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NASA TECHNICAL HPNORANDIRI 

1. INTRODUCTION 

The Mate r ia l s  R o c e s s i n g  in Space program ia d i r e c t e d  toward 
research in tk science a d  technology of p r o c e s s i ~  materials 
under cond i t ions  o f  low g r a v i t y  to provide a d e t a i l e d  excutnat ion 
of the c o n s t r a i n t s  imposed by g r a v i t a t i o n a l  f o r c a r  on Earth. The 
program is expected to lead,  u l t imate ly ,  to the d e v e l o p e n t  of new 
mater lals and processes  i n  c o m e r c  ial a p p l i c a t i o n s  adding to t h i s  
natior;' s ~ e c h o o l o g l c a l  base. The resea rch  s t u d i e s  emphasize tk 
se lec ted  materials and processes t h a t  w i l l  b e s t  e l u c i d a t e  tb 
1 i m i t a t i o n s  due u, g r a v i t y  and demonstrate the enhanced s e n s i t i v i t y  
of c o n t r o l  of processes t h a t  may be provided by th weigh t less  
environment i n  space. P r i r e r y  e f f o r t  w i l l  be devoted to a compre- 
hensive study o f  the s p e c i f i c  a r e a s  of research which revealed 
p o t e n t i a l  value  in the  initial i n v e s t i g a t i o n s  of the  previous 
decade. b a m p l e s  of prevlous process  resea rch  include growth o f  
c r y s t a l s  and d i r e c t i o n a l  s o l i d i f i c a t i o n  of metals i n  the quiescent  
cond i t ions  ia which g r a v i t a t i o n a l  f l u i d  flow is el iminated,  con- 
t a i n e r l e s s  processing of r e a c t i v e  m a t e r i a l s  to e l imina te  reac t i o n s  
with the  con ta ine r  and to provide geometr ical  c o n t r o l  of t h e  
product, s y n t h e s i s  and separa t ion  o f  b i o l o g i c a l  materials i n  
weight lessness  to  reduce heat and mass t r a n s f e r  problems a s s o c i a  ted  
wi th  sed inen ta t ion  and buoyancy e f f e c t s ,  i d e n t i f i c a t i o n  of h igh 
vacum c h a r a c t e r i s t i c s  a s s o c i a t e d  wi th  an o r b i t i n g  wake s h i e l d ,  
minimal knowledge of t e r r e s t r i a l  processing methods. 

Addit ional e f f o r t  w i l l  be devoted to i d e n t i f y i ~ g  the  s p e c i a l  
requirements which d r i v e  the des ign  of lmrdware to reduce the r i s k  
in f u t u r e  d e v e l o p e n t s .  Examples o f  c u r r e n t  hardware s t u d i e s  a r e  
a c o u s t i c ,  e lect romagnet ic  and e l e c t r o s t a t i c  c o n t a i n e r l e s s  process- 
ing modules, and e l e c t r o p h o r e s i s  separa  t i o n  devices.  

Tn add i t ion  to the b a s i c  resea rch  n a t u r e  of the program, a lover  
l e v e l  of e f f o r t  is being expended on t h e  business ,  a l o g i s t i c s  and 
Legal tmpl icat ion of r i g h t s  o f  da ta  and pa ten t s ,  c o n t r o l  of 
mate r ia l s ,  and d i v i s i o n  of responsibilities when PISA works with 
c o m e r c  t 1 ventures  aimed a t  spec i f  i c  products. Examples of 
c u r r e n t  m a t e r i a l s  research which a i g h t  lead t o  c o a ~ e r c i a l t z a t i o n  
include tnf rared detec  t o r  c r y s t a l s ,  ine r  c i a 1  conf i n e r e n t  fus ion 
t a r g e t s ,  e l e c t r o l y t e s  wi th  d i sperao ids ,  a1  igned magnets, and 
ferromagnetic mater ia ls .  

His tory  

H a t e r i a l s  Processing in  Space was i n i t i a t e d  wi th  a feu  simple 
denons t ra t ions  of p r i n c i p l e s  by a s t r o n a u t s  on Apollo miss ions  14 
and 16. These e r r  followed by more ex tens ive ly  planned but 
l imi ted  e x p e r h e n t s  on Skylab in 1974. On Apollo-Soyuz in  1975, 
many of the  experiments vere  repeated wi th  o t h e r  m a t e r i a l s  and 



Improved measurements. Also on t h a t  mission , e l e c t r o p h o r e s i s  
experiments gave e a r l y  i n d i c a t i o n s  of th p o s s i b i l i t y  of improved 
s e p a r a t i o n s  of b i o l o g i c a l  materials. I n  a l l ,  more than 50 f l i g h t  
experiments o r  demonstrat ions of fundamental e f  f e c t s  of  
weight leesness  were completed. Since the end of the Apollo 
program, the f l i g h t  o p p o r t u n i t i e s  f o r  r e sea rchers  have been 
l i m i t e d  t o  b a l l i s t i c  rocket  f l i g h t s  providing approximately 5 
minutes of weight lessness  dur ing the  coas t ing  phase of f l i g h t .  
Approximately 30 experiments hive been completed on Space 
Processing Appl ica t ions  Rockets (SPAR' 8). 

A r e c e n t  assessment of the  program was made by a committee of the  
National  Research Council on t h e  S c i e n t i f i c  and Technological  
Aspects of t h t e r i a l s  Processing in Space (STMPS). Recommenda- 
t i o n s  s t r e s s e d  the  need f o r  more ex tens ive  ground-based r e s e a r c h  
to  serve  a s  a support  base f o r  the evo lu t ion  and assessment of 
i n v e s t i g a t i o n s  which would lead to a proper understanding of t h e  
r o l e  played by g r a v i t y  i n  materials processes. Recourse to the 
we igh t l e ss  environment of space should be based p r imar i ly  on t h e  
understanding and need i n  those s p e c i f i c  cases  i d e n t i f i e d  from 
such a program. In  a d d i t i o n ,  the f i r s t  phase of the  s p a c e f l i g h t  
program should be a demonstrat ion of the  new technology developed 
i n  t h e  NASA program which should then be t r a n s f e r r e d  to non-NASA 
e n t i t i e s  f o r  t h e i r  use. The second phase, funded p r imar i ly  by 
non-NASA use r s ,  should c o n s i s t  of a Nat ional  M a t e r i a l s  Laboratory 
i n  space to  oper, the c a p a b i l i t i e s  t o  a l l  f o r  a reasonable  charge. 
Closer t i e s  between the m a t e r i a l s  comarunities and NASA were 
recommended in the form of peer review of a l l  proposals,  bo th  
ground-based and s p a c e f l i g h t ,  and the  pe r iod ic  peer review of 
p o l i c i e s  and plans. The U a t e r i a l s  Processing i n  Space program has 
been r e s t r u c t u r e d  on the  b a s i s  of these  recommendations beginning 
wi th  the e a r l i e s t  d e l i b e r a t i o n s  of the STAMPS Committee. An 
advisory  conmittee has been formed to  provide guidance in  f u t u r e  
program planning and pol icy  making t h a t  is c o n s i s t e n t  wi th  the 
s p i r i t  and p r i n c i p l e  of t h e  STAMPS Commit t e e  recomnendations. 

Program S t ra tegy  

The c u r r e n t  program emphasis on fundamental processing sc ience  and 
technology in se lec ted  a reas  w i l l  cont inue f o r  the period of t h i s  
plan a s  the Mate r i a l s  Processing in Space program addresses  
problems of i n t e r e s t  to  t h r  public and p r i v a t e  c o m e r c i a l  s e c t o r s  
which can he resolved by recourse to ttle space environment. 
During t h i s  phase o f  the  program, the  development and demonstra- 
t i o n  of c u r r c ~ l t  space technology f o r  m a t e r i a l s  processing w i l l  be 
t r a n s f e r r e d ,  a s  appropr ia te ,  to non-NASA users.  In o rde r  to  
a s s i s t  t h i s  process ,  a Commercial Space Processing Task Team has 
been formed t o  resolve  i n o t i t u t  tonal  c o n s t r a i n t s  serving a s  
d i s i n c e n t i v e s  to coapera t ive  involvement. In  a d d i t i o n ,  t h i s  team 
w i l l  serve  a s  a s i n g l e  point  of con tac t  f o r  i n t e r e s t e d  p a r t i e s  and 
represen t  the l r  i n t e r e s t s  wi th in  NASA. 



Emphasis w i l l  be placed on the expansion of c u r r e n t l y  funded 
a c t i v i t i e s  f o r  ground-based and s p a c e f l i g h t  i n v e s t i g a t i o n s  t o  
maximize the ou tpu t s  from these  oppor tun i t i e s .  I n i t i a t i v e s  
r equ i r ing  new hardware w i l l  be encouraged a t  a low l e v e l  u n t i l  
funds can be made ava i l ab le .  The expansion of cu r ren t  e f f o r t s  is 
occurr ing a s  a r e s u l t  of focusing support  f o r  c u r r e n t  s p a c e f l i g h t  
i n v e s t i g a t i o n s  by forming f a c i l i t y  experiment teams t o  provide 
advice  and i d e n t i f y  f u t u r e  involvement. Emphasis has been placed 
on experiments involving the N a t e r i a l s  Experiment ~ s s e m b l y  and 
Hid-Deck experiments on t h e  Space S h u t t l e .  Our cont inuing 
resea rch  f o r  more experimental  opport:lnit i e s  on STS involves  the  
F l u i d s  Experiment System, t h e  S o l i d i f i c a t i o n  Experiments System, 
Acoustic Conta ine r l ess  Process ing Module, and the Vacuum C r y s t a l  
Growth System. 

Goal 
7 

The program demonstrates the c a p a b i l i t i e s  of the space envirotrment 
f o r  m a t e r i a l s  processing t o  the s c i e n t i f i c  and commercial use r  
communittes and provides o p p o r t u n i t i e s  f o r  independently funded 
use r s  t o  e x p l o i t  the  space environment f o r  processirlg r e l a t e d  t o  
t h e i r  own needs. 

Objec t ives  - 
The program has  been s t r u c t u r e d  t o  achieve the following s p e c i f i c  
ob jec t ives :  

Demonstrate the a b i l i t y  t o  achieve c o n t r o l  over process 
- ' a r i a b l e s  a t  l e v e l s  not achievable  on Ear th  

Control  thermal f i e l d s  
Inc rease  composit ional  uniformity i n  c r y s t a l s  
Lower de fec t  concen t ra t ions  i n  c r y s t a l s  
Align i n t e r n a l  s t r u c t u r e  of metal a l l o y  

systems 
Increase  p u r i t y  of o p t i c a l  g l a s s  systems 
Iilcreclse s t a b i l i t y  range of new glriss systems 
Increase  gaolnet r i c i i l  unif c r ~ n i t y  of glass 

~ n i c r o s h e l l s  
Keducr sr? lf-def orm.~t ion and d i s l o c a t i o n  dens i ty  

o f  growing c r y s t ~ l s  
I;npruvt! ef t r c t  iveoess of e l e c t r o k i n e t i c  

sep'srilt ion 
Yrdduce large-di,lmr?ter mooodispe t sed  

polymer la tex  spl~ert:s 

Ucvcldp ; l i~d  deeo~rstrdtcr the c.ipahi l i t i rs  of c o n t a i n e r l e s s  
process i11g ;echntquca to  rlarld 1e ,111d mealsure the p r o p e r t i e s  
af molten, r e a c t i v e  r m t e r i a l s  on which experiments cannot 
be perf ormrd i n  Earth-h.~scd l a  bor.stories 



- V i s c o s i t y  - Equ i l i b r ium and dynamic vapor p r e s s u r e s  
- Entha lpy ,  e m i s s i v i t y ,  and tempera ture  

measurements - Phase e q u i l i b r i a  s t u d i e s  
- Entha lpy  of s o l u t i o n  and r e a ~  :ion 
- Proces s ing  of d r o p l e t  a r r a y s  

Demonstrate t h e  M t u r e  of t h e  vacuum a c h i e v a b l e  i n  space  
and its u t i l i t y  f o r  ex t end ing  t h e  range of impor tan t  
expe r imen ta l  parameters  i n  e x t r a  h igh  vacuum s c i e n c e  as 
w e l l  a s  i ts  p o t e n t i a l  f o r  a c h i e v i n g  novel  m a t e r i a l s  
p r o c e s s i n g  c a p a b i l i t i e s  

Provide  o p p o r t u n i t i e s  f o r  independent ly  funded s c i e n t i f i c  
and commercial u s e r s  t o  perform p roces s ing  i n  t h e  space  
environment 

I n  a d d i t i o n  t o  t h e s e  a c t i v i t i e s ,  t h e  program w i l l  a l s o  a c t i v e l y  
e x p l o r e  miss ion  and hardware c o n f i g u r a t i o n s  which w i l l  reduce c o s t  
and p rov ide  s u f f i c i e n t  power f o r  exper iments .  I n  t h e  pe r iod  
1980-84, t h e s e  d e f i n i t i o n  s t u d i e s  w i l l  i d e n t i f y  a series of phase 
o p t i o n s  t o  provide  such f l i g h t  o p p o r t u n i t i e s  and then  proceed w i t h  
p re l imina ry  des igns .  

L o r G r a v i  t y  F l i g h t  P r o  l e c t s  

Low-gravity r e s e a r c h  is provided by s e v e r a l  means t o  s c i e n t i s t s  t o  
c h r r y  on exper iments  t o  v e r i f y  ground-based p r e d i c t i o n s .  

a. Drop tube a t  ? l a r sha l l  Space F l i g h t  Cen te r  (XSFC); 
c o n t a i n e r l e s s  s o l i d i f i c a t i o n  w i t h  approximate ly  2 
seconds  of we igh t l e s snes s .  There is a l s o  a new 300-foot 
tube  t h a t  w i l l  be a v a i l a b l e  i n  1982. 

b. Drop tower a t  MSFC (appro)  :ma te ly  4 seconds  of f r e e  f a l l  
wi th  a  complete  a p p a r a t u s ) .  

c .  KC-135 o r  F 104 of r c r a f  t (up  t o  40 seconds of we igh t l e s s -  
ness  i n  a  Kep le r l an  p a r a b o l i c  t r a j e c t o r y ,  a v a i l a b l e  
s e v e r a l  t imes iI year ) .  

d. SPAR (up t o  5 n l n u t e s  of w e i g h t l e s s n e s s  i n  c o a s t i n g  
f l i g h t  a €  t e r  power cut-of  f ;  samples recovered  
a f t e r  parachute  d e s c e n t ) ;  more f l i g h t s  a r e  planned. 

e. X a t e r i a l s  Experiment Assembly (MA); up t o  5 days i n  
o r b i t  i n  t h e  Space S h u t t l e .  MEA is an autorromous 
package which w i l l  s uppor t  t h r e e  exper iments  w i t h  a 
minimum of 1ntegr.rt i on  e f f o r t  



f. Spacelab m a t e r i a l s  process ing experiments (5 o r  more 
days of weight lessness  on t h e  Space S h u t t l e ) ;  hande-on 
experiments operated by Mission or Payload S p e c i a l i s t e  
i n  a l abora to ry  environment. F i r s t  f l i g h t  planned f o r  
Spacelab 3. 

g. Mate r i a l s  Experiments C a r r i e r  (%C) w i l l  be an  automatic,  
f r ee - f ly ing  s a t e l l i t e  t o  support  a l a rge  number of 
experiments f o r  3 o r  more months. 

The key t o  the format f o r  l i s t i n g  M a t e r i a l s  Process ing i n  Space 
program t a s k s  i n  t h i s  ca ta log  is a s  follows: 

a. T i t l e  

b. Performing Organizat ion 

c. P r i n c i p a l  I n v e s t i g a t o r  

e. Contract  . ~mber and T o t a l  Cost 

f .  Period of Performance 

g. Abst ract  of Object ives ,  Approach and R e s u l t s  

h. Pub l i ca t ions  

Program Organizat ion 

The NASA Mate r i a l s  Process ing i n  Space Program is administered by 
a Divis ion Director  and h i s  s t a f f  i n  tile Off ice  of Space and 
T e r r e s t r i a l  Appl ica t ions  a t  NASA Headquarters,  Washington, D.C. 
The Divis ion Di rec to r  is supported d i r e c t l y  in  tlle management of 
the  program by the George C. Harshal l  Space F l i g h t  : en te r ' s  
Mate r i a l s  Processing i n  Space P r o j e c t  O f f  ice .  That o f f  i c e  depends 
upon the  l a b o r a t o r i e s  of the Marshall  Space F l i g h t  Center ,  o t h e r  
NASA c e n t e r s ,  otlrer government agencies ,  u n i v e r s i t i e s ,  and 
i n d u s t r i a l  l a b o r a t o r i e s  f o r  t e c h n i c a l  support .  
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A -  C R Y S T A L  GROWTH 



Analys i s  of  t h e  Float Zone P rocess  

Hassachuse t t s  I n s t i t u t e  o f  Technology 
P r o f e s s o r  R. A. Brown 
SSG-7645fSupplement 1 

Th i s  r e sea rch  program is d i r e c t e d  toward a fundamental 
unders tanding  of t he  i n t e r a c t i o n  of h e a t ,  mass, and momentum 
t r a n s f e r  t n  t he  f l o a t i n g  zone method f o r  growing s i n g l e  c r y s t a l s  
from the  melt. 

S i g n i f i c a n t  progress  lias been made on s t u d i e s  of t he  i n t e r -  
a c t i o n  between heat  and mass t r a n s f e r  and ~ ~ e l t / s o l i d  i n t e r f a c e  
shape i n  melt growth processes ,  on the a n a l y s i s  of t he  t l u i d  
mechanics of t he  f loat ing-zone process ,  and on the  modell ing of 
bouyancv-driven convect ion  i n  c r y s t a l  growth from t h e  melt. I n  
t h e  f i r s t  p r o j e c t ,  new f i n i t e  element  methods have been develcp- 
ed f o r  c a l c u l a t i n g  m e l t / s o l i d  i n t e r f a c e  shape i n  s o l i J i f i c a t i , n  
processes  and have been a p p l i e d  i n  a d e t a i l e d  s tudy  of hea t  and 
mass t r a n s f e r  i n  edge-def i ned  f  ~ l m  growth process. 

The f i n i t e  element methods have been extended t o  account  
f o r  n a t u r a l  convection i n  t h e  melt and its i n f l u e n c e  on melt/ 
s o l i d  i n t e r f a c e  shape and s o l u t e  segregat ion .  S t u d i e s  of proto-  
t ypes  of the  g e r t i c a l  Bridgman system and the  f l o a t  zone 
proccsses  are underway and r e s u l t s  have been submit ted  f o r  
p re sen ta t ion .  Asymptotic rarthods and f i n i t e  element a n a l y s i s  
have been used t o  s tudy forced  convect ion  i n  the  f l o a t  zone 
system. Resu l t s  of t h i s  s tudy a r e  being used t o  d e s c r i b e  r a d i a l  
and a x i a l  s eg rega t ion  i n  s! --  s o p e r a t i n g  i n  low-g c o n d i t i o n s  
but i n  the  absence of surfac,- tension-driven convection.  The 
e f  f  e c t s  of Xarangoni convsc:ion are being s tud ied .  

P u b l i c a t i o n s  

E t tou rey ,  H. 3. and Brown, R. A., ' F i n i t e  Elcment Yethods f o r  
Steady S o l i d i f i c a t i o n  Problems," reviewed f o r  p u b l i c a t i o n  i n  
J. Comp. Phys. 

Ettouney,  H. H. and Brawn, R. A, ,  " E f f e c t  of Heat T r a n s f e r  on 
Mel t /Sol id  I u t e r f a c e  Shape and S o l u t e  Segrega t ion  i n  Edge- 
Defined F i lm  Growth: F i n i c e  E lemerlt Ana lys i s ,  " reviewed f o r  
p u b l i c a t i o n  i n  J. C r y s t a l  Growth. 

Brown, R. A. and Chan,:, C. J . ,  "The E f f e c t  of N a t u r a l  Convection 
on t h e  Shape of t h e  ~ c ? l t / ~ o l t d  lu t e r f . l ce , "  Bu l l  Amer .  Phys. Soc. 
25 1100 (?980). - 



Chang, C. J .  and  Brown, 8. A., ' ' F i n i t e  e l e m e n t  C a l c u l a t i o n  of 
N a t u r a l  C o n v e c t i o n  Dur ing  S t e a d y  Solidification," rev iewed  for  
p u b l i c v t i o n  t n  J. Comp. P& 

Chang, C. J. and  Brown, R. A., " R a d i a l  S e g r e g a t i o n  I n d u c e d  by 
N a t u r a l  Convec t ion  and  H e l t / S o l i d  I n t e r f a c e  C u r v a t u r e  I n  Melt 
C r y s t a l  Crowtlr," s u b m i t t e d  f o r  p r e s e n t a t i o n  a t  ACCC-5, 
San  Diego ,  J u l y  1981. Paper for  J. C r y s t a l  Growth, i n  
p r e p a r a t i o n .  

H a r r l o t t ,  C. H. and Brown, R. A * ,  "The F l u i d  Y e c h a n t c s  of a 
U i f f e r e n t l a l l y  Rot , i ted C a p t i v e  Drop," J. F l u i d  Mech., ill 

p r c p a r a t  ion. 



Transient a n d  D l f f u r l o n  A n a l y s i s  o f  HgCdTe 

Semtec,  Inc.  
Dr. J. Creed  C l a y t o n  
NAS8-33698 S 11 7K/yeur  
December 19, 1980 - December 28, 1981 

The g o a l  of t h i n  e f f o r t  is t o  a n a l y z e  t h e  d i r e c t i o n a l  
s c r l i d i f l c a t i o n  of t h e  a l l o y  s y s t e m  HgCdTe i n  o r d e r  t o  o b t a i n  
optimum p r o c e s s i n g  c o n d i t i o n s  f o r  c r y s t a l  growth. Directional 
s o l i d i f i c a t i o n  of HgCdTe has been modeled and tile r e s u l t s  of t h i s  
model have been a p p l i e d  t o  t h e  i n i t i a l  and f i n a l  s o l u t e  s e g r e g a -  
t i o n  t r a n s i e n t s  i n  o r d e r  t o  e s t i m a t e  a n  e f f e c t i v e  d i f f u s i o r ~  
c o n s t a n t .  The one-d imens iona l ,  p l a n a r  i n t e r f a c e  model i n c o r p o r a t e s  
a s p e c t s  of t h e  HgCdTe sys tem t h a t  a r e  n o t  e n c o u n t e r e d  i n  t h e  
c l a s s i c  doped s e m i c o n d u c t o r  system.  The model assumes d i f f u s i o n -  
c o n t r o l l e d  s o l i d i f i c a t i o n  and t r e a t s  t h e  v a r i a t i o n  of i n t e r f a c e  
t e m p e r a t u r e  w i t h  c o m p o s i t i o n ,  t h e  v a r i a t i o n  of k w i t h  c o m p o s i t i o n ,  
and  a growth r a t e  d e t e r m i n e d  by t h e  t h e r m a l  f i e l d .  T h i s  t r e a t m e n t  
removes t h e  a s s u m p t i o n s  t h a t  have made p r e v  t o u s  one-dimensional  
models i n a p p r o y  r i a t e  f o r  t h e  HgCdTe system.  

O t h e r  t a s k s  c u r r e n t l y  u n d e r  s t u d y  i n v o l v e  e x t e n d i n g  t h e  
model t o  two d i m e ~ ~ s i o n s  i n  o r d e r  t o  i n v e s t i g a t e  i n t e r f a c e  s h a p e  
and s t a b i l i t y .  A method of d e c o n v o l u t i q  t h e  i n t e r f a c e  shape  f rom 
experiments 1 composi t  i o n  p r o f i l e s  and a n  assumed t h e r m a l  f i e l d  
shows p r o m i s i ~ ~ g  r e s u l t s .  A p o t e n t i a l  i n t e r f a c e  s h a p e  i n s t a b l l i t y  
due  t o  s e d i m e n t a t i o n  of t h e  h e a v i e r  HgTe s o l v e n t  under  a 
g r a v i t a t i o n a l  f i e l d  is c u r r e n t l y  under  s t u d y ,  and a t t e m p t s  t o  
mode 1 t h i s  phenomenon a r e  underway. 

P u b l i c a t i o n s  

C l a y t o n ,  J. C. , " T r a n s i e n t  D i f f u s i o n  A n a l y s i s  of HgCdTe," 
NASA8-33b98, F i f  t h  Q\r , r r ter ly  R e p o r t ,  December 20, 1980, 47 pgs. 



A n a l y s i s  o f  D i r ~ c t i o ~ l  S o l i d i f i c a t i o n  Space P r o c a r r i n g  
E x p e r i m e n t s  

Semtec,  Inc.  
Dr. J. Creed C l a y t o n  
NAS8-33746 $96K/year 
December 1979 - December 1981 

T h i s  e f f o r t  is t o  p r o v i d e  a n a l y s i s  s u p p o r t  t o  HSYC p e r s o n n e l  
and t h e  P r i n c i p a l  I n v e s t i g a t o r s  s e l e c t e d  f o r  exper iment t i  to be 
performed i n  t h e  S o l i d i C i c a t L o n  Exper iment  Sys tem (SES). The SES 
and r e l a t e d  Furnace  M u l e  (1M) c o m p r i s e  a c o m p l e t e  e y s t e a  f o r  
c r y s t a l  g rowth  In  space by a v a r i e t y  o f  techrr lques .  

T h i s  s t u d y  has ~ ~ i ~ ~ c e n t r a t e d  on a set of f o u r  e x p e r i m e n t s  t o  
be p r o c e s s e d  by d l r e c  t l o n a l  .sol i d i f  i c a t  ion. Semtec h a s  c r e a t e d  a 
the rmdl  model o f  t h e  f u r n a c e  end e x p e r i m e n t  ampoules  i n  o r d e r  t o  
,~ssess tlre e f f e c t s  o f  v a r i o u s  f u r n a c e  t e m p e r a t u r e s ,  a d i a b a t i c  zone 
l e n g t h s ,  and t i c k l e r  h e a t e r  w i d t h s  on t h e  r e s u l t i n g  t h e r m a l  
p r o f i l e  t n  t h e  ampoule. The t h e r m a l  model is m o d e r a t e l y  s i m p l e  
and e a s y  to r u n ,  t h e r e b y  p r o v i d i n g  a "second o p l n i o n "  t o  t h e  
r e s u l t s  o b t a i n e d  from o t h e r  much more c o m p l i c a t e d  models.  

I n  a d d i t i o n  t o  f u r t h e r  a n a l y s i s  of t h e  f i n a l  v e r s i o n  o f  t h e  
f u r n a c e ,  ar d d i t i o n a l  computer model is under  deve lopment  t h a t  
makes u s e  o f  assumed h e a t  t r a n s f e r  c o e f i t c i e n t s  f o r  h e a t  t r a n s f e r  
between t h e  f u r n a c e  and sample. The purpose  of t h i s  IF ' e l  is t o  
l i n k  d n a l y  t ical  models  deve loped  by MSFC p e r s o n n e l  t o  n m e r i c a l  
models  used a t  Semtec and TRW. An a d d i t i o n a l  u s e  o f  t h i s  model 
w i l l  be c.o u s e  e x p e r i m e n t a l l y  measured heat t r a n s f e r  c o e f f i c i e n t s  
t o  p r e d i c t  t he  t h e r m a l  f i e l d  i n  t h o s e  ampoules  that c a n n o t  be 
a d e q u a t e l y  i n s t r u m e i ~ t e d  w i t h  the rmocouples .  

Pub1 i c a t  i o n s  

C l a y t o n ,  J. C.,  "Ana!ysis o f  U i r e c c i u n a l  S o l i d i f i c a t i o n  Space 
P r o c c s s l n g  Exper lmcirts ," Annual Keprt , Uecr~nher  11 ,  1979- 
December 1 1 ,  1980, 107 pgs. 



S o l u t e 1  C o n v e c t i o n  D u r i n g  D i r e c t i o n a l  Solidification 

National Bureau o f  S t a n d a r d e  
S. R. C o r i e l l  
R. J. S c h a e f e r  
H-279548 S16OK!year 
A p r i l  1977 - c o n t i n u i n g  t a s k  

The o b j e c t i v e  o f  t h i s  t a s k  is t o  c a l c u l a t e  and measure  
e f  f e c t r  of c o n v e c t i o n  caused  by s i m u l t a n e o u s  t e m r - r u t u r e  and 
c o n c e n t r a t i o n  g r a d i e n t s  on d i r e c t i o n a l  s o L i d i f i c a ~ i o n ,  i n c l u d i n g  
d e t e r m i n a t i o n  of s e g r e g a t i o n  e f f e c t s  i n  e x p e r i m e n t s  done on 
E a r t h  and est imet ton  of t h e  e f  f e e t  of m i c r o - g r a v i t y  and magne t ic  
f i e l d s  i n  a v o i d i n g  such  c o n v e c t  ion.  

