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In ordinary optical crown and flint glasses the
relation between the refractive Index n4 and the
mean dispersion nr—ne 1s such that the relation
ng=13.815 (nr—nc+0.1) applies for glasses having
a refractive Index smaller than 1.65 and the rela-
tion n¢=11.7 (nr—nc-10.1216 for glasses having &
refractive index greater than 1.65. While up to
the present it has been possible already to pro-
duce glasses which relative to the mean disper-
sion showed a considerably higher refractive in-
dex than the minlmum value indicated by the
aforementioned relations, it did not appear possi-
ble but for some speclal type of fluorous alumo-
borosiicate glasses having a mean dispersion be-
low 0.0073, also to Inversely attain a noticeably
lower refractive index,

According to the inventlon however, optical
glasses having a mean dispersion below 0.0073 can
be produced with a considerably lowered refrac-
tive Index than heretofore while such optical
glasses having a mean dispersion greater than
00073 can be produced to a large extent with a
lowered refractive index 1if their content of fluo-
rides as well as of aluminium oxide and titanium
oxide is kept as large as possible, but their con-
tent of earth alkaline oxldes and of boric acid an-
hydride as small as possible, admitting further
large quantities only of alkalies, or lead oxide, 1f
desired, or antimony oxide and arsenic oxide.

Of those substances which according to the In-
vention are desirable to be introduced In largest
poseible quantifies, fluorides, as alkall-fluoride,
siltco-fluoride, alumo-fluoride and others, hedve
the highest reducing effect upon the refractive
index relatlve to the dispersion. There is one
difficulty when Introducing fluorides, in that they
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evaporate differently depending upon the com-
position of the glass and upon the melting tem-
perature. The behavior of highly alkaline
glasses and of glasses with an abundancy of boric
acld is a relatively favorable one, which presum-
ably i1s In first place attributable to their low
melting temperature. Also in these glasses,
however, not much more than 0% at the most
of the Introduced fluor remain in solution. It be-
ing practically immaterial in what lilnked form
the fluor is introduced, it will he advisable in cal-
culating the batch to elect a preliminary batch
Iree from fluorides to begin with and then in
part replace the oxides contained therein by cor-
responding fluorides. In the following the equiv-
alent replacement of r parts by weight oxygen
by fluor is symbolically indicated by z% O/P.
An, example of a glass batch would accordingly
read:

40% 51014-20% B20s+10% Al20:+10% NazO
+10% K:04-10% CaQ (=100%)+1% O/F

According to the atomic welghts 116.2 weight
parts KaFa would correspond, for example, to a
quantity of 94.2 weight parts K20, of which 16
welght parts oxygen are equivalently replaced by
38 welght parts of fluor. In other words, 1%
Q/F means the replacement of

5.809% KO by 7.26 KPF (potassium fluoride)

3.88% Naz0 by 5.25 NaF (sodium fluoride)

3.5% CaQ by 4.87 CaFy (fluor spar)

1.949% Nai0O41.06 Alz0: by 4.38 Na:AlIF: (cryolite)

1,20% Nail011.26 810z by 3.93 Na:BiFs (sodium
sllico-fluoride)

Thus when using potassiuym fluoride or sodium
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silicofluoride the following parts would have to be
melted down:

s\og oo 400 38.74
B0y e 20.0 20.0
AlOz o 10.0 10.0
NaaO - ———— _ 10.0 8.71
K0 . _— 4.11 10.0
Ca0 e 10.0 10.0
EF ___ e 7.26 N
NasSiFe . __ . e 3.93
101.37 10138

One weight-part of oxygen being equivalently re-
placed by 2.375 welght-parts of fluor, an aver-
age would result of 1.375 welght-parts more than
according to the preliminary batch. If the
evaporation of the fluorides is thereby to he set
out at, say, 30%, it will be necessary to Introduce
1.43% O/F into the batch in order that the glass
may contaln 1% O/F,

