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Filed 12 July 1971 (21) Application No. 8168/72    (22) Filed 22 Feb 1972
(19) (21) Application No. 15101/72    (22) Filed 30 March 1972 (23)
Complete Specification filed 28 June 1972 (44) Complete Specification
published 25 Sept 1974 (51) International Classification C03C 3/16, 3/26
(52) Index at acceptance C1M   11B3 11C10 11C1  11C4 11C5 11C6 11C7 11C9
11F14 11F15 l1F1 11F23 11F29 11F33 11F34 11F8 11H 11J1 11J2 11K1 11K2 11K4
11K5 11K6 11K8 11K917 C4S  670 703 705 709 711 713 714 715 716 717 719 722
726 729 72Y 735 73Y 740 747 74Y 753 758 75Y 76Y 78Y (54) IMPROVEMENTS
RELATING TO PHOTOCHROMIC GLASSES (71).  We, PILKINGTON BROTHERS  [err] and
between 9%  and 34% by weight LIMITED, a Company incorporated under  [err]
as further glass forming components, the laws of Great Britain, of 201-211
Mar-  and at least 10% by weight [err] where R=K, tins Building, Water
Street, Liverpool, L2  comprises not more. than [err] by weight  45 5  3SR,
England, and STANLEY LYTHGOE,  Na or Li. a British Subject,of 9 Clovelly
Drive,New-    The preferred compositional ranges for the burgh, Near
Parbold, Lancashire, England, do  photochromic phosphate glass according to
hereby declare the invention for which we  the invention, in weight
percentage on the pray that a patent may be granted to us,  oxidebasis,are
[err] [err]  .50 10 and the method by which it is to be per-  [err] 20 to
34%  [err]; the total of these formed, to be particularly described in and
three major components being betwen 60 and by the following statement:-
86%  by weight of the glass and the ratio This invention  relates to
photochromic  of [err]  content to [err]  content being not glasses, i.e.
to glass compositions which darken  less than 0.7; at least 10% [err] where
R=K,  55 15  on exposure to actinic radiation and fade back  Na or Li; 0.05
to 1.0% Ag; and 0.2 to 2% 



to their original, normally colourless state  X where [err] or [err] any
combination when no longer exposed.                     of [err] [err] and
[err]. The silver is expressed It is known that such photochromic glasses
as part of the glass composition whereas the can be prepared by
incorporating small quan-  amount.. of halide X is expressed as a quantity
60 20  tities of micro-crystalline silver halides in  over and above the
100% total of all other bodies of boro-silicate glasses. Alternative
components of the glass. methods involve the formation on glass bodies
Preferably the [err]  content is not more of surface layers relatively rich
in silver halide  than 30 wt%  and in practice it. usually does crystals,
e.g. by ion exchange in a salt bath.  not exceed 20 wt.%.
65 25  While the precise mechanism  which brings    The amount of [err] is
preferably greater about the darkening is not fully understood , the  than
4% by weight of the glass. effect is believed to be due to precipitation
The glass may further comprise [err] in of silver halide crystals and the
reversible  an amount not exceeding 19% byweight. conversion of silver ions
to silver atoms    In certain areas within the broadest ranges  70 30
during exposure to radiation. It has hitherto  quoted above, when [err] is
below 19 wt.%, been thought unlikely that a substantial photo-  there may
be a risk of phase separation. In chromic effect could be obtained in
bodies  order to reduce this risk,we belive that it of phosphate glasses,
because the silver ion  is necessary in such cases to ensure that was known
to be very stable in such glasses. [err] is present in excess of 10 wt.%
75 35    According to the present invention, we pro-    It is desirable to
include between 2%  and vide a photochromic glass comprising at least 20%
by weight M   where M=Mg, Ca, [err], 17% by weight [err] as one of the
glass forrm-  Ba, Zn, and/or Pb. The upper limit for MO ing components,
with silver halide crystals  may be raised to 25 %  by weight where it
dispersed through the glass, the total silver  includes BaO and/or PbO. The
weight per- 80 40  content of the glass being at least 0.05%   centage of
MO may be made up from 0-8% by weight Ag. Preferably the glass further
[err] , 0-10%   CaO,0-8% [err] 0-16% [err] [Price 25p]    BaO, 0-8%  ZnO
and 0-20%  PbO. A pro-  which the glass is subjected after heat treat- 