T h e o r e t i c a l  metllods are b e i n g  d e v e l o p e d  t o  p r e d i c t  convec- 
t i v e  and i n t e r f a c i a l  i n s t a b i l i t i e s  d u r i n g  u n i d i r e c t i o n a l  s o l i d i -  
f i c a t i o n  of b i n a r y  a l l o y s  i n  t h e  v e r t i c a l  d i r e c t i o n .  L i n e a r  
hydrodynamic s t a b i l i t y  t h e o r y  i n c o r p o r a t i n g  s o l i d i f i c a t i o n  
boundary c o n d i t  i o n s  'has been f o r m u l a t e d  and h a s  e s t a b l i s h e d  sow 
cri ter ia  f o r  t h e  o n s e t  of n o n p l a n a r  s o l l d i f  l c a t i o n  and nonuni-  
form i n c o r p o r a t i o n  of s o l u t e  i n  t h e  r e s u l t i n g  s o l i d ,  i n c l u d i n g  
effects of magne t ic  f i e l d s ,  T h i s  r e s e a r c h  w i l l  d e l i n e a t e  t h e  
c o n d i t i o n s  under  which g r a v i t y - d r i v e n  c o n v e c t i o n  w i l l  o c c u r  
d u r i n g  c o n s t a n t  v e l o c i t y  u n i d i r e c t i o n a l  s o l f d i f i c a t i o n .  

Exper i raen ta l  s t u d i e s  o f  i n s t a b i l i t i e s  a r e  b e i n g  c a r r i e d  o u t  
i n  s u c c i n o n i t r i l e  doped w i t h  s m a l l  a d d i t i o n s  of e t h a n o l .  The 
c o n c e n t r a t i o n  and u n i d i r e c t i o n a l  s o l i d i f i c a t i o n  v e l o c i t i e s  have  
been s e l e c t e d  tc, be c l o s e  t o  t h e  v a l u e s  f o r  which t h e  t h e o r y  
p r e d i c ' . ~  t r a n s i t i o n s  from s t a b i l i t y  t o  i n s t a b i l i t y .  C o n v e c t i o n  
is -' t e c t e d  by o b s e r v d t i o n s  of s m a l l  n e u t r a l l y  buoyant  p a r t i c l e s  
i n  t h e  l i q u i d ,  and t h e  b e h a v i o r  of t h e  doped m a t e r i a l  is 
compared t o  t h a t  o f  u l t r a - h i g h  p u r i t y  m a t e r i a l  irr which any  con- 
v e c t i v e  f l o v  must be a t t r i b u t e d  t o  t h e r m a l  g r a d i e n t s  o r  s o l i d i -  
f i c a t i o n  s h r i n k a g e .  

Pub1 i e a t  i o n s  

Boe t . t inger ,  W. . I . ,  C o r i e l l ,  S. R., et a l . ,  "NBS: P r o p e r t i e s  of 
Ele ~ r o n i c  M a t e r i e l s , "  N I S I H  73-1483, J. K. &inning and 
: . L. P a r k e r ,  Eds., 1978, pp. 15-68, 
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The p r i n c i p a l  purpose  of t h i s  e x p e r i m e n t  is t o  u t i l i z e  the 
m i c r o g r a v i t y  e n v i r o ~ r m e n t  of s p a c e  t o  i n v e ~ t i g a t e  t h e  e f f e c t  of 
c o n v e c t  i o n  on t h e  homoge~re i ty  and p e r f e c t  lo l l  of compound semicon- 
d u c t o r  c r y s t a l s .  I n  a g r a v i t y  f i e l d ,  t h e  s p e c i f i c  m a t e r i a l  
Pbl-xSnxTe b e i n g  i n v e s t i g a t e d  h a s  u t r s t a b l e  s o l u t e 1  g r a d i e n t s  o r  
u n s t a b l e  t l ~ e r m a l  g r a d i e n t s  depending  on growth o r i e n t a t i o n .  

T h r e e  d i f f e r e n t  growth p r o c e s s e s  w i l l  be c o n s i d e r e d :  ( 1 )  a 
vapor  phase s u b l i m a t i o n  f o r  seeded  growth ,  ( 2 )  a m o d i f i e d  Bridgman 
growth i n  which p o l y c r y s t a l l i n e  a g g r e g a t e  is necked down t o  
encourage  growth of a  s i n g l e  c r y s t a l ,  and ( 3 )  w m o d i f i e d  B r i d j p a n  
melt back and regrowth.  

R e s e a r c h  i n  p r e p a r a t i o n  f o r  t h e  s p a c e  f l i g h t  c o n s i s t s  of 
bo th  t l r r o r e t l c a l  and e x p e r i m e n t a l  e f f o r t s .  Numerical  a n a l y s i s  o f  
t h e  mass and h e a t  t r a n s f e r  w i l l  p r e d i c t  t h e  f u r n a c e  p r o f i l e  needed 
t o  o b t a i n  n p l a n a r  i s o t h e r m  a t  ~ l l e  m e l t - s o l i d  i n t e r f a c e .  C r y s t a l s  
grown on E a r t h  w i l l  k used f o r  comparison w i t h  t h o s e  grown i n  
space .  
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The nu j o r  o b j e c t i v e  of t h i s  program is t o  d e t e r m i n e  t h e  con- 
d i t i o n s  under  which s i n g l e  c r y s t a l s  of s o l i d  s o l u t i o n s  c a n  be 
grown from t h e  melt i n  a Rridgmatl c o n f i g u r a t i o n  w i t h  a h i g h  d e g r e e  
of c l ~ e m i c a l  homogeneity.  The c e n t r a l  aim of t h i s  program is t o  
a s s e s s  t h e  r o l e  of g r a v i t y  i n  t h e  growth p r o c e s s  and t o  e x p l o r e  
t h e  p o s s i b l e  a d v a n t a g e s  f o r  growth i n  t h e  a b s e n c e  of g r a v i t y .  
S i n c e  HgTr r e j e c t e d  a t  t h e  growth i n t e r f a c e  is more d e n s e  t h a n  t h e  
b u l k  melt, t h e  sys tem may be s t a b l e  a g a i n s t  t h e r m o s o l u t a l  convec- 
t i o n ,  b u t  tire n e g a t i v e  t h e r m a l  e x p a n s i o n  of t\e m e l t  may be 
s u f f i c i e n t  t o  u p s e t  t h i s  s t a b i l i t y  i n  a h i g h  t h ? r m a l  g r a d i e n t .  
The p r e s s u r e  of a d e n s e  component t h a t  l o w e r s  t h e  m e l t i n g  p o i n t  of 
t h e  s o l i d  a l s o  g i v e s  rise t o  a g r a v i t y - d e p e n d e n t  i n t e r f a c e  s h a p e  
i n s t a b i l i t y .  F i n a l l y ,  t h e  i n t e r a c t i o n  between u n a v o i d a b l e  r a d i a l  
t l lermal  g r a d i e n t s  i n  t h e  m e l t  and the d i f f u s i o n  r e g i o n  may produce  
r a d i a l  homogeneit  ies. The pr imary  f o c u s  t o  i n v e s t  i g a t e  t h e  
r o l e  of g r a v i t y  i n  t h e s e  p r o c e s s e s .  

The problems of p u r i t y  and con ta inment  i n  q u a r t z  ampoules  
have been r e s o l v e d .  The n e c e s s a r y  p u r i t y  and t h e  r e s u l t i n g  
a b s e n c e  of c h e m i c a l  a t t a c k  011 t h e  q u a r t z  was a c h i e v e d  by o b t a i n i n g  
u l t r a p u r e  s t a r t i n g  m a t e r i a l  and l o a d i n g  by d i s t i l l a t i o n .  The 
s t r u c t u r a l  i n t e g r i t y  of t h e  ampoules  a t  t h e  h i g h  vapor  p r e s s u r e s  
a s s o c i a t e d  w i t h  growth of t h i s  s y s t e m  was demons t ra ted .  C r y s t a l s  
were grown by t h e  Bridgmat~ twthod and a n a l y z e d  by t h e  e n e r g y  
d i s p e r s i v e  X-ray t e c h n i q u e  (Kevex). Compos i t ion  was d e t e r t n i n e d  
l o n g i t u d i n a l l y  and r a d i a l l y .  T h e s e  composi t  i o n a l  p r o f i l e s  are 
b e i n g  a n a l y z e d  by one-d t m e n s i o n a l  and two-dimensional  models.  I n  
a d d i t i o n  t o  t h e  b a s i c  s t u d i e s ,  t h e r m a l  p r o f i l e s  were d e t e r m i n e d  t o  
o b t a t t l  t h e  optimum growth envtronmen: f o r  t h e  HgCdTe m a t e r i e l .  
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The Space l ab  experiment  c o n s i s t s  of  meavuring the  f r e e z i n g  
i n t e r f a c e  morphology and the  v e l o c l t y  and tempera ture  f i e l d s  o n  
t h e  s u r f a c e  of a molten zone i n  a c y l i n d r i c a l  sample of gal l ium- 
doped germanium i n  e c r y s t a l  growing c o n f i g u r a t i o n ,  The nominal 
sample d iameter  is G.7 cm, and the  p u l l i n g  r a t e  is v a r i a b l e .  
P o s t f l i g h t  c h a r a c t e r i z a t i o n  of tlle sp~ace-grown c r y s t a l s  w i l l  b e  
made, and the  r e s u l t s  of t he  measured expe r imen ta l  v a r i a b l e s  w i l l  
be compared wi th  theory.  

The experiment  w i l l  be c a r r i e d  o u t  under c o n d i t i o n s  i t r  which 
molecular  d i f f  u s ion -cov t ro l l ed  p r o c e s s e s  can dominate t h e  behav io r  
of the  melt  because graxvity-induced convec t ion  is made n e g l i g i b l e  
i n  the  micrograv t t y  e n v i  ronruent o f  Syacelab.  This  p r o c e s s i n g  
c o n d i t i o n  is d e s i r a b l e  because t h e  sc t e n t  i f  i c  unde r s t and ing  and 
c a n t r o l  of  it would produce an i w e d i a t e  promise f o r  producing  
b e t t e r  semiconductor ,  c r y s t a l  p roducts .  However, f l ows  d r i v e n  by 
s u r f a c e  t e n s i ~ n  g r a d i e n t  (Marangoni e f f e c t )  a r e  p r e d i c t e d  t o  upse t  
t h e  d i f f u s i o n - c o n t r o l l e d  p roces s  i d e a l .  A major purpose of t h e  
exper iment ,  and t h e  theory  i n  suppor t  of i t ,  is t o  examine t h e  
n a t u r e  and importance of the  Marangonl ef f e c t .  
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The e x p e r i m e n t a l  and t h e o r e t i c a l  e f f o r t s  are aimed a t  t h e  
e s t a h l i s h m r n t  of r e l a t i o n s h i p s  among c r y s t a l  g rowth  p a r a m e t e r s ,  
m a t e r i a l s  p r o p e r t i e s ,  elect t o n i c  p r o p e r t i e s  iind d e v i c e  a p p l i c ~ . -  
t i o n s  o f  CaAs. Toward t h i s  g o a l  s t e p s  have been u n d e r t a k e n  fo r  
t h e  development  of new a p p r o d c h e s  t o  t h e  p r e p a r a t i o n  and eharac- 

' t e r i z a t i o n  o f  CaAs. T h i s  e x t e n s i v e  ground-based program 
c o n s t i t u t e s  a n e c e s s a r y  s t e p  toward i n s u r i n g  s u c c e s s f u l  p r o c e s s i n g  
of  CaAs under  z e r o  g r a v i t y  c o n d i t i o n s .  Due t o  i t s  u n i q u e  s c o p e  
combin ing  c r y s t a l  growth c h a r a c t e r i z a t i o n  and d e v i c e - r e l a t e d  
p r o p e r t i e s  and phenomena, t h i s  program b e a r s  d i r e c t l y  upon 
e x p l o i t a t i o n  of t h e  p o t e n t i a l  of CaAs i n  d e v i c e  a p p l i c o E i o n s .  

Tlre r e s e d r c h  t a s k  i n c l u d e s  the d e t a i l e d  s t u d y  of t h e  
mechanisms of GaAs c r y s e a l  growth from t h e  m e l t  and from s o l u t i o n  
and of t h e  development  of t e c h n i q u e s  f o r  the c h a r a c t e r i z a t i o n  of 
m a t e r i a l s  and e l e c t r o n i c  p r o p e r t i e s  on a m i c r o s c a l e ,  e.g., 
c o m p o s i t i o n ,  c a r r i e r  c o n c e n t r a t i o n ,  m o b i l i t y ,  d i f f u s i o n  l e n g t h ,  
a n d  l i f e t i m e .  R e l a t i o n s h i p s  between e l e c t r o n i c  p r o p e r t i e s  and 
d e v i c e  per formance  a r e  a p a r t  of t h e  r e s e a r c h  t a s k .  
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The o v e r a l l  program task  is to  improve the q u a l i t y  of semi- 
conductor s u b s t r a t e  mirterial used in  e p i t a x i a l  growth processes ,  
s i n c e  the q u a l i t y  of the e p i t a x i a l  depos i t  is o f t e n  l imi ted  by the 
q u a l i t y  of the subs t ra te .  To achieve the des i red  mate r i a l  improve- 
ment, the  f l o a t i n g  zone technique used in  conjunct lan  with a  low- 
g r a v i t y  environment w i l l  be used. This combination of tec~:;tique and 
environment is capable of producing l a r g e ,  uniformly d . - ~ -  ani 
composit ionally homogeneous s i n g l e  c r y s t a l s .  The 111. .. l i d  
s o l u t i o n s  were se lec ted  f o r  the i n i t i a l  growth exper i l  , St ra in -  
f r e e ,  homogeneous s i n g l e  c r y s t a l s  o f  1 1 1 - V  s - l i d  soluc  53ve no t  
been success fu l ly  synthesized due to the na tu re  of  the^. ptifise 
diagrams where the  l i q u i d s  and s o l i d s  a r e  of d i f f e r e n t  composition. 
The Gal,,ln,Sb was chosen i n i t i a l l y  because it has the 
lowest melting point  and vapor pressure  of the  1 1 1 - V  s o l i d  so lu t ions .  
The resea rch  o b j e c t i v e  was to  genera te  a  composit ionally homogeneous 
seed f o r  f u t u r e  f l o a t  zone experiments. However, t echn ica l  d l  f  f  F- 
c u l t i e s  with the o r i g i n a l  approach and recent  advances i n  the vapor 
growth of  L I I - V  s o l i d  s o l u t i u n  led to a  reassessment of the i n i t i a l  
approach and a  r e d i r e c t i o n  of the program to the s i n g l e  c r y s t a l  
growth of  CdTe, a  1 1 - I V  compound. 

The resea rch  t a sk  w i l l  Involve a t tempts  to  f l o a t  zone small- 
diameter CdTe c r y s t a l s  because d e n s i t y ,  su r face  tens ion,  a d  thermal 
conduc t iv i ty  cons ide ra t ions  fo r  CdTe preclude the use of f l o a t  
zoning f o r  l a r g e  c r y s t a l s  i n  normal g r a v i t y .  Mate r i a l s  synthes ized 
d i l l  be analyzed by o p t i c a l  microscopy, X-ray d i f  f r a c t i o n  and topo- 
graphy, ir.f rared spectroscopy, and e l e c t r i c n l  measurements. 



Charac te r i za t ion  of Semiconductor +terAale 

U n i v e r s i t i e s  Space Rese.*.rch Associa t ion 
Dr. D. C. G i l l i e s  
In-House 
October 19d0 - October 1981 

The o b j e c t i v e  qf t h i s  e x p e r i u n t  is t o  develop t rchniques  f o r  
c h a r a c t e r i z i n g  hjr , -qual i ty ,  sc l id - so lu t ion ,  a l loy- type semiconductors 
f o r  use a s  i n f r a r e d  d e t e c t o r s  or a s  IR t r ansparen t  eubs t ra tee .  I R  
d e t e c t o r s  can be grown by LPE or o the r  techniques. Emphasis has been 
given t o  Hg.gCd.2Te because of its importance a s  a d e t e c t o r  
ma te r i a l  and because it is genera l ly  accepted a s  one of the most 
d i f f i c u l t  m a t e r i a l s  of t h i s  type t o  grow on Ear th .  One of the major 
goa l s  is t o  achieve a very low i n t r i n s i c  c a r r i e r  concentra t ion i n  
order  t o  extend the  bandwidth from the e x i s t i n g  2 GHz t o  approximately 
5 GHz t o  s a t i s f y  a Department of Defense (DOu) requirement. 

Chemical a n a l y s i s  data  f o r  melt growth experiments a r e  necesstiry 
t o  v e r i f y  computed rtodels s i n u l a t i n g  c r y s t a l  growth, One-dimensional 
models enable  d i f f u s i o n  coeff! .cients t o  be obtained from t r a n s i e n t  
da ta  and t r a n s l a t i o n  r a t e  experiments. It is a n t i c i p a t e d  t h a t  some 
assessmerit of r a d i a l  d i f f u s i o n  and f l u i d  flow along the i -k ter face  
w i l l  be obtained from 2-dimensional ana lys i s .  I n  a d d i t i o n ,  c r y s t a l  
growth w i l l  be i n t e r r u p t e d  i n  an a t tempt  t o  quench i n  the  i n t e r f a c t .  
High s p a t i a l  r e s o l u t i o n  r e s u l t s  a r e  needed t o  loca te  t h i s  i n t e r f a c e .  
An X-ray a n a l y s i s  technique ~mploy ing  an energy d i s p e r s i v e  system on 
a s ~ a n n i n g  e l e c t r o n  micrcscope has been devised f o r  the determinat ion 
of x in Hgl-xCdxTe. The o p t j - ~ n s  e x i s t  f o r  us ing a range of 
s tandards  of d i f f e r e n t  compositions and analyzing d i f f e r e n t  s p e c t r a l  
l i n e s  (up t o  100 po in t s  per day can be analyzed).  Addicional t a s k s  
being performed include the determinat ion of x on a macro s c a l e  by 
m e a s ~ r i n g  the i n f r a r e d  cut-of f wavelength, meta l lographic  s t u . i l e s  of 
e t ch  p i t s ,  inc lus ions  and g r a i n  boundaries and c r y s t a l  p e r f e c t i o n  and 
@ r i e n t a t i o n  s t u d i e s  of x-ray back r e f l e c t i o n  Laue techniques.  



S o l u t i o n  Crowth o f  C r y s t a l s  i n  Zero-Cravi ty  

Alabama A6H Unive r s i ty  
Dr. R. B. La1 
Dr .  R. 1, Kroes, HSFC 
NAS8-32945 T o t a l  Cost: $692g 
June 28, 1978 - Ju-le 28, 1983 

I n  a 1ou-g environment, buoyancy-driven convect ion  e f f e c t s  i n  
s o l u t i o n  c r y s t a l  growth a r e  g r e a t l y  reduced and,  thus ,  one can s t u d y  
d i f f u s i o n  mss t r a n s p o r t  which In 1-g is masked by convec t ive  
phenomena. Also, t r i g l y c l n e  s u l f a t e  (TGS) c r y s t a l s  have t e c h n c i o g i c a l  
importance f o r  i n f r a r e d  d e t e c t o r s .  The o b j e c t i v e s  of the  experiment 
: ; 2 ( 1) t o  grow TCS c rys r , a l s  from aqueous s o l u t i o n  i n  low-gravity,  (2)  
t o  i n v e s t i g a t e  mass t r a n s j w r t  and hea t  flow in a d i f f u s i o n - c o n t r o l l e d  
growth system, an8 ( 3 )  to e v a l u a t e  t he  f e a s l t i l i t y ,  p o s s i b l e  advan- 
t a y e s  and t e c h n i c a l  p o t e n t i a l  of  productng w l u t i o a  growth c r y s t a l s  i n  
space, 

S i n g l e  c r y s t a l s  of TGS have been grown us ing  convent1o;ral L o r  
temperature s o l u t i o n  grouch method, and the  growth p rocess  has been 
e x t e n s i v e l y  cha rac t e r i zed .  Also, a unique technique  o f  growing so lu-  
t i o n  growth c r y s t a l s  by e x t r a c t i n g  h e a t  at a p rogramed  rate from t h e  
c r y s t a l  through a s e o i - i n s u l a t i n g  s t i n g  has been developed. TGS 
c r y s t a l s  w i l l  be grown by t h i s  technique  d u r i n g  t h e  Spacelab  3 mission.  
Data on hea t  and mass t r a n s p o r t  i n  a d i f  fu s ion -con t ro l l ed  system w i l l  
be ob ta ined  us ing  a laser holography technique.  A n a l y t i c a l  s t u d i e s  
a r e  under way to  est imace growth r a t e s  i n  low-g cond i t ions .  
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The object ives  of t h i s  proylram are  to  cont r ibr~te  t o  under- 
stcrnding tihe tole  of convecciol~ on plane front s o l i d i f  lcat ion of 
eu t ec t i c  and pe r i t ec t i c  composites and the relat ionships between 
morphology alrd ratgnetic properties.  In addi t ion,  s8sassment w i l l  
be ~ d r  of the c o ~ r c i l r l  po ten t ia l  for processing binary 
compoui tcs  in low-8. 

The aim of tlris progr~m is to evaluate the impact of convec- 
t !on (tlrermil tlnd/or soluta  1 )  or coupled convrctiveldif fusive 
:r.inspott olr tire plane front so l i a i f  i ca t  ion of contained binary 
mignetic compoaittrs. Eutect ic ,  off-crutrctic, ~ t d  perf t r c t i c  
sal idif  icat  ion a re  under investigut ion. The low-8 o rb i t a l  
c~ lv t  ronment w i  11 be u t i l i zed  to study d i f  fusion-controlled eo l id i -  
f tcn t ton  for t.xprrimentcr1 regimes tlrat would k. describtad a s  
cor~vr .~t ive!d~ffusivz regimes t e r r e s t r t i l l l y .  Itr addi t ion,  the 
r tb l s t  iu~rslrips b e t ~ e e n  s o l l d l i i c ; r t l o ~ ~  processing parameters, 
s t> l id i f  l r a t  ion ~nicros t ruc turc ,  rnicrochemistrv, ; I I ~  magnet l c  
propert i e s  are  betng studied. 
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The objectives of t h i s  - search program are  to  quant i ta t ive ly  
e s ~ a b l i s h  the cha rac t e r i s t i c s  of Hgl-xCdxTe as  grown on 
t a r t h  (I-g) as a basis for  subsequent evaluaribn t b f  the m a t e r i h ~  
processed in space and to  develop experimental, ckcoret ical ,  and 
ana ly t ica l  methods required for  such evaluation. 

A s e r i e s  of d i f f e r e n t i a l  thermal-arrest (DTA) rneass.rements 
were performed for  Hgl-,CdxTe a l loy  composities x = 0, 0.1, 0.2, 
0.3, 0.4, 0.6, 0.7, 0.8, 0.9, 1.0. The sol idus and l iquidus 
temperatures deduced from the DTA data  were used to  e s t ab l i sh  the 
pseudobinary HgTe-CdTe cons t i tu t iona l  phase diagram and the x and 
in te r face  temperature dependencies of the Cd segregation coef f i- 
c i en t ,  k. I t e r a t ive  phase-equilibria calculat ions,  based on a 
regular associated solution (RAS) theory, were performed to 
e s t ab l i sh  the solut ion parameters required to ca lcu la te  the phase 
boundaries for  tile Hg-Cd-Te a l loy  system. F urtller DTA measui e- 
ments and theore t ica l  analysis  a re  being performed to  determine 
phase equi l ibr ia  parameters for selected regions of the ternary 
Hg-Cd-Tc phase diagram. 

Theoret i c a l  models and computer programs spec i f ic  t o  
Hgl-xCdxTe uere developed for  calculat ions of charge-carrier 
concent rat ions,  Hall coef f ic ien t ,  Fermi energy, and conduction- 
e lec t ron  mobility as functions of x, tenperature,  an ionized-def e c t  
and neutral-defect concentrations. A comparison of calculated 
r e su l t s  with avai lable  experimental data indicated that Longitudi- 
nal optical-phonon and charged and neutral defect sca t te r ing  a r e  
the dominant mobility l imit ing mechanisms. 
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The o b j e c t i v e  is t o  grow e p i t a x i a l  f i l m s  of g a l l i u m  a r s e n i d e  
by l i q u i d  phase  e p i t a x y  (LPE) i n  low g r a v i t y  and t o  compare them 
w i t h  f i l m s  grown i n  normal g r a v i t y .  To i n v e s t i g a t e  c r y s t a l  growth 
i n  low g r a v i t y ,  an  e x p e r i m e n t  was d e s i g n e d  and performed on a  
Space  P r o c e s s i n g  A p p l i c a t i o n s  Rocket  (SPAR) f l i g h t .  UaAs LPE 
a p p e a r e d  t o  be an  a p p r o p r i a t e  p r o c e s s  f o r  i n v e s t i g a t i o n  i n  such  a 
f l i g h t  because  i t  can  be comple ted  w i t h i n  t h e  few m i n u t e s  o f  low 
k r a v i t y  p r o v i d e d  by t h e  f l i g h t  and because  of broad i n t e r e s t  i n  
t h i s  p r o c e s s  and m a t e r i a l .  

A g e n e r a l  purpose  LPE p r o c e s s o r  s u i t a b l e  f o r  e i t h e r  SPAR o r  
Space  T r a n s p o r t a t i o n  System f l i g h t s  was d e s i g n e d  and b u i l t .  It 
i n c o r p o r a t e s  a t u b u l a r  r e s i s t a n c e  h e a t e d  f u r n a c e ,  a  s y s t e m  t o  
k r o v i d e  a f l o w i n g  H2 a tmosphere  i n s i d e  t h e  f u r n a c e ,  a pneumati-  
c a l l y  o p e r a t e d  s l i d e r ,  arid an  e l e c t r o n i c  p r o c e s s  c o n t r o l l e r .  F o r  
t h e  SPAR f l i g h t  t h e  p r o c e s s  was s t a r t e d  b e f o r e  t h e  l a u n c h ,  and 
o n l y  t h e  f i n a l  s t e p ,  i n  which t h e  e p i t a x i a l  f i l m  is grown, was 
per formed  d u r i n g  t h e  f l i g h t .  F o r  a p lanned  growth t e m p e r a t u r e  of 
720°C, t h e  s o l u t i o n  (As i n  e x c e s s  Ga) was s a t u r a t e d  a t  730°C. 
N i n e t y  m i n u t e s  b e f o r e  t h e  l a u n c h  t h e  f u r n a c e  t e m p e r a t u r e  was 
r a i s e d  t o  780°C and t h e n ,  b e g i n n i n g  a t  t h e  l a u n c h ,  was lowered a t  
a r a t e  t h a t  a l l o w e d  t h e  growth t e m p e r a t u r e  t o  be r !ached w i t h i n  
t h e  f i r s t  f o u r  minu tes  of t h e  f l i g h t .  By t h e n ,  thc near -ze ro  
g r a v i t y  c o n d i t i o n  was w e l l  e s t a b l i s h e d ,  and t h e  f l u i d  motion 
induced  by t h e  l a u n c h  was damped o u t .  Growth was i n i t i a t e d  a t  
t h i s  time by s l i d i n g  2 CaAs s u b s t r a t e  w a f e r s  i n t o  c o n t a c t  w i t h  t h e  
s o l u t i o n .  It  was t e r m i n a t e d  a f t e r  1 minute ,  r e t r a c t i n g  t h e  
s u b s t r a t e s .  

The exper iment  a c h i e v e d  its o b j e c t i v e s .  E p i t a x i a l  f i l m s  of 
r e a s o n a b l y  good q u a l i t y  and very  n e d r l y  t h e  t h i c k l l e s s  (z 1 urn) 
p r e d i c t e d  f o r  coavec t lon- . f  ree, d i f f u s i o n - l i m i t e d  growth were 
produced.  The f i l m s  have been examined by c o n v e n t i o n a l  a u a l y t i c a l  
t e c l l n i q u e s ,  i n c l u d i n g  e l e c t r i c a l  and p h o t o l u m i ~ ~ e s c e n c e  measurements 
and x-ray d i f f r a c t i o n  topography.  Ttw r e s u l t s  a r e  y a t i s f a c t o r y  
f o r  an  i n i t i a l  s p a c e  f l i g h t  ex,.ceriment and p r o v i d e  ample 
j u s t i f i c a t i o n  f o r  f u r t l ~ e r  e x p e r i m e n t a t i o n  w i t h  LPE p r o c e s s e s  i n  
t h e  n b s e c c r  of g r d v i t y .  
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Analytical Approach t o  Modeling of Heat Flow i n  Bridgman-Type 
Crystal  Growth 

Mar sha l l  Space Fl ight Center 
Dr. R. J. Naur~~nn 
Ms. Ernestine Co thrall 
In-House 
Qc tober 1980 - May 1981 

The purpose of t h i s  program task i s  to develop a11 ana ly t ica l  
approach to the modeling of heat flow in Bridgman-type c r y s t a l  
growth. Approximate ana ly t ica l  techniques have been developed fo r  
obtaining the temperature f ie ld  and isotherms in c r y s t a l s  being 
grown from the melt by the ve r t i ca l  Bridgman technique. One- 
dimensional models are useful for  low Biot numbers dnd have been 
used to e s t i~na te  the thermal p ro f i l e s ,  determine the position and 
motion of the growth in te r face ,  and assess  thr ax ia l  thermal 
gradients  in the mmple a s  functions of furnace and sample wra -  
meters, sample inser t ion length, and sample motion. This ana lys is  
is par t icu lar ly  valuable for establ ishing control conditions for 
meeting processing requirements, for performing s e n s i t i v i t y  
analyses,  and for  per forming engineering trade s tudies  such a s  
optimizing the length of the booster heater zone for enhancing 
ax ia l  thermal gradients  in the sample. 

