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appears t0 be necessary, however, in order to reduce the tendency of these glasses to opalize. Thus
content is about-2% by weight.

45 Furthermore, the sum of the glass forming oxides SiO2 and B20s should not be greater than 33% by
weight. Beyond this limit, the index of refraction decreases and the tendency of the glass to devitrify is
considerably increased.

AlzOz increases the viscosity and improves the durability of the glass. On the other hand, it increases
the tendency toward devitrification if it is present in amounts greater than 3.0% by weight.

50 The alkali metal oxides L0, Naz0, and K20, aithough making only a small contribution to the density
of the glass, will only be used in small proportions. In fact, added in large amounts, they decrease the
viscosity of the glass (especially Li>0), increase the tendency for phase separation and/or devitrification,
and degrade the chemical durability.

Among the bivalent oxides, MgO exhibits the same advantages and drawbacks as the alkalu metal

55 oxides. Moreover, its contribution to the index, although greater than that of LiO, Na,O and KzO, is
nevertheless, small when compared with the other bivalent oxides. Therefore, the maximum amount of MgO

- should not exceed 3 % by weight. _
Zn0, SrO, BaO and CaO are among the bivalent oxides exercising a medium contribution to the index.
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tHe tendency toward devitrification if it is present in amounts greater
than 3. 0% by weight: 50 . The al kali netal oxides [err] and [err]
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Beyond sshat, crystallization becones significant. In order to avoid the
limtations due to the use of [err] and [err] the glass should contain at

| east 6 % 25 by weight [err] That oxide increases the index of refraction
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slowy than Ti Q2. Its maxi mrum anmount will not exceed 15% by wei ght because,
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above all, the price of the glass beconmes prohibitive. U S Patents

3,503, 764, 3,877,953, 3,999,997, 4,057,435, 4,084,978, 4,213,786,
4,390, 638, 4,400,473 30 and 4,404,290 are beI|eved to represent t he
backgrognd of the state of the art.
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I'i addition the followi ng di scl osures are acknow edged. In GB-A-2, 023,128
there are disclosed  glasses consisting (in % by weight) of: 35 40 45 50 55

3: EP 0:227 269 Bl [err] EP 0 227 269 B1 , 15- 20
[err] ' 10-20 5 CaO

8-15 La203 16-26 [err] _

15-25 [err] . 30-40 10 Al kaline earth
met 4 oxi des S¥C@)- 25(Ba0<8% by wt) MyO 15-20 |
0-3) Sro B0 10-20 1.0-10) 8-15 15

BaO : _0-8 ) zZnO

0-4 PBO Cao 8-15 ° 5.3 20 lerr]
0-2 [err] Lay03 _ 16~26 -~ 0-3 [err]

1-5 [err] Tio - 0-2 25 Al kali netal
oxi des . 2 0-5 [errl5 25

0-3 [grr] $10,+B203 0-40 0-3 30 In EP-A-99736,

there is di sdle«lline eptthaheBhBS6xEAasaCt 20-26¢BRO<BRAbY Wtgxhibits a
refractive ir}? of from1.695 to 1.705, a dispersive indéx of from40.5 to
43. 2, a densi below 3.2 [err], a weight | 0953ad neasured in the AO test
of less than Q5 ng/cnR and a transm ttanteoalo)08-a%, in 10 mm t hi ckness
of ats35 |eggplg75% and it conprises, expresagg %n terms of weight percent-
on the oxide basis, from1l6 to 21.5 % CaO, from6 to 15 % [err], from3.5
to less than @B Ti @2, from5.5 to 12 % [err]9-from3 to 11 %[err], from2
to 10 % Zr2,pdgom 20.5 to 25 % [err] and frgupl6 to 20 % Si O2. Descri ption

of Rreferred diments 40 The invention is further illustrated through
the n¥n-1im ®xanpl es reported in the taBré-bel.ow.-.The.
2x0; 0-3
Nb,0g . a-5
25 Ta205' . 0-2
Alkali metal oxides 0-5
P50g 0-3
GeOy 0-3
- 80

in EP-A-99736, there is disclosed an optical glass characterized in that it exhibits a refractive index of

from 1.695 to 1.705, a dispersive index of from 40.5 to 43.2, a density below 3.2 g/cm?, a weight loss as

measured in the AO test of less than 0.15 mg/cm? and a transmittance at 400 nm in 10 mm thickness of at

35 least 75% and it comprises, expressed in terms of weight percent on the oxide basis, from 16 to 215 %

Ca0, from 6 to 15 % LazOs, from 3.5 to less than 9% TiOz, from 5.5 to 12.% Al203, from 3 to 11 %
Nb20Os, from 2 to 10 % ZrO, from 20.5 to 25 % B203 and from 16 to 20 % SiO,.

