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FOREWORD 

Phase I T  docmentation prepared for the R e q u i m t s  and Concepts f o r  
Space Processing Payload Equlpnent Study under Contract NAS 8-28938 resul ted 
i n  a throe-wJm report. These volumes are as follows: 

Volume I. 
Volune 11. 

I I A .  
116. 
I I C .  
I I D .  
I IE. 

Volume 111. 

Execu ti ve Sunrnavy 

Technical 
Experiment Requi m e n  ts /' 
Payload rt i terface Analysis 4" - 
Data Acquf s l  t l o n  and Process Control / '  
SPA K l  t / 
C o m r c l a l  Equlpment U t l l  l t y  / 
P m g r n a t i  cs and Payload Acconndatlon / 

Volume 11, Technical, i s  published as f i v e  sub-volumes i n  order t o  
fact1 i tate pmsentat ion o f  topical  grouplngs o f  data. 

Phase I documentatlon was previously documented i n  1973 as three 

volunes under the t l t l e ,  Requirements and Concepts f o r  Materials Sclence 
and Manufacturinq i n  Spcce. 

One feature o f  t h i s  study has been the close association between the 
NASA Shutt le Sor t ie  Working Group on Materials Science and Manufacturing I n  
Space and U.e study contractor, TRW Systems Group. The NASA-MSFC study COR, 

Mr. Kenneth R. Taylor, has provided TRW Systems Group w i th  working group 
documentatlon and, i n  turn, has coordinated study task resu l ts  i n t o  the 

ac t i v i  t i e s  o f  the working g r ~ u p ,  

The TRW Systems Group personnel who assisted i n  the preparation of 
Voit~me I I A  are l i s t e d  below: 

Ms. A. 6. S m i t h  

Dr .  W. T. Anderson, 3r. 
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EXPERIMENT REQUIREMENTS 

1 SUMMARY 

The task o f  d e f i n i n g  payload equipment necessary t o  process mater ia ls  

i n  space necessi tates t h a t  an analys is  be made regarding the experimental 

areas t o  be accommodated. Continued e f f o r t s  t o  review and r e f i n e  the 

equipment func t iona l  requirements i s  be ing mads i n  the  area o f  Space 

Processing Appl i cat ions.  

This volume deals w i t h  the review t h a t  was performed dur ing  the 

cu r ren t  study, which was concentraied i n  two areas: review o f  recen t  

1 i.:erature and in te rv isws  w i t h  cur ren t  inves t iga to rs .  

A review of newly received 1 i t e r a t u r e  was made t o  ascer ta in  i f  any 

research areas were omi t ted from cons iderat ion dur ing  the i n i t i a l  study. 

I n  t o t a l ,  18 add i t i ona l  experiment areas were i d e n t i f i e d  and found t o  be 

appropr ia te  f c r  ea r l y  mission studies.  These i n c l ~ d e d  f i v e  (5 )  i n  b io -  

l o g i c a l  app l i ca t ions ,  one (1)  { n  f l u i d  chemistry, two (2)  i n  c r y s t a l  

growth, f o u r  ( 4 )  i n  glass technology, two (2 )  i n  metal1 u rg i ca l  processes 

and f o u r  ( 4 )  i n  f l u i d  physics. I n  c rde r  t o  be ab le  t o  accomnodate a1 1 

o f  these new areas i t  was found t h a t  a minimal number o f  add i t iona l  equip- 

ment was needed. Added t o  the equipment l i s t  i n  order  t o  perforin add i t i ona l  

experiments i n  the  research area o f  b i o l o g i c a l s  was a c r y o p r e c i ~ i t a t o r .  A 
xenon arc-image heater was added f o r  the areas o f  glass technology avd met- 

a l l u r g i c a l  processes. I n  the area o f  f l  l i i d  physics one add i t i ona l  i4 :?m 

was defined - a stroboscope. These addi t i ons  t o  the pay1 oad equipment 

1 i s t  a re  minimal when i t  i s  considered Lf ldt almost 100 i tems had been 

spec i f i ed  prev ious ly .  
An exper imenter 's quest ionnai re  was prepared and d i s t r i b u t e d  t o  32 

i nves t i ga to r s  c u r r e n t l y  invo lved i n  exper imentat ion i n  mater ia ls  process- 

i ng. A t o t a l  o f  16 rep l  i es were received, a1 1 i n  the research areas of  

me ta l l u rg i ca l  procesces, c r y s t a l  growth and f l u i d  physics. An examination 

o f  the rep l  i e s  revealed t h a t  the an t i c i pa ted  requirements are genera l l y  

cons is ten t  w i t h  those s p e c i f i e d  i n  the  i n i t i a l  study. In the area o f  

sampl e s i  zcs, however, there  was i n d i c a t i o n  t h a t  some experimenters may 

bc spec i<y ing too l a r g e  a sample f o r  accommodation i n  i n i t i a l  s tud ies.  



As an example, the l a rges t  t o t a l  sample volume spec i f i ed  i n  t h i s  study !. 
3 3 = .  

was betwee0 0.03 - 0.23 m (1 - 8 ft ) f o r  the drop pos i t ion ing  and dyna- 
mics experiment; whereas, the 1 argest an t ic ipa ted  vol m e  i n  the i n i t i a l  

3 3 study was on ly  0.001 m (0.35 ft ) .  A compromise w i l l  be necessary w i t h  C 

regard t c  t b i s  subject as wel l  as others t h a t  may a r i s e  i n  the fu tu re .  

The resu l t s  o f  the questionnaires t h a t  were submitted are included 

i n  t h i s  r e w r t  as short, one-to three-page-long sumnaries. No new equip- 

ment was spec i f ied  by the experimente .s beyond what was t I veady a n t i c i -  e .i 
pa ted . 



2. INTRODUCTION 

OBJECTIVES 

This document represents the r e s u l t s  of  Task 1 of  the  "Space Process- 

i n g  Appl i c a t i o n s  Pay1 oad Equipment Study" performed f o r  NASA's George C. 

Marshall Space F l i y h t  Cerlter under Contract  No. NAS 8-2,938. The o b j e c t i v e  

o f  the Task i x t i v i t i e s  was t o  perform a review and an update o t  the SPA 

research equipment requirements and spec i f i ca t i ons  t h a t  were der ived i n  

the f i r s t  year- long study. Those r e s u l t s  were documented i n  Volume I I A ,  

"Experiment Functional Requi rernents" , Volume I IB ,  "Equi~ment  and Ins  t r u -  

ment I d e n t i f i c a t i o n " ,  and Volume I I C ,  "Experiment/Eq~~ipment Review" o f  

the "Requirements and Concepts f o r  Ma te r i a l s  Science and Manufacturing i n  

Space Pa :load Equipment Study" repor t .  

The requirements and exemplary experiments contained both i n  the  

previous r s p o r t  and i n  t h i s  document a re  no t  intended t c  be taken as re- 
present ing a NASA-approved SPA experiment program. 