portion of up to 4%  by weight PbO is par- ment  is somemes found to have
an effect ticularly conventient since it enables a photo-  on the
photochromic properties of the final chromic glass to  be produced having a
refrac-  product.Thus a glass which is removed im- 5  tive index around
1.523 which is the stan- -mediately from the heat treatment zone, being '70
dard value for ophthalmic glasses and thus  effectively quenched, may
exhibit slower fading facilitates the manufacture of spectacle lenses
characteristics than the same glass cooled at from the glass.Up to 2%  by
weight of [err] C [err] to a temperatre of [err]. fluorine (F)   in  the
form  of a  metal  This cannot be stated as a general however fluoride
'may.' also  be  added  to  aid  and must be determined by experimentation
75 melting  and the  development of photo   on individual glasses.
chromicity.  Minor  amounts of copper    The exact temperature/time
schedule im- oxides assist the development of photochro-  posed on a glass
is ultimately determined by micity and increase the rat of fading.The  the
concentrations of photochromic agents in 15  glass accordingly preferably
contains between  the glass and the photochromic property re-  80 0.01% and
0.1% by weight of copper oxides, quirements of the final produot. In
general, calculated as CuO. The copper oxides may be  the higher the levels
of the components con- replaced by or combined with oxides or other
tributing to the photochromism the shorter will elements which form
reducing oxides, such as  be the heat treatment schedule and in some 20
Fe, As, Sb, or Sn, in similar quantities, but  caseS, the photochromism may
develop during  85 in general the rate of fading is not then  cooling frOm
the melt or annealing of. the so rapid. If iron oxides are used. the amount
glass. The fading rate of the glass,in general, should not exceed 0.2%  by
weight to avoid  increases with heat treatment time at apar- discolouration
of the glass.               ticular temperature, reaching some maximum 25
Further modifying components, for adjust   value and then decreasing for
longer times.  90 ment of refractive index, may include up to  Excessively
long heat treatments may also lead 4 wt.% [err] or [err], though care must
be  to some clouding of the glass. taken to avoid formation of the purple
colour   Specific embodiments of the invention will which can be caused in
phosphate glasses by  now be described in more detail by way of 30  [err].
As an ultra-violet absorber, up to 3  example, and with reference to the
accom-  95 wt% CeO2 may be included. Tintig agents  panying drawing, which
illustrates graphically may also be added in known manner.         the
darkening and fading characteristics of A trace Of [err](up to 0.02 wt.%)
has also  several glasses. 



been found to increase the sensitivity of the    Table 1 gives sixty
examples of glass com- 35  glass to radiation, particularly visible
radiation.  positions in accordance with the invention, 100 The amount of
silver added as [err] must  while Table 2 gives examples of heat treat-
naturally be taken into account in calculating  ments for fourteen of these
compositions, and the total silver content of the glass.     the resulting
photochromic effects in terms of Such glasses have been found to produce
intial and final percentage light transmision substantial photochromic
effects, and the  before and after irradiation for four. minutes 105
stability of the [err] ion in phoshate glasses  with  ultra-violet light
from  a 90  watt proves to be an advantage in that it makes  mercury vapour
lamp, used with an [err] manufacture of the glass simpler than with  fiter
resulting in a transmission from 320 to certain other glasses in which the
Ag+ ion is  500 nm, with the maximum transmission in 45  unstable.
the range 360 to 460 nm. Table 2 also gives 110 In most cases, the
photochromic effeot can  the half-darkening time [err] on irradiation be
enhanced by heat ,treatment of the glass,  and the half-fading time [err]
on removal of the appropriate heat treatment schedule being  the radiation.
Results obtained with two primarily determined by the viscosity-tempera-
known photochromic silicate-based glasses are 50  ture relatiomship of the
particlar glass. In  included in Table 2 for comparison.     115 general,
the heat treatment temperature lies    The  accompanying  drawing  shows
the between the strain point and the  ofting   darkening   and   fading
characteristics, point of the glass, the heat treatment time  measured
using a 150 watt xenon-arc lamp required being several hours atthe lower
tem-  which gives a spectrum  approximating to 55 perature but only a few
minutes at the higher  that of sunlight, and plotted as. percentage 120
temperature. At the  higher temperature, how-  light transmission against
time,for glases ever, deformation and clouding of the glass  16, 41, 42 and
52 of Tabe 1,compared with may occur, so it is preferred for convenience
the two known silicate-based glasses referred to use a temperature [err]
above  to above. 60  the annealing point and a heat treatment time  The
compositions listed in Table 1 can be 125 of. 10 to 60 minuted.made up in
the following manner. The batch The schedule may be imposed on the glass
is melted under  oxidising or neutral condi- directly after forming or the
glass may be  tions at a temperature in the range [err] annealed and cooled
to room  temperature  to [err] C, and after cooling is annealed 65  before
heat treatment. The cooling rate to  at a temperature between [err] and
[err] C. 130 