Description gf Preferred Embodiments

The invention is further illusirated through the non-limiting examples reported in the table below. The
preferred example is No. 23. All proportions of the glass constituents are given in terms of weight percent
on the oxide basis.

45 Examples of Glass Preparation

The various constituents of the glass are provided by the batch materials specified below:
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preferred exanplé is No. 23. Al proportions of ‘the glass constituents are

given in terns, of weight - -percent on the oxide basis. 45 Exanples of dass -
Pgeparation The various constituerngp 2d7 460810/ ass are provi ded by the batch
materials specified below 50 55 4 EP 0227269 Bl Oxi des Bat ch

Materials [err] Quartz [err] [err] 5 :

[err [err] [err] [err] [Frogd[,es_ BSREN MatlrBls’ [err] MO [err]
10 « - a>Val [err] BaO Jerr]
ZnO ~ ZnO [err] [err] [err] Si®]e

[err] [err] [err] [err] T e Beflst ch Yerials $elected will preferably
contairf a miniml anmount of trdndPs oh injparticular [err], in
order to insure that the gl ass |offaj n¢ transm ssion at 400 nm
within the linmts defined in the ece phs. After weighing, the
vari ous batch materials were m ol OY ordance with conventi onal
techni qyes. The batch was then gedl i num cruci ble and the
cruci ble introduced into a fur p out [err]. Wien the batch

ace was raised to about
nelt. The nelt was then

was conpletely nelted, the te
[err] to achieve honopgenizati
cooled 25 to a tenperature corrmﬂpnﬁimg)sto a vigcosity adequate for
form ngs and cast in the form of| ahar | Zihe total {inme of the operation was
on the order of 2-7 hours. Aft mP2 t he gl ags was anneal ed at about
[err] wwth a rate of cooling of properties thereof were

determ ned &fe GGChailHaM shiBordd Vi E.‘aie}a&xc&ﬁai 2 bR Bount ' 3aASHGAT MBS, if?EarIiJ&Par
Phygi cal  pig,, (Nei8r Shhsurd RS JiS obthinddl nibs BRRsissioR al BB VAR MeSlinfiE defined
refract® vg the Pl dind $hlagripht. t he Abbe nunber [err] were carried out according
to conventi qwed w&i@wgpéﬁ Yafiéls HafthIrhaterlald weYd W@l togeth6r M actifidahes with @ehverfibnal he
anneal ed ®aiRULES ThellbiichGh@aB theh Yhatded intE pliiaar diuGible bt 184! Glicitid RirediteANRb @ furdiies hod
and expr esmeeding &t dbeut npoo'Chmrcmb batels was cmpiztelyaselied, athe@inpstatiira rod thg Hurbdee was O,
test (A, Orajsediosbout 1350 11400 o achigemhomogénixpioh aatifindgtof the melt. 7The Melt was theragaled 47,
May 1963. tolateramsratirs casresnandiugt te a Nisewsitycpdbduate fas aming andesiegifit the formofadiar. s hed
sanpl e The total time of the operation was on the order of 2-7 hours. After forming, the glass was annealed at
about 700°-750° C with a rate of cooling of 60° C/hour, and the properties thereof were determined as
described in the following paragraph. '

Measurements of the Physical and Chemical Properties of the Glasses

The measurements of refractive index (ng) and the Abbe number ( »4)) were carried out according to
conventional methods (for ng, the yellow line of He was used) on the annealed samples. The density (p) was
measured through the immersion method and expressed in g/cm?3.

Chemical resistance was evaluated through the A.O. test (A.O.) described in the magazine "Applied
Optics", 7, No. 5, page 847, May 1968. It consists in determining the loss of weight of a polished sample
after immersion for 10 minutes in a bath of an aqueous 10% HC! solution operating at 25° C. Weight loss is
v expressed in terms of mg/cm?2. -

The liquidus temperature (Lig.) was determined with the aid of a thermal gradient furnace. The samples
were fired for 17 hours; the presence of crystals bsing revealed through observation of the cooled sample
with an optical microscope.

A rotating viscosimeter was used in determining the high temperature viscosity of the samples.

