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in relation with parameters (1), (2), and (3), describes the optical characteristics of the {ens over the extent
of the 20 to 40° C temperature range. Furthermore, the color characteristics of the lens in the clear state as
45 well as in the darkened state are described by the frichromatic coordinates which will be explained
hereinafter.

The above optical and photochromic properties of the present glasses are obtained in the alkali,
aluminoborosilicate composition family which contain niobium oxide. In contrast to the photochromic
glasses with an index of refraction of 1.523, the compositions described in this invention must necessarily

50 contain oxides which contribute strongly to the index of refraction such as LaxOs, Nb20s, TiO2, Ca0, SrO,
and BaO in appreciable quantities when they are present in the composition in order to satisfy the above-
mentioned criteria. )

The base glass compositions consist essentiaily, expressed in terms of weight percent on the oxide
basis, of:
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Ag 0.130-0.280
o Br 0.130-0.220
_ Ag +Br >0.270
cl 0.170-0.360
CuO 0.0070-0.0350
v 40 The preferred proportions consisting essentially of:
Ag 0.135-0.180
Br 0.140-0.170
45 Ag+Br >0.280
cl 0.200-0.300
CuO 0.0120-0.0300

0
8-14

Chlorine is used in quantities of 0.17-0.36%, preferably 0.2-0.3%, as analyzed in weight percent' in the

50

glass. It is an indispensable element which, when present in the correct proportions, permits the desired

photochromic performance to be obtained. ls inclusion at too low a level leads to glasses exhibiting
insufficient darkening, whereas too high a content decreases the fading rate and the sensitivity of the glass

to visible light.

The CuO content is 0.0070-0.0350, preferably 0.0120-0.0300, as analyzed in weight percent in the

- 68

glass. CuQ acts as a "sensitizer” of silver halides and, therefore, its level in the glass must be carefully

controlled. Below 0.0070%, the darkening of the glass is insufficient. On the other hand, above 0.030%, the
temperature dependence of the glass becomes unacceptable.
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of [ er 'dentioned, LizO makes it possible to obtain fast fading glasses. Howsver, inasmuch as the photochromic
35 behavior is the result of two opposite mechanisms occurring simultaneously (darkening and thermal fading),
a too high fading rate will lead generally to a low darkening glass. K20 enables one to get dark glasses
without affecting too much the fading rate when present at 2 to 9%.
‘In a general way, the combination of the three alkali oxides is preferred. In this case, as mentioned
previously, the following conditions should be satisfied: :

7 <%0 <16
020 | <Li0OM0 | <0.6

45 with X0 = Li2O + Na:0 + Kz0.

The main contributor to the refractive index is Nb2Os. Its effect on index is close to TiOz but it is not as
powerful as TiOz to increase the glass dispersion. Furthermore, it is equivalent to Al;O3 for the photoch-
romic performances.

Nbz0Os must be present at a level of at least 8%. However, being very expensive, a maximum of 16%

50 and preferably of 14% will be used.

TiO2 has no specific effect on the photochromic properties. At least 2% will be introduced in the glass.
High TiO2 content would impart to the glass an undesirable yellow coloration and would enhance the
tendency to phase separation. For those reasons, the TiO2 content will not exceed 8% and preferably will
be lower or equal to 7%.

- B6 In order to increase the refractive index, oxides such as: MgO, Ca0, SrO, BaO, ZnO, and Li20s; can
also be added to the base glass. Among the divalent oxides, MgO and CaO have a small contribution to the
density but also to the refractive index. However, although the desired photochromic performances can be
obtained with those oxides, SrO will be preferred according to the invention. SrO stabilizes the glass toward

4 .
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the photoch- romc performances. [err] nust be present at a IeveI of at

| east 8%riokiaever, being very expensive; a maxi mum of 16% 50 and
preferably of 14%will be used. [err] has no specific effect on the
photOehr omuc SpPaieeNol 8,630,786 disclasmt phAStoahroiviic flassesnddibitinge ettadtive IntieesgligheistharHi gh
Ti 2 cont.@hiThewessbebei afywritvettiye tglaessg [carsmisechadgind 9915p% Byewejght Tas dosilwerdefiden and
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In order td& SnBsehdle 3.718.38% fsrexpresslycdirerierbip highrekretivesingen phalochiopty olesses. Ty O
BaO, Z?l@'asa?ﬁ:l"%?‘%e %ﬂqally, in weight percent, of 1 5-76% La; 03,13 65% B20s, the sum Laan + B203

being at least 30%, with silver halides being present there. Various proportions of Nb2Os, TiO2, and ZrO;
are mentioned as optional components. Nevertheless, the base glass compositions are far afield from those
of the present invention.
U. 8. Patent No. 3,999,996 is drawn to silver halide-containing photochromic glasses defmonstrating
s0 refractive indices 21.60 having base glass compositions consisting essentially, in weight percent, of:
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is 0.65% Above that Jalay@ [err] ihpasks {o,dhe g8@ss a too strong yell ow
coloration in the cledrngbate, i.e.| tbe t|aagm|sso-on|[err] would be too
low. In order to avoi q eoesirabl e pffeads| oo |resixg¢d gl ass, Ag netallic
precipitation), [err] "Wl Dbe used wtn prererred conpositions for Ag, d,

Br, CuQngsin98h1 RED 7E8\Wis2eshy -

wherein AO3 + ZrO, +Laz 03 + Nby 05 + Ta2 05 + WO, 2-25 and
wherein MgO + Ca0 + SrO 2-24 and

\4 wherein Lax O3 + SrQ + PbO + TiOz + Nby Os + ZrQ, + WOa + TaxOs 12-34

40 Such compositions are outside of those of the present invention at least with respect to Al2Os, Nb20s, and
PbQO.

U. S. Patent No. 4,686,196 presents silver halide-containing photochromic glasses demonstrating

refractive indices 21.59 claiming base compositions consisting essentially, in weight percent, of:

*® Si0, 4256 | S0 0-3
B.0s 11-18 BaO 0-6
Al O3 0-5 Zn0 0-2
S8i0 +B20s + A|203 55-75 MgO + CaO + SrO+Ba0 + ZnQ 3-12

50 Li2O 3-9 TiO; 3.06-6.74
Na20 0-7.98 | ZxO: : 2-11
K20 0-8.22 | Nb.Os 2.28-8
Li20O +Naz O+ K0 7-15 Laz O3 0-3
MgO 3-12 PbO 0-2

55 Ca0 . 0-3 Er203 0-1

Such compositions are low in Nb2Os and SrO and require the presence of MgO.



35 ° Those "colorants" give to the glass in the clear state, a slightly
yellow tint. If necessary, it ca Q% ? ated by addition of col orant
oxi des such as [err] CoO or [erET 3%£§Ht 40 U S. Patent No.
3,630, 765 di scl oses photochronmi ¢ gl asses exhibiting refractive indices

hi gher tm@am&mﬁﬁpmgnajgﬁ@ﬂﬂgﬁsof the inventive gl asses conprised addi ng
10- 50@6by weight [err] to sitver halide- containing, alkali netal

al um nNobor Bs tolidiHgEexampiBs, GHhith S0 5D Qiebrhécd MEstrhive I dhlySShdt Av i@t CdoboriBe itpdex
t her eof .invdiationECdnpasitions afeRgiGenGih ThiBs N.] The ajuektifds offcolponkhts e dXpiossall iM\Parts by

3, 703 5 38idightonctke trideHayis. diakimCinie Gedoont lhafthe totdl biaadimpsrents RCkaMal haicpedoq 00, Ghe
gIﬁ'éses.giv’e‘healuvéca@m&%red@awbismadcmwnti ally, in weight percent, of

15- 75% [ er A4 tha 2at®BB) tohwich Lhatofens rije beujdeare hotliedwng amt bdcams theB @) prewetttin smallver
hal i des dmeimgy ey casereporistl @ ehloripg b bromipe énprarasiment ith fthe| usual practigndSilyer Qpresente
ment i onedpodssmsfl emennis isgiyppesimelal. Nevert hel ess, the base gl ass conpositions
are ¥ af e ’GPWP‘?)YH'%Gﬁ&é\Qo@' ?rh@“(b r%s%rﬂ“dlsﬁ%ﬁﬁ '6 ﬁene@' aSa“aIVa‘idéhEhe S868,

3, 999, 99¥CPLif gRecifiFaliy perntipneg athemMisei de- cont ai nj ng

denonst r at P‘ﬁ %% Grgr%? mtgi"y;e’ ay x| %‘ﬂe% e;qgfaw onne E"" ?S% i“PrL

ConSI st I g gn(f h ? onen slu,gedztg int’ tTe ﬁ are ger@raﬂy gd &5 %%s %ré 30
% 2: : } " :ng% the raw ma% |§s batclheal;'J \Lel heQ ar;]d c%re[ﬂfﬁ\y‘fn]xed (l:taﬁﬁn Iileg) to r4Jch|evu 0. g' 4
| NVeNt i Gt a kfnaco heaud b7 do @&@a e B o o fAﬂé.J £ 1o

haI | de- Gait Adidbl 118 giB&AS &n Qg&r&gbogdﬁgs(es exhibiting refractive indices in
esm of 1.60 having base conpositions consisting essentially, in weight

pe ent, of: [err] 5-30 Zr 2 0-6
[err] 7-35 [err] 0-3 PbO
6- 26 [err] 0-2 ZnO 0-15
[err] 0-2 [err] 12-30 [err]

