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Transmittance of Near Infrared Energy by
Binary Glesses'?

By Jack M. Florence, Francis W. Glaze, Clarence H. Hahner, and Ralph Stair

A study has been made of the trenemittance of nesr infrared energy by & number of

binery glasses.

Of the pystema studied, the tithia-silics and lead oxide-gilies, were found to

hawve the highesl transmittanes of enargy in the range of wavelengihs from 3.0 te 5.0 microna.
The transmittenee of lithis-silica is compared with that of the other alkali-gilica glesses.
Values of tranzmittance are glven for lead allicate glasses of higher lead eontent than heve

Leen previously reported in the literature,

I. Introduction

Puhblished dats concerning the relation beiwecn
the transmittance of infrared energy and the com-

position of glasses have been limited to a relatively

few investigations. A compilation of these mives-
tigations is piven by Eitel, Pirani, and Scheel [1)?
in Mastechnische Tabellen, which was published in
1932, Sinco that date, Gerlovin [2] hae prblished
a study of borate, silicate, and phosphate glasses:
a study of glasses incorporating rare earth and
other cxides has been published by Stair and
Faick [3). The majority of these studies are
concerned with the absorption bande of complex
glagzes. In this paper only data on experimental
binary glasses arc considered.

II. Preparation of the Glasses

The glassea that were made for this work were
melted in platioum  crucibles of 150- to 300-g
capacity. The hatch matariale veed were of the
higheat commercial purity as used in the masufac-
ture of oplical plass, and no special processes were
used to purify the materials before use. The anly
heavy metal that was present a3 an impurity in
sufficieni quantities to have any possible effect on
the transmitiance wos iron.  The following quan-
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tities a8 Fe.(); were present in the batch materials
used:

Powdered silics (30x}__________ 0.018 percent.
Mg T Loas than 0.0
a0y ... o 0,401 percant.
R, C0s. . IIIIIIIIIIIE De.
- Litharge (PbOY_______________ 0.001 percent.

Tha glasses were malted and fined in & platinum
resistance furnace in about & hr and then poured
into & mold to form e sample about ¥ in. thick.
The samples wera of a quality equivalant to that
of opticel glass. Samples were prepared for
measurement by grinding and polishing inio
plates having plane parallel faces 1 in. squara.

II. Composition of the Glasses

Messurements were made on glasses of lithivm
silicate, sodinm silicste, potassium silicate, and
lead silicate. The lithivm silicate glass had &
composition close to that of lithium roatasilicate
(Li0.2810,). Compositions appreciably differ-
ent from this ratio could not be cooled without
devitrification [4]. The sodivm silicate glasses
contained 21.28 24.79, end 31.02 mole percent of
Na0. The potassium silicate glass contained
20.35 mole percent of KO These glasses, listed
in table 1, are within such ranpes of compositions
that comparisons may be made by moleepercontage
and  weight-percentage compositions  within 3
percent. A stable I0-8i0), glass of 32.41 mole
percent of Ky could not be made for direct
comparizon with the LiO glass. The lead silicate
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glasses mada contained 70.86, 79.%4, and 85.08
_weight percent of P} Potpssium ond lead
silicate [5] glasses beyond these ranges, either
could net be melted and cooled without difficalty

or were not sufficiently resistant to moisture 2o
that a polished sample could be mada for trans-
migsion megsyrements. The compositions of these
glagaes, by chemical anslysis, arc given in table 1.

TapLe 1. Flass compoatiions
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IV. Near Infrared Transmittances 100 ]
The infrared spectra of glasses have wide %0 —T
regions of absorplion and traneparency. The e & '

transmittance for glasses of the same batch com-
position will vary with the thickness of the sample
nnd the presence in the glasa of small amounts of
irnpurities, among which arc iron and nicke!
oxides and water vapor [6]. '

The spectral transmissions were determined
radiometrically by meens of a fluorite prism
mirrer epectrometer, Nernst glower, and 9 vacuum
thermepile. A detsiled deseription of the methoed
is given in previous publications (7, 8, &, 10, 11,
and 12]. These data are given in fipures 1 to 5
withput correction for reflectance.

