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Building, Water Street, Liverpool, L2
38R England, and STANLEY LYTHGOE,
a British Subject, 'of 9 Clovelly Drive, New-
burgh, Near Parbold, Lancashire, England, do
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pray that a patent may be granted to us,
andﬂlemeﬂmdbywhlchntlsmbepu'-
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This invention relates to. phol:ochromnc
glasses, i.e. to glass. compoﬁuons which darken
on exposure to actinic radiation and fade back
to their original, hormally colourless state
when no longer exposed. -

It is known that such phonochronuc glasses
can be prepared by incorporating small quan-
tities of micro-crystalline silver halides in
bodies of boro-silicate glasses. Alternative
methods involve the formation on glass bodies
of surface layers relatively rich in silver. halide
crystals, e.g. by jon exchange in a salt bath.
While the precise mechanism ~which brings
about the darkemng is not fully understood, the

effect is believed to be due to predipltauon .

of silver halidé crystals and ‘the reversible
conversion of silver ions to.- silver atoms
during exposure to radiation. It has hithento
been. thought unlikely that 4 substantial photo-
chromic effect coild be obtdined in bodies
of phosphate glasses, because ‘the silvér -ion
was known to be very stable in such glasses.

According to the present inyention, we pro-
vide a photochromic glass comprising at ledst

7% by weight P,O;.as one of the glass form-

ing components, with" silver “halide crystals

dispersed through the glass, the totdl silver

content of the glass bqng at least 005%

_by welght Ag Preferably the glass further
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and at least 10%, by wexght R;0, where R=K.
comprises. not . more . than . 40% by . wetght
Nz or Li. -

"The preferred composmonal ranges for' the
photochronuc phosphate glass according to
the invention, in weight percéiitage on the
oxide basis, are: 17 to 48% P.Os; O to 40%,

baotig
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[err] and
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Si0,; 20 to. 34% ALOg; the total of these

three major compornénts. being betweeri 60 and

86%, by weight of the glass’ ‘and the ratio
of 'P,Oy. content. to- Al,Qy cofitent. bemg not
less than 0.7; at least 10%, RgO where R=K,
Na or Li; 005 to 10% Ag; and 0.2 to 2%
X where’ X=Cl- or By .or_aty combination
of CI-, Br~ and. I-. The silver is expressed
as part of. the glass. composmon whereas - the
amount .of halide X is expressed as a quantity
overandabwethelOO"/{,totalofalldther
components of the glass. .

‘Preferably .the SiO, . content is not ‘fhore
than -30 wt.%, and.in practice it usually does
not éxceed 20 wt.%,.

. The .amount of K,O is preferably greater
‘than 4%, by weight of the glass

. The glass may. further comp:ﬁse B,O, in
an amount not exceeding 199, by weight.

Incertamareaswmhmthebroadeetranges

there may be a risk -of, phase separation. In

'_order to_ reduce’ this risk,’ ~we ' belive that ‘it
is necessary in’ such “cases to ensure that

B.O; is preserit in excess of 10 wt.%,

$

10
_quone'd above, when ALO, is below 19 wt.%, =

B

‘Tt is desirable to include between 2%, and

,;20% by weight: MO where M=Mg, Ca, 'St,
Ba, Zn, and/or . Pb, The upper. limit for MO
‘foay be raised to 25% by weight’ where it
inchudes BaO and/or PbO, -The

wexght per-
céntage of MO may be made'.up fram 0—8%,
Mgo, 0—10%, Ca.O, 0—-8/; .,-16%
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to their original, normally colourless state

X where [err] or [err] any
combi nati on when no | onger exposed of [err] [err] and
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as part of t he gl-ass conposition whereas the can be prepared by

I ncorporating small quan- anount.. of halide X is expressed as a quantlty
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100% t ot al on ot her bodi es of boro-silicate glasses. Alternative
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A trace onggS (upto()fOZwt%) has also
been :foimd to incréase the sensitivity of the
glass to radsxan'on, pam«:ularly wsuble radumon.

of 5

provw to be an advamage in_that it makes
manuficture of the’ glass” simpler than with
certain other” glasses  in wh1ch the Ag"' 1on 1s
unstable.. . .

