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16 The I|near t hermal expansi on coeffl Ci ent oF ' 105 X 10- per [ERR] for

achl eved by the specr aI conbl nat| on 15 phosphate as main corrponent often
is higher of the conponents [err] than [err] 5 300 -C. The conbination of
the alkali- netal [err] and the halides Cl and oxide, al kakine earth mnetal
oxi de ‘and lead - Br. oxide conponents normally brings an increase Mor e

det ai | edlzst ud| es of cheni'cal
usual = wey- 1 = -
expansi on Coefficient is by usi ng : p03|t| ons 22 and 25 and on Corrp05|t| on
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 oxi thes | ation
to the duration q tﬁe‘ i on- exchange "and fluorine, the lfowgri ng of the
expansion  and ‘the {gnperature invol ged. °The°°harger§nc' £ 25 into an .
appropriate area "Om 99 to = was peRformed-ina HNG nolten salt
bath. . 17 .. | - 1,428, 880 TABLE 9 Terrper ure ) Ti me
Layer thickness | - g:mrpressrve [err] ' : -~ - stress
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properti&: a.

exanpl es recited above nost.

45 are conparative but Exanples 54, 57, and -phototropic
i qyention

of at.least p@ ﬁﬁp@e&pmp S,
transm'ssi @bmjsw tai :
t he exposurcemltl@, tgthtpc@&slm

af ter ‘10, nitfe e‘é’egt? £ s 156) 1 erank ;otropl c
5 Vi IStar i Sfon: rises
-glass whfc aﬂ;ﬁm prokedhi . ! ! Aaissien, B W‘F‘[ugﬁ
the 9. ﬂm&tﬂfmﬂ(}ml ﬁlvelﬁam&: ig iehtoot “sn:é s % ) Ghierod 1 CH ages
: y, the ctmntnan ns \ﬁﬁr&su 4 eléetioll Shiicrod .
expr essed a Im fuced as- oxide was also varied. m,qmm wmaiw@;ndl or Br).
by " wei gl the batch, th?com thigned by the ipg sicel gubjog | method. As 7
N Cryst A | fomy Bhagey &Rﬁﬁz}g G wih b Foe Bl medods 75
12.1 -to :éilned and hﬂ& Nitredfi: OAhis mritht\Bas hE Sakekeatht advan‘tage that.
-waozlcooled tolelgO(PC. 'into siéel the  preparati s do ‘not - comie ' into ‘contact
" .- moulds and cooled to room tempcramte at a  during - ning processorsub quent
15 speed of 22°/h. Specimens of each glass were - theréto  with: ligiids . ar lutions. ans:qthus
- then produced with- the dimensions 40°X40XS . . there’ is ‘i soilmg of , the preparations with ~ 80
mm; thesé specimens weie heited at '50°/10 flotation and réaction, becanise the: pneparatlon T
: '_-_-mntoGlS"C.,keptfor llSmmumsatﬂixs-.lsalrendyﬁxedonthcobi - -
© . temiperature and -theén cooled to 190°/h to = electron ‘microscope durit o
20 * 300°C. Thefurthe;,codmgtoroommempm -cess and is iftroduced: wnh 2l
~ ture ‘took-placeat. 50°/h. The relativé con-  out. any further “after - ito: 8 .
- ‘tent'of Ag, Cl and’ Br in these specimens was = ‘tron. microscope; In_ addition, . hydrauon of. o
--established - by - X- ¥ ﬂuorescence analys:s - the . préparations is *avoided by - fiot S
. ~RFA. values ' -_h%mcgs and ‘solutions.: Hence, the str
w l L

25

35

45

The results are shown. in Table 8.
y.'0:10%; by weight of F,

' : tl'lph .
The rd’racnve index #; is’ eetabhshed by

~ means of ‘the niormal commetcial ‘Abbé refrac- ~ ‘the preparati

" tometers. The viscosity i mieasured in depen- -

dence on nemperature by using normal com- -

‘mercidl ‘rotary viscosimeters:” The ‘chemical -
* stability is characterised by. the’ tltnmetncally

established values of the alkali dis
A g to,DIN. (German Industrial Stan-

dard) 12, lll The wn-exchange is 1udged by
the ‘preparation “of thin - séctions - of ' fon-

- exchanged glass, the secuonbemgarranged
“perpendicular to the glass surface. The thick-

ness of the 1on-exchange layer and:the com-
pressive stress obtaining ‘there are established

- by ‘photoelastic . measurements with polarised
- light. The crystallisation stabillty of a glass.

