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Properties of Sodium Titanium Silicate Glasses'
Edgar H. Hamilton and Given W. Cleek

The glass-forming area of the Na,O-TiO.-S

i0y system was surveyed. Glasses were

made with refractive indices from 1.5184 to 1.8005, nu values from 51.5 to 23.2, and densi-

ties from 2.42 to 3.00.

The glasses have higher dispersions and have considerably lower

densities than the PbO glasses with comparable refractive indices.

1. Introduction

In order to give the optical designer greater free-
dom in his choice of glasses for use in optical devices
there is a need for 011«(\ that cover a considerable
range of refractive 111(11((‘:, and for each index value,
a range of dispersions. Most commercially available
optical glasses having high refractive indices and
high dispersions contain PbO in varying amounts.
In general the refractive index and the dispersion
increase with inereasing PbO content. However, in
PbO glasses there is a limiting value of dispersion
for a given value of refractive index.

Tt has long been known that small additions of
TiO, to a glass causes a relatively large increase in
refractive index and dispersion. One of the early
references to the use of TiO, in glass is that of Har-

court about 1870. He is reported to have produced
“two ‘nearly flawless’ 3-inch disks of titanium glass

)

and two of borate glass” [1].2 The well-known work
of Schott and Winkleman [2], in association with
Abbe, the optical designer, was the first systematic
attempt to determine the effect of chemical composi-
tion on the physical properties of glass. The imme-
diate object of their work was the development of
glasses having desirable optical properties. Ti0, was
one of the 28 oxides for which they studied the effects
of composition on the physical properties of glass.

Colbert [3] has compared the effect of Ti0, and
PbO on the refractive indices of glasses. He added
TiO, to a base glass of the composition Na,0,3510,
and PbO to a base glass of the same composition
and found that in each series the refractive indices
increased sharply.

Three series of glasses in the ternary system,
Na,0-Ti0,-Si0, were reported by Turnbull and Law-
rence [4]. However, they did not survey the glass-
forming area in the system. More recently Varguine
[5] has reported on the glass-forming area of the
Na,0-Ti0,-Si0, system, but he gives data on only
one series of glasses in the ternary system.

Thus, although studies have been made of glasses
containing Ti0O,, it was deemed desirable to make a
S\'il(‘lndll(‘ survey of the entire glass-forming region
of the Na,0-Ti0,-3i0, system, because it :11)1)0:11'9(1
that compositions in this l(‘llldl')’ system could be
used for the development of optical glasses having
high refractive indices and high dispersions. Some

1 The work deseribed in this report was sponsored by the Bureau of Ordnance,
Department of the Navy.
2 Figures in brackets indicate the literature references at the end of this paper.
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of the properties of the glasses made in this survey
are reported. The phase equilibrium diagram of the
ternary system has not been determined, but infor-
mation on the binary sides of the ternary system is
available from previous work [6, 7, 8].

2. Experimental Procedure

The glasses were made in 500-g melts from batch
materials of sufficient purity to satisfy the require-
ments for optical glass. The melts were made in
platinum crucibles and stirred with a platinum—10
percent-rhodium stirrer. The melts were cast in the
form of blocks approximately 3 by 3 by % in. The
details of the melting procedure are given in previous
publications [9, 10]. The sag point [1 1] of each glass
was used to establish an annealing temperature from
which the glasses were cooled at 2%° C' per hr to
350° C.

The liquidus temperature of each glass was de-
termined by a temperature gradient method [12].

Refractive indices were determined on polished
samples of the glasses in the form of 60° prisms for
the C, D, F, and G’ lines by the NBS Optical In-
str umvm Section.

The densities of the glasses were determined by
the method described by Glaze, Young, and Finn
[13].

The glasses were not analyzed. The compositions
in table 1 are all calculated from batch.

