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ABSTRACT

This report is a summary of glass research undertaken
during a five year period (1967-72) under the sponsorship
of the Advanced Research Projects Agency. Research areas
which are reviewed include structure of glasses, synthesis
and preparation of glasses, electronic structure of silica,
ultraviolet spectra of silicate glasses, electron spin
resonance in borate glasses, structural and electrical
properties of chalcogenide glasses and ion bombardment
effects on the strength of glass.
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FOREWORD

1n asking ARPA to help initiate a major program of

glass study at NRL in 1966, it was pointed out that "the
challenging scientific questions involved in the structure
ol glass and the tremendous technological potential of

| glassy materials justify a greatly increased national level
of research effort on non-periodic solids...Glass has an
enormous range of properties, which can he combincd and
varied 21lmost at will; moreover it can be fabricated in
virtually any size or shape and formed to any degree of
precision that may be desired... Within the past decade or
two a transformation has begun on the traditional view of
glass as a fragile and brittle material, useful primarily
because of its transparency and chemical inertness. Re-
search on the chemistry and physics of glass has shown that
an astonishing variety of electronic, chemical, and physical
changes can be initiated and controlled to produce materials
with a wide variety of interesting properties--photo-
sensitivity, luminescence, electronic conductivity, and
even flexibility... The full potential of glass is a long
way from being realized, progress is far slower than in the
field of crystalline materials; this is due, in part, to
the relatively small number of organizations and individuals

engaged in research on non-periodic solids".

ARPA support of this proposal permitted the Laboratory
to mount a substantial research effort on the relationship
of the optical and spectroscopic properties of inorganic
oxide-based glasses to their composition and structure., A
comprehensive approach to these problems was undertaken
with a research team that included synthetic inorganic and
analytical chemists, and experimental and theoretical
physicists--all of whom had been thoroughly familiar with
basic concepts derived from studies of color centers and
luminescence of crystalline solids, among them ultra-high

-

purity preparation and careful characterization of samples.

This report summarizes most of the results of the six
year ARPA-sponsored research program, which began with the
demonstration that the near-ultraviolet absorption of
ordinary silicate glasses was an extrinsic phenomenon due

to alliovalent impurities, principally iron. These studies
have been extended to other problems ot the glassy state

iii




year by year, and have culminated in the recent finding

that silica (and perhaps all other) glass is much more

ordered than has generally been believed, and that this

glass consists of micro-crystalline regions of at least
20A in dimensions having the trydimite structure. 1In be-

r tween these investigations lay many that shed light on the
spectroscopy of oxide glasses, on their radiation-sensi-
tivity and the radiation-induced centers produced in them,
on their mechanical properties, and on the structure and
electrical properties of chalcogenide glasses.

The reports by others in 1969 of switching and memory
effects in chalcogenide glasses touched off feverish
interest in the glassy state of matter by technologists
and theoretical physicists alike--confirming NRL's
assessment of the scientific challenges and technical
promise of the glassy state. Glass and glassy-state
phenomena are now recognized by the broad scientists
community as challenging scientific problems, and research
on these subjects is much more widespread and sophisticated.
We are grateful for ARPA's support in the days when this
had not yet come to pass.

J. H. SCHULMAN
Deputy Director of Research
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EFFECTS OF IMPURITIES AND SYNTHESIS ATMOSPHERE

UPON THE OPTICAL PROPERTIES OF SOME GLASSES
R. J. Ginther and R. D. Kirk

ABSTRACT

The effect of impurities upon the ultraviolet absorp-
tion of silicate glasses has been investigated. Differ-
ences in ultraviolet absorption ot soda-silica glass as a
function of the melting atmosphere are shown to be due to
a valence change of iron impurity. In samples of low iron
content not exhibiting this difference, other absorbing
impurities have been identified from their luminescence
properties. Copper and sulfur are shown to produce yellow
luminescence in glass melted in reducing atmospheres. and
Pt4+ has been identitied as the source of red luminescence
in plass melted in air in platinum crucibles. The study of
nlatinum crucible corrc¢sion by glass has been extended to
laser glasses. Corrosion is shown to be a function of both
the melting atmosphere and the glass composition and a new
laser glass has been developed which is particularly resis-
tant to platinum contamination. Preliminary results of the
develcpment of colorless, devitrification-resistant alumi-
nate glasses are presented.

