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INTRODUCTION

The field of processing materials 1n space has provided a renewed
'incentiye to study materials systems containing a liquid phase-mlsc1billty gap,
.ife.; a field in the phase.diagram representing‘the equilibrium between two |
- liquid phases. lhese studies have concentrated onAunderstanding the;developmenth
'of_both the macro- and microstructures of these materials during thermal process—
ing and'have also taken advantage of the»low-grayity environment afforded' .

by sounding rockets and orbitingyspacecraft to minimize the effects of buoyancyl
and-fluid flow. The programs have generally concentrated on opaque metallic- '
systems and have been primarily concerned with the separation process wherein,7

a single,phase-liquid transforms_into two liquid phases and with‘theyaccompanying'f,,f
coalescence processes' Since solidification can affect the macro- and-microrz'
-structures, this transformation has been. studied as well.

As will be delineated in what follows; the'Studies of theimetalliC"
systems at low-g have led to unexpected results, and have prompted the analysis
.of mechanisms which might have disturbed the transformation and led to the
unusual results observed. These disturbing effects are generally difficult tol'
analyze even if they occur alone They are all the more complicated when more .
_than-one‘mechanism is invblved. Moreover, other processes that as yet have;1.'
not been conceptualized may also occur. It is with‘these factors in mind that.”_’;
we have outlined .a program to be carried out on transparent liquid-phase.

A misclbillty gap materials for the purpose of acquiring additional in51ght 1nto
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the.separetion process occurring in these systems.f The transparency feature'allows
the reaction to be viewed directly through light %cattering and holographic
methods. ] 1
| BACKGROUND =
'A'number of opaque miscibility gap metallic systems have been made
e the Subject of ground base and flight studies.(l°8) We have been studyiné
aluminumindium alloys( »2) in terrestrial and SPAR rocket experiments. In.
. a typical eXperiment,uan alloy of composition within the extremes of the
u18c1b111ty gap is heated 1nto the single phase liquid f1e1d above ‘the .
'mlsc1bil1ty gap (See Flgure 1)(2 »9) held for a time sufficient to homogenlze
the alloy and then cooled through the gap at a controlled cooling rate. It~
' was expected that the structure resultlng from conducting this heat treat—
':iment at:low—g‘would consist of a_uniform precipitate contained within a
ﬁosttphase. In the alumiuum-rich end of the miscibility gap the dispersed
'ﬁphaseZWOuld be rich in indium while indium—rich'a110ys would produce;aluminumf
_ rich-precipitates in an indium-rich phase. The Al-In alloys processed at
'-fl—g would consist of é layered structure with the indium~rich phase at.thé
_bottom and the aluminum-rich phase floating on the top.
| Samples of varlous comp031t1ons of aluminum-indium alloys have been

prOCessed on both the SPAR II and SPAR'V sounding rocket,fllghts., An example

of the results obtalned is shown in Figure 2 where the macrostructures of ‘an

.-, A1—40 ‘and -70 wt. Pct. In alloy processed on SPAR II are compared w1th thelr

‘ifground base counterparts. -The ground base samples possess the expected
'layered structures but those processed in space did not produce the anticipated-

uniform dispersions. Instead, as may be seen.in Figure 2a, the structure
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FIGURE 2. MACROSTRUCTURE OF SPAR II Al-In ALLOYS
AND THEIR GROUND-BASE COUNTERPARTS
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‘consists of a massively Separated aluminum—rich core surrounded by'indiumk.
rich materialr' Observations Similar to these have been made in other. metallic:
miscibility gap systems processed-at low-g (See for example.References 3-5).,

| " Various mechanisms generally involving fluid flow have been proposed
to explain the structures of the miscibility gap alloys processed in space.
A listing of these mechanisms is presented in Table 1. Sone of them-have beeni
considered in detail from a theoretical standpoint while others have as yet not
been analyzed. For example, detailed calculations have been made on the
' reSidual fluid motion present after spin—up and despin in the SPAR rocket
experiments with the conclusion that this potential source of fluid motion did:;:
not significantly contribute to the development of the-observed structures:'
Similarly, inhomogeneities in the starting Al—In alloys have been ruled out
as being contributory after extensive measurements of 1iquid phase diffusion
had been made and after long homogenization times had been applied to the '
Aexperimental,procedure uith no discernable difference-in-results. |