0-4 A#s203 12-25 Bi 20s and/ or Ta205 and/or [err] and/or [err] 0-5
Such conpositions are quite renoved fromthe ranges of the present
invention. U S. Patent No. 4,486,541 describes silver halide-containing
phot ochrom ¢ gl asses exhibiting refractive Indices [err]1.59 claimng base
conp05|t|ons consisting essentially, in weight percent, of: 25

[err]® 32-47 [err] 0-1 [err] 14. 5- 27
MO 0-1 [err] 0-11 CaO 0-6
35
At 40
45

50

55



b R
i

[erf] *58-71 Sro 0-24 [err] 0-0.4 PbO 0.
30 Zr 1.5-10 [err] 0. 5-
[err] : 0- 23 %003536?45'?% [err] 0-2
[err] 0-4 [err] 0-18 [err] 6-12 35 wherein
[err] 6.5-15 and wherein [err] 2-o fgdlv\,herei n MgO + CaO + SrO 2-24 and
wherein [err] 12-34 40 Such conp are outside of those of the
present invention at |least with respect to [err] and PbO U. S. Patent No.
4,686, 196 presents silver halide-coftaining photochrogi c gl assgs
denosistrating refractive indices [eTr]1.59 cTaimng bﬁgg conposSi tions

5-12
8

consi stiP¥Pgssential Iy, in weight3Pebtent, K 4@f4245 39. 8.88r 1]
42&56 B50Y 0 %1f2° ]0-31E€@3 21.300 20.5&1&}8

Ba - r -5 n

0-2 [errM2085.75 MO + CaO + FFh Bao 8- Fho 362281 20 6.0%

3-910 zeogi 2.503. 06-5.53 50 2.51 2.43err]
0-7.98 r 2-11 r] . 4. 0-8. 22
[err] LZ? _ 2.28-84[%$r] 4l g5 7-154 42[err 27
0-3-Ngc)Na20 3-12 Phc26 1.28 1.26 1.23.2 55

Ca0 . k.0 0-3 [err]s, 26 5.36  5.28  Oslifuch
conp83|t|%ns are lowin Nb2 Gs and SrO andoéeﬂilre t he presence of MO
t

EP 03538880B1 Description of Prefefred Enb nts TRe fol |l owing exanpl es,
whi ch nugazb deened illustrative enly and Aot limtative, describe the

i nventio npositions are given,j abl e, ] . dhe guangi,ties,pf ,conponent s
are gxpr 2§§ in parts by 5 meigh?P%% thel%k? e ba ?é?hTaki%g'#ﬁto account
thé@itherloaal of conponents is eqdad3to or2¢é8se t02149, the2gBben val ues
can be cggaldered as wei ght perceng.3f\s theycpgion(s) g which hal ogens are
bound are not known, and because they are present in small ampunts, they
are repoPe@d as chlorine and bromine in agrgenent wiTh the usaaPGpractice.
Silver, gpesent also in small anpuats, is gkven as tjeegetal . ~10 The
reported lues for Ag, O, Br, L alerr] and SnQ2_are, in neral , as
analyzeds¥$2fﬁ2°glasses, except F?SZ ecifiégf y nenﬁioﬁed otﬁgf i se.

Bat ches Btgoﬁxggired fromraw nat efi &40s, ox0dé8, or OGtHA@r confiedfids which,

when, thexa S6S+2eol e 8.7 8.9 8.8 8.5
ND,Og+T10,+2r0,+La,0,  15.7 16.0 15.8 15.3
X0 6.3 4.5 5.9 9.1
. XOHK0 17.2 15.6 16.8 19.7

Ag 0.232  0.257  0.239  0.257

c1 0.328  0.353  0.344  0.340

Br 0.211. 0.203  0.199  0.137

b cuo 0.0100 ©0.0100 0.0100 0.0100

50

55



t

togét her} are converted into the desired oxides at the required |evel.
Chlorine and brom ne are general Eﬁdd&ﬁ%@?@‘lat ed as halides of alkali

netal s. Conponents used to tint the glass are generally added as oxi des or
15 conpounds of the netal. Ingredients of the raw materials batch are

wei ghed and carefully m xed ( | i n achi eving honogeneity
of the nelted glass. Then the%mm%ﬁﬂm pl ati num cruci bl e, that _
crucible is introduced into a furnace heated by Joule effect, and the batch
is nmelted at 1350 C for about 3 hourss. After gcasting tp forma glab, the

%Ile_srz;: Z ?snigjezal ed at 3about [erz] [(239*112:59730 35424:02345 50415.5957 39'52'&)1 328 224
?g-rf]Z Bolg [err] 6 o 1728 219230 . 23:.96.2733 1(2)1183138 20. 58
2.50 Agf3 251 2.43 [erf‘j‘gb3 3.9¢%  639° 1 edt* |, 4
4.42 1 a0, [err] 2,90 1.24688 1.2849 1.2616 1.22
_15 K20 PioP _ _ [g.rrz]e 3'e5r4r]5'364'3° 5.28 _3g 5. 1%@8
11. 00 Na 10.47 [err] .61 1.23 2L®@5 2082 2 44
_2-36 ar O Ky0 ] o 066'2?5'20:0 2.14.13 4.2.24 - BpQs ]
1.66  £3%rr] 608+ 62022 62?7 5971 [err]
0. 40 LD, 0.4(35 , 0.40120-[err]1 3.22 . 3.30 8.7 - 8.9
2:3 . fagdorrl 157 1ehhe dsz REE 10.62
g TiO, 4.39 3.95 2.43 3.99

Sro 6.10 - - 6.21

BaO 0.90 - - -

% $10,+B,0, 59.2 61.5 61.7 60.2
Li,0/X,0 0.44 0.40 0.40 0.44
Al,0,+210, 8.7 7.9 8.7 8.6

3  Nb,Og+Ti0,+2r0,+La,0, 17.7 22.6 19.0 - 17.1
X0 7.0 2.2 2.3 6.2
XO+X,0 17.2 12.9 13.2 16.6

s A 0.145  0.190 0.190 0.169
cl 0.240 0.330 0.335 . 0.279
Br . 0.156 0.156 0.157 0.144

. Cuo 0.0130 0.0110 0.0110 0.0100
" 40 .

50

55



-~
t

[err] 17.2 15. 6 16. 8 19.7 Ag

0. 232 0. 257 0.239 0.2 0.328  0.353
0.344  0.340 Br T 6553 534 81 0.211  0.203  0.199  0.137
cuo 0.0100 0.0100 0.0100 0.0100 45 50 55 8
EP O 353 834 Bl Table | (continued) 5 6 7 8 [err]
41.97  42.23  41.95  /Radle[%r{dontinued) 17. 28 19. 30
19. 73 18.78 [err] 5. 80 3. 00 6.19 6.11
10 [err] 2.90 4. 88 2.49 2.46 [err]
4.;545 4.30 4.38 4.63 [2r] 10 11 0.¥ 1.23
&%‘5 sid) 62 [err] 41,01 4B 4B, 71@[ 45,75 5.18
- er
- B0 3. 30 - [erH h¢2 18af’ 9. -0, 3‘]-8 2}0. 52
10.76 A2 [err] 11 %6 397 % K6 26 413 3.99
Sro 6. 10 21 B
0.90 %9 . 25 [err] 2.46 2045 o, 2.8871 Phar )
602[errnil 0.44 4.69. 40 4.6®m 40 4.690. 44{e6$]
17 - ;2@ .8.7 867380 gzerr]2 0512772 3025226 L9 Gggo
. . . rr
17. 2° 195__99 13. 2 16. 6 3% 19y %.14 4.87 3% 145
0.190 c4p190  0.169 C - .- 0.240  0.830  0.335
0.279 Bry 0.156 - 0.156  0.157 0.144 CuO
0.0130 “%e®W10 0.0110 0.0100 40 45 50 -
) NbOg 10.62  10.55 8.03 8.04
\/.
TiO, 3.99 5,08 6.12 6.09
Si0.,+B.0 160.2 59.3 - 60.8 61.0
25 27°2%
Li,0/X,0 0.44 0.44 0.46 0.46
Al,0,+2r0, 8.6 8.5 8.6 8.6
Nb,O +T10,+2r0,+La,0, 17.1 18.1 16.6  16.5
° X0 6.2 6.2 6.3 6.2
XO+X,0 16.6 16.5 16.4 16.4
Ag 0.142  0.144 0.192 0.163
s Cl 0.238 0.240  0.320  0.320
Br 0.186  0.178  0.180 0.180

