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SPACE PROCESSING OF CHALCOGENIDE GLASSES

1.0 INTRODUCTION

The purpose of this program was to investigate space pro-
cessing of chalcogenide glasses. This report summarizes the
results of this three year effort. Chalcogenide glasses are
good infrared transmitters and have good strength, corrosion
resistance, and scale-up potential. For these reasons, chal-
cogenide glasses are considered as potential candidate materials
for use as laser windows and infrared fiber optics for transmit-
ting a laser beam through a flexible probe. For fiber optics,
is has previously been demonstrated that high quality chalcogenide
fiber optics could not be processed due to limitations related
to the presence of the l-g earth environment.

The disadvantage of (earth-produced) chalcogenide glasses
is that their infrared absorption is unacceptably high relative
to alkali halides, the currently used material for 10.6 um laser
applications. IITRI believes that this limitation of earth-
produced chalcogenide is due to optical nonhomogeneities result-
ing from environmental and container contamination. Processing
the glass in space should improve the infrared-transmission of
chalcogenide glasses. The containerless, weightless nature of
space processing should eliminate: 1) optical inhomogeneities
caused by thermal currents and density fluctuations in the l-g
earth environment; 2) contamination from the earth melting
crucible by oxygen and other elements deleterious to ir-transmis-
sion; and 3) heterogeneous nucleation at the earth melting crucible-
glass interface.

The overall objective of IITRI's current program is to
determine the manner in which the weightless, containerless nature
of in-space processing can be successfully utilized to improve the
quality of infrared transmitting chalcogenide glasses. This pro-
gram is an effort to develop the technique of space processing
chalcogenide glass, and define the process and equipment necessary

11T RESEARCH INSTITUTE
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to do so. These goals are accomplished by a series of earth-
bound (l-g) processing experiments with ASZS3 and G288b128e60
glasses. Incorporated into these experiments is the use of an
acoustic levitation device that will eventually be utilized in
the 107%
tainerless processing.

g space environment to achieve position-controlled con-

11T RESF~RCH INSTITUTE
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2.0 CONCEPTS OF SPACE PROCESSING

It is necessary to briefly describe some of the concepts
being used in this program. The main idea is to take advantage
of the near zero 'g'" environment of space to reduce foreign
material contact with the melt by containerless melting, and to
eliminate the thermal currents in the melt. It is the defects
caused by earth environmencal manufacture that causes the glass
to overheat in local areas and fracture when exposed to large
amounts of infrared radiation. Also, smaller amounts of radia-
tion, although not sufficient to cause thermal fracture, will

have distorted wave forms and thus degrade the value of the signal.

Therefore, these imperfections must be eliminated.

This program is designed to demonstrate the feasibility of
various techniques, processes, and equipment that will be utilized
to manufacture chalcogenide glasses in space. Optimum methods,
techniques and equipment are defined through evaluation of
amorphous character, purity, and homogeneity parameters at var-
ious stages of the glass forming process (i.e., from the raw mate-
rial stage through the melt-quenching stage). The aim of this
work ls not only to determine optimum preparation techniques, but
also to provide guidelines for the design of the actual melting
experiment in space, and optimization of the exact chalcogenide
composition to be included in the space experiments. The program,
therefore, represents the initial phase of an overall systematic
effort to insure a high probability of success for the space ea-
periment.

To accomplish the intended improvement in chalcogenide
quality, the high-temperature process for making the glass has to
be carried on in space at zero 'g'" where the weightless container-

less conditions can be obtained. The preparation for compounding and

the final treatment of the material for an optical element <an be
done on earth without reducing the quality of the space-processed
material.
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3.0 EARTH PROCESSING VS. SPACE PROCESSING OF CHALCOGENIDE
GLASSES

The earth-bound production of chalcogenide glasses involves
a five step process: 1) the elemental precursor powders are
placed in a silica ampoule, 2) the ampoule is evacuated and
sealed, 3) the temperature is slowly i -«reased to the reaction
temperature to form the compounded liquid, 4) the ampoule is
rocked back and forth for periods up to 48 hours to homogenize
the liquid, and 5) the liquid is quenched to form a glass.

The rocking of the ampoule and the resulting mixing of
the liquid is necessary to overcome the micro-inhcmogeneities
resulting from thermal currents and density fluctuations that
are due to the presence of the earth's l-g gravity field. How-
ever, these gravity related phencmena are never complriely elim-
inated by this method. Furthermore, this prolonged contact with
the crucible material contaminates the chalcogenide with ppm
levels of oxygen and other elements deleterious to ir-transmission
at a wavelength of 10.6u.

By going to space to process chalcogenide glasses, both
of these problems, thermal currents/density fluctuations and
contaminatinn, will be el’minated. The compounding and quenching
aspects of the process can be performed in the absence of gravity,
eliminating thermal convection. The zero gravity condition pro-
vides for the possibility of containerless processing, which will
eliminate the contaminztion effects of the earth melting crucible.
Thus, the weightless, containerless aspects of space manufacture
has the potential for producing an improved ir-transmitting chal-
cogenide for use as a large diameter 10.6u window.

11T RESEARCH INSTITUTE
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4.0 RESEARCH PROGRAM SUMMARY

Two chalcogenide glass systems were investigated in this
program, A8253 and Ge288b128e60. Aszs3, arsenic trisulfide,
is a well-characterized system that is considered standard in

OO U R AR PRI T 0

many respects. Ge288b125e60 glasses are currently the best ir-
transmitting chalcogenides available.

4.1 Aszs3 Experiments

The A5233 system allowed considerable experience to he
gained about the processing of ir-transmitting cnalcogenides as
well as the nature of the necessary constraints of the in-space
experiments. The objective was to develop and evaluate specific
techniques, processes, and equipment that are used to a) mix the
chalcogenide precursor materials, b) form a homogeneous pellet

that can be taken to space for high tempe-ature processing, and
c) melt and quench the pellet to form the chalcogenide glass.
The idea is to provide firm guidelines for the design of actual
in-space experiment.

vy, S
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The purpose of the blending phaze of the program was to

u afm’v«f St

determine the optimum method of preparing a homogeneously mixed
precursor powder batch on earth with minimum contamination.
Liquid slurry and dry powder methods were investigated. The
compounding portion of the program formed a large portion of the

IR

first phase effort. The emphasis hcre was to conduct various
glass-making experiments for the purpose of determining the mech-
anisms of reaction of the precursors. These experiments were
generally conducted on cold pressed precursor pellets without
rocking the furnace. This is the manner in which the actual in-
space melting experiments might eventually be conducted. The
ampoule-rocking that homogenizes the glass in 1-g conditions,

and also contaminates the glass, will not be necessary under 0-g
conditions if suitably pre-mixed precursors are used.

The evaluation stage of the program was conducted at various
points in the chalcogenide glass production schedule. In the
1T RESEARCH INSTITUTE
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first phase, for instance, the ir-transmission characteristics
of various glasses that were produced were measured using an ir
spectrophotometer. Additionally, the low level impurity con-
tent of chalcogenide systems was investigated by the CPAA
(charged particle activation analysis) technique. Light elements
(1 < Z < 20) undergo a variety of resonance reactions when bom-
barded with relatively high energy (0.5 to 2 MeV) charged parti-
cles (protons, deuterons, alphas, tritons, etc., from a Van de
Graaff Accelerator). Given the bombarding charged particle and
its energy, the emitted gamma radiation is characteristic of the
target element. With proper calibration, a messurement of the
gamma-ray energies and intensities provides a quantitative meas-
urement of the elements present in the sample subjected to
charged particle bombardmen*. Figure 1 illustrates the results
of the use of this technique to determine the oxygen content of
two chalcogenides. The relative peak heights shown for the cases
of 100 ppm oxygen and 5 ppm oxygen illustrates the sensitivity
level of this instrument.

