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In the wide field of Materials Space Processing, some of the 
advantages and disadvantages which may te expected from the space conditions 
are now easier to define than a few years ago before any preliminary expe
riment. The importance of the results of the SKYLAB and ASTP programs is 
especially demonstrated in the field of eutectic growth. Since a high level 
of mechanical strength and of physical efficiency of those in-situ composi
tes will depend on the absence of specific growth faults, the prevention of 
faulting and the improvement in the microstructures when operating in condi
tions of absence of gravity-induced thermal, convection were the first areas 
for space experiments. In fact, the results of the first 0-g experiments, 
which were difficult to interpret, confirmed that this suppression of convec
tion was only one among other conditions and parameters that were modified 
by the space environment. 

Our aim is to describe some of the possible modifications of the 
very diverse mechanisms involved in a typical eutectic solidification owing 
to the effect of 0-g conditions, their influence not being necessarily pro
pitious with respect to each of them. 

ANALYSIS OF THE CONVECTION EFFECTS. 

Eutectic solidification is the mechanism leading from a single 
liquid phase to two distinct solid phases. As a function of their potential 
applications as structural, mechanical, electronic, optical or magnetic mate
rials, they are presently widely studied. It was verified that these unidi-
rectionnally solidified eutectic materials, of whichever morphology (lamellar 
or fibrous) included in classical ground conditions a great number of defects 
that were attributed firstly to convection currents in the liquid phase. 
So the first space investigators expected, simply from the absence of convec
tion, important improvements in the quality and regularity of the structures. 
In fact the first results obtained have been very irregular, the relative 
disappointment concerning mainly lamellar metallic eutectics /1/, while results 
concerning fibrous alkali halides were far more encouraging /2/. 

./. 
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That means only that the space conditions are not a wonderful 
medicine to every problem encountered on earth, and also, that the complexity 
of an oriented eutectic growth process is as high in space as on the ground, 
the numerous involved mechanisms being always : homogeneous and heterogeneous 
nucleations, heat and mass transport, coupled growth of the phases, influence 
of boundaries or external surfaces of the systems, equilibria of surface ten
sions, necessary relations between phase spacing and growth rate or interface 
undercooling, agitation of the bath and its consequent solute redistribution 
and mechanical effects. The combination of these various mechanisms, among 
which some till be modified in various ways by the space environment, results 
in usually very defective oriented structures. 

Consequently, though the hydromechanical effect of the convection 
was initially considered as the main origin of the defects, it is no longer 
possible to attribute to it the unique responsibility : the effects will vary 
from one system to another as a function of the development of the isolated 
phases in the liquid aĥ -ad of the principal interface and also of their mor
phology and size. Such an influence will thus be greater for small size eutec
tic fibers than for more voluminous lamellae, and for mtre brittle alkali 
halide phases than for more mechanically resistant metallic phases. In fact, 
the real influence of the lack of convection due to weightlessness can be 
studied only across the modifications occurring for an optimized system which 
may be obtained at will with fibrous or lamellar morphology as a function of 
the experimental parameters /3/. It will be necessary to pick-out an eutectic 
system with a very brittle dispersed phase whose mechanical properties are 
as well known as possible, and to compare the results observed on earth and 
in space for different dimensions of this dispersed phase : the diameter of 
such fibers is approximately a linear function of the experimental quantity 
R-1/2. It will also be highly interesting to compare similar modifications 
observed on strictly identical materials obtained without convection in space 
and on the ground : in space, in addition to the suppression of convection 
many other mechanisms will be modified, while on earth the creation of a 
magnetic viscosity (by a magnetic field) opposes only the convection cu-rents 
without modifying surface tension and nucleation or segregation properties. 
So, to be efficient the hydrodynamic properties of the liquid phases have 
to be studied closely in the exact vicinity of the eutectic point. 