Cuo 0.0130 0.0130 0.0100 0.0100

45

50

55
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55 9
[err]
18.78
6. 16

25

35

45

50

65

3

EP O 353 834 Bl Table I (continued) 9 10
. 41.76 42.
18.17  19.00  18. 21%3’ ?ﬁ:‘%“ﬁ
6.13 [err] 2.46 2. 45
4.63 4.60 4.69 4.
0.62 0.62 0Zzklen I [(eonrinued)
4.87 4.84 CaO -
[err] 10..62 10.55 8.03
5 08 6.12 6.09 Sréd 14 15
[err] [426?32 425883  42.68.
0. 46 0.46 [er
%2@’3[ err] 17. 1 18(3“17r 27 147627 161d- 33
2.0, 6.3 6.2 [edrpB7 5.87 5.87
¥edd A 2.93 0.14293 0-18493
0.238 0. 240 0. 32
GJ-FB 0. 180 0.180 Cud-83 4.89 4.89
Q”%FDO 40 45 so 55 10 ElR.§2353 8346B1 Tabpesghk
15 16 4.67 4.67 4.67
CaO - - -
La,04 - T
Nb,O, 10.55 10.55 10.55
Ti0, 4.44 4.44 4.44
Sro 6.17 6.17 6.17
$10,+B,0, 59.9 59.9 59.9
Li,0/X,0 0.48 0.48 0.48
Al,0,+2r0, 8.8 8.8 8.8
Nb,O  +T10,+2r0,+La,0; 17.9 17.9 17.9
X0 6.2 6.2 6.2
XO+X,0 16.4 16.4 16.4
Ag 0.204 0.150 0.151
cl 0.330 0.267 0.284
Br 0.167 0.167 0.149
Cuo 0.0130 0.0140 0.140
Sb,0;4 - - -
Sno - - -

11

11
75 [err]
6. 11
2.48
66 [err]
5.18

12

6. 07
2. 47

8.04 [érr]
6. 38 6.17
42.68.0 [err]

17,29 °

16.65.87 16.5
0.1§2 0.163
0.32 ‘E?

0.4188 0.0130
(convpi,eged) 5

4.67

8
6
XO

10.55
4.44
6.17

59.9
0.48
8.8

17.9
6.2

16.4
0.151
0.286
0.153
0.0140

s

0.20



60

65

42. 58

12

[err] 42.58 42.58  42.58 [err]
17. 27 17. 27 17. 27 17. 5.87 5. 87
5. 87 5.87 10 [err] e b354 baa b1 2.93 2.93 2.93
2.93 [err] 4. 89 4. 89 4. 89 4.89 [err]
0.62 ~ 0.62 0.62 0.62 15 [err] 4. 67
4.67 4.67 4.67 CaOrhpnel 1 (continued -
- - 20 [err] ‘_—"“‘J'""““jIF%B 10. 55 10. 55 10. 55
[err] 4. 44 4. 44 4. 44 4.44 SrO
6. %gs 6.17 6.17 6.17 SiL@e+B203 18 5909 59.9
59 9.9 25 [err] 48 ‘E 48
0. 48 [erFf8 g.g 4258 g 42. 5 '8 42—95 8. s4tetr] 17.9
17.9 B,07. 9 17.9 30 XO 17.27 17. 27 17.27 6 217 os 6.2
6.2 6 2 [err] 16. 16 1654+ 16. 4
Ag 10 Al03 0. 204 > 83 150 s. 83 151 g 83 151 OO
0.330 29367 0.284 0.286 BR.93 . 93 é 347 0.167
8 éiio [LQ?é53 Quo 4.89 Q,QQBO Q.9§40 05840[ |
er - - = err
0 15  Na 2$[err] 0.62 0.62 0.62 _0.61 0. 20
45 50 55K,0 EP O 353 834 Bl Table W.6¥ontindedy 5 4.67 4.63
17 o éB 19 20 [err] _ _ 42.58 42.58
42.58 3215 [err] 17. 27 17. 27 17. 27 17.08
10 [err.azo3 5-87 5. 87 5.87 -5.70 [err]
2.93, 2.93 2.91 oLk ] 10. 04489 4.89
23 Y85 o 19-35 1933 10440
0.61 [erFiO, 44447 44447 4.4467 4.3%63
Sro 6.17 6.17 6.17 6.25
s S10,+B,0, 59.9 59.9 59.9 59.2
Li,0/X,0 0.48 0.48 0.48 0.48
A1,0,+2r0, 8.8 8.8 8.8 8.6
" Nb, O +T10,+2r0,+La,0, 17.9 17.9 17.9 17.7
X0 6.2 6.2 6.2 6.3
XO+X,0 16.4 16.4 16 . 16.4
Ag 0.149 0.137 0. 0.144
% Cl 0.227 0.278 0.271 0.232
Br 0.168 0.168 0.163 0.155
Cuo 0.0140 0.0100 0.0140 0.0170
‘4 Sb,0, 0.12  0.17 0.17 0.40



CaO [err]
4. 44

6.17
[err]

8.8

17.7 XO
16. 4

0.
0..232sBr
0. 0140
0.17

21

42.15

10 Af%203
2.91
4.87
15 [err]

15

25
30

35

[err] : 10. 55 10. 55 10. 55 10. 40 [err]
4. 44 4. 44 4. 39 gpldAs3 834 B 6.17 6.17
6.25 25 [err] 59. 9 59. 9 59. 9 59. 2

0.48 0.48 0.48 0.48 [err]
8.8 8.8 8.6 [err] 17.9 17.9 17.9
Table I (contdnped) 6. 2 6.3 [err]
16. 4 16. 16. 4 Ag 0.149 = 0.137
0.144 35 cl 0.227 0.278  0.271
0. 248 0. 238 o.zés 0. 245 Quo
oSiq,mo 0.0140 0.0170 43 .15 [erugh 42.150. 12
0.40 45 50 55 12 EP osgs%%4 B1 ;aBI &go%anued) 5
E@O 23 24 [err*7-08 17.08> 15
M Lerr] 5.70 17.8370 17.68870 17.B870 17.08
5. 70 5. 70 5. 70 5.7 rrl

%?Qm. 2. 91 2. 91 [eAP! 2.91 2.9 > 2081 o
4iBp [err] 4.87 0.4287 0.4287 0.6:87 0.61
Na,O ) ] [erfj‘iﬁsl 40361 48361 481CR0
K0 [err] 4.63 10 4063 10. 4363 10. 4363 10.40
Cao 4.39 _-4.39 -4.39 - 4.39 [SrO

6. 25 6. 25 6.25 25 [err] _ 59. 2 59. 2
LayPp [err] = 0.48 T  0.48 0. 48 0. 48
NDb,Og 8.6 8.610.40 8.610.40 8.610.40 10.40
Ti0, 4.39 4.39 4.39 4.39
STro 6.25 6.25 6.25  6.25
$i0,+B,0, 59.2 59.2 59.2 59,2
Li,0/X,0 0.48 0.48 0.48 0.48

’ Alz 3+zr°2 806 8.6 8.6 8»6
Nb,O +Ti0,+2r0,+La 0,  17.7 17.7 17.7 17.7
X0 6.3 6.3 6.3 6.3
XO+X,0 16.4 16.4 16.4 16.4
Ag 0.147  0.147  0.146  0.146
cl 0.232  0.203  0.258 0.230
Br 0.159  0.158  0.159  0.154

Cuo 0.0200 0.0200 0.0200 0.0230
Sb,0, 0.40 0.52 0.50 0.54

45

50

65
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30 [err] 17. 7 17. 7 17. 7 17.7 [err]
6,3 6.3 6.3 6.3 kBl _ © 16.4 16. 4
16. 4 16. 4 Ag E 05538348.1147 0. 147 0. 146 0.146 35
a | 0. 232 0.203 0. 258 0.230 Br
0.159 ' 0.158 0. 159 0.154 CuO 0.0 200 0. 0200
0.0200 0.0230 40 [err] Table I {continued) 0.40 0.52 0. 50
0.54 45 50 EP 0 353 834 Bl Table | (continued) 5
25 26 27 28 [errgq 42. 15 42. 15
4 5% 40.76 [err] 17268 17288 21282 19. 17
[errkio 543015 543015 21887 ﬁoO#s[eff]
2 91 2291 2.34 7.27 (err] : 4.8
4. 87 By037 4.26 [err] 17.08 17.08 24.32 196161 1.17
1.22 15 AEI.%OE,‘] 5.70 4.635,70 4.635.80 3.54.01 5.09 CaO
g 2.13 2.21 beghl 2 99 2,34 7,27 ’
6.18 9220 [err] . 102281  10%228% 107087 10.45
[err] g 4.39 4.874.39 4.873.79 2.27 2.364526
6. 25 025 25 [err] 59. 2 59 2 62. 7
59.9 [ er 1 f2° 0.48 2°%% o 45081 5735117 ggrr]
8.6 K.9.6 8.1 11.3 [4r6P 4763 1757 23.3
30 XO Cao 6.3 6.3 2.13 a 21X0+X20
16. 4 4 9.1 12.8 Ag 0. 142
0. 166 Lég%go 35 d - = 0.235%-18¢ 249g ﬁéo 320
0. ggg Br Nb,,0 5 00140 00140 00168 00136 CuO
0. 0230 0230 0.0120 0.0110 40., [err .54
o TQO 032%, 2030 [eTh 39 3.79 2.3%
s Si0,+B,0, 59,2 59.2 62.7 59.9
Li,0/X,0 0.48 0.48 0.32 0.40
A1203+Zr02 8.6 8.6 8.1 11.3
) Nb, O +T10,+2r0,+La,0, 17.7 17.7 22.4 23.3
X0 6.3 6.3 2.1 2.2
XO+X,0 16.4 16.4 9.1 12.8
Ag 0.145  0.142 0.166 0.190
% Cl 0.235 0.249  0.320 0.320-
Br 0.160  0.159  0.180 0.156
Cuo 0.0230 0.0230 ©0.0120 0.0110
“rjo Sby04 0.54 0.49 - -