A large portion of our first phase effort was spent in
preparation for sounding rocket flights. This effort was not
a part of the original program plan, but evolved during the course
of the first year's work. Short term sounding rocket flights
could be used for many preliminary space processing experiments.
This approach would provide a relatively inexpensive way ot
learning of and solving many of the engineering type problems
associated with space flight - e.g., effect of actual weightless
conditions, effect of actual vibratory, spinning and acceleration
(and deceleration) forces on the equipment/experiment, effect of
instrumentation on telemetry, etc. To facilitate the processing
of chalcogenide glasses under the time constraint of only six to
seven minutes of low-g condition in a rocket fliglt, a new pre-
cursor processing technique was conceptualized - hot pressing to
form a partially reacted body. Initial work in this area entailed
investigations on the proper time-temperature-pressure schedules

1T RESEARCH INSTITUTE
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to be employed in hot pressing. This concept was not pursued
further, however. The increased contamination that resulted
from the hot pressing would negate any benefits to be derived
from a short rocket flight,

4.2 Ge288b128e60 Experiments

In the second phase of this program, the more complex
Ge288b128e60 system was studied. This system is equivalent
to Texas Instrument's TI-1173 glass and is generally consid-
ered to be the best produced on earth. It is anticipated that
a glass exhibiting ir-transmission properties better than TI-1173
will eventually be produced in space. For these reasons, TI-1173
glass was chosen as a control standard providing bench-mark data
for comparative purposes. The specifics of the processing of
this glass are generally pronrietary to TI, thus many of the
details of the proper temperature-time schedules were developed
on the current program. After achieving glass quality comparable
to TI-1173, the following additional areas were investigated:
1) purification of precursors, 2) use of gettering agents, and
3) adaptation to processing in inert atmosphere.

4.3 Acoustic Levitation

The final phase of our work involved acoustic levitation.

One of the major potential advantages of space for materials pro-
cessing is that critical stages of the process can be accomplished
without the presence of a containment vessel. The containerless
aspect of space will be accomplished with the aid of levitation/
position control devices that are currently under development for
NASA. One such device is the Intersonics, Inc. Acoustic Levitator.
This device was supplied GFE to IITRI for use on this program. A
cooperative effort was undertaken with Intersonics to work acoustic
levitation into the earth-bound chalcogenide processing experimental
package. The purpose of this investigation was to investigate all
of the aspects of levitation art and science and chalcogenide glass
art and science to insure a high probability of success for future

space processing missions. Various initial acoustic levitation
11T RESEARCH INSTITUTE
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experiments were conducted. These experiments mainly entailed
the levels of stability and control obtainable with this device.
Basel on this work, recommendations were made to NASA and Inter-
sonics on improvements necessary for this device.

The following sections detail the results obtained in the
areas discussed above.

I1tT RESEARCH INSTITUTE
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5.0 RESULTS AND DISCUSSION

The following sections discuss the results of the exper-
imental work with ASZSS and Ge288b12$e60. Detailed information
about the sample batches referred to in the text is continued
in the accompanying tables.

5.1 ASZS3 Experiments

The concept investigated here is that the benefits to be
derived from the weightless, containerless conditions of space
involve only the high temperature process. In the l-g rocking
ampoule method it is believed that much of the contamination
results from the lorg duration, high temperature contact of the
low viscosity liquid with the silica container. The following
sections deal with the feasibility of pressing the batch powders
into a homogeneously mixed pellet while on earth, and then
compounding the glass in space.

5.1.1 ASZS3 Precursor Preparation Methods

The objective of the powder preparation phase of the pro-
gram was to determine the best earth-bound method of obtaining
a homogeneous mixed precursor powder batch. Mechanical mixing
and liquid slurry mixing methods were investigated. The mechan-
ical method consisted of grinding and dry ball-milling the as-
received powders in the proper ratio. The liquid slurry method
consisted of mixing the powders in an appropriate liquid to prc-
mote uniform particle dispersion, and then evaporating the liquid.

Three organic solvents were selected as the liquid vehicles
for the slurry mixing experiments; acetone [CH3COCH3], benzene
[C6H6], and xylene [C6H4(CH3)2]. The criteria considered in the
selection of candidate liquid vehicles were: 1) low boiling point,
2) fast evaporation rate, and 3) good wetting properties. Acetone
and benzene are well-known solvents having low boiling points
(<100°C) and high evaporation rates. Xylene also has a low boiling
point (100-200°C), but has an evaporation rate slightly lower than

11T RESEARCH INSTITUTE
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acetone or benzene. However, xylene exhibits good wetting
characteristics and serves as an efficient dispersant.

Reagent grade arsenic and sulfur powders were used in
the initial liquid slurry experiments. Two basic types of ex-
periments were conducted. The first involved mixing both powder
precursors simultaneously in a given solvent. The second in-
volved mixing each powder separately in a solvent, and then
mixing the resulting liquid solutions together. In both cases,
the final liquid solution was placed in an ultrasonic bath, and
the liquid vehicle evaporated leaving well-dispersed As + S dry
powder batch.

The homogeneity of the dry As + S batches prepared by the
mechanical and liquid slurry conditions was then qualitatively
assessed by examining the processed batches in an optical micro-
scope. Typical results are shown in Figures 2 and 3. Figure 2
represents a case where the mixing was mechanical and no liquid
vehicle was employed. Note the large particles present which
appear to be large, unmixed individual arsenic and sulfur. Figure
3 represents the case where acetone was used as a liquid vehicle.
Again, a few agglomerates are observed. It is believed that these
lumps are the result of caking due to the evaporation of the
acetone vehicle. Agglomerated particles will not be detrimental
if they exhibit the same homogeneity as the non-agglomerated
portion of the sample.

Charged Particle X-Ray Spectroscopy (CPXS) elemental analy-
sis was then performed on the mechanically mixed and slurry mixed
samples to quantify the degree of homogeneous mixing obtained.

A mechanically mixed batch and a slurry mixed batch were each sub-
divided into four or five parts. Each part was analyzed for
amount of elemental arsenic and sulfur present. The results are
presented in terms of the ratio of the areas under the sulfur and
arsenic peaks. A completely homogeneoi , mix would exhibit iden-
tical sulfur content/arsenic content ratios for all sections of
the sample.

IIT RESEARCH INSTITUTE
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Optical Photomicrograph of As+S
Batch Prepared by a Liquid Slurry

Technique

Figure 3.
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The results of ti..s analysis are presented in Table I,

and show that the slurry-mixed batch exhibits significantly greater
homogeneity and moce uniformly dispersed particles than the mech- -
anically mixed batch. The caked sections of the liquid slurry
mixed batches possessed the same composition as the non-agglom-
erated sections. It can be concluded from these experiments that
for space processing of an initially cold pressed precursor pellet,
chalcogenides exhibiting better ir-transmission characteristics
will be obtained if the precursor powders are prepared on earth

using the liquid slurry method rather than the mechanical mixing
method.