3. Resulis

3.1. Glass-Forming Area of the Na,O-TiO,-SiO,
System

The compositions of the melts are given in table 1
and are plotted in the triangular diagram of ficure 1.
Binary sodium silicate melts were made cont aining
from 15 to 40 mole percent of Na,O. The glass
containing 15 mole percent of Na,O devitrified during
annealing and the other binary glasses developed a
hazy appearance. The haziness of the annealed
elasses increased with increasing SiO, content.  Due
to their hygroscopic nature none of the binary
glasses could be polished in a water medium. This
was also true of glasses containing 5 mole percent
of TiO, and 25 or more mole percent of Na,O. All
the other ternary glasses contalmng 35 or more mole
percent of Na,O could be polished in a water medium
but did not maintain a polished surface for more than
a few weeks time.



See footnote at end of table.
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Tasre 1. Ternary Na,O-Ti0,-Si0, compositions
Melt SiOg np Lquidus Primary Remarks
temperature| phase !
Mole 7%, S
8 | oo | ao__ | 2335 | o ___ Devitrified in anneal.
80 1105 Hygroscopic—could not polish.
75 789 Do.
70 Do.
66. 7 Do.
65 Do.
60 Do.
80 >1220 A Seedy.
75 994 A Do.
70 | 1.5318 | 49.7 | 2512 | ________ B Seedy, hygroscopic.
65 798 B Hygroscopic—could not polish.
60 Do.
55 Do.
50 Devitrified in anneal.
80 Seedy—prism gave poor_imagery.
77.5
75
72.5
70 Striae.
67.5
65 Hygroscopic.
62. 5 Do.
60 Hygroscopic, striated.
57.5 Hygroscopic.
55 Do.
50 Hygroscopic—could not polish.
45 Hygroscopic—surface devitrification.
40 Devitrified in mold.
N O S S [ Do.
75 A
E1925._____ 75 >1260 A Striated.
E1987_ 725 | 1.5936 | 37.3 | 2565 | ________ | -_______ Do.
E1926_ 70 1099 A Do.
E1988_ 67.5 1024 A
65 845 D
62.5 | 1.6015 | 384 | 2655 | ________ | ________
60 883 D
57.5 765 D
55 840 E Hygroscopic.
50 905 E Do.
45 925 C Do.
40 1005 © Hygroscopic—devitrified.
66. 7 1016 A Striated.
60 | 1.618 | 364 | 2.692 | ________ | —_______
70 | 16257 | 3l.4 | 2570 | ________ Index prism gave poor imagery.
67.5
65
62. 5 Striated.
60
57.5
55
50
47.5 | 1633 | 347 | 2752 | ________ | ... Hygroscopic.
45 938 E Do.
40 906 E Do.
85 | oo | e | i | el Devitrified in mold.
[ R — R >1275 Contained devitrification.
60 1. 6817 A 1185
57.5 1. 6842 29. 1110
55 1. 6837 29. 1034
52.5 1. 6817 30. 990
50 1.6783 30. 921
47.5 1. 6755 30.8 | 2811 | ________ | _o_____
45 1. 6739 30. 922 E .
_______ 40 1. 6709 30. 955 E Hygroscopic.
(i R ISR (U IR (R, Devitrified.
55 1.7249 >1280F i n e nas
52.5 1. 7267 1198 Fy
50 1. 7255 1106 Fi
47.5 1.7228 1042 Fi
45 1.7184 985 F
42.5 1.7145 | 279 | 2.873 | o __ | oo
40 1. 7109 920 E
37.5 1.7072 | 2.3 | 2.871 | o | oo
35 1. 7061 959 E Hygroscopie.
,,,,,,, 30 RS 908 E Devitrified in mold.
_______ 33.3 1.7304 970 E
....... 45 IR 1178 R Devitrified in mold.
4.5 1O7643 IR O4T TSS90 8 N B A st
40 1. 7595 1038 Fi
37.5 1.7530 | 25.5 | 2.93¢ | ________ | -
35 1. 7496 960 F1
32.5 TS74370 I 5 (O NN D 020 [ S s e
_______ 30 1.7413 952 E Striated-hygroscopie.