50

55
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55 14 "EP 0 353 834 Bl Table | (continued) 29 30 31
32 [err] 9 41 39. 27 42.15 [err]
27.61 ~ 20.71  18.46 ¥3§8?§ﬁ?%3 9.58
5. 81 5.79 5.70 70 [err] 2.34
2.33 2.91 [err] 2. 49 0. 94 1.13
4.87 [err] Table I jgcontinue 1.17 0.61 15
[err] 3.93° ' 12.00  14.28 4.63 CaO
1.17 2.13 2.12 [err 1.7 3. 10
3.Q_$j 5 Clerr] 1 8.322 10.12F 10 0 10. 40
[er sio, 2.50 41.32. 28 39.4D1.27 39.27 4. 34515
- - 6.25 [err] 7,61 0.1 8l g_ o7
59.2 25 ié‘r’i] % %.07 4 6973)048 [err]
9.6 - ABy9, 8.1 8.6 [%f$? 1281 'EW g8 S4i08
17.7 30 %5, 2.%41  2,32.1 2,916.3
[err] , 8.9 7 6.4 Ag
0.190 B287  0.253 0. 1472539 0.54 1.13 4Bba0
0.333 na§a5 0.219 35 Br  1.29 1.18 1.17 0.1500.610. 148
0. 152 . 145 CuO 012 0100 100
0. 01705[er2? 3.93 12,6010, 38 4q%979 40 45
50 55 15 CaOEP 0 353 834 Bl 1.17 2.13 2.12
La,0, 1.70 3.10 3.09 -
Nb.,0 8.32  10.11  10.07 10.40
b‘. 20 2 5
Tio, 2.50 2.28 2.27 4.39
Sro - - - 6.25
$10,4B,0, 69.0 60.1 57.7 59.2
% L1,0/X,0 0.32 0.07 0.07 0.48
A1,0,+210, 9.6 8.2 8.1 8.6
ND,Og+Ti0,+2r0,+La,0,  12.5 17.8 17.8 17.7
o XO 1.2 2.1 2.1 6.3
X0+X,0 8.9 16.2 18.7 16.4
Ag 0.190  0.257  0.253 0.147
cl 0.240  0.333  0.355 0.219
* Br 0.15¢  0.148  0.152 0.145
cuo 0.0120 0.0100 0.0100  0.0170
O Sb,0, - - - 0.79
40

50

&5
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Tabl'e’ éontinued 33 34 [err]. - _
42. 15 42.15 [err] 17. 08

17.08 10 . [err] EP 0353834 B1 5. 70
5.70 [err] ' 2.91 2.91 [err]
4.87 4.87 [err] 0.61

0.61 4.63 4.63 [err] .10. 40

10. 40 [err] Table I (coptimued) .4.39 SrO
6.25 6.25 [err] 59. 2 59.2
[erT 0. 48 0.48 25

[ er 8.6 33 8.63ﬁyr]

17.7 $IO£ XO 42.15 42.15 6.3

6.3 [err] . 6.4 Ag

0. 144 0P293 a1 - Yots 17.08 %5

0. 23p Br A1203 5.70. 142 5.70 0. 160 35
cuo 0. 037 0235 [err]

0.70 0258240 Sanpl es of gIas?é?lprepargagrron1the

conposi tions of ¥&pPe | were placed in an d+8dtric fd-®dce for a specific
heat treatment (aLo Tenmperature (in [err])p g1d tinegfgiheat treatment (in
m nutses) are repgrfed on Table Il. Generally, _a tenperature between about
580 and 640 * C FaP times between about fi eS8 nutes %®}*wo hours has been
found satisfactoNp,0Q obtain the desired @gti40al praqgerdd es. After heat
treatnent, the s?. | s are ground and p0|i3h§§ to a'thEEness of 2 mmfor
properties neasurénént. 45 Table Il givés~also the“photochromc
per¥dr nances, th8rBol or, the refractive i n@eR5 err] th@&5Abbe nunber [err]
the density (Dengjnaa he viscosity (Vis th the deg tyification |iquidus
of the gl asses. %&82§ﬁ3?§ mel ts crystalIi?ggzédevitﬁpkﬁéd) upon cool i ng,

t hereby resul ti nBipR7#nOopaque gl ass body. 9F#8 col or %/48& he gl asses is

exprgssed as theal bghzemgtic coordi nates @xgy) defimeg by the C.|.E.
colorinetric sys %b f I’ uges the,Cqillum This colorinetric
system and t he I&éﬁ Sggéghézggbgg6263explipngd by Aa%ganHardy in the
Handbook of Col oKOnetry, Technol ogy Press, 6M3I . T., C&ud i dge, Massachu-
setts (1936). Thgqoggl gr of the darkened statq [err]lksdgeternined after a
20- menut € exposure ae 25 C to a commerci ally-availabl € ultraviolet |ight
ternmed "bl ack-1i88t-blue". The correspondi fg1¥dnmi noud -k2snission is
reported as [errg155 The | um nous tranguhagi ons pepigsenting the
behavi or of the gl asses under an actinic r%diﬂéion siMﬂﬁa to sunlight have
been nmeasured wi PR equi pnent call ed " Sol ar 9s | at or O+ ch equi pnent is
desc¥ibed in U &uoPatent No. 4,190,451. 0.0170 0.0235

Sb203 0.70 0.39

40 Samples of glasses prepared from the compositions of Table 1 were placed in an electric furnace for a
specific heat treatment (HT). Temperature (in ° C) and time of heat treatment (in minutes) are reported on
Table 1. Generally, a temperature between about 580 and 640° C for times between about five minutes to
two hours has been found satisfactory to obtain the desired optical properties. After heat treatment, the
samples are ground and polished to a thickness of 2 mm for properties measurement.

45 Table il gives also the photochromic performances, the color, the refractive index (np), the Abbe
number (¥), the density {(Den), and the viscosity (Vis) at the devitrification liquidus of the glasses. Two glass
melts crystallized (devitrified) upon cooling, thereby resulting in an opaque glass body.

The color of the glasses is expressed as the trichromatic coordinates (x,y) defined by the C.LE.
colorimetric system of 1931 which uses the C illuminant. This colorimetric system and the light source are

50 explained by A. C. Hardy in the Handbook of Colorimetry, Technology Press, M.1.T., Cambridge, Massachu-
setts (1936).

The color of the darkened state (x20, Y20) is determined after a 20-minute exposure at 25°C to a
commercially-available uliraviolet fight termed "black-fight-blue”. The corresponding luminous transmission
is reported as Tpzg. .