On account of the fluorides segregating more
or less easily during the annealing process, either
in the form of crystals or in the form of milky
liguid drops depending upon the composition of
the glass, the fiuorides cannot be introduced into
the glass in any arbitrary quantities. Optical
glass requiring a very slow annealing process,
this segregating tendency is a particularly
marked one in optical glasses. To counter this
segregating tendency the initial batch which
serves for melting the new glasses is expediently
made to contain from 5% to 30% of alkall oxide,
at least half consisting of potassium oxide, owing
to sodlum oxide and lithium oxide having but
little effect on the diminution of the refractive
index relative to the dispersion. The introduc-
tion also of boric acid anhydride and aluminium
oxide is adapted to counteract sald segregating
tendency, The introduction of titanium oxide
is of the same effect although practically, there
is & limit for the content of titanium oxide near
approximately 30%, as otherwise a brown tint
detrimental to optical glass becomes markedly
noticeable in addition to crystallization and tur-
bidity. For this reason it is expedlent that the
initial batch contaln borle acid anhydride, alu-
minium oxide and titanium oxide to an extent
of altogether at least 5%, but not more than
45%, whereby the sum total of borle acld an-
hydride and aluminium oxide should not exceed
40%. The brown tint becoming particularly no-
ticeahble when there is a large content of alu-
minium oxide the latter must not exceed that
of boric acld anhydride more especially so the
higher the content of titanium oxide may be. In
the same manner glso the content of antimony
oxide and arsenic oxide must be kept low when
the content of titanium oxide is high as they
likewise promote brown tinting to a considerable
extent. In the event of the content of titanium
oxide amounting to 10% or more, brovisions
should sultably be made for the content of an-
timony oxide and arsenic oxide to amount to-
gether to not more than 10% at the most.

Also, in the presence of titanium oxide In
fluorous melts, earth alkaline oxides lead to the
formation of turbiditles. Their content should
for this reason be as low as possible and by no
means exceed 5% of the Initial batch. Also
bivalent metal oxides should be avoided, If pos-
sible, as they promote the tendency of segrega-
tion and are antagonistical to the lowering of the
refractive index. Of these oxides, the behaviour
of lead oxlde may yet be considered as the most
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favorable in both respects. In fact, if glasses are
to be produced having a high mean dispersion
and a lowered refractive index relative to the
dispersion the Introduction of lead oxide besides
antimony and arsenic oxides is even recommend-
ed In order to avoid the occurrence of a brown
tint despite the glasses containing great guan-
titles of titanium oxide. The rise occasioned
thereby in the refractive index can be partly
counteracted by diminishing the content of boric
acid,

The general rules governing the production
according to the Invention of optical glasses hav.
ing a lowered refractive index relative to the
dispersion are applicable In varlous ways de-
pending upon the region in which the optical
glasses lie. The flrst region is that where the
mean dispersion 1s lower than 0.0073; the sec-
ond, where the mean dispersion amounts to at
least 0.0073 and where the refractive index is
maximally 1.65; the third reglon being, where
the refractive Index is higher than 1.85.