5.1.2 Cold-Pressed Pellet Processing

Initial experiments in the preparation of As233 dealt with
compounding the elemental arsenic and sulfur powders starting from
a cold pressed pellet stage. The object of this was to determine

if starting with a cold pressed batch inhibited the reaction pro-
cess in any manner.

To investigate this the following experiment was conducted.
Starting with reagent grade sulfur powder and -325 mesh, 99.5%
purity arsenic powder, a cold pressed pellet was prepared and
sealed in a silica ampoule. After several attampts to Jetermine
the optimum heating schedule, the following schedule proved suit-
able. The precursor batch was slowly heated (1°C/min) to "120°C
(sulfur M.P.). After a hold period at this temperature, the system
was raised to the 650°C reaction temperature at ~2°C/min, After
a 16 hour hold period at 650°C (with no rocking to homogenize) the
reacted liquid was quenched to form the glass, and subsequently

annealed,

Figure 4 is a photograph of the processed chalcogenide and
ampoule. Note the small amount of sulfur cc lensed on the upper
part of the ampoule. This phenomenon can be accounted for by
dealing with the stoichiometry of the compcunded glass.

[ 4

Figure 5 illustrates the ir-transmittance of As,S4 produced
in this manner (i.e., from 2 cold pressed pellet) as a function of

14
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TABLE 1
CPFXS POWDER BATCH HOMOGENEITY RESULTS

Powder Mixing Method

and Sample Number Ratio of Sulfur Content to Arsenic Content
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Mechanical #1 1.802
Mechanical #2 1.296
Mechanical #3 1.527
Mechanical #4 1.868
Mechanical #5 2,579
Slurry #1 2.189
Slurry #2 2.015
Slurry #3 2.277
Slurry #4 2.373

15



R ————

16

Photograph of Processed Chalcogenide

and Ampoule

Figure 4
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wavelength. Figure 6 illustrates the ir-transmi-:tance of a
commercially available A8233 produced by the rocking ampoule
method. The similarity of the transmission characteristics
of these two samples leads to the conclusion that the cor-
cept of producing chalcogenides trom cold pressed precurso-
pellets is valid.

5.1.3 Possible Use of Sounding Rocket Flights

Having gained some knowledge regarding the mechanisz = of
reaction of chalcogenide precursors, attention was turned to
the constraincs of space manufacture and particularly the con-
straints of NASA's Space Processing Program. Succer ful reaction
of mixed As + S powders via a solid-liquid reaction in a -~ealed
container requires relatively long heating times. This is due
mainly to melting point differences and vapor pressure couasid-
erations for the coastituent elements. Ideally, however, mate-
rials systems that required heating times in minutes rather than
hours are desirable. With such a system, many preliminary space

processing experiments could be performed in sounding rockets.

Although not part of the original scope of work, a prepara-
tion technique was conceptualized for As?_S3 that might reduce the
in-space processing times considerably. This preparation tech-
nique involves hot pressing the precursor powders. The reasoning
proceeds as follows. In a sealed container where arsenic and
sulfur powders are reacted, the melting point disparity (120°C for
sulfur, >600°C for arsenic) dictates that heating is done slowly
so that the solid arsenic can react with the liquid sulfur.

Sulfur is kept in the liquid state by its own vapor pressure above
the melt. Too rapid heating will cause the pressure above the
melt to rise to a level sufficient to fracture the $i0, container
before the arsenic is fully reacted. The general idea of the hot
pressing concept is to provide the pressure necessary to keep the
sulfur molten while still in the low temperature, highly viscous

sample preparation stage (i.e., on earth). This will produce a

1T RESEARCH INSTITUTE

13

g “” Wmmw A M-xr i R Mo S \-«z.»-\»



BT U MYON TNOUYHOMNOD UIWITHIid5d M) ‘ssep bgloy « M TN
1BIOI7WWO) JO 3IJUBRIITWSUBIL PIIeIFul 9 muzwﬁh

U

Tt e s he ms e vt ar e b i - —— o s i+ ——— e

- ‘e | “ ' )\ﬂj - ._.n“u“dmm&nﬁm ) mn )W....ZM\.;\_I.PJ. A

(¥ W]
(7p)
<
I
(e

1

;

AGT 0T ‘Ms°/ JE paled | ve/01/6 31VQ Nz
, K - TE
_ -0 218 spueq m..m‘wnu m Y 4 mm! ........ ALRINd| ™~ TETISIBR TEIOISWDOT
. ' [}
Rt w 2 t
'Y, sse18 Yd11 unyIns ug | e | :t.m - €sloy ms..,qmw
' o <]
- . e 4m.m ...... — - !
T s GNIOTT NISIIO| ™ 1O 0 D34S
SNCUDIW] HIONITIAVM
< - oL A ! o 6 8
. T T T T R o L Lo

. n9°6 ,-:-_:.;.:.

- 750 TS R
ng-¢

spueqg O-SV

...smwvﬁxo oryesay

{07} 2 WNjw s TIWICH I

g "

.,melu -— « - - e ..
R S N & JEDHS RUY SR L PN SN EEUS RE SRS TS B
: S SO LEE MOts  EIE P s LA, i
R N TET NN SAIND WOTIBAQETRY YOOT THTTTIT T Tt ] A
) ENEEEDOY IR FHURE CENN SN NENY SUUSY EETEY EENN AOAN MRS USGE0 DS DUy s a0 S WSS CIURI NDOTH B O N
4 ] TIvrrT . T 4_. “Lﬂ T I .1__ T OOP

00 008 006 000l WD 00S! 0007 000€ 000¥

s M S s MNP e e o ‘ e e S ME W SN a8 A a8 s e

5 “ : . B R . . A
W £ e " ” TN
! , . Do e we g b T e R XA

- . o e M N P co L. .
R I b = PTRPL LU ML SRRSO SN A T B0 T g LA




-

) Wkrﬂwwmwmw s N R I U

opin

g I -~

Al g

WIWTAIES (A pes——— -

g e Dug Sy e Puw ey puw e Pus NS EE W N R W e

P

— a

partially reacted sample that will withstand the forces of
liftoff better than a cold pressed pellet, The final high
temperature reaction to form A8233 will be accomplished in a
relatively short time in space (hopefully minutes instead of
hours), and thus be amenable to preliminary sounding rocket
experiments.

The initial hot pressing experiments were aimed at deter-
mining the feasibility of the hot pressing concept, and to get
a rough idea of the temperature, pressure, and time boundaries
for this concept to be successful. The feasibility of partially
reacting arsenic and sulfur powders by hot pressing was in-
vestigated using the apparatus illustrated schematically in
Figure 7. The precursor powders were contained within the mold/
plunger system. This system was heated with a wire-wound heater,
and inserted into a standard Instron testing machine. The
upper plunger was connected to the upper (movable) Instron cross-
head. The force necessary to deform the plunger was monitored
with a strain gage type load cell,

Several initial hot pressing experiments were conducted.
The variables studied were temperature, pressure, and time,.
Temperatures ranged from 100° to 400°C. Pressures ranged from
500 to 2000 psi. Hot pressing times ranged from 15 to 30 min,
It was found that for temperatures less than 200°C for pressures
ranging from 500 to 2000 psi, the hot pressed product appeared
visually as relatively unreacted powders, similar to the visual
appearance of a cold pressed As + S pellet. For processing temp-
eratures between 250° and 400°C, at any pressure from 500 to 2000
psi, much material was extruded at the upper plunger-mold wall
interface. The extrusion appeared high in sulfur and presumably
was Jdue to the rapid volatilization of the sulfur precursor,

However, at a temperature of 200°C with an applied pressure
of 2000 psi minimum extrusion occurred. A section of the mold-
plunger-sample system is shown in Figure 8. Upon removing and
polishing, the hot pressed sample appeared distinctly metallic,

11T RESEARCH INSTITUTE
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a rough qualitative indication that significant As + S reaction
had occurred.