The a c t i v i t y  on t h i s  task was broken down i n t o  the sdbtask : are 

1 i s t e d  below: 

e Review experiments i d e n t i f i e d  i n  i n i t i a l  study. 

a I nves t i ga te  new experiments and t h e i r  func t iona l  
requi  rements . 

a Assess any new experiment func t iona l  requiremenss 
aga ins t  capabi l  i t y  o f  cu r ren t  payload equipment. 

a Conso:idate func t iona l  requirements o f  any new 
experiments w i t h  experiment requirements from the 
i n i t i a l  study. 

a !denti fy my add i t iona l  equipment i tems n o t  spec i f i ed  
previously.  

a Dzrive bas ic  engineer ing data for each add i t iona l  i tem 
o f  pay1 oad equ ipmnt .  

2.2 ASSUMPTIUNS AND GUIDELINES 

The assump';ions and gu ide l ines l i s t e d  on the fo l low ing  page have 

heen fo l lowed throughout the discharge o f  the  Task 1 a c t i v i t i e s  



The in: t i a l  opera t ing  c a p a b ~ l f  ty ( I Y )  date f o r  
Shu t t l e  missions i s  assumed t o  be 1980. 

Ea r l y  mission e f f o r t s  w i l l  be c ~ n c e r n c d  w i t h  
es t db l  i s h i n g  and conduct ing an ongoing research 
and deve'r opment program which, i n  tu rn ,  w i l l  l ead  
t o  the  u l t i m a t e  goals o f  producing economically 
v iab l  e space a r ~ d u c t s .  

The Shu t t l  e/S,~acel ab i n i t i a l  l y  w i l l  p rov ioe f requent  
and r e p e t i t i v e  7-day missions t o  prov ide f o r  r 3 p i d  
evolvement o f  the  requ i red  technology. 

There w i l l  be a minimum o f  i n - o r b i  t data eva luat ion.  
Most data obtained w i l l  be s to red  u n t i l  r e t u r n  t 2  

Ear th  f o r  eval ua t i cq .  

A l l  i n - o r b i t  a c t i v i t i e s  w i l l  be executed i n  a s h i r t -  
s leeve environment. 

A l l  processes and equipment mentioned w i l l  be non- 
hazardous t o  the crew menhers. 

To the g rea tes t  degree poss ib le ,  experiment areas 
chosen should be doable u t i  1 i z i n g  c o m e r c i a l l y  
ava i l ab i e  eqvipment i n  order  t o  minimize d e v e l o p  
me)?+ ccsts .  

Experiment areas chosen shoula be such t b a t  t h e  
equipment requi  re r  w t s  w i  11 be common t o  several 
d i f f e r e n t  areas i u  w d e r  t o  b u i l d  a mu1 t i - u s e  
ca ta log  o f  apparatus. 

2.3 SYNOPSIS OF PREVIOUS SOCUMENTATION 

I n  o rder  t o  have a basel ine o f  i n fo rmat ion  w i t h  which t o  make a 

comparison, a s v n ~ p s i s  o f  the  ~*esu l  t s  from r e l a t e d  t a s k s  i n  the f i r s t  

year- long study i s  i , \c luded i n  t h i s  repor t .  

2.3.1 Experiment F u n c t i o n ~ l  Requi r e ~ e n t s  

"he purpose o f  t h i s  task c f  the previous study wa: t o  document an 

i n i t i a l  se t  o f  func t iona l  r e q u i r e w n t s  t h e t  need t o  be s a t i s f i e d  i n  o rder  

t o  du experiments i n  the  mate r ia l s  sciences i n  space. Th is  documentation 

was based upon p rev ious ly  completed s t d i e s  and then-onqcing p rog rms .  

The equipment requirements were, and s t i l l  ? re ,  const ra ined t o  use i n  

i ' requent-f i  i ght, seven-day-long, re1 a t i w l y  small , payload as;i g~rneqts 

i n  e i t h e r  dedicated o r  s h a m !  Space Shutt le/Spacelab missions. Th is  

cons t ra i n t  necess i ta ted t h a t  a d i s t i l l a t i o n  be performed on the many 



candidate experiwnts tha t  extsted i n  order to reduce t o  a minimum crew 

par t ic ipat ion and in - f l  i g h t  experiment eval uation. Furthermore, a screen- 

ing of the potect ia l  experiments was needed i n  order t o  1 i s t  the experi- 

~ ~ t s '  iunctional requirements. This l i s t  was necessary i n  order t o  de- 

termine the extent o f  compat ib i l i ty  wi th ear ly Shutt le missions and also 

to devdog a canrprehensive inventory r' equipment w i th  enough f l e x i b i l i t y  

to be used i n  dif ferent modes and complete enough t o  meet the needs o f  the 

potential  i ~ves t i ga to r s .  

The s ta r t ing  po in t  for the invest igat ion was the s i x  major experi- 

ment classes tha t  were ident i f ied by YASA f o r  potxnt ia l  study i n  the SPA 

program. These are 1 i s t ed  below: 

a Eiological Appi icat ions 

Chemical Processes i n  Fluids 

Crystal Growth 

r G l  ass Techno1 ogy 

a Metal 1 urgical  Processes 

a Physical Processes i n  Fluids 

Instead of specifying exact experiments t o  be performed i n  each o f  thesc 

research and development (R&D) a-as as the basis f o r  determining equip- 

ment needs, i t  Mi.; decided t o  instead soecify process areas i n  which 

groups of experiments may be found. Th?se process areas, therefore, should 

require equipment tha t  i s  comnon t o  several experiments :n tha t  area. 

I t  was determined that  the R&D categories encompassed the fo l lowi  ng f i v e  

process areas : 

a Crystal Growth - There are three broad categories 
of crystal  growth that  are considered most conducive 
t o  in-space processing. These are growth from a re1 t. 
growth i n  solut ion and growth from a vapor phase. 
The experimental procedures involved i n  these areas 
w i  11 be strongly dependent upon the problems o f  
positioning, s t i r r i n g  and shaping the ml t s  and 1 
solutions under weight:ess conditions. i 

0 Purifi:ation/Separarion - This process area w i l l  bene. it 
fromin-syace processing because of great ly reduced 
buoyancy and convective effects. The pmduc t ion o f  



super-pure materi  a1 s becomes possible when one can 
use high temperatures, u'i t r a -h l  h vacuum and container- f less  samples - especia l ly  i n  mu t ipass, molten-zone re- 
f i n ing  o f  u l t ra-pure elements. Also included i n  t h i s  
process area are low temperature separations of b io -  
1 ogical  material  s such as 1 i ving c e l l  s , serums, vaccines 
and other  rnacromol ecul a r  mater ia ls  o f  po tent ia l  medical 
o r  p h a m c e u t i  cal u t i l  i ty. 

a Mix- - This process area inc!udes those procedures 
s e r e  homogenixation o f  mater ia ls  i s  a problem on Earth 
due to density di f ferences t h a t  cause segregation 
problems upon s o l i d i f i c a t i o n .  This i s  apparent i n  two 
spec i f i c  areas : imni s c i  b l  e materi a1 s and composite 
materials.  On Earth, inhomogeneities are caused due 
to var ia t ions  i n  density, compati b i l  i ty and surface 
tension between the separate components. 