“In most “cases, the photochromhc effect can
be enhanced by heat treatment of the glass,
the appropriate heat tréatment schedule being
primarily etermined by .the’ scosity~tempera-
ture " relationship ‘of the’ parncular glass. In
_general the “heat treauneu.t temperature - Ties

nd ‘the “softening
point_of the glass; the. heat tréatment time
required ‘being’ seva'al hours at’ ‘the Tower tem-
perature but: only d ‘few :minutes at the higher
tempu'atm;e t.the’ hlghcr temperature, how-
ever, deformation and clouding: of the, gIass
may ‘occur, so it is preferred for convenience
to use’a temperature. 20 to '100°. C above
and a heat meaunent ume
of 10 fp 60 minutes,.

Tt schedule may be’ 1rnposed on the glass
directly after forming or the glass may.-be
annealed .and cooled to room temperature
before ‘heat  treatment. The codmg rate to

oot 4 0. G, \ 3 caching
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severat
- Table'1 gwes sixty examples of glass com-
'posmons in' accordance with the invention,
while Table 2 gives examples of heat treat-
ments for fourteen of these oompomuons, and
the- resulting photochromlc effects in terms’ of
initial and final percentage light transmission
before and after irradiation for four. miimites
with ultra-violet light from a.90 watt
‘mercury ‘vapour lamp, used with an Ox7
filter resulting in a u'ansmlssmn from 320 to
500° nm, with the maximum n'ansxms&on in
the range 360 to 460 nm. Table 2 also gives
the “half- darkening. time (thd) on. irradiation
' e ‘half-fading time (t3f) on removal. of
the radiation. Results obtained with two
known photochrom1c slhcane-based glasses are
mcluded in ‘Table 2 for comparison. o

" The' accompanying drawing ‘shows " ‘the
darkemng and fading charactensncs,
‘measured using a. 150 watt . xeion-arc -lamp
which ‘gives & spectrum approxunatmg 10
that of sunhght, and  plotted. as. percentage
light transmission “against time, for glasses
16, 41, 42 and 52 of Tabe 1, compared with
the ‘two known s1hcaﬁe—based glam referred
_to ‘above,

The' compomuons listed .in Table 1 can be

\mﬂeofafaqhhptis)nhr then cctghxgsﬁomc:hq)melslmgm@hdge@tsthe 20%
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_made up in the following manner. The batch

i5* melted " under oxidising or neutral ‘condi-
tions' at a temperatuwre in the range 1200°
to 1600° C, and after cooling is annealed
at a temperature between 450° and 650° C
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portion of up to 4% by weight PbOis par- nent is sonenes found to have
an effect ticularly conventient since it enables a photo- on the
phot ochrom c properties of the final chrom c gl ass 10 € produce aving a
refrac- product.Thus a glass which is removed im 5 tive index around
1.523 which is the stan- -nediately fromthe heat treatnent zone, being '70
‘\/dard val ue for .ophthal mc glasses and thus effectively aqirghed may
exhibit slower fading facilitat t he manuf acture of spec ‘e | enses
characieristics than the QBITP_OESQ? tooled at fromthe glass Ut?i to 2% by
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t he rrel tmagy rbealost da | this gvap fand: ttlhenesesawa ts thém ipamtipniagly | wiefd far disuped. t he anount
gl ass? ‘FH‘@’aP‘ﬁﬂlaF‘Fg’qq‘é}f"é Yyring hatcly | PSS, ?°FF eP bﬂ:?ew fei’??eega.o. 2% by

vei ght Poaeiaigo THETZASAR Wodeh ARt i eA LAY o T e scol ourat i on
of t he ghediferent results obmmedbydjffei'eﬂﬁﬂeﬁl‘ duﬁdiﬁﬂ&ﬁattwi;ﬁramfeeaﬁ)ﬁiﬂlg éiﬂﬂE- maxi num 25