This sample was submitted for CPAA analysis. The first
result of this analysis was that the arsenic to sulfur ratio
for this hot pressed material was similar to that of a commer-
cially available As2$3 glass analyzed by CPAA. The second result
of the CPAA analysis on the hot pressed As + S sample was that
significant carbon contamnination was present at a depth of a
few microns. This contamination is presumably related to dif-
fusion from the graphite mold employed. To eliminate this
prcblem subsequent hot pressing experiments were conducted in a
stainless steel system.

At this point, an additional variable, time, was added to §
the As + S hot pressing experiments. Following the 200°c, 2000
psi schedule that gave promising results in the initial exper-
iments, additional batches were hot pressed for times up to a
few hours. No apparent differences in these samplec processed ;

for varying times were visually observed.

In order to more quantitatively assess the quality of the
hot pressed samples that visually appeared to have undergone a
significant 2As + 3S ~» ASZS3 reaction, X-ray diffraction analyses
were conducted to indicate the amount of crystallinity present.

B arhd B e

" The precursor arsenic powder is crystalline. Thus a comparison
of X-ray analyses of a mixed As + S powder batch prior to hot
pressing with a hot pressed pellet should provide a qualitative
indication of the degree of chemical reaction obtained by hot
pressing After chemical reaction the arsenic should be relatively
amorphous. Thus, a significant drop in crystallinity should be
observed in the hot pressed samples. This evaluation technique can
be made semi-quantitative, in a comparative sense. For instance,
changes in the hot pressing schedule can be quantified by assign-
ment of a number corre- nnding to, say, the area under the arsenic
peak or the height of the arsenic peak in a diffraction pattern.
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This analysis was applied to the '"best' preliminary hot
pressed sample (200°C, 2000 psi) with results shown in Table II.
This semi-quantitative result indicates that although the initial
hot pressed samples appeared significantly glassy, there re-
mained a substantial amount of unreacted (crystalline) arsenic.
This result indicates that the time-temperature-pressure hot
pressing schedule must be altered in a manner tc promote more
complete reaction.

Further hot pressing experiments were conducted at higher
temperatures and pressures to promote more complete reaction.
These experiments invariably lead to much extrusion of the low
melting sulfur at the upper plunger-mold wall interface. To
circumvent this problem, other time-temperature-pressure schedules
were investigated. For instance, for hot pressing similar mate-
rials with widely different melting points, La Course(l) has
found it convenient to use the following schedule: 1) slowly
raise the temperature to slightly above the lowest M.P. in the
system (120°C for sulfur in our case) with no applied pressure,
2) slowly raise the temperature to the desired pressing tempera-
ture, and 3) apply the desired pressure. Presumably, this
schedule permits the formation of a relatively thick colloidal
solution that will not extrude easily before the arsenic is com-
pletely reacted. Additionally, this schedule provides for better
pressure control as the sulfur volume rapidly increases during

the ring-to-chain structure transformation.

Through these experiments, it has been demonstrated that the
concept of hot pressing the precursor powders to reduce the time
necessary for higher temperature processing appears feasible.
However, much work will be required before a sounding rocket flight.
It is our belief, however, that this work should be de-emphasized
in the future. The most promising route to improve chalcogenide
glasses will be through the utilization of future manned orbital
flights that do not have the constraint of only 6 - 7 minutes of

weightlessness that exists in a Sounding Rocket flight. Sounding
11T RESEARCH INSTITUTE
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TABLE II
X~-RAY ANALYSIS OF VIRGIN AND HOT PRESSED As+S BATCHES

Number Indicating Relative
Sample Height of Arsenic Peak

1. Virgin As+S
Precursor Powder 79
Batch

2, "Best" Preliminary

Hot Pressed Sample 1
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Rocket experimentation will provide valuable engineering-type
information, but it is highly doubtful that an improved chal-
cogenide will be produced in any such flight. It is IITRI's
belief that the 6 - 7 minute time constraint of a Sounding
Rocket flight is much too stringent to permit the production
of improved chalcogenides. More time is needed due to the
melting point differences of the constituent elements. This
problem will be partially eliminated by hot pressing the pre-
cursors, but at the sacrifice of increased contamination.

5.2 GeZSSblzseGO Experiments

The following sections discuss the Ge288b128e60 glass ex-
periments involving: 1) processing parameters, 2) precursor
treatment, 3) high purity glasses, 4) use of gettering agents,
and 5) processing in inert atmosphere.

5.2.1 Processing Parameters of Ge288b128e60 Glass

Studies were conducted to establish the processing paramet
of Ge28Sb1°Se60 glass. In these experiments the glasses were
compounded using reagent grade materials having a purity of 99.

ers

5%.

The reason for using low purity materials initially was to econ-
omically study processing parameters such as reaction temperature

and time, ampoule size, and quantity of the reactants. Thus, i
the initial experiments high infrared transmission of the glass
was not required.

Time and temperature schedules were selected from the pub-
lished data on TI 1173 glasses (References 2 and 3). The liter

n

ature information does not specify a particular cowpounding temperature,

rather a very broad range of temperature. Hence, experiments were

conducted at selected temperatures within the range of 800-925°

The batch compositions were formulated in a glove box fill

C.
ed

with a pure and dry argon gas, and the batch materials were trans-

ferred to a quartz ampoule. The ampoule was evacuated (4.5 x 1
Torr) for 16 hours and then sealed with an oxy-hydrogen torch.

IIT RESEARCH INSTITUTE
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The glass inside the sealed ampoule was melted in a rocking
furnace. The furnace was rocked for various lengths of time
at 800-925°C and the glass was then air quenched. The ampoule
containing the glass was then annealed for twelve ho_-s at
300°C.

These experiments indicated that glasses could not be
compounded at temperatures below 800°C even when soaked for 16
hours. It was also observed that the compounding of Ge288b123e60
glass at higher temperatures (900-925°C) resulted in a surface
reaction with the quartz ampoule as evidenced by adherances of
the annealed glass to the quartz ampoule wall. It was thus
established that the glass should be compounded within a temper-
ature range of 800-900°C, preferably near the lower end of this
region.

Following these preliminary processing studies, experiments
were also conducted to establish the relationship between the
quartz ampoule size and the quantity of the batch material. 1In
earlier experiments with A8233 glasses, it was observed that
during glass melting the ampoule would explode due to high pres-
sure buildup from gaseous arsenic and sulfur components, while
using a 2uU gram batch in a 37 cc ampoule. The initial experi-
ments with Ge285b128e60 has established that the ideal batch size
for a ~ 37 cc ampoule is 15 grams.

Following thcse experiments, various additional compositions
corresponding to GeZSSblZSe60 glass were formulated. The glasses
were made from reagent grade materials using the previously des-
cribed procedure. Annealed glasses were ground and polished and
their infrared transmission was measured to determine the effect
of impure batch constituents. Composition No. 28 had a very
porous structure probably due to insufficient mixing during the
rocking operation. The other two glasses (29 and 30) possessed
the lustrous dark appearance of TI 1173. Transmission character-
istics of these polished glasses wt«.e¢ measured on a Perkin Elmer
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Infrared spectrophotometer and the transmission curves are
presented in Figures 9 and 10.

