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Properties of Barium Titanium Silicate Glasses ™
Given W. Cleek and Edgar H. Hamilton

The

refractive index, ip, nn va

forming region of the BallTiO-8[0. systemy has boen delormiined. The
%ue, liquidus terapetature, and transmittances in the near Infrared

have been messured.  Alae medsured for representative glasees were lingar ceeffivient of
thermal exprnsion, defarmation temperaturs, chemical durshillly, and hygroseopielly.
A number of stable glasses were Jound, which have high refraclive indices, good infrared
traudmittanced, and high defopmation temperatures, and which are unigue in their resistence

to attack by hoth acids and alkalis.
1. Introduction

The develepment of infrared detecting deviees has
crented B demand for glasses for their construction.
Many of these davices operate in the near infrared
at the wavelengthe of the so-called stmospheric
windows, where atmospheric transmittance is high.
Tha windows for which glasses are being developed
are those st wavelengths of roughly 2.0 to 2.4 and
3.5 to 6.0 g

The requirements for the glazses include high
tronsmitience at the wavelengths of interest, and
good chemical durahbility. In addition, for refracting
optics, glasses having lngh refractive indices over the
range of about 1.80 to 2,00, and & range of dispersions
for each index, are needed. By0, and PoOy are not
desirable As copstituentz of infrarcd transmitting

ses, a3 they ceause rather sirong absorption bands
e;,rond wavelengtha of about 275 u [L].F The
silicate glasses, m eral, do not transmit bevond
zhout 5§ g, prezsumably dua to the 5i-0 hond, which
abaorhs at 4.45 p [2]. Germanate plasses transinit
to about 6 u (1], but GeQy 13 & scarce and expensive
matorinl =0 that it 3= not readily available as a
conatituant of glass. Another %mup of oxide glasses,
which contain o so-called “plass former,” are the
celeium aluminate plasses [1], which slso transmit
to ahout & u. They require very high melting
term tures, devitrify easily, and have poor ehermi-
cal umbi]ilzﬁr.

Mest high-index glasses presently available are
either extra-dense flint glasses, which Leve & lu
Fb{) content, or rare-earth borate glasses [3]. The
extra-densa flint elaszez have fairly good infrered
transmittances, cutting off, as do most silicate glasses,
at about 5 p. They have high refractive indices,
but their chetmical durability is poor. The B,
vontent of most rare-earth glasses makes them useless
for infrared applications.

Upon consideration of the above factors, it was
flecided that silicate glaszas appear to oifer the best

gibilities for general vse if other components
could be found to impsart the desired properties to
the glazses. A =system on which little information
was available, but which appesred promising from
the point of view of high refractive index and good
mfrarcd trensmittance if glass-forming compositions
could be found, was the ternary aU—‘FiUg—SiO,
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gywtenmi. The phase equilibrium disgram has oot
been determined, but information iz availeble on
the binary sides of the tern gystem [4, 5, 6).
Rase and lv‘k),'," have determined the hauidue tem%era-
tures and phe=o relations along the line Ba0.Ti0,-
3i(); in the ternary dingrom [7]. This information
was very useful in selecting compositions i the
grna,r;,r gyatermn that could be melted and cooled a=
nEzes,

2. Experimental Procedure

The %lnsses. were made iy 500-g melts {rom batch
materials of aufficient purity to satisfy the require-
menta for the production of optical glass. The
standard procedure was to melt the batches in plati-
num crucibles, 2% n. in digmcter by 3 in. deep.
After the bateh was melted, the melt was stirred
for 2 hr with 8 motor-driven platinuwm—10-percent-
rhodium  double-bladed propeller-type sticrer. It
was then pourced into a heated metal mold to form: a
block about ¥ in. thick. When sufficiently rigid, the
Jaza block was transferred to an electric muille
urnace, which was cobled to roem temperatura in
approximately 18 hr. Onoly those compositions that.
comld be melted below 1,500 C and in which no
appreciable devitrification occurred duoring eocling
were considered to produce glasses. These experi-
mental conditions were used to define the plass-
forming region of the system, and no attempt wes
made to ar%-e the ragion by melting at higher tem-
peratures of by cooling the melta mors rapidly to
avold devitrificalion.

A softening temperature for each glass was deter-
mined by a gradient method [8]. A fibar of glass,
0.4 to 0.6 mmn in diameter, was supported at approxi-
mately %in. immtervals en & platinum holder and
pleced in a known temperature ient for 20 to 30
min. From the position at which the fiber sagped
between supports, the softening temperature could
be determined to £10 deg C. The softening tem-
perature, so determined for these glasses, was found
to be from 40 to 60 deg T above the deformation
point as determined by the interferometric thermal-
expsaneion method [9]. Using thizs information, the
glasses were anoealed by heating for 4 10 6 hr st &
temporature about 60 ! helow their =oftening
temperature and then cooling at a rate of 2% deigfhr
to 350° C. It is believed that this treatinent yielded
glasses of comparable annealing, masmuch as the
temperature at which equilibrium was obtained would
be s funetion of the composition and rate of cooliog.
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The hiquidus temperature of each plass was deter-
mined by & temperature-gradient method [10].
Eefractive-index determinations were made on
polizhed anoealed samples of the Eglnmes in the form
of 807 prisms for the {!, D, and F linea by the NBS
tieal Imstruments Section. The spectral irens-
muttances of the plasses were determined from 1.0 to
6.0 u by the NB3 Radigmetry Section, with 2 model
21 J‘{m la-beam Parkin-Elmer infrared spectrometar.
The ehemical durability of the plasses was deter-
mined by an interferometric method developed by
Hubbard and Hamilton [13]. Cloth-polished sam-
ples wore immersad about one-half their lengths in
selutions buffered to the desived values of pH.  After
6 hr of exposure ut 20°  the samples wore removed
from the solutions and viewad through an optical flat
with menochromatic light., Any shift in the inter-

ference bands as they pass from the nnexposed o the
cxpo=ad portion of 8 sample iz proportional to the
smount ¢f attack by the buffered solution and is,
therefore, & measurs of the chemical durability of the

B,

Tha linear thermel sxpansions and the deformation
temparatures of saveral of the glasaes were determined
by an interferometric method described by Saunders
191.