INTRODUCTION

Oxide type glasses have useful transmission in the
wavelength range of about 180 nm to about 5:m. Their high
softeaing temperatures, structural strength, and rclative
ease of fabrication in suitable sizes and shapes make them
preferred materials for many applications. For the short-
est wavelengths of this range, fused silica alone is
employed, but its very high melting temperature with
attendant high fabrication cost and size limitations favors
the use of more complex glasses of lower melting tempera-
ture whenever possible. The latter materials generally
exhibit a short wavelength absorption edge near 320 nm.
While a significant portion or the poorer transmission of
the complex glasses is caused by absorption due to non-
bridging oxygen ions introduced by the alkali and alkaline
earth ions used as fluxes or glass modifiers (1), impurity
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ions also contribute to the increased absorption. In the
infrared region the transmission of silicate glasses gen-
erally does not extend beyond about 4 pm because of a
vibrational absorption of the silica component. The use

of either germanium oxide or alumina as the glass former

in place of silica extends the useful transmission to
around 5 um. However. in oxide glasses the presence of
hydroxyl groups produces the OH absorption band at about

3 um. The influence of other common impurities upon trans-
mission in this wavelength range does not seem to have been
reported.

—

Fused silica having good transmission at wavelengths
shorter than about 200 nm is a very pure material, but com-
plex glasses are generally much less pure. For applications
of the latter materials which require a high purity such as
ultraviolet transmitting glasses, glass fibers for optical
communications, scintillaters, dosimeters, and lasers, pure
gzlass synthesis is complicated by the necessity of obtaining
a relatively large number of pure raw materials, most of
which are not as readily purified as is silica. Conse-
quently, whenever possible, studies of the role of impuri-
ties upon the optical properties of glass are made with a
simple model glass such as soda-silica in order to simplify
preparation problems, However, in the development of opti-
: cal glasses for practical applications more complex glasses
are required in order to obtain ortimum properties and
insure chemical durability. In the latter case the severe
raw material purification problem cannot be avoided. and
the preparations obtained are seldom as pure as those orf
the model glass.

M —S—" —
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Impurities can be introduced into glass preparations
from the melting atmosphere and crucible as well as from
the raw materials. Platinum is the most inert crucible
material for silicate glasses. but melts made in such cru-
cibles can be contaminated not only by platinum, but by
impurities in the crucible such as iron and copper. Un-
purified air atmosphercs are a further source of contami-
nation. Copper is reported tc be a common contaminant
from air (2), and water vapor in air is of concern in the
preparation of infrared transmitting glasses. Another
source of contamination in glass synthesis is impurities
evolved from hot furnace ceramics. Contamination from hot
ceramics can be minimized by using a locally heated system
such as a cold wall induction furnace which employs the
platinum melting crucible as a susceptor. Such a furnace
also permits a choice of melting atmospheres. Its disad-
vantage is a crucible temperature which is generally higher
than the temperature needed to melt the glass, a system
which favors glass contamination by the crucible.




The detection and determination of trace impurities
responsible for deleterious absorption in glass is a formi-
dable problem. In a succeeding section it will be shown
that Fe3+ and Cut in the fractional ppm range affect the
ultraviolet absorption of sode-silica glass, and the toler-
able levels for contaminants such as Cu, Fe, Ni, Cr, and Co
in glass fiber optical waveguides have been set in the
0.05 - 0.002 ppm range (2). Methods for trace element
determination in glass have been reviewed (3) and include
colorimetric chemical analysis, emission and spark source
mass spectrometry, electron spin resonance, and nuclear
activation analysis. A general qualitative analysis by any
method is seldom useful for the identification of impurities
in the range of interest. A more successful procedure is
to make an assumption that a particular ion is the source
of an unwanted optical property, based usually on available
information derived from the properties of glasses heavily
doped with that ion, to set up a sensitive method for its
determination, and to compare the optical properties of the
#lass of interest with a series of pure glasses doped with
low concentrations of the suspected impurity.