a So l i d i f i ca t i ons  - There a m  three areas o f  i nves t i -  
gat ion t h a t  are included under t h i s  process area. 
These !ncl ude the fol lowing: cont ro l led  o r  d i rec t i on -  
a l l y  s o l i d i f i e d  eutec t ic  structures; preparation o f  
g l  asses ; superccol !ng and homogeneous nucleat ion. 

a Process i n  Fluids - This area c ~ n s i s t s  of two types 
of processes as they occur under weightless con- 
d i t i o m .  Chemical processes which a& concerned 
w i t 1 ;  react ions and rates a t  which these occur and 
physical processes vi!;ich are concerned w i th  physical 
and thermodynamic phenomena (not  changes o f  s t a t e  o r  
compositions). The condi t ion o f  very low g rav i t y  w i l l  
permi t eval u a t i m s  t h a t  have nevsr before been possi b l  e 
i r ,  these f i e lds .  

Natura l ly ,  some experiments can be c l a s s i f i e d  under more than one 

process 2rea, depending upon one's po in t  o f  view. This doe: no t  present 

a problem, however, i f  one c l a s s i f i e s  i t  a c c ~ r d i n g  to i t s  major object ive. 

In se t t i ng  down the funct ional  wqxrements o f  the experiment areas 

i t  was intended t o  c a l l  ou t  requirements t h a t  r e f l e c t  the needs o f  RbD 
types o f  a c t i v i t i e s .  This a f fec ts  ce, t a i n  areas o f  i n t e r e s t  such as 

samol e sizes , heating ~ e q u i  rcc~nents , pos i t ion ing  requirements, enclosure 

sizes and f l u i d  supply sizes. Ranges o f  values t h a t  were ca l l ed  out  were 

~n?ended t o  be t yp i ca l  , not  1 i m i  t i n g  o r  f i n a l .  This allows f o r  modi f i  - 
cat ion  of requirements as more knowledp and experience i s  gained up u n t i l  

the actua: time of co l l ec t i ng  and assembling hardware together f o r  f l i g h t s .  

It must be emphasized a!so t h a t  many times the equipment capab i l i t i es  can 

great ly  exceed the ant ic ipated r-equirements w i t h  no decrease i n  e f f i c i ency  



and w i t h  no addi t ional  costs. 

Tkt pew: t s  o f  the i n i  t i a l  study were consol idated i n t o  fou r  mat r ix  

charts t h a t  show the fo l low ing fou r  types o f  in format ion as a func t lon  

s f  the ind iv idua l  process areas: process data, process methods, measured 

quant i  t i e s  and contro l  1 ed quafit i  t-; es. These charts are ! rici uded here as 

Tables1 A - D t o  surmarize the r e s u l t s  o f  t h a t  i n i t i a l  po r t i on  o f  the 

f i r s t  study. 

These charts l i s t  both t a c i t  and spec i f i c  funct ional  requirements 

t h a t  have been I d e n t i f i e d  to support the various research process areas 

t o  be studied i n  space. Designs consis tent  w i t h  automated and/or semi- 

automated operations have no t  been 1 i s t e d  as requirements bu t  are neces- 

sary f o r  most o f  the equipment. Such designs s a t f s f y  the need f o r  a l l  ~f 

the fo l lowing.  repmduc ib i l  i t y  o f  performance i n  experimental a c t i v i t i e s ,  

minimizat ion o f  crew pa r t i c i pa t i on ,  exp lo i t a t i on  o f  pal l e t  o r  shared- 

mission opportuni t ies and development o f  capabll i t i e s  which u l t ima te l y  

support manufacturing a c t i v i t i e s .  

I n i t i a l  designs can probably incorporate features t h a t  permi t  auto- 

matic and/or manual operation. The automated cont ro l  f ~ n c t i o t i s  may be 

p r o ~ i d e d  by use o f  e i t h e r  a process conouter o r  a programable c o n t r o l l e r  

which can accommodate the desircd procedwes. 

The charts are organized v e r t i c a l l y  a l o n ~  .he research process 

areas previously discussed aaa ho r i zon ta l l y  by the basic areas o f  pro- 

cess data, process methods, measured quant i t ies  and contro l  l e d  quant i t ies.  

The values 1 i s t e d  represent general i zed  capabil i t i e s  supporting more than 

one p a r t i c u l a r  experiment. Tiwi items under the heading o f  Process Data 

are self-explanatory w i th  the possible exceptions o f  "displacement ra te"  

and "heat input".  I n  c rys ta l  growth the displacement r a t e  per ta ins t o  

the r a t e  a t  which a ci-ystal i s  pu l l ed  from a me1 t o r  the motion o f  the 

mol ten zone along the 1el:gth o f  mater ia l  undergoing f l o a t i n g  zone me1 t ing.  

The values shown f o r  +eat input  are considered t yp i ca l  o f  the energy re-  

qui red only  t o  b r i n g  the 3;ecimen t o  the required temperature. I t  does 

no t  a1 10iv f o r  any i n e f f i c i e n c i e s  i n  the neat ing method o r  f o r  any heat 

loss  to  the chamber enclasure. 
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The features l i s t e d  under Process Methods are o f  a general nature. 

Under "heating" several d i f f e r e n t  methods have been i d e n t i f f e d  f o r  the 

experiment samples. The ones indicated f o r  a given process are those 

which are considered t o  be most appropriate on the basis c f  heat ing re- 

qui  rements , temperature ranges and heat ing eff iciency. Some fl e x i  b i  1  i t y  

i n  heat ing methods i s  ant ic ipated.  

The "coal ing" requirements have been spec i f ied  as e i t h e r  a c t i v e  o r  

passive. Act ive cool i n g  w i l l  requ i re  e i t h e r  p o s i t i v e  heat r e j e c t i o n  con- 

trol o r  ac t i ve  contro l  of heat ing and/or cool ing to  produce a given cool-  

i n g  rate. 

"L iquid deployment" i s  concerned w i t h  placement o f  a l i q u i d  i n  a 

pos i t i on  su i tab le  f o r  the l i q u i d  t o  be brought under the con tn i l  o f  a  

container1 ess pos i t i on  contro l  system. 

"Posi t ion cont ro l "  i s  ind icated f o r  any process i nvo l v ing  a contain- 

er less o r  contact- f ree funct ion. A1 1 examples considered so f a r  a lso re -  

qu i re  ac t ive  sensing o f  the l oca t i on  o f  the specimen i n  the enclosure o r  

heat zone. I n  contrast  t o  pos i t ion ing ,  "containment" i s  taken t o  mean 

f i x i n g  the loca t ion ,  pos i t i on  o r  o r i en ta t i on  of a sample through physical 

contact w i  t k  it. 