A two-dimensional analysts  has a l so  been developed which can 
accommodate dAf ferent  thermal propert ies  of the sample in the melt 
and sol id  phases and can locate  the position and determine the 
shape of the so l id i f i ca t ion  in te r face  In a h o n e  furnace which 
includes an insulated or adiabat ic  zone. Final ly ,  l imit ing cases  
involving very large Biot numbers were considered. I t  hes been 
shown that  the maximun ax ia l  gradient i n  a  long cy l ind r i ca l  
samples tha t  can be obtained by the Bridgman technique i s  approxi- 
mately 2 / 3  times the d i f fe rence  between the hot and cold end 
temperatures divided by the s m p l e  radius. Ef fec ts  of sample 
motion and length of t k  adiabat ic  zone were also examined for  
t h i s  l imit ing case. 
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U l t r r v a c u ~  Vapor E p i t a x i a l  Growth of S i l i c o n  

General E l e c t r i c  Company 
Dr. C. A, Neugebauar 
NAS8-33121 T o t a l  Coot: $105K 
August 30, 1978 - Perch 31, 1980 

The o b j e c t i v e  of t h i s  program is t o  develop an ul t ra-high 
vacum depos i t ion  process f o r  the  growth of p o l y c r y s t a l e  of 
s i l i c o n  onto  a p o l y c r y s t a l l i n e  o r i e n t e d  metal subs t ra te .  An 
important o b j e c t i v e  is to e s t a b l i s h  vacum and vacum p u r i t y  
requirements f o r  the process and poss ib le  r a t i o n a l e  f o r  exteilsion 
of thcse  exper b e n t s  uslng the  g r e a t l y  improved vacum cond i t ions  
and pumping speeds a v a i l a b l e  i n  a Space Vacuum Research F a c i l i t y .  
In add1 t i o n ,  experiment requirements f o r  poss ib le  ex t ens ion  of t h e  
vacuum depos i t ion  m r k  i n  a Space Vacuum Research F a c i l i t y  a r e  to 
he documented. Support of the system d e f i n i t i o n  design work f o r  
such a f a c i l i t y  is to  be provided. 

S i l i c o n  f i lms  5 t o  10 microns t h i c k  were deposi ted  onto 25 
t o  50 micron tungsten f o i l s  from a r e s i s t i v e l y  heated s i l i c o n  
source. Vacuum l e v e l s  i n  the low 10'8 Pa range and s u b s t r a t e  
temperatures in the  450°C to  600°C range werp employed. X-ray 
d i f  f ractometry,  scanning and t ransmiss ion e l e c t r o n  microscapy, and 
meta l lographic  examination of cross-sec t ioned and etched f i l m s  
were among the  methods used to examine the deposi ted  f i lms.  

It was concluded that o r i e n t e d  d e p o s i t s  can be obtained a t  
s u b s t r a t e  temperatures below 600°C. Two types  of S i  c r y s t s l l i t e s  
were d i s t i n g u i s h e d :  subgrains  of -1 micron o r  less diameter which 
were columnar and only ~ l * ~ ; i t l y  misal igned w i t h  r e s p e c t  to each 
o t h e r ,  and l a r g e  parent  g r a i n s  subtending many subgrains  and 
co inc id ing  wi th  the tungsten g r a i n s  in  the subs t ra te .  Inc reas ing  
the  gas  pressure  l eads  to more random d e p o s i t s ,  i n d i c a t i n g  lower 
pressure  might lead to more ordered growth. 



F l u i d  Dymmice of  C r y r - ~ l l i t a t f o n  from Vnporr 

U n i v e r s i t y  o f  Utah - S a l t  Lake C i t y  
Dr. F. Rosenberger 
NSG-I534 T o t a l  Cost: $271K 
June  1, 1978 - May 31, 1981 

T h i s  program is aimed a t  o b t a i n i n g  fundamental  i n s i g h t  i n t o  
t h e  complex physiochemical  f l u i d  dynamics of  c io sed  ampoule vapor  
c r y s t a l  growth p roces se s  t o  t he  e x t e n t  that a d e s i r e d  s e t  o f  c r y s t a l  
growth c o n d i t i o n s  can  be designed i n  advance. A more d i r e c t l y  
a p p l i e d  p a r t  o f  the program is concerned w i t h  t h e  s y n t h e s i s  of 
u l t r a p u r e  mercur ic  iod  i d e  and t h e  vapor composi t ion  ( s t o i c h i o m e t r y )  
r e q u i r e d  for t he  growth of mercu r i c  i o d i d e  h igh  r e s o l u t i o n  r a d i a t i o n  
d e t e c t o r  c r y s t a l s .  

Numerical modeling of vapor t r v ~ l s p o r t  i n  v e r t i c a l  ampoules has  
shown t h a t  d i f f u s i o n  f l u x e s ,  i n  v i s c o u s  i n t e r a c t i o n  wi th  t he  w a l l ,  
e s t a b l i s h  d e n s i t y  g r a d i e n t s  normal to  the  main t r a n s p o r t  d i r e c t i o n .  
These d e n s i t y  g r a d i e n t s  a c t  c o n v e c t i v e l y  d e s t a b l i z i n g  even i n  
ampoule o r i e n t a t i o n s  which, c l a s s i c a l l y ,  were cons ide red  convecr  ion- 
f r e e  (e.g., "hea t ing  from top") .  Also, i t  has been demonst ra ted  
t h a t  t he  convec t ion  behavior  i n  c r y s t a l  growth ampoules cannot be 
e x t r a p o l a t e d  from known s o l u t i o n s  t o  f l u i d  dynamica l ly  "similar" 
monocomponent ( pure)  systems.  The n e t  t r a n s p o r t  a c r o s s  t h e  vapor 
space  c a u s e s  d r a s t i c  changes  a s  compared t o  convec t  ion p a t  t e r n s  i n  
c y l i n d e r s  w i th  impermeable end f a c e s .  It has been demonstrated 
e x p e r i m e n t a l l y  t h a t  thermal  d i f f u s i o n  i n  ampaules a c t s  c o n v e c t i v e l y  
more d e s t a b i l i z i n g  than i n  l a t e r a l l y  unbound (Benard) geometr ies .  
Modeling o f  va por t r a n s p o r t  a c r o s s  a h o r i z o n t a l  c a v i t y  has s:lown 
t h a t  a t  lower t r a n s p o r t  r a t e s  e a r l i e r  , s i m p l i f  y iug  t r e a t m e n t s  
(Klosse-Ullersma,  KU) g i v e  r e a s o n a b l e  r e s u l t s  because of f o r t u i t o u s  
c a n c e l l a t i o n  of  e r r o r s .  Disagreements  between expe r imen ta l  t r ans -  
p o r t  r a t e s  obta ined  by o t h e r  a u t h o r s  and t h e  KU-model have been 
t r a c e d  t o  s o l u t a l  convec t ion  c o n t r i b u t i o n s  no t  accounted f o r .  
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C r y s t a l  Growth f o r  Nuclear Detectsrr 

EG6G, Inc. 
W. F. S c h e p p l e  
Dr. L. Vsn den Berg 
H-34318B Tota l  Cost: $046K 
Apri l  28, 1978 - Apri l  28, 1983 

The o b j e c t i v e s  of t h i s  program a r e  to o b t a i n  a benchnark 
q u a l i t y  sample g r o m  a t  low- c o n d i t i o n s  and to r tudy vapor growth 
phenomena under space condi t ions .  

Ground-.based c r y s t a l s  show a d e f e c t  s t r u c t u r e  which iaapairs 
their. performance a s  nuclear  r a d i a t i o n  de tec to r s .  These d e f e c t s  
may be caused by the g r a v i t a t i o n a l  fo rce  a c t i n g  on the cr;.etal In  
its weakened s t a t e  a t  the e leva ted  g rob th  temperature and by 
i r r e g u l a r  convection p a t t e r n s  i n  the vapor dur ing growth. 

The program w i l l  be supported by ground-base4 resea rch  aimea 
a t  a more d e t a i l e d  understanding and d e s c r i p t i o n  of the problems 
assoc ia ted  with the  c r y s t a l  growth process. Pechanical  szrength  
mearurements have been performed ( u n i a x i a l  compression t e s t s )  
which show that the  c r y s t a l s  e x h i b i t  s l i p  p a r a l l e l  to the c-planes 
a t  s r r e s s e s  as low a s  13 psi .  Pre l iminary  c a l c u l a t i o n s  w i n g  a 
simp:e l i n e a r i z e d  model i n d i c a t e  the osc i ' r l a t i t lg  i n  . t a b l l i t i e s  i n  
the  convection p a r t  of the vapor t r a n s p r t  system e r e  un l ike ly ,  
even a t  1 g, provided tha': the utmost c a r e  i e  taken in the  
prepara tko.~ of the c r y s t a l  growth source mater ia l .  
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C r y s t a l  Growth i n  a S p a c e f l i g h t  Environment 

Jet Prccpul s i o n  Labora tory  
Dr .  P. J. S h l i c h t a  
NAS7-100 $118K/year 
O c t o k r  1979 - October 1980 

E x p e r i e n t  s be i n 8  developed f o r  e a r l y  Spacelab  miss ions  are 
d i r e c t e d  st ( 1  determining  t h e  e f f e c t s  of r e s i d u a l  and 
t r a n s i e n t  a c c e l e r a t i o n s  on t h e  growth process  a r l  ori r e s u l t a n t  
c r y s t a l  p e r f e c t i o n ,  ( 2 )  de te rmin ing  t h e  e f f e c t  of low-level 
fo rced  convect ion ,  and (3 )  deve lop i~ag  a b e t t e r  unders tanding  of 
tL c r y s t a l l i z a t i o n  process  by measuring growth r a t e s  v e r s w  
thermal and concen t r a t  i on  g r a d i e n t s  i n  t he  absence of 
convection. 

C r y s t a l s  w i l l  be grown from s o l u t t o n s  at  p rog ramed  c o o l i n g  
rates i n  c o n t r o l l e d  thermal geometries .  Cameras w i l l  r ecord  
t ime-lapse sequecces of processed i m g e s  of the e x p e r l e n t ,  
e.g., by holography, s c h l i e r e n ,  shadowgraphs , monochrocat ic 
absorpt icm, i n t e r f e r m i e t r y ,  and/or  r e f l e c t e d  l i g h t .  Ana lys i s  of 
these  images x i 1 1  prnvide  mzps of t he  growth rate of the c r y s t a l  
and the  tempera ture ,  c o n c e n t r a t i o n ,  and mot i o n  of t he  surround- 
ing  s o l u t i o n .  These d a t a  w i l l  be compared with  the  d i s t r i b u t i o n  
of d e f e c t s  and i m p u r i t i e s  i n  t h e  c r y s t a l  and w i t h  :he accelera- 
t i o n a l  h i s t o r y  of rhe space f l i g h t .  R e s u l t s  rill provide  guide-  
l i n e s  f o r  optimum e x p e r i a e n t a l  parameters f o r  f u t u r e  Space lab  
c r y s t a l  g rou th  experimenis .  
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D i r e c t  O b a e r v a t l o n  o f  I n t e r f '  

S t a n f o r d  U n i v e r s i t y  
P r o f e s s o r  W. A. T i l l e r  
P r o f e s s a r  R S. F i e g e l s o n  
Dr. Dennis  E l w e l l  
NAS9-33110 T o t a l  Cos t :  S26SK 
December 1,  1978 - J a n u a r y  31, 1982 

T h i s  t a s k  w i l l  we ;I d i r e c t  o b s e r v a t i o n  method t o  f a c i l i t a t e  
t h e  c a r e f u l  rest o f  i n t e r f a c e  s t a b i l i t y  cr i ter ia  i n  a c o n v e c t i v e  
env i ronment .  T h i s  s t u d y  w i l l  form t h e  b a s i s  f o r  f u t u r e  e x p e r i -  
ments  under  n o n c o n v e c t i v e  c o n d i t i o n s .  The o b j e c t i v e  is a c a r e f v l  
test o f  t h e o r y  w i t h  e x p e r i m e n t  o n  a model sys tem w i t h  a l l  the 
s i g n i f i c a n t  material p a r a m e t e r s  b e i n g  measured f o r  t h i s  system.  
Such a c a r e f u l  test Ius n o t  been performed h e r e t o f o r e .  

The r e l e v a n t  p a r a m e t e r s  w i l l  be measured ,  i n c l u d i n g :  (1) 
d i f f u s i o n  c o e f f i c i e n t s  o f  t h e  s o l u t e s  i n  t h e  l i q u i d ,  ( 2 )  phase  
d iagram and e f f e c t i v e  d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  t h e  s o l u t e ,  
( 3 )  l i q u i d u s  d o p e s  f o r  t h e  chosen  s o l u t e s ,  (4) t h e r m a l  c o n d u c t i -  
v i t i e s  and d i f f u s i v i t i e s  f o r  b o t h  l i q u i d  and s o l i d ,  and ( 5 )  t h e  
s o l  i d - l i q u i d  i n t e r f a c  i a l  energy .  
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F l o a t  Zone Experiments i n  Space 

Ames Laboratory,  I w a  S t a t e  Unlvere i ty  
Dr. J. D. Verhoeven 
H-343288 $82K/year 
October 1981 - October 1982 

The ob j e c t i v e s  of the program were: ( I  ) t o  determine i f  
su r face  tension-driven convection i n  a f l o a t  tone can b con t ro l -  
l e d  o r  e l iminated by means of su r face  f i l m s  and (2) to  investigate 
s o l u t e  d i s t r i b u t i o n  and measutue l i q u i d  d i f f u s i o n  c o e f f i c i e n t s  i n  
f l o a t i n g  zones. I f  su r face  tetlsion-driven convection can be 
e f f e c t i v e l y  c o n t r o l l e d  o r  e i i s l tnated,  it should be poss ib le  t o  
o b t a i n  homogeneous s o l u t e  d i s t r i b u t i o n s  i n  space,  which is not 
poss ib le  on Earth. Also, it should be poss ib le  t o  ob ta in  a c c u r a t e  
l i q u i d  d l €  fus ion  c o e f f i c i e n t s  f o r  systems too r e a c t i v e  t o  be con- 
ta ined i n  :apil lary tubes. 

Ground-based experimental  work involves  bu i ld ing  an 
experimental  f l o a t  zone apparatus  which w i l l  a l low high vacuum 
c a p a b i l i t y  p lus  c o n t r o l  and measurement of temperature g rad ien t ,  
growth r a t e ,  and oxygen po ten t i a l .  Oxide l aye r  th icknesses  w i l l  
be evaluated by depth p r o f i l i n g  p lus  Auger ana lys i s .  F o r  program 
t a s k  No. I ,  experiments w i l l  c o n s i s t  of measuring the e f f e c t  of 
oxide l aye r  th icknesses  upon i n t e r f a c e  shapes,  and the  r a d i a l  and 
long i tud ina l  composition p r o f i l e s .  F o r  program t a s k  No. 2, s o l u t e  
p r o f i l e s  w i l l  be evaluated i n  the  i n i t i a l  t r a n s i e n t  zones and the  
quenched zones. 



Defect  Chemistry and C h a r a c t e r i z a t i o n  of (Hg, Cd) Te  

Hone ywell 
Dr. H. R. Vydyanath 
NAS8-33265 T o t a l  Cost: $246K 
Lkcember 18, 1978 - December 17, 1981 

(Hgl ,xCd,)Te is a v a r i a b l e  bandgay a l l o y  semiconductor ex- 
t ens ive ly  used f o r  in f ra red  app l i ca t ions .  Detector performance 
c l o s e  to t h e o r e t i c a l  limits imposed by i n f r a r e d  imaging systems 
.equireo extreme c e n t r o l  of composit tonal  uniformity ,  c a r r i e r  
concen t ra t ion ,  and c a r r i e r  l i f e t ime .  The program d e a l s  with the  
study of the  na tu re  a d  concen t ra t ion  of  the  l a t t i c e  d e f e c t s  
incorporated i n t o  (Hgl,xCdx)Ts a l l o y s  a s  a funct ion of th 
physiochemical cond i t ions  of p repara t ion ;  namely, the  tempera- 
t u r e ,  the  p a r t i a l  p ressures  of the  c o n s t i t u e n t  elements,  and/or 
the  c o n c e n t r a t i o ~ l  o r  th a c t i v i t y  of the  dopant being 
incorporated.  

Undoped , donor-doped , and acceptor-doped (Hgl -&d, )Te samples 
a r e  annealed a t  va r ious  temperatures in  s u i t a b l e  lig atmospheres. 
The samples a r e  quenched to room temperature from the high temp- 
era tures :  Hal1 ,ef fect  and r e s t s t l v l t y  measurements a r e  c a r r i e d  
o u t  a t  77 K t o  determine the c a r r i e r  concen t ra t ions  and mobili- 
ties. The' v&ia t ion  of the  c a r r i e r  concen t ra t ions  as a func t ion  
O E  the par tLal  pressure  of Hg andlor  the dopant concen t ra t ion  is 
used to a r r i v e  a (  d e f e c t  models f o r  the  doped and tk undoped 
c r y s t a l s ,  

A t  the end of the 24-month period of the program, s i g n i f f -  
c a n t  accompl i s b e n t s  have been made toward under s tanding t h e  
na tu re  of  l a t t i c e  d e f e c t s  and the mode of incorpora t ion  of d i f -  
f e r e n t  dopants. For the f i r s t  time i n  l i t e r a t u r e ,  the  d e f e c t  
s t r u c t u r e s  of und0pe.i Hgd. zTe(S), undoped, copper-doped and 
indium-doped Hgg. 2Te( S )  have been e s t a b l  ished. The n a t i v e  
accep to r  d e f e c t s  have been found to be doubly ionized i n  both  
Hg0,6Cdg, tTe ( S )  and Hgd. &do. 2Te(S). Native donor 
d e f e c t s  a r e  found to  be n e g l i g i b l e  in  concen t ra t ion  in these  
a l loys ,and the  o r i g i n  of p-type to n-type conversion has been 
shown to  be due to  r es idua l  fo re ign  donors and not due to n a t i v e  
donor de fec t s .  Thermodynamic c o n s t a n t s  f o r  the incorporat ion of 
the  na t ive  acceptor  d e f e c t  has been es tab l i shed  in  both 
h30.6Cdg. i,Te(S) and Hgg. gCd~.2Te(S). 

Pub1 i ca  t i o n s  

Vydyanath, H. H., Nelson, U. A. , e t  .11., "(Hgl-xCd,)Te 
b t e r i a l s  S tud ies , "  Proceeditlgs of the  IRIS Detector  Spec ia l ty  
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Vapor Growth o f  Alloy-Type Semiconduc tor  C r y s t a l s  

R e n s s e l a e r  P o l y t e c h n i c  I n s t i t u t e  
Dr. H e r i b e r  t Wiedemeier 
NAS8-32936 T o t a l  Cos t :  S460K 
Xarch  1978 - March 1983 

The o b j e c t i v e s  o f  t h i s  program a r e  t o  i n v e s t i g a t e  t h r o u g h  
s y s t e m a t i c  ground-based s t u d i e s  t h e  e f f e c t s  o f  g r a v i t y - d r i v e n  
c o n v e c t i o n  o n  t h e  g rowth  o f  s i n g l e  c r y s t a l s  o f  a l l o y - t y p e  semlcon- 
d u c t o r s ,  t o  d e f i n e  optimcm c o n d i t i o n s  f o r  t h e  g r o w t h  o f  t h e s e  
m a t e r i a l s  i n  a m i c r o g r a v i  t y  env i ronment ,  and t o  p e r f o r u  c r y s t a l  
g rowth  s t u d i e s  i n  space.  For t h i s  purpose ,  t h e  s y s t e m s  
Hg.gCd.2Te and CuInS2 hdve beer1 s e l e c t e d .  

The ground-based r e s e a r c h  is c o n c e r n e d  w i t h  t h e  q u a n t i t a t i v e  
i n v e s t i g a t i o n  o f  t h e  c h e m i c a l  t r a n s p o r t  p r o p e r t i e s  o f  t h e  p r e c e d i n g  
materials in e v a c u a t e d ,  c l o s e d  ampoules  o f  f u s e d  s i l i c a  employing 
e l e m e n t a l  i o d i n e  o r  m e t a l - i o d i d e s  a s  t r a n s p o r t  a g e n t s .  The mass 
t r a n s p o r t  rates and c r y s t a l  morphology o f  t h e s e  s y s t e m s  a r e  
i n v e s t i g a t e d  as a f u n c t i o n  o f  t o t a l  p r e s s u r e  f o r  d i f f e r e n t  temper- 
a t u r e  g r a d i e n t s  and under  h o r i z o n t a l  and v e r t i c a l  s t a b i l i z i n g  
c o n d i t i o n s .  The i n h e r e n t  p a r t i a l  p r e s s u r e  and d e n s i t y  g r a d i e n t s  
of t h e  sys tem and tht p r e s e n c e  of g r a v i t a t i o n a l  f o r c e s  o n  E a r t h  
c a u s e  c o n v e c t i v e  i n t e r f e r e n c e s  w i t h  t h e  t r a ~ l s p c r t  a11d c o n d e n s a t i o n  
p r o c e s s .  P r e s e n t  r e s u l t s  r e v e a l  t h a t  tk s u r f a c e  morphology and 
c h e m i c a l  b m o g e n e i t  y o f  Hg. 8Cd. 2Te c r y s t a l s  o b t a i n e d  under  
v e r t i c a l  s t a b i l i z i n g  c o n d i t i o n s  are improved r e l a t i v e  t o  c r y s t a l s  
grown under  l w r i z o n t a l  c o n d i t i o n s .  The c r y s t a l  q u a l i t y  o f  CuInS2 
shows s i m i l a r  improvements f o r  t h e  h o r i z o n t a l  ampoule c o n f i g u r a t i o n  
w i t h  d e c r e a s i n g  p r e s s u r e  ( d e c r e a s i n g  c o n v e c t i d e  f i i t e r f e r e n c e )  o f  
t h e  system.  The combined r e s u l t s  o f  ground-based s t u d i e s  w i l l  
l e a d  to  t h e  d e f i n i t i o n  o f  optimum growth  c o n d i t i o n s  f o r  t h e  a c t u a l  
s p a c e  e x p e r i m e n t s .  

Pub1 i c a  t i o n s  
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F l u i d  D y w i c s  and Thercrodyrwics of  Vapor Phase C r y s t a l  Growth 

Reasse l ae r  Po ly t echn ic  I n s t i t u t e  
Dr. H e r i b e r t  Wiedemeier 
NAS8-33562 T o t a l  Cost :  $254K 
January  1, 1980 - December 31, 1982 

The primary o b j e c t i v e  of t h i s  program is t o  provide  b a s i c  mass 
t r a n s p o r t  and c r y s t a l  growth d a t a  which, combined w i t h  a thorough 
knowledge of t h e  theraodynamics,  w i l l  improve t h e  f l u i d  dynamic 
c h a r a c t e r i z a t i o n  of vapor t r a n s p o r t  systems. 

The program is concerned wi th  t h e  i n v e s t i g a t i o n  of t h e  e f f e c t  
of sys t ema t i c  v a r i a t i o n s  ( 1) of the  r e l a t i v e  importance of buoyancy- 
d r i v e n  convect i on  and ( 2 )  of d i f  fua ion  and v i s c o s i t y  c o n d i t i o n s  on 
mass t r a n s p o r t  and c r y s t a l  growth. These i n v e s t i g a t i o n s  w i l l  be 
performed i n  evacuated ,  c l o s e d  ampoules f o r  s e l e c t e d  tempera ture  
g r a d i e n t s  and p a r t i a l  p r e s s u r e s  of t h e  t r a n s p o r t  spec ies .  The 
s p e c i f i c  exper imenta l  t a s k s  inc lude  mass t r a n s p o r t  rate s t u d i e s  as a 
f u n c t i o n  of ampoule o r i e n t a t i o n ,  geometry, and t h e  e f f e c t s  of i n e r t  
g a s  add i t i ons .  These w i l l  be c o r r e l a t e d  wi th  c r y s t a l  growth rate 
and morphology s t u d i e s .  I n  a d d i t i o n ,  t h e  a n a l y s i s  of t h e  vapor 
phase is an e s s e n t i a l  a s p e c t  of t h i s  p ro j ec t .  The expe r imen ta l  
e f f o r t s  a r e  suppc r t ed  by t h e o r e t i c a l  s t u d i e s ,  i n c l u d i n g  t h e  
thermodynamic and f l u i d  dynamic c h a r a c t e r i z a t i o n  of t h e  bas  phase 
and the  e s t i m a t i o n  of mass t r a n s p o r t  r a t e s  f o r  d i f f e r e n t  d i f f u s i v e  
and d i f fus ive -convec t ive  condi t ions .  The m a t e r i a l s  i n v e s t i g a t e d  
under t h i s  program inc lude  s e l e c t e d  group I V  e lements  and I V - V I  
compounds and ha logens  a s  t r a n s p o r t  agents .  Th i s  cho ice  is based on 
i n c r e a s i n g  complexity,  known thermochemical and s t r u c t u r a l  p r o p e r t i e s  
of  t h e s e  m a t e r i a l s ,  and the  e x i s t e n c e  of mic rog rav i ty  r e s u l t s  f o r  
some of t h e s e  systems i n v e s t i g a t e d  i n  p rev ious  Skylab  and ASTP 
experiments .  

P u b l i c a t i o n s  
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Heat Flow and Segregat ion i n  D i r e c t i o n a l  S o l i d i f i c a t i o n  

Heesachusetts  I n s t i t u t e  of  Technology 
Professor  A. P. W i t t  
NSG-7645 

The r e s e a r c h  t a sk  is d i r e c t e d  toward the op t imiza t ion  of  
c r y s t a l  growth and eegrega t ion d u r  ing e o l i d i f  ica t i o n  i n  Bridwan- 
type conf igurat ions .  The f i r s t  phase of  this s tudy was concerned 
with a determinat ion of the  e f f e c t s  of thermal boundary c o n d i t i a n e  
on growth and segregat ion of  doped Gernanim in a conventional  
system. Haking uae of i n t e r f a c e  demarcation and spreading 
r e s i s t a n c e  analyses ,  i t  was found t h a t  a t  cons tan t  ampoule lower- 
ing r a t e s ,  both growth and segregat ion remain non-steady s t a t e  f o r  
growth l eng ths  of  up to  6 cm. The r a t e  of growth is s i g n i f i c a n t l y  
l e s s  than the  lowering r a t e  under high a x i a l  thermal g r a d i e n t  
cond i t ions  but exceeds the lowering r a t e  by a f a c t o r  of two at low 
app l  led thermal grad tents .  Upon temporary a r r e s t  of ampoule 
lowering uncontrol led  growth o r  back me1 t i n g  t akes  place depending 
on the magnitude of tk e x i s t i n g  a x i a l  thermal g rad ien t .  

The segregat ion behavior observed is l a r g e l y  unexpected and 
a s  yet  unexplained. It is found t h a t  dur ing  temporary a r r e s t s  
(pe r iods  of u n c o n t r o l ~ e d  growth) the  concen t ra t ion  of incorporated 
dopant (Ga) inc reases  under cond i t ions  of decreas ing r a t e  of 
growth. Concentrat ion maxima (up to  30 percent  i n  excess of t h a t  
f o r  steady s t a t e  growth) a r e  reproducibly  observed under a v a n i e k  
ing  gro\*'th r a t e ,  while v i t h  the resumption of c o n t r o l l e d  growth 
tk i n i t i a l  dopant concen t ra t ion  dec reases  undcr inc reas ing  r a t e  
of  growth and f a i l ;  t o  e x h i b i t  the expected value of C L ~ ~ .  

The growth and segregat ion d a t a  obtained a r e  of t h e o r e t i c a l  
i n t e r e s t ,  but  c o n s t i t u t e  p r imar i ly  d a t a  input f o r  a comprehensive 
thermal modeling approach to the  des ign of a Bridgman-type growth 
system. The o b j e c t i v e  of c u r r e n t l y  conducted comprehensive thermal 
a n a l y s i s  is to  ob ta in  a q u a n t i f i c a t i o n  of the  e f f e c t s  of furnace- 
imposed boundary cond i t ions  on system design based on the use of 
d i f f e r e n t  i d  heat  pipes separated by an ad iaba t i c  l i n e a r  thermal 
g r a d i e n t  region. 