.-‘l.s cagried out- by - ‘a’-temipering “lasting 60

.50

-

. minutes in-an oven with temperature gradnems .

At this time, the glass is protected against
surface vaporisation. Then, - after the temper-

ing; the upper devitrification limit (=liquidus’ -
: wmperature), the lower - devitrification limit;
the maximum of the crystallisation (KGanas) -
.anddaespeedofgrowthofthecrystalsls
- determined under.a microscope. The thermal
expansion and ‘the transformation temperature_:;j
o 1o 0.26'-‘-we1ght A
- The blackening behaviour and' the regener-f‘;--- .24 .weight %}
_ation of phototropic glasses is micasured as - “of si
monochromanc transmission: -meéasurément ‘at
545 mm as a function of timeé. The excitation .
. is then produced with unfiltered. Xenon. light

were established dxlatmnemcally

ofanmten.sntyofzcalcm"mur-1 Ifthere

a.transm-.ssion. decreasel,&B-sﬁY illustrate the present

pl ‘o..ns . 3 ‘w s N g .:--:.'l"' .
i nd also - theis value, ,were also - ated w
ished. T

anaare erE

nerdtl o of
other n e
of 20

‘C and'thetln

- visible m.or_on_ the

'caused;c'rysmmsauon of . quently

u'aiismntted radistion with elecu'ons,' i5:pos-

sible in. the ‘first - place to- draw conclasions .
from the contrast as to “the presence -and - 10
the distribution” of substances with. unequal -
. "maEss absorpuon Additional - mdxcauons cop- .
crystal  structure ' in ‘matrix -and

segregation regions of the investigated ‘photo-

cérnitig the
'troplc glasses_can be’ obtained from: éléctron

analysis ‘s owed - that the relative concentra- . -

tion .1' (RFA vahie) for silver oxide: corre-

From ﬂns analyucal evaluauon and from'-

115

125

the desired and achieveéd phototropxc properues-

of the glass the limit of concentrations of

Ag 0. and the halides chlorme and. bromme' L

precedi ng claim which has

temperauneatth?nrpé“ng .

ST
-diffraction - or- ﬁne-range elecmm dtﬂ'racﬁon S

The dam 1sreported1n rableswhcrem._: L '

.'thecomposmou figures are parts rts by weight per -

100 parts. by weight of the basic’ glass batch

RFA means X-ray ' fluorescéiit analysis with”" - .

-'_-ﬂme “ Slemens” SRS 1 instrament and - the
yzing. als -were LiF for. Br-and Ag -

. and PET-crystals: for Cl- Wet ..Chemxcal-

anaiysed .standards ‘were -used.”.

: RFA . valugs given “in’ Table. 8 show-__.:_;

the relauve concenn'anons with reference o

10
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0
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10 [err] : 30.4 to 33.9 lization in a viscosity
range between 10 and [err] 22.5 to 25.7 105 poi ses; has
a -[;Pfrar‘fi\lg_i ndex v Lrnm{prr} _ 1.0 tao 2.6 1.5225
to 1.5238; can be strengthen ed chemc- [err] 3.0 to 7.5
ally. by ion-exchange in a nmedi um con. g. 60 [err] 5.3 to
10.5 potassi um-ions at a tenperature bel ow that 15 CaOo
3.1 to 5.0. at which the viscosity is 1014.5 poi ses, where- BaO
3.1 to 70 upon the alkali metal .ions smaller than potas- SrO .
to 0.5 155| um di f f use ‘out:.of.- t he gl#28880 has a-l'inear PbO .15
0.4 ‘to- 2 5 maacasthermal - expan3| oen chff|C| ent’ between 20 and" .65
Tiqerr] -y "’:.O 1t 0:;,6 _ [eLr]SOO C.“from 99 to 105 Xa
[err] per &4.: Lo &rg] 8- - 0055t.0 . 2m0 . andnhas a § _
chemical ‘st abi. Ilt).--‘?c*i‘ara‘ct'érl%éd Sy [er‘F’] e L] ﬁ Oﬁto: 1d s pa
titration.value, iln hccordances with DIN CuO § P toTo0.1
(Gernah-lndusfc:*t"if_-a[l _'S;aand@rgl) ,.12 21—{11 ojo I,z.=:s$~ Cl, and/or Br o 0.20 t» |
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4. A phototropic glass according to any corresponding to the gl ass
conposition required 80 preceding claim wherein the lower limt of
i-scast—cooledforsolidification andheattreated the barium oxide content is