The remaining por t ions i n  t h i s  char t  and the parameters l i s t e d  under 

the general headings o f  Measured Quant i ty  and Contro l led Quan t i t y  are a1 1 

self-explanatory and w e d  no explanation beyond what has been given. 

2.3.2 Equipment and Instrument I d e n t i f i c a t i o n  

The purpose o f  t h i s  task was t o  def ine more f u l l y  ths  spec i f i c  items 

o f  equipment needed t o  f u l f i l l  the funct ional  requirements of L I I ~  previous 
section. An analysis was made t o  c l a s s i f y  the equipment i n t o  broad cate- 

gories according t o  f ~ n c t i o n  and a lso t o  assess the commonality o f  use 

among the R&D categories and among the modular equipment subelements." 

I n  t o t a l ,  95 equipment items were 1 i s t e d  f o r  which sumnary data was 

compiled. A t o t a l  o f  36 spec i f i ca t ions  were w r i t t e n  encompassing 55 o f  

*These equipment subelements are explained f u l l y  i n  the previous repor t  
issued under the same cont rac t  number. 



the equipment items. These specif icat ions included sections on the 

anticipated usage, the functional requirements and ratioc;;!! and the 

specif icat ions o r  c r i t e r i a .  A l i s t  o f  the equipment items along wi th * 
t h e i r  com;-,rial i t y  and s u m r y  data i s  shown i n  Table II. 

2 .3 .3  Experiment/Esuipment Review 

As a review .f the work tha t  had been completed previously, a task 

was i n i t i a t e d  the purpose o f  which was t o  add o r  delete experiments and/ 

or equipment items as necessary. Two tables o f  experiments were prepared 

a t  that  time: one l i s t i n g  the experiment areas tha t  had been discussed i n  

Volume I I A  and one l i s t i n g  new experiment areas. These two have been 

hybridized i n t o  one i n  Table 111 which l i s t s  the experiment areas according 

t o  R&D category. 

A1 so included as a oart  o f  tha t  volume was a 1 i s t  o f  addit ional 

equipment items n e c d  and these few i tens have been incorporated i n t o  

TableII .  

A1 so included- the 1 i s t i n g  are i terns that  were added l a t e r  i n  the study. 

-1 3- 
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TABLE 111 

RESULTS OF THE STUDY OF EXPEr.IMENT 

CLASSES BY RESEARCH AND DEVELOPMENT CATEWRY 

BIOLOGICAL PROCESSES 

0 Bio-Growth o f  L-Phase Organisms. * 
D ia l ys i s ,  i n c l  uding fermenta+'on d i a l ys i s . "  

a El ec t rophore t i c  separat ion an[' die1 ec t r opho re t i  c 

separat ion o f  c e l l  s , serums, p r o t e i n -  , e tc .  

e Growth o f  b a c t e r i a l  cu l  tu res  .* 
@ Lyoph i l  i z a t i o n .  

a Pro te i n  separat ion by i s o e l  e c t r i c  focusing.* 

CHEMICAL PROCESSES I N  FLUIDS 

Cont ro l led  s tudy o f  cha in  reac t ions  a f fec ted  by 

convection. * 
El  ectrochemical research o f  surface reac t ions  and 

novel methods o f  e l  ec t ro-synthes i  s. 

E l e c t m n  s a i  n resonance experiments on f ree r a d i c a l  s. * 
I nves t i ga t i ons  o f  t he  mechanisms o f  1 i qu i d - so l  i d  and 

gas-sol i d  c a t a l y s i s  us ing the  nonconvection e f f ec t s  o f  

weightlessness t o  study the in termediates present a t  

the c a t a l y t i c  surface. 

Pslymer research i n c l  uding: dynamics o f  i n i  t i a t  'm, 
ex t rus ion  techniques, o p t i c a l  qua1 i t y  p l a s t i c s ,  i n t e r -  

ac t ions i n  s tero-spec i  f i c  polymers, boniogeneocs 

d ~ s p e r s a l  o f  p a r t i c l e s  i n  a p n l ~ e r  ma t r i x  and con- 

t i w l l e d  p ~ l y m e r i z a t i o n  from selected i n i t i a t i o n  s i t e s .  

- 
*Experiment c lass added du r i cg  t he  experiment/equipment review. 



TABU I f  I (cont'd) 

Study o f  chemical k inet ics  including : free radicals, 

modified flow systens, exci td state 1 i f e  times, 

heterogeneous inter face k inet ics  and wall effects. 

Stdy o f  1 $quid crystals. 

Study o f  the synthesis o f  compounds including: hetero- 

geneous synthesis fm itmniscibl e 1 iquids , improved 
y ie lds o f  sol id-1 iqu id  interactions. 

CRYSTAL GROWTH 

a Bulk singlo crystal  growth on seed crystals by vapor 
deposition o r  chemical vapor d e p s i  tion.* 

Investigation o f  whisker growth from a vapor. 

Single crystal pu l l  ing experiments f r o m  a container1 ess 
me1 t. 

e Study o f  crystal  growth i n  aqueous solutions and f lux. 
e Study o f  crystal  pu l l  ing-mol ten zone techniques. 

e Study o f  ml ten zone crystal  gmwth. 
e Sphere seeding crystal  growth experiments. 

GLASS PREPARATION 

0 Contai nerl  ess weparation o f  conventional g l  asses. 

0 Examination cf  pure glass surfaces oy laser  induced 

damage. * 
Slass processing f o r  f i be r  aptics.* 

0 Mixing studies o f  conventional glass preparations. 
e Prepar~ t ion  o f  new and un!que glasses from high 

melttng point  ( ~ 3 0 0 0  C )  o~;des. 

METALLURGICAL I.. .OCESSES 

e Containerless preparation ot u l  tra-pure a1 loys.* 

e Directional sb!idfication o f  eutectics. 

0 Gas phase dispersion i n  l i q u i d  metals.* 

e Investigations o f  supercool ing and homogeneous nucleation. 



TABLE 111 (cont'd) 

a Purif ication of metals by containerless d i s t j l  lat ior.* 

a Pur i f icat ion o f  metals by zone refining. 

r Sol i d f  f i ca t ion  of i m i s c i  b l  e materials and annposi te 
material s. 

PHYSICAL PROCESSES I# WIDS 

a Dispersion o f  part ic les i n  a l i q u i d  phase. 

Flow visual f zation studies o f  suspended particulate.* 
Greater precis1 on i n  physics1 property measurements 

including c r i t i c a l  points, surface tension, compressf b f l  i t y ,  

1 i qu i  d-free vol unes and ,low effects. 
Investigation o f  fnstabil  f t i e s  i n  containerless 1 iqufds. 

Mass transport processes controlled by df ffusfon. 
Methods o f  contactless heating of containerless l iquids. 

Study o f  contaf nerless posit ion control o f  l iqu ids by 
electromagnetic, electrostatic, gas j e t  and acoustic 

methods. 
Study o f  heat and mass transport i n  gases.* 
Study o f  the fl uf d mechanical means o f  mixing contaf nerless 

fl ufds by electromagnet1 c, electrostatf c, gas j e t  and 

acoustf c methods. 

