INTERNATIONAL ATOMIC ENERGY AGENCY
{&} UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGAMZATION
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

LCT.P, P.O. BOX 586, 34100 TRIESTE, ITALY, CanLe. CENTRATOM TRIESTE

SMR/382- 38

WORKSHOP ON SPACE PHYSICS:
“Materials in Micorgravity”
27 Februaty - 17 March 1989

e

"Unidirectional Solidification®

A. PRAIZEY
Centre d'Etudes Nuckésire de Grenoble
Département de Metallurgie
Grenoble, France

Please note: Thesc are preliminary notes intended for imternal distribution anly.




UNIDIRECTIONAL

SOLIDIFICATION

B SOLIDIFICATION TYPE

INFLUENCE OF MICROGRAVITY

PLANAR FRONT

6 M Ca-KK

R KD

« LONGITUDINAL MACROSEGREGATION
REDUCED IN MICROGRAVITY

« SHIFT OF THE LIMIT OF THE MORPHO~
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EUTECTIC SOLIDIFICATION
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NO SIGNIFICATIVE INFLUENCE OF MICRO-
GRAVITY EXCEPT FOR OFF-EUTECTICS

IMMISCIBLE ALLOYS
ARTIFICAL COMPOSITES

INFLUENCE OF MICROGRAVITY ON SEDIMEN-

TATION BECOMES NEGLECTIBLE BUT OTHER
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Minimum solidification rale versus parkicle rodius
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MECHANISM OF COMPONENT SEPARATION OCCURS

33 AHEAD INTERFACE —_ 3L ~ 10pm

20

DIFFUSIVE BOUNDARY LAYER THICKNESS IS

10

d= 'EJ For D =5 x 107> cu2/s  anD

1074 ew/s ¢ R <5 x 1073 cn/s
\

100 um < &< 5000

. NO INFLUENCE OF MICROGRAVITY ON EUTECTIC GROWTH AT EUTECTIC ™
COMPOSITION,
-
2

. INFLUENCE OF MICROGRAVITY ONLY FoR OFF-EUTECTIC COMPOSITION.
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Flow induced by shape changes or volume changes
ﬂ Do not aFFlieJ to .sol

Gravity-driven convection
Sedimentation/buoyancy

O Coalescence/agglomeration
Capillarity phenomena

o
o

®  Spinodal decomposition

) ‘Harangoni convection
B Ostwald ripening

O

B Nucleation and growth

and Solidification of Dispersions
Mechanisms virtually eliminated under Microgravity

o
0

To get an homogeneous dispersion the solidification rate must be higher than
the most Himitating speed. '

In 1g as well as in pg conditions, to getr ¢ 2 pm, the limitating phenomena Is
the Ostwald rifentng.

Between 2pm to-100pm the sedimentation I's no more the 1imitating parameter,
others parameters (incorporation in the solidification front, Marangonf motion)
impose a minimum cooling rate.

This example shows that microgravity conditions are not suff Iclent to get a
fine enough dispersion and may explain the conclusion of walter

\\ Clearly, d!spersi'ons as desired for technologlcal applications cannol be
produced by simply cooling through the miscibility gap even under microgravity

conditions. 4



birectional Solidification
HMaterial
Monophase (macrosegregalion) )
Baslc Horphologlcal stability 40, Al .
Research Cellular/dendrtic solidification -
al low velocity
{part of MEPHISTO program)
Peference samples (for properlies. :
. Preinoustrial measurements) :
Turbine biades Superalloys
Developpement (NI base)
‘| Magnetic alloys HoBl, 60rg
~ Artificial Composites
HMaterial
Basic Dispersion of partities or shorl flbers; ?19 Al
Research dispersion of bubblea Ag, Cu
ttechanical hardening ry, Al
Preingustrial Vhiskers dispersion Aqg. Cu
Eleclricsl propertizs Aqg, Cu
Developpement | - g pacconducting materiais (type 1) | Ex: Pb, Ag.
fel
1n Situ Composiles
taterial
Basic gl;:ilr:czul::nllr. fiberlike, icregular Snbase,
Research immiscibles: monolectics, hypemml.etl.ch Al base
Light alloys Al-bass (A)-LI, AW
Preindustrial Superalioys Ni-base+ Co, W, Ta
Casting Cast lron
Developpément Magnetic alloys Fe-in, Fe-11g
Superconducting malerials Cu-th
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