The transmission (Trans.) of the glass at 400 nm was determined on polished samples of 2 mm
thickness with the aid of a Hewlett Packard Type 8450A spectrophotometer.
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after inmmersion for 10 minutes in a bath of an aqueous 10% HCl sol ution
operating at [err]. Weight loss is expressed in terns of [err]. 40 The
I'tqui dus tenperature (Liqg.) was gptoesariogg@iwi th the aid of a thernal '
gradi ent furnace. The sanples were fired for 17 hours; the presence of
crystals being reveal ed through observation of the cooled sanple with an
opt.ical m croscope. A rotating viscositfa#d er was used in determning the

hi gipkenperature viscosity of the sanples. The transm ssion (Trans.) of the

gl ass at 400 nmwas deternined pn pol [shed; sampl es of 2 nm 45 thickness
with the aid of a Hewl ett Packafe- ectrophotoneter. 50 55 5
EP 0 %27 269 Bl Table 1 5 S0, 27 [err]
27 [err] 4 [err] IB\"’OS- err* - [err] - 10
K20 2 Myo MeL80 - 20 SrO - BaO
3 15 NeO  (3[0) - [err]
20 [erS] 3 [err] Kgg[err]2 : 10 20 _
[errt{ 1.7900 [err] M9035 2 [err] 3.65 A O
0.02 Trans 80.7 25 Ca0 20 Li g.
~1125 30 35 40 45 50 Sr0 -
C . BaO 3
16 Zn0 -
Laz 04 20
4 07) 3
Nb20s 11
w Li(e 10
20 Ny ' 1.7900
Pdq 35.2
P 3.65
A.O. 0.02
Trans 80.7
25 Lig. ~1125
30
35
./
40
45
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55 EP 0 227 269 Bl Table 2 3. : 45
[err] 22 - 26 26 [err] 7 5
5:[err] - - EP0227269B1[€rr] - -
- [err] - - - 10
[err] - - - Mo 2 1.5
- Gao 20 22.1 Tablg2. 7 SrO - -
- ng - - - 15 Zn0O
- v - - J[err} A s 18.1 19.6
[err] 3 —3 33—+ 14 13. 7
13.7 [&rr] 10 |80 | 102 %10 40 28
[er.r] - B203 _ 7 _ [%rr] 5 g -
- [err] - t‘i'zga - - Jerr] ) - -
- [err] - Neo |- - 25 i
[err] 10 1.8082 Kgé 1. 8039 21.8038 [err] 35.3
34.3. 34.7 [err] MgQ 3. 74 15 3. 63 3.66 A O
0.04 0.01 ood. 407 F ans 2793 5, 79.7
80.7 30 | ol ) -$ho > 7o -1165
Caims 35 1. A glass fqrggptijcal and/dr ophthal|m c applifcati ons having an
i ndex qf refraction betyegp 1.179-1.81, |a density less thagn or equal to 3.75
[err], an Abbe nunber greai®@s |t hapg 33, jand1@ tr gnsmiggi onf at 400 nmin a
t hi ckness of 2mm greatern zrban |or eyual Jto 78% characserized in that it
consi sts, expressed in tlemszes df wet ght [pere®nt gn t h®7 oxilde basis, of: 40
[er¢], 21-30 | TiO2 10 106 HaO 10 0-5 [err]
2-10 =20 MyO+CaOf Bd2@B40 18- 3q [err] - 24- 33
ZnO 0-5 45| Y205 5 . .
Taz0s - - -
WO3 - - -
P20s - - -
25 ng - 1.8082 1.8039 1.8038
vq 35.3 34.3 34.7
P 3.74 3.63 3.66
AO. '0.04 0.01 0.007
Trans | 793 79.7 80.7 -
30 Liq. ~1200 ~1170 ~1165
CIaIﬁs
% 1. A glass for optical and/or ophthalmic applications having an index of refraction between 1.79-1.81, a
density less than or equal to 3.76 g/cm3, an Abbe number greater than 33, and a transmission at 400
nm in a thickness of 2mm greater than or equal to 78% characterized in that it consists, expressed in
o/ terms of weight percent on the oxide basis, of:
40
Si0y 21-30 BaO 0-5
B503 2-10 MgO+Ca0+SrO0+Ba0 18-30
Si05+By04 24-33 'Zno 0-5
“ Al504 0-3 Lajy04 18-22
Li;0+Nay0+K50 0-5 ' Zr0, 1~5
Mgo 0-3 Nb30s5 6-15
50 cao 15-23 TiO, 5-13
Sro 0-5 Other oxides 0-5