When studying these transmission curves, it should be
remembered that these glasses were prepared using reagent
grade materials. The erratic pattern in Figure 9 is due to
noise background from the instrument. The noise was dampened i
while running the pattern for Glass No. 30 and Figure 10 pre-
sents a clear pattern. The transmission hump around 8-10 microns
is not observed in TI-11l73, and is probably characteristic of
the impurities in the reagent grade materials.

The experiments described above served to establish the
basic processing parameters of Ge285b12se60 glass using precursor
materials of reagent grade purity. The work described in the
following sections deals with the use of high purity precursors.

5.2.2 Precursor Treatment Experiments

It is common practice to treat precursor materials to
remove surface oxygen. Texas Instruments passes hot hydrogen
gas over the as-received precursor powders. The treatment des-
cribed in this section involves a vacuum distillation technique.

Ultra high purity powdered materials (Ge, Se and Sb all of
purity 99.999%) were procured. Table III presents suppliers'
analyses of the high purity materials. The surface impurities,
primarily surface absorbed oxygen, were removed by vacuum distil-
lation. In this technique the materials were sealed separately
in an evacuated ampoule. The ampoule was then transferred into
a vertical tube furnace, and the lower (metal containing) end
of the tube was heated. The absorbed oxygen was driven off and
collected at the cold upper end of the ampoule. The ampoule
was held overnight at the treatment temperature, which was much
lower than the melting point of the particular material being
treated. For germanium the treatment temperature is 450°C, for
antimony 400°C, and for selenium it is 150°C.
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Table II1 Suppliers'Analyses of the High Purity Materials
Percent

Materi.l Purity Form Supplier

Germanium | 99.999 Powder  Atomergic

Germanium | 99,999 Bar Eagle-Picher Industries, Inc.
Quapaw, Oklahoma

Selenium 99.999 Powder Atomergic

Selenium 99.99 Pellet Kawecki-Berylco Industries
New York, New York

Antimony 99.999 Powder Atomergic

Antimony 99.999 Bar Cominco American, Inc.
Spokane, Washington

1'T RESEARCH INSTITUTE

31

R e * Bareh et e
7. .. s

o S

bt AFRGRAEI B W COn



e et

L e W] e S
SUD S el el b ped pe

P N e R nwg 3

T K Prer o
I aae i - R oy R T S A

rn--.mrﬁmmmmm[

- pog AP ER LR [ X AL U R | v RN i, S B aﬁlﬁ*ﬂﬁ%’

:,,p&; w_‘f fw : :ﬂﬂ-‘:

"u -4

The vacuum distilled materials were transferred into a
dry argon-filled glove box, and a stonichiometric batch composi-
tion corresponding to Ge288b125e60 was formulated. The weighed
batch composition was then put into a clean and dry quart:z
ampoule. The ampoule was evacuatcd tOo remove possiuvle oxygen
contamination by placing it under vacuum (4.5 x 10"6 Torr) for
16 hours, aftcr which it was sealed with a torch.

The batch inside the sealed ampoule was compounded by melt-
ing in a rocking furnace for 15 hours at 820°Cc, followed by air
quenching. The quenched glass was again remelted in an inert
atmosphere of argon, and the glass was annealed from 275°C to
room temperature in 10 hours.

Ten glasses compounded using the above procedure all ex-
hibited the cheracteristic metallic lustr2 of the TI-1173 glass.
They were ground and optically pclished, and tueir opti~al trans-
mission in the infrared region was measur-=d.

None of fthese glasses showed any transmission in the
infrared region of interest. Samples of the 'as-received' and
vacuum distilled powder precursor materials were analyzed by
the Center for Trace Characterization, Texas A & M University,
College Station, Texas. Their analyses indicated that the
concentration of uxygen in the 'as-received' high puriiy selenium
powder was 275 + 15 ppm, and that this was only reduced to 250
ppm after vacuum distillation.

Discussicns with the Texas Instrument, Inc. technical group
(Reference 4) indicated that although the high purity (99.999%)
germanium, antimony, and selenium powders are free from metallic
impurities, the purity level drops considerably when all the
elements including oxygen are taken into account. The purity of
the fabricated form of material such as powder, is considerably
lowered due to the high surface area available for adsorption of
02. The oxygen contzmination would also be present in non-
powdered forms such as bar or pellet; however, it would be several
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orders of magnitude lower due to smaller surface area of the
bar or pellet. Therefore, it was recommended chat the start-
ing materials should be of high purity (99.999%) and in the
form of bars or pellets.

Based on these analyses, it was decided to fabricate the }
Ge28$b128e60 glass using commercially available high purity
bars or pellets.

5.2.3 Processing and Evaluation of High Purity Ge288b128e60

Glasses

Infrared transmitting Ge288b128860 glasses were processed
using the high purity {(99.999%) germanium, selenium and antimony
precursors in the forw of hars and pellets. Table III presents the
pertinent details on thesz materials. Stoichiometric batch com-
positions corresponding to Ge28Sb128e60 were formulated. Table
IV presents the composition and processirg parameters investigated.
An optimum stepwise procedure for processing the glass by con-
ventional earth methods was also established. During the pro-
cessing of the glass, several improvemenis were made in the vacuum
system. The processed glasses were evaluated for their infrared

transmitting characteristics.

5.2.3.1 Glass Processing Procedure

Based on our experiments and consultations with Texas Instru-
ments, Inc. (Reference 4), a glass processing procedure for high
purity bars and pellets was adanted. The following sequential
procedure outlines the steps:

1. All glass hatch preparation was performed in a glove
box having a continuous flow of pure and dry argon gas.

2. 1Individual constituents (chunks or pellets of germanium,
selenium and antimony) were accurately weighed and
transferred to a clean and dry quartz ampoule purged
with che argon gas.

3. The ampoule was heated to 105°C and simultaneously
placed under vacuum for 16 - 24 hours; then sealed.
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4. The sealed ampoule was transferred into a rocking
furnace. The temperature was gradually raised
to about 600°C in four hours and held constant
for 1-1/2 hours.

5. The temperature was raised to 700°C in one hour
and held constant for another half an hour.

6. The temperature of the rocking furnace was raised
to the final reaction temperature (800-900°C) in
one hour and held constant for 16 to 24 hours.

7. The temperature of the rocking furnace was lowered to
600-7009C and held at that temperature for 1/2 to one
hour.

%

8. The glass was quenched (inside the sealed ampoule)
to room temperature.

P

9. The ampoule containing the glass was annealed at
2759C for 16 hours.

10. The annealed glass was removed and ground and polished
using the standard optical glass polishing technique.

S

L e g

N

In the course of establishing this procedure, it was deter-
mined that the use of double cold-trapped oil diffusion vacuum
system was superior to the use of a turbo-molecular system.
Figure 11 presents the details of the oil diffusion system which

6

provided vacuum as low as 10 ° Torr.

T I R et Bl o

5.2.3.2 Infrared Transmission

All the processed high purity glasses were evaluated in
terms of their infrared transmission characteristics. The infra-
red transmission of the ground and optically polished samples
(5 mm thick) were measurad in the 2-15 micron region using a
Perkin Elmer Model 21 spectrophotometer.