56 The luminous transmissions representing the behavior of the glasses under an actinic radiation similar
to sunlight have been measured with equipment called "Solar-Simulator,” which equipment is described in
U. S. Patent No. 4,190,451.
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16 EP'0353834 Bl In Table Il: [err]-i's the lumi nous transm ssion of the
glass in the clear state (unexposERi)353&a4B1is the |um nous transm ssion
after darkening 15 mnutes in the sinulated sunlight source at 25 C. [err]
(40 ©) is the |um nous transm ssmn after darkenl ng 15 mnutes in the

si mul at ed é’hTﬁbe ht source at gtﬁté% C).is the |luni nous
transmi ssi °c' '“?‘%ilcf '33'°?n°fﬁ %‘%s é{‘ftf' gleay sialg apxepsedln t he si mul at e
sunl i ght }is fhe lyriroup 3?'151"'5?'%“9' ey 15smipyies ‘HWFPE‘F‘@WE@“'H%WM‘W at

223? 54 w#ﬁ% b P fomBa B e Efleuy I Fndes B s b oM ER R e
nunber ar ¢ 'Imigg - &Yis LHS Wil 1r]§|ﬂ§ﬁnﬁ99ns al%pf h-n%te§aaﬂ9'| ?ﬁ?ﬁﬁhﬁnq %JnLlXteé S

measur edsm H @.ei on met hod and exp [err

tenmperatur QTQr (ééPQ@‘C)% W8 oferohce otwbh §4ALRSS @E Wi dhrRoni 116 MiflulRS $h 1é LiRuigted

gr adi gpt anhb'hE\@da%eatlé andigo-@ur ati on of heat treatnment s 17 hours; the
presence ofmé measurdntentsSof AR RAECEEL PiexUsdNbba MudBdr i feinadd 6F @RCRELS. mefidgs on

Vi SCcosi t ynnb@ed¥ampeed i N poi ses) corresponding to the Iiquidus tenperature

I S measur edrhyidéniitydis measaled DY the irdriedor vadtiesd.and kpidssed th @geam®40 46 50 55 17 EP
0 353 834 Bhe Tiqutdue tdrbpethture or upperZcrystailization teBnperature is dédtermined with aSgradient furnace.
600- 155 TiEOGurdtion of GO -tbBimentGO (7 Itburs; B Proddnch of ciystals is detected by using anOdptiéal

90. 6 micgi§cqpe. TheO(peity (ex@9ssgd [irepqises)( @B ponding to the IR@AG tempergigre 35 measured 4, 2
31.2 gith &rotpiing viscesimeter. 43. 8 40. 6 40. 4 45. 6 49. 3

T 20 -
\__{/'

30

36

50

55

17



= ¢

err] " ° 61. 2 59. 0 56.5 57.2  69.6 [err]  17.0

18.3 16. 2 14. 4 16. 8 1gp o[98k 8ha B1 1.588 1.585
1.585 1.589 1.589 v 47.50 47.00 46.70 47.10
44.00 Den. '2.65 2.61 2.63 2.71 - Vis.
400 " 350 - 500 pzBPe feble Il (continued) 25
6 7 8 9 *-!ggrqgr 600-15  600- 15
620-15 620-15 620-15 [err] 90.5 89.5 89. 2
89. 7 88.5 30 [err] 32. o 2 39.1 3 28.34 34.23 36.3
[exr] 51.9 5 rr
63. HE7 g 65. 5 gg?lli 59%7 535 é%% 749 gﬂ€.£§ 629719
16.4 9.2 20.9 [err] 91.5 90.6 90.503 9018585 89.8. 594
éé§94 %Df§9(¥5°C) s o 2648 o, 02803 462803 ¢ 09 4308 43.00
>350" ? £80(40°¢€) 500 4308 >@00645 50465418 4566 0 343-334 B1
gggliS|ITngp§§aé?gio}i5 gi é15 %16 15 [e 56 514 57.2 1oesls
40.95 ABpys (251-48°Cd 117 18.3 15 2 14.4 16.8 o 3053
8-§é§2 : -3f85 10 [err] 1. sag 1. 58§ , 1. 585 1.589 0.328d9 0.3214
. err 85.9
lerr] Y 23.0 20, 5475855 47.085"c46.70] 72151°[er§f 00
42.1 Défl.1 42.3 52.65  44216lerr] 2.63 2.%1.6 - 67.4
58. 0 <7 63.5 [err] 19.1 19.3 .. 18 . 20. 4
[err]o GZ" 1,888 771 238 77 601 1.%%& 17288 20" ferry
440 44.00 44.00 44.00 44 00 Den. - 2.62
2. 69 2. 69 2.69 Vis. mable II (coméffiued) >400 >500 >500
>500 :
® [ 1 8 ] ]
HT | 600-15 600-15 620-15 620~15 620-15
T, 90.5 89.5 89.2 89.7 88.5
% Tp.g (25°C) 32.0 39.1 28.3 34.2 - 38.3
TD15 (40°C) 51.9 55.1 44.7 53.4 59.2
Tps (25°C) 63.2 67.8 65.5 71.4 75.6
i ATpyg (25°-40°C)  19.9 16.0 '16.4  19.2 20.9
nD 1.603 1.585 1.594 1.594, 1.599
v 43.00 46.60 45.00 45.00 43.00
: Den. 2.68 2.62 2.68 2.68 -
\—a0
500 >500

vis. >350 - 200 500

45
60

55
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25 16 ° * 17 18 19 - - 20 HT 610- 15

610-15 610-15 610-15  610- 15[ efdling as 40.73  50.08

38.04 40.3  39.4 [err] BelfdSslaamy . o 570 0 3503 0 3472

0. 3505 Y20 0.3268 0.3343 0.3364 0.3356 0.3364 [err]
89.2 = 87.2 84.5 8 6 ] 26. 0 36. 1
22.3  28.4  24.6 [err] Eégls_lf;é§§£§§§2é£i5 37.4  47.5  43.0
[err] 65. 3 70. 4 60.1 66.5  62.4 40 [err] 19.5
19. 4 15.1 19.1  18.44err] 39 13 3601 g0l
1.601s 1.601 1.600 [err] == A0 AFTDO0 4400

4400  48BH0 Den. 20-15  62Qul3 _ 6lQuld 6@ &hdS o 70
45 Vis. o >500  ->500 - >5oo 40980 407600 505 EP O

353 834 BLOPble 11 (continued) 21 4 25 HT
01015 Emp 15 610-18 61816 61D-16 [errj 3288 0.3187" 0. 3485
39.5 10 wp 2 42.6 43.4 10 [err] 3244 0.321% 34538384. 3466

0.3490 0.8452 0.3444 Y20 gg.2 87.7 O0.685F OG@3P3 g5.3868

0.3334 09355 [err 45 85 4 5. 4 6.0
85.0 [err[Tp1s (23°C6. 8 23.8 2%6@5 2h9 %Q)'g [er:ﬂ'-'8
43.9 |, ARG (4000150 44231 47S.lerr] 42.3  SLAM 2 44.52.0
62.8 6 A [err] 4121 17. 0 18. 18. 17. 6
[err] Tpg (25%¢) 60816 1 6o 4 L e B0 s T 1 6

44.00  ARQG (25¢¢A900) 441801 44 19 %En Ts.4 211" :EQHf 2.70

2.70 2.n(0 2.70 25 Vis.1.596 1.596>5001.601' >50001 >HMb1 >500
>500 3 D 27

| 28 29 30 15
600~i5 6b0-15 600-15 688:98 30 ‘fe??] .00 44.00 5 400

_ ®en. - [err] - 2.6D. 344R.6R 2.69 2.69 R [err]
0.3358  Y¥is. - >400 >200 5500  >500  >500
25 '
16 17 18 13 20
HT ' 610-15 610-15 610-15 610-15 610-15
w Tp20 40.73 50.08 38.04 40.3  39.4
%50 0.3268 0.3370 0.3503 0.3472 0.3505
Y50 0.3268 0.3343 0.3364 0.3356 0.3364
T, 89.2 87.2 84.5 85.5 86.8 .
B Tp,g (25°C) 26.0 36.1 22.3 28.4 24.6
Tpyg (40°C) 45.5 55.5 37.4 47.5 43.0
, Tpg (25°C) 65.3 70.4 60.1 66.5 62.4
\~ o OTpg (25°-40°C) 19.5 19.4 15.1 19.1 18.4,
n, 1.601 1.601 1.601 1.601 1.600
v 44.00  44.00 44.00 44.00 44.00
Den. 2.69 2.69 2.69 2.69 2.70
® vis: >500 >500 >500 >500 >500

50
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35 ‘[errf 85.6 . S 790.4 S 87.1 [err]

(250 32.5 18.0 [err] 49. 4
A 71.7 A 28 1 Efé% P Bt ' 66. 5 L 81. 5
L 42.2 [err] 16. 9 20.1 L 10. 1. [err]
1.600 ° | 1.602 | 1.565 v

44.00 v 44.30 I $doRPi 2.70
E 2.69 E JZiple 11 fdoRbifided)®" | D <100

D 50 55 20 EP 0 353 834 Bl Table Il (continued) 5

316‘% 32 3321 22 34 HT 23 24 25 600-15
610715 610- 15 =15 "y "l
53 18> HT o3 a1 gﬁsggs[er kgbl1s 610-15  610-15  610-i5
0. 3303 TDZO 0. 3285 0. 32841[8rr] 39.5 40.2 42.6 43.4
0. 3048 0. 3016 0. 319 ] 899
o5 o0 %20 83 5 o .Eg??] 0.3466  0.3490 0.3452%%%3444
17.5 Yoo 46.5 75 OF PFP 0.3333 0.3368> @.3334 0.3355g
ég'i [ p 48.0 [err] . 84.5 85.4 48.685.4 58646. 85.0 . ?1.2]