The following appiles within the flrst region:
Pure salkali-silicate-fluoride glasses segregate
crystals when the content of fluor is low and tur-
biditles when the content of fluor is high, the
extent of both defects increasing the lower the
alkall content may be. Potassium glasses react
more favorable in this respect than sodlum or
lithium glasses. By introducing boric acid an-
hydride and aluminium oxide the segregating
tendency can be sufficlently suppressed, a8 point-
ed out before, so that substantial quantities of
oxygen can be replaced by flour without thereby
impairing the production of glasses which are
free from crystals and turbiditles. The known
t¥pe of fluor-alumo-borosilicate glasses composed
in accordance with the above correspond to a pre-
liminary batch containing 5% to 25% alkall oxide
and 15% to 35% boric acld anhydride and alu-
minium oxide in total, whereby the content of
horic acld anhydride is always greater than that
of aluminium oxide, the replacement of the oxy-
gen belng ahout 4% O/F. They have a mean
disperslon under 0.0073 and a diminution of the
refractive index by maximally 0.017 under the
magnitude 13.815 (nr—nc+40.1). However, the
investigations on which the invention bases have
shown that boric acid anhydride weakens the
refraction-diminishing effect of the fluorides to a
greater or lesser extent, whilst aluminium oxide
increases that effect, thus leading to greater
diminutions of the refractive index. Tt must be
noted however that the effect of the boric acid
anhydride, and also but to a lesser extent that
of the aluminium oxide, is not additive, but 1s
dependent upon the introduced quantity. In the
case of the content being low the boric acid an-
hydride substantially weakens the refraction-
diminishing effect of the fluorides, while in the
case of greater contents of from say, about 10%
on the 1nitial batch, the effect for the same in-
creases. However, If the amount of aluminjum
oxide exceeds that of boric acld anhydride the
same Increase in boric acid anhydride is capable
even to enhance the sald effect. In addition to
that the quantity of finoride may then be in-
creased up to and above 4% O/F, thus making it
possible to raise the diminution of the refractive
index to more than 0,018 if the content taken
of aluminium oxide is the same at least as that
of the borle acid anhydride and the sum of both
of them is made to amount from 10% -to 46%,
The desired diminution of the refractive index
can be achieved and the tendency towards seg-
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regation and crystallization, also with high can-
tents of fluoride, avoided if the initial batch of
sllicon dioxide, boric acid anhydride, aluminium
oxide, and alkali oxides is made to amount to at
least 85% in total, 1, e. if the content of the other
substances is kept at a low level.

If it 15 intended to arrive in the second of the
aforementioned regions and for this purpose in-
crease t¢o more than 00073 the mean dispersion
of the fluor glasses by introducing earth alkaline
or bivalent metal oxides, small contents of such
additions already suffice to bring about a tur-
bidity-forming tendency. Though this tendency
clearly falls off in the order BeO, MgO, CaO,
8rQ, BaQ, Zn0O, CdO, PhO, it is still strong
engugh, even at PbQ, to call for a reduction In
the content of fiuor in order to obtain glasses
free from turbidity, the reduction in question
having to be carried to an extent which prevents
the attainment of the desired diminution of the
refractive index as a result of the refraciion-
diminishing effect of the fiuorides heing counter-
acted both, by the effect of the boric acid an-
hydride which weakens that property and also
by the effect of the bivalent oxides themselves.
However, according to the invention, the intro-
duction of antimony oxide is adapted to increase
the mean dispersion above 0.0073 and to produce
glasses which, relative to the dispersion, have a
lowered refractive index. Antimony itself, though
acting in a somewhat opposite sense even if it be
noticeably less so than boric acid anhydride or
bivalent oxides, it does not by far to the same
extent as the bivalent oxlides lead to crystalliza-
tlon and turbidity in the presence of fluer. With
the segregating tendency being equel, the fluor-
ides and aluminium oxide can be incorporated to
an appreclably higher extent even when sub-
stantial quantities of antimony oxide are pres-
ent. In view of the fact however that, practi-
cally, the aforesaid meodiflcations of fluoro-
alumo-borosillcate glasses are bound to go at the
expense of the content of silica, the glasses ob-
tained in this manner will have & lower chemi-
cal resistivity, particularly a greater acid-solu-
bility, and a greater swelling capacity if exposed
to water. Micro-flssures easily occur when the
polished surfaces of such glasses dry out. An-
other reason why greater contents of antimony
oxide should be avoided is that they give rise to
optically detrimental tints of yellow or brown
color. The hehaviour of arsenic oxide is simnilar
to that of antimony cxide.