Pub1 i c a t i o n s  
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Vapor Phase of PbSnTe 

Jet Propuls ion Laboratory 
Dr. J. A. Zoutendyk 
NAS7-100 $97K/year 
March 1, 1980 - March 1, 1981 

Th is  e f f o r t  c o n s i s t s  of variouo s t u d i e s  of the e f f e c t s  of 
gravi ty-dr iven convccrion on the growth of PbSnTe fror-  the vapor 
a s  Lef i n i c i o n  study f o r  a poss ib le  f l i g h t  experiment. 

Pub l i ca t  ions  

Zoutendyk, .I. A. and Akutagawa, W. A., "Mass Transpor t  i n  the 
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B e  SOLIDIFICATION OF METALS, ALLOYS, AND COMPOSITES 



Solutal Convection During Directional Solidification 

National Bureau of Standard. 
Dr. S. R. Coriell 
R.  J. Schaefer 
H-27954H 160K/year 
April 1977 - continuing task 

See Section A,  page 14, for fu l l  description of program task. 



L i q u i d  Phase  H i e c i b i l i t y  Cap Materials 

S. H. S e l l e s  S e s o c i a t e s  
Dr. S. H. Gelles 
Dr. A. J. Mzikworth - I l a t t e l l e  Columbus Labor -a to r ic ,  
NAS8-32352 T o t a l  C o s t :  $480K 
A p r i l  1978 - A p r i l  1983  

The o v e r a l l  o b j e c t i v e  of t h e  i n v e s t i g a t i o n  i s  t o  d e t e r m i n e  
t h e  manner i n  which t h e  s i c  r o u t  r u c t u r a l  fea:ures of l i q u i d - p h a s e  
m i s c i b i l i t y  gap  a l l o y s  deve lup .  The r e s u l t s  of s u c h  a d e t e r m i n -  
a t i o n  s h o u l d  make i t  p o s s i b l e  t o  c o n t r o l  t h e  m i c r o s t r u c c ~ r e e  and  
t h e  r e s u l t a n t  p r o p e r t i e s  of t h e s e  a l l o y s .  The long-dura t  i o n   lo^ 
g r a v i t y  b f f o r d e d  by t h e  S h u t t l e  w i l l  a l i o b :  e x p e r i m e n t s  s u p p o r t -  
i n g  t h i s  r e s e a r c h  t o  be conduc ted  w i t h  minimal  i n t e r f e r e n c e  from 
buoyancy e f f e c t s  and g r a v i t a t i o n a l l y  ar.' en c o n v e c t i o n  c u r r e n t s .  

Ground ba, ,d s t u d i e s  on Al-Is, Cu-Pb, and Te-Tl a l l o y s  are 
p r e s e n t l y  b e i n g  c o n d u c t e d  t o  d e t e r m i n e  t h e  e f f e c t  of c o o l i n g  
rate,  c o m p o s i t i o n  and i n t e r f a c L a 1  e n e r g i e s  on t h e  phase  s e p a r a -  
t i o n  and s o l i d i f i c a t i o n  p r o c e s s e s  t h a t  i n f l u e n c e  t h e  deve lopment  
of t h e  m i c r o s t r u c t u r e  i n  t h e s e  a l l o y s .  Both i s o t h e r m a l  and 
a i  r e c  t i o n a l  c o o l i n g  e x p e r i m e n t s  a r e  b e i n g  conduc t ea .  Some 
u n d e r s t a n d i n g  of t h e  in f l .uence  of g r a v i t y  w i l l  be deduced by 
c o n d u c - i n g  t h e s e  grouad-based e x p e r i m e n t s  a t  d i f f e r e n t  a n g l e s  t o  
t h e  g r a v i t a t i o n a l  v e c t o r .  The ground-based expe.rime.it w i l l  be 
u s e d  as a t e c l i n o l o g i c a l  base  from which t h e  f l i g h t  e x p e r i m e n t s  
w i l l  be f o r m u l a t e d  and w i t h  \ ~ h i c t i  s u c h  f l i g h t  e x p e r i m e n t s  c a n  be 
compared and judged. A t  t i le p r e b e n t  time, i s o t h e r m a l  e x p e r i -  
ments  i n  :he Al-In and Tr-T1 s y s t e m s  and g r a d i e n t  f r e e z e  e x p e r i -  
ments  i n  t h e  Al - In  s y s t c m  J r e  c o n t e m p l a t e d  f o r  t h e  Materials 
Exper iment  Assembly (MEA) t o  be f lown on a n  e a r l ,  S h u t t l e  
f l i g h t .  Lsot l iermal ,  d i r e c t i o n a l  s o l i d i f i c a t i o n ,  and c o n t a i n e r -  
l e s s  e x p e r i m e n t s  a r e  bcjng planned  f o r  l a t e r  S h u t t l e  f l i g h t s .  
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Deadritic So l id i f i ca t ion  a t  Smll Supercoolingo 
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The objectives of t h i s  research task a re  t o  obtain informa- 
t ion re la t ing  t * ~  the k i n r t  ic and mor~hological  bellavior of 
systems so l id i fy ing  a t  small supercoolings, especial ly  regarding 
the role of convective and d i f fus ive  transport and the influence 
of gravity. These s tudies  provide impcrtant dr ta  on the funda- 
mentals of so l id i f  i ca t  ton a t  normal t e r r e s t r i a l  and reduced 
g rav i t a t i ona l  levels. Morpho10gii.il features  of i n t e r e s t  
lnc lude dendrit  ic t i p  r a d i i ,  sidebranch evolution, dynamic and 
isot\termal coarsening. Kinetic features  encompass ax ia l  growth 
ra te  as functions of spatiaL or ien ta t ion ,  supercooling, and 
so lu te  concent r a t  ion. 

The large &ta  tmse now established for high-purity succi- 
non i t r i l e  (SCN) had permitted the most comprehensive check of 
< i f  fusional dendri t tc  growth theory and the development of 
"scal ing laws" permitting the extension of these theories  t o  
many other mi te r ia l  systems. The current thrust  of t h i s  program 
is on a l loys  based on SCN as the solvent (melt) system. Current 
e f f o r t s  are  focussed on SCN-argon, which models a d i l u t e  binary 
alloy. Otller biudty systcms w i l l  k explored t o  es tab l i sh  the 
generallity of these findings and t h e i r  inCuprndence from any 
spec i f i c i t y  iuhcrent to many binary alloys.  Finally,  techniques 
a r e  k i n g  developed and evaluated for wasuririg melt flow velo- 
c i t i e s  adjacent to simple (cy l iudr ica l )  and complex (dendr i t ic )  
sol id- l iquid interfaces.  
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The o b j e c t i v e  of t h i s  r e s e a r c h  is t o  examine t h e  monotec t ic  
r e a c t i o n  us ing  d i r e c t i o n a l  s o l i d  i f  i c a r  ion  methods i n  o r d e r  t o  
o b t a i n  a l i g n e d  composite  s t r u c t u r e s .  One a s p e c t  of the  problem 
is the  s e p a r a t i o n  of two l i q u i d s  below a m i s c i b i l i t y  gap and 
t h e i r  i n c o r p o r a t i o n  w i t h i n  a duplex growth f r o n t .  Both s u r f a c e  
t e n s t u ~ i s  and r e l a r i v e  d e n s i t i e s  i n f l u e n c e  t h i s  p rocess ,  and t h e  
o b  j e c t i v e  of t h i s  r e s e a r c h  program is t o  i d e n t i f y  t h e  
g r a v i t a t i o n a l  i n f luence .  

The systems under examinat i o n  i n c l u d e  Al-In, Cu-Pb, Al-01, 
Cd-Ca, and a t r a n s p a r e n t  ana logue  (Ch2CN)z-H20 a s  w e l l  as the  
t e r n a r y  systems Al-In-Sn, Cu-Pb-Al and Cd-Ca-Al. The t r a n s -  
pa ren t  ana logue  system is being examined i n  a tempera ture  
g r a d i e n t  s t a g e  on an o p t i c a l  microscope i n  o r d e r  t o  s tudy t h e  
d e t a i l e d  form of the  duplex,  s o l i d  + l i q u i d  growth f r o n t .  The 
p a r t i c u l a r  o b j e c t i v e  here w i l l  be t o  look a t  the  i n c o r p o r a t i o n  
o r  r e j e c t i o n  of l i q u i d  d r o p l e t s  at the  growtll f r o n t  and t o  
modify the  behavior  w i th  t e r n a r y  a d d i t i o n s .  
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The o b j e c t i v e  of t h i s  program is t o  i d e n t i f y  the in f luence  
of  g r a v i t y  on the a l igned r t r u c t u r e  i n  l i q u i d  m i s c i b i l i t y  gap 
mate r i a l s .  This  includes  e s t a b l  i s h l a g  the t r u e  a o n o t e c t i c  
composition and determining t h s o l i d i f  l c a t i o n  mechanism' s 
poss ib le  dependence on undercooling. 

Al-Bf  and Al-Pb m n o t e c  t i c  and off  -mono t ec  t i c  m a t e r i a l s  w i l l  
be s o l  i d i f  ied isothermal ly  a d  un id i rec  t tona l ly ,  DTA measurements 
w i l l  be made to determine the t r u e  nono tec t i c  composition. 
Specia l  a t t e n t i o n  w i l l  be g iven to  t h e  occurrence of undercooling 
p r i o r  to phase separa t ion.  Cor re la t ion  between q u a n t l t a t l v e  
composition and melt ing point /undercool ing d a t a  w i l l  be made i n  
o rde r  to  e s t a b l i s h  the s o l i d i f i c a t i o n  sequence. 

Progress t o  d a t e  has included: (1 )  s tudying coarsening of  
rod s t r u c  t o r e ;  ( 2 )  a s c e r t a i n i n g  c o n t i n u i t y  of rods  through e tch ing  
techn,lques; observe buildup of c o n s t i t u e n t s  pr l o r  to a l igned  
s t r u c t u r e ;  (3)  i n i t i a t i n g  c o n t r a c t  with Vanderbi l t  Univers i ty  f o r  
d i f f e r e n t i a l  thermal a n a l y s i s ,  and ( 4 )  s u b s t a n t i a t i n g  ( through 
phase diagram s t u d i e s )  the  p o s s i b i l i t y  of undercooling Ln these  
systems. 
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This e f f o r t  L an exteorioa of the wrlier SPAB a p e r i w n t r ,  
which used transparent model 8 y s t . w  t o  Inve r tQa te  tb 8 t . v i t r  
t i o m l  i n f l w n c e  an the m l i d i f i c a t i o n  process, t o  actual r t a l l i c  
SyOtemSe Effec ts  Ouch 8@ uCm a d  micm S88watIOU, 8 t h  air., 
shape, or ientat ion,  .ad physical propert ier  of i q o t s  cart i n  
lorg w i l l  be c a p a r e d  t o  i den t i ca l  cas t lag .  i n  one a d  high-g 
environments. A s t r i k ing  decrease i n  gra in  s i z e  with increasing 
g-f i e l d  has already been denonst rated, conf lrming e a r l i e r  
predict  ions tha t  dendri te  m l t i p l i c a t i o n  us influenced by 
gravity-drtven convective flour. 

In  the l o r g r a v i t y  r o l i d i f i c a t  ion of the SrrlSwtXPb a l loy ,  
the g ra in  o r i en t a t ioa r  wt, found t o  be completely i so t ropic ,  
indicat ing probable nucleation i n  the center  of the m l t e n  Uquid. 
A s igni f icant  increase fn  dendri te  arm s p a c i w  was noted fo r  tb 
l o r g  metal sample, thus a ~ b u t a n t i a t l n g  e a r l i e r  r e su l t s  from the 
m e  tsl model sys  teas. 

A cas t ing  furnace h u  been carpletad a d  flowa on SPAR VfI 
and IX. This w i l l  be c a p l e m n t e d  by a d d l t i o d  rapid-quench 
cas t ing  experiments carr ied out i n  KC-135 a i r c ra f t .  A special 
furnace f o r  purpose has bem constructed a d  is being t e s t ed  
f o r  use beginning i n  r i d  CY 1989.. The lor tempera ture  SPAR 
furnace w i l l  a l s o  be flown t o  stud,- the  e f f e c t s  of partial 
s o l i d l f  i ca t ion  during l o r g r a v i t y .  M d i t i o m l  experiment8 could 
a l s o  be car r ied  out i n  the drop touer when it is react ivated i n  
pid CY 1980. 
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Stud ies  of Model Immiscible Systems 

Marshall  Space F l igh t  Center 
Dr. L. L. Lacy 
In-House SSOKIyear 
0:tober 1, 1979 - October 1, 1982 

The o b j e c t i v e s  of t h i s  program task  a r e  t o  use model organic  
i m i s c i b l e  systems t o  ob ta in  fundamental information a p p l i c a b l e  t o  
two-phase systems i n  genera l  and t o  apply t h i s  understanding t o  
m a t e r i a l s  of i n t e r e s t  i n  the Mate r i a l s  Processing i n  Space program 
i n  order  to  i n t e r p r e t  r e s u l t s  of f l i g h t  experiments involving 
monotect i c  a l loys .  

A number of ma-iel immiscible systems have been inves t igated.  
The systems, d lechylene g l y c o l l e t h y i  s a l i c y l a t e  and cyclohexane/ 
methanol have beera p u r i f i e d  an; cha rac te r i zed  i n  terms of phase 
diagrams and su r face  a c t i v i t y .  Droplet migra t ion i n  chermal 
g r a d i e n t s  i n  the d ie thy lene  g l y c o l l e t h y l  s a l i c y l a t e  system has 
been demonstrated using smal l  dimensional c e l l s  t o  suppress  
convective f l tws.  The r e s u l t s  of these  preliminary experiments 
have been compared t o  theory with very favorable  r e s u l t s .  A 
r epor t  on these  resu l t !  i s  being prepared. More ref ined experi-  
ments a r e  being i n i t i a t e d .  Such measurments w i l l  a l s o  be 
conducted on KC- 135 f l i g h t s .  

S o l i d i f i c a t i o n  phenomena i n  two-phase m i s c i b i l i t y  gap 
systems have been i n i t i a t e d .  The s u c c i n o n i t r i l e / w a t e r  system is  
being used f o r  these  s tud ies .  Stokes flows a r e  minimized by 
incorpora t ing  D20 i n  appropr ia te  q u a n t i t i e s  t o  equa l i ze  d e n s i t i e s  
of the two phases. The e f f e c t  of i n i t i a l  composition on the homo- 
genei ty  of binary s o l i d s  f rozen through the m i s c i b i l i t y  gaps w i l l  
be inves t igated.  

A holographic microscopy system is being used t o  study 
growth, coalescence,  and p a r t i c l e  motions. P a r t i c l e  s i z e  d i s t r i -  
bution changes wit11 respect  t o  time and temperature a r e  being 
determined from s e q u e n t i a l  holograms. The system is capable of 

7 working with p a r t i c l e  d e n s i t i e s  up t o  10 pa r t i c l e s /cm3 and 
can resolve  p a r t i c l e s  uC the o rde r  of 2 t o  3u i n  diameter 
throughout the e n t i r e  c e l l  volume. 
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See Section A, page 2 5 ,  for f u l l  descriptio~l of program task. 



I n t e r f a c i a l  D e s t a b i l i z a t i o n  i n  Metal Alloys 

Laboratoi re  d'Etudea de l a  S o l i d i f i c a t i o n  
Cent r e  d '  Etudes Nucleaires de Crenoble 
Y. Malmejac 
J. J. Favier  
No Funds Exchanged 
January 1980 - cont inuing task  

The o v e r a l l  o b j e c t i v e s  of t h i s  i n v e s t i g a t i o n  a r e  t o  study the  
d e s t a b i l i z i n g  mechanisms t h a t  a f f e c t  a c r y s t a l  growth i n t e r f a c e ,  
t o  ob ta in  information on d e s t a b i l i z e d  morphologies i n  the  s teady 
and t r a n s i e n t  s t a t e s ,  and on growth k i n e t i c s  behavior, and t o  
a t tempt  t o  s e p a r a t e  the i n £  luences of l i q u i d  phase i n s t a b i l i t i e s  
from the i n t e r f a c e  i n s t a b i l i t y .  These e f f e c t s  w i l l  be s tud ied  by 
d i r e c t i o n a l  s o l i d i f  i c a t  ion experiinents on metal a l l o y s  with 
moderate melt ing temperatures under th ree  gener ic  types of condi- 
t i o n s :  ( 1 )  s o l i d i f i c a t i o n  a t  var ious  r a t e s  with a given value of 
the  temperature g rad ien t  i n  the  melt next t o  the f reez ing  i n t e r -  
f a c e ,  ( 2 )  s o l i d i f i c a t i o n  a t  a constant  r a t e  with the  thermal 
g rad ien t  i n  the l i q u i d  next t o  the  i n t e r f a c e  varying l i n e a r l y  wi th  
time; and (3) s o l i d i f i c a t i o n  with a constant  thermal g rad ien t  i n  
the  l i q u i d  and s o l i d i f i c a t i o n  r a t e s  t h a t  vary l i n e a r l y  with time. 

Ground-based research and experiment technique development 
w i ! l  be performed t o  prepare f o r  subsequent s i m i l a r  space exper i -  
s e n t s  i f  the  dec i s ion  is  made t o  proceed wih the space phase of 
the  inves t iga t ion .  A s  present ly  conceived, the space experiments 
w i l l  d i r e c t i o n a l l y  s o l i d i f y  Sn-Bi (0.01 t o  10 A t . %  Bi) and Bi-Sn 
(.01 t o  10 A t %  Sn) a l l o y  saap les  a t  r a t e s  of 0.0001 t o  0.1 cmlsec 
wi th  l iqu id  temperature g r a d i e n t s  of 10 t o  500 C/cm under weight- 
l e s s  cofiditions. Samples w i l l  be s o l i d i f i e d  i n  simultaneous 
groups with one sample serving a s  a s t a t i o n a r y  reference  i n t e r f a c e  
so  t h a t  a d i f f e r e n t i a l  thermoelect r ic  vo l t age  genera ted by a 
moving i n t e r f a c e  may be continuously monitored under the  quiescent  
cond i t ions  of space and r e l a t e d  t o  the s o l i d i f i c a t i o n  morphology 
and veloci ty .  Steady s t a t e  a ,~d  t r a n s i e n t  growth k i n e t i c s  w i l l  be 
s tud ied  i n  r e l a t i o n  t o  the thermal, composit ional ,  and f l u i d  flow 
e f f e c t s .  
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Analytical  Approach to Modeling of Heclt Plow i n  Bridgnan-Type 
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D i r e c t i o n a l  S o l i d i f i c a t i o n  ofMagnetic Coarpo8iteo 

Grumman Aerospace Co ipo ra t  i on  
Dr. R C. P i r l c h  
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Following t h e  i n t r i g u i n g  r e s u l t ?  ob t a ined  on t h e  ASTP 
exper iment ,  i n  which Mr-Bi e u t e c t i c  d i r e c t i o n a l l y  s o l i d i f i e d  i n  
space  was observed t o  have a f i n e r  s i c r o s t r u c t \ r r e  and enhanced 
magnetic  p r o p e r t i e s ,  - x t e n r i v e  ground-baaed and f l i g h t  i n v e s t i g s t i o n  
has  been i n i t i a t e d .  This  has r e s u l t e d  i n  s e v e r a l  s i g n i f i c e n t  
f i nd ings .  

Morpllol ; i c a l  a n a l y s e s  on e u t e c t L c  Bi/MnBi samples t h a t  were 
d i r e c t i o f i a l l y  s o l i d i f i e d  du r ing  t h e  240-s low-g i n t e r v a l  of t h e  
SPAR V I  f l i p h t  experiment  show s t a t i s t i c a l l y  s m a l l e r  i n t e r r o d  
spac ings  and rod d i ame te r s  wi th  r e s p e c t  t o  wwpl.es grown under 
i d e n t i c a l  s o l l d ~ f  i c a  t ion  fu rnace  cond i t  Fond, ' .. thd same a p p a r a t u s ,  
i n  1-g. The magnetic  p rope r ty  measurements c ~ d i c a t e  t h a t  t h e  
f l i g h t  samples con ta in -7  v / o  l e s s  d i s p e r s e d  MnBi than  s i m i l a r l y  
processed  I-g samples f o r  t he  same s t a r t i n g  composi t ion.  Convec- 
t i v e l y  d r i v e n  tempera ture  f l u c t u a : ; ~ n s  ill t h e  m e l t ,  which r e s u l t  i n  
unsteady l i q u i d - s o l i d  i n t e r f a c e  movdment 111 1-g, a r e  sugges t ed  t o  
e x p l a i ~ ~  t h e  morphologica l  change between low-g and 1-g s o l i d i f i c a -  
t i on .  A s  a r e s u l t  of t h e s e  f l u c t u a t i o n s ,  an  ad jus tment  between t h e  
i n t e r r o d  spac ing ,  growth v e l o c i t y ,  and t o t a l  unAercooling a t  t h e  
s o l i d i f i c a t i o n  i n t e r f a c e  i s  proposed t o  account  f o r  t h e  observed 
change i n  volume f r a c t i o n  c C  d i s p e r s e d  MnBi. Fu tu re  low-g exper l -  
ments i n v o l v i n g  both e u t e c t i c  (SPAX 1x1 and o f f - e u t e c ~ i c  (SPAR X) 
composit i o n s  a r e  yl anned t o  quant  i f y  t h e s e  unusual  low-: of f e c t s .  
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I n  one "g" g a s  bubbles move s o  q u i c k l y  art of molten aretals 
t h a t  i t  is not  f e a s i b l e  t o  s o l i d i f y  a t r u e  "foam." I n  m i c r o g r a v i t y  
such  dens i ty -d r iven  f low can be i n s i g n i f i c a n t .  I t  may be f e a s i b l e ,  
t h e r e f o r e ,  t o  e n t r a p  g a s  bubbles du r ing  s o l i d i f i c a t i o n  i n  mlcro- 
g r a v i t y ,  r e s u l t i n g  i n  a meta l  "foam." The o b j e c t i v e  of t h i s  work 
is to  lmplernent a mic rog rav i ty  experiment  'io determine  i f  such an 
i dea  w i  11 work. 

The i d e a  is t o  use  t h e  r e a c t i o n  

t o  g e n e r a t e  g a s  bubbles i n  a melt a f t e r  it reaches  microgravi ty .  
A deoxid ized  copper  specimen is prepared  wi th  a homogeneous 
d i s p e r s i o n  of f i n e  g r a p h i t e  and a s e p a r a t e  sou rce  of copper  oxide. 
A t  l l O O ° C  t o  llSO°C, only  t h e  g r a p h i t e  remains s o l i d ,  s e r v i n g  as 
n u c l e a t i o n  sites f o r  g a s  bubbles. The whole experiment  is 
con ta ined  a t  a p o s i t i v e  p r e s s u r e  which is a p p r o p r i a t e  f o r  t h e  
d e s  t red bubbles s i ze .  



Liqu id  kt81 D i f f u s i o n  i n  S o l u b i l i t y  Gap k t e r l a l r  

Marvalaud, Inc. 
P r o f e s s o r  Re Be Pond 
J. H. Winter  
NAS8-33-66 S34W yea r 
A p r i l  27, 1978 - September 15, 1980 

The u l t i m a t e  o b j e c t i v e  of t h i s  program is t o  measure t h e  
d i f f u s i o n  r a t e s  of two l i q u i d  metals. The in t e rmed ia t e  o b j e c t i v e  
is t o  v e r i f y  o r  d i sp rove  t h e  i n v e s t i g a t o r s '  s u s p i c i o n  t h a t  d e t e r  
mining d i f f u s i o n  c o n s t a n t s  of s o l u b l i t y  gap  l i q u i d  m e t a l s  i n  one 
"g" exper iments  w i l l  l ead  t o  e r roneous  r e s u l t s  due t o  dens i ty -  
d r i v e n  convec t ion  motion. If t h i s  is t r u e ,  t he  d e t e r m i n ~ t i o n s  
w i l l  have t o  be done i n  microgravi ty .  The immediate o b j e c t i v e  of 
t h i s  pro8ram is t o  conduct ground-based d e t e r m i n a t i o n s  of d i f  f u s l o n  
c o n s t a n t s  oc t he  molten lead-zinc couple  ( a t  t empera tures  above 
and below t h e  c o n s o l u t e )  u s ing  utmost i ngenu i ty  t o  s o r t  ou t  ( o r  
s u p p r e s s )  t h e  e f f e c t s  of g rav i ty .  

A new d i f f u s i o n  geometry l u s  been devised  which pe'naits 
e s t a b l i s h i n g  a sha rp ,  ox ide- f ree ,  and void- f ree  i n t e r f a c e  between 
t h e  d i f f u s i o n  coup le s  a t  a wel l -def ined  time a f t e r  t h e  m e l t s  
e q u i l i b r a t e  at a s e l e c t e d  temperature.  A f t e r  a l l owing  a p p r o p r i a t e  
i n t e r v a l s  f o r  i n t e r d i f f u s i o n ,  t h e  coup le s  a r e  quenched and 
ana lyzed  by methods of q u a n t i t a t i v e  meta l lography,  q u a n t i t a t i v e  
chemica l  a n a l y s i s ,  and x-ray f luorescence .  The experiment  pe rmi t s  
having "g" i n  any s e l e c t e d  d i r e c t i o n .  



Cen t r e  d 'g tudes  Nuc lea i r e s  de Crenoble  
Dr. C. Po tard  
No Funds Exchanged 
September 1976 - p r e s e n t  

The o b j e c t i v e  of t h i s  program is  t o  a n a l y z e  t h e  mechanisms 
involved  i n  t h e  composi te  s o l i d  s t r u c t u r e  format icn  ob ra ined  
from a m i s c i b i l i t y  gap a l l o y  under  a i c r o g r a v i t y .  The metallic 
system alurninum-indium has been chosen f o r  its low c r i t i c a l  
t empera tu re ,  broad m i s c i b i l i t y  gap, and r a t h e r  well-known 
tllermody namic p r o p e r t i e s .  

S o l i d i f i c a t i o n  of 10 and 50 a tomic  pe rcen t  I n  samples 
w i l l  be c a r r i e d  ou t  under a d i r e c t i o n a l  g r a d i e n t  i n  a SPAR rocket .  
Previous  i so the rma l  exper iments  by Gelles w i t h  t h i s  system r e s u l t e d  
i n  a lmost  complete  phase s e p a r a t i o n  i n  low-g w i t h i n  t h e  In - r i ch  
m a t e r i a l  su r round ing  a co re  of Al-r ich ma te r i a l .  The mechanisms 
r e s p o n s i b l e  f o r  t h i s  s e p a r a t i o n  a r e  not unders tood ,  bu t  because I n  
p r e f e r e n t i a l l y  wetted t h e  alumina c r u c i b l e ,  i t  is be l i eved  t h a t  
c a p i l l a r i t y  may play  an impor tan t  r o l e  i n  t he  phase s e p a r a t i o n .  
The p re sen t  experiment  w i l l  use  a SIC c r u c i b l e  which is preferen-  
t i a l l y  we t t ed  by t h e  4 ' .  The d i r e c t i o n a l  g r a d i e n t  w i l l  be ~ s e d  t o  
i n v e s t i g a t e  t h e  e f f e c t s  of t h e  d r o p l e t  mig ra t ion  r e s u l t i n g  from 
d i f f e r e n t i a l  v a r i a t i o n s  of t h e  i n t e r f a c i a l  energy  wi th  temperature.  
Four exper iments  a r e  r equ i r ed  t o  o b t a i n  s u f f i c i e n t  i n fo rma t ion  to 
s o r t  o u t  t h e  v a r i o u s  e f f e c t s .  

The s u p p o r t i n g  ground-based r e sea rch  c o n s i s t s  o f :  ( 1 )  A l -  
I n  phase diagram re-de termina t ion  i n  t h e  experiment  composi t ion  
range,  ( 2 )  w e t t i n g  p r o p e r t i e s  of t h e  tun-phase l i q u i d  a g a i n s t  
s i l l c o n - c a r b i d e ,  (3)  E a r t h  g r a v i t y  o r i e n t a t i o n  e f f e c t  on s o l i d  
s t r u c t u r e s ,  ( 4 )  p r e l imina ry  o b s e r v a t i o n s  on c a p i l l a r y  f o r c e s  and 
coa l e scence ,  and ( 5 )  l i q u i d - l i q u i d  and l i q u i d - s o l i d  phase t r a n s -  
fo rma t ion  s t u d i e s  (unde rcoo l ing ,  k i n e t i c s ,  volume change). 