~ Evidence has.been obtained that surface tension driven'fluidnmotion B

has influenced the structure of the Al—In alloys processed in SPAR II and SPAR
V. In support of this model wave—like structures have been observed at the
. liquid- liquid interfaces and in addition evidence of droplet migration drivenhlf
by surface tension forces has been presented as shown in Figure 3( ). The
alloy - illustrated in this figure is an A1-90 wt. pct. In ‘alloy processed -
aboard SPAR V The macrostructure consists of two massive_aluminumrrich‘regions.
surrounded by indiun—rich material.»»Adjacent.to the.larger.aluminun-rich .1
.region'is an annular area that consists-of agglomeratinglaluminumf‘riCh

‘spheres " (See Figure 3b). Further away from the aluminunrrich metal;'there
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"TABLE 1. POSSIBLE MECHANISMS FOR MASSIVE PHASE SEPARATION

Residual Fluid Motion

Surface Teﬂsion.Drive Flow (Marangoni Effect)
Conventional Convection | |
éapiilarity (Spreading)

Transformation Segregation
Transformatisn~Volume Chaﬁges

Nonuniform Starting Composition
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FIGURE 3. STRUCTURE OF Al-90 WT. PCT. In ALLOY PROCESSED ON SPAR V.
(a) Macro View of Longitudinal Cross~Section. (b) Micro-




. in‘aﬁ area that is relatively free of the aluminum-rich spheres ( Figure
‘3 c). These structural observations can be'exblained by a model consisting of
- the aluminum-rich spheres migrating to the warmer regiqns of the moi;en alloy

during cooling through the miscibility gap. Quantitative‘éupport'for thi$

(2)

model has also been obtained. _
o It is raéher difficult fo sort,o@t the various phenomena,that.a:e'“
éontribdting to.the structural evolution of ;helliquid-phése miscibility
materiais. -This is_especiallyfdiffiéult in opaque systems where geﬁerallyv

only ;he final structure is available'for analyéis of the mechanismg'which

might have contributed to its.férmation. Studies i; traﬁspafént analogue
systems would offer two distind:benefits:' First of all, fhey Qould_allow.
dirgct oﬁservations of the flﬁidé during fransformation-aﬂd secondly, théy

would pr@vide systems with a wider range of physicéi properties so-that the’

'importance of various physical parameters can be assessed in terms of phase
§épafation_kinetics and emulsion stability. Iﬁ the following section we outiine
én‘exﬁérimental program déaling with tranéparent liquid ph;se miscibilitjA. |
gap systems which would suéplement the present reéearch activities on the

' “metallic systéms. ‘

SUGGESTED RESEARCH PROGRAM ON LIQUID PHASE MISCIBILITY GAP SYSTEMS = -

A study of transparent liquid phase miscibility gap'syétems wouLd
have:és its objeqtives:. '
I. To view.phése—separation in situ in an attempt to detefmine',-u
the mechanism of massive separa;ion préviously seen in metailic:

systems.
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2. To determine'the effect of'material properties on the kinetics
of phase separation, on-theoccurrencesof various_fluid flow
mechanisms and on emulsion stability. |

To accomplish these.objectives,.wejare suggesting the folloming4

program which oan be organized into the following phases; | |
' Phase 1. System Selection |
_ Phase.Z. Ground BaseaExperiments
5Phase 3. Flight Experiments .

System SeleCtion

This part of the program would be devoted to the very.important
task of selecting the proper systems for study. In the selection process o
~the most important parameters'are the physical properties such'as the surface‘
- energies and interfacial energies between the two coexisting 1iquids and
their var1ation.w1th comp051tion and temperature.. In addition, fluid flow
‘properties such as viscositiestare ofiimportance. Aside from_these ba51c B
physical properties,‘it is important'to select systenms that are‘eonpenient
.toiwork with,'i.e.thathave_eonvenient consolute temperatures, miscihility
gap widths and heights and'whiCh.nill-nOt'create excessive handling probiems;”“
'_due to extreme tox1c1ty, for- example, or to a requirement for. ultra—purifica-.
tion. Examples of three types of transparent liquid phase misciblity gap
'-:systems are shown in Figure 4. Figure 4a shows the more common_type.with{n.h"
an upper critical temperature, whereas Figure 4b shows one with a lomerv
criticalitemperature; Figure 4c‘has both upperAandﬂiomer_critical*temperatares;

Ground Base Experiments

. It is envisioned that the ground base research would be in three areas.
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FIGURE 4. -EXAMPLES OF TRANSPARENT MISCIBILITY GAP SYSTEMS. (a) Shows an upper critical
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1. System property evaluation.
2. Phase separation kinetics and emylsion'stabiiity.