Tt has been shown however that by introducing
quantities of at least 0.2% of titanium oxide
jointly with or in place of antimony oxide these
difficulties ¢an be done away with to a great ex-
tent and that such an introduction is of a par-
ticular sdvantage in that titanium oxide, even
if applied in small quantities, increases the mean
dispersion to a considerable degree, while at the
same time entalling a diminution in the refrac-
tive Index relative to the dispersion and minimlz-
ing the acld-solubility and swelling capacity.

Also boric acid anhydride and aluminium oxide
should expediently be contained in the glasses,
whereby the quantity of aluminium oxide is to
amount to at least as much as the borle acid
anhydride. In doing so it will be of advantage
to so choose the batch that the glasses contain
in total at least just as much aluminium oxide,
titanium oxide, antimony oxide and arsenic oxide,
as their total content of boric acld anhydride and
possible earth alkall oxides.

The effect of the fluor, as expressed in % O/F,
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upon the diminution of the refractive index ¢or-
responding on the average to about five times
the opposite effect of horie aeid, the welght-
parts of oxygen equilvalently replaced hy fluor
should amount to at least one fifth of the con-
tent of the total of borle acid anhydride and
earth alkali oxides of the initial batch.

In order to produce glasses within the third
of the aforementioned regions, 1. e., glasses hav-
ing a refractive index higher than 1.65, the sum
of the numbers of the percentage of antimony
oxlde, arsenic oxide, lead oxide and other bi-
valent oxides augmented by double the number
of the percentage of titanium oxide must amount
to more than 50 in the initial batch of the glasses
according to the invention. To Iower the refrac-
tlve index relative to the dispersion, it will be ex-
pedlent to introduce titanium oxide In quantities
of from 0.29% to 309%. Tetravalent oxides other
than titanium oxides, as well as pentavalent and
hexavalent metal oXides appear to diminish
rather than like titanium oxide clearly augment
the diminution of the refractive index relative to
the dispersion, The content of aluminium ox-
1de, titanium oxlde and of those oxides of anti-
mony and arsenic, which in total have no practi-
cal influence on the diminution of the refractive
index, expediently should be at least equal to that
of boric acid anhydride and earth alkalies to-
gether. Since high contents of titanium oxide
glve rise to brown tints and turbidities it will be
advisable to preduce highly refracting glasses by
the introduction of lead oxide which, of all bi-
valent oxides, raises the refractive number rela-
tive to dispersion to the least extent. Owing to
their content of lead oxide and other bivalent
oxides and in spite of a low content of boric
acid anhydride and of the introduction of fluor in
quantities of more than 0.1% O/F, glasses of
this kind show only small dimninutions in the re-
fractive Index, though it is true that in this
reglon even a slight diminution is practically of
grentest significance for achieving novel optical
designs.

In the annexed table glass compositions are
listed for a number of glasses producable by the
new method, including the optical data of said
glasses. The components of the preliminary
batch are given as oxides, though there is nothing
in the way of Introducing the corresponding
quantities of raw materlals in another form.
Thus, it is possible, for instance, to take crystal-
lized horic acid (BsHOQOs) in place of boric acid
anhydride (Bz02) and calcined soda (N2CO2) in
place of soda (Na=0).

As can be gathered from the optical data the
glasses 1 to 14 (nr—nc<0.0073) helong to the
first of the aforementioned regions, the glasses
15 to 34 (nFr—nc=0.0073; ne=1.65) to the second
region, and the glasses 35 to 41 (n¢>>1.65) to the
third region. The vslue ¢ given in the last
column is the amount by which the refractive
number 7¢ has been lowered relative to the lowest
refractive index occasioned in ordinary optical
glasses of the same Mmean dispersion. As stated
in the aforegoing, for a refractive index lower
than 1.65, (1. e, for the first and second region)
the lowest value 1s obtained by the formula
n¢=13.815 (nr—nc4-0.1) for ordinary optical
glasses, while for a refractive index higher than
1.85 (i. e., for the third region) the lowest value
resulis from the equation

na=11.7(nFr—nc4-0.1218) .
In other words, if for the glass 1 the value a
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is given as 00280, for the refractive IndeX  pup the glags 35 the value ¢—=0.039 accordingly

n4=1.4443 the equation holds good
ng= 13.815‘(1”’—1’30-!-0.1) —0.0280. means that fe— 11.7 (ﬂr—nc+0.1215) —0.039.