Furt hg »qmﬁn}/phgla% dheﬂletsﬂlemqm-adgmétwhlc éhead&sesheﬁd Bgeasi ng for
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| onget r €oH essively
| ong heagqmt raRt JpaR h%%re’dinfé& fneal 4 or [err], though care must
be to sone clouding of the gl ass. t aken: to avoid formatlon of the purple
col our Speci fic enbodi ments of the invention will which can be caused in
phosphate gl asses by now be descri-bed in nore detail by way of 30 [err].
As an ultra-violet absorber, up to:3 'exanple, and with reference to the
accom 95 wt % CeQ2 may be i ncl uded. Tinti g agents. panying:draw ng, which
~illustrates graphically may-al so be.added in known manner. - the

dar keni ng and fadi hg characteristics of A trace O [err](up to 0.02 wt. %
has al-so several gl asses. _
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been found to increase the sensitivity of the Table 1 gives sixty
exanpl es of glass com 35 glass to radiation, particularly visible
radi at+on——poSTtTONS 11T accordance W th the fnvention, 100 The anount of
silver added as [err] nust while Table 2 gives exanples of heat treat-
naturally be taken into account in calculating nents-for .fourteen of t hesé N
conposi tions, and _gjéﬁ\g total silver content of the glass. the resulting ;
phot ochromi ¢ ef_fﬁ& in terms of Such g] asses have been found to produce
intial and firfal percentage I'ight transh%P®n substantial photochronic
effects, and the ;bhefore -and after jrradiatiodg for four —mnutes-105
stability of tHe [ferr] ion-i'n phoshate-gl.agses W th ultra-vigolet Iigh :
from a 90 wat|t,, r'oﬁesﬁt@jbg a‘.‘a af.sivfa‘gﬁt agegi.rg-t_ﬂat li t-}makes| 'a;er"zury viapour -
I arrpl, t used wit a ._[%rﬂ__ ﬁh‘n]tcjf actUre--of. the glass sinpler than with fifer
resulting in aftranspission from 320 to cestayn other gl assesg ngwhich {he
Ag+ ion is 500 @ ﬁat:n ﬁﬁeﬁ'm.i-rﬁjmgransﬁ-gidn iln 45 | unist I%f 11
tEetraEge 360 ]'E](cj" 607 niiY Tﬁblﬁ I2f al'so gives 110 In nost cases, the .. .
phot ochromi c efff eqt can - the.hal f-darkening téame [err] on-irrgdigtion beg.
enhanced by hedte .|t rEatﬁm@t . af uhéﬁgllgasa, nga-r% ‘the thallf - f adi ng tgn’el-_[ er 1]
%n rfa;mvalbt of tg'é _QP'Er?brl ate hefa]t treat'ment scBedure being the radiation.
esul ts obtai ngd two primarily deternign )y " the vi scosi gy- genper a-
known phot ochr gy s;I |:¢aé- E'asgdél %s.s'el_s-ngr--gml- tluré¢ réelatk i_gl*rs-gi-pl ofl §fhe
pﬁrtlhcl ?rtgleéss. Iin *°i-ri¢l-ded iln- Tabl e-2 for conparison. - 115 generall
t he hea réat nent| tenperature lie . "Thew conpanyi ng- drag n showg’
t he bet vve_ethe St r.@En_ﬁoifnt'sana t_'egoflt'iﬁgag-dlar' Kenilngl ""-hng g‘f'acﬂi,.nb
characteri stgJ cs|, " doi Mt Of T he gl ass, the .heat :treatment tine -measured
using a 150 gvatft Hengn-ar¢ | ampreguired bging several hours gtge |over.
tem which §| ves |a gpakt rgfmq. agprQxidmtli ng t& 56 perdtute buts oslyla few
{rlnut estat tgli h he?'h_‘f'ﬂa of sunTight, and plotted as. percentage 120
enper at ure., At| t Qe i gher -tenperatuyre, h@wg |ight #transm sgjop ‘agai ngt
tinme, for gl ades| & er g d;gf%-_nﬂt irrgri En& cllougi ng of tlhe¥gl &ssl %541 4p land
52 of Tabe ]‘{%,co;rrp red with may occur, so it i-s preferred for convenience
the two known sjlijcage-haged gl gsses Jefergedato uge a tenpergfupe _[I-err]
above to alBve| 40 %.;ths afindal isngeipaé ntl asd & hkats trleal meht i se The
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glass may b tjons at a tenperature in the range [err] anneal ed and coql ed
to room tergerht re, 19 [grd & @nd.afteg cgoling is anneal gd &5 befdre
heat treatmegt.|3He gooking rate t§ at la senger ht uk e Ibedwebn 4 eer] land
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3 A -final