P u b l i c a t  i o n s  

Po ta rd ,  C. , "Proposa l  f c r  a Space P roces s ing  Racket Experiment : 
Undirec t  i o c a l  S o l i d i f i c a t i o n  of Monotec t i c  and Hypermonotect ic  
Aluminum-Ind ium Al loys ,  I n t e r n a l  Repor t ,  1976. 

Dotard, C., "SPAR Experiment 76-51: Experiment Readiness  Review," 
May 18-19, 1978. 

B o i s s i e r ,  J. ,  Uusser re ,  P., and Po ta rd ,  C., "Tes t s  de V i b r a t i o n  et 
V t  b r a t  ion-Choc des  Car touches  P ro to types  SPAR," I n t e r n a l  Repor t ,  
1978. 



Pota rd ,  C. , "Pre l iminary  Thermal T e s t s  of t h e  SPAR 76-51 
C a r t r i d g e s , "  I n t e r n a l  Report ,  1978. 

Po ta rd ,  C., "A Review of t h e  Mecha~lisms Involved i n  t h e  D I r e c t i o ~ l  
S o l i d i f i c a t i o n  of A1-In Emulsions a t  Zero-Gravity," J. B r i t .  
I n t e r p l a n .  Soc., Vol. 3 ' ,  1976, py. 275-280. 

Potard ,  C. , " D i r e c t i o n a l  S o l i d i f  i c a t i o n  of Al-In Al loys  i n  Micro- 
g r a v i t y :  R e s u l t s  of Basic P repa ra to ry  I n v e s t i g a t i o n s , "  17 th  
tlerospace Sciences  Meeting, New Orleatrs,  Louts lana ,  January  15-17, 
1979, AIM Paper 79-0173. 

Po ta rd ,  C., " U i r e c t i o n a l  S o l i d i f i c a t i o n  of Al-In Alloys a t  Hicro- 
g r a v i t y :  R e s u l t s  of Bas ic  P repa ra to ry  I n v e s t i g a t i o n s , "  Thi rd  
European Symposium, Crenoble,  France,  Apr i l  1979, ESA SP-142, 
ppe 255-262. 

Po ta rd ,  C., " I n t e r e t  de Cour tes  Yeriodes d ' lmpesanteur  pour 
L'Etude de la S o l i d i f i c a t i o n  des  A l l i a g e s  Imni sc ib l e s  AI-In," 
Proceedings of Esranpe Symposium, Ajacc io ,  Apr i l  1978, ESA 
SP- 135. 

Po ta rd ,  C., " S t r u c t u r e s  de S o l i d i f i c a t i o n  des  A l l i a g e s  Immiscible 
Al-In  et A1-Cd," Ann. Chim. Fr. - 5, 279-287 (1980). 
Jcne 19-21, 1979. 



Direct Observation of I n t e r f a c e  S t a b i l i t y  - 
Stanford Un ivers i ty  
Professor  W. A T i l l e r  
Professor  I. S. F e i g e l s o n  
Dr. Derrnis Elwel l  
NAS3-33110 Total Cost:  $265K 
December 1 ,  1978 - January 3 1 ,  1982 

See Sec t ion  A, pagc 40, f o r  full d e s s r t p t i o n  of program task.  



C. FLU I DS, TRANSPORTS, AND C H E M l  CAL PROCESSES 



Automated Ana ly t i ca l  E lec t rophoree i s  Apparatus 

Univers i ty  of  Arizona - Tucson 
Dr. Pe te r  H. B a r t e l s  
NAS8-31948 T o t a l  Cost: $300K 
June 4, 1976 - August 1980 

The o b j e c t i v e s  of t h i s  program were to provide an automated 
appara tus  t o  determine and d i s p l a y  the m o b i l i t i e s  of l i v i n g  c e l l s  
suspendad i n  a  compatible buf fe r  and t o  e s t a b l i s h  its c a p a b i l i t i e s  
a s  an instrument f o r  research and c l i n i c a l  usage. 

The r a t i o n a l e  was to  provide two types of data :  histograms 
of m o b i l i t i e s  and a  s t a t i s t i c a l  eva lua t ion  of the c e l l  populations.  
Histograms may revea l  a s p e c i f i c  component of a  c e l l  population i n  
a  pa tho log ica l  specimen. Histograms a l s o  g ive  p r i o r  n o t i c e  of 
abnormal mobi l i ty  d i s t r i b u t i o n  of the sample; t h i s  enables  the 
search t o  be con£ ined to  abnormal subpopulat ions. Manual deter-  
mination of e l e c t r o p h o r e t i c  m o b i l i t i e s  is unsu i t ab le  f o r  t h i s  
purpose i n  t h a t  it l acks  the a b i l i t y  t o  make a l a r g e  number of 
p r e c i s e  measurements i n  a  s h o r t  period of time. 

Research t a sks  included des igning a l l  the components and 
i n t e r f a c e s ;  bu i ld ing  and t e s t i n g  a prototype to demonstrate des ign 
f e a s i b i l i t y ;  commencing measurements of c e l l  popula t ions  and 
monitoring a p p ~ r a t u s  performance parameters; and c o r r e c t i n g  
d e f i c i e n c i e s  noted including modifying apparatus  a s  appropr ia te .  
The preceding t a s k s  were completed to date.  Measurements can be 
made f a s t e r  than required.  L imi ta t ions  a r e  photometric noise ,  
accuracy of l o c a t i o n  determinat ion and d i s t a n c e  migrated at  
d e s i r a b l e  vo l t ages  a t  se lec ted  microscope magnification.  Never- 
t h e l e s s ,  1000 measurements per sample can be made wi thin  10 
minutes, with an optimum c e l l  concen t ra t ion  of 4 x lo6 cel ls /cm3 
with 3 t o  5 lock-ons per c e l l .  

Pub1 i c a t  ions  

B a r t e l s ,  P. H., Bier ,  Y., e t  a l . ,  "Automated Computercontrolled 
Hicroscope E lec t rophores i s  System," C e l l  E lec t rophores i s ,  Apr i l  
1978, HIT, Cambridge, MA. 

Brooks, D. E . ,  e t  a l . ,  "Design and Tes t ing  of a  Computer Control led  
System (AENS)," C e l l  Elect rophores is :  C l i n i c a l  Appl ica t ions  and 
Methodology, INSEKM Symposium, B r i s t o l ,  UK, 1979, pp. 409-419. 

B a r t e l s ,  P. t i . ,  e t  e l , ,  "Development T e s ~  and Evaluation of an  
Automated Ana ly t i ca l  E lec t rophores i s  Apparatus," Period Hay 17, 
1976 - August 31, 1978, NASA/HSFC. 



Bartele,  P. H., e t  al., "Development Test and Evaluation of an 
Automated Analytical Elec trophoresis Apparatus, * Period September 
1977 - August 31, 1978, NASAIMSPC. 

Oleon, G. B., Bartels, P. H., e t  a l . ,  "Computer-contolled Electro- 
phoresis Microecope," SPIE 232, 54-61 (1980). 

Bartels,  P. H., Bartels,  H. G., e t  a l . ,  "Automated Analytical 
Electrophoreeis Microscope," accepted for  pub1 ica t ion  in Cel l  
Biophysics, 1981. 

Olson, G. B., McFarland, M., and Bar te l s ,  P. H., " ~ p p l l c a t i o n  of 
the Automated Electrophoresis Microscope System to Various 
Biological Tests," ~ l e c t r o ~ h o r e s i s  '81, Proceedings of F i r s t  
In te rna t iona l  Conference Electrophoresis Society, Charleston, SC, 
April 1981. 

Bartels ,  P. H. and Bartels ,  H. G., " S t a t i s t i c a l  Evaluatior. of 
Electrophoretic Mobility Measurements in the AEMS," Electrophoresie 
'81, Proceedings of F i r s t  In te rna t iona l  Conference Electrophoresis - 
Society, Charleston, SC, April 198 1. 



Hormone P u r i f i c a t i o n  by I s o e l e c t t i c  Focusing i n  Space -- 
U n i v e r s i t y  of Arizona - Tucson 
Dr. Milan Bier 
NAS8-32950 $85k/year  
March 1:78 - March 1982 

The o b j e c t i v e s  of t h i s  r e sea rch  a r e  t o  atudy t h e  e f f e c t s  of 
g r a v i t y  on t h e  i s o e l e c t r i c  focus ing  p roces s ,  d e f i n e  and produce 
a d e f i n i t e  i s o e l e c t  t i c  focus ing  exper iment ,  and t o  r e f i n e  f u t u r e  
i s o e l e c t r i c  focus ing  technology. 

An i n c l u s i v e  l i s t  of g r a v i t a t i o n a l  hypo thes i s  on g r a v i t a -  
t i o n  e f f e c t s  w i l l  be genera ted .  The hypo thes i s  w i l l  be based on 
t h e o r e  t  i c a l  and expe r imen ta l  expe r i ence  of t he  researc l i  team. 
Cons ide ra t i on  w i l l  be g iven  t o  r e s o l u t i o n ,  th roughput ,  boundary 
l a y e r s ,  convect  i o n ,  acd sed imenta t ion .  I n  a d d i t  i o n ,  t e s t s  u s ing  
the  p rev ious ly  developed Recycl ing  I s o e l e c t r i c  Focusing (KIEF)  
a p p a r a t u s  w i l l  be made t o  v e r i f y  a s p e c t s  of each l iypothes is  
u s ing  s t a n d a r d  samples. A s tudy  w i l l  be conducted t o  d e f i n e  a 
meaningfu l  space experiment  i n  i s o e l e c t r i c  focusing.  D e f i n i t i o n  
of t h e  r a t  i o n a l e ,  g e n e r a l  approach,  g e n e r a l  c o n f i g u r a t i o n ,  and 
primary turdware requi rements  w i l l  be genera ted .  Another s tudy  
w i l l  r e f i n e  t h e  c u r r e n t  mathemat ica l  model f o r  s t eady  s t a t e  
focus ing  of t r a c e  q u a n t i t y  p r o t e i n s .  Conduc t iv i t y  s e n s o r s  w i l l  
be des igned ,  c o n s t r u c t e d ,  and i n c o r p o r a t e d  i n t o  t he  c u r r e n t  
ha rdva re .  

P u b l i c a t  i o n s  

Egen, N. B., Twi t ty ,  G. E.,  and B ie r ,  M. ,  "Recycl ing  I s o e l e c t r i c  
Focusing wi th  Coinputer Con t ro l l ed  Uata Acqu i s i t i on  System," 17 th  
Aerospace Sc i ences  Meeting, New Or l eans ,  La. , January 15, 1979, 
AIAA Paper 79-0405. 

B i e r ,  M. and Egen, N. B, , "Large Sca l e  Recycl ing E l e c t r o -  
focus ing , "  i n  E l e c t r o f o c u s / 7 8 ,  Hagland, W e s t e r f i e l d  and B a l l ,  
Eds. , Elscv ie r /Nor t l i  Holland,  New York, 1979. 

B i e r ,  M., Egen, N. B., e t  a!. , "New Developments i n  I s o e l e c t r i c  
Focusing,"  i n  P e p t i d a s ,  E. Gross and J. Meienhofer ,  Eds, P i e r c e  
Cllerntcal Lo., Rockford, I l l . ,  1979. 

H te r ,  Y. and A l l y g e r ,  T. T., " I s o t a c h o p h o r e s i s , "  i n  -- E l e c t r o -  
k i n e t i c  S e p a r a t i o n s  Merhods, P. C. K i g h e t t i ,  C. J. Van Oss, and 
J. W. Vanderlloff,  Eds., E l sev i r r /Nor t l i  Holland,  New York, 1979. 

Palusln:;ki,  0. A., A l lyge r ,  T. T., rt a l . ,  "Mathematical Model- 
Lug and Computer Simuiat  ton  of Lsoe lec t  r i c  Focusing wi th  
I . ; l e cc roche~n tcd~ ly  Uefinerl Ampholytes, B iophys i ca l  Chemistry,  i n  
p re s s .  



Mosher, R. A. ,  Palus inski ,  0. A.,  and Bier,  M. ,  "Computer Sirnu- 
l a t i o n  and Experimental Valldat ion o f  I s o e l e c t r i c  Focusing i n  
Ampholine-Free Systems," submitted to J. Chromatography, 1981. - 
Palusinski,  0, A.,  bier,  M . ,  and S a v i l l e ,  D. A . ,  "Matkmatical 
Model for Transient I s o e l e c t r i c  Focusing of Simple Ampholytee," 
ready for  submission. 



Countercurrent D i s t r i b u t i o n  of Bio log ica l  Cell8 

Universi ty of Oregon Health Sciences Center 
Dr. D. E. Brooks 
tiAS8-33575 Total  Cost : $2:5K 
November 16, 1979 - November 15 ,  1982 

The o b j e c t i v e s  of t h i s  research program a r e  t o  develop and 
unders~snd  c e l l  p t l r t i t ion  in a reduced g r a v i t y  environment a s  a 
s e n s i t i v e ,  a n a l y t i c a l  and high reso lu t ion  p repara t ive  procedure 
f o r  biomedical research. 

In a  reduced g r a v i t y  environment the two-polymer phase wi1.1 
not separa te  v is density-driven s e t t l i n g  UI an acr-epiaSly shor t  
length  of time. I t  is to  be expected tha t  a c e r t a i n  amount of 
phase separat ion w i l l  take place,  howev . , driven by the r e 2 ~ i c t i o n  
in f r e i  errergy gained when the i n t e r f a c i a l  area  is reduced. Thjs 
s tage of the separat ion process w i l l  t he re fore  depend d i r e c t l a '  cn 
the magnitude of the f n t e r f a c i a l  tension between the phases. In  
order to  induce complete phase separatiorr in a  shor t  time, we a r e  
inves t iga t ing  e l e c i r i c  f4.eld-induced separat ion which occurs  
because the d r o p l e t s  of one phase in the o ther  ,lave high e i e c t  ro- 
phoret ic  m o b i l i t i e s  which l c r e a s e  with d rop le t  s i ze .  These 
m o b i l i t i e s  a r e  s i g n i f i c a n t  only in the presence of c e r t a i n  s a l t s ,  
p a r t i c u l a r l y  phosphates. The presence of such salts, i n  tu rn ,  has 
a  strong e f f e c t  n the  c e l l  p a r t i t i o n  behavior in  dextran-poly 
(e thylene g lyco l )  systems. The add i t ion  of the s a l t s  necessary to 
produce phase drop m o b i l i t i e s  has a  l a r g e  e f f e c t  on the i n t e r f a c i a l  
tens ions  in the systems. 

The o ther  area  i n  whic:h m r k  has been done AS the f u r t h e r  
development of lield-induced phase separat ion.  We have been 
following phase separat ion i n  an e l e c t r i c  f i e l d  tu rb id imet r i ca l ly .  
It has been found tha t  phase separa t ion .  a s  indicated by o p t i c a l  
c l e a r i n g ,  occurs  rapidly  under the i n f l u e a c ~ ~  of a modest e l e c t r i c  
f i e l d  but t h a t  t u r b i d i t y  tl,<n reappears a f t e r  a  few minutes. 
Apparently re-mixing o r  an i n s t a b i l i t y  in the phase systenl sets in 
a f t e r  the i n i t i a l  separat ion.  Current i n v e s t i g a t i o n s  involve 
making observat ions  and t ry ing  to e l iminate  a1 1 poss ib le  a r t i f a c t s  
from the measurements. These s t u d i e s  a re  hampered by the n e c e s r i t y  
of m r k i ~ ? g  wi th  th in  f i lms of phase system: to  avoid convective 
dis turbance which make d i r e c t  observat ion of the systems d i f  f  '.. 

Pub1 i c a t  ions  

Bambergrr, S., Seaman, C. V. F., and Brooks, D. E. , "Studieci on the  
In te r fac  fa1 Tension of Uextran/PEC System," Second I n t e r n ~ t i o n a l  
Conference on P a r t i t i o n i n g ,  Shef f i e l d ,  England, April 1931 
(abs t  tdc t s )  . 



Bsookr, D. E., Sotenmn, P. ,  and Van Als t ine ,  J . ,  'Detection of a 
Llpls Phase 'hansi t ion by Partit ioniqg of Liporores ," Second 
International Conference on Par t i  t loning,  Sheff i e l d ,  England, 
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Hassachueetts Institute of Technology 
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See Section A ,  page 10, for ful l  description of program task. 



SoAutal Convection During Directional Solidificatioa 
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R. J. Schaefer 
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April 1977 - conr-inuing task 

See Section A, pnge 14, f i x  full description of program task. 



T h e r m o c a p i l l a r y  Flows and  T h e i r  S t a b i l i t y :  E f f e c t s  o f  S u r f a c e  
L a y e r s  and C o n t a m i n a t i o n  

N o r t h w e s t e r n  U n i v e r s i t y  
Dr. S. H. Davis  
Dr. C. H. Homsy, S t a n f o r d  U n i v e r s i t y  
NAS8-33881 T o t a l  Cos t :  $400K 
J u n e  1980 - June  1983 

The proposed r e s e a r c h  c o n c e r n s  t h e  t h e o r e t i c a l  a n a l y s i s  of 
t h e  f l u i d  mechanics  and h e a t  t r a n s f e r  of mot ions  d r i v e n  by 
s u r f a c e - t e n s i o n  g r a d i e n t s .  The o b j e c t  is a n  u n d e r s t a n d i n g  of t h e  
c o n v e c t i o n  accompanying t h e  p r o c e s s  of growing h i g h - q u a l i t y  
c r y s t a l s  i n  a p-g e n v i r o n ~ n e n t .  The geomet t ies c o n s i d e r e d  i n c l u d e d  
t h i n  f  i l m s ,  deep  f i l m s  and f loa t -zone  c o n €  i g u r a t i o n s .  The p a r t i -  
c u l a r  a s p e c t s  a d d r e s s e d  a r e  ( 1 )  t h e  e f f e c t s  on s t e a d y  Marangoni 
f l o w  of c o n t a m i n a t i o n  and t h e  p lacement  o f  t h i r d - p h a s e  f i l m s  on 
t h e  mel t -gas  i n t e r f a c e ,  ( 2 )  tl;e p r e d i c t i o n  of p o s s i b l e  
i n s t a b t L t t i e s  of Marangoni f l o w s  of p u r e  melts, and (3) t h e  
e f f e c t s  on s u c h  i n s t a b i l i t y  c r i t e r i a  01 c o n t a m i n a t i o n  and s u r f a c e  
f i l m s .  

C a l c u l a t i o n  of f low and h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  is 
p c s s i b l e  i n  t h e  f o l l o w i n g  l i m i t s :  (1)  A+O, ( 2 )  M40, ( 3 )  C-0. 
These  a s y m p t o t i c  l i m i t s ,  t o g e t h e r  w i t h  p e r t u r b a t i o n  t h e o r y ,  may be 
used t o  a r - i l y t i c a l l y  d e s c r i b e  f e a t u r e s  of t h e  s t r u c t u r e  of s o l u -  
t i o n s  t o  h i s  c l a s s  of problems. These  a n a l y s e s  w i l l  te used  t o  
p r o k  t h e  e f f e c t s  of l a r g e  c l a s s e s  of i n s o l u b l e  s u r f a c e  f i l m s  on 
t h e  s t e a d y  f l o w s  g e n e r a t e d  by s u r f a c e - t s n s i o n  g r a d i e n t s .  It 
s h o u l d  he p o s s i b l e  t o  d e s c r i b e  what f i l m  c h a r a c t e r i s t i c s  are 
r e q u i r e d  t o  e i t h e r  s u p p r e s s  c o n v e c t i o n  e n t i r e l y ,  r e t a r d  i t  t o  a 
g i v e n  d e g r e e  or  even  p o s s i b l y  augment it. I n e  t y p e s  of e f f e c t s  
a t t  r t b u t a b i e  t o  c o n t a m i n a t  i o n  would be de te rmined .  The magni tude  
o f  such  e f f e c t s  c o u l d  be c a l c u l a t e d  g i v e n  e x p e r i m e n t a l  v a l u e s  f o r  
c e r t a i n  a p p r o p r i a t e  p h y s i c a l  c o n s t a n t s  d e s c r i b i n g  t h e  m a t e r t a l  
r e s p o n s e  of t h e  c o n t a m i n a n t s .  



Aggregation of Red Cells 

Univers i ty  of Sydney 
Dr. Leopold Dintenfass  
WS77P113 

The o b j e c t i v e s  of t h i s  prograa a r e :  ( 1 )  t o  d e t e m i n e  
whether the s i z e  of red c e l l  aggregates ,  k i n e t i c s  and morphology 
of these  aggregates  a r e  inf luenced by near-zero g r a v i t y ,  (2 )  
whether v i s c o s i t y ,  e s p e c i a l l y  a t  low shear  r a t e ,  is a f f l i c t e d  by 
near-zero g r a v i t y  ( t h e  latter preventing sedimentat  Lon of red 
c e l l s ) ,  (3) whether the  a c t u a l  shape of red c e l l s  changes, and ( 4 )  
whether blood samples obtained from d i f  f e r c n t  donors ( c o m a 1  and 
p a t i e n t s  s u f f e r i n g  from d i f f e r e n t  d i s o r d e r s )  react  i n  the same 
manner t o  near-zero gravi ty ,  These a r e  o b j e c t i v e s  f o r  the  f i r s t  
missio:. Subsequent o r b i t a l  f l i g h t s  in tend t o  e l a b o r a t e  t h i s  d a t a  
and in t roduce e f f e c t s  of plasma p ro te ins ,  l i p i d s ,  drugs, and 
var ious  agen t s ,  i n  order  to  develop new d iagnos t i c  techniques and 
t o  ob ta in  b e t t e r  i n s i g h t  i n t o  molecular a s p e c t s  of blood rheology. 
These subsequent missions w i l l  depend i n  t h e i r  cons t ruc t ion  on 
in fo rmat io~r  obtained f r o s  the f i r s t  f l i g h t .  

I t  is possib'e thac such da ta ,  obtained under near-zero 
g r a v i t y ,  when compared with equivalent  l abora to ry  data  and 
subsequent procedures could form the bas i s  f o r  d iagnos t i c  t e s t s .  
These subsequent procedures would encompass the  response of blood 
samples o r  aggregates  of red c e l l s  t o  the  a d d i t i o n  of drugs o r  
agen t s  which have var ious ,  even opposi te ,  e f f e c t s  on the aggrega- 
t i o n  of red c e l l s .  Such agents  or  drugs w i l l  inc lude f ib r inogen ,  
g lucose ,  t r i g l y c e r i d e s ,  snake venom d e r i v a t i v e s  ( i .  e., Ancrod), 
beta blockers,  e tc .  The k i n e t i c s  of aggregat  ion or  dis ,aggregation 
w i l l  be s tud ied  ia  p a r a l l e l  with the  v i s c o s i t y  of blood. The 
r c s u l  t s  of these  t e s t s  with compounds a t  d i f f e r e n t  concen t ra t  ions  
may v e l l  prove t o  be d i s t i n - t i v e  f o r  blood samples from p a t i e n t s  
s u f f e r i n g  from d i f f e r e n t  d iseases .  I t  is poss ib le  t h a t  p a t i e n t s  
s u f f e r i n g  from the same d i sease  might e x h i b i t  di  f f e r e n t  responses 
( i n  blood rhealogy) when subgrouped according t o  t h e i r  ABO blood 
groups. 
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T r a n r i e n t  T h e m 1  Convection i n  L o r &  

NASA Headquarters  
Dr. R. F. D r e s s l e r  
In-Howe 
Janua ry  1980 - c o n t i n u i n g  

The purpoee of t h i s  r e sea rch  program is t o  o b t a i n  a n a l y t i -  
c a l  s o l u t i o n s  f o r  t r a n s i e n t  and p e r i n d i c  convect ion  f lows f o r  
a r b i t r a r y  l o r g  e x c i t a t i o n s  wi th  imposed thermal g r a d i e n t  i n  
c y l i n d e r s  and cubes ,  f o r  b o t h  2-D and 3-D flows. 
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S u r f a c e  T e n s i o n s  a n d  T h e i r  V a r i a t i o n s  w i t h  T e m p e r a t u r e  a n d  
I m p u r i t i e s  

N a t i o n a l  Bureiiu o f  S t a n d a r d s  
S. C. Hardy 
H-2795SB S2OOK/year 
A p r i l  1977 - c o n t i n u i n g  t m k  

I n  t h i s  program t r a d i t i o n a l  sessile d r o p  s u r f a c e  t e n s i o n  
measurements  a r e  b e i n g  used i n  c o n j u n c t  ion  w i t h  Auger s p e c  t r o s -  
copy and o t h e r  modern s u r f a c e  a n a l y t i c  t e c h n i q u e s  t o  s t u d y  t h e  
thermodynamics  and c h e m i s t r y  o f  l i q u i d  m e t a l  i n t e r f a c e s .  The 
m a t e r i a l s  s e l e c t e d  f o r  s t u d y  are g e n e r a l l y ,  b u t  n o t  e x c l u s i v e l y ,  
t h o s e  o f  i n t e r e s t  i n  o t h e r  a r e a s  of  t h e  s p a c e  r e s e a r c h  program. 
In r e c e n t  work, f o r  i n s t a n c e ,  t h e  s u r f a c e  t e n s i o n  of  l i q u i d  
g a l l i u m  W A S  lnedsured a s  a f u n c t i o n  o f  t e m p e r a t u r e  from t h e  melt- 
i n g  p o i n t  t o  dbou t  750°C. r h e  t e m p e r a t ~ l r e  dependence  of  t h e  
s u r f a c e  t e n s i o n  was found t o  be a p p r o x i m a t e l y  q u a d r a t i c .  T h i s  
d a t a  is b e i n g  used e l s e w h e r e  i11 t h e  d e s i g n  of e x p e r i m e n t s  v h i c h  
w i l l  u s e  g a l l i u n  t o  s t u d y  Marangoni f low.  

C u r r e n t I y  we a r e  work ing  on t h e  a p p l i c a t i o n  o f  Auger 
s p e c t r o s c o p y  t o  l i q u i d  m e t a l  s u r f a c e s .  The e x p e r i m e n t s  a re  
b e i n g  c o n d u c t e d  i n  a  c o n v e n t i o n a l  Auger s p e c t r o m e t e r  w i t h  a  
v e r t i c a l  c y l i n d r i c a l  ~ n i r r o r  a n a l y z e r  and a  h o r i z o n t a l  sample  
m a n i p u l a t o r .  The samples  are i n  t h e  form o f  s e s s i l e  d r o p s  which 
p e r m i t s  t h e  s u r f a c e  t e n s i o n  t o  be measured s i m u l t a n e o u s l y  w i t h  
t h e  Auger spectrum.  I n i t i a l  work w i t h  g a l l i u m  d r o p s  h a s  been 
p romis ing  b e c a u s e  we found t h a t  t h e  s u r f a c e  of  t h e  d r o p  c a n  b e  
c l e a n e d  by s p  l t t e r i n g  w i t h  a r g o n  i o n s .  F l u i d  f l a w s  are gener -  
a t e d  i n  t he  s p u t t e r i n g  which draw s o l i d  i m p u r i t i e s  s u c h  as 
o x i d e s  inti, t h e  ion  beam where  t h e y  are s p u t t e r e d  away. The 
mechanism g e n e r a t i n g  t h i s  f l u i d  f l o w  is n o t  y e t  i d e n t i f i e d .  A t  
p r e s e n t  w e   re s t u d y i n g  t h e  s e y r e g a t i o n  of  t i n  a t  t h e  s u r f a c e  of  
g a l l i u m - t i n  a l l o y s .  
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New Polymers  f o r  Low-Gravity P u r i f i c a t i o n  o f  Cells by Phase  
P a r t i t i o n i n g  

U n i v e r s i t y  of Alabama i n  H u n t s v i l l e  
Dr. J. H i l t o n  H a r r i s  
NAS8-33978 $47k/yedr  
Sryteiuber  1, 1980 - August 31, 1982 

b p o t e u t i a l l y  power fu l  tecl l i l ique f o r  s e p a r a t i n g  d i f f e r e n t  
b i o l o g i c a l  c e l l  t y p e s  is based on t h e  p d r t i t i o n i n g  of t h e s e  
c e l l s  between t h e  i ~ n r u i s c i b l e  aqueous  phases  formed by s o l u t i o n  
of c e r t d i l l  polymers  i n  water .  Tt.is p r o c e s s  is g r a v i t y - l i m i t e d  
b e c a u s e  cel ls  sed iment  r a t h e r  t h a n  a s s o c i a t e  w i t 1 1  t h e  phase most 
f a v o r e d  on t h e  b a s i s  of c e l l - p h d s e  i n t e r a c t i o n s .  We a r e  p r e s e n t -  
l y  i n v o l v e d  i n  t h e  s y n t l r e s i s  of new polymers  kt11 t o  a i d  i n  
u u d e r ~ t a n d i n g  t h e  p a r t i t i o n i n g  p r o c e s s  and t o  i l rprove t h e  
q u a l i t y  of s e p a r a t i o n s .  The pr ime d r i v i n g  f o r c e  behind t h e  
d e s i g n  of t h e s e  polymers  i s  t o  produce m a t e r i a l 6  ~ h i c h  w i l l  a i d  
i n  s p a c e  e x p e r i m e n t s  t o  s e p a r a t e  i m p o r t a n t  c e l l  t y p e s  and t o  
s t u d y  t h e  p a r t i t i o n i n g  p r o c e s s  i n  t h e  a b s e n c e  of g r a v i t y  ( i . e . ,  
i n  a n  e q u i l i b r i u m  s t a t e ) .  