3. Resulis

3.1. Glaxs-Forming Area of the BaC-TiO-Si0,
System

The compositions of all melts made in the aystem
are given in table 1 and are plotted m the ternary
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diegram in figure 1. As may be seen from the figure,
the longest BaQ) isoplath along which glasses are
formed 18 the 25 mole percent BaQr line,  Although

lasgez are not formed on thiz line to the BaO-5i(),

INEry, ﬁl\fss formation bagins at about 20 mole per-
cent of Ti0; and extends to relatively high coneen-
trations of TiQh. This line of glass formation seems
to follow 2 valley in the liquidus surface, a5 may be
seen from table 1.

The coler of the glasses changed very markedly as
the TiQ. content was increasaﬁ? Those containing
up to ahout 15 mole percent of Ti0., were nearly
colorless, wheress those containing intermediate
amounts, from 20 to 35 mola percent of TiO,, were
orange colorad, nnd the othars having above 40 mole
Fe-rcent of Ti0; were dark brown to black. Evident-

, &8 the Ti(); content is inereased, the absarption
incraases al the shorter wavelengths in the vigible
region, snd at higher Ti0, concentrations very little
vigible hight is tran=mitted.

3.2, Liguidus Temperature

The liquidus temperaturs for cach composition is
given in tsble 1. It will be noticed from the table
that In no casc was & glass formed from & composition
that had a liquidus temperature greater then 1,400°
C. The lowest liquidus temperatures were found
along the Z5-mole-percent Bal isopleth, which is
also the longest line of plass formation in the EYBLCmmL,
Furthermore, the shape of the liquidus ecurve of the
25-mole-percent Ba) zeries in the areas of best glass
formation is relatively flat, indicsting a high degree
of dissociation of the primary phase at the liquidus
temperature [12]. Prebably, the ease of glasa
formation is related to the degree of dissociation of
the primary phase in the melt. because a similar
observation was made for the Ba-B,0,510,
glasses |8]. In the latter system, the glasses whose
eompogitions lie in the 3%?0'3B90r2 i}, primary
field, which hae a flat Jiguidus curve, were the ones
that were molted and homogenized with the least
difficulty and had the least tendency to devitrify.

3.3. Bafractive Indices and Diapersions

The refractive indices, ny, sod » values are plotted
in figure 2 for the three BaQd izopleths along which
lassrs were obtmined. The valuea of #, varied
rom 1.63139 to 187098, and » from 40.9 to 253,
The refractive-index wvalues appear to he linear
functiema of composition. The plots of the » values
definitaly show curvature.

3.4. Infrared Transmiftonces

Figures 3 to 9, inclusive, give the transmiitsnces
for 2-mm thicknesses of the ternary glasses over the
gpectral range 1 to 5 g The figures compare glesses
of constant Ti(}, content. In general, the glasses
giving the highest tronsmitiance at 4 u le on the
20-mole-percent BaO isopleth up to 8 Ty, concen-
tration of 25 mole percont, then the compositions

shift to tho 25-mole-percent Ba( isopleth, There
are congiderable differences in the tcansmitiances of
the wvarious glassea, but no simple relstionship
be!;&vean transmittance and composition is resdily
erident.

3.5. Chemical Durability and Hygroscopicity

The values of chemical durahility of five represen-
tative ternary glasses are given in table 2 and are
plotted as & function of pH in fi 10, All velues
are for 6 br of exposure at 80° C.  As may be seen
from the figure, the glass containing 60 mole percent
of Bi0), is attacked in the alkaline ranga, As Si0 is
replaced by Ti0,, the attack in this range iz de-
ereased, and n]thﬂut.%.h slight attack or swelling is
ooticed at pH 2, the plasses containing 20 mole
percent, and more, of Ti); show no attack in the
alkaline range.

The kL gmscopicit.{ 3], or the tendeney of a
powderad-glass sample to absorh water in & humid
stmeaphere, was vory low for the samples of the
ternary glasees on which deierminations were made,
The values obtained were, in all coses, equal or less
than fused silica, which was used for purposes of
comparison, These data are given t.aubﬁ 2 and
plotted in figure 11. :

The resistance of thear glasses to chemical attack
and theie low hygroscopicity make them unique as
compsared to known oxide glasses.
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3.56. Tharmal Expansion and Defsymation

Temparatures

The linear coefficient of thermal expansion has heen
determined for only three representative ternar
glasses, The values obteined wera 9 or 10X1073,
which ig near the values of most commercinl roda-
lime-silica glazses, The deformation temperatures

-ara somewhat higher then the usual values for silicate

elagses. The expansion curves for the three glasses
are plotted in Ggare 12, The defgrmation tempera-
tures vacied from 767° C for %l}nss F35, containing 10
mele pareent of TiQy, to 791° C for glasa F138, having
30 mole percent of 'fiD,,
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4, Summary

The glass-forming region of the BaO-Ti0.-Si(0), sys-
tem has been determined. The liquidus temyperaiure,
refractive indices and dispersions, and infrared trans-
mittances of the glasses have been messured. The
chemicol durability and hygroscopicity, and linear
thermal expension of selected glasses have been deter-
mined, Cilasges in this systemn are unigqne a= com-
parail to most glasses in that they have a high defor-
mation temperature, axceptional chemical durability,
and very low hyproscopicity,
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