In the following sections work related to the synthesis
of pure glasses and the identification of the optical prop-
erties due to trace impurities are reviewed. Interest in
pure glasses originated in an earlier program of the devel-
opment of glass scintillators (4). In this work melting in
a reducing atmosphere was required in order to maintain a
cerium activator as the Ce3+ ion, and a superior ultra-
violet transmission of the undoped base glass was noted
when melting was conducted in the reducing atmosphere
rather than in air. In later work with a thermolumines-
cent dosimeter glass the same improvement in transmission
of the base glass was obtained as a function of the mel .ing
atmosphere, and best thermoluminescent response of the
doped glass was found with reducing atmosphere melts even
though the glass, a terbium activated lithium alumino-
silicate, had no deliberately added components whose valence
would be affected by the melting atmosphere (5). These
observations were the occasions for the study of the effect
of melting atmospheres on a socd .-silica glass and the
identification of the impurities responsible for its atmos-
phere dependent properties. The identification of platinum
as one of these impurities combined with the known ability
of platinum particles to damage laser glass led to a study
of the platinum contamination of this material and the
development of an essentially platinum-free lazer glass.
The final section reports some results of a present program
concerned with aluminate glasses. These glasses are of
interest for their transmission in the 3-5 um region, and
because they exhibit a particularly severe probiem of




platinum contamination.

. SODA-SILICA GLASSES

)

The difference in the ultraviolet transmission of glass
as a function of the melting atmosphere noted previously
has been observed by others and two explantions have been
proposed. Hensler (6) suggested that excess oxygen in the
form of peroxide and superoxide ions produced by melting
in oxidizing atmospheres ccontributes an absorption in the
ultraviolet. An alternate explanation is that the differ-
ence may be connected with the oxidation state of metallic
impurities (7). This is based on the fact that both the
positions and extinction coefficients of transition metal
ion absorptions are determined by their valence states.

A clear choice between these explantions had not been pos-
sible since available preparations had not been of suffi-

cient purity to establish the intrinsic absorption spectrum
of the glass. Accordingly the study of the optical proper-
ties of a pure 1.0 NagO - 3.0 SiO9p glass has been made (8).

Samples were prepared by melting hoth in air and
reducing atmospheres. The raw materials used were recry-
stallized reagent grade NagCOg and SiO2 prepared by the
hydrolysis of ethylorthosilicate, The iron contents of
most preparations of these materials were in the range of
0.5 ppm by wt. as determined by colorimetric analysis.

Both undoped glasses and glasses doped with from 1.0 - 1000
ppm of iron were melted under both oxidizing and reducing
conditions in platinum crucibles and their absorption spec-
tra measured. Ferric ion content of the doped glasses was
determined from EPR measurements, and the Fe3* content of
the undoped air melted glass was obtained from both the EPR
and optical absorption spectra. Further experimental
details are contained in Ref. (8).

Figures 1 and 2 illustrate the absorption spectra of
the glasses melted in air and in the reducing atmosphere.
Stronger absorption in the air melted glasses is evident,
even in the undoped samples. _Iron absorption in the air
melted glasses is due to a Fe3* band peaking at about 225
nm. The absorption in the glasses melted in the reducing
atmosphere is from both Fe2+ and Fe3*+ ions. From EPR data
it was possible to determine the Fe3* content of the
reduced glasses and obtain the molar extinction coefficients
for both Fe2+ and Fe3+ ions. By subtracting the Fe3+ con-
tribution from the absorption spectra of the reduced glasses
and the base glass contributions from the spectra of the
tlasses mcited in both atmospheres, the absorption of both
Fe2* and Fe3* ions and their molar extinction coefficients
were obtained as shown in Fig. 3 The optical absorption
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and EPR data employed in obtaining the above results are in
Table 1. 1

Both EPR and absorption data indicated a Fe3 content
of about 6 ppm in the undoped air melted glass despite the
fact that the iron content cf the raw materials predicted
a nuch lower concentration. A much purer air melted sample
was obtained from carefully prepared raw materials which
were subsequently handted very carefully in blending and
then melted only one hour in a cold wall induction furnace.
Iron could not be detected in this glass by either optical
absorption, EPR, or with a spark source mass spectrograph
operated with an iron background of 0.2 ppm. The absorp-
tion spectrum of this sample together with the spectra of
earlier air melted glass and glass melted in the reducing
atmosphere are shown in Fig. 4. The absorption of the air
melted and reduced glasses are identical.