TasrLe 1. Ternary Na,O-TiO,-Si0, compositions—Continued
Melt NaxO TiO: Si02 no v p Lquidus Primary Remarks
temperature| phase !
Mole 9, Mole %, Mole % |

20 40 e | s Fi Devitrified in mold.

22.5 40 376 | oo | - 2,98 | ________ | ..

25 40 35 23.2 2. 995 Fi Devitrified streaks in glass.

30 40 30 23.9 2.988 Fy Stones.

35 40 b1 T (R [ F Devitrified in mold.

25 45 2 {1 I I F Devitrified in mold.

30 45 b2 T I S I, F: Do.

25 50 25 N | RSSO | ISR | I Devitrified in mold.

1 Primary phases: /

COMPOUND
STABLE COLORLESS GLASS
HYGROSCOPIC COLORLESS GLASS
STABLE AMBER GLASS
STABLE YELLOW GLASS
HYGROSCOPIC YELLOW GLASS
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Ficure 1. Glass-forming area of the Na,O-Ti0,-Si0, system

Primary fieldsare: A, Si02' B, Na;0-28i0z* C, Nax0+Si0z" E, Nax0-TiO2-SiOs*
D, F; and F;, unidentified.

All of the ternary glasses containing 5 mole

percent and some containing 10 and 15 percent of
TiO, were practically colorless except when viewed
edgewise. The remainder of the ternary glasses
were either amber or yellow in color. As the
Na,0/SiO, ratio is increased, the amount of color
in the glasses decreases rapidly, so that glasses are
obtained whose color compares favorably with PbO
glasses having comparable optical properties. The
composition ranges of the hygroscopic, amber, and
yellow glasses are indicated in figure 1.

3.2. Liquidus Temperatures

The liquidus temperatures of many of the glasses
are given in table 1 and plotted in figure 2. The
letters under the curves indicate the primary phases
at the liquidus. The letters, A, B, C, and E stand for
Si0,, Na,0-2510,, Na,0-S10,, and Na,0-Ti0,-Si0,,
respectively. The compositions of the primary
phases designated D, F;, and F, were not determined.
The approximate composition ranges of the primary
fields are indicated, insofar as they are known, in
figure 1. A region designated F; is located adjacent
to the D and F; primary fields. The approximate
boundaries of this field, if it is a primary field, are
not known. In the F, field adjacent to the D field

=8i03; B=N2a3Si20;5; C=Na3Si03; D=Unknown; E=Na;0-Ti02-Si02; F1=Unknown; Fs=TUnknown.
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Freure 2. Liquidus temperatures of glasses in five series of

Na,O-Ti0,-Si0, glasses

Primary phases present at the liquidus are: A, SiOs* B, Na;0-28i0y* C, Na,O-
Si0y E, Na;0-Ti0;-8i02* D, F¥; and F; were not identified.

the crystals appearing at the liquidus and from
20 to 50 degrees below the liquidus, are too small
to permit the determination of their properties by
microscopic means. At lower temperatures phase
D is observed, but it is believed that the submicro-
scopic erystals are not phase D. Adjacent to the
phase I, field crystals with the same appearance and
properties with the exception of refractive indices
as phase F;, were observed.

The properties of the crystals from phases D, E,
and F, are:

Phase D. Composition unknown. Thick rods
with high birefringence, 7,,x about 1.70 and 7y,
about 1.60.

Phase E.  Composition believed to be Na,O-TiO,-
Si0,.  Rod-shaped crystals with low birefringence,
parallel extinction, negative elongation. 7y, about
1.77 and 7, about 1.73.

Phase ¥;.  Composition unknown. Needle-shaped
crystals with moderate birefringence, parallel ex-
tinction, positive elongation, 7,,x about 2.00, and
Nmin below 2.00.

3.3. Refractive Indices and Dispersions

Glasses were obtained with refractive indices from
1.5184 to 1.8005 and nu values ? from 51.5 to 23.2.

3 Nu value, », is defined as:

np—1
y= 5
nrp—nc
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The refractive indices of the glasses are plotted in
figure 3. The lines connect glasses containing equal
moles of TiO,. No simple relation is readily evident
between refractive indices and increase in Na,O
content of the glasses.