T h r e e  new t y p e s  of w a t e r - s o l u b l e  polymers  I ~ v e  been 
syn t l l es ized .  These  a r e :  (1) po lgef -hy lene  g l y c o l s  w i t h  a t t a c h e d  
ciown e t h e r s ;  ( 2 )  p o l y e t h y l e n e  g l y r . 0 1 ~  w i t h  a t t a c h e d  cyc lodex-  
t r i n s ;  and ( 3 )  d e x t a n s  w i t h  a t t a c h e d  1ob.g-chain hydrocarbons .  
The crown e t h e r s  and c y c l o d e x t r i n s  a r e  of i n t e r e s t  b e c a u s e  of 
t h e i r  a b i l i t y  t o  s e l e c t i v e l y  f o m  complexes  w i t h ,  r e s p e c t i v e l y ,  
m e t a l  c a t i o n s  and hydrophobic  a n i o n s .  Consequent ly ,  t h e s e  
m a t e r i a l s  p r e s e n t  t h e  p o s s i b i l i t y  of s p e c i f i c a l l y  b i n d i n g  g r o u p s  
on t h e  cel L s u r f a c e .  The d e x t  r a w  v i  t h  long-cha in  hydrocarbons  
a t t a c h e d  a r e  of i n t e r e s t  because  of t h e  p r o b a b l e  a t t r a c t i o n  of 
t h e  hydrocarbon  f o r  l i p o p h i l i c  a r e a s  on t h e  c e l l  s u r f a c e .  
T e s t i n g  of t h e  p r o p e r t i e s  of t h e s e  new m a t e r i a l s  h a s  begun. 



Pur i f ica t ion  -r?d Cult ivat ion of Human P i tu i t a ry  Growth Hormone- 
-Secreting cell; 

Pennsylvania S t a t e  University 
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Human growth hormone (hGH) i s  in demand for  treatment of 
p i tu i t a ry  disease,  osteoporosis,  s t r e s s  ulcers ,  e tc .  However, 
the demand i s  fa r  greater  than ava i lab le  supply. The problem 
could be solved by the cu l ture  of purified hCH c e l l s  that  
produce hormone. This progrm addresses the probleq of ( a )  
separation of t i l e  p i t u i t a ry  growth hormone c e l l ,  ( b )  its main- 
tenance in  v i t r o ,  and (c )  assessment of the role  that  gravl ty 
plays in establ ishing l imi t s  of these current  laboratory technol- 
ogies. 

In an e f f o r t  to f u l f i l l  the above object ives  a human 
p i tu i t a ry  column perifusion method has been developed to s s s t a in  
hGH re lease  from p i tu i t a ry  t i s sue  over extended periods (1-3 
days). On the basis of experimental r e su l t s  from 144 human 
p i tu i t a ry  glands removed 1-18 hours, postmortem, it has beer. 
found that  prostaglandin E ( 10-911) o r  epinephrine ( 10-9) 
s t imulates  release of a "GW" from r a t  hypothalmi which is, i n  
turn,  capable of sustaining hGH re lease  for  a t  l e a s t  24 hours. 
Tissue samples stained imrnunocytochemically f o r  hGH c e l l s  reveal  
Large numbers of well-yresci;ved c e l l s  in t h i s  experiaental 
protocol. These r e su l t s  support the notion that  the human 
postmortem p i tu i t a ry  gland contains functional growth hormone 
ce l l s .  

Results from numerous experiments demonstrate that  we can 
prepare 15 x 103 cells/mg postmortem human p i tu i t a ry  cissues. 
Thrse c e l l  preparations a r e  80% viable ,  and by electron micros- 
copy contain membrane and granule systems cha rac t e r i s t i c  of 
intact  t i .  -.Je. Concerted e f f o r t s  have been made to separate GH 
c e l l s  from both rac and hum211 p i t u i t a r i e s  by chemtstry gradient 
e lectrophoresis .  Rcsul ts indtcate  that somatotrophs (GH c e l l s )  
apparently have low electrophoret ic  mobili t ies,  and p o s s i b i l t t i e s  
For t he i r  eventual pis? i f  lcat ion by t h i s  technique appear 
encouraging. Flnal.ly, methodology \ u s  been developed for  the 
implantation of human p i tu l t a ry  c e l l s  i n  ra t s .  With t h i s  
methodology it should be possible to assess  function of trCH 
c e l l s  in  v i t r - ,  as  well as eventually being able  to i so l a t e  hCH 
from the a11 imal. 

Pub1 i ca t  tons 

Hymer, W. C. ,  Page, H., e t  a l . ,  "Separated Somdtottophs: Thetr 



Hymer, W. C., Wilbur, D. L., e t  a l . ,  "The Human Post  bbrtea 
P i t u i t a r y  Contai-e Funct ional  Soaatotrophs," 62nd Meeting of t h e  
Endrocrlne Soc ie ty ,  Waehington, D.C., June 1980. 

Hymer, We C., Wilbur, D. L., Page, R e ,  e t  a l . ,  " P i t u i t a r y  Hollow 
F ibe rs  Units  I n  Vivo and I n  Vt t ro ,"  Neuroendocrinolog]l, i n  
p r e s s ,  1981. 

Hymer, !J. C., Harkness, J., I h r t k e ,  A., e t  a l . ,  " P i t u i t a r y  
Hollow Fiber UnL ts and the  Dwarf Mo?l~e, " Neuroendocrinology , 
i n  press ,  1981. 

Hymer, W. C. and Wilbur .I. i , " P i t u i t a r y  Cell Systems I .  ! i t ro  
and I n  Vivo," i n  Func t : "~ ;  Corre1ia:es of Hormone Receptors, 
i n  press ,  1981. 

Hymer, W. C. and Todd, P.,  " P u r i f i c a t i o n  of U a t  P t t u t t a r y  
Somatot ruplls by D e n s t l y  Gradf.ent E l e c t r o p l ~ o r e s i s  ," sttbm t t t e d  t o  
Ce l l  B i o ~ h v s i c s .  ' 4 .  ' . 

Kelsey, R e ,  HYSF. . ' '  C., and Page, R., " P i t u i t a r y  Cell 
Transplants  to  Lhe C e ~ e b r a l  V e ~ l t r i c l e s  Suppress Host P i t u i t a r y  
Ce 11 Function,  ieuroendocrinology,  submitted,  1981. 



Biosynthesis/Separations Laboratory-Development of 8 Space 
Biosyntheois System and Biological S t d i e s  f o r  Electrophorerir  
i n  Space 

Johnson Space Center 
Dr. Dennis R. Morrison 
Mr. Bernard J. Mieszkuc 
In-center $ 1  20k/yesr 
January 1981 - c o n t i n u i ~ ~ g  task 

The object ives  of t h i s  program a re  to: ( 1 )  obtain data on 
the performance of c e l l  cu l ture  vessel system elements and to  
define the biological cxidation jwocess--the t ransfer  of oxygen 
from gas to l iquid and t'rom l iquid to oxidant,  and ( 2 )  determine 
the limits of ground-based technology using a preprototype 
reactor for studying erlzymiltic react  ions and suspcnsioi~ c e l l  
cul tures .  

The BiouynthesislSeparat ions Laboratory supports the 
Xater ia l s  Processing i n  Space s tudies  on blosynthesis and c e l l  
separat ions for invest igat ions i n t ~  tts product i o ~  of high value 
pllarmaceuticals which are  very d i f f i c u l t  or impossible to obtain 
on Earth with c u r r e ~ ~ t l y  ava i lab le  technology. This laboratory 
i s  responsible for  the biolugical science supporting the 
Electrophoresis Equipment Verlficatiorl  Test scheduled to f l y  on 
STS-3 and strbsequent e lectrophoresis  experlmeilts under micro- 
gravi ty conditions. 

The laboratory has bath sonolzlyer and suspension c e l l  
cu l ture  capabi l t t i es .  Current research includes procedures f o r  
the obtaining of c e l l  cu l tures ,  and the freezing and storage of 
ce l l s .  Procedures for  growing c e l l  cu l tures  Fn suspena?.on a r e  
being investigated. A continuous l i ne  of baby hamster kidney 
c e l l s  has been grown in suspension, and t l ~  growth of c e l l s  on 
microcarriers i s  being pursued. A var ie ty  of beads were used as  
substrates  for  the attachment of ce l l s .  Procedures for the 
i ~ l ~ a l y s i s  af biochemicals produced by c e l l  c r~ l tuces  have been 
established. Yibrinolyttc iirti; coldrmetric methods a re  being 
used rout i~re ly  for tile itssay of urokinas,. The productf,m of 
urokin;~rie in mcnolayers of tlumdn embryonic kidney c e l l s  has been 
demo~lst rated. Biochemical yurif i ca t  ion of secreted products on 
clf f Cnity columns i s  heing developed, Procedures for  tire chrono- 
some analysis  of c e l l  cu l tures  (counting and karyotyping) have 
been estahlished. C,)n; .  uing e f f o r t s  include: ( I )  t l r  desibr', 
construct ton,  ve r i f i ca t ion  tes t ing ,  and f l i g h t  t e s t  of i small 
space bloreactor to demonstrate t l u  iidvdnti~ges of these new 
t.:clrnic,~res using numalitrn c e l l s  in culturt?,  ( 2 )  the ident i f ica-  
t lon of tequlrements and hardware desigu concepts for  small c e l l  
Lnct~b.itoru ~ueded tcr m i n t d i n  l iving c e l l s  on board Shutt le  or  
Spacelab before .rnd a f t e r  cunt iwous flow electrophoresis  erper- 
iments in co~ljunction k i th  the NASA Jo in t  En~:t.avor Pgreement 
with XcUcmnell 1k)uyl.r~ hs t ro~mut i c s  Corporation, and ( 3 )  the 
screening and ael.t?cr.ion of Ilvtng c e l l s  t o  be separated i n  
fu ture  space t i i y h t  experiments. 



Surface Tension-Driven Convection Phenomena 

Case Western Reserve Uni \ t r s i t y  
Dr. Slmon Ostrach 
Dr. Adin Hann 
NAS8-330 15 S226Kiyear 
Mav 1978 - htigust 1981 

A combined t l ieoret  i c a l  nilu experimental program is being 
conducted t o  determine the nature and extent  of motions induced by 
surface- tension p rzd ien t s  along f l u i d  in te r faces .  This research 
i s  aimed a t  both giving g r e a t e r  unlierstanding cf contai l ler less  
processing techniques and developing t h e o r e t i c a l  and experimental  
met hods t o  a c h i  e ~ ~ e  tha t  goa 1. 

Ceaer.il ly i n  problems involving f  re..-surfaces the surface  
shape must & determined a s  p.lrt of the so lu t ion .  T11fci = . ~ k ~ s  
and lyses  extremely complex. Thus, the colnplete rree-surfdce 
boundary condi; ioas  including ef Eects of s u r f : ~ c r  cur\;.+ t u r e  and 
deformation vere formulated and the proper dine1 . s ~ a n l e c s  parameters 
a r e  being derived.  In t h i s  way the i~nportance of i x t e r f a c e  shape 
charlges can b;! read i ly  assessed. Proble~ns of lncre. ising complexity 
a r c  being scudied t o  detennine the most e f f e c t i v e  and e f f i c i e n t  
meals of sulving such problems. 

Two s p e c i f i c  experimental. inves t iga t ions  a r e  i n  progrers. 
The f i r s t  is a  study of surface-rension gradient  convection !n a 
deep l iqu id  layer.  The ob jec t ives  a r e  t o  obta in  bas ic  veloc.ity 
and temperature f i e l d s ,  t o  develop experlmenta: techniques,  and t o  
t e s t  various f l u i d s  f o r  t h e i r  s u i t a b i l i t y  fo r  such exper1,:ents. 
The second experiment concerns the flow f i e l d s  i n  a  l i q u i d  column 
whick. is suspended v e r t i c a l l y  between t ; ~  ends tha t  can ro ta t ,  and 
be a t  d i f f e r e n c  temperatures. I n  t h i s  simulated f l o a t  7one the  
flow and temperature f i e l d s  due t o  the i n t e r a c t  ion between surfaco- 
trns!on gradient  dnd rota ' ionsl  d r iv ing  fa rces  :an be inves t ign te , .  
Otlier Iieating modes, suc: as ?ing Ileater,  w i l l  ~ t s o  be sxiiiizirhed. 

O s t  :.lch, S. , "Hot ion Induced by C a p i l l a r i t y ,  Pliysiocll~:r.ical 
Hydrodj !dlnics V. C. Levich F e s t s c h r i i t , "  Advh.:cod Publ ica t ion  
L t d .  , London, 1977. 

Ost r x h ,  .S. , "Convec. : id11 Due :,- S , ~ r f ~ c e - T t n s i v t 1  Crndients ,"  
COSPN( X X I  Plerlarv ?let-:f rg ,  Innsbri.:~. Austr ia ,  1978, p. 477. 

,. . Ost r ~ c h ,  S and Prdull~rn, A. , burface-Tens  LO:^ :nd~\.erl Convection 
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E l e c t r o p h o r e t i c  S e p a r a t i o n  Based On Imunomic rosphe re r  

Jet P ropu l s ion  Labora tory  
Dr. A. Rembaum 
In-Center $100k/year  
October  1978 - c o n t i n u i n g  t a s k  

The o b j e c t i v e  of t h i s  t a sk  is t o  ( 1 )  demonst ra te  a new 
concept  f o r  c e l l  s e p a r a t i o n  based on l a b e l i n g  s p e c i f i c  groups of 
c e l l s  w i t l r  immunontcr~spherew and i s o l a t i n g  t h e  l a b e l e d  c e l i s  
ard unlabe led  c e l l s  by means of e l e c t r o p l l o r e s i s  and ( 2 )  t o  
demonst r a t e  t h a t  tire c e l l  s e p a r a t  ion  of irmnunological l y  l abe l ed  
c e l l s  is loore e f  f t c i e n t  i n  t he  space  environment t han  Earth. By 
p rope r  cho ice  of p o s i t i v e l y  and n e g a t i v e l y  charged mjcrospheres ,  
t h e  e l e c t r o p h o r e t i c  m o b i l i t y  ( p ) may be a l t e r e d  t o  a c h i e v e  
s e p a r a t  ion of c e l l s  l r t t h e r t o  i ~ n p o s s i b l e  t o  achieve.  

Free f low e l e c t r o p h o r e s i s  is a powerful method of s e p a r a t -  
i ng  l a r g e   umbers of c e l l s .  Ttle p re sen t  p r o j e c t  is des igned  t o  
e l i m i n a t e  t he  main drawbacks of t h e  technique ,  i .e. ,  l o s s  of 
r e s o l u t i o n  due t o  gravi ty- induced  c o ~ l v e c t i o n  c u r r e n t s ,  caused by 
J o u l e  h e a t i n g ,  and i nsuf f  i c i e n t  e l e c t  r o p b o r e t i c  m o b t l i t y  d i f f e r -  
ences  between t h e  d e s i r e d  and undes i r ed  c e l l  popula t ions .  By 
performing e l e c t r o p l ~ o r e s i s  on-board o r b i t i n g  s p a c e c r a f t ,  
g rav i ty- induced  convec t ion  c u r r e n t s  a r e  e l imina t ed .  The re fo re ,  
exper iments  a r e  planned t o  t e s t  t h i s  hypothes is .  The immuno- 
microsphere  technology is a p p l i e d  t o  s o l v e  t h e  problem of 
i ~ l s u f  f i c i e n t  m o b i l i t y  d i f f e r e n c e s .  I~munomicrospheres  a r e  
submicron, f u n c t i o n a l i z e d ,  polymeric  p a r t i c l e s  coa ted  wi th  a n t i -  
bodies  o r  o t l ~ e r  r eagen t s  capab le  of r ecogn iz ing  and b inding  t o  
i n d i v i d u a l  c e l l  types.  By choosing microspheres  of a  m o b i l i t y  
st l e a s t  20X lower than  t h a t  of the t a r g e t  c e l l ,  w e  have been 
a b l e  t o  e l e c t r o p h o r e t i c a l l y  s e p a r a t e  human B a r ~ d  T lymphocytes,  
a s e p a r a t i o n  whlch is imposs ib l e  wi thout  immuno~nicrospheres. 
T h i s  type of s e p a r a t i o n  should be cor l s iderably  improved i n  t h e  
absence of g r a v i t y .  

P u b l i c a t  i ons  
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Nasu Transfer  i n  E l e c t r o l y t i c  Syoteuci Uuder Low Gravity 
Condit iuus  

l;ui ue r s i iy  uf Alabdlw 111 ilurrlsville 
Dr. C. Xiley 
ilr. H. D. Cuble 
Dr. R. ii. Orelis, NSFC 
GorJurr Fislrer, IXCO 
:;A53-33542 $8K 
Septeluber 1379 - :hy 1361) 

E l e c t r u d e l > u s i ~ i u ~ t  i~rvuives  r ~ s s  t c ~ ~ l s f e r  :rut11 ucic r~llase tu  
~ t l u t l l e l ' .  111 ydr t  i c u l a r  ulle is cutlcer~lrd * r i t i r  tikc drtpus Ltiurl uf 
c u t e r i a l s  i n t o  tile s o l i d  pllazie out of tlrr l i q u i d  ( s u l u t i o o  or  
s u ~ ~ ~ e ~ i s i u ~ i )  ylrase. i l i f fus ive  atid c u t ~ v e c ~ i v e  f l w  coupled u i t ; ~  
d e p o s i t i o r ~  L-csult in  derrsity g rad ien t s  tha t  .ire g rav i ty  depet~- 
derlt. 'n'e d e a l  re tu c l lar . . ic t~r ize  ir:iis grav i ty  dape~idense assoc i -  
a t e d  4 t h  e l e c t  rudeposit  ioa. Whe11 a  k i t e r  utlders tdnil i~lg of the 
&cavi ty  itlfluelice is acquired,  i t  siluulil lead t o  ittrproved 
coil irul  of va r iab les  iluritlg e l e c t r o f o r ~ ~ ~ a ~ i u r l  of t i ~ t e r i c i l s .  The 
o v e r a l l  ob j e s t  ives d i l l  be the e l e c t  roforrilatio~l of a a t 2 r i a l s  
d ic l l  i~iipraved ~r  ,Nre d e s i r a b l e  p ruper i i e s  dad a  b e t t d r  uriddr- 
.i&dild;ll& df tlie Lrallspurt of i n e r t  s u s p e ~ l s i o r ~ s  J u r L ~ u  the 
e l e c t r u J e > o s i t  iou process. 

Ziirliature e l e c t  rodeposi t ion s e l l s  Iuve been c o ~ l s t  ructed. 
Siitigle i i~eta l - in / i i le ta l -o~t  reac t ions  u ~ i i ~  c a b a l t  a d  copper a r e  
bei,l& u ~ i l i z e d  as  the ~ u s s  t r a n s f e r  .igellis. The del ls i ty  flow 
p a t t e r n s  bdtseen e l e c i r o d e s  u i t h  both a  v e r t i c a l  and h o r i z o n t a l  
coilf iguration w i l l  be k i l c h  c h a r a c t e r i z ~ d  usin4 both l a s e r  
Schlietei l  ~ n d  i n t z r f e r o ~ e e t r y  d e t e t  tion. The metal-in/inetal-out 
sys te~ns  w i l l  obvia te  gas evolut ion in terfzra t lce  on the observa- 
t i o n  systein. T!lcse r e s u l t s  w i l l  be conpared t o  those determined 
f o r  the snae c e l l s  under rzduced g rav i ty  coadi t  ions  produced 
dur ing parilbolic, f r e e - f a l l  f lig!lts of a  KC-135 a i r c r a f t .  
Studies  with n e u t r a l  buoyancy p a r t i c l e s  w i l l  be used t o  model 
Llie t ranspor t  of n e u t r a l s  utldcr low grav i ty  condit ions.  

Publ icat  ions 
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Fluid Dynamics of Crystallization from Vapors 

University of Utah - Salt  Lake City 
Dr. F .  Rosenberger 
NSC-1534 Total Cost* $271K 
J u ~ e  1 ,  1978 - Nay 31,  1981 

See Sectlon A ,  page 35, for f u l l  descriptiolt of program task. 



M a t h e m a t i c a l  Models o f  C o n t i n u o u s  Flow E l e c t r o p h o r e r i e  

P r i n c e t o n  U n i v e r s i t y  
Dr. D. A S a v i l l e  
Dr. R. S. Snyder ,  HSFC 
NAS8-32614 T o t a l  C o s t :  $202K 
August 1977 - J a n u a r y  1982 

k v e l o p m e r t  of h l g h - r e s o l u t  i o n  c a n t  t n u o u s  f l o w  elect ropho- 
resis d e v i c e s  u l t i m a t e l y  r e q u i r e s  comprehens ive  u n d e r s t a n d i n g  o f  
t h e  ways v a r i o u s  p h e ~ ~ o m e n a  and p r o c e s s e s  f a c t l i t a t e  o r  h i n d e r  
s e p a r a t i o n .  A comprehens ive  model of t h e  a c t u a l  t h r e e - d i m e n s i o n a l  
f low,  t e m p e r a t u r e  and e l e c :  r i c  f i e l d s  slrall he d e v e l o p e d  t o  
p r o v i d e  g u i d a n c e  i n  t h e  d e s i g n  o f  e l e c t  r o p b u r e s i s  chambers  f o r  
s p e c i f i c  t a s k s  and means of i n t e r p r e t i n g  test  data o a  a  g i v e n  
chamber. 

P a r t  of t h e  p r o c e s s  of model development  s h a l l  i n c l u d e  
e x p e r i m e n t a l  end t h e o r e t i c a l  s t u d i e s  of hydrodynamic s t a b i l i t y .  
T h i s  is n e c e s s a r y  t o  u n d e r s t a n d  t h e  o r i g i n  of mix ing  f lows  
o b s e r v e d  w i t h  wide-gap g r a v i t a t i o n a l  e f f e c t s ;  t h e  s u p p r e s s i o n  o f  
g r a v i t y  may a l l o w  o t h e r  p r o c e s s e s  t o  become i m p o r t a n t .  

To i n s u r e  t h a t  t h e  model a c c u r a t e l y  r e f l e c t s  t h e  f low f i e l d  
and p a r t  i c  le mot i o n  r e q u i r e s  e x t e n s i v e  e x p e r i m e n t a l  work. Much 
of t h e  e x p e r i m e n t a l  work c a n  be done u n d e r  t e r res t r ia l  cond i -  
t i o n s  i f  t h e  r o l e s  of g r a v i t y  a r e  a p p r e c i a t e d  and t a k e n  i n t o  
a c c o u n t  p r o p e r l y .  Even though t h e  r e s o l u t i o n  of a terrestrial-  
based  machine may be u n s a t i s f a c t o r y ,  v e r i f i c a t i o n  of t h e  model 
w i l l  p r o v i d e  tlre s u p p o r t  n e c e s s a r y  f o r  t h e  i n t e r p r e t a t i o n  of 
r u i c r o g r a v i t y  o y e r a t  i o n s .  Recommendst i o n s  s h a l l  br m d e  f o r  tlre 
d e s i g n  and o p e r a t i o n s  of tile g round  e x p e r i m e n t s .  

Pu b l  i c a t  i o n s  

S i i v i l l e ,  D. A., " F l u i d  N e c l ~ a l ~ i c s  clrrd E l e c t r o p l i o r e s i s " ,  Phys io -  
c h e m i c a l  Hydrodynamics ,  Cuer~rsciy : Advaoce P u b l i c d l  i o n s ,  Vol. 2 ,  

S d v i l l e ,  D. A., " F l u i d  ? t e c i ~ a n i c s  41rd C o n t i n u o u s  Flow E l e c c r o -  
p l lu res iu" ,  C;i)SPM X X I  T l r n d ~ y  ;-teeLiut;, I l i ~ l s b r u c k  AusLr ia ,  1979,  
pp. 583-59;. 

S d v i l l e ,  D. A. , " S ~ u d i e s  u l  CUIIL  i ~ i u o u s  Flow E l r c ~ l ' u p i i u r e s i s " ,  
1 7 ~ i i  r\t!l'tJ~l>d~t! Sz i e ~ r c e s  i . ieeLl~ig,  ;iew i j r l e d ~ ~ s ,  LA, J d r r u d ~ y  1979,  
A I a  Pdper 79-GiIJ2. 



Savi l l e .  D. A., Rhodes. R. H. and Snyder. R. S.. "Plow and 
~ h e r m a l - ~ f  f ects i n  ~ o n t i n u o u s  Flow ~ i e c t ; o ~ h o r e s i s "  i n  UM/NASA 
Workshop on t h e  F lu ide  Experiment System, June 1979, Edited by 
J. Hendricks and B. Askins. Huntsvi l le :  University of Alabama, 
1979, pp. 136-145. 

S a v i l l e .  D. A.. and Rhodes. P. H.. "Thermal Cor:vectlon i n  a 
t a t e r e  l ly ~ o n f  lned Flow", Bull. ~ k e r .  Phyeical  Socie ty ,  25, 1097 
( 1980). 

S a v i l l e ,  D. A. and Lynch, E. D., "Heat Trans fe r  In the Thermal 
Entrance Region of an I n t e r n a l l y  Heated Flow," Chemical 
Engineering Cornmunicat ions ,  I n  press. 



Elec t rophores i s  Technology 

Yarshal l  Space Fl ight  Center 
Dr. K. S. Snyder 
I n-House $hUK/ y ea r  

The ob jec t ives  of t h i s  prq,rnm .Ire to:  ( I )  analyze the f l u i d  
flow crnd p a r t i c l e  motions during continuous flow e l e c t r o p h o r e s i s  
by experi~nell tat ion and computation, ( 2 )  charac te r ize  and optimize 
e l e c t r o y l ~ o r e t i c  separa to rs  and t h e i r  operat ional  parameters, and 
( 3 )  separa te  b io log ica l  c e l l s  using i\pparatus tha t  has been 
c1l.ardcterizt.d or  modified t o  perform Ln il pred ic tab le  manner 3r.d 
accordillg t o  procedures tha t  lwve L e n  developed t o  y i e l d  !mproved 
separation.  

The following r e s u l t s  lwve been accomplished: ( I )  experiments 
Iuve been designed t o  decouple o r  minimize the f l u i d  e f f e c t s  due 
t o  the  flow process,  e l e c t r o k i n e t i c  ttf f e c t s ,  and temperature 
g r a d i e n t s ,  ( 2 )  t ranspdrt 'nt  e lec t rophores i s  chambers have been 
b u i l t  allowing measurement of i n t e r n a l  and wall  temperature while 
observing flow per tu rba t  ions ,  (3 )  techniques have been developed 
t o  map the temperature and flow f i e l d s  in  the  chamber w i t h  small  
d is turbance t o  the process ,  ( 4 )  the s e n s i t i v i t y  of these chambers 
t o  l a t e r a l  temperature g rad ien t s  has heen nreasured and a  new, 
al l-metal  chamber has been designed t o  incorporate  the improve- 
ments suggested by these  experiments, ( 5 )  a n a l y s i s  has yie lded 
r e s u l t s  tha t  reproduce flow d i s t o r t i o n s  observed in  exper :ven ta l  
c!lambers, ( 6 )  the  DESAGA PF48 and Beckman continuous flow e lec t ro -  
phoresis chambers have been compared using standard p a r t i c l e s  
( f  ;xed red blood c e l l s )  under various operat ing condit ions.  
Optimum opera t ing  parameters f o r  reso lu t ion  and throughput h a ~ e  
been e s t a b l i s t ~ e d  and the two devices can be compared, and ( 7 )  
these optimized c o n d i t i o ~ l s  a r e  being used f o r  the separa t ion  o f  
b i o l o g i c a l  c e l l s  and tnacromolrcules w i t 1 1  r eproduc ib i l i ty .  
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Fluid  Dynamics Numerical Analysis  

Lockheed M i s s i l e s  6 Space Campany 
Dr. L. W. Spradley 
D r .  J. Robertson 
NASW-3281 Tota l  Cost: $200K 
At~gust 1979 - August 1981 

The purpose of t h i s  research yrogrlrm is t o  compute tran- 
s i e n t  thermal convection f o r  cases  of importance t o  M a t e r i a l s  
Processing in Space. This includes  problems too d i f f i c u l t  f o r  
a n a l y t i c a l  s o l u t i o n s  and a l so  includes  ve l - i f t ca t ion  of ranges of 
v a l i d i t y  of tneory developed by Dr. K. Y. Dress ler .  

