Al,0, 0.5-5 Zno 0-4
Na,0 6-12 Ca0+Zno 1-5
K0 6~12 Fe,0, 4.8-7

the fixed green tint being defined by the area bounded by
apices A,C,D,E,A of Figure 1 of the drawings, having a purity
between 18-32%, and a dominant wavelength between 554 - 564

nm, and which, if the fixed tint is brown, are consisting
essentially of

sio, 65-72 Ccao 0-5.5
B.O, 3-8 Zno 0-4
Na,O 6-10 CaQ+zZnoO 2-5.5
K.0 7-12 Fe,0, 3-5
Na,O0+K,0 15-20 Se 0.01-2
Al.0, 0-4 Nio 0-0.12

the fixed brown tint being defined by the area bounded by
apices A’,B’,D’,F’,A’ of Figure 1A of the drawings, having a
purity between 48 - 70%, and a dominant wavelength between
580-588 nm.

2. A transparent glass according to claim 1 of fixed green
tint consisting essentially of

sio, 66~72 K,0 6-11
B,0, 3-7 Na,0+K,0 15-20
Al.0, 0.5-4 ca0 1-4

Na,o 6~11 Fe,0, 5-7
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the fixed green tint bounded by apices A,B,G,F,A of Figure 1
of the drawings, a purity between 18-26%, and a dominant
wavelength between 554-560 nm.

3. A transparent glass according to claim 1 of fixed brown
tint consisting essentially of

Sio, 66-71 Al.0, 0.25-2
B.O, 3-6 Cao 2.5-5
Na.0 7-10 Fe,0, 3-5
K,0 8-11 Se 0.03-0.5
Na,O+K,;0 16-20 Nio 0.01-0.1,

the fixed brown tint bounded by apices C’/,D’,E’,G’,C’ of
Figures 1A of the drawings.

4. Transparent glass according to claim 1, 2 or 3 having a
composition essentially free of znoO.