hear treatnment nay subsequently be

1, 367, 903

given case will dep

end on

the particul ar

re- errected at between 200 and [err] C above quiT

enments

reI atsing to light transm ssion and the annealing point far a period of 10

dar keni ng and fadi.ng tines, and can readily 30 60 minutes. The optinum
h at treatnent be det'erni ned by experinment 5 terrperatureUFgge for a
-'partl cul of gI ass may . It will be fsﬁg@o;rom TabI e 2 and thé*be dg:term ned
by a gratient; - 9 culimare . 1 Trot-ochron c
ni que. |In SONE TASES, T TRy DE HE(,Ebbdly tophospiate gldabe§ of —fThe .
‘present irnventien Support &hé”glnas d8ri&g heat reftt nienhts ener ally
conmpare fgvour agl W Wi -h=t he- k'nO\m 5 fvePd lsaggl
silicate-ldas¢d gl asses, particul arly as regards The bat ches can be made up
fromcon- { t he degs e o& dar Keni ng, -wWRi I& t he rage ff vent i ana
gl ass- maki|fy |r v gt o i I s sucH ad darkenl nd soI ne‘PaI y hdre
rapi d. |njcafbonates, neta-or otho-phosphates, nitrates this conngcti on,
t he hal fg;,ehé enbng t ites ake ne O)il d8s.2 The Silyer and Ral Rde component s
not whol Iy nyear &l a;\/\)l“‘trf“th'tt)se ofl the<4 msiy e hddedst oSt hb pbatches in
the form:{. kmown gl asses because .the degree of full of finely:iground silver
nitrate [dr and «w earkenings i s.: sg n&cfﬁgreater .S 6d| nﬁormpomsm um
hal i des, :1[&% ecgn{elgz: ¥ qhe gFassesShave attraétl lcoPouPs 15 :
Precautions @re required during nelting to . darkened and are ac cor di ngly
useful for Jrfnier se wol atidii satkon Icﬁs& of: 8 ﬁ omy &opBt hﬂ C | enses
for sungl e}g‘s S They Xca 'ﬂSSpor?ents °Up=to| 60% by weirghf of t halide be
made with |a efractlve index [err] of :1.523 conponents and 30% by yei ght of
‘the silver. (fos ee<asq3| ghasses. 41 t® £ and 60% i ch RayRbe lost in this
way and theé&? ec&ésiﬂarﬂ msfkes:’.tl?e paEPtl%uI arIl hsefull ter ?hlg plu - 20
al | ovvance; aje required duri'ng batch gre- pose. The phot ochéom C. pfoperties
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45 30 mn. at [err] 86.5 62.5 36

210 46 30 min. at [err] 88 62 24
180 52 15 m n—at—fer+ 96 63 o
384 Known silicate glass 1 ' 91 o

63.5 30 132 Known silicate 86.5 -
61 30, - ; 32196 glass 2 In one further speC|f| ¢ exanpl e, a batch \-/

1-2  mns. befor“e anneal i ng at [err]1 (6‘. c[ gI ass 56, which i's sone at '
simlar to _f.or_l_h.au.LJhP_g.l_a.s.s_ma.siﬁg | ted

at [err] Cin an electric at [err]C for 1 hour. The initial trans- 5
furnace. The glass was cast into 25 mm_ mssion of the glass was 72% and

on irradia- 25 squares approxi mat'\y\g/L 1Gopd-n t hi ckness and tion decreased
to 40% The hal f - dar kénigugs Rb,] OVled &P COOlsgl OF aBput 1-g3 m hs. The time
was 27 secs. and the hatf—fadingtire—sanple—was—placed+n—p nmuffle furnace
at about 300 secs. [érQmpoggy theld for 1 hour and then copl ed. - WHAT WE- .
CLAIM IS - 10  Aftef thys treatnggts the3ss§npl §g YRS pg{&la ly ¢+ 1. A

phot ochronmi ¢ gl ass cofprfsing at phasé-Separat'ed havinglan initial,
transm ssion |east 1%y wei dht 1perr] mslone ofl t he2os 55% on @ T S
irradiation wth ultra-yiolet dlasg_form ents ith silver halide
radi ation the transm: ps:élﬂf decreasezsto aﬁ%rysggqlg di sdpersnd t hrough the
glass, the total steaflypya ue of 24%¢ On fegrovaligaf thes.7si|ver -content of
the glass being at least 15 ragiation the transm ssion of}|the sanple