3. Fluid flow mechanisms.

System Property Evalﬁation
In this portion of the program, the\literaturg‘dealihg.with the physical
-parameterslisfediﬂ Table:é would be reviewed for the seleqtéd systems and the.
o reliability of ?ertinent published data would be assessed; In those caéeé'wheré
' thé data ar; missing or‘unrgliable, supplementary measurements would bé'made;'-;A

Phase Separation Kinetics

| Phaée sepa;atioﬁ kinétics and emulsiéﬁ stébility 6f‘various trans-

' parént systems‘ﬁaving a wide range of mate:ial properfies wqﬁid Qe evaluated

bf means of light scéttering and ﬁblograbhic techniqges.: The effect of compo—
sitioﬁ within thg ﬁiscibilit& g#p'ﬁbuld be determihed'in both isothérmal.and
'contfoiled cooling rate experimentgf In the isothermél'eXpe;iments, a;chémical
mixtnrevmaking‘up the transpérent syStém would be cooled or:heated from a singie"
phaée‘liquid field into tﬁé'two §hase liquid fiéld_ﬁhere it would be held |

" and monitored as a function of time by such techniqueé aé 1ight'scattéring;,,’

" In the cooliné_ra;e‘experiﬁents,,che'samples would Bé:cboled~at éontfolled .
rates through tﬁé'miScibility-gap again whilg monitoring the paftigle size
distribution as a function of tiﬁé. Tﬁe results oflthese e#périments would -

be compared to theoretigal.models dealing'with nuéleatioﬁ, drdﬁlet cdllisiqns; 

coalescense and emulsion stability.

Fluid-Flow Mechanisms

| fransparency in the systems of interest will provide tﬁe opﬁortunileto
carry out experiments on tﬁe mechanisms of_fluid'fléw &hich affeét the_étabilit&
. and. structure of:liquid phase miscibiiity gép systems. Such mechanisms |

include droplet migfatioﬁ’uﬁder the driving force of surface temsion, thermo-
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TABLE 2.

PHYSICAL PROPERTIES OF INTEREST IN STUDIES ON.
TRANSPARENT MISCIBILITY GAP MATERTALS

Phase Equilibra

Viscosities

Intérfacial Energies
Thermal Properties
Diffusional Characteristics

Transformation Volume Changes
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capillary and solumlcapillarfconvection, séreading,'fluid mo;ion due to.volume
Achénges associated with transformations and fluid motion dué to coalescénse :
mechanisms. . The exﬁerimentél approach would be supplemented with theoré;icél »
modeling. |

LOW GRAVITY EXPERIMENTS

Exberiments dealing ﬁith transpa;ent‘liquid phase misciﬁility_gaﬁ:
.systems at low gravity Qill bevdesignéd with the objectiﬁe of determining
the effect of'g;avity on the separation kinetics, emuision stability and fluid.
flow phenoﬁena associatgd with the phase separation. The FluidsAExpefimeﬁt
System-(FES) now being designéd would appéar.to be a suitable apparatus inQ\-_v
which to‘carry out these experimenfs. Specifié experimen;s dealing with the }
pertinent mechanisms of fluid flow would probably develop from the ground f,  @_
base studies. |
| | The ra;ionale for conducting these studies at léw gravity is to redu§é'
the comﬁlications-associated'with buoyaﬁcy.effects, conventional convection_-
and their associéted contributions to droplet collisioh51 , |

ANTICIPATED BENEFITS

The extension of the research on liquid phase miscibility.géé‘systgms
into stﬁdies-on transparent systems shbuld provide insight iﬁto the¢méChahisgs
causing massive separation in metallic miscibility gap alloys. 'Thelreéearch
- should also.provide a better understanding of the effect of matérial=paraf :
meteré on‘éhase separation kinetiés, droplet size distribution, énd emulsioﬁ -
stability. Since the_ekperiments on transparent sYstemS'would allow.measure#’“
ments of the separation process to be made while the'reaction is occurring

these systems would also be ideal for studying spinodal decoﬁposition;

15



Thé‘fesearch would also provide insight int6 the fluid flow mechanisms wﬂich
are active in these systems and which may be accentuated in an acceleration-
free énvironment.'_With the attaining of an understanding of the material
parameters of importance in the phase separatibn, it will be far easier to

"-select -systems of potential technical importance.
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