.1 [erg . .5 [err
1.57 Tglsl(ééﬁc’ 12608 25,8500 i3 3.2 30.2
47.7 D15 (40°Q0 43.60 42.684. 00 B0 48.3 47.8
2.62 4 7 70 V' 260
>500 FS (%gog’ >5§3 25 Exa Fés 1 tg 5 are Fepresen?gt?ve of
conpositdﬁ' Iéaéln90f§)phoiaeﬂron1cngbﬁsses W8 8h ar 88gRay | ATtfe dar kened

te ang9 |ch contain one qr.e¢oore diyebent netegbe orlabbgllng,eaoths

| es and 7 illustrate gonpositi of gr hot gch ses in
the dar k&ned state which 304i gﬁtain‘?eép égppgs 82§06§ égrgéent
phot ochr pen¢ gl asses whi ch h@2u@0a si nRLA0 base2¢@fposi k@R but2d70ferent

Ag, Br and CuO conten Exanp 15 an rep nt b
phot@chrgklc gl asses in t%gogarkenegagtate ggéﬁtaln?ﬁga[err?gand SnQ2,

respectively. 35 Exanples 17 to 26 deal with brown photochromc glasses
in the darkened state based 28 [err] gnd 28 29 30
HT 610-15 600-15 600-15 600-15  600-15
N AP 43.9 c - ¢ -
%20 0.3449 R - R -
Y20 0.3358_ Y - Y -
35 To 85.6 S 90.4 s 87.1
Tp1s (25°C) 32.5 T 51.6 T 18.0
Tp1s (40°C) 49.4 A 71.7 A 28.1
“p Tpg (25°C) 66.5 L 81.5 L 42.2
ATDlS (25°~-40°C) 16.9 L 20.1 L ie.A
n, ' 1.600 I-° 1.602 1 1.565
v 44.00 4 44.30 2 47.00
“  Den. ~2.70 E 2.69 E 2.58
Vis. >500 D <100 D

50

55
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obtai ned*fromvariable Ag, Br, d, CuO and [err] anounts. The col or of

t hose gl asses can be conpared to Exanple 14 color which is representative
of a gray photochrom c gl ass. Ex&Rfi3E3 8B4 B2, 14, 20, and 24 illustrate
preferred enbodi nents of the invention, not only for the 40 photochrom c
properties, but also for the overall physical and chem cal characteristics.

Exanpl es 27 to 34 represent gl aspggiebipi g_@irh{{m&grrpositions whi ch are
not in the prescribed ranges of € rnventron. anpl-e 27 shows the
negative effect of the (XO + [err] sumon the gl ass Stability agai nst
devrtrrfr cation. 45 Exanpl e ZBlis outsjzle the ZIP claing4 range.

Furtheér nor e, e inpact of the err he us psity can be
observed by aring this Exa?r@mi% é&;\%% 6“61@%13 Iﬁja(?rpji 28 shows a
l'iquidus viscsigy | ower than 100-poises 2hiXh doeZ3qIk al44wWlhe use of

conventional pressing techniques._Exanple out Figlg [ err]
cl ai mgg range’Es)2 0 The negative effect of the@933 su?ﬁg%aﬁon t Iass

stability appegys by conparison with Exarrp‘Pe%o an0°'73°1§<an$+%% 0 and 31
illustrate the effect of [err] glgrplg[err]gﬁpzh of gden shogy aaf aded

transm ssi on \tel | O 55% s 32 d 33 iljJustrate effect of a
high [err] arﬁnﬂ .Pﬁte aded tra n$53| onﬂjsswel I #ér% ééaﬁd
conseeuent |y, ofiMd04e) f aded trédsdi ssi 02206 the 28 adses mcmrdl ng to the

i nvention co f‘a%%aéf [err] >6£)J‘)6 Exang%e934 sh thef&f ct of a small

Ag content. ransm ssion' I's greater than % but the gl ass does
not darken e (25°-401CD 3531834 Bl @l ns 1. bhot ochednic gl ass
hayi ving a refr@ctive index greatery tgr-yt 1. SfSGO@n Abpegdg'mbef , gggat er than
42 ~2%ensity Rower than 2.80 [err] | #'qui dus vi scosrty of at_[east 20

Pa.s (200 poi%es), and, at a thrﬁ-kn-égs of 440 ex#$i9Q’ phﬁ?o%?tromc

properties ofpdd) a | um nous tranznszsr on 2,70 he ungxpwsed 3iape great er
than 84% (I I‘} a |lum nous t ransgéém on ggoélh d rﬁ ed stﬁ@eaf ter
m nut gs' expo 'eto actinic ratirati on rna))e ure en[err] of
| ess than 40% (I11) a fading rate at 20 -25 C such that five mnutes after
removal fr @@nidR8 136 biaR eprésdftativh ioPEbripbtiodieading to phdidchdmiclifiSses whidhbiB QK in
transm spb Qitkdnbd stite bRPHich 26Méin 3G mbrd)divaled infefaRioR BkdInd IRt EN t he | uni nous
transm ssi Granphis & & TMidkas eBmpdsifibrs db\gRly phitechtoigdglisasslin @hd Gan@ped Q4té vhied
| ess wdhaconfdd Lagsnt s of transm ssion; said glass consisting essentially of:
(a) a base Egdnapdss 800 rtih cspreisond phaihenistdiassps ebiske have alsinyllar e capwesitbnibot difterems  of
wei ght pag. Bertd agirCultventents-de basis, of 15
Examples 15 and 18 represent brown photochromic glasses in the darkened state, containing Asz0s
and SnQ., respectively.
35 Examples 17 to 26 deal with brown photochromic glasses in the darkened state based on Sb20s and
obtained from variable Ag, Br, Cl, CuQ, and Sb2 0z amounts.
The color of those glasses can be compared to Example 14 color which is representative of a gray
photochromic glass.
L/ Examples 8, 12, 14, 20, and 24 illustrate preferred embodiments of the invention, not only for the
40 photochromic properties, but also for the overali physical and chemical characteristics.
- Examples 27 to 34 represent glasses obtained from compositions which are not in the prescribed
ranges of the invention.
. Example 27 shows the negative eﬁect of the KO + Xz0) sum on the glass stability against
devitrification.
45 Example 28 is outside the ZrOz claimed range. Furthermore, the impact of the sum (ZrOz + Al203) on
the liquidus viscosity can be observed by comparing this Example to Examples 6 and 7. Example 28 shows
a liquidus viscosity lower than 100 poises which doss not allow the use of conventional pressing
techniques.
Example 28 is outside B203 and AlOz claimed ranges. The negative effect of the (Si02 + B203) sum
s0 on the glass stability appears by comparison with Examples 6 and 7.
Examples 30 and 31 illustrate the effect of LizO, K20, and Li20/%0. Both of them show a faded
transmission well below 55%.
Examples 32 and 33 illustrate the effect of a high Sb2O3 amount. The faded transmission is well below
55% and, consequently, below the faded transmission of the glasses according to the invention containing
§5 Sb20s3 (Trs >60%).
Example 34 shows the effect of a small Ag content. The faded transmission is greater than 60%, but
the glass does not darken enough.
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[err]
15- 25
SrO

0-10 Zro2

+ Zr Q2 ¢laims 4- 10

1.5-6 [
[err]
2-9

33-50

CaO

1-

err]

MO,

| EROFR 4BL

5

Zn0O

MyO + CaO + SrO + BaO + ZnO

0-5 [err] + [err]

2-9

10-24 [err]

Ti (03 of 2mm, exhibits photochromic properti€d-c8 [ err |

14-

anal yzed i rifhiel W?“sr}@ﬁ

Ag + Br

0-5 B203
58- 66
BaO
0-5 [err]

1-15 (XO [err]

A photochromic glass havmg a tefractive Gndbx grbater than 1.585, an Abbd Riribbr greater than 42, a

density lewar lthan 2.80 g/om®, a liquidus viscosity of at leasB 20 Ba.§ (200 poises), and, at-thiGknpsr r |
0. 20-0. 50
and 3 a luminous transihiggionjh e gedrpesad slate pepterthan 8%nsi sting essentially,
Fris§ion inghe Wened state afigr 153mingies) gxpogeye to actinic radigtigmaag. 220
terg r qrg, betyeen 0° 25°C of lessthap 48960 CuO

[err]
as

0. 0070 0.0350, 40 2.