It has b~een observed that this model spectrophctometer
quite often develops background noise and other instrument related
bands which interfere with the actual transmission characteristics
of the sample. For this reason, before measuring the transmission
of the glass sample, the spectrophotometer was run blank (without

N e R S
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the sample) so as to locate the background noise and other
instrument related absorption or inverse absorption bands. It

is a normal practice not to run the blank at 1007 full-scale

so that the magnitude of the inverse absorption bands can be
established. Blank runs were made at 907% full-scale and the
instrument related bands were observed at 4.25, 9.75, 12.5 and 15
micron regions. Before measuring the transmission characteristic
of the glass sample, the scale was returned to 1007 full-scale

80 as to measure the true transmission.

The internal inhomogeneities, possible impurities and
optical defects in the glass were examined using an infrared
microscope (Model D manufactured by Research Devices, Inc.).
This added facility has greatly improved IITRI's capability to
qualitatively identify the causes of poor ir-transmission in
chalcogenide glass.

5.2.3.3 Evaluation of High Purity Glasses

Table IV presents details which include the composition
and the processing parameters of the glasses to be discussed in
this section. The processing parameters include 1) the surface-
oxygen removal temperature, 2) the vacuum pressure, 3) the
molten glass reaction temperature, 4) the molten glass reaction
time, 5) the density of the processed glass, and 6) the optical
transmission characteristics of the processed chalcogenide
(Ge288b12$e60) glass in the 2-8 micron and 8-14 micron regionms.
Complete optical transmission characteristics of these glasses
are discussed below. Density and optical characteristics of
Texas Instruments-manufactured TI-1173 glass determined at
IITRI is presented in Figure 12.

Glass compositions No. 41 and 42 were fabricated using a
vacuum of 12 -18 x 10'3 Torr, which proved to be not sufficient
to drive out all the oxygen and oxygen-related impurities from the

Lo

system. This resulted in absorption bands at 2.9, 6.3, 8.0 microns

and a strong bell-shaped band between 11-14 micron regions (see
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Figures 13 and 14). Figure 15 presents a photograph of glass

taken by an infrared microscope. The dark spot in the picture shows

an area of inhomogeneity which is directly related to the pro-
cessing defects of the glass.

Glass composition Numbers 43 and 44 were fabricated using
the diffusion pump vacuum system as shown in Figure ll. This
improved vacuum system was intended to eliminate the oxygen-
related absorption bands. However, the transmission character-
istics of these glasses in Figures 16 and 17 again exhibited
strong absorption bands. This phenomenon was discussed in
detail with Texas Instrument, Inc. staff (Reference 4). It was
emphasized that the vacuum system alone would not be sufficient
to eliminate all the oxygen and related impurities, and that it
is necessary to add pure aluminum which acts as a getter for
oxygen. The optimum quantity of aluminum additive should be
determined by actual experimentation. Composition No. 45 in-
cluded 0.05 grams of aluminum which corresponds to 0.33% of the
total batch constituents (15 grams). The glass was reacted for
16 hours at 867°C. The resulting poor transmission indicated
the possibility that the quantity of aluminum added (0.05 grams)
as a dopant was too high (Figure 18). 1In composition No. 46 and
47, reduced quantities of aluminum were added. These (reduced
quantities) were 0.015 grams and 0.008 grams corresponding to 0.1%
and 0.05% respectively. These glasses were reacted for 16 hours
at 884°cC. Figure 19 and 20 present the infrared transmission of
these glasses. Composition 46 had an excellent transmission of

607% whereas composition 47 had a relatively low transmission of 42%.

These experiments showed that the beneficial effects of aluminum
addition in removing -OH related absorption bands is not simply a
linear function of the amount added.

These results indicate the need to establish further the
optimum quantity of aluminum dopant necessary to improve optical
characteristics. Four glasses (Nos. 53-57 shown in Table V) having
the stoichiometric composition of Ge288b128e60 and containing
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varying quantities of aluminum dopant were prepared. The
aluminum content ranged from 0.0006 grams teo §$.158 grams in
a 15 gram batch. The quantity of the dopant (0.0153 grams)
necessary to eliminate the 12.8u absorption band was estab-
lished as described above. A batch composition containing
no aluminum was also prepared and was used for reference pur-
poses (Run No. 53). Weighed quantities of the high purity
batch ingredients were transferred into a quartz ampoule.

The ampoule was placed under vacuum to remove oxygen contam-
inants. It was then sealed and processed in a rocking furnace
for about 20 hours at 825°C. The glasses were quenched, an-
nealed, ground and polished and their infrared transmission
characteristics determined.

Among these glasses, composition No. 53 (without aluminum)
has good transmission ranging from 617 - 647, between 2-8u
region and 647 - 487 between 8-1l4uy region (5 mm thick), shown
in Figure 21. However, the absence of aluminum causes a strong
bell-shaped absorption band around 12.8u. This has been at-
tributed to the formation of Se8 rings (as discussed by Lucovsky(s)),
originating in the selenium metal.

Among the glasses containing aluminum dopants, those con-
taining the minimum quantity (No. 55, Figure 23) do not have as
good a transmission as the one having the maximum quantity (No. 56,
Figure 24). In between these extremes, composition No. 57 (Figure
25) containing 0.0008 grams resulted in a glass having a trans-
mission ranging from 57-637 between 2-8u and 63-55% between 8-14u.
The improved transmission can be attributed to the optimum
quantity (0.0008 grams) of aluminum that was incorporated as
dopant. In the 8-14u region, this glass compares well with the
TI-1173 ir-characteristic shown in Figure 12.

5.2.3.4 Effect of Reaction Time

A series of experiments were conducted to establish the
effect of reaction time on the optical transmission characteristics

of the glass. Run No. 48 (refer to Table IV) was processed by
11T RESEARCH INSTITUTE
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keeping the aluminum content (0.0158 grams) and reaction temp-
erature (884°C) constant ard increasing the reaction time to

41 hours. The result presented in Figure 26 showed that under
these controlled conditions the increased reaction time did

not improve the transmission characteristic of the glass.
Further, it was also observed that higher reaction temperatures
would initiate a reaction between the container (quartz ampoule)
and the processed glass. This effect was quite pronounced in
presence of large quantities of aluminum.

At this stage a series of experiments were conducted to
establish the relationship between the glass reaction time and
temperature. The purpose of these experiments was to correlate
the time/temperature factors with 1) power availability in the
in-space processing chamber, 2) time constraints of a given
space processing mission, and 3) the operational characteristics
of the acoustic levitator.

Four zlasses (Nos. 49 to 52) were processed at progressively
lower temperatures (884, 834, 825, and 800°C) while keeping the
reaction time at a constant 21 hours, except in run No. 52 where
visual observation indicated a need for a longer reaction time
of 66 hours. The infrared transmission characteristics of these :
glasses indicated a definite relationship. At lower reaction :
temperatures, the molten glass requires a longer reaction time to
obtain a maximum transmission of the glass. Composition No. 52
provides a good example of this phenomenon. The glass was pro-
cessed at 800°C for 66 hours, and the compounded glass had a
transmission around 637%. Refer to Figures 27 - 30.

5.2.3.5 Processing in Inert Atmosphere

Experiments were conducted in which the regular batch in-
gredients (bars and pellets and without aluminum dopant) were
processed in an inert atmosphere of argon. This is a critical
experiment, because the acoustic levitator requires an atmosphere

(as opposed to vacuum) for its operation.
11T RESEARCH INSTITUTE
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The design of the quartz ampoule was modified so as to
accommodate a continuous flow of argon. Figures 31 and 32
show photographs of the ampoule, and Figure 33 presents the
details of the processing system.