Study o f  surface tension, thermal gradient mixing o f  l iqu ids 
(Maragoni ef fect)  . 
Study of themcap i l  l a ry  convectf on during 1 iquf d- 
sol i d  phase changes. * 



3. SURVEY OF LITERAfURE 

A review was made of documents received concerning ccapleted and 

ongoing programs addressing the subject o f  space prosessing a p p l i ~ t i o n s  
fo r  the puypose o f  ident i fy ing additional experiments appropriate f o r  

early mission Shuttle fl ights. This review included new material obtzined 

a f te r  the previous report* was submitted, including SPA SR&T ef for ts  

i n i t i a ted  by BFC, Space Shuttle Payload Planning Working Group r e p r t r  

and European planning efforts. The SPA Li terature obtained a f te r  the 

previous report was suknitted, and not referred to speci f ical ly below, 

i s  l i s t e d  i n  the reference:. 

As with the previous report, not a l l  the experiments reviewed were 

considered appropriate fo r  early mission studies. Emphasis was placed on 
early mission research on the behavior o f  materials i n  a weight1 ess 

condition. The c r i t e r i a  used i n  selecting experiments was the same as 
with the previws report: 

8 Experiments on the behavior o f  materials i n  space which w i l l  
a id l a t e r  SPA pmgrams, par t icu lar ly  i n  the developnent o f  
equipment . 

@ Experiments which may increase our basic understanding of 

space processing i n  which a numtx o f  factors are studied 
and which may aid i n  understanding processing performed 

orr Earth. 

b s i c  research expc \iments i n  biology, chemistry, materials 

science, physics and other areas o f  sc-ence. 

Experiments which would measure only a single parameter f o r  a 

possf b l  e economi c advantage i n  manufacturing, whi 1 e important t o  1 ater 

stages o f  the SPA program, were considered inappropriate f o r  early Shuttle 

fl ights and are therefore not included . 

*Requirwents add Concepts fo r  k t e r i a l s  Science and Manufacturing i n  
Space Payload Equipment Study, DCH No. 1-2-2:-00172.52, TRW Systems, 
July 1973. 



The addit ional experiments recommended as a resu l t  o f  t h i s  revien 

are l i s t e d  i n  TableIVand are discussed i n  Sections 3.1-3.6. Some o f  these 

experiments have been covered i n  general t e n s  i n  the previou: r?y?*, 

but there appears t o  be su f f i c i en t  in te res t  i n  the s c i e n t i f i c  connrunity 

t o  note them more speci f ical ly  - par t i cu la r l y  when additional equipment 

would be required. Items of addit ional equipment required f o r  thes, 

experiments are given i n  Table V along wi th inforination regarding t h e i r  

cowcnaS1t.y and sumary data- The xenon em-image heating elemenr i s  

a general purpose heating devke tha t  bps been recomnended by E M .  

3.1 BIOLOGICAL PROCESSES 

3.1.1 :eparation o f  Biological Haterial. by Isotacho~horesis 

Tkds separation method i s  s imi l  a r  t o  electrophoesis and isoel e c t r i c  

focusing i n  that  pa r t i c l e  motion i n  a l i o u i d  media i s  induced by an 

applied e lec t r i c  f i e ld .  Interest  exists i n  studying t h i s  method i n  the 

absence o f  buoyancy flow convection and settl i ng . 
3.1.2 Crystal Growth o f  Protein-Bbqed Material s 

Improved dif fusion-control l ed  c r ~  t t a l  growth methods f o r  protein- 

based materials such as DNA and enzyme; are o f  in terest  f o r  more precise 

structure deteninat ions by X-ray d i f f rac t ion  methods. 

3.1 .3 Aerosol M i c ~ b i o l o q y  

This i s  an example o f  a method o f  studying c e l l  s and micronryanisms 

under conditions not obtainable c., earth. Cultures w i th in  ma1 1 1 iqu id  

droplets would be suspended i n  a control led gaseous atmosphere containing 

nutr ients a1 lowing greater uniformity i n  the growth conditions. Harvest- 

ing  o f  the cultures would also be possible accompanied by reduced contamina- 

tion. 

3.1.4 Cryoprecipi ta t ion  o f  Biologfcal Material 

I n  the absence o f  buoyancy flow convection cryoprecipitates f ract ion- 

ated i n  a temperatwe gradient a t  low temperatures would remain i n  the 

isothermal plane where they were formed. This method may allow separation 

o f  certa in biological materials which i s  not possi b l  e by any other means. 

*Requirements and Concepts f o r  Materials Science and Manufacturing i n  Space 
Pay1 oad Equipment Study, DCN No. 1-2-21 -001 72.52, TRW Systems , July 1973. 



TABLE I V  

ADDITIONAL EXPERI E N f S  

BIOLOGICAL PRO& 3 E S  

a Separa+io,i of b io logical  material by isotachophoresi s [i 1. 
8 Crystal gm:h  of protein-based materials [I]. 

Aerosol microbiology [I]. 
a Cryoprecipitation o f  b io logical  material [I 1.  

Growth of b io logical  ce l l s  i n  low-G [2]. 

CHEMICAL PROCESSES I N  FLUIDS 

Study o f  spherical flames under 1.a-G and low pressure 
ccndi t ions 133. 

CRYSTAL GROWTH 

e Single crystal growth by the Bridgman-Stocicbaqer method [4]. 

a Mucieaticn during c rysca l l i ra t ion  o f  droplets [2, 5, 63. 

GLASS PREPARATION 

Gas phase dispers ton i n  mol ten glass [7]. 
a Ceramic composi :ions produced by chemical vapor deposition [I 1. 

Controlled e u t ~ c t i c  sol i d i f i c a t i o n  of ceramics [I]. 
Pur i f ica t ion o f  ceramic materi a1 by container1 ess 

d i s t i l  1 atio:i [I 1. 
FETALLURGICAL PROCESSES 

Formatiol,r of thermosetting al loys [8]. 
e Liquid yhase s in ter ing 19). 

PHYSICAL PROCESSES I N  FLUIDS 

e Study o f  quantum ef fects i n  superf luid helium [5, 10, 111. 

Bubble nucleation i n  a superheated l i q u i d  [2, 61. 

Stud:/ o f  heat and mass t ransfer i n  1 iquids [I, 31. 
e Study o f  non-buoyant flow convection [I , 3, 121. 
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3.1.5 Growth o f  Bio logical  Cells i n  Low-G 

Some problems w i th  the study o f  c e l l  growth which occur under 

conditions a t  1-G may be o f  lesser importance a t  low-6. There i s  in te res t  

i n  examining the following w i th  respect t o  primary ce l l s  and c e l l  l i nes  o f  

d i f f e r i ng  or ig in :  contact i n h i b i t i o n  (suspension CL! ture), c e l l  cycles 

wi th  phase duration, nhcleus div is ion,  basic metabolism and u l  trastructure. 