Lockl~eed's previously  derived GI41 code has been mod i f  l e d  
and adapted f o r  these  tasks.  Work is co~npleted on two-dimen- 
s i o n a l  t r a n s i e n t s  f o r  s t e p f u ~ ~ c t i o n s  f o r  c i r c l e s  and squares.  
Ranges of v a l i d i t y  of Rayleigh ntimber fo r  the Dress le r  theory 
have been determined. Axisy~nmetric t r a n s i e n t  c0nvecti .m in a 
sphere i d e a l i z i n g  the Lal  exper i~nent  has been completed. 
Several  cases  lmve been completed s i q u l a t i n g  g r a v i t y  vector  
s h i f t s  in two-dimensional cy l inders .  The three-dimensional 
flow ciises have not yet  begun,, 
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Physical  Phenomena i n  Conta ine r l ess  C laas  Process in& 

Clarkson College o f  Technology 
Dr. R. Shankar Subramanian 
Dr. Robert Cole 
NASS-32944 To ta l  Cost : $554K 
December 1977 - December 1982 

The o b j e c t i v e  of t h i s  work is to  study the behavior of o. , 
bubbles ins ide  drops of  model f l u i d s  and molten g l o s s e s  in  ! .e 
f a l l ,  focusing on t h e i r  migra t ion and in te rac t ion .  Such migmtio:r 
w i l l  be induced by the rmocap i l l a r i ty ,  t o  t a t t o n  and/or o s c i l l a t i o n  
of the  drop. The r e s u l t s  of the experiments a r e  expected to be of 
use in  the  development of techniques f o r  m i x i q  and fi l l ing g l a s s e s  
i n  space and in providing a b e t t e r  understanding of how 
microballoons a r e  formed. 

A broad ground-based i n v e s t i g a t i o n  i n t o  the var ious  physical  
phenomena of  importance in the space experiments is under way. 
Theore t i ca l  models of thermocapi l lary  flow in  drops ,  thermal 
migrat ion of  bubbles i n  drops,  and the  migrat ion of bubbles i n  
r o t a t i n g  l i q u i d  bodies a r c  being developed. Experiments have been 
conducted on tlw migrat ion of a oubble to the a x i s  of a r o t a t i n g  
l i q u i d  body and e r i s e  of bubbles in  molten g lass .  Experiments 
on thermocapi l lary  motion In pendant drops ,  tk inf luence of 
o s c i l l a t i o n  on bubble migrat ion,  and v o l a t i l i z a t i o n  phenomena i n  
g l a s s e s  a r e  under way. 
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Kidney C e l l  E l e c t r o p h o r e ~ i s  

Pennsylvania S t a t e  Univers i ty  
Dr .  Paul Todd 
NAS9-15584 $4OK/ year  
June 1980 - cont inuing task  

The o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  Is to repeat  the M-011 
experiment under condi t ions  which a r e  o p t i m u  f o r  t k  v i a b i l i t y  
of human kidney c e l l s  and most f avorab le  f o r  the bes t  poss ib le  
e l e c t r o p h o r e t i c  separa t ion  of those few (about 5%) c e l l s  which 
produce urokinase o r  b a n  granulocyte  condLtioni  ng f a c t o r  
(HCCF), and e ry th ropo ie t in .  

This study e f f o r t  w i l l  perform the ground-based resea rch  
necessary t o  e s t a b l i s h  a l l  of the o p t i a u a  e x p e r i r r n t a l  condi- 
t io t l s  required to  accomplish the best poss ib le  E' e c t r o p h o r e t i c  
separa t ion  of hwnan kidney c e l l  f r a c t i o n s ,  which produce uro- 
P n a s e ,  granulocyte  s t imula t ing  f a c t o r ,  o r  e ry th ropo ie t in .  This 
& a l l  e f f o r t  w i l l  include: (1) development of o p t i a m  b u f f e r  
systems, ( 2 )  v i a b i l i t y  tests, (3) ground-based resea rch  on 
e l e c t r o p h o r e t i c  m o b i l i t i e s ,  (4)  developaent of standard c e l l  
c u l t u r e  methcds and assays  f o r  urokicase ,  granulocyte  s t imulat -  
ira f a c t o r ,  and e ry th ropo ie t in ,  and ( 5 )  a c q u i s i t i o n  of the  
ground concrol  d a t a  to be compared wi th  r e s u l t s  using c e l l s  
returned from the  e l e c t r o p h o r e t i c  s e p a r a t i o n s  c a r r i e d  o u t  i n  
a i c rograv i ty .  

I t  has been found In s t u d i e s  conducted on c e l l s  from 16 
exp lan t s  that e l e c t r o p h o r e t i c  heterogeneity e x i s t s  i n  e a r l y -  
passage c u l t u r e s  and t h a t  c e l l s  from intermedia te-mobi l i ty  f rac-  
t i o n s  appear to be mst e f f i c i e n t  i n  urokinase production. I n  
t e s t s  of the  f l i g h t  b u f f e r  "A-1" it has been found t h a t  DnSO i s  
super ior  t o  g lyce ro l  f o r  c e l l  f r e e z i n g  and t h a t  the  low ion ic  
s t r e n g t h  required f o r  e l e c t r o p h o r e s i s  is not  a s i g n i f i c a n t  
f a c t o r  in determining c e l l  v i a b i l i t y .  It has a l s o  been found 
t h a t  the re  is considerable  v a r i a b i l i t y  among c e l l  p repara t ions  
from d i f f e r e n t  exp lan t s ,  so c r i t e r i a  have been es tab l f shed  f o r  
the  s e l e c t i o n  of c e l l s  f o r  microgravi ty  experiments. 
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Production of Large-Particle-Size Monodisperse Latexes i n  
nicrogravi  t y  

Lehigh University 
Dr. J. W. Vanderhoff 
Dr. F. J. Wcille 
Dr. M. S. El-Aiasser 
NAS8-32951 Total Cost: $418K 
February 22, 1978 - February 22, 1983 

The e f f o r t  w i l l  explore the p l s s i b i l  i t y  of performing s2eded 
p o l y ~ n e r i z a t i o ~ ~  in lov-g to avoid thr problems of crecming and 
sedime~:t~*tion a s  the pa r t i c l e s  grow and change density. If 
successful,  t h i s  could provide a rnethd for  routinely producing 
monodisperse spheres i n  a s ize  range ttlat is d i f f i c u l t  to obtain 
by other techniques. 

Ground-based experiments a r e  coiltinuing to obtain k ine t ic  
data  a d  to evaluate a l t e rna t ive  methods for  growing such 
Flight brdwdre has been Jer ined,  and negot iat ions a r e  under 
to produce reactors  to f l y  on ear ly Shuttle f l i gh t s .  

Work l u s  conti.,ued with the high swelling r a t i o  of monomer 
to polymer technique developed in the laboratory. Emphasis has 
recently been put on the evaluation of newly obtained mercaptans 
which a re  used in the pretreatment of la tex  seed. A cor re la t ion  
is being sought between the molecular weight d i s t r i bu t ion ,  a s  a 
function of t h e  type and concentration of mercaptan, and the 
swelling rat io .  Work has a l so  been car r ied  out ,  in a continuing 
e f f o r t ,  toward an evaluation of the degree of ag i t a t i on  obtained 
in the laboratory prototype monodisperse la tex  reactor ,  LUMLR, a s  
a function of rpm. 
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D o  U L T R A H I G H  VACUUM AND C O N T A I N E R L E S S  
P R O C E S S I N G  TECHNOLOG I E S  



Thermophysical P r o p e r t i e s  of R e f r a c t o r y  Materials a t  High 
Temperatures  

Na t iona l  Bureau of S t anda rds  
J. H. Colwel l  
A. Ceza: r l i y a n  
L. tL Schmid 
H-279548 $100K/yea r 
A p r i l  1978 - c o n t i n u i n g  t a s k  

The o b j e c t i v e  of t h i s  r e s e a r c h  is t o  develop  t h e  con ta ine r -  
less teclln,ques r equ i r ed  f o r  rhe de t e rmina t  io;~ of t h e  thermophys- 
i c a l  p r o p e r t i e s  of r e f r a c t o r y  m a t e r i a l s  a t  h igh  tempera tures .  

The approactl being pursued i n  t h i s  stid:.  w i l l  u t i l i z e  t h e  
low-gravi ty space environment t o  ma in t a in  a s p h e r i c a l  sample 
w i t h i n  a cold-walled frequency f i e l d  t o  hold t h e  sample i n  pos i -  
t i on .  Tile s;smple w i l l  be hea ted  t o  a h igh  t empera tu re  by 
i n d u c t i v e  and /o r  r a d i a n t  h e a t i n g  and then  a l lowed t o  f r e e l y  c o o l  
by r a d i a t i o n  alone.  A s  t h e  sample c o o l s ,  i ts s u r f a c e  tempera- 
t u r e  and t o t a l  r a d i a n t  energy l o s s  w i l l  be measured r ad iome t r i -  
c a l l y  a s  a f u n c t i o n  of t ime,  g i v i n g  a d e t e r s i n a t i o n  of t h e  hea t  
c a p a c i t y  of t h e  sample. Temperature g r a d i e n t s  w i t h i n  t h e  
samples w i l l  compl i ca t e  t h e  i n t e r p r e t a t i o n  of many exper iments ,  
bu t  t h i s  can be c i rcum\~ented  by measuring samples of d i f f e r e n t  
s i z e  and r--. even permit  t h e  thermal  c o n d u c t i v i t y  of t h e  mater- 
i a l  t o  be determined under  c e r t a i n  cond i t i ons .  The l i m i t i n g  
parameters  of t h e s e  measurements are being de t e rmines  ' ~ y  compu- 
t e r  .nodel l ing  experiments .  Labora tory  exper iments  a r e  being 
conducted wi th  t h e  v a r i o u s  d e t e c t o r s  t o  e s t a b l i s h  t h e  r e q u i r e d  
measurement techniques .  
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The objective of the proposed research is to  produce SwCo 
magnets of reasonably high mxinum energy product with in t r ins i c  
coercivity. These magnets w i l l  have to be composed of extremely f ine,  
defect-free c rys t a l l i t e s .  A very large amounL ..f oxygen enters  the 
magnet during the fabrication process, which involves (1)  cold 
compact ion uf mgnrt  i ca l ly  aligned powder, ( 2) comminution of the 
alloy to  f iu~e 1)article s ize  powder, and (3)  thermal densif icst ion of 
the cold compact. The normal practice is to  perform the f i r s t  two 
steps i n  a i r ,  and the thermal densification i s  produced by s in ter ing  
in  a purified noble gas atmosphere. 

Design is now i n  progress to build a chamber where controlled 
atmospilere comminution and cold compaction of aligned powder w i l l  be 
performed. While s t i l l  in the chamber the cold compact w i l l  be sealed 
into an outgsssed and evacuated s t e e l  cannister by heli-arc welding, 
'>efore removing from the chamber. The s t ee l  cannister with the 
magnetic compact inside w i l l  then be subjected to hot i s o s t a t i c  
processing (HIP' ing). The KIP' ing procedure for hCo5 developed a t  
the CSDL, i s  now a t  an advanced stage and w i l l  be readily applicable 
to  the NASA n~agnet i c  program. 

In  preparation for the design of a high qual i ty comminutlon and 
encapsulation chamber, sow preliminary comminutio~~ experiments i n  a 
'.,minar flow nitrogen glove box have been performed. The oxygen pick- 
up i n  the above powder has been reduced by 00 percent over the powder 
prepared in  a i r .  Based on th i s  encouraging re su l t ,  using a high 
qual i ty chamber i n  a pure quiescent nobal gas should lower the oxygen 
content to a few decades of ppm instead of the 0.6 weight percent in 
the state-of-the-art magnets. 
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The o b j e c t i v e  of  t h i s  program is to  s tudy  e x t e n s i v e l y  t h e  
p r o c e s s e s  and mechanisms involved in  producing g l a s s  mic roba l loons  
of  a c c e p t a b l e  q u a l i t y  f o r  l a s e r  f u s l o n  by g a s  jet l e v i t a t i o n  and 
manipula t ion  in ttw molten c o n d i t i o n .  

The g a s  suppor t i ng  l e v i t a t  ion microf  o r n a c e  (LMF) concep t  
r e p r e s e n t s  d unique means of  hanEl ing  and shaping  smal l  bodies  
where c o n t a c t  wi th  f o r e i g n  condeltsed phase o b j e c t s  o r  s u p p o r t s  
could be d e l e t e r i o u s .  L e v i t a t i o n  is achieved  by aerodynamic l i f t  
imparted to  t tw  body from a  gc~seous  f low f i e l d  ga ~ e r a t e d  w i t h  t h e  
a i d  of a  co l l ima ted  hole  s t r u c t u r e  (CHS). A long-s tanding  
o b j e c t i v e  o f  t h e  development of t h e  LMF has been t h e  p e r f e c t i n g  o f  
g l a s s  microbal loon  (WB) geometry by c e n t r i f u g a l  c o n c e n t e r i n g  and 
coo rd ina t ed  tempera ture  and p r e s s u r e  manipula t ion .  Concenter ing  
by c e n t r i f u g a l  means i m p l i e s  t h e  a b i l i t y  t o  c o n t r o l  t he  
o r i e n t a t i o n  o f  t he  a x i s  of r o t a t i o n  a s  w e l l  a s  t h e  speed.  

E x i s t i n g  L'IF d e s i g n s  provide  e x c e l l e n t  h o r i z o n t a l  and 
v e r t i c a l  t r a n s l a t i o n a l  s t a b i l i t y .  A t h i r d  r equ i r emen t ,  t h a t  o f  
r o t a t i u n d l  c o n t r o l  has been p a r t i a l l y  so?..red. Rate of  r o t a t i o n  
can  be c o n t r o l l e d  down t o  very  slow speeds.  The a b i l i t y  to s t o p  
r o t a t t o n  e n t i r e l y  and to  index the  GMB t o  any d e s i r e d  o r i e n t a t i o n  
a r e  ob j ec  t i v e s  now being sought th rough d l v i  s i o n  of t h e  f i e l d  o f  
jets i n t o  t h r e e  o r  fou r  r e g i o n s ,  e a c h  wi th  separa:ely c o ~ ~ t r o l l a b l e  
g a s  flows. The c a p a b i l i t y  of 9e ing  a b l e  to s t o p  r o t a t i o n  a s  well 
a s  t o  c o n t r o l  p o s i t i o n  w i l l  be of use in s t u d i e s  of hea t  t r a n s f e r  
i nvo lv ing  CXB' s. 
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The primary o b j e c t i v e  of  t h i s  s tudy  is t o  use  c o n t a i n e r l e s s  
a s  w e l l  as pseudoconta i u e r l e s s  p roces s ing  t echn iques  t o  m e l t  and 
r e s o l i d i f y  b o r d e r l i n e  g l a s s f o r m e r s  i n  such a way a s  t o  o b t a i n  
c r i t i c a l  coo l ing  r a t e s  to avoid  homogeneous c r y s t a l l i z a t i o n .  A 
secondary ob j e c  t i v e  is t o  deve lop  new t echn iques  f o r  supe rcoo l ing  
ox ide  melts t o  produce bulk samples of  c a n d i d a t e  m a t e r i a l s  f o r  
ground-based sc reen ing  t e s t s  of po ten: ial  f 1 i g h t  composi t ions.  

The r e s e a r c h  plan is  to  me l t  and r e s o l i d i f y  samples in 
c o n t a i n e r l e s s  and pseudoconta i n e r l e s s  fash ion .  For r ap id  c o o l i n g  
r a t e s ,  pendant d r o p  melting and r a p i d  s o l i d i f i c a t i o n  in  f r e e  f a l l  
w i l l  be u t i l i z e d .  For slower c o o l i n g  r a t e s ,  v l t r e o u s  s u p p o r t s  
du r ing  sample h e a t i n g  and c o o l i n g  w i l l  be used. C r i t i c a l  c o o l i n g  
r a t e s  and c r y s t a l l i z a t i o n  r a t e s  w i l l  be measured. 



Rework of the SPM Electromagnetic Levitator (EM,) f o r  Hatarialr 
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The general goals of t h i s  project are to study the upgrade 
requiremerrts and approaches needed for incorporation of an EHL i n  
the M U  c a r r i e r ,  to design and develop an engineering version of a 
mu1 t isample specimen exchanger, to develop a design concept for an 
autoaated calorimeter, and to carry out support tasks for  the 
Electromagnetic Contai~rerlesv Processtng Task Team. 
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The o v e r a l l  program t a s k  is t o  i n c r e a s e  t h e  knowledge of 
c o n t a i n e r l e s s  me l t i q  and c o o l i n g  of ox ides  o r  o t h e r  r e l a t e d  
i n o r g a n i c  compounds. It is expec ted  t h a t  c o n t a i n e r l e s s  m e l t i n g  
and c o o l i n g  w i l l  minimize t h e  p o s s i b i l i t i e s  of he te rogeneous  
c r y s t a l  n u c l e a t i o n  on coo l ing  from t h e  1 ~ 1 t  by e l i m i n a t i n g  such 
c r y s t a l  n u c l e a t i o n  s i t e s  a s  c o n t a i n e r  w a l l s  aqd o t h e r  c r y s t a l l i n e  
m a t e r i a l .  Such suppres s  ion  of hetzrogeneous nuc l ea t  i on  should  
enhance g l a s s f o n n i n g  p o s s i b i l i t i e s  and permit  t h e  p r e p a r a t i o n  of  
g l a s s e s  111 bulk form from w t e r i a l s  whose low v i s c o s i t y  p reven t s  
such p r e p a r a t i o n  i n  massive form by t e r r e s t r i a l  p rocesses .  
C o n t a i n e r l e s s  p roces s ing  a l s o  promises t o  permit  t h e  p r e p a r a t i o n  
of g l a s s e s  from s u b s t r a t e s  whose me l t i ng  p o i l t s  and/or  r e a c t i v i t y  
Is too  h igh  t o  permit  me l t i ng  i n  any known co1,tafner m a t e r i a l .  

T e r r e s t r i a l  r e s e a r c h  has been and d i l l  con t inue  t o  be 
performed , l e a d i n g  t o  f l i g h t  exper iments  aboard sounding r o c k e t s  
(SPAR) and t h e  Space Slru~; 'e .  The t e r r e s t r i a l  r e s e a r c h  relies 
h e a v i l y  on a t echn ique  of a i r  suspens ior  vith C02 l a s e r  me l t i ng  
developed by t h e  P r i n c i p a l  I n v e s t i g a t o r  co i d e n t i f y  promising 
composit i o n s  f o r  space  research .  Among such composit i o n s  i d e n t  i- 
f i e d  t o  d a t e  a r e  b ina ry  g a l l i a - c a l c i a  and t h e  h i g h e r  m e l t i n g  
a lumina-ca lc ia  and lan thana-a lumina-ca lc ia  composi t ions.  

Following s c r e e n i n g  of c a n d i d a t e  composi t ions ,  f u r t h e r  
t e r r e s t r i a l  r e s e a r c h  w i l l  be performed wi th  t he  w ~ s t  promising 
composi t ions  t o  de te rmine  s u i t a b l e  p r o c e s s i r g  t echn iques  f o r  
p r e p a r i n g  samples f o r  space  r e s e a r c h  aboard sounding r o c k e t s ,  
e a r l y  Space S h u t t l e  f l i g h t s  and, i n  more s o p h i s t i c a t e d  equipment ,  
on l a t e r  Shu t t  l e /Space l ab  f l i g h t s .  
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The o b j e c t i v e  of t h i s  program t a s k  is t o  i n v e s t i g a t e  
u n d e r c e o l i n g  and c o n t a i n e r l e s s  s o l i d i f i c a t i o n  of m e t a s t a b l e  
s u p e r c o n d u c t i n g  a l l o y s  !ib3Ce and Nb3A1 and pure  m e t a l  melts 
such  a s  Nb; s p e c i f i c a l l y ,  t o  i n v e s t  i g e t e  t h e  s t r u c t u r e  and 
s u p e r c o n d u c t i n g  p r o p e r t i e s  of u n d e r c o o l e d  Nb-Ce a l l o y s  and t o  
d e t e r m i n e  t h e  f e a s i b i l i t y  of forming m e t a s t a b l e  Nb3Cc i n  h r l k  
form. 

Pure  Nb d r o p l e t s  have bee11 u n d e r c o o l e d  i n  e x c e s s  of 500 K i n  
f r e e  f a l l  u s i n g  t h e  MSFC d r o p  tube. The d r o p l e t s  form s i n g l e  
c r y s t a l s  w i t h  no s h r i n k  c a v i t y  i n  t h e  i n t e r i o r .  The o u t e r  s u r f a c e  
is rough,  i n d i c a t i n g  t h e  s h r i n k a g e  a s s o c i a t e d  w i t h  s o l i d i f i c a t i o n  
was t a k e n  up by t h e  i n t e r d e n d r i t i c  f l u i d .  NbGe d r o p l e t s  have a l s o  
been d e e p l y  u n d e r c o o l e d  and r a p i d l y  s o l i d i f i e d  i n  t h e  d r o p  tube. 
The u n d e r c o o l i n g  has  been measured f o r  t h e  NbGe a l l o y  d r o p s  w i t h  
r e s u l t s  showing t h a t  t h e  Nb 1 8  a / o  Ck d r o p s  u n d e r c o o l e d  500 K, 
where t h e  Yb 22  a10  Ce d r o p s  undercoo led  300 K. These undercoo l -  
i n g s  do  n o t  r e p r e s e n t  t h e  maximum e x t e n t  p o s s i b l e  s i n c e  t h e s e  
d r o p s  u n d e r c o o l  t h e  comple te  l e n g t h  of t h e  d r o p  and n u c l e a t e d  o n l y  
a f t e r  r e a c h i n g  t h e  c a t c h e r .  An i n c r e a s e  i n  t h e  t r a n s i t i o n  tempera-  
t u r e  of t h e  h e a v i l y  u n d e r c o o l e d  NbGe d r o p s  have a  measured t r a n s i -  
t i o n  t e m p e r a t u r e  of 5 10K which i s  4K above t h e  a s  c a s t  m a t e r i a l s .  
The i n c r e a s e  i n d i c a t e s  t h a t  a t  l e a s t  some of t h e  m e t a s t a b l e  AIS 
s t r u c t u r e  has  been formed. F u r t h e r  work i n c l u d e s  a n n e a l i n g  SEM 
and TX a n a l y s i s  as w e l l  ds X-Kay d i f f r a c t i o n  s t u d i e s  t o  d e t e r m i n e  
t h e  e x t e n t  of f o r m a t i o n  of t h e  m e t a s t a b l e  phase. F u r t h e r  d r o p s  
a r e  a l s o  planned w i t h  r e c e n t l y  purchdsed m a t e r i a l  w i t h  a more 
s t o i c h i o m e t  r i c a l l y  p e r f e c t  composi t ion.  
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Y e t a l l i c  g l a s s e s  a r e  m a t e r i a l s  t h a t  a r e  c o ~ l e d  very rap id ly  
t o  bypass c r y s t a l l i z a t i o n .  Due t o  the lack of c r y s t a l l i n i t y ,  
these  m a t e r i a l s  have very unique p r o p e r t i e s  (very " so f t "  magnetic 
proper t  l e e ,  high hardness,  high y i e l d  s t r e s s ,  corros ion r e s i s t a n c e ,  
e t c . ) .  In  genera l ,  only small  s i z e s  a r e  ava i l ab le .  To a s c e r t a i n  
the l a r g e s t  s i z e s  t h a t  a r c  t h e o r e t i c a l l y  poss ib le  t o  manufacture, 
the  time-temperature-transforination (TTT) curves must be deter-  
mined. The nost  important physical  property needed f o r  the TTT 
diagram c a l c u l a t i o n  is the  v i s c o s i t y  and i t s  temperature 
dependence. 

The v i s c o s i t y  of pdg2Si18 and Pd77,5Si16.5C~6 have a l s o  
been determined. The v i s c o s i t y  of these  a l l o y s  is of the  o r d e r  
of 50 po i se  at t h e i r  melt ing points--a value about 100 t imes  t h a t  
of any o the r  known me c a l c u l a t i o n  using s tandard nucleation/growth/ 
t r a n s £  ormat ion theory may be a b l e  t o  produce amorphous Pd77. 5S~16 ,  5Cu6 
a t  cool ing r a t e s  a s  low a s  10°C/sec. 
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Measurament of the Propert ier  of Tungrten a t  High Temperatures 

Rice University 
Dr. J. Margrave 
NXS8-33199 $:'lIK/ year 
November 1978 - March 1981 

This research i s  directed toward the  measurement of the 
t :~ermophysical proper Eies of tungsten using c o n t ~  1n~r:ess 
techniques. The ytoyert1t.i of tungste~l  a r e  oc in t e re s t  because it 
l i e s  a t  t i  extreme a f  :;eta1 melting points and i s  rr key d a t m  in  
a.ry ex;ra@lation o r  in te rpola t ion  process. In add i t i o n ,  d i f  f 1- 
c u l t i e s  in handling molten tungsten may e s t ab l i sh  the l i r i t a t i o n s  
of ground-bdsed containerless  systems in processing mater ials  a t  
high temperatures. 

Samples a re  suspended containerlesvly by an electromagnetic 
lev i ta tor .  Additional heat is su~p l i t x l  by electron bombardment. 
Temperatures a r e  measured by pyrometrr s. Heat capac i t ies  a r e  
d e  terrnined f tom cooling curves, and to t a l  ent aLpy is  obtaii.ed 
using a drop calor imeter ,  



Analy6is of Dezas8ing Techniques to  Support Vacuum Research 
F a c i l i t y  (SVRF) 

NcDonnell-Douglas  astronautic^ Company 
I). C. Moore 
NAS8-33155 To ta l  Cost : S99.9K 
16 months 

The o b j e c t t v e s  of t h i s  program task  were: (1 )  t o  develop 
d a t a  on c l e a n l i n e s s  l e v e l s  a d  outgass ing techniques,  (2) doctment 
present  Aerospace technology and procedures in  u l t r a h i g h  vacuum 
s y s t e a s  and high c l e a n l i n e s s  spacecraf  c ,  ( 3 )  i d e n t i f y  SVRF 
Degassiag Nethods, eva lua te  each method and s e l e c t  optimum, and 
( 4 )  d e f i n e  scenar ios  f o r  f a b r i c a t i o n  and opera t ion  of ttre SVRF. 

Pub1 i c a t  ions  

Analysis  of Degassing Techniques t o  Support Space Vacuum Research 
F a c i l i t y ,  HcDonnell-Douglas, NAS8-33155, Vols. I A ,  I t ,  I L L ,  and V ,  
September 11, 1979. 

System F e a s i b i l i t y  of a Space Vacuum Research F a c i l i t y  - Wake 
Sh ie ld  Camonstration, %Donnell-Douglas, NAS8-33155, Vols. I B  and 
I V ,  January 30, 1980. 

b o r e ,  6. C., "Proposed Yethod f o r  Degassing Metals f o r  Extreme 
Low Pressures ,"  J. Vac. Sci .  Technol. - 7 ,  ( July-  August 1980). 



U l t r a p u r e  Class O p t i c a l  Waveguide Development i n  n i c r o g r a v i t y  by 
t h e  S o l - C e i  P r o c e s s  

Eattelle Columbus L a b o r a t o r i e s  
Dr. S. P. H u k h e r j e e  
J P L  955361 T o t a l  Cost :  $76K 
A p r i l  1980 - Novcmber 1980 

The o b j e c t i v e s  of tlre program were t o  c h a r a c t e r i z e  t h e  
g l a s s e s  o b t a i n e d  by t h e  m e l t i n g  of t h e  g e l s  p r e p a r e d  by d i f f e r e n t  
p r e p a r a t  t o n  p rocedures .  The h i g h  a l k a l i  c o m p o e i t i o n s  [SiOZ 60, 
B203 15, NaZO 25 (weigh t  ~ r c e n t ) ]  were  chosen  f o r  t h e  
development  of t h e  d i f  f e r e n t  g e l  p r e p a r a t i o n  p rocedures .  T h r e e  
d i f f e r e n t  p r e p a r a t i o n  p r o c e d u r e s  u s i n g  ttrree s o u r c e s  of b20 
were developed.  The s o u r c e s  of Xa20 e r e  sodium m e t h y l a t e ,  
sodium n i t r a t e ,  and sodium a c e t a t e .  The i n f l u e n c e  of g e l l i n g  
p r o c e s s  p a r a m e t e r s  s u c h  a s  t h e  chemica l  n a t u r e  of t h e  r e a c t a n t s ,  
t h e  pH of  t h e  medium, t h e  c o n c e n t r a t i o n  of w a t e r  and  t h e  
c o n s t i t u e n t  o x i d e s  were s t u d i e d .  The r e s u l t s  sliow t h a t  t h e  
yhysio-cheinical  n a t u r e  of t h e  g e l s  is s t r o n g l y  i n f l u e n c e d  by t h e  
p r o c e s s  paramete rs .  The rate of removal of r e s i d u a l  o r g a n i c  
g r o u p s  from t h e  g e l  d u r i n g  t h e  t l iermal  t r e a t m e n t s  below 500°C is 
r e l a t e d  t o  t h e  g e l  p r e y a r a t  i o n  p r o c e d u r e s  and t h e  c o n d i  t t o n s  of 
t h e r m a l  t re . i tment  such  a s  t h e  humid i ty  and t h e  ambien t  a t m o s p h e r e  
d u r i n g  t h e r m a l  t r e a t m e n t  and t h e  r a t e  of h e a t i n g .  