5. 5. at 560 640 C. for 1 to 3 hours. 35 5. A phototropic

gl ass-according to any 13. A process according to claim12 sub- -

preceding claim wherein the lower limt of stantially-as herein descri. bed

and exenplified. the silver oxide content is 0.1. : 14, A

phot otrom;c gI ass obt ai ned by a prp42888§5 6 A phot otropic gI ass according

to any —CES |n o1 ualnru o, \,.ar... 33~ '“rcccd Frep—E-+- 1 ere| n.
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61-67 illustrate the present invention, of at |east 50% upon exposure to
light, and e a regeneration of the transm ssion after ter- mnating
the exposure to light of at |east 200 WHAT \WE CLAIMI|S: -

after 1@/n1nutes based on a gl ass thickness 50 5 1. A phototropic
glass which is free from of 2 nmfluorine and boric oxide and conprises

t he 9. A phototropic:-glass according to claimfollow ng constituents,
expressed in percent- 1 which contains silver-rich and hal ogen-rich ages
by wei ght: (wher ein hal ogen neans d and/or Brb

non- crystallr .':'7. at--oRS— Wittt f~-55 rme

12.1 to 13.9 between"4o and 350 A shésr;%'cryst al- 10 o [err]
30.4 to. 33.9. e i - et i ert]
D5 mlm%xn%mﬁem*=

22.5 to 25. 7» :“;'_ ébrses has qﬁrefrac'r grri

to 2.6 A 5225: to 1. R??R can.he strengt hened chem c- Unrrl
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Cd and/or Br
70 10. A phototropic glass according to any the bal ance,
or nore co
constituents.

0.20 to 10.0

than 0.2 m HCL.

h is free from nmagnesi
oxi de.

i f any, being one

| e

2. A phototropic glass accéxding

to claim 11. A phototropic glass according to claim1 wherein the | ower

~limt of the [err]

cont ent

75|s47

.'30

produci B th =

as def

any

wherein the | ower

'tresated“"tl'ﬁér

'cont ent
6.10A pho

6. 0.

fol i

rﬂ)l es 54, 57 and 3. A phot q%g;

prRp irgcx npég-,t pogeeding; clpins, 'w!uch has - the - following
8 bt ot S0t Uik et b Bk oad
o the gl ass cogrpgg&ye}au ‘E,fr '

is casuunamaheea")t tosltghtdlaf'le:sazd‘}bn and héat
18 mmums, based -on aslaaebﬂwm[ efd] Cyfor 1

ng
I|mt of

t0 3 hpbs. o 2%"3&
pr OceSfSlloﬁﬁxQ uﬁgni, a.tlnih
of”

1.0 to_ 26

- gllass ac ing to cl
Cliggt ofggej and/ or B%l :o 105

London,

0.4 to 25

TiO; . -01 to 06
La,0s . 005t 20
- AglO © .005t 10
Cud . - 0 to 01
- and/or Br 020 o 100

- 25 " the balance, it any, bemg one or more com--

patible constituents.

""2. A phototropic glass accordmg 0 cla:m
1 wherein ‘the lower ln‘mt of the Na,O coritent

is 4.7. .

3 A photographxc glass accordmg to claun
- 1“or claim 2 wherein the lower lxm1t of the

K.O content . is-6.5. .
4. A phototropic glass accordmg to any

_preceding claimi, wherein: the lower -limit of"
_35' - the barium oxide content is ‘5.5. . '
) " preceding claim, wherein the lower Limit of
- the silver oxide -content is 0.1:

5. A phototropic glass accordmg to.“any

.6. A~ phototropic. glass accordmg to any

" ‘preceding claim, -wherein the upper lxmlt of
. €l and/or '
" +7. A phototropic glass accordmg to clmm 6.