8103 | BaO1 | ALO3 | NeasO | 4O | PHO | 8baOs | AmOx | TiOs O/F n4 r ne—ny ]
1 47,1 13,5 29,2 83| L4443 | 07,8 0,00857 | 0,0280
2 4,7 ( 18,0 20,0 8,0 | 1,4380 | 67,7 047 320
3 46,2 | 13,5 21,0 8,0 | 1,4306 | 07,5 0051 319
4 37,6 | 20,0 20,0 80| 1,4484 | 07,4 250
5 L6 20,0 20,0 8,0 | 1,4465| 66,0 0878 P )
¢ 3,5 20,0 20,0 B,0 | 1,4460 | 652 202
7 ,0 | 20,0 20,0 80 | 1,457 | 63,2 o718 203
8 45,0 ( 10,0 20,0 8,0 1,4454 | 64,8 0087 310
9 a5 | 20, 20,0 8,0 | 1,402 | 66,0 0661 326
10 37,6 | 20,0 20,0 8,0 ( 1,4483 | 67,86 0663 248
11 38| 2,0 20,0 8,0 | 1,4480 | 65,8 0878 203
12 41,7 | 15,0 20,0 6,0 | 1,470 67,0 0687 207
13 37,8 20,0 20,0 B0 | 1,4464 658 0877 208
14 45,0 | 150 20,0 60| 14515 | 66,1 3
15 30,0 | 15,0 15,0 8,0 " 52,9 0845 121
14 16,0 | 150 2,0 12,0 | 1,5087 | 46,4 1085
17 2,0 | 250 15,0 80| 1,5032 | 51,4 0970 131
18 34,7 | 13,0 22,0 3,6 | 1,4939 | 54,8 0002 122
19 35,7 | 13,0 2,0 4,0 1,4837 | B7,3 0844 144
20 29,7 15,0 25,0 4,0 | 1,4081 | 56,8 0878 037
21 250 | 150 20,0 B0 | 1,4772 | 88,5 0844 200
22 28,0 150 20,0 6,0 | 1,4002| 54,1 0908 186
e 2,7 180 25,0 3 8,0 ,4683 [ 6L,3 0748 288
4 00,7 | faees 20, 0,3 2,0 1,5287 [ 48,0 1101 040
25 40,7 2, 0,3 4,0 | 1,5263 | 47,4 1108 003
26 10,5 2, 0,5 4,0 | 1,5214 | 46,6 1148 184
7 54,1 20, 0,5 4,0 | 1,51281| K, 8 1015 080
p-] 81,8 2, 0,8 3,0 | 1,58358| 46,0 1160 082
20 49,2 n, 0,5 3,0 I,52060 | 48,1 1085 050
30 20, 0,5 2,0 | 1,6142 ( 32,9 1867 252
31 2, Q0,5 10,0 . 50704| 46,1 1101 257
32 20, 0,5 10,0 | 1,51348| 48,7 1123 260
3 18, 2,0 3,0 1, 5106 64,1 0943 012
34 11, 0,5 4,0 | 1,64176( 32,6 1068 113
s 8, 0,8 1,0 | 1,67768 31,2 217 039
36 185, 0,8 2,0 | 1,68378 30,9 2115 100
ar 15, 15 2,0 | 1,88375 31,2 2126 115
38 1, 0,8 2,0 1,87770{ 30,8 22m 105
30 6, Q0,8 1,0 | 1,6042| 28,0 2400 188
40 8, 0,5 2,0 | 1,688 | 31,3 2135 078
41 8, 0,5 4,0 | 1,66050 31,6 2122 052