3                                      1,367,903
3 A -final hear treatment may subsequently be  given case will depend on
the particular re- effected at between 200 and [err] C above  quirements
relating to light transmission and the annealing point for a  period of 10
to  darkening and fading times, and can readily 30 60 minutes.  The optimum
heat treatment  be determined by experiment 5  temperature range for a
particular glass may   It will be seen from  Table 2 and the be determined
by a gradient furnace tech-  accompanying drawing that the photochromic
nique. In some cases, it may be necessary to phosphate glasses of the
present invention support the glass during heat treatment to  generally
compare favourably with the known 35 avoid sagging.
silicate-based glasses, particularly as regards The batches can be made up
from con-  the degree of darkening, while the rate of ventional
glass-making raw materials, such as  darkening is also generally more
rapid. In carbonates, meta-or otho-phosphates, nitrates  this connection,
the half-darkening times are and oxides. The silver and halide components
not wholly comparable with those of the  40 may be added to the batches in
the form   known glasses because the degree of full of finely-ground silver
nitrate [err] and   darkening is so much greater. sodium or potassium
halides, respectively.    The glasses have attractive colours when 15
Precautions are required during melting to . darkened  and  are accordingly
useful for minimise volatilisation losses of batch com-  ophthalmic lenses
for sunglasses. They can  45 ponents. Up to 60% by weight of the halide  be
made with a refractive index [err] of 1.523 components and 30% by weight of
the silver  (for example glasses 41 to 43 and 60) which may be lost in this
way and the necessary   makes them particularly useful for this pur- 20
allowances are required during batch pre- pose. The photochromic properties
of. the paration.                                  glasses are
substantially unaffected by tem-  50 Referring to Table 2, it will be seen
from   perature changes over the range of ambient the different results
obtained by different heat  atmospheric temperatures normally . encoun-
treatments of glass No. 18, that the photo- tered, which gives the glasses
an advantage 25  chromic effect depends to a' considerable over the
presently  available silicate-based extent on the heat treatment given to
the  photochromic glasses.                        55 



glass. The optimlm  heat treatment in any    [e[err 4:
1[err367,903    [err] 1,367,903
5    6                                               1,367,903
6 [err]    7                                              1,367,903
7 [err]    8                                   1,367,903
8 TABLE 1 Contd. Glass No.       57        58       59       60 Components
[err]          34.8   35.5       36.2     34.2 [err]           19.0
14.1      9.1    24.2 [err]            7.5       7.64     7.75   0 7.6
11.0     14.7     16.7 



K20             9.9    10.1      10.2      8.14 [err]            6.0
6.1      6.2      6.38 Ag              0.08      0.081    0.083    0.079
CuO             0.04      0.042    0.041    0.039 GaO             4.9
5.0     5.06   4.42 BaO             5.2       5.4      5.5      0 [err]
2.0       2.04     2.07     2.94 [err]           1.0       1.0      1.0
2.94 PbO            2.0       2.0      2.1      0 F               0.47
0.47     0.47     0.47 Cl             0.47  0.47      0.47     0.47 Br
0.35      0.35     0.35     0.35 [err]             1.523    9
1,367,903                                      9 TABLE 2 EXAMPLES OF HEAT
TREATMENT SCHEDULES AND PHOTOCHROMIC PROPERTIES Glass No.         Heat
Treatment       Initial Trans. %   Final Trans. %   [err]   [err] 1
60 min. at [err]           85                55          24        300 3
30 min. at [err]          88                61            8        30 14
30 min. at [err]           64                46            3       11 16
30 min. at [err]          84                54            4       108 17
20 min. at [err]          88                48           12       150 18
5 min. at [err]           90                50            8       165 18
30 min. at [err]          88                39           13.6    240 19
5 min. at [err]          86                41           12       78 20
15  in. at [err]          88                54            9       180 22
20 min. at [err]          86                60            9       180 41
60 min. at [err]          88                50           12       240 42
30 min. at [err]          84                46           18       240 