- wherein - the -upper. limit of Cl and/or: Br
i 10,

Br is 6.0

8. A pliotolropm glass according to_ any

Esdfé‘copt nt. |§f;°§

-Wheﬁ'

1 substantlally as herein described and ex-

empli-fied in any one of

el

- @Dhim

s;:%m

rliye‘P’b‘ET :
- dhiay potas-

-ﬂumdlﬁuseomoftheglass,hasalmear
expansion. coefficient between 20:and -
7 300° C. “from_ 99 to. 105X 10=" per °C.; -
and has a chemical ‘stability. charactetised by--- N
~a titration : value, . in -accordance with- DIN ' °

170

thermal

(German Industrial Stgndatd) 12 111 of !ess

than 0.2 ml HCL

Rece G

foinldich he. I over
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?dalc gl ass according. to claim 61 to 67.

s for
45 gl ass

agcording to

ing claim

13. A
limt

byS%l pro- - 85
blhng! @i m 12 or

£ (18 a | et veoi‘ndéOm fréah ‘and/or ‘Br is
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‘10. A phototropic. glase accordxng to any . -

' precedmg clanm whxch is free from magnesmm o

oxide. -

1L A phototropzc glass accordmg to claim -
1 substantially as herein ‘described and” ex- -

75

emplified in any one of Bxamples 54, 57,and

61 to 67.

12. A prooess for l‘: oducmg a phototropxc‘I

glass -as defined in- whereln a melt

correspondmg to the glass composmon required
‘is cast, cooled for solidification.and heat treated -

at 560°—640° C. for 1 to 3 hours.

13. A process according to -claim: 12 sub-- o
stannally as herein described and exemplified. = -

14. A phototropic glass obtained by a. pro- :

| cess as. clalmed in. claun 12 or clalm 13
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Of the several examples recited above most
are comparative but Examples 54, 57, and
61—67 ilustrate the present invention.

WHAT WE CLAIM-IS:—

1. A phototropic glass which is free from
fluorine and boric oxide and comprises the
following constituents, expressed in percent-

‘ages by weight:

Si0, 12.1 w0 139
P.O, " 304 to 339
AlLO, 225 to 25.7
Zr0, 10 to 26
Na,O 30 o 75
K.0 53 w 105
Ca0 31 0 5.0
BaO 31 to 70
SrO 0 to 05
PbO 04 to 25
TiO, 0l to 06
La,0; _ 005 t0 2.0
Ag.0 005t L0
Cu0 0w 01
Cl and/or Br 0.20 o 100

the balance, if any, being one or more com-

patible constituents. .

2. A phototropic glass according to claim
1 vzh7erein the lower limit of the Na,O content
is 4.7.

3. A photographic glass according to claim
1 or claim 2 wherein the lower limit of the
K;O content is 6.5.

4. A phototropic glass according to any

preceding claim, wherein: the lower limit of -

the barium oxide content is 5.5.

5. A phototropic glass according to any
preceding claim, wherein the lower limit of
the silver oxide content is 0.1.

6. A phototropic glass according to any
preceding claim, wherein the upper limit of
Cl and/for Br is 6.0

7. A phototropic glass according to claim 6
wht;rein the upper limit of Cl and/or Br
is 1.0, '

8. A phototropic glass according to any

preceding claim, which has the following

phototropic properties: a transmission decrease
of at least 50%, upon exposure to light, and
a regeneration of the transmission after ter-
minating the exposure to light of at least 20%,
after 10 minutes, based on a glass thickness
of 2 mm.

9. A phototropic glass according to claim

1 which contains silver-rich and halogen-rich

(wherein halogen meaps Cl and/or Br) non-
dfor Br _

crystalline phase separations with
between 40 and 350A; shows no crystal-

45

50 :

55

Iization in a viscosity range between 10 and . :
10° poises; has a refractive index ng from

1.5225 to 1.5238; can be strengthened chemic-
ally by ion-exchange in a medium containing
potassium ions at a temperature below that
at which the viscosity is 10™® poises, where-
upon the alkali metal ions smaller than potas-
sium diffuse out of the glass; has a linear

thermal expansion coefficient between 20 .and

300° C. from 99 to 105 X 10~ per °C.;
and has a chemical stability charactetised by

a titration value, in accordance with DIN

(German Industrial Standard) 12 111, of less
than 0.2 ml HCL .

10. A phototropic glass according to ‘any
preceding claim, which is free from magnesium
oxide. '

11. A phototropic glass according to claim
1 substantially as herein described and ex-

70

.75

emplified in any one of Examples 54, 57, and -

61 to 67. : .

12. A process for producing a phototropic
glass as defined in claim 1 wherein a2 melt
corresponding to the glass composition required

is cast, cooled for solidification and heat treated o

at 560°—640° C.. for 1 to 3 hours.

13. A process according to claim 12 sub-
stantially as herein described and exemplified. -
14. A phototropic glass obtained by a pro- -

cess as claimed in claim 12 or claim 13.
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