The ampoule was placed in a vertical furnace and the
main outlet was connected to the diffusion pump through a
series of cold traps. Commercial argon gas, purified through
an oxygen gettering furnace, was allowed to enter the ampoule
through a side inlet. The ampoule was 'rocked' by an air-
controlled vibrator and the furnace and ampoule temperatures
were closely monitored. The procedural details are as follows:

Stoichiometric batch composition corresponding to
Ge5§Sb1 Segp was weighed and transferred into the

mo fie§ quartz ampoule. The ampoule was placed in
the furnace system. Purified argon gas was flushed
into a previously evacuated (5 x 10-6 Torr) system at
a flow rate of 2 ml/min.

The reason for flushing argon was to drive out any
residual oxygen from the system. Argon was once again
let into the system and was maintained throughout the
experiment at a fiow-rate of - 8 ml/minute and a
pressure . inging between 2 - 4 psi.

The furnace (containing the ampoule) was heated at a
rate of 90°C/hour. After it reached a temperature of
6500C, the heating rate was reduced to 24°C/hour until
it reached the glass reaction temperature of 840°C.
The moltea glass was held at this temperature for 19
hours, cooled, and finally quencihed. Similar heating
schedules have been used in the previous experiments.
The quenched glass was annealed, ground and polished.

One glass was processed by this technique (run No. 60, Table
V). Figures 34 and 35 present the photographs of the top and
bottom of the processed glass. The bottom portion (which was in
cont~ct with the base of the ampoule) had several pits (holes)
and could be due to the presc:..:e of argon trapp.d during quench-

ing. The sample was grounc 2:« polished. Figure 36 presents the
ir transmission characteristic of the glass.
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Figure 31 Glass Melting Ampoule with an Inlet for Inert Gas ‘
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Figure 32 Close-up View of-the Modified Ampoule
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The transmission characteristic shows that this is
the best glass we have processed. The transmission is around
65% over the entire 2-12yu region with the characteristic bell-
shaped absorption band around 12.8u. This higher transmission
is an improvement over glasses processed under vacuum. It
could be that the continuous flow of argon during the entire
processing is an improved technique to eliminate oxygen-
related impurities.

The result of using an argon atmosphere during processing
is very encouraging as this demonstrates that the glass can be
successfully processed in an inert atmosphere which will be
present in the acoustic levitator.

Two additional glasses (run Nos. 61 and 62) were processed
by this procedure to determine the reproducibility of the process.
No aluminum dopant was added. Table IV presents the composition
and processing parameters of these two glasses. Figures 37 and
38 present the infrared transmission characteristics (in the
2-14y region) of these processed glasses. The transmission char-
acteristics of TI-1173 glass (produced at Texas Instruments)
measured at IITRI are shown in Table VI, Figure 12. Very good
agreement with the TI-produced glass is illustrated.

During these studies two important observations were made.
The first relates to the degassification of the ampoule and the
second relates to the flushing of argon gas. Degassification of
the ampoule involves the initial heating of the ampoule (prior
to flushing of argon) to 100°C under a vacuum of 10-6 Torr for
12 - 16 hours. It has been established that this is one of the
critical operations in IITRI's processing of high quality
Ge288b128e60 glass. This operation expels moisture and oxygen-
related surface contaminants from the batch materials and from
the ampoule walls.

The second important observation relates to the continuous
flow of purified argon gas during the entire processing period.
1T RESEARCH INSTITUTE
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Previous work had shown several pits (holes) on the bottom
portion of glass processed in the argon atmosphere. However,
such pits were eliminated in the newly processed glasses.
This flaw was eliminated by proper control of the argon
flow-rate during the processing period.

The experiments involving a static and dynamic inert gas
atmosphere (argon) were successful. The dynamic argon atmos-
phere was found tc be very effective in removing oxygen-related
impurities. Glass produced in this manner showed improved
infrared transmission when compared to the vacuum ampoule method
used in earth processing. Additionally, enough experiments of

this nature were conducted to indicate good reproducitility in
results.

5.3 Acoustic Levitation-Containerless Processing

Position control devices will be used to stabilize con-
tainerless samples during in-space processing. One such device
is described by Whymark(G) and was supplied to IITRI for use on
this program for the purpose of integrating its use into our
earthbound chalcogenide experiments.

The acoustic levitation/position control device is pictured
in Figures 39 and 40. The basic operation of this device is that
an acoustic force field is established within the containment
cylinder (Figure 41) and the sample material is constrained to
holes (energy minimums) in the scund fieid. The high temperature
process is performed in the furnace region of the tube. The
sample is then moved to a cooler portion for quenching (Figure 41).

Experiments were conducted wherein various materials were
levitated at ambient room tempe. iture to gain experience with the
device and to investigate the level of stability and control at-
tainable.

Initial experiments were conducted with low density styro-
foam spheres up to several millimeters in diameter (Figure 42).
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Figure 3¢

Photograph of Intersonics
Acoustic Levitator
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Figure 42 Room Temperature Levitation
of Polystyrene Sphere
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Excellent stability and control were obtained with this low
density naterial. Levitation was successfully conducted for
periods up to 90 minutes, which provides a good indication of
the potential of this system for n3king glass melting experi-
ments in space.

The next series of levitation experiments were conducted
using 5Smm diameter, 2 mm thick polystyrene discs. Levitation
was accomplishea for periods up to 20 minutes. However, it was
difficult to main.ain stable levitation without the sample spin-
ning. Under these conditions of 1l-g levitation, the main drive
coil of the acoustic levitator frequently burned out. 1In an
attempt to eliminate this problem, convective cooling was ap-
plied to the coil area.

The addition of convective cooling permitted operation at
higher power levels. Several levitation experiments were con-
ducted with 3-5 mm diameter soda-lime glass beads. With the
unit operating at maximum power (determined by a maximum per-
missible current density for the 24 gauge wire of the main
drive coil) a glass bead could be levitated only for short per-
iods (few seconds). For our earth-bound processing experiments
to be successful, we will need more stability, control, and time
that has been obtained in these glass bead experiments. In the
weightless in-space environment, however, much lower power levels
will be required for levitation since the earth's l-g gravity force
will not be acting cn the sample materials being levitated.

Y M B B R A R M A P Y RO, YRR
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At this point in our acoustic levitation experiments, var-
ious componenis of the system were returned to Intersonics, Inc.
for subsequent Drop Tower testing at MSFC. R.R. Whymark reports
that these experiments were very successful. Suitable sample
injection and stable levitation were obtained for 1/4 and 3/8-inch
diameter aluminum spheres at = 800°C under the short duration of
near-weightlessness attained during the tests. It is significant
that the powe: :equired for this levitation was very small as

R LN

)]

compared to the power necessary for l-g earth levitation.
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This indicates that the problems of stability and control

that we have been experiencing in the earth experiments will
be greatly diminished in space.

When the levitator system components were returned to
IITRI with an improved drive coil, another series of experi-
ments were initiated. These experiments included high temper-
ature levitation of molten polystyrene, and room temperature
levitation of commercial ASZS3 glass. These experiments lead
to several modifications of the device, and are described as
follows.