The above results indicate (hat the ultraviolet ab-
scrption of pure soda-silica glass is independent of the
melting atmosphere and that previously measured differences
can be attributed to a variation of the valence state of
impurities. While a number of transition metal ions might
be expected to produce an absorption variaticn as a func-
tion of melting atmosphere if present in sufficient con-
centration, iron appears to be the only impurity encountered
which produced a measurable absorption difference.

The above cbservation is based on transmission meas-
urements of samples of up to a few millimeters in thick-
ness. However, in evelu the purest samples, the presence
of other absorbing ions was demonstrated by a very weak
luminescence under ultraviolet light. The identity of the
impurities resp nsible for this luminescence has been
revealed by comparing the optical properties of the pure
samples with those of samples deliberately doped with ions
suspected to be the luminescence sources (9).

Fig. 5 shows the emission spectra of soda-silica glass
melted both in air ard in a reducing atmosphere. The red
luminescence in the air melted sample is due to platinum.
[t was obtained with only samples melted in platinum cru-
cibles or with glasses melted in ceramic crucibles with
deliberate platinum doping. Luminescence in glass due to
platinum had been reported previously (10). but the valence
state of the platinum icn had not been determined. The
points superimposed on the spectrum of the air melted glass
represent the emission of a preparation of KoPtClg. the
luminescence of which was first repcrted by Douglas et. al.
(11). The exact coincidence of the spectra leads to the
conclusion that the red luminescence of the glass is due
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and EPR data employerd in obtaining the above results are in
Table I.

Both EPR and absorption data indicated a Fe3* content
of about 6 ppm in the uncdoped air melted glass despite the
fact that the iron content of the raw materials predicted
a nuch lower concentration. A much purer air melted sampnle
was obtained from carefully preparea raw materials which
were subsequently handled very carefully in blending and
then melted only one hour in a cold wall induction furnace.
Iron could not be det2cted in this glass by either optical
absorption, EPR, or with a spark source mass spectrograph
operated with an iron background of 0.2 ppm. The absorp-
tion spectrum of this sample together with the spectra of
earlier air melted glass and glass melted in the reducing
atmosphere are shown in Fig. 4. The absorption of the air
melted and reducea glasses are identical.

The above results indicate that the ultraviolet ab-
scrption of pvre soda-silica glass is independent of the
melting atmosphere and that previously measured differences
can be attributed to a variation of the valence state of
imprities. While a number of transition metal ions might
be expected to produce an absorption variation as a func-
tion of melting atmosphere if present in sufficient con-
centration, iron appears to be the only impurity encountered
which produced a measurable absorption difference.

The above observation is based on transmission meas-
urements of samples of up to a few millimeters in thick-
ness. However, in even the purest samples, the presence
of other absorbing ions was demonstrated by a very weak
luminescence under ultraviolet light. The identity of the
impurities responsible for this luminescence has been
revealed by comparing the optical properties of the pure
samples with those of samples deliberately doped with ions
suspected to be the luminescence sources (9).

Fig. 5 shows the emission spectra of soda-silica glass
melted both in air and in a reducing atmosphere. The red
luminescence in the air melted sample is due to platinum.
It was obtained with only samples melted in platinum cru-
cibles or with glasses melted in ceramic crucibles with
deliberate platinum doping. Luminescence in glass due to
platinum had been reported previously (10), but the valence
state of the platinum ion had not been determined. The
points superimposed on the spectrum of the air melted glass
represent the emission of a preparation of KoPtCle . the
luminescence of which was first reported by Douglas et. al.
(11). The exact coincidence of the spectra leads to the
conclusion that the red luminescence of the glass is due




to the Pt% jon.

The contaminant suspected as the source of the yellow
luminescence of the glass melted under reducing conditions
was copper. Copper doped samples were found to have simi-
lar emission spectra, but the spectra were broad and had no
unique features which would make an identification based on
this property alone convincing. Copper doped samples melted
in reducing atmospheres were more efficient than those melted
in air, demonstrating that the luminescent activator was the
Cu* ion in agreement with the work of Karapetyan (12). Fur-
ther corroboration of the ro'e of the Cut ion as an activa-
tor of the yellow luminescence of the undoped glass was
obtained from the excitation spectra of Fig. 6.