45          30 min. at [err]          86.5              62.5         36
210 46          30 min. at [err]          88                62           24
180 52          15 min. at [err]          90                63           54
384 Known silicate glass 1                                   91
63.5         30       132 Known silicate          -                    86.5
61          30        96 glass 2 In one further specific example, a batch
1-2  mins.  before annealing at [err] C of glass 56, which is somewhat
similar to  for 1 hour. The glass was then heat treated glass 1, was melted
at [err] C in an electric  at [err]C for 1 hour. The initial trans- 5
furnace. The glass was cast into 25 mm   mission of the glass was 72% and
on irradia-  25 squares approximately 6 mm in thickness and  tion decreased
to 40%. The half-darkening allowed to cool for about 1-2 mins. The  time
was 27 secs. and the half-fading time sample was placed in a muffle furnace
at  about 300 secs. [err] C and held for 1 hour and then cooled.    WHAT WE
CLAIM  IS: - 10  After this treatment the sample was partially    1. A
photochromic glass comprising at  30 phase-separated having an initial
transmission  least 17%  by weight [err] as one of the of 55%. On
irradiation with ultra-violet  glass forming components, with silver halide
radiation the transmission decreased to a  crystals dispersed through the
glass, the total steady value of 24%. On removal of the  silver content of
the glass being at least 15  radiation  the transmission of the sample
0.05% by weight Ag.                        35 began to return to its
initial value. The half-   2. A glass according to Claim 1, compris-
darkening time was 9 secs and the half-  ing not more than 40% by weight
[err]  and fading time 42 secs.                       between 9%  and 34%
by weight [err]  as The above glass, melted under the same  further glass
forming components. 20  conditions but cast into a 50 mm  square    3. A
glass according to Claim  1 or 2, 40 66 mm in thickness, was allowed to
cool for  comprising at least 10%  by weight [err]    9
1,367,903                                      9 TABLE 2 EXAMPLES OF HEAT
TREATMENT SCHEDULES AND                             [err] 



PHOTOCHROMIC PROPERTIES Glass No.         Heat Treatment       Initial
Trans. %    Final Trans. %   [err]   [err] 1          60 min. at [err]
85                 55          24        300 3          30 min. at [err]
88                61            8         30 14          30 min. at [err]
64                 46            3        11 16          30 min. at [err]
84                 54            4       108 17          20 min. at [err]
88                 48           12       150 18           5 min. at [err]
90                 50            8       165 18          30 min. at 550C.
88                39           13.6    240 19           5 min. at [err]
86                 41           12        78 20          15 min. at 575
[err]         88                 54            9       180 22          20
min. at [err]          86                 60            9       180 41
60 min. at [err]          88                 50           12       240 42
30 min. at [err]          84                 46           18       240 45
30 min. at [err]          86.5               62.5         36       210 46
30 min. at [err]          88                 62           24       180 52
15 min. at [err]          90                63           54       384 Known
silicate glass 1                                     91                63.5
30        132 Known silicate          -                    86.5
61          30        96 glass 2 In one further specific example, a batch
1-2  mins. before annealing at [err] C of glass 56, which is somewhat
similar to  for 1 hour. The glass was then heat treated glass 1, was melted
at [err] C in an electric  at [err] C for 1 hour. The initial trans- 5
furnace. The  glass was cast into 25 mm   mission of the glass was 72% and
on irradia-  25 squares approximately 6 mm in thickness and  tion decreased
to 40%. The half-darkening allowed to cool for about 1-2 mins. The  time
was 27 secs. and the half-fading time sample was placed in a muffle furnace
at  about 300 secs. [err] C and held for 1 hour and then cooled.    WHAT WE
CLAIM  IS:- 10  After this treatment the sample was partially    1. A
photochromic glass comprising at  30 phase-separated having an initial
transmission  least 17%  by weight [err] as one of the of 55%. On
irradiation with ultraviolet  glass forming components, with silver halide 



radiation the transmission decreased to a  crystals dispersed through the
glass, the total steady value of 24%. On removal of the  silver content of
the glass being at least 15  radiation  the transmission of the sample
0.05% by weight Ag.                         35 began to return to its
initial value. The half-    2. A glass according to Claim 1, compris-
darkening time was 9 secs. and the half-  ing not more than 40%  by weight
[err]  and fading time 42 secs.                        between 9%  and 34%
by weight [err] as The above glass, melted under the same  further glass
forming components. 20 conditions but cast into a 50 mm square         3. A
glass according to Claim   or 2,  40 66 mm in thickness, was allowed to
cool for  comprising at least 10%  by weight [err],    10
1,367,903                                      10 where R=K, Na or Li.
SrO, 0-16%  BaO, 0-8%  ZnO and 0 to 4. A photochroic phosphate glass accord
20%  PbO. ing to any one of the preceding claims, com-    12. A glass
according to any one of the prising in weight percentages, on the oxide
preceding claims comprising up to 2%  by 5  basis: 17 to 48%  [err] 0 to
40%  [err]  weight F in the form of metal fluoride.       45. 20 to 34%
[err] the total of these three    13. A glass according to any one of the
major components being between  60%  and  preceding claims containing
between [err] 86%  by weight of the glass and the ratio  and 0.1%  by
weight of copper oxides, cal- of [err] content to [err] content being not
culated as [err] 10  less than 0.7; at least 10%  R20 where    14. A glass
according to any one of the,  50 R=K, Na or Li; 0.05 to 1.0%  Ag; and
preceding claims containing not more than 0.2 to 2%  X where X=Ct, Br or
any  0.2%  by weight of iron oxides, calculated combination of [err] Br and
[err] the amount  as [err] of X being expressed as a quantity over and  15.
A glass according to any one of the 15  above the 100% total of all other
components  preceding claims containing up to 4%  by  55 of the glass.
weight of [err] 5. A glass according to any of the pre-    16. A glass
according to any one of Claims ceding claims, wherein the [err] content is
1 to 14 containing up to 4%  by weight of not more than 30 wt.%.
[err] 



20    6. A glass according to Claim  3 or 4,    17. A glass according to
any one of the  60 wherein the amount of [err] is greater than  preceding
claims containing up to 3%  by 4%  by weight of the glass.
weight of [err] 7. A glass according to any one of the     18. A glass
according to any one of the preceding claims comprising [err]  in  an
preceding claims containing up to 0.02% 25  amount not exceeding 19% by
weight.        by weight of [err]                         65 8. A glass
according to any one of Claims    19. A glass according to any one of the 1
to 3, containing less than 19 wt.%  [err]   preceding claims which has been
subjected to and more than 10 wt.% [err].                heat treatment at
a temperature between [err] 9. A glass according to any one of the  and
[err] C above the annealing point of 30  preceding claims, comprising
between 2%   the glass for a period of 10 to 60 minutes.    70 and 20% by
weight MO where M= Mg, Ca,    20. A photochromic phosphate glass sub- Sr,
Ba, Zn, and/or Pb.                  - stantially  as hereinbefore
described  with 10. A glass according to any one of Claims  reference to
any one of the specific examples 1 to 8, comprising between 2%  and 25%
given in Table 1. 35  by weight MO, where M=Ba and/or Pb, and optionally
Mg, Ca, Sr, or Zn in, addition    PAGE, WHITE & FARRER, to Ba and/or Pb.
Chartered Patent Agents, 11. A glass according to Claim 9 or 10,
27, Chancery Lane, wherein the weight percentage of MO is made
London WC2A 1NT, 40  up from 0-8%  MgO, 0-10%  CaO, 0-8%
Agents for the Applicants. Printed for Her Majesty's Stationery Ofice by
the Courier Press, Leamington Spa, 1974. Published by the Patent Office, 25
Southampton Buildings London, WC2A 1AY, from which copies may be obtained.