The g e l s  p r e p a r e d  by two p r o c e d u r e s  u s i n g  sodium m e t h y l a t e  
and  sodium a c e t a t e  were n o n c r y s t a l l i n e  and no c r y s t a l l i n i t y  
deve loped  on t h e r m a l  t r e a t m e n t  a t  60U°C f o r  40 hours .  The g e l s  
p r e p a r e d  by p r o c e d u r e s  u s i n g  sodium n i t  r a t e  were part l a l l y  
c r y s t a l l i n e  due  to t h e  p r e s e n c e  of r e s i d u a l  sodium n i t  rate. 
I n f r a r e d  s p e c t r o s c o p i c  s t u d i e s  of t h e  g e l s  p r e p a r e d  by t h e  d i f f e r  
e n t  p r o c e d u r e  show t h a t  t h e r e  e x i s t s  some f i n e r  s t r u c t u r a l  d i f f e r -  
e n c e  i n  t h e  g e l s  p r e p a r e d  by d i f f e r e n t  p rocedures .  T h i s  d i f f e r e n c e  
c o u l d  be due  t o  t h e  d i f f e r e n c e  i n  t h e  po lymer ic  s t r u c t u r e  of t h e  
g e l s  o r i g i n a t e d  by t h e  d i f f e r e n t  p r e p a r a t  i o n  p rocedures .  
N o l e c u l a r  s t r u c t u r e s  of g l a s s c s  o b t a i n e d  by me l t i q  t h e  g e l s  a t  a 
lower  c e m p e r . ~ t u r e  ( 5 IUc)O°C) p r e p a r e d  by tlre d i f f e r e l i t  p r o c e d u r e s  
were nut  i d e l i t l c d l .  .lowever, t h e  r n e l c l ~ y  a t  h i g h  t e m p e r a t u r e s  
( ?120UcC) c a u s e s  e q u i l i b r i u m  t o  reach  i n t o  t h e  m e l t s  irotn t h e  
d i f  f e r e l r t  g e l s .  

Pub1 i c a t  i o n s  
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Ultravacuum Vapor Epitaxial Growth of S i l i con  

General Electric  Com2any 
Dr. C. A. Neugebauer 
NXS8-33121 Total Cost: $105K 
August W, 1978 - Harcll 31, 1980 

See Sectton A,  page 34, for f u l l  description of program task. 



Class Shell Manufacturing i n  Space 

KMS FusLon 
Dr. Robert L. Nolen 
NAS8-33703 T o t a l  Cost :  $266K 
December 6 ,  1978 - December 5, 1981 

The p r i n c i p a l  o b j e c t i v e  of t h i s  r e s e a r c h  is t o  develop  a  
d e t i t i l e d  unde r s t and ing  of the  chemtcal  and p h y s i c a l  p roces se s  
involved  i n  t he  format ion  of uniform, h igh -qua l i t y  s p h e r i c a l  
g l a s s  s h e l l s .  Where p o s s i b l e ,  v a r i o u s  s t a g e s  of t he  s h e l l -  
blowing p roces s  w i l l  be fa rmula ted  i n t o  ~na thema t l ca l  models. 

The tt?~nper.rturt! redimes where major t r a n s f  otmat  i o n s  occu r  
1.1 t he  s h e l l  s t a l t i n g  l a a t e r i a l s  (metal-or.qanir g e l s )  have been 
i d e n t  if i rd .  T h i s  was accompl t shcd  us ing  a  c o r a b i ~ ~ a t t o n  o r  
thermal  a n a l y t i c a l  t echniques .  The g.rses s n e r a t e d  by p y r o l y s i s  
of  t h e  g e l  were quant i t a t i v e l y  cl larac t e r i z e d  by g a s  chromato- 
graphy and p r e s s u r e  t e s t s .  

A mathemat ica l  model of t he  hea t  t r a n s f e r  mechanisms occur-  
r i n g  in  t!u ge l - to - she l l  t r ans fo rma t ion  w i l l  & r e f i n e d  from one 
p rev ious ly  formul .~ ted  under ano the r  c o n t r a c t .  Computer iza t ion  
of t h e  m a t h e a a t i c a l  model w i l l  be used t o  b r i n g  i t  i n t o  l i n e  
v i t h  t h e  r e s u l t s  from a  s e r i e s  of c o n t r o l l e d  drop  tower furnace  
experirtreuts t o  be done wi th  f u l l y  c h a r a c t e r i z e d  end s t a n d a r d i z e d  
g e l  powder  pellet^. Experiments  conducted in  t h e  cou r se  of 
modeling t h e  hea t  t r a n s f e r  p roces s  should a l s o  provide  inf  orma- 
t i o n  on g a s  t r a n s p o r t  mechanisms. Also modeling w i l ~  begin on 
un i fo rmi ty  of the wa l l  t h i cknes s .  

Pub1 i c a t  i o n s  

Nolen, R. L., "C la s s  S h e l l  ? lanufac tur lng  i n  Space,"  F i r s t - F o u r t h  
Q u a r t e r l y  Repor ts ,  NAS8-33703, March 1979-January 1980. 

Uouns, R. ,  Ehner, ?I., Homyk, and Nolen, R. L.,  "Analys is  of  
S h e l l  Blowing Gases from Netd l  Organic  Gels , "  J .  Am. Vac. Soc. 
18 7000 (1981).  



Yale U n i v e r s i t y  
Dr .  P, C. Nordine 
NASS-34383 $?71K/year 
June  1, 1980 - Hay 31, 1983 

The o b j e c t i v e  of t h i s  program is t o  measure h igh  tempera ture  
p r o p e r t i e s  i n  c o n t a i n e r l e s s  exper iments  u s ing  l a s e r  e x c i t e d  a tomic  
f  l u o r ~ s x n c e .  I t s  purposes inc lude :  ( 1 )  t h e  development of new 
t echniques  f o r  Ea rth-based s tudy  of c a n d i d a t e  Space lab  h igh  
tempera ture  exper iments  and m a t e r i a l  p roces s ing  a p p l i c a t i o n s  and 
( 2 )  t he  measurement of h igh  t j w p e r a t u r e  thermodynamic and t r a n s -  
p o r t  p r o p e r t i e s .  The method is t o  o b t a i n  a b s o l u t e  t empera tu re  and 
concent  r a t i o n  p r o f i l e s  i u  t h e  gaseous  boundary l a y e r  su r round ing  a 
hot  s o l i d  o r  l i q u i d  by l a s e r  e x c i t e d  a:amic f l u o r e s c e n c e  measure- 
ments. 

The bas i c  idea  is t h a t  a l a s e r  beam, whose bandwidth 
i r tc ludes a  doppler  and p r e s s u r e  broadened ltornic a b s o r p t i o n  l i n e  
w i  11, i n  t h e  absence of quenching p roces se s ,  produce f l u o r e s c e n c e  
from t h a t  s p e c i e s  st an i n t e n s i t y  p r o p o r t i o n a l  t o  i t s  concent  ra- 
t i on .  The re fo re ,  t h e  s p d t i s l  v a r i a t i o n  i n  f l uo re scence  i n t e n s i t y  
from ambient o r  vapor i z ing  s p e c i e s  can be used tc measure boundary 
l a y e r  tempera ture  and c o n c e n t r a t  ion  p r o f i l e s .  The expe r imen ta l  
p,ararneters which may be c o n t r o l l e d  (e.g., specimen dimensions and 
temper, l ture,  t , ~ t a l  p r e s s u r e ,  unirorrn o r  nonuniforw boundary l a y e r  
t empera tu re ,  r t c . )  a l l ow  exper iments  i n  which thennodynamic, 
t r a n s p o r t  ~ l r d / o r  g.ts phase k i n e t i c s  c o n t r o l  t he  obse rvab le  
g r a d i e n t s .  T l~us ,  specimen vapor p r e s s u r e ,  t c ~ n p e r a t u r e ,  o r  
evapora t ion  r a t e ,  ga s  phase t r a n s p o r t  p r o p e r t i e s ,  o r  gas  phase 
r e a c t  ion r a t e  c o n s t a n t s  map be determined.  

C o ~ ~ t , r i ~ r t l r l e s s  exper iments  w i l l  br: c ' i r r i ed  out  by use of 
crerudytu;, i c  and!or electrom.\gnet  i c  l e v i t a t i o n .  idhere t he  s o l u t i o n  
o t  bou~ldary 1,iyrr t r a n s p o r t  equiat i ons  is necessary  t o  t h e  i n t e r -  
1)rr t ; t t  ion o t  r e s u l t s ,  i l ~ l > ) r ~ s c e ~ ~ c e  me.tsurements on tllc s t ; i g n a t i o n  
l i n e  ( i n  t\,rttrr,i 1  o r  turcc.d c o n v ~ i t  i o n )  w i l l  be used t o  s i m p l i f y  
t he  d ~ t ' i  ; i tLiLy~is .  

N u r d i ~ \ r ,  P. C. ~ u d  t \ t k i ~ r s ,  H. M.,  "Xer~dy~\ . lmic  1.evl tat ion of Lase r  
Hearted S o l r d s  111 (;.is J e t s  ," sithtnit.ted Cq, Rrview of S c i e n t i f  l c  
In s t rumen t s ,  '981. 



E l e c t r o s t a t i c  C o n t r o l  and Manipula t ion  of  Materials f o r  
C o n t a i n e r l e s s  P r o c e s s i n a  

Jet P ropu l s ion  Labora tory  
Dr. M. H. S a f f r e n  
Dr. D. D. Elleman 
Dr. W. K. Rhim 
In-Center $650K ( t o  d a t e )  
October 1978 - con t inu ing  t a s k  

The o b j e c t i v e  of t h i s  t a s k  is t o  deve lop  e l e c t r i c  f i e l d  
pos1tio1.r ing /manipula t  ion t echn iques  and technology f o r  t h e  
con ta  i n e r l e s s  p roces s ing  of materials i n  bulk  and d i s p e r s e d  forms. 
T h i s  method o b v i a t e s  l i m i t a t i o n s  of o t h e r  methods. T w  p r i n c i p a l  
demons t r a t i ons  to  prove tec lmique  and technology w i l l  be completed 
no l a t e r  t han  CY 83. .An important  p a r t  o f  the  t a sk  is  to  ensu re  
t h a t  Cac il i t i e s  t o  be developed s a t i s f  y requi rements  of i d e n t i f  t e d  
user  a p p l i c a t i o n s .  Another p a r t  o f  t h e  t a sk  1s to pursue s tudy  o f  
t h e  e lec t rohydrodynamics  of l i q u i d  drops  ( t h a t  nus t  be done a s  
y r t  of the development)  a s  a  fundrmental  i n v e s t i g a t i o n .  

Task s t u d i e s  i nc lude :  e l e c t r i c  f i e l d  feedback c o n t r o l  f o r  
bu lk  sample p o s i t  t on ing ,  methods and l i m i t a t i o n s  of e l a c  t r  i c  f i e l d  
conf i neme~ l t ,  e l e c  t r o d e  c o n f i g u r a t i o n ,  e l e c  tro-hydrodynamics of  
bo th  charged and n e u t r a l  d rop  sys tems,  and dynamics and s t a b i l i t y  
of  charged p a r t i c l e  a r r s y s .  These i n v e s t i g a t i o n s  a r e  performed i n  
t h e  l a b o r a t o r y ,  i n  t h e  KC-135 a i r c r a f t ,  and through t h e o r e t i c a l  
and numerical  s tudy.  Use is made of a v a i l a b l e  SPIR f l i g h t  
experiment  d a t a ,  and S h u t t l e  f l i g h t  exper iments  a:e planned.  

Pub1 i c a  t i o n s  

S a f f r e n ,  M. M., Elleman, D, D. and Rhirr,, W. K., "Dynamics o f  
Liquid  She1 ls," Conference on I n e r t i a l  Confinement Fus ion ,  San 
Diego, C a l i f o r n i a ,  February 26-28, 1980. 

S a f f r e n ,  M. Y., Elleman, 'D. U., and Rhim, W. K., "Dynamics of 
Compound Liquid Drops," J P L  Report 715-27: " T h e o r e t i c a l  
I)cvclopmen t--Concent r i c  Dru ps-Xode Frequenc i e  s and I n t e r  i a c  i a l  
Uisp1,acements ," Vol. I ;  " T h e o r e t i c a l  Development--Energy and 
Angular ;Clornenturn," Vol. I1 ; "h'umerical R e s u l t s , "  Vol. 111 ; "Non- 
C o n c e ~ ~ t r i c  Modes and Cen te r ing  Forces- -Theore t ica l  Development," 
Vol. I V .  

S a f f r e n ,  M. M., Ellemall, U. D., and Rhim, W. K., "Dynamics of 
Compou~id Drop Systems," I n t e r n a t i o n a l  Colloqutun on Drops and 
Bubbles, %uti . ray,  G\, November 19-20, 1981. 



Rhirn, W. K . ,  Saffren,  M. M., and Elleman, D. D . ,  "Elec tros ta t i c  
Lev1 t a t  ion Devices a t  JPL," Materials b e e a r c h  Society Symporiu, 
Boston, MA, November 16-18, 1981 (Submitted). 



Fhysical Phenomena in  Containerless Class Processiq 

Clarkson College of Technology 
Dr. R S. Subramanian 
Dr. Robert Cole 
NS8-32944 Total Cost : $544K 
9e)eceaber 1977 - December 1982 

See Section C, page 106, for f u l l  description of program task. 



Convect ion i n  G r a i n  R e f i n i n g  

Massachuse t t s  I n s t i t u t e  of Technology 
P r o f e s s o r  J. Szekely  
P r o f e s s o r  M. C. Flemings 
NSC-7645 

The purpose of t h i s  program is t o  o b t a i n  a  b e t t e r  under- 
s t a n d i n g  of tire r e l a t i o n s h i p  between f l u i d  f low phenomena, nuc lea- 
t i o n ,  and g r a i n  ref inement  i n  s o l i d i f y i n g  me ta l s  both i n  t h e  
presence  and i n  t he  absence  of ti g r a v i t a t i o n a l  f i e l d .  An u l t i m a t e  
t e c h n i c a l  aim is t o  de termine  ways t o  ach i eve  s i g n i f i c a n t  g r a i n  
s i z e  r educ t ions  i n  hard-to-process mel t s .  

The work planned has the fo l lowing  components: ( 1 )  t h e  
computat ion of t he  e l e c t r o m a g n e t i c  f o r c e  t i e l d ,  ( 2 )  computat ion of 
t h e  f l u i d  flow f i e l d s  r e s u l t i n g  from t h e  e l e c t r o m a g n e t i c  f o r c e  
f i e l d s ,  ( 3 )  t h e  v e r i f i c a t i o n  of t h e  c a l c u l a t i o n s  by e x p e r i m e n t a l  
measurements, and ( 4 )  t h e  i n t e r f a c i n g  of t h e  computer r e s u l t s  wi th  
t h e  g r a i n  r e f i n i n g  s t u d i e s .  

Experimentdl  work i n  t h i s  program is aimed a t  e s t a b l i s h i n g  
r e l a t i o n s  between melt  supe rcoo l ing ,  convect ion ,  and d e n d r i t i c  
s t r u c t u r e  ( i n c l u d i n g  g r a i n  re f inement ) .  rhe bulk of t h i s  work l ~ s  
been conducted i n  a  l e v i t a t i s n - t y p e  appa ra tus .  S ~ p e r c o o l i n g s  up 
t o  273' have been ob ta ined  and summary r e s u l t s  t o  d a t e  i nc lude :  
( I )  a  d e r l d r i t i c  morphology w i t 1 1  r e l a t i v e l y  coa r se  g r a i n  s t r u c t u r e  
( t y p i c a l l y  between 100 and IOOOlrm) is obta ined  f o r  superhea ted  
samples and t o r  samples undercooled l e s s  t h a n  1709C, ( 2 )  some 
samples undercooled posses s  a  s p h e r i c a l  "non-dendr i t ic"  morphology 
w i t h  a  g r a i n  s i z e  i n  t h e  range of  10 t o  5 0 ~  m depending on i n i t i a l  
unde rcoo l ing  and c o o l i n g  r a t e  a f t e r  n u c l e a t i o n ,  and (4)  under- 
cooled  samples show unusual  s e g r e g a t i o n  behavior  i n c l u d i n g  s o l u t e -  
r i c h  c o r e s ,  and s o l u t e - r i c h  i s l a n d s ,  t he  l a t t e r  of which may form 
from reme l t i ng  d u r i n g  reca lescence .  

Pub l i ca t  Lolls 

Creve t ,  J . ,  Szcke ly ,  J . ,  and El-ICtJddh, V . ,  " A u  Experimental  and 
A n a l y t i c a l  Study of Gas bubble Driven C i r c u l a t i o n  Systems," 
submi t ted  t o  J o u r n a l  of Heat and !lass T r a n s f e r ,  1981. 

Choudll,iry, M. and Szckely ,  J. , "The Ef f e c t  of Temperature Depend- 
e n t  Electrical Conduc t iv i t y  on Flow and Tnnpera ture  F i e l d s  i i ~  

S l a g s  Ln ESH Systems," s u b ~ n t t t e d  t o  M e t a l l u r g i c a l  T ransac t  i o n s ,  
1981. 



C r y s t a l  Nuclea t ion  i n  Glass-Forming Al loy  and Pure  Metal H e l t b  
Under C o n t a i n e r l e s s  and V i b r a t i o n l e s s  Cond i t i ons  

Harvard U n i v e r s i t y  
P r o f e s s o r  David T a r n b u l l  
NAS8-3269 1 T o t a l  Cost : $120K 
June  23, 1978 - June  22, 1981 

The main o b j e c t i v e  of t h i s  r e s e a r c h  is t o  c h a r . ~ c t e r i t e  
n u c l e a t i o ~ r  behavior  i n  g lass - forming a l l o y  melts .  Such e x p e r i -  
ments should  i n d i c a t e  i f  format ion  of a l l o y  g l a s s e s  i n  bulk form 
is p o s s i b l e  and, i f  so ,  what a r e  t h e  necessary  cond i t i ons .  The 
most f avo rdb le  co~rd i t i o r l s  would be t hose  i n  c o n t i i i n e r l e s s ,  
v l b r a t i o n l e s s  exper iments  i n  high vacua o r  i n e r t  d tmospl~eres .  

The c r y s t d l  n u c l e a t i o n  behavior  of Au4Si and Pd4Si 
g l a s s - f o r ~ n i n g  m e l t s  and of pure N i  by t h e  d r o p l e t  t e chn ique  is 
be ing  i n v e s t i g a t e d .  I t  has been found t h a t  t h e  onse t  undercool-  
i n g ,  ATo, f o r  copious  n u c l e a t i o n  i n  moiten Au4Si d r o p l e t s  
v a r i e s  widely w i th  thermal  t r e a t m e n t s  which a l t e r  t h e  n a t u r e  of  
t h e  S i02  f i l m  on t h e  d r o p l e t  su r f ace .  However, ATo a s  l a r g e  
a s  113 of the  l i q u i d u s  tamperdture  f o r  some d r o p l e t s  was 
observed.  G la s s  and c r y s t a l l i z a t i o n  t empera tu re s  of Au4Si 
based a l l o y s  a r e  s h a r p l y  i nc reased  ( -1'' pe r  a t a n  X )  when Cu 
r e p l a c e s  some of t h e  Au. 

P u b l i c a t  i o n s  

Turnbu l l ,  I). , "011 Anomalous P r e f a c t o r s  f ram Ana lys i s  of Nuclea- 
t i o n  U t e s , "  P r o g r e s s  i n  M a t e r i a l s ,  i n  press .  

Spaepen, F. and T u r n b u l l ,  D. , "Negat ive  P r e s s u r e s  and Me l t i ng  
Poin t  Depress ion  i n  Oxide-Coated L iqu id  Ye ta l  D r o p l e t s , "  S c r i p t a  
Met. 13,  149 (1979). -- 
Thompson, C. V. and Spaepen, F. , "On the  Appraximat ion  of t he  
Free Energy Ch.+nge on C r y s t a l l i z a t i o n , "  Acta Met. 2, 11355 
( 1979). 



Fusion T a r g e t  T e c h n o l o a  

J e t  P ropu l s ion  Labora tory  
Dr. T. G. Wang 
In-Center $3OOK/year 
October  1979 - c o n t i n u i n g  t a s k  

The o b j e c t i v e s  of t h i s  t a s k  a r e  t o  ( 1 )  s t u d y  the  p h y s i c a l  
p roces se s  t h a t  a r e  a s s o c i a t e d  w i t h  t h e  f a b r i c a t i o n  of i n e r t i a l  
confinement  f u s i o n  (ICP) t a r g e t s  i n  a  w e i g h t l e s s  environment ,  
( 2 )  de te rmine  j o i n t l y  w i t h  DOE c e n t e r s  t h e  need f o r  extended z e r o  
g r a v i t y  i n  t he  f u t u r e  product ion  of I C Y  t a r g e t s ,  and (3 )  p rov ide  
t e c h n o l o g i c a l  in format ion  t o  DOE c e n t e r s  t h a t  is p e r t i n e n t  t o  
t h e i r  c u r r e n t  t a r g e t  f a b r i c a t i o n  r e sea rch .  

To produce the  h igh-qual i ty  f u s i o n  t.+t'get s h e l l s  t h a t  a r e  
r e q u i r e d ,  f o u r  fundamental  p h y s i c a l  p roces se s  must be understood : 
s p h e r o i d i z a t i o n  of t he  s h e l l ,  un i fo rmi ty  of s h e l l  t h i c k n e s s  and 
c o a t i n g ,  a d i a b a t i c  expans ion ,  and c o n t r a c t i o n  of the  molten p e l l e t  
a s  i t  pas se s  through tempera ture  g r a d i e n t  environments .  

The approach t o  be taken is to  ( 1 )  s tudy  the  f l u i d  dynamic 
p.-ocesses t h a t  p e r t a i n  to  p e l l e t  f a b r i c a t  ion p roces se s  such as 
bubble  c e n t e r i n g ,  c o a t i n g  u n i f o r m i t y ,  and v a r i o u s  i n s t a b i l i t i e s ;  
( 2 )  s tudy  t h e  e f f e c t s  o f  v a r i o u s  tempera ture  l e v e l s  and tempera- 
t u r e  g r a d i e n t s  on p e l l e t  f a b r i c a t i o n ;  (3)  c o n s t r u c t  Earth-based 
h igh  tempera ture  and high tempera ture  g rad  l e n t  drop  towers ;  (4) 
i n i t i a t e  development of a p roces s  f o r  t he  s t u d i e s ,  numer ica l  
a n a l y s e s ,  and computer c a l c u l a t i o n s  on v a r i o u s  p e l l e t  f a b r i c a t  i o n  
processes .  

Pub1 i c a t  i o n s  

Wang, T. G., " G r a v i t a t i o n a l  E f f e c t s  on Targe t  F a b r i c a t i o n  ," 
Techn ica l  Diges t  of t he  Conference on I n e r t i a l  Confinement Fus ion ,  
San Diego, C a l i f o r n i a ,  Feburery 1980. 

Elleman, 0. U., Croonquis t ,  A. P., e t  ,11., "Low G r a v i t y  Acous t ic  
P o s i t i o n i n g  Chamber f o r  Liquid  S h e l l  S t u d i e s , "  Technica l  Diges t  o f  
tile Conference on I n e r t i a l  '? %nf inement Fusion,  San Diego, 
C a l i f o r n i a ,  February 1980. 

Lee, M. C., He1 i zon ,  K. S . ,  e t  a l e ,  "Keal-Time image A c q u i s i t i o n  
and On-line Image ProcessL% of  a Hollow Sphere Confined i n  a  Drop 
Furna, e ," Technica l  Digest  of t he  Conference on I ~ l e r t i a l  
Conf ine~nent  Fusion ," Sun Diego, Cal i f o r n i a ,  February 1980. 



Kendall, J. H . ,  "Fluid Dynamics Relating to the Production of 
Large Fusion Targets," Technical Digest of the Conference on 
Inertial  Confinement Fusion, San Dtego, California, February 
1980. 



Advenced Conta ine r l ess  Processing Technology 

J e t  Propulsion Laboratory 
Dr. T. C. Wang 
In-Center $350K/year 
October 1978 - cont inui l lg  task  

The prilaary long-range oo jec t ives  of t h i s  task  a r e  to: 
(1) study and advance the  sc ience  of c o n t a c t l e s s  pos i t ion ing  and 
manipulation of a high-temperature acous t i c  chamber, ( 2 )  provide 
des ign informat ion on a f l i g h t  vers ion ~f t h i s  chamber f o r  
m a t e r i a l s  sc ience  s t u d i e s  i n  a contact  l e s s  and ze ro  g r a v i t a t i o n  
environment, end (3 )  provide p o t e n t i a l  ElPS i n v e s t i g a t o r s  with E 

s e t  of ground-based f a c i l i t i e s  with whf zh t o  perform precursor  
expe rlments. 

The approaches t o  be taken :n M 81 a r e  experimental  and 
t h e o r e t i c a l  s t u d i t s  of ( 1) a c o u s t i c  pos i t ion ing  and manipula t ion 
c a p a b i l i t i e s  of a r ec tangu la r  chamber a s  a funct ion of temperature 
and p ressure ,  ( 2 )  var ious  a c o u s t i c a l  geoinetries vhf ch may have 
s p e c i a l  a p p l i c a t i o n  i n  m a t e r i a l s  sc ience  s t u d t e s ,  ( 3 )  l o s s  
mechanisms assoc ia tad  with h igh- in tens i ty  and high-temperature 
a c o u s t i c  waves, ( 4 )  an ae roacous t i c  pos i t ion ing  system which w i l l  
a i low us t o  l e v i t a t e  heavy sampl-cs i n  the l s b o r ~ t o r y ,  (5)  a 
I lqu td - l iqu id  pos i t ion ing  system which w i l l  a l low us t o  study the  
dynamics of l i q u i d  melts ,  cnd ( 6 )  pos i t ion ing  and manipulation 
c a p a b i l i t i e s  of a KC-1'35 acous t rc  moduie. 

Pub l i ca t i cns  

Laecmarsini, G. and Wang, T. C.,  "r.c~. .  . # .  .. a i n e r l e s s  Process- 
ing Hodule for Mate r i a l s  Research," 17th herospace Sciences 
Yeettng, New Orleans,  LA, Jcnuary 1979, AIAA Paper ?9-0359. 

Jacobi ,  N., Tagg, K. P., e t  a l . ,  "Free O s c i l l a t i o n s  of a Large 
Drop i n  Space." 17th Aerosp~ce  Sciences Meeting, New Orlenns, LA, 
January 1979, X I I W ,  1 9 - 0 2 2 5 .  

Lee, H. C. , "Temperature Depende:~ce of Holec\rlar Vtbrat  i o n a l  
Relaxation Frequency fu r  02't12, 0 -He and 0--C02 Mixture 
Between 100-b7S°K,*' Proceedings of rbe ll1tr;ronlcs Symposium, 
IEEE,  N e w  Orleans,  September 1973. 

tlarmrtz, M. B., "Nonlinear E f f e c t s  i n  a High I n t e n s i t y  Acoustic 
Resonant Chamber ," Proceedings of the  10th -- I n t e r n a t i o n a l  Congress 
on Acoustics,  Syd~wy, A u s t r a l i a ,  Ju ly  IYBU. 

'Irttrll, &. , Wany, T. ti., and Lee, M. C . ,  " A  Tectrnique f o r  the  
Study of Drop Dynamics i n  a Liquid-Liquid System," JASA 67, S1 
(1980). 



Wang, T. G . ,  "Acoustic Levitat ion and Wsnipulation for  Space 
~ ~ ~ i i c a t i o n s , "  Proceedings o f  the Ultrasonice Symposium, IEEE, 
New Orleans, LA,  September 1979, pp. 471-475. 

Uang, T. G., Elleaan, D. D . ,  et a l . ,  "Containerless Processing 
Technology Experiment Report, SPAR I V  Experiment 76-20." SPAR IV 
Final Report, KASA TI-78235, January 1980. 

Uang, T. G . ,  Elleaan, D. D . ,  et a l . ,  "Contalnerleds Processing 
Technology Ex~erfment Report, SPAR V I  Experiment 76-20,' W y  1981. 
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