The main excitation of the undoped glass and of the
samples doped with up to 10~ 9 Cu is in a band which is still
increasing at 240 nm. the wavelength limit of the measuring |
equipment (9). This confirms the identification of copper
as a source of the yellow luminescence. but the small peak
at 285 nm is not due to copper, and the shift of the main
excitation peak to shorter wavelengths with the higher
copper concentrations was unexpected.

The shift of the excitation peak and the saturation of
the emission intensity with increasing copper content shown
in Fig. 6 are due to the presence of Cu“" ions. This was
determined from the ahsorption spectra cf Figs. 7 and 8.

[n the air melted glass, Cu“" ion is seen to produce an
absorption with a peak at about 235 nim. and this peak is
present in the spectra of the glasses meited in the reduc-
ing atmosphere whose copper concentrations are those of the
sagfxes exhibiting the shift of the excitation peak. The
Cu ion absorbs the shorter wavelength ultraviolet in the
excitation measurement without producing iluminescence,
rendering the longer wavelengths relatively more effective
in exciting the glass and producinrg a shift «f the measgred
peak. The ultraviolet absorption spectra Qf cut ang cu<t
lons are remarkably similar to those of Fe and Fe ions,
suggesting that the absorbing centers are similar complex
species involving ions of the matrix glass.

The copper content of the ndoped glass was obtained
rom determinations made with culorimetry, mass spectro-
praphic analysis, and from electron spin resonance which
detec.s on Cu%* ions. Results are shown in Table II. The
higher copper content of the air melted glass is believed
to be due to greater contamination suffered in the melting
process. Copper contamination of glass meits from impuri-
ties in platinum crucibles was found to be more severe in
oxidizing than in reducing atmospheres.

{
]




The impurity responsible for the 285 nm excitation
peak proved to be sulfur. Sulfur doping of sodg-silica
glass produced a yellow luminescence, and the excitation
spectra of Fig. 9 clearly show the 285 nm excitation peak
to be a function of sulfur concentration. Preparation
conditions, doping with sodium sulfate and melting in a
reducing, atmosphere, suggests that the luminescent center
is the S~ ion. This ion has not been previously reported
as an activator of luminescence. The Sé ion is known as
a luminescent activator of both glass and crystaic (13),
but this ion produces a very different emission spectrun
and requires a much higher doping level in glass than the
concentration which would be present in the rather pure
soda-silica samples.

A limited amount of work with more complex alkali,
alkaline earth silicate and aluminosilicate glasses demon-
strated the copper and platinum contamination of these
materials as well. When melted in a reducing atmosphere
the undoped alkali, alkaline earth silicates luminesced
yellow and the aluminosilicates blue. [I»th these emissions
were from copper impurities. A luminescence due to sulfur
was not found. Air melting all these glasses in Elatinum
crucibles produced the red luminescence of the Pt ion.
Subsequent remelting of air melted samples in a reducing
atmosphere produced gray glasses containing metallic plati-
num particles, suggesting that reduction of dissolved ionic
platinum can be a source of metallic platinum particles in
laser and other optical glasses.

LASER GLASSES

While platinum is widely used as a container material
in glass melting, it is recognized that this practice can
result in contamination of the glass by platinum particles
(14). These platinum particles have been found to have a
destructive effect in the Q-switched operation of laser
glass, and extensive programs for the production of plati-
num-free laser glass have been pursued (15). It has been
shown that the most important contaminating mechanism is
tile atmospheric oxidation of the platinum crucible followed
by a vapor phase transport and reduction of the platinum
oxide to produce platinum particles in the melt (15). In
addition the reversible solution and reprecipitation of
platinum particles in a glass melt has been reported (16) .

Laser glass s currently melted in rlatinum in a
nitrogen atmosphere, and available inspe:tion techniques
cannot detect platinum particles in this product. How-
ever, this glass has been found to contain from 2-5 ppm of
platinum. Undoubtedly the most of this platinum is present
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‘ as PtO, dissolved in the glass and is innocuous in laser

i operation. Analytical procedures are not able to distin-
guish between oxidized and metallic platinum in glass, so
that the pseparation of material with a much lower total
platinum ccutent would provide greater assurance of the ab-
sence of damaging platinum particles. The work described
in the last section showed that air melting of soda-silica
rlass produced aissolved platinum with attendant lumines-
cence, but that melting in a reducing atmosphere did not.
Moreover, mass spe~trograpbic analysis. sensitive to 50 ppb
of platinum was unable to detect this element in bulk por-
tions of the glass melted in the reducing atmosphere.
Accordingly the application of this melting technique to

} laser glass has been pursued (17).