3.2 CHEMICAL PRXESSES I N  FLUIDS 

3.2.1 Study of Spherical Flames Under Low-G and Low Pressure Conditions 

A spherical flame can be produced i n  l o w 4  by i n j ec t i ng  fuel  through 

a p r o d s  sphere i n  a chamber containing the oxidizer. Because the flame 

structure would have spherical symnetry , a simp1 e analyt ical  descript.ion 

o f  the flame i s  possible. Comparfson o f  experimental resul ts w i th  the 

preGictions of the analyt ical  mod21 may resu l t  i n  a bet ter  understanding 

o f  the chemical kenetics o f  combus t ion.  

3.3. CRYSTAL GROWTH 

3.3.1 Single Crystal Growth by the Bridgman-Stockbarger Method 

A1 though t h i s  method may no t  be as promising f o r  producing perfect  

s ingle crystals i n  l o w 4  as other proposed methods, since contact wfth 

container wal ls w i l l  ex ist ,  i t  may be useful i n  ear ly  experiments i n  

studying crystal  growth i n  the absence o f  bdoyar,,y f low convection. 

Useful resul ts might be obtained whi le the technical d i f f i c u l t i e s  o f  

posi t ion co r t ro l  are worked out  on the containerless methuds (e.g. , 
Czochral sk i  ) . 
3.3.2 Nucleation during Crystal l  i za t ion  of Droplets 

Weightlessness i s  required to  achieve the long suspension times 

necessary f o r  these experiments. An aerosol o f  1 iqu id  droplets (e.g. 

water) would be suspended i n  an atmosphere of low vapor pressure. 

Nucleation and crystal  1 i zation resul t i n g  from :ooi i ng by evaporation 

would be recorded as a function o f  time and drop size by polarized 

1 i gh t  or  holography. The primary in terests  i n  these experiments are 

i n  the areas of meteorology and aeronautics. 



3.4 GLASS PREPARATION 

Gas Phase Dispersion i n  Molten Glass 

The interescs i n  gas phase dispersion i n  ml ten glass 1 ies  wi th  

the study of processing methr ds i n  ~ o w - G ,  and wi th the study o f  the 

behavior of a gas phase i n  molten glass and during so l id i f i ca t ion .  

3.4.2 Ceramic Composi t i cns  Fmduced by Chemical Vapor Deposition 

New ceramic compositior.s zzy be possible by chemical vapor de- 

posi t ion under the more precisely control led conditions which w i l l  be 

avai 1 abl e i n the absence o f  gravi t y - i  nduced convection i n  the vapor 

phases. 

3.4.3 Controlled Eutectic So l id i f i ca t ion  o f  Ceramics 

As wi th metal l ic  al loys, d i rect ional  s o l i d i f i c a t i o ~  o f  ceramic 

eutectics may y i e l d  new composi t e  materials (e.g., Zr02-A1 wi th  

unique properties. Most o f  the materials o f  i n te res t  would require 

high temperatures [s  3000 C (5400 F)]. 

3.4.4 Pur i f i ca t ion  o f  Ceramic Material by Containerless D i s t i l  l a t i o n  

This method has been ~uggested previously f o r  the pur i f i ca t ion  of 

metals. The same arguments are va l i d  f o r  ceramic material as well .  As 

wi th  most pur i f i ca t ion  techniques practiced i n  1-G, the use o f  a container 

introduces measurable amounts o f  contamination. Other associated problems 

which can be investigated are the proctssing o f  high temperature container- 

less ceramic melts and methods o f  separating d i s t i l l i n g  phases f r o m  the 

me1 t . 
3.5 METALLURGICAL PROCESSES 

3.5.1 Formation o f  Thermosetting Al loys 

Thermosetting a1 loys are i n t e r m t a l l  i c compounds formed i n  a mixture 

o f  high me1 t i n g  point  sol i d  meta l l i c  par t ic les  i n  a lower me1 t i n g  po in t  

l i q u i d  metal (e.g., the amalgam fornied f r o m  a mixture o f  so l i d  s i l v e r  i n  

1 i qu id  mercury used f o r  $?..ntal restorat ion). Certain classes o f  these 

a1 1 oys are d i  f f i c u l  t t o  produce i n  1 -G because the process i s  sensit ive i 

to  the d is t r ibu t ion  homogeneity ( e.g., gal 1 ium compounds). Proper 1 
I 

dis t r ibut ions may be possible only i n  low-G. 



3.5.2 L iqu id  Phase S i n t e r i n g  

Precessing of 1 i q u i d  phase s intered (LPS) compacts i n  low g rav i t y  

has been proposed w i t h  the ob jec t ive  o f  overcoming present l i m i t a t i o n s  on 

LPS compacts processed on Earth. Effects o f  gravity-induced s e t t l i n g  and 

convection i n  the 1 i q u i d  phase w i l l  be much smaller i n  space, a l lowing a 

more uniform d i s t r i b u t i o n  o f  par t ic les .  

3.6 PHYSICAL PROCESSES I N  FLUIDS 

3.6.1 Study o f  Quantum E f f e c t  i n  Superf lu id Helium 

These are basic research experiments i n  the physics o f  f l u ids  w i th  

no i w e d i a t e  appl icat ions i n  the near future. The i n t e r e s t  l i e s  i n  study- 

i ng  the propert ies o f  super f lu id  he1 ium i n  the absence o f  container wal ls.  

For example, super f lu id  he1 ium drops can be suspended i n  low-G f o r  the 

purpose o f  observing the formation a f  quantized vor t ices.  

3.6.2 Bubble Nucleation i n  a Superheated L iqu id  

Two experimenral arrangements are o f  i n t e r e s t  f o r  the study of bubble 

nucleat ion i n  a superheated l i q u i d  i n  low-G: nucleat ion on t reated and 

on pol ished t rans fe r  surfaces, and nucleat ion i n  a superheated l i q u i d  bu lk  

during depressurization. The l iquid-vapor phase change i s  af fected by 

g rav i t y  w i t h i n  c e r t a i n  1 i m i  ts .  For example, volume energies depend on 

the density d i f ference i n  the presence o f  gravi ty .  The e f f e c t  o f  g rav i t y  

can be studied by varying the G-level. 

3.6.3 Study o f  Heat and Mass Transfe i n  Liquids 

Although the ~ o n t r i b u t i o n  t o  heat and mass t rans fe r  i n  l i q u i d s  from 

gravi ty-induced convection can be taken i n t o  accol ' i n  mathematical 

models, the models are not  subject t o  t e s t  a t  1-G. Comparison o f  models 

w i th  data taken a t  low-G may r e s u l t  i n  more deta i led  knowledge o f  molecu- 

1 a r  motions and non-buoyancy-driven flows, I n t e r e s t  has been expressed 

i n  measuring heat t rans fer  coef f i c ien ts  i n  1 i q u i d  metals and i n  water, 

3.6.4 Study o f  Yon-Buoyant Flow Convection 

The understanding o f  non-buoyant f low convection w i l l  be i m p o r t ~ n t  

i n  near ly  a l l  experiments i n  low-G invo l  vfng f l u ids .  What i s  s p e c i f i c a l l y  

re fer red t a  here are flows a r i s i n g  from surface tension var iat ions,  volume 



changes due to thermal expansion and pressure varfations, and other effects 
not d i rect ly  related to  externally applied forces from position control 
apparatus . 