0.05% by wei ght Ag. KO 9.9° 10.B35 pdfédn. to‘srl‘!tu‘__jn to its

initial value. The ha fNaoz Algl ag% aCCQ{FI ng §g Cl aigngl, | conpri s-
darkening tine was 9 secs and tHe half- ing not nore t a 10% by wei ght
[err] and fading ting 48 secs. 10.08 0.081  0.083 Ubome_an 9% .and 34% .
by weight [err] as The ove gllass | t nde further‘ gl ass
form ng conponents.- 2p c'?:@nditi gqns %S?Eca%do#nt oB ‘Ms]o sfjuare 3. A

Is

gl ass according to O fi @01 or 4, 48.966 nB.on thsmknessg.m/aﬁ al I owed to
cool for conprising gt 3Ia§ast 14% ?% weli %hi' [err]

1, 367, 903 | | 95'FABLE°2 EXIVPLES OF HEAT
TREATMENT SCHEDULES ANDz0,. - 2.0 200 . 2.07 [edds -

TiO, 1.0 1.0 1.0 2.94

PbO 200 20 - 21 o

F 0.47  0.47  0.47 047

a | oe o4 o 0.47

Br 0.35 0.35 0.35 . 0.35
ap | = . = = 1.52




PHOTOCHROM C PROPERTI ES d ass No. _ Heat Treat ment Initial
Trans. %  Final Trans. % [err] [err] 1 60 mn. at [errd

85 _/‘- 55 24 300 3 30 minitat [err]

88 61 8 30 14 30 min. at [err]
64 46 3 6 30 min. at [err

84 S 54 4 1ghd0s; 2 20 Ai-A—at Eergp]L
88 = 48 12 150 18 ... 5.mn. at [err

90 50 TABLEZEXAMP% OF WMENTTI ESSCHEDEIBEWP at 550022
88 39 - 1 $HPTOC P ROPER 5 mn at [err] -
86 41 . 7820 5—r—at—br5
[err] GIg8No. Heat Treatmen§ 4 Initial Trans. % Final Trapg % o thd(sec)  thf(seg)y
mn. at [err]] 80, . 9 24 180 43

60 mn. at [lerr] ! %g%n'mm C. L 50 % 12 240 42
30 min. at [lerf] 3 30 &dn. at 500°C. 88 46 61 18 8 243045
30 min. at [lerr] 86.5 ___ 62.5 .36 210, 46
30 min. at [lerr] 14 30 ggo. at 515°C.. ¢ 62 % o4 3 188152
15 mn. at [lerr] 16 30 ¥n. at 510°C. 8463 54 54 4 384108nown
silicate glass 1 - . 91 o 03. b
30 ;% 132 KnoMn si | i e at570°C. 88 8 gp 512 150

0 18 96 gl ass: otd® one furgpher specifisg exanpl g a bagksch
fore annealing at [err] C of glass 56, which is sonewhat-
for 18hour. THeniylati8°Gas t hen Beat treateddgl ass 113-fas # tefl
ih an glectric td C for hour. The igitial tgans-
gl a@s vvas_.cgs??}"ia% o(]éS nm ]n816ssi.on of tﬁlg gl ass 3\223 7205/08and

25 s;uar es appuinvet SA8P@Iy 6 nméEn t hi ckness4and tioh dectase
hal f - dar keni ng al | oyed.to cool 8for about 1-2 mins. The tigxe

and the half-%iaﬁéﬁt"ne sanpl® was placed’in a muftle furnac
D sec§. 1 gsour and t hesn cool edi2 VesaT W

on "I
to 40% The
was 27 secs.
at about 30

e

T

CLAIM IS:-
phot ochrom ¢

transm ssi on|-

i rradiation

| e
M th ul traviol et

[ er r ] soGimntlséoat.d for

10 -After this treatnent the sanple was partially

gl as® conpri Vimig 5360°Q0 phase-¥eparat ed hddi ng an
asgeone of the @fs 55%
ng conponents, with silver halide
- 88 62 24 - 180

agt 17% et sdotclerr]

gl ass form

'r“hili i aA?‘“’
21 210

46 30 min. at 550°C. _
52 15 min. at 560°C. . 920 63 54 384
Known silicate )
glass 1 —_ 91 63.5 30 132
Known silicate — 86.5 61 30 96
glass 2
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In one further specific example, a batch
of glass 56, which is somewhat similar to
glass 1, was melted at 1580° C in an electric
furnace. The glass was cast into 25 mm
squares approximately 6 mm in thickness and
allowed to cool for about 1—2 mins. The
sample was placed in a muffle furnace at
620° C and held for 1 hour and then cooled.
After this treatment the sample was partially
phase-separated having an initial transmission
of 55%. On irradiation with ultra-violet
radiation the transmission decreased to a
steady value of 24%. On removal of the
radiation the transmission of the sample
began to return to its initial value. The half-
darkening time was 9 secs. .and the half-
fading time 42 secs.