5.3.1 High Temperature Experiments

Experiments were conducted to study the high temperature
control and stability of the acoustic levitator. Figure 43
shows the furnace/chamber system. Polystyrene discs about 1/4"
in diameter and 1/16" thick were levitated at room temperature.
When the temperature was raised to -~ 400°F (.200°C), stable
levitation was maintained. However, when enough time had
elapsed to melt the pulystyrene disc, the molten disc would
splatter out of the minimum energy well and splash on the silica
tube. Reducing the size of the specimen did not improve this
situation. Apparently, when the molten material flattens and
spreads out, it exceeds the boundaries of the minimum energy
nodal point. Therefore, larger minimum energy nodal points are
required if 1/4" diameter samples are to be processed. Whymark
indicates(7), however, that 1/8" diameter samples will be suc-
cessfully levitated in the liquid state.

5.3.2 ASZS3 Glass Experiments

Room temperature levitation experiments were also conducted
using As?_S3 (arsenic trisulphide) glass developed during the course
of this program.

These experiments resulted in only short periods «¢f success-
ful levitation and frequent burn-out of the levitator d-ive coil
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due to the high power level required during operation. These
experiments led to several modifications of the device and gen-
eral observations regarding its operation which are as follows:

1. Water-cooled levitator head: 1In earlier experiments
with low density materials (0.9 gm/cc) it was determined that
the addition of convective cooling p2rmitted operation at higher
power levels. For the higher density A8233 glass (3.4 gm/cc),
this cooling methcd was insufficient. Water cooling was then
added (Figure 44). This resulted in successful operation at
higher power levels, but not high enough to be adequate for long
term As:S3 melting experiments.

2. Bottom Screen: The purpose of the wire mesh screen
located near the bottom of the levitation chamber (Figure 41) was
to assist in the acoustic 'lift-off' of the sample. It has been
determined that use of a stinger type wire device instead of the
screen permits more su’table introduction of the sample into the
acoustic field. Additionally, it has been found that elimination
of the wire screen results in more stable levitation.

3. Chamber diameter/vibrator diameter: The levitator was
provided with a chamber consisting of a 2-1/4 inch diameter silica
tube. R.R. Whymark had suggested (Reference 7) that a portion of
the stability problems that had been encountered were perhaps
due to the small size of this chamber relative to the vibrator
head diameter causing sound wave interference patterns. To check
this, 5 mm glass beads were levitated using a 4-inch diamreter
chamber. This resulted in increased stability and successful
levitation for periods of time up to 15 minutes.

+. Plunger Frequency: Another operational problem that
was observed with the acoustic levitator was an unstable plunger
oscillation frequency. Operating properly, the plunger had a
free air resonance of 20 KHz as established at Intersonics, Inc.
However, during testing it was observed that this frequency varied
unpreaictably between 15-20 KHz, necessitating continual retuning
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of the feedback circuit. This situation was probably a major
cause of our inability to levitate in a stable manner for long

,,,,,

periods of time. It is believed that more stable electronics
are required to solve this problem.

5. Reflector Position: Referring to Figure 41, it has
been observed that levitation improved with decreasing distance
between the reflector and the vibrating head. For the current
application, a sufficiently large reflector to vibrator distance
will be necessary to accommodate suitable heating and cooling
sections within the chamber.

All these factors were discussed in detail with the Inter-
sonics, Inc. and MSFC personnel. Both had recognized the limited

S e e

capability of the existing unit. The existing MSF(/Intersonic
device was not designed for long term levitation in a l-g field.
It was determined that to meet the requirements of IITRI's pre-
sent ground-based program, modification of the device was neces-
sary. IITRI's general requirements for the levitation/position
control device that were discussed with Intersonics and MSFC
personnel are listed as follows:

1. Stability and control during long term
(8-10 hour) experiments.

2. Operation under 1l-g conditions.

3. High temperature operation (up to 900°C).

4. Use with typical high density chalcogenide
glasses and precursor constituents.

5. Use with solid spherical or disc-shaped samples
up to 8 mm diameter; and liquid disc samples up
to 4 mm diame i :.r,

6. Use with a ; ging gas atmosphere.

7. Ability to change the shape of liquid samples in
a controlled manner as described by Whymark
(Reference 6).

Based on this experience by IITRI, and the suggested modifica-
tions, Intersonics is presently completing construction on an
11T RESEARCH INSTITUTE
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improved acoustic levitation/positioning device, designed
specifically for use in ground-based programs.
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6.0 CONCLUSIONS

On this program, experience has been gained about the
generai behavior of ir-transmitting chalcogenides as well as
the nature of the necessary constraints of the in-space ex-
periments. We have dealt with the basic materials science of
the chalcogenide systems, and also incorporated acoustic levita-
tion into our experimental package. The concept here is that
earth-bound experiments will demonstrate that all the compatibility
conditions and constraints of in-space processing are satisfied.
In this manner we can work towards confidence that early in-space
processing experiments will be successful.

Several conclusions have been reached during this phase of
the program. They are outlined as follows:

1. Laboratory experiments conducted at IITR1 have estab-
lished the techniques, processes and equipment neces-
sary for the production of high purity chalcogenide
glasses. This gives IITRI a baseline fiom which to
work in developing the techniques that will even-
tually be used in space.

2. The processirg techniques developed at Texas Instruments,
Inc. have been successfully adopted for IITRI -- Ge28Sb12$e60
glass. 7These processing techniques have been adopted
within the constraints of 1-g environment (by conventional
earth manfacturing methods).

3. The Ge288b128e60 glasses that have been processed at
IITRI have optical transmission around 637% (5 mm thick)
which is comparable to Texas Instrument's Ge28$b128e60
glasses (TI-1173).

4. The concept of going to space with a cold-pressed pellet
is valid, as long as we can achieve a high degree of
homogenc ity in our earth-mixed precursor powders.
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A highly homogeneous cold pressed pellet can be :
prepared on earth using the liquid slurry method %
of particle mixing. This method was shown to be :
greatly superior to the mechanical dry mixing

method.

Laboratory experiments have established, however,

that the use of precursor materials in powdered
form increases the oxygen contamination of the

processed glass. This indicates that high purity
precursor materials in bar or pellet form should
be used (wheneve. possible).

The addition of the MSFC Acoustic Levitation/
Position Control Device to the IITRI experimental
package permits investigation of all of the trade-
off aspects ¢ chalcogenide glass production prior
to an actual space flight. 1In this manner the
facility and the experiment can be developed to-
gether to insure a high probability of success for
early missions.

Modifications were made at 1ITRI on the MSFC

acoustic levitator in an attempt to improve levita-
tion stability during long-time experiments. Room
temperature experiments on ASZS3 glasses and high
temperature experiments on polystyrene were conducted.
These experiments have established the nezed for
additional modifications in the acoustic position
control device to facilitate stable, long term, high
temperature levitation under l-g conditions.
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7.0 FUTURE WORK

It is recommended that future work in this area concen-
trate heavily on the use of the acoustic vnosition control device
to achieve containerless processing conditions. The main eiforts
should be on achieving stable, long term levitation under 1l-g
conditions. Emphasis should be placed on the non-contact mech-
anical mixing phenomenon that has great potential for increasing
the homogeneity of the chalcogenide gliass while maintaining a
very high degree of purity. This technique entails a form of
non-contact mechanical mixing that can be performed with the
acoustic levitation device by rhythmic variations in the sound
field intensity. This work can proceed when a suitably modified
acoustic levitator becomes available tc IITRI.
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