The simplest glass from the standpoint of
chemical eomposition, though not ense of prepara-
tion, i1z fuscd silica. The teansmission curve for
traneparent tused silica (fig. 1) indicates a high
transmittance to about 3.5u. The  absorption
band et 2.8g ia characteristic of silicate glasses,
but it i3 a mimmum in fused silica. Two addi-
tional abesorption bands are pragent nt the wave-
lengths of 3.7 ond 4.454  The thickness of the
sample was 2 85 mum,

1. Tronemittances of the Alkali-Silica (Glomsas

The transmittances of a represcntative lithinm
eilicete plasg 1 are showm in figure 2 for a sampla
6574 mm thick. This thiclmess of sample gives
a good contrast for the range of wavelengths
from 3.0 to 5.0 u. In figure 3 the transmizsion
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Freure 1. Tranamiltence of infraved energy by fused silica.

Thickikess of Sanphe =2 b5 mm.

eurves of the sodium silicate glaszes 2, 3, and 4
are shown. The highest transmittonce is shown
by glass &, which is near tho composition of the
cuiectic reported by Kracck [13] for the Na0-Si0),
syatem. A comparison of the transmittance of
the lithium siliente glass 1 with that of the
godium silicate glasses 2, 3, and 4, shows thai the
lithium silicate glass has & higher transmittanece
of infrared energy than any of the sodium silicnta
glasses. The potassium silicate glnes 5 12 similar
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F1euse 2 Transmitlonce of infrared energy by a lthium
silicate eaperimental plags.

Thlcknss of glias 1=5. 74 mm.
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Fmure 3. Transmilfonce of infrarved energy by sedinm
sflicare experimenial glaszen,

Thickenets of plass 2w, 21 mby; 21668 3md B mom; end gles 4=4.07 ™mm.
&, Glaxs 3 O, glaas 3; A, ghass &,

to the sodivmn silicate glasaes in the transmittance
of infrared energy, as shown in figure 4. Potas-
sium silicate glass 5 is equivalent to the sodium
silicate glass 2 on a mole percentage basis.
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Frour®e 4. Tranemittance of tnfrared energy by polossium
atlicate pinaa.

‘Fhizikneas of glass Sw=4.45 mm.
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Froune 5. Traremdllance of enfrared energy by lead sificate

gluszes,

Thlokness of ghng G=400 mn; ghss T=3.2 om; aod plass B=2.El mm.
&, {Hass 6, O, glezs T3 A, zlisd 8,

2, Trapsmittanees of Lead-Silica Glasses

Gerlevin [2] staled that the greatest transmit-
tance in the infrered .spectrum is shown by the
glasees in the silicate systema and, wmong ths
gilicate aystems, by the lead silicates. It was
glao shown that for wavelengths from 4 to § g,
lend silicate glasses have a higher transmittance
than fused silica glass. His report gave the trans-
mittance curve of a lead silicate glass having the
compogition 4Ph0.6510; (71% of lead oxide, 200,
of silica, by woight).
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The experimenisl glassas prepared for our work
contained 70.86 to 88.08 percent by weight of lead
oxile. The transmittance curve for glass 6
shown, in figure 5, is similar to that published by
Gerlovin, Glesses 7 and § contain more lead
oxide than any glasa reported by Gerlovin, It is
evident thet incresasing the lead oxide content
above 70.86 percent decreases the percentage of
trapsmittanca up to the 2.8-u absorption band,
but increnses the tramsmittence for wavelengths
from 3.25 to about 5.0 ;.

V. Summary

The transmittance of infrared energy by lithium,
sodium, potassium, and lead eilicate glasses has
been measured for wavelengths of 0.7 0 5 u
It was found that glasses containing lithia-silica
gave & greater transmittance of infrared energy
" than the glasaes of either soda-silica or potash-
silica systems.

Increasing the percentage of lead oxide in a
lead silicate glass does not increase the transmit-
{ance of infrared energy for all wavalengtha.

A glasz of the composition 71 percent of PhQ,
29 pereent of 5i0;, will give the maximom trans-
mittance of infrared energy in the range of wave-
lengths from .8 t¢ aboul 2.7 &

Increasing the quantity of lead oxide above 71

percent inereases the transmiitance of infrared
energy in the range of wavelengths from 3.25 to
about 5.0 x, but lowers the transmittance in
the range from 0.8 to 2.7 .

The authors thank Mrs. Helen Pool and J. J.
Diamond for their cooperation in making the
measurements of trensmittances and the chemical
analyses, respectively.
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