Samples of commercial-type aluminosilicate and barium
crown glasses were melted in nonoxidizing atmospheres in
the cold wall induction furnace, and while the inner or
bulk portions were platinum free, the surfaces were contam-
inated with deposits of bright lacy platinum consistent with
the reported appearance of platinum contamination resulting
from the crucible oxidation mechanism (15). The melts were
not stirred, but in a production process these deposits
would be stirred into the glass to produce damaging parti-
cles. While such deposits hacd not been noticed on soda -
silica glass, careful examination of this material revealed
Similar platinum contamination. The results of melting the
laser glasses are shown in Table III.

The lesser contamination of !he barium crown glass as
compared to the aluminosilicate indicated an effect of the
#lass composition, and this effect was corroborated by sub-
sequent work with an alkali-free aluminosilicate and with
soda~silica glass. The results are shown in Table IV. This
table indicates that the simple elimination of alkali will
not provide a solution to the contamination problem, but
that contamination can probably be avoided by maintaining
a high ratio of silica to alkaline components ii the glass
can be melted at 1400°C. liowever, the 1°5 and 1:6 soda -
silica glasses did not produce uniform glass at ecven the
1500°C melting temperature.

The lacy nature of the platinum deposits combined with
their dependence upon the glass composition and melting
temperature suggests that the contaminating mechanism is
the oxidation process, but that oxygen can be contributed
to the atmosphere by dissociable volatile components ol the
£lass melt. 1In the glasses prepared these components are
the alkali and alkaline earth oxides whose relative volatil-
ity and stability are associated with the melting and boil-
ing points and free energies of formation shown in Tables V




and VI. The available data suggested “hat increasing volu-
tility and decreasing stability of vapor are in the order
(MgO + Ca0O), SrO, Ba0O, Li,O, Na,0, K,O0. This order plus the
importance of the total concentration of alkaline components
learned from the soda-silica glasses permits an interpre-
tation of the contamination oir the complex laser glasses.
The composition of these glasses and the ratio of the alka-
line to the acidic components are shown in Table VII. While
the aluminosilicate glasses contain desirable alkaline com-
ponents, the ratio of alkaline to acidic materials is very
high. The barium crown glass has a much more favorable
ratio, but employs more volatile and less stable alkaline
compounds. Potassium is probably particularly harmful.

Work with the soda-silica glasses suggested that con-
tamination could be minimized in a glass having an alkalire
to acidic compgnent ratio of 1-5 if this glass could be
melted at 1400°C. The development of 2 laser glass of this
ratio therefore was undertaken with the assumption that such
a glass would require a relatively large number of compo-
nents in order to achieve the low melting temperacure. Syn-
thesis was restricted to the use of those alkali and alka-
line earth compounds expected to be least volatile and most
stable and proceeded with the compesitions of Table VIII.

In giass number 1, the ratio of total alkali oxide to
alkaline earth oxide was chosen as 1:4 in the expectation
that a low melting point would be favored by a high pro-
portion of alkali oxide. The known tendency of lithium
silicate glasses toward devitrification led to a4 choice of
the proportions 1 Li,O0 - 3 Na,O. The proportions 1 MgOQO -

2 Ca0 is that of an €utectic Detween these materials, which
might be of assistance in minimizing the melting temperature.
The Al O3 content of 1.0% is typical of silicate crown
zlassef.3 This glass melted at 1400°C, appeared platinum-
free, but had a few undissolved seeds and many bubbles. In-
creasing its alumina content to that of glass number 2
eliminated the seeds, but not the bubbles. Providing the
calcium as calcium fluoride, a common fining agent, greatly
reduced the bubble content, and glass number 3 is believed
to be a practical composition. Introduction of dopant ions
such as cerium and neodymium to produce laser glass present-
ed no additional problems.