4. EXPERIMENTER QUESTIONNAIRES 

4.1 APPROACH 

I n  the  MS/MS study an anniysis o f  representat ive experimental 

a c t i v i t i e s  l e d  t o  a c o l l e c t i o n  o f  funct ional  requi rements based upon 

the ant ic ipated nature o f  such R&D e f f o r t s .  These requ i re  review and 

updating as the user comnunity m t inues  t o  develop and zs experhent  

d e f i n i t i o n  SR&T a c t i v i t i e s  proceed. A number o f  SPA SR&T e f f o r t s  were 

i n i t i a t e d  by MSFC dur ing the 1972-3 t ime frame, and such act !v i t ies and 

p r i nc ipa l  invest igators (NASA and contractor)  provide a base o f  in format ion 

t o  be explored. I t  i s  inpor tan t  t o  es tab l ish  a dialogue between the  

load planning a c t i v i t i e s  and the  user comnunity t o  assure t h a t  t he  d 

remains responsive t o  the  experimenters ' needs. It was necessary t o  

es tab l ish  a basel ine o f  desired in format ion upon which t o  b u i l d  t h i s  

Pay - 
i s c i p  l i n e  

dialogue, therefore, an Experimenter Quest i  onnai r e  was developed which 

contains many questions regarding the nature o f  an experiment. P l i s t  

o f  the questions used i n  t h i s  questionnaire i s  given i n  Table V I  . 
These questionnaf res were used t o  obta in i n fwmat ion  from peop;e 

who are cur ren t ly  involved i n  research and experimentation i n  th t  various 

RLD categories. '(he group tha t  was used as the major source o f  experi-  
menters was composed o f  those people who proposed in-space experimentation 

i n  the Apollo-Soyuz Test Program (ASTP). A 1 i s t i n g  o f  t h i s  group i s  shawn 

i n  Tab1 e V I I .  These experimenters were contacted i n  two ways. F i  r s t  , 
personal interviews were he1 d between some o f  the experimenters and TRW 

representatives. A t o t a l  o f  10 interviews were he ld  and those t h a t  were 

interviewed are marked by an as ter isk  (*) i n  the Table. A t  the t ime of 

these interviews an attempt was made by the TRW representative(.s) t o  

fami 1 i a r i z e  the e ~ p e r i m c r ~ t e r  w i t h  the concepts o f  t he  Shuttle-supported, 

Space Processing Appl icat ions program. During a few o f  these interviews 

questionnaires were co t  co~npleted, bu t  instead the t ime was spent i n  an 

exchange o f  ideas regarding the program i t s e l f .  

Secondly, the quest ionnaire was mailed t o  the people l i s t e d  i n  the 

Table who were incapable o f  being reached f o r  an interview. I n  t o t a l  , 
28 questionnaires were sent out  t o  26 d i f f e r e n t  experimenters. 



TABLE V I  

EXPERIMENTER QUESTIONNAjZ 

EXPERIMENTER: 

POSITION : -. 

Of?-JANIZATION: - ---. 
EXPERIMENT TITLE: - 
INTERVIEWER: - 

1. B r i e f l y ,  what i s  the general nature o f  your exper-iment? 

2. What benef i ts  w i l l  be achieved by doing t h i s  experiacnt ( i  .e., 
i s  there a product o r  process b e i t q  devcloped)? 

3. LOW Gravi t y  Considerations : 

I n  what manner does the cond i t ion  o f  low gs ; v i t y  a f f e c t  the 
experiment? 

What G-1 eve1 i s  acceptabl e? 

What length o f  t ime i s  needed i n  a low g rav i t y  ev i ronment  
t o  f u l f i  11 your goals? 

What deleter ious e f fec ts  would r e s u l t  i n  the event t h a t  an 
accelerat ion spike occurred during the running o f  your experiment? 

What G-level could be to le ra ted  during a spike and f o r  how long? 

(Optional) Have you thought o f  any 1 i m i  t s  and contro ls  t h a t  
could e l im ina te  an accele\+ation spike occurr ing and i n s r r e  a 
s tab1 e 1 ow gra\ i t y  envi ronrent? 

4. Experiment Operations: 

A. What amount o f  t ime w ~ u l d  you estimdte i s  required t o  p e r f o m  
the experiment? 

B. Give a b r i e f  descr ipt ion o f  the steps involved i n  performing 
the experiment and how long each step w i l l  take. 

C. Which o f  these steps, i f  my, w i l l  be capable o f  belng automated? 

D. Wnat i s  the desired sample volume yol; an t i c i pa te  and what volume 
i s  the minimum acceptable before i t  causes fnva l i da t i on  o f  the 
experiment i t s e l f ?  

Des i red : 

Minimum: 



TABLE V I  (cont'dj 

E. How many experiment wns per mission do you requirs? 

F. Miat variables w i l l  you change i n  each o f  these runs? 

G. What specialized s k i l l s  w i l l  the crew require to  perform tk 
experiment? 

H. W i l l  the craw need any special t raining by YOU? (If so, please 
l i s t ) .  

I. W i l l  i t  be essential that you have real-time contact wi th  the 
crew during the experiment rm time? (If so, during h a t  step(s)?) 

3. Can he follow a previously wri t ten experiment procedure made by you? 

K. How much actual crew time do you thf nk w i l l  be required? 

1. What mximun temperature w i l l  you require fo r  the proper 
running of' the experiment? 

2, How much may i t  vary from t5 is  point  before the experfment 
i s  adversely affected? 

Plus 
Minus 

3. M i l  1 the temperature requirements DC relaxed during the 
non-operating time? 

4. What temperature w i  11 be acceptable fo r  storage of' your samples? 

B. Atmosphere: 

1. What type o f  atmosphere w i l l  you require d u r f n ~  the experiment? 

a. Vacuun 

Iner t  Gas 
Reduci ng 

Oxidizing - 

c. C ther requirements 

C. Radiatf on: 
1. How w i  11 ritdf at ion affect your experiment? 

2. What level w i  11 adversely af fect  the experimertt? 



TABLE V I  (cont'd) 

Equipment: 

A. Whatequfp~entwillyouneedtoperforintheexperiment? 
B. If you haw any par t icu lar  models o r  companies I n  mind, w i l l  

you please l i s t  them here? 

C. Could s i m i l a r q u l p n e n t  item be substi tuted f o r  choices l i s t e d  
fn  "8" above? 

D. Do you knaw the power levels needed f o r  your equf pent  1 i s t e d  
above? What are they? 

Pbs i ca l  Characteristics of Experiment: 

A. Can you give us a rough estimate o f  the w i g h t  requirements t o  
handle your equipment needs ( including everything p u  need)? 