The nu values of the glasses are plotted in figure 4.
As in the case of the refractive index curves of
figure 3, the nu value curves change slope and direc-
tion as the TiO, content of the glasses is increased.
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Ficure 3. Refractive indices of the Na,O-Ti0,-Si0; glasses.
- Glasses which contained striae are identified by X and hygroscopic¥glasses
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Fiaure 4. Nu values of the Na,O-Ti0,-Si0; glasses.

Glasses which contained striae are identified by X and hygroscopic glasses

by O.
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In figure 5, the optical properties of typical optical
flint glasses [14] and some of the Na,O-Ti0,-Si0,
glasses are compared. All of the curves for the exper-
imental glasses seem to parallel each other. The
glasses containing 25 and 30 mole percent of Na,O
all plot on the same line. Typical optical flint glasses
with refractive indices above 1.605 have lower dis-
persions (higher nu values) than the Na,O-TiO,-
Si0, glasses with corresponding refractive indices.
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TYPICAL OPTICAL FLINTS
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1.500 ! ! ! . : :
20 25 20 35 40 45 50 55
NU VALUE,
Ficure 5. Refractive indices versus nu values of NayO-
TiOy-Si0, and typical optical flint glasses.

The numbers 15, 20, 25, and 30 indicate the mole percent of Na;O in the
Na;0-Ti0:-Si0; glasses plotted on the respective curves.

3.4. Densities

The densities of the glasses containing TiO, are
considerably lower than for PbO glasses with the
same indices of refraction. The density of the TiO,
glasses range from 2.42 to 3.00 while the density of
the PbO glasses cover the range of 3.0 to 5.0. For
this reason the less dense TiO, glasses may be of
interest in applications where weight is a factor of
prime importance.

The densities of the glasses are plotted in figure 6.
There is a definite increase in density from series to
series as Ti0, 1s increased. As Na,O is increased in
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Densities of Na,O-T10,-Si0; glasses.

Hygroscopic glasses are indicated by 3.

Ficure 6.

each series of constant TiO, content, the density of
the glasses containing less than 30 mole percent of
TiO, increase. However, the amount of change in
density per unit change in composition is not
constant. An exception to this observation is the
hygroscopic glasses containing 20 mole percent of
Ti0,, but the values of density of these glasses may
be affected by absorbed moisture.

3.5. Spectral Transmittances

The spectral transmittances of the glasses contain-
ing 25 mole percent of TiO, are plotted in figure 7.
The ultraviolet absorption edge shifts toward the
visible with increase in Si0, content. The sharpness
of the absorption edge decreases with increase in
color. In figure 8 the spectral transmittances of the
glasses containing 25 mole percent of Na,O are
plotted. The absorption edge shifts to longer wave-
lengths with increase in TiO, content of the glasses.
In the case of two glasses with visible yellow color the
absorption edge not only shifts with increase in
Ti0,, but it is not as sharp as for the colorless glasses.
This is also evident in figure 9 where the sharpness
of the absorption edge decreases with increase in
color of the glass. The glasses are listed in figures
7, 8, and 9 in the order of increasing visible color.*
TiItis recognized that some of the glass color may be due to the presence of
impurities such as iron or platinum. The iron contents of the batch materials,
calculated as Fe:03 are: sand, 0.006 percent; soda ash, 0.001 percent; and TiOg,
0.001 to 0.01 percent. The amount of platinum would depend on the corrosive-

ness of the individual melts on the platinum crucible, and no data is available.
The heat treatment of the glasses is another factor which could atfect the color.
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4. Summary

The glass-forming region of the Na,O-Ti0.,-Si0,
system was surveyed. Glasses were made with
refractive indices from 1.5184 to 1.8005, nu values
from 51.5 to 23.2, and densities from 2.42 to 3.00.
The glasses have considerably lower densities than
PbO glasses with comparable optical properties.
Over a limited composition range the color of TiO,
glasses compares favorably with that of PhO glasses
of comparable optical properties.
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