./. 
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It is necessary to keep in mind that the liquid phase which is able to mecha
nically modify the solid structures is precisely the one which lies immedia
tely over the eutectic point. So they are the hydrodynamic properties of this 
particular liquid which have to be considered, and not the ones of a liquid 
phase of similar composition but observed and known in a very different tempe
rature range. It is also recessary to study every secondary source of residual 
convection to try to separate the mechanical consequences of the convection 
from the other possible mechanisms. It is much more important to use the 
advantages of 0-g conditions to gain a more precise knowledge of the global 
influence of convection on earth, than to attempt immediately to improve the 
morphological quality of some eutectic crystals which are difficult to grow 
in 1-g conditions. 

In space, the wetting properties of the substrates and heat trans
port phenomena are modified. A result of these twr changes can be a very 
marked modification of interface curvature that can affect the mechanisms of 
defect creation and elimination, and also some mechanisms of parasitic nuclea-
tion. It would be useful to introduce in the field of eutectic growth the 
techniques of interface marking as developed by Professor WITT /k/ to analyse 
the resulting possible modifications of curvature of the moving solid-liquid 
interface. 

THE STABILITY OF EUTECTIC SOLIDIFICATION. 

Crystalline growth specialists are accustomed to defining stable 
growth conditions as a function of an impurity concentration of the order 
of 1 ppm. However, eutectic composition is never known with an accuracy of 
better than 5-000 ppm and mechanisms of growth destabilization resulting from 
the existence of the Constitutional Supercooling phenomena appear for mono-
phases as well as for eutectics giving cells and primary phase dendrites. 

Experimental work performed on some eutectic systems has confirmed 
this analysis. Figure 1 gives a schematic representation of experimentally 
determined dendrite-eutectic boundaries (curves 1 and 2) an^ two main remarks 
concerning their positions have to be made : 

- First, there exists a finite domain of stable eutectic growth /5/, instead 
of the single predicted eutectic point at -=- « 0 ; 
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- Second, the stability curves are not symmetric around the eutectic composi
tion but shifted toward lower or upper concentrations ; also, they do 
not have equal slopes. 

The first poirt was explained by JACKSON /6/ : at low values of 
— ratio, the possible maximum dendrite growth rate is lower than the imposed 
solidification rate, thus leading to the disappearance of the dendrites and 
resulting in a maintained classical eutectic structure. 

The second observation can only be explained by the modifications 
introduced by the thermodiffusion on the solidification conditions. The imposed 
thermal gradient induces a flux of solute atoms that modifies the composition 
near the solid-liquid interface 111. 

In all the situations reviewed such a composition shift does explain 
the dissymmetry of the experimental curves of figure 1 : The curve 3 descri
bing the composition shift is approximately the axis of symmetry of the two 
boundary curves 1 and 2. These reminders of classical ground results are 
necessary to discuss now some possible modifications in a space environment. 

Several parameters are not supposed to change in space : eutectic 
composition and liquidus slope. R is an experimental parameter that can be 
equalized in space and on the ground. 

On the other hand, Gx, is also an experimental parameter, but as a 
result cf the suppression of thermal convection it will be higher in space 
than on earth for the same furnace parameters. This modification would act 
to improve the stability. 

The value of the liquid interdiffusion coefficient D^ is known 
to be greatly reduced in the space environment /8/ and this reduction will 
influence the C.S. condition that will be more difficult to realize and so, 
the solidification interface will be less stable. This results in the two new 
boundary curves 1' and 2' of figure 1. 

./. 
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The tbermotransport will be more important since it will be less 
compensated by diffusion. This effect leads to higher values of the deviation 
from eutectic composition near the solid-liquid interface. The mean displace
ment of composition in the space conditions can be compared in Figure I 
(curve 3") to the one obtained on the ground (curve 3). The overall balance 
of the different involved modifications should give a drastic modification of 
the C.S. criterion in a space environment, and of the resulting boundary 
curves 17' and 2". This will limit the possibility of conserving the regular 

GL eutectic structure for reascnnable values of the — ratio. Consequently 
there will be a tendancy to initiate more quickly destabilization mechanisms 
leading to dendrites. So, it is far more important to kr-ow the exact eutectic 
composition and the values of the interdiffusion and thermodiffusion coeffi
cients in the space conditions than usually on earth. 