B. Appmximately what volume w u l d  you estimate should be al located 
for your experiment? 

Data : - 
What data w i l l  you need t o  measure md/or record durdng the 
experiment? 

M i l  l you be abl e to  make use o f  an alrtatnated data acquisi t i o n  
o r  control system? 

If sc, how do you want t o  handle the data? 
(Give approximate ti?? period i n  space). 

1. Real time transmit 

2. Store for return 

3. Real time display 

4. On-orbit dun? 

k ' i l l  you bave need o f  s t i l l  o r  motion picture photography o r  
te levis ion monitoring? !If so, during what steps?) 

Uhat benefits would be achieved by analyses o f  the data during 
the experiment run time? 

Safety Consideration: 

A. How do you propose to contain your samples? 

B. Does your experimental materials present any special hazards? 
C. What precautions are necessary to protect the crew and 

equipment i n  the  event tha t  the container broke and the 
contents escaped? 

1. M i  11 your material s be toxic to the crew? 

2. W i l l  your materfals be corrosive to the equipment? 

D. W i l l  the materials be explosive under any conditions? 



,- 
- TARE V I  ( a n t '  d) 

E. M i l l  the materials be - a l e ?  
F. Yhat special handling i s  requ!red ta prevent pmblam arising 

fm the previously wntioned hazards? 

10. A r e  there any special handllng considerations during launch and 
n m t r y ?  



TABLE VII 

CALI FORNI A 

BERKELEY 
University o f  Cal i f o m i  a, Swkeley 

D?. Frank T. Linsren 
with 

Dr. Hubert J. Peeters (Simon Steula I ns t i t u t e )  
"Viscos! cy P r o f i l e  Electrophoresis" 

Northrop Corporate Laboratories 
Dr. Choh-Yi Ang* 

" I n f l  uence o f  Weightlessness on the Imni sc i  b i l  i ty 
o f  Mono tec t i c  A1 1 oy Sys terns" 

LCS ANGELES 

University o f  Cal i fornia , Los Angel es 
Professor A1 f w d  S. Yue* 

and 
Professor Cavour W. Ych 

"Zero-6 Sol i d i f i c a t i o n  o f  NaC1 -Li  F Eutect ic" 

PASADENA 

Je t  Propul sion Laboratory 
Dr .  Taylor Wang* 

"Drop Posit ioning and Gynami cs Experiment" 

REDONDO BEACH 
TIM Systems Group 

Mr.  Jo L. Reger* 
" Imni sc i  b l  e Systems Processing" 

Convaf r D i  v i  s i  on o f  General Dynami cs 
Dr .  Wolfgar3 M. Steurer* 

"Preparation o f  Superconductin? Alloys" 
"Spontaneous Resolution o f  Op tic11 l y  Active 
Compounds under Zero-Gravi ty" 

t 
Contacts made v ia  1 e t t e r  unless marked with ks te r i  sk (*) . 

*Contacted by personal interview. 



TABLE V I I  (mnt 'd) 

n.m -- 
BRIAN 

Texas AbM Uni versi t y  
Dr. W. A. Porters 

"The Effects o f  Zero Gravi t y  on Oxide-Interface 
Stresses i n  S i l  icon" 

HUNTSVILLE 

MSFC Process Engineering Laboratory 
Dr. B i l  i ya r  N. Bhat 

"Surface Diffusion i n  Liquids" 

Mr. t. A. !%emeyer* 
"Tin - Cadmium Eutectir; Ex;er!mentU 

MSFC Astronautics Laboratory 
Dr. Mary Helen Johnston* 

and 
M r .  Rudolf C. Ruff 

Sintering o f  Metal Powders" 

Dr .  R. S. Snyder 
"Electrophoresis Technology" 

MSFC Space Sciences Laboratory 
Mr. T. C. Bannister* 

"Convection, Diffusion and Sol id i f icat ion" 

University of A1 abama i n  Huntsvi l l  e 
Dr. H. U. Walter 

"Seeded, Container1 ess Sol i d i  f i  cation o f  Doped Germani um" 
"Sol i d i  f icat ion Kinetics o f  Doped Germanium" 

Tel dyne Brown Engineering 
Dr .  1. K. Mookerji 

"Liquid Phases Sintered Metal Exper!ment" 

Lockheed M i  ssi 1 es and Spa - - Company . 
Dr .  P. 6.  Grodzka 

"Manufacturing i n  Space Experiments" 

Interand Corporation 
Mr .  R. R. Whymark 

"Metal Foami ng i n  Space" 



TABLE V I I  (cant'd) 

TENNESSEE 

I ?  OAK RIDGE 

Oak Ridge National Laboratory 
Dr. Richard E. Reed 

"Study of Y urface Tension Induced Convection i n  
Encapsulate.. L iqu id  Metals i n  Zero Gravity" 

:I \ ;  ILLINOIS 

NORTH CHICAGO 

Abbott Laboratories, ScientSfic D i  v isions 
Mr. Grant H. Barlow 

"Proposed Experiments f o r  t l le Zero-Gravity Electro- 
phoretic I so la t ion  by NASA of Urokinase Producing 
Human Kidney Cell.;" 

I l l i n o i s  
Mr. 

I n s t i t u t e  o f  Techno1 ogy 
W. B. Crandall 
"Space Manufacture o f  Chal c ~ ~ e n i d e  G I  asses for 
Infrared Optics" 

OHIO - 

Batte l l  e 
Dr. 

Dr.  

Col umbus Laboratories 
S. H. Gelles 
"L iquid Phase Di f fusion Experiment" 

Neal M. Griesenauer 
"Undercool i ng  o f  Materials i n  Space" 

PENNSYLVANIA 

LARGE 

Westinghouse Research Laboratories 
Dr .  R. H. Hopkins 

"Measurement o f  Surface Energy o f  Elements !n the 
Absence o f  Gravity" 

VALLEY FORGE 

General E lec t r i c  Company, Space Science Laboratory 
Dr. R. T. Frost 

"Supercool i ng and Nucl eation" 

Dr .  Dona1 d R. Ul r i c h  
"Aqueous Solut ion Growth o f  Tr ig lyc ine Sulfate" 
"The Seeded-Me1 t Growth o f  Lead Germana t e  (Pb5Ge30., , ) 
E l  ectro-Optic Ceramic Crystals" 



TPBLE V I I  (cont'd) 

MARY LAND 

BETHPAGE 

G r m a n  Aerospace Corporation 
Dr. D. Larson 

wi th 
Professor T. Z. Kattamis (University of Connecticut) 

"Role a f  Convection i n  So l id i f i ca t ion  Processes i n  High 
Coercive Strength Magnets" 

Dr .  Herbert D. K iv l  ign, Jr. 
"Glass Nucleation and Crystal 1 i zation Process 
i n  the Mear-Zero-G State'' 

NEW JERSEY 

HURRAY HILL 

Renssel aer Polytechnic i n s t i t u t e  
Professor Herbert Weide meier 

"Crystal Growth from the Vapor Phase i n  ' Zero-Gravi t y  
Environment" 

MSSACHUSETTS 

BOