
PATENT SPECIFICATION    (11) 1 428 880 (21) Application No. 38313/74   (22)
Filed 2 Sept. 1974 (31) Convention Application No. 2404 752 (32) Filed 1
Feb. 1974 in (33) Germany (DT) (44) Complete Specification published 17
March 1976 (51) INT CL [err]C03C 3/26, 3/16; C09K 9/00 (52) Index at
acceptance C1M  11B5B 11C10  11C4 11C7 11C9 11F15  11F1 11F23 11F29 11F34
11F8  11H 11J2 11K2 1lK4 11K8 13E 13J 13N 13S2A C4S  43Y  670 708 70Y 7 711
712 713 714 715 717 719 720 722 729 72Y 735 738 73Y 740 747 756 757 75Y 76Y
782 78Y (54) IMPROVEMENTS IN OR RELATING TO PHOTOTROPIC GLASS. . ..........
(71)  We, CARL-ZEISS-STIFTUNG,  sequently, they are distinguished for
example,  30 a Foundation established under the laws  of   from glasses
which are based on silicate and Germany, of Heidenheim a.d. Brenz, [err]
borate, which likewise contain silver halide temberg, Germany, trading as
JENAer  AS-  crystals as carrier of the phototropy and are 5   WERK SCHOTT
& GEN., do hereby declare  described for example in German Patent the
invention, for which we pray that a patent  Specification 1,421,838 or
German Patent  35 may be granted to us, and the  method by   Specification
1,596,847 only as regards the 



which it is to be performed, to be particularly  basic glass composition
German Patent Speci- described in and by the following state- fication
1,596,847 corresponds to U.K. Speci- 10   ment.-
fications 1,213,798 and 1,213,799. The present inventionrelates to a photo-
Glasses of one or more oxides are built up   40 tropic glass which is free
from fluorine and  from lattices of the main components. The boric oxide
and preferably also free from   main components are combined to form the
magnesium oxide.                        lattice as coordination polyhedrons
attached 15    Various phototropic glasses are known.  via the corners.
These structural units (main Similarly, phosphate glasses having very dif-
components) are SiO[err] tetrahedrons, for ex-   45 ferent compositions but
also phototropic glasses  ample in  silicate glasses; similar stuc- have
been known for a relatively long time.  tural  units  exist  in   borate
and Thus, Sakka and MacKenzie (U.S. Patent   phosphate  glasses. These
structural units 20    Specification 3,615,761  or J. Amer. Ceram  are
bonded to one another with different do- Soc. 55 (1972), 553) describe
inter alia  grees of strength in different glasses. The   50 phosphate
glasses with phototropic properties  stronger the central cations of these
structural and containing silver and halogen. A descrip-  units polarise
the surrounding oxygens, the tion of phototropic phosphate glasses which
smaller is the bonding strength with adjoining 25   is comprehensive as
regards the scope of the  structural units (e.g. with the adjacent tetra-
possibilities  of composition  is to be :found in  hedron). The
polarisation of the oxygen atoms   55 German  Offenlegungschrift 2,234,283.
In  by the central cations is set out as follows these cases, silver halide
crystals which are  according to Dietzel (Z. Elektrochem  48 dispersed in
the  glass cause phototropy. Con-  (1942) 9): TABLE 1 



Central  Valency in        Distance a in Angstroms       Field cation
the glass Z    between cation and oxygens   Strength Z/[err] Si          4
1.60                 1.56 B           1.36               1.62 P          5
1.55                 2.08       3                      1,428,880 structure
of the glass again becomes stronger.  as those which aRe set out by way OF
ex-   5 According to German Patent Specification   ample in Table 3. These
glasses are listed in 1,596,847, and bearing in mind the foregoing   parts
by weight to facilitate comprehension. considerations, glasses are  thus
possible such TABLE 3 7           8           9         10 [err]
4.49       3.10       2.99       8.55      5 7.46 [err]          6.00
5.05       4.0        7.05     : 7.6. [err]         39.33      33.75
32.73      30.19      34.62 PbO            -         5.79      27.35
-          1.99 MgO           6.99      11.57      . 54        3.16       -



BaO         1.93       12.78       4.61       6.52       5.17 ZnO
0.44                    -        - CaO
6.92   4.87 [err]         1.75                              _          1.99
[err]           0.49                                     0.99 [err]
17.48      12.05       9.60      21.51      18.90 - Na,O          4.81
12.15       6.45       5.93        5.97 [err]           -6.12      1.93
4.07        6.92       8.46 KC1           0.70       0.39       2.31
0.99       0.90 KBr           0.35       1.16       1.38       0.99
0.40 KI            0.09        _ LiF           0.36        _         0.77
0.50 [err]          0.17      0.29       0.19       0.18       0.18 CuO
0.02          -        -         0.02       0.04 KHF[err]
0.59 Examples 7 to 11 also show that a certain  a sufficient output and a
lowest possible quantity of [err] can be incorporated into  number of
complaints or claims. such phototropic phosphate glasses.            Using
the glass manufacturing apparatus  25 Phosphate glasses are generally known
for  which is in general use at the present time, their particularly poor
chemical stability. It is  it is possible to process glasses which ensure
true that this can be counteracted by a high  a throughput of more than 60
kg/h. For this 15  content of [err], but this again results in  purpose, it
is necessary that this glass with a a deleterious effect on the per se
already  viscosity between [err] poises is por-  30 



bad crystallisation strength                tioned by cutting with shears,
in order there- A glass which is to be used as spectacle  after to be
pressed. With this viscosity, which glass (distant portion glass) must
satisfy con- is relatively high for liquid glass, however, 20   ditions as
regards profitability at the time of  many glasses not containing silicate
already production. This to say the yield in normal  crystallise with such
high crystallisatiton speeds  35 production assemblies must be combined
with  that a profitable production becomes im-    4
1,428,880                                         4 possiable. In order to
obviate this\ defect, it    [err] is possible to fall back upon  a lowering
upon                               0.05  to 2.0 viscosity and  special
production (because the         [err] portioning by cutting with shears is
no longer    CuO 5   possible at low viscosities) or to accept a         C1
and/or Br           0.20 to  10.0       60 decrease in the output by
temporarily inter- rupting the production and flushing away   the   the
balance, if any, being one or morye com- disturbing  crystals formed
during the pro-constituents. Preferably the lower limits duction time by a
brief raising  of the [err]  and contents are perature.
4.7, 6.5 and 5.5 respectively. The  preferred All glasses disclosed  in
German  Offen.   lower limit of [err]is 0.1.The preferred 65 legungsschrift
2,234,283 were remelted from  upper limit of Cl and/or Br is 6.0 but, if
this point of view  and tested for their crystal-   desired, it may be  as
low as 1.0. 



lisation properities. After  carrying out 60 melt-    The phototropic glass
of this invention will 15  ing operations, it was shown that these com-
generally realise the following phototropic pro- positions did not  fulfil
the qalification for perties: a transmission decrease of at least  70 a
technical production.                        50%  upon exposure to light
and  a regener- As qualification for the possibility of using     ation of
the transmission  after terminating the any glass as  spectacle glasses,
there are  applic    exposure  to light of at  least  .20%  after 10 20
able the following specifications where are minutes  based on a glass
thickness of 2mm. generally acknowledged by  the  experts to be   Desirably
phototropic glass will contain   75 desirable:
silver-and  halogen-rich (wherein halogen means C1 and/or Br),
non-crystalline  phase refractive index [err]of 1.5225 to 1.5238;
separations. with a diameter  between  40 annd b)  no crystallisation 10
and  [err]   350 A will Show no  crystallization in a 25         poises; c)
sufficient chemical stability (characterised   have a refractive
index[err]  from 1.5225 to by the hydrolytic stabilty according to
1.5238 will be strengthenable DIN(German  Industrial  Standard)
ion-exchange in a medium containing  potas- 12,111 and by the resistance to
the weld-   sium  ions at a  temperature below that at ing test) sufficient
capacity for chemical hardening     alkali metal  ions smaller than
potassium will in the standard bath for  normal spectacle crown  glass
(this  condition is normally thermal expansion coefficient (between 20 set
in  those cases where  increase  in   and [err]from 99 to [err] per 35
strength is legally  prescribed for all [err] 



spectacle glasses). with DIN  (German  Industrial Standard 12,111 of less
than 0.2 ml HC1. The object of the present invention is an According to
another aspect of this inven- improved phototropic glass suitable for  spe
tion we provide a process  for  producing    a  95 40    or more of the
above-mentioned  melts corresponding to the glass composition According to
the present invention there  required is cast, cooled for solidification
and\ is provided a phototropic glass which is free   heat treated at [err]
from  fluorine and boric oxide and comprises     Furthermore,according to
the invention, the following  constituents expressed  in per-   the
proportion of the [err] is appreciably 45    centages by weight:
higher than the amounts customarily used for photographic glasses. [err]
12.1  to  13.9           Th e usual phototropic glasses which contain [err]
30.4. to  33.9        sDvradha      ie nyshwgo   htotrophy 10 [err]
22.5   to 25.7       when they contain [err]phototropic glasses 1.0  to
2.6       of conventional type which are free from [err] 50         [err]
3.0 to  7.5        have by contrast either no phototrophy or only [err]
53. to 10.5            an inferior phototrophy Glasses with and with- 3.1
to  5.0  out [err]  and also their phototropic proper-   110 3.1  to   7.0
ties are set out in Table 4.In order to in- 0 to   0.5 the understanding
thereof, this  Table Pb0                  0.4  to 2.5        shows  parts
by weight.  



1,428,880 TABLE 4 13  14    15  16  17      18      19 [err]          61.5
61.5      7.5     7.5     9.1      9.1    50.0    53.0 [err]             -
16.6     -       4.0     -        5.0     -      18.0 [err]          -    -
t-       36.5    36.5    35.0    35.0      2.0     2.0 [err]          10.7,
10.7    22.0    22.0 -  25.0   -25.0       8.0      8.0 [err]           - .
-         -:      -       --   :  -        1.0     1.0 [err]           10.7
10.7      6.5    . 6.5.    6.5             4.0      4.0 6.5    6.5     80
8.0     1.0    1.0 [err]                           4.4     4.4      3.4
4     2.0      2.0 CaO             -                9.0     9.0     6. 9
9.0     - BaO             -        -       6.7     6.7      6.7     6.7
4.0     4.0 PbO             -       -        -   . -         -           -
6;0     6.0 [err]    -                -       L      1.0      0.5     0.5
- [err]         0.6     0.6     0.14    0.14    0.18    0.18    0.42
0.42 [err]           0.01    0.01    0.02    0.02    0.01    0.01    - Cl
-          -     0.6     0.6      0.6     0.6     1.0      1.0 Br
0.8     0.8    0.3     0.3      0.3     0.3     0.5     0.5 F
2.5    2.5    0.1     0.1     0.3      0.3 Temperature     1h      1h
2h       2h       lh      [err] 



treatment      610[err]    610[err]    580[err]    580    620[err]
620[err]    640[err]   640[err] 6    53%     2%   68%              44%
transmission    no after exposure  black-
black- ure to light  enging
ening Regeneration after 10 min.          20%      2%     24%      4%
27%     -        17% It is apparent  from Table 4 that the  tropic
properties can be obtained which are at omission of the component
[err]impairs the  least equally as good as those of such as described for
example in [err] into the glass,so that glass,so that the precipitation
.    7                                       1,428,880
7 [err]              4.7  to  7.5          The examples of compositions
which are 6.5  to  10.5      given in the following  Table show   the 3.1
to  4.5      limits of the invention with  inclusion of many BaO
5.5  to  7.0        compositions which do not come within the   15 



5   SrQ               to   0.3        scope of the invention; the property
values [err]      0.4  to  2.5       which are reproduced in Tables 6 and 7
make [err]                0.1' to  0.6       it possible to recognise how
narrowly  defined [err]                0.05 to  2.0       is the
composition range specified by  the in- [err]               0.1  to   1.0
vention.                             20 10     [err]                0   to
0.05 C1+Br               0.20 to  6.0    1,428,880    1,428,880
9         



12                                                         1,428,880
12 . M    .    13                  -1,428,880
13    14                                         1,428,880 Different
amounts of silver and halogen. is no other notation, the temperture  at the
65 components introduced as silver nitrate and    time of measurement is
20[err] C. and  the thick- common  salt or potasium  bromide,respec- ness
of the measured glass is 2 tively,were added to this basic glass in 5
various individual melts with constant Pre-  mostly, more  than 90%
transmission. Differ-    15                      1 428,880
15   



16                                       1,428880
16 The linear thermal expansion coefficient oF '105 X  10-' per [ERR] for
better technical pro phosphate glasses or glasses which contain  perties is
achieved by the special combination  15 phosphate as main component, often
is higher  of the components [err] than [err] 5   300 C. The combination of
the alkali metal  [err] and the halides C1 and oxide, alkaline earth metal
oxide and lead   Br. oxide components normally brings an increase    More
detailed studies of chemical harden-  20 of the expansion coefficient. The
usual way  ability were performed, for example on Com- to lower the
expansion coefficient is by using   positions 22 and 25 and on Composition
54 10   boric oxide or fluorine. In the glass of the   of Table 5. Table 9
shows the results in re- invention avoiding such use of boric oxide  lation
to the duration of the ion-exchange and fluorine, the lowering of the
expansion   and the temperature involved. The hardening    25 into  an
appropriate  area  from   99  to   was performed in a KNO, molten salt
bath.    17                     1,428,880 TABLE 9 Temperature          Time
Layer thickness      Compressive [err]                              stress
[nm/cm] Composition 22: 



400                16             18                 1870 450
16             23                 1850 480                16             45
3900 Composition 25: 390                 16             25
3600 400                 16           30                  3300 410
16             35                 3200 420                 16            35
2340 430                 16             38                 2060 Composition
54 400                 16                     stress free 410
4            24                  2940 410                 16   38
6000 430                 2           25   .              1300 430
4            30                  5400 430                16             59
6980 440                 16            55                  6720 450
2            28                  3940 450                  4             46
3340 450                 16            75                . 7300 450
16            60                  5800 470                  2
18                 2960 470                  4             49
6400 



470 16                           75                 8920 470
16           77                  7480 490                  2             45
6220 490                  4             52                 7180 490
16             87                 7100 510                  2
45                 7200 510                    4          59
6880    18                                       1,428,880
18 Of the several examples recited above most  preceding claim, which has
the following   45 are comparative but Examples 54, 57, and  phototropic
properties: a transmission decrease 61-67 illustrate the present invention
of at least 50% upon exposure to light, and a regeneration of the
transmission after ter- WHAT WE CLAIM IS:-                       minating
the exposure to light of at least 20% WHAT WE CLAIM IS:-
after 10 minutes, based on a glass thickness   50 .5     1. A phototropic
glass which is free from   of 2 mm. fluorine and boric oxide and comprises
the    9. A phototropic glass according to claim following constituents,
expressed in percent-  1 which contains silver-rich and halogen- rich ages
by weight                             (wherein halogen means Cl and/or Br)
n crystalline phase separations with a dmeter   55 SiO[err]
12.1  to  13.9      between 40 and 350A;: shows no crystl-,.. 



10       [err]         .     30.4  to  33.9     lization in a viscosity
range between 10 and [err]             22.5  to  25.7       105 poises; has
a -refractive index v,  from [err]                1.0  to  2.6       1.5225
to 1.5238; can be strengthen ed chemic- [err]                3.0  to  7.5
ally by ion-exchange in a medium con.    g. 60 [err]               5.3  to
10.5      potassium ions at a temperature below that 15       CaO
3.1  to   5.0.     at which the viscosity is 1014.5 poises, where- BaO
3.1  to   7.0      upon the alkali metal ions smaller than potas- SrO
to  0.5       sium diffuse out of the glass; has a linear PbO
0.4  to  2.5       thermal expansion coefficient between 20 and    65
TiO[err]               0.1  to  0.6       [err]300 C. from  99 to 105 X
[err] per C.; 20       [err]               0.05 to  2.0,    and has a
chemical stability characterised by [err]               0.05 to  1.0      a
titration value, in accordances with DIN CuO                0   to  0.1
(German Industrial Standard) 12 2111, of less Cl and/or Br       0.20 to
10.0      than 0.2 ml HCI.                             70 10. A phototropic
glass according to any the balance, if any, being one or more com-
preceding claim, which is free from magnesium 25   patible constituents.
.                 oxide. 2. A phototropic glass according to claim  11.
phorotropic glass according to claim 1 wherein the lower limit of the [err]
content  1  substantially as herein described  and ex-   75 is 4.7.
emplified in any one of Examples 54, 57, and 3. A photographic glass
according to claim  61 to 67. 30   1 or claim 2 wherein the lower limit of
the    12. A process for producing a phototropic [err] content is 6.5.
glass as defined in claim 1 wherein a melt 



4. A phototropic glass according to any  corresponding to the glass
composition required   80 preceding claim, wherein the lower limit of
iscast, cooledforsolidification andheattreated the barium oxide content is
5.5.           at 560 640 C. for 1 to 3 hours. 35     5. A phototropic
glass according to any     13. A process according to claim 12 sub-
preceding claim, wherein the lower limit of  stantially as herein described
and exemplified. the silver oxide content is 0.1.             14. A
phototropic glass obtained by  a pro-   85 6. A phototropic glass according
to any   cess as claimed in claim 12 or claim 13. preceding claim, wherein
the upper limit of 40   Cl and/or Br is 6.0.
MEWBURN ELLIS & CO., 7. A phototropic glass according to claim 6
Chartered Patent Agents, wherein the upper. limit of C1 and/or Br
70/72 Chancery Lane, is 1.0.
London, WC2A lAD. 8. A phototropic glass according to any           Agents
for the Applicants. Printed for Her Majesty's Stationery Office by the
Courier Press, Leamington Spa, 1976. Published by the Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.
* C   L   M S * 18                                       1,428,880
18 Of the several examples recited above most  preceding claim, which has
the following   45 are comparative but Examples 54, 57, and  phototropic
properties: a transmission decrease 



61-67 illustrate the present invention,    of at least 50% upon exposure to
light, and         e a regeneration of the transmission after ter- minating
the exposure to light of at least 20% WHAT WE CLAIM-IS:-
after 10 minutes, based on a glass thickness   50 5     1. A phototropic
glass which is free from   of 2 mm fluorine and boric oxide and comprises
the    9. A phototropic glass according to claim following constituents,
expressed in percent-  1 which contains silver-rich and halogen-rich ages
by weight:                            (wherein halogen means Cl and/or Br)
non- crystalline phase separations with a diameter   55 [err]
12.1  to  13.9      between 40 and 350 A; shows no crystal- 10       [err]
30.4  to  33.9      lization in a viscosity range between 10 and [err]
22.5  to  25.7       10' poises; has a refractive index nd- from [err]
1.0  to  2.6       1.5225 to 1.5238; can be strengthened chemic- [err]
3.0  to  7.5        ally by ion-exchange in a medium containing    60 [err]
5.3  to  10.5       potassium ions at a temperature below that 15       CaO
3.1  to  5.0       at which the viscosity is 1014.5 poises, where- BaO
3.1  to  7.0       upon the alkali metal ions smaller than potas- SrO
0   to  0.5        sium diffuse out of the glass; has a linear PbO
0.4  to  2.5        thermal expansion coefficient between 20 aid    65
[err]               0.1  to  0.6        3000 C. from  99 to 105 X 10-' per
C.; 20        [err]               0.05 to  2.0       and has a chemical
stability characterised by [err]               0.05 to   1.0       a
titration value, in accordance with DIN CuO                0   to  0.1
(German Industrial Standard) 12 111, of less 



Cl and/or Br       0.20 to  10.0      than 0.2 ml HC1.
70 10. A phototropic glass according to any the balance, if any, being one
or more com-  preceding claim, which is free from magnesium 25   patible
constituents.                       oxide. 2. A phototropic glass according
to claim  11. A phototropic glass according to claim 1 wherein the lower
limit of the [err] content  1 substantially as herein described and ex-
75 is 4.7.                                    emplified in any one of
Examples 54, 57, and 3. A photographic glass according to claim  61 to 67.
30   1 or claim 2 wherein the lower limit of the    12. A process for
producing a phototropic [err] content is 6.5.                        glass
as defined in claim  1 wherein a melt 4. A phototropic glass according to
any  corresponding to the glass composition required   80 preceding claim,
wherein the lower limit of  is cast, cooled for solidification and heat
treated the barium oxide content is 5.5            at 560-640[err] C. for 1
to 3 hours. 35      5. A phototropic glass according to any     13. A
process according to claim 12 sub- preceding claim, wherein the lower limit
of  stantially as herein described and exemplified. the silver oxide
content is 0.1.             14. A phototropic glass obtained by a pro-  85
6. A phototropic glass according to any  cess as claimed in claim 12 or
claim 13. preceding claim, wherein the upper limit of 40   Cl and/or Br is
6.0.                               MEWBURN ELLIS & CO., 7. A phototropic
glass according to claim 6       Chartered Patent Agents, wherein the upper
limit of C1  and/or Br             70/72 Chancery Lane, is 1.0.
London, WC2A lAD. 8. A phototropic glass according to any           Agents
for the Applicants. 



Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington Spa, 1976. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