The above glass, melted under the same
conditions but cast into a 50 mm square
66 mm in thickness, was allowed to.cool for

1—2 ‘mins. before annealing at 520° C
for 1 hour. The glass was then heat treated
at 620° C for 1 hour. The initial trans-
mission of the glass was 729, and on irradia-
tion decreased to 40%. The half-darkening

time was 27 secs. and the half-fading time

about 300 secs. '

WHAT WE CLAIM IS:— .

1. A photochromic glass comprising at
least 17%, by weight P.O; as one of the
glass forming. components, with silver halide
crystals dispersed through the glass, the total
silver content of .the glass being at least
0.05%, by weight Ag. .

2. A glass according to Claim 1, compris-
ing not more than 40%, by weight Si0, and
between 9% and 34%, by weight ALO; as
further glass forming components.

3. A glass according to Claim 1 or 2,
comprising at least 109, by weight R0,

25

30

35



radi ati on the transm ssion decreased to a crystals dispersed through the

glass, the total steady value of 24% On renoval of the silver content of
' ot of the sanple

0. 05%.by wei ght Ag. - 35 began to return-to its

initial value. The half- . 2. A glass according to G-.&'m1, conpris-

§clar kening tine was 9 ‘secs. and the half- ing not nore than 40% by wei ght

Terr] @gnd fading tine 42 secs. 1,367,903 : bet ween §% and 34%

by wei — '

form ng corrponents 20 cond trons but cast i nto squar e 3. A

gl ass accordl n&AtBB' WLE ?9?%5}0% ﬁgﬁ. QWWDV\HS al | 9&& to

cool for corrprl sing at I eas err], . 10°
1, 367963 10 Mhere D—K-——Na-—er- L| .

SrO, |6msde. BaO, @les%mm and gnlgaszans % ph(ﬁi@b’ﬁlrm% pﬁﬁsp)hattif(sgb a$s accord
"20% {PbO- kng to %@)ﬁmoél%g(ﬁb The pregedr ng crar N, COm o, gl se
accorjding to any one 0 e prising 1n wejght per cent ages, on he oxi de
precddiyng 8l ai ns Gonfy atS0PE. up to 28% by 5 baséls: .17 t0848%: ferr] O to
40% |[ertr],, weight F.in formof etal fluorjde. - 0to 34%
[err]] the %ot al 150 é&{]ﬁr . ‘A gl ass accor di ng to anyl?lone of the
~maj or] conpenent s laemngattymWeen 60%4 and precesdi ng cl ai 48 comdgai nijng

bet wgden [err] 86% -by weight of the glass and the ratio_ and 0.1% by
wei ght of %opper &%Pied 57 ‘%5}- of [ef¥] content 4o [err] 1%ont ed¥® being not
cul atjed agglerr] 10p:] asdedchan 0. 7; gt |'east 10%) R20 whgre - 1g514. A gl ass
accoryding to any one of t?r 50-R=K, Na or Li; 0.05to 1 0% . AQg; a?nd
precddi ng 18] ai ns é@wmamﬁﬁ%@ not .nor& than 0.2 t® 2% X Whére MOCt, |Br or
any |0. 2% by wei ggr Oftdo o&n oxi des,, cal-cul at edﬂconbr nat1 on of.dery] Br and
[err]| the am)unt as err of ‘X bei hg expressed as a quantlty over [and 15.
A gl dss aeeordi ng 15ﬁmﬁ§t357ifme of . the8815 -above tste 100% total a$0 al | ot her
corrpcnent prece% contaiping up-to 4% by 55 of t% gl hss.
wei ght of err] 5. ﬂg’g accordrn to any of The pre- ass

.accor{ding 440 any ngmoit_:@o@[ (113 cedlsw claims, wgerein the [era;o corhtent S
1 to {14 contai ni n% up-to 4% by wei &ht of .not nore than 30 wt.%
. 42 0 ' 46 18 240 -