2. A method for the production of a glass as claimed in claim 1 characterized in that a glass forming batch
appropriate to provide a glass having the constitution specified in claim 1 is melted and a glass formed

therefrom.
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EP 0 227 269 81

i

O her OXI des

0-5 55 2. Anethod for the production of a glass as clainmed in claim1l
characterized in that a glass form ngrtéw ch appropriate to provide a gl ass
havi ng the constitution speC|f|ed inclaiml is nelted and a gl ass forned

therefrom 7 EP 0 227269 BT bd.UI BT 2 9 4 5
[err] " 22 7:?;[9 r]. 7 5
5 [ers] - Si02 - 22 26 - [lerr3d - -
- [err] - B203 -7 5 -110- 8
[err] - Al205 - - - WO - 2
1.5 - Ca0O |0 120 - - 22.1 - 22.7 SrO
_ _ Na20 BaO - - _ - - 15
Zno - h“;% ; ~_ [enr] 20 18. 1
19.6 [err] 3 go e 2;? 3 [ﬂ;] 11
13.7 13.7 [erf £ %o 1 1o 10 20
[err] - BaO . -_[err] . 5 -
- [eng] - ZnO .- .- Ldrr] - -
- [err] - La20s -20 181 - 45 198
[err] 1.8082 zro)- 8P39 3 1. 038 [lerr]a 35.3
34. 3 34.7 [ery NbOs 11 3#'74 13.7 #.63 3.66 A O
0. O&aT 0.01 | Tio. P.0GB Traps 106 749.310 79.7
80. 7 280 Gd203 -Li qg. —~120( - ~1170 -1165
Clains 35 1. A glass fpWFQ@pt|cal Sand/ ¢r opht halim ¢ applijcati ons having an
i ndex of refraction bef We®n [.79--1.81] a - R
WO, - -1 - -
P20s - - -
25 Ny 1.8082 1.8039 1.8038
vd 353 343 347
P 3.74 3.63 366
A.Q. 0.04 0.01 0.007
Trans 793 797 80.7
30 Liq. ~1200 ~1170 ~1165
Claims
% 1. A glass for optical and/or ophthalmic applications having an index of refraction between 1.79-1.81, a
density less than or equal to 3.75 g/cm3, an Abbe number greater than 33, and a transmission at 400
R nm in a thickness of 2mm greater than or equal to 78% characterized in that it consists, expressed in
ol terms of weight percent on the oxide basis, of:
40 '
SiO, 21-30 BaO 0-5
B,03 2-10 MgO+CaO+SrO+BaO 18-30
Si05+B503 24-33 Zno 0-5
* A1203 0-3 " Lajy03 18-22
Li,O0+Naj0+K;0  0-5 Zr0, 1-5
MgO 0-3 Nb,Og 6—-15
50 cao 15-23 TiO5 5-13
Sro 0-5 Other oxides 0-5

55

2. A method for the production of a glass as claimed in claim 1 characterized in that a glass forming batch
appropriate to provide a glass having the constitution specified in claim 1 is melted and a glass formed

therefrom.



density | ess than or equal to 3.75 [err], an Abbe nunber gremgiﬁm\an 33,

and a transm ssion“at 400 nmin a thi ckness of 2mm greater 't Im!’ﬂmuﬂm

78% characterized in that it corpr cba 2098y essed in ternms of

on the oxide basis, of: 40 [err] 21- 30

BaO 0 5 [err] 2-10 MyO+CaOtSr O+BaO
18-30 [@&r A method as claimed |r2(4an3 2 characterized in that the batch is melted aMoxnmately 1300 C,the o_
45" A;L203 melt heated to 13@.1300 C to homogenize and fine the melt, tILee d melt is cooled

[ er r]’  viscosity adequgje fpr casting, cast into the form of a bar and fi@ Ime led at 700-750° G \Tg MyO
0-3 cooling rate of approximately 60" P@pqr] _ 6-15 50

CaO *® 15- 23 [err] 5-13 SrO
0-5 Q her oxi des 0-5 55 2. A nethod for the production

of a glass as clained in claim1 characterized in that a glass formng

bat ch. appropriate to provide a glass having the constitution specified in
claiml is nelted and a glass forned therefrom 7 3. A nethod as cl ai ned
in claim2 characterized in that the batch is nelted at approximtely 1300
C, the nelt heated to [err]to honpgenize and fine the nelt, the heated nelt
is cooled into a viscosity adequate for casting, cast into the formof a
bar and then annealed at 700-750 C with a cooling rate of approximtely 60
C houg. 5 10 15 20 25 30 35 40 45 50 56 8
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