A
phot ocr oni ¢ cliiy  deding yeie 5 a‘? nep Cosuel Hp trrft“’i "\‘/\H’Pé%seﬁﬁﬂ ’§'§P‘ﬂ' 8\9@9%@%%8@. t i on
al so’®cont ai m' ° 'SF'IS‘E %flat 'et ent of
lpﬁgtst)cﬁpgm%n GQT g h (fs ﬂm?a u;?:n g; v} ?P ns ﬁﬂﬁp Paé g? ls&; ePtlab ﬁggz’a'g::oup
consi sts of %gs§ a posttion ?on shrgz 6 aa/he pres er C()anerms w lghté)glécor} n
claim1 mhereln sal base gl ass conposition conS|sts essentlally of 50 55
EP 0 353 834 Bg—e++ =645 MO
0 [err] SI0; 14- 283-50 Mgd 0-5 0
[err] 5 #2063 %35 Ga0 0-518 [err]

5-8 Ba OSIOz +B30; 58-66 S0 ) 0 Zre 0-10 1-4
Al203 2-9 0-10
an_/; 20 f,%;; r 6- 1( 7 | MO + CaO +
Sr O BaO + ZnD,, 2772, ( xqp [E r] Cao+3ro+Baogz§o 3} 150y 16771
10-20 Na20 Li,0 13‘5 J 10-24
10 | 5{0] . azﬁa [err] 0-5
8-14 [err] K.0 8- 12 [arr]z_g Ti O2f Nb,os g1 | 2-7 [err]
0. 35%0. 50 beNedo+k.0 |  1PredR.0) | Tio. 28
Li207%0 0.20-0.50 ZrQ; + Ti02 + Nb20s + Laz03 14-23
and
%0 (b) photochromic elements consisting essentially, as analyzed in weight percent, of
Ag 0.130-0.280
Br 0.130-0.220
Ag+Br >0.270
3 cl 0.170-0.360
Cu0 0.0070-0.0350,
\/40 2. A photocromic glass according to claim 1 wherein said base glass composition also contains about 0.1-

1% total, as analyzed in weight percent, of at least one member of the group consisting of As20s,
Sb2 03, and SnOo. .

3

3. A photochromic glass according to claim 2 wherein said member of the group consists of 0.10-0.65%

45 Sbo 0.

4. A photochromic glass according to claim 1 wherein said base glass composition consists essentially of:

50

656
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and "sai d* photochrom c el enents consist essentially of: 15 Ag

0. 135-0. 180 Br 0.+140: 0. 170 Ag + Br >0.280 d 0. 200- 0. 300
CuO 0.0120-0.0300. 5. A phoEB™¥3#3¢ Byl ass according to claim4
wherein said base gl ass conposition al so contains about 25 0.1-1%

total, ‘as analyzed in weight percent _of at least one nenber of the group
consisting of ([&0s] [err] and3¢-48r] 6] MdOphot ochrom c gl ass acoofding to
cl ai m 5 wher einBsai d nenber| ofi5ethe gr p@Oconsi sts of . 0. 10} 0. 65% Sb2 Ca. 30
Pat ent anspr UchleSiD: + BBt ochrjon®s63d as SO ei nem Br echungsijhdex2§rpBer al s
1,585, el ner BeOiZahl groller @Bs 42, | &®@er Dichte kleiner als02f 80 g/cnB,
ei Ngr "Li qui dusjvé®kosi t at von wehi gste1§"QO Pa.s (200 Poisk), d&s|bei 35

ei ner Di cke vdnA20aidr@i e phlot o&H onen| M ér%@ﬁ§ﬁ"é??°d@f‘% X1 ) eine

Li cht durchl assji k@it i m unblel efight et e §¥%nd grdBer al s| 84! 11) eine
Li cht durchl [ ss %238t and nach 15 mpUti

Bel eught ung m Stra'g ing bei
)
hf M nuten

ei ner Terrperatu
ei ne Abschwachk . de

nach Entferrung der aktini schen Strabhl ung das d as ei ne Li cht dur chl assi gkei t
“von weni gstarhspidghopshinmi¢ elements pqepis psggntiallyedn Unt er schi ed zwi schen den

Li cht #ur chl assi gkei ten des abgedunkt el ten Zust andes Cber den

Tenper at urbereich von 25 0 bi s|4¢0 orp.wehfies 4l s 23

Dur chl assi gkei t spunkt en; wobel |d®s djaso.jsooneserit| i chen aufwei st: 45

(a) eine Basisglaszusammenset zlirg+®rtf i m>oes8ent lji chen, ausgedr Uckt in

Gew. 7%) auf Oxi dbasis: 50 55 1EP 0 J50.884381 Fi O2 33-50
My O~ CLO- 5 |BROR0-0.0300. 15- 25 CaO
0-5 [err] 58- 66 ro ' 0-10 A1203
2-9 BaO 0-10 5 Zr 2
1-5 A ghdfebhromic glass according to claim 4 wherein said Hase>glhs3 chJtposmon also ébnthis about
MJO*CQGO*‘SV @ﬁB@sz?aﬂQs analyiedllﬁ %@pe{c&{t I'df at least one member of thelgréup@onsisting of AsX30+X
10- 24 [ err Jsb, 04, and $n0;. [err]
0-5

6. ' A photochromic glass according to claim 5 wherein said member of the group consists of 0.10-0.65%

Sb03.
30
Patentanspriiche

1. Photochromes Glas mit einem Brechungsindex gréBer als 1,585, einer Abbe-Zahl gréBer als 42, einer
Dichte klsiner als 2,80 g/cm3, einer Liquidusviskositdt von wenigstens 20 Pa.s (200 Poise), das bei
35 einer Dicke von 2 mm die photochromen Eigenschaften aufweist:
(1) eine Lichidurchldssigkeit im unbeleuchteten Zustand gréBer als 84 %;
() eine Lichtdurchlssigkeit im abgedunktelten Zustand nach 15 minlitiger Beleuchtung mit einer
chemisch wirksamen bzw. aktinischen Strahlung bei einer Temperatur zwischen 0° bis 25°C von
o weniger als 40 %;
40 (I} eine Abschwich- bzw. Fadingrate bei 20° bis 25°C derart, daB flinf Minuten nach Entfernung
der aktinischen Strahlung das Glas eine Lichtdurchifissigkeit von wenigstens 55 % besitzt, und
(IV) einen Unterschied zwischen den Lichidurchidssigkeiten des abgedunktelten Zustandes Uber den
Temperaturbereich von 25° bis 40 ° C von weniger als 23 Durchiissigkeitspunkten;
wobei das Glas im wesentlichen aufweist:
45 (a) eine Basisglaszusammensetzung mit im wesentlichen, ausgedrlickt in Gew.-% auf Oxidbasis:

50

55

_
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8-16 [err]

0.20-0.50 .
El enente mt

[err]

7-16 (X20)

[err]

i mwesent!lichen,

[err]

EP 03538388 und 15
wiein Gew -%analysiert:

[err]

2-8 [err]
(b) phot ochrone
Ag
0, 170- 0, 360

hsprugh [L, wobei die
sgesemt} ungefghr 0,1

0, 130-0, 280 B 0,130-0,220 Ag + Br _>0.270 C

CuO 0, 06f/@id, 350 25 |2.33Bbot ochrmgres G as gemAB A

Basi sgl aszusapregnset zung iu_db-',zsi n Ggwa0% anal ysiert, i g

bis I % von wesitgsB®ns ei persgBsenentf sler aus AS203, ShPO3 and [ShO2

beQ’_tJ' henden & éppe ent h~l 1. 39 Phot qcBaones G as gendB| Anspridch 2, wobei
das” El enent dp#&0&x uppe au$ 0160 bis |0fn85 % Sb2Qa 30 bes®-éh 4,
Phot ochr ones [GAR& ie@mB Aphsprd€h |, [WadseiCellit SrOBEe) s&0ap 218 nset zung im
wesent | i chen pék® eht aus: {3156 X0+Xp(p 10-2436- 48
MyO Naz0 0-4 Q 82003 1595 CaO
0 SLp2 + B203 mmazo 57- 63 5‘?6()(20- itot;f’s 8'212 2-8

2 - A . -
é‘lr 20(2)3 ‘ Li20/%20 5?2?4 0.20-0.50 Bc&%& Ti0z + Nb20s + L2203 14-23 | 8 4A|02
03 + Zr 6- 10 MO + CaO + SrO + BaO + ZnO 2-9 (XO Li20
2-5.5 und X20+XO 10- 20 Na20
0.3-12. 5 (b) photerh®@Be Elomente mit im wesentlichen, wie in Gew.-% analysigt:Q 3-8
Nb& 6s 8- 14 Li 20+Na20+K20 8- 12 (X20)
T102 _ Ag  2-|7 d438-0@6<4 O 0.35-0.50
Zr2 + TiO2 + Nb2 0Os + La2 03] grl5- 23 ¢iipd-0@be [phot ochronen El enente im
vve&e{gtl i chen bestehen aus: Ag|-Ag+Br | 0. 2827d. 180 Br ' 0.140-0.170 Ag +
Br >0.280 C 0. 200-®@: 3000 Quf?o-0,360 |0. 0120-0. 0300. 55 24 EP
0353 834 Bl 5. Photochromes G|awonachogivep@psal) 4, wobei die
Basi sgl aszusamenset zung auch

25

T nsgesant unger ahr

2. Photochromes Glas gem#B Anspruch 1, wobei die Basisglaszusammensetzung auch, in Gew.-%

analysiert, insgesamt ungefihr 0,1 bis | % von wenigstens sinem Elsment der aus As203, Sb20z und
Sn0; bestehenden Gruppe enthiit.