SOME PROBLEMS OF NUCLEATION. . 

This study can be done by comparing maximum supercoolings and the 
resulting morphologies in experiments at 1-g and 0-g in various containers, 
and at 0-g, with and without a container to suppress any influence of a 
substrate. It is reasonnable to consider that the sizes of the clusters and 
critical nuclei, and their circulation in the liquid,may be modified in these 
various experimental conditions, and this will affect the distribution, the 
morphology and the dimensions of the phases in the resulting solid materials. 
Those studies of the nucleation behaviour will be conducted for a wide enough 
range of compositions around the eutectic point to be able to introduce the 
composition modifications of the liquids resulting from possible wetting 
phenomena or from thermodiffusion effects. 

The space environment gives us a unique opportunity to separate 
nucleation and growth mechanisms, and to correlate the existing informa
tion about the structure of liquid eutectic alloys by means of various physical 
and structural methods /9/, to the pure nucleating behaviour of identical 
alloys. 

./. 
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RELATIONS BETWEEN INTERLAMELLAR SPACING AND GROWTH RATES. 

It has been observed /3/ in terrestrial /10/ conditions that 
the classical law A2R = C was not exactly observed in the range of the 
lowest values of R. This abnormal evolution can be a consequence of the 
composition modifications due to the effect of thernodiffusion. In space 
conditions, the efficiency of the thermodiffusion would have to be greater, so 
the validity of this hypothesis would be tested when comparing A(R) values 
obtained in 0-g and 1-g conditions. In parallel it would be possible to get 
information on possible modifications of the surface energy equilibria /11/ 
and on the growth kinetics /12/ in the space environment and to verify if they 
are different from the ones we can observ* on earth. 

ANALYSIS OF THE STRUCTURES. 

It must be kept in mind that the analysis of the different types 
of defects, their space distribution, their density and their evolution as 
a function of the various crystallisation parameters is a very difficult and 
inaccurate task, even in the very rare cases where it is possible to use 
global, or analytic, complementary methods. The most recent quantitative stu
dies give results with an accuracy of only 50% /13/. Thus if we uant to evaluate 
with an acceptable precision (e.g. 10$) the influence of space conditions on 
defect creation mechanisms, it is first indispensable to improve the accuracy 
of those quantitative analyses. This imposes the task of defining the best 
system, that is the most convenient from the point of view of the nature of the 
phases present for complementary methods. This accuracy of analysis is the 
only guarantee of the usefulness of the results obtained. 

CONCLUSION. 

We prefer not to consider that the main interest of the space 
conditions is to improve the quality of the eutectic morphologies. There is 
actually some evidence that a very precise control of the growth parameters 
/3/ is much more efficient than the absence of convection at least in tne case 
of lamellar eutectics, the situation appearing to be diffeiont with fibrous 
eutectics /2/. 

./. 
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But there are a lot of theories about the various r*:chanisms invol
ved in an eutectic solidification process, which need to be performed in condi
tions of absence of any segregation, parasitic nucleation or mixing of the 
liquid, in order to be verified or adjusted. These conditions can be fully 
realized in the space environment. For this reason, we believe that the space 
environment must be used to improve our knowledge of the basic mechanisms 
rather than to obtain more or less spectacular but isolated results. The impor
tance of such results will be dependant on the quality of the realization of 
the experiment /lb/, which means always a very good knowledge of the liquid 
alloys fluid physics behaviour, but the present state of knowledge gives us the 
opportunity to prepare the next experiments with a precision never before 
attained. 

./. 
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FIGURE CAPTION 

Fig.I - Schematic plot of the dendrite-eutectic transition under 1-g and 
0-g conditions. 
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1.2, Boundary for stable lamellar growth under 1g 
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»••• Resulting boundary for space growth 
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