[err] min, at 560°C. _

"4 30minat50°C. - 8.5 625 . 36 210
46 0minat550°C . . 88 . - 62 %180
52 . 15min. at560°C. . - % . . .6 . 54 384

Known silicate - ) a . ' o _ '
glass 1 = 91 . ...  63.5 30 132
Known silicate - 85 e 30 9

glass2 T S S

In one further specific example, a batch 1—2 mins. before annealing at 520° C
of glass 56, which is somewhat similar to for 1 hour. The glass was then heat treated
glass 1, was melted at 1580° C in an electric at 620° C for 1 hour. The initial trans-

5 furnace. The glass was cast into 25 mm mission of the glass was 729, 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.
620° C and held for 1 hour and then cooled.  WHAT WE CLAIM 1S:—

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 P,O; 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 005% by weight Ag. 35
began to return to its initial value. The half- A glass according to Claim 1, compris-
darkening time was 9 secs. and the half- ing not more than 409, by we:ght Si0, and
fading time 42 secs. between 9% and 34% by weight ALO; 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 109, by weight R,0,
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any one of the
cl ai ms cont ai ni
wei ght of [err]

according to any one

6. A glass according to Claim 3 or 4,
60 wherein the anount of [err]

ng

aéﬁ according to any one of t he
e preceding clainms conprising [err]

17. A glass according to

Is greater than preceding
18. A gl ass
in an

preceding clainms containing up to 0.02% 25 anount not exceedi ng 19% by

wei ght .

according to aA

y wei ght of [err]
ane_of d.ains
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A gl as
19 Alﬂ?LGng(é accordi ng.to any one of

to 3,

[err]
bet ween 2%

described wid
any one of the
given in Tabl e
My, Ca, Sr,

27, Chancery

- 25

cont ai ni n@m]ea‘estha& 19 w .
subj ect ed 't 9and4 mpmcwm%{wwqm-
a tenperature b‘E&Wé’é‘ﬁ
C above t

t hao glﬂ% or, thepaﬂr

ht MO wh 16 Mﬂchmfl-'
\ggl an and/ g]:gby W‘”ght of the gm’w"}?‘ T ntﬁg Vﬁg”?@f 8% f%@?d’r’"é“’ cal-

t to AlO,
MW%&@&Q@?W HoreaNy 19N§

or -2
Chartered Palkrubwg

% [err]

gpzég)?g&sfm ﬁ&‘

EchlNal o bix

02 %@Am
T e P

"> by weight of the
7. A glass according to any one of the

preceding claims comprising B,03 in an-

amount not exceeding 19%, by weight.

8. A glass according to any one of Claims °

1 to 3, containing less than 19 wt.%, ALOs

"and more than 10 wt.%, B.Os.

30

35

“wherein the weight percentage of MO is made -
up from 0—8% MgO, 0—10% CaO, O——SA,_ .

- 40

9. A glass according to any one of the
preceding claims, comprising between 2%

and 20% by weight MO where M=Mg, Ca,

Sr, Ba, Zn; andfor Pb.

10. A glass according to any one of Claims
1 to 8, comprising between 2%, and 25%, -

by welght MO, where M=Ba and/or Pb,

and optionally Mg, Ca, Sr, or Zn in addition

to Ba and/or Pb.
11. A glass according to Claim 9 or 10,

tlﬂ:& t 0 150A rglassu

on

%, ol ofg %ﬁé&smﬁmr Opra@ding clain@! dbhtd
Leafiche gliwer ei n the wei ght percewtl@ge’f FHOMO' i s n*ade
London V\CZA 1INT, 348

Agents for thel.éfﬂ]ﬁd?fl

20%, PhHO.

Ot 4%, by

ipg to any one of Cla1ms

Iesl(!%t Bg;8andco i ectumang
""V\PFeF‘é[ Mtg ghcmlrt Phirong piley pralculred | v -
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18. Aglassaccordmgtoanyoneofthe
preceding claims containing up to 002,
by Welght of Agg

19, Aglassaccordm to any one of the
preceding claims which has been subjected to

- heat treatment at a temperature between '20°

and 100° C above the amnealing point of
the glass for a period of 10 to 60 minutes.
20. A photochromic phosphate glass sub-
stantially as hereinbefore described ‘with
reference to any one of rhe specific m:ampl%

- given in Table 1.
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