30 besteht.

aus:

Photochromes Glas gem&B Anspruch 2, wobei das Element der Gruppe aus 0,10 bis 0,65 % Sb20s

Photochromes Glas gem#B Anspruch |, wobei die Basisglaszusammensetzung im wesentlichen besteht

35

SiO2

B203

Si02 +B203
AkOs

ZrO2

Al O3 + ZrO»
Li2O

Na:0

K20
LizO+Na: O + K20
Li2 OO

36-48
15-20
57-63
5-8
1-4
6-10
2-55
0325 -.
3-8
8-12 (%20)
0.35-0.50

und die photochromen Elemente im wesentlichen bestehen aus:

50

55

Ag 0.135-0.180

Br 0.140-0.170

Ag+Br >0.280

cl 0.200-0.300

Cu0 0.0120-0.0300.
24

MgO 0
Ca0 0
Sro 2-8
BaO 0
Zn0 0
MgO+Ca0O+SrO+BaO+2Zn0 | 2-9 (XO)
X0 +XO 10-20
La20s 0
Nb2Os 8-14
TiO2 2-7
ZrOs + TiO2 +Nb2Os + Laz O3 15-23
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0,1°bis I % anal yslert in Gew. - % von weni gstens ei nem El enent der aus
As203, Sbh208 und Sn2 best ehenden G uppe enthalt- 6 6. Photochromes G as
gemaB Anspruch 5, wobei das, El eERtO 35383d@&1 G uppe aus 0,10 bis 0,65 % Sh2
03 besteht. Revendicatlons 10 1. Verre phot ochrom que ayant un indice de
rnfraction superl eu & 1,585, un indice d Abbe superieur a 42, une densite
i nferi euff'e °t hesmey, Blapgach Anspruph 4 webe die ﬁif'sp'ﬁ‘?fﬁ"faﬂ‘ﬂ‘?“%tz%ﬂ? aye)) iregesamt pagetiih o0
poi ses) et ? ,b V° r@ly@ %i' %r/" - @ werjgsiens elgam E\‘?@?’Fé’e nfus Asytse Sp20s upg 359% etes
phot ochr om (I) une transm ssion | umi‘neuse a |'etat non

ap s(zl;élp@ELg ﬁtﬁ? G@as ?ntﬁél gprucnrawgnel l?r'né)rg aLsugqerr@'gpr% a%s 01§tb|s Oééionb”
tenperature corrprlse entre 0 e et 25 C, |nf6r|eure a 40 % (III) une
vVitesse godhdiddtiohd SSENENt a une tenperature conprise entre 20 et 25 C
telle que 5 mnutes aprbs avoir M4 retire de | a source de rayonnenent

acti Ny ue, vbito MRIERoMiqé Warit URINEIEE SSrsPRudNLIPENBH 36,585, AH indiRd BrabieuBériour@isa( | V)
une di ff er epRegeneiBlinf6rie® 4,80°0A 7] SdividBssitd ALUMUIRMESES Mslzo%af(zoaw%bét! pobill

| " i nt erval lufe éisicdNREZ @m, 18t verre présentéNd@Sprapliétés Phodenrodiiquessub@fitesz de noi ns de
23 poi nt s de()tuhananmBsioroiaminéusel b I'étateot expddsanpériess®pd %el | enent constitu6: (a)
d' une conposii} uentrahemisgon igmiteush dskstat @ssombrl aits 65 svnns dlekpesittont gu r@yPNNement

pour ceént agesactiniayedi uhe tampéraiugp domprisechale Wxgt@B G, infleleur@§ 40 % ; Si 02
33-50 (lln/g.@a vitesse d'éclaircissement 2 une température cqmpFseRoWR 20° et 25°C teolle que 515- 25
CaO minutes aprés avoir été retiré de lagrogcesfiqpayonpgrpat actinigue, le veggagige transmissionsy O
0-10 A1203 lumineuse d'au moins 59 %g et BaO 0-10
7r Op {IV) une dlffére ntre les transm| lumineuses de I'état assombri sur lintervalle de tquj\_pgrago
A1\2€(3 20, 7, P% tures allant de 0°C de moin 3+po'e§de _,t_ra%sig_n,Bao + 7Zn0O 1- 15( XO)
LI 20 it verre étan&e ellement constit NaZO
0-4 _ &2 composition de verre de ba¥ cog(sguée ess?jmgle% en pourcentages en pon%s sur éa 9
Nb25 dss oxydes, de : 8-16 Li 20+Na20+K20 7-16 (X20) Ti Q@
2-8 33Li2 OX20—~— O—26-656 AR ——+F4H02—HNB 268 :HaZGB 14- 23
et, (b) d' el 6nedPs phot ochrorrf"ﬁ%?es co1Mgpt uds essenti el | eent 0-5 g
qu' anal ys6 en |pBafecent ages len!u€p | ds, de Ag 0, 850l 0, 280 Br
Gal30- 0, 220 Ag #9gtB0: > o o7 a 00,170-0,360 CuO ¥ 9070- 0, 0350
60 2. Verre h hromquq se: nla %%ndlcatlon 1, dans quzl_.g;e | adite
conposd tion d (?ont I gnt | emeh e@cgolsf%+]sa(§ %ﬁo 01, : XO0) ¢l
qu' anal ys6 en p cen ages en Pl ds, du,gsoups
conpr enant As20 alzOSbZ 0, et n&g Lazoa 0-5
K20 2-9 - Nb20s 8-16
LizO +Naz20 + K20 7-16 (X20) | TiO2 2-8
% LizO/Xz 0 0,20-0,50 ZrO +TiO, +Nb2Os +L8,0s 14-23
et,
NG (b) d'éléments photochromiques constitués essentiellement, tel qu'analysé en pourcentages en
: 40 poids, de
Ag 0,130-0,280
Br . 0,130-0,220
' Ag+Br > 0,270
Ci 0,170-0,360
CuO 0,0070-0,0350

50 2. Verre photochromique selon la revendication 1, dans lequel ladite composition de verre contient
également de 0,1 & 1 % au total, tel qu'analysé en pourcentages en poids, d'au moins un membre du
groupe comprenant As20z, Sb203, et SnOs.

3. Verre photochromique selon la revendication 1, dans lequel ledit membre du groupe est constitué de
55 0,10 2 0,65 % de Sb20s.

4. Verre photochromique selon la revendication 1, dans leque! ladite composition de verre de base est

constituée essentisllement de :
%* [ L M S *




3. 'Vér'ré& photochronique selon |a revendl cation 1, dans 1lequel

du groupe est constitue- de 55
phot ochromi que sel on | a revendipatisossdBidans | equel

ledit nmenbre

0,10 A 0, 65 % de Sb203. 4. Verre
| adit e conposition de

verre de base est constituee esséntl el kenent de: 25 EP 0 353 834 Bl

[err] 36-48 MO 0 B203

15- 20 [%°Y0) 36-48 MgO 0 [err] ¥ B20® 57-63

SrO B,Os 15-20 2- 8] 42803 5- 8o BaO

0 zZr2 Si0,+B:0:  1-}4 57-63 /1360 2-8 0

A(‘T%gS + Zr O ALO; 6-10| 58 MyPB&0CaO + SrO + BaO f+ Zn@® | 2-9( XO

[ eTP] Zr0; 2-5, 5 1-4 XP@&aO 0 10- 20 Na20
2,5 AL©J 30, 6-10 Mgo+0ao+Sro+mho[@n¢)] 2-9(X0)

3-8 [ 650 | 255 X0+X0 8-14 10 10-20 f[err]

8-12 (X20) NexOr | 0,3-2,5 La20s 2-7 [err] 0, 35-0, 50

[erp,] K20 15-2B e¥8 15 | Noedits el enments phot &3hrjoni ques sont

constitu6s esbiedtNeO+de@nk J&i2 Ti0z 0 135-0, 180 Br 271 0, 140-0, 170

Ag+ Br Li@@lm Y- 40r 0,35-0,50 ZrO, + TiOz + Nb2 Os + La20s 15-23 d 0, 200

- 0,300 CQuO 0,0120-0,0300 25 5. Verre photochrom que selon |la

revendi cation 4, dans |lequel |adite conposition de verre de base contient
6gakeenentesle sBméntphbtddraniqtestsait cortstithéscpasenvetiéryambdesn pour cent ages en poi ds,
d' au noins un nenbre du groupe corrprenant A5203, Sh23 et Sn2. 6. Verre .

phot ochrom que selon | a reverqdycati)p | equel ledit nenbre du groupe
est constitu6 de 30 0, 10 har , 65 0/9 0519@0 p. 35 40 45 50 55
o . Ag+Br > 0,280
b cl.. 0,200 - 0,300
Cu0O ~ 0,0120-0,0300
25 5. Verre photochromique selon la revendication 4, dans lequel ladite composition de verre de base
contient également de 0,1 & 1 % au total, tel qu'analysé en pourcentages en poids, d'au moins un
membre du groupe comprenant As2 O3, Sb203 et SnOz.
6. Verre photochromique selon la revendication 5, dans lequel ledit membre du groupe est constitué de
30 0,10 2 0,65 % de Sb20s. :
35
40
45

50

56
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