A comparison of the platinum contamination of this
lass with that of the aluminosilicate and barium crown
type laser glasses made under the same conditions are shown
in Table IX. The aluminosilicate and barium crown composi-
tions are those of Table VII, the Resistant glass is number
3 from Table VIII, and Resistant D is the same glass doped

with 0.1% Ce203 and 0.5% Nd203. The surface platinum
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concentration is in micrograms collected from a surface

area of about 10 cm2, Volume or bulk platinum is in parts
per million by wt. No platinum was detected in any bulk
sample. The sensitivity of the heutron activation technique
is lower for bulk samples of calciunm containing glasses than
for barium crown. Surtace platinum vas detected on the re-
sistant glass only with the mass spectrograph and at a level
very close to the sensitivity limit of this instrument.

The new Composition provides an improvement in platinum
contamination resistance of ga factor of 50-500. All glasses
were prepared by a brocess which very likely maximizes
platinum contamination. The sma.ll sample size, about 20 g.,
provides a high ratio of exposed platinum surface to the
volume of the melt, and the induction heating technique
heats this surface to a higher temperature than that of the
melt. The production of larger batches in 4 resistance
heated furnace should lead to even less contamination,

ALUMINATE GLASSES

Glasses derived from calcium aluminate are known to
transmit in the 3-5 micron range and to have the high melt-
ing characteristics and high strengih of Silicate glasses
which do not transmit beyone 4 microns, Hovever, aluminates
re difficult to sSynthesize because oi devitrification pro-
blems, suffer severe platinum contamination which restricts
at least their visible and ultraviolet transmission, and in
common with silicate glasses usually have a Strong absorp-
tion near 3 microns due to OH ions, The elimination of
this OH 1o absorption by remelting {he gFlass in vacuum in
Braphite crucibles has been reporied (18). 50 the 3c¢lution
of the devitrification and platinun corrosion oroblems would

be expected to lead to more useful infrared transmitting
Elass.

Florence et al. (19) nave shown that among the most
devitrification resistant aluminate glasses are those which
contain components such as MgO, Bao. BeO, La 03, PhO, GeO2
or SiO, in addition to Ca0 and A1.0 , but thgt'in all but
the Sia containing glasses devitfi?ication is a severe
problem“even with samples that are rapidly quenched by cast-
ing from the melt. TIncorporation of 67 SiO? eliminated
devitrification. but reduced the infrared transmission be -
yond 4 microns. BeQ also improved devitrification resis-
tance but adversely affected transmission. Some complex
glasses containing GeO2 were also prepared, but the ability
of GeO, to prevent devIitrification was not mentioned. The
use of“alkalis and Fe.O in prevention of devitrification
has also been reportea ?20), but elements such as alkalis,

i0




Fe, Pb, and Ge cannot be used in glasses to be remelted in
vacuum in graphite crucibles. Florence also noted that
aluminate glasses were colored amber to brown due to melting
in platinum (19).

In a current exploration of the properties ¢f aluminate
glasses, more devitrification resistant compositions have
hbeen obtained, and the color due to platinum has been
eliminated. Twenty gram samples of aluminate glasses have
been melted in platinum crucibles in several atmospheres
and allowed to cool in the melting crucibles. Of previously
reported compositions containing MgO, BaO, CaO, Al1,0,.

Ge0,, 3i0,, La20 ., only those containing SiO, failed“"to ex-
hibTit severe crygtallization. A new molar composition 6.8%
‘g0, 53.7% Ca0O, 7.9% BaO and 31.6% Al,0, proved superior to
any previously reported for the MgO. Eaa, BaO, Al1,0, system.
\ compos:tion 8.6% MgO, 49.2% CaO, 6.7% BaO, 29.1% %1,0

and 6.4% Si0O, was completely devitrification resistan% gs
expected, and a germanium analog containing GeO, instead

of Si0O, was nearly equally good. A new composi%ion con-
taining 9.2% MgO, 48.0% CaO, 7.7% BaO, 32.4% A120 and 2.7%
Y O3 was about as good as the germanium glass., "The infra-
rgd absorption of the GeO2 and Y203 containing glasses are
yet to be determined.

Melting in nounoxidizing atmospheres produced colorless
rlasses with the above four compositions. A comparison of
the transmission of the MgO, Ca0O, BaO, Al,0., glass melted
in air with that of a sample melted in a %eaucing atmos -
phere is shown in Fig. 10. The poorer transmission of the
air melted sample in the visibie and ultraviolet is due to
dissolved platinum, the absorption in both glasses at 3
microns is from the OH band. The reason for the poorer
transmission of the air melted glass at the longest wave-
length is not known, The reduction of the OH band by the
reducing atmosphere melting was greater than expected since
the atmosphere used was not the dryest obtainable in the
cold wall furnace. It is possible that further improve-
ments in the atmosphere control could eliminate the OH
hand and the necessity for remelting in graphite crucibles
in vacuum.

The earlier work with laser glasses provided compo-
sitional guidelines for the preparation of platinum-free
gylass. A ratio of alkaline to acidic components of about
1:5 was found useful. Such a ratio cannot be achieved in
the aluminate glasses since the glass foirming region is
limited to compositions near a 1:1 ratio. In most samples
ol aluminate glass prepared by melting in nonoxidizing at-
mospheres, metallic platinum contamination was observed by

11




inspection with a low power microscope. While in silicate
glasses pla‘inum deposits were found only on the surfaces of
glass nelts, in aluminate glasses crystals of platinum were
observed in interior portions as well Some observations

on the platinum contamination as a function of the melting
atmosphere are shown in Table X. The formation of these
platinum deposits was found to be independent of the pre-
sence of silicon, germanium, or yttrium., except that no
germanium containing samples were melted in atmospheres con-
taining CO.

The brown and yellow colcrs are due to dissolved plati-
num. With only a high purity argon atmosphere was platinum
contamination not observed. However, in light of the fact
that the aluminate glass c¢nomposiiions are not considered
favorable for platinum contamination resistance, the effec-
tiveness of the argon atmosphere awaits confirmation by
sensitive chemical analyses.

SUMMARY

Work on the synthesis of pure glasses and the determi-
nation of the effects of impurities upon the optical prop-
erties of some glasses has been reviewed. The near ultra-
violet absorption of silicate glasses has been shown to be
due to impurities, particulai iy iron, and iron has been
demonstrated as the source of the variation of the ultra-
violet absorption of these glasses as a function of melting
atmosphere. Copper, sulfur, and nlaticum has been identi-
fied as absorbing impurities from luminescence studies.
Platinum contamination from glass melting crucibles has
been fouind to be a function of both the glass composition
and meiting atmosphere, and a new nearly platinum-free
laser glass has been developed. New compositions and
melting procedures have been obtained for infrared trans-
mitting aluminate glasses which are resistant to both
devitrification and platinum contamination.
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TABLE 1

Correlation of Optical Absorption and
Electron Spin Resonance Intensity in
Iron-Doped 1.0 Na20 - 3.0 8102 Glasses

Iron Doping Melting Optical Normalized
Level (ppm) Atmosphere Absorption* Electron Spin
Coefficient Resonance** '
at 225 nm Intensity at
(em=1) (1 mm g = 4,28 due
thickness) to Fe3+
|
0 Air 4.9 5.9
10 Air 13.2 15.0
100 Air 93.0 105
1000 Air 920 1000
0 Reducing 0.0 0.0
10 Reducing 3:1 1.1
100 Reducing 14.0 4.0
1000 Reducing 82.0 14.)

* Optical background level taken as that of an undoped
glass melted in a reducing atmosphere with negligible
iron absorption. Wavelength of 225 nm corresponds to
center of Fe3+ absorption band.

x* EPR intensity normaiized to ppm of FeSt at 1000 ppm.
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TABLE II

Copper Content of Undoped Glass

Analytical Air Melted Glass Melted
Method Glass in Reducing Atmosphere
EPR 2 x 107
Colorimeter 1.5+ 0.2 X 10°° 0.5 + 0.1 X 107°

6

Mass Spectrograph 0.4 X 10~
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TABLE V

l Melting and Boiling Points of Alkali and

Alkaline Earth Oxides

Compound Melting Point °Kk Boiling Point °Kk
Li,0 2000
Na,0 1190 < 2500
K,0 (980)
MgO 3173
* Ca0 2873 3800
Sro 2703
Ba0 2196 3000

19




'I"lll'lIIIlllllIlllllllllllllll-'lI-.llll-I-'l---""-""""""‘“

]
TABLE VI
¥ree Energy Change for Reaction
R+%02ﬂRO
or 2R+%02~R20
i o
| “ompound AP T o
(Calories, 15007K)
[ KZO - 15,400
. NaZO - 36,600
> '[,120 - 89,500
| BaO - 99,000
Sro - 106,000
[ MgO - 101,700
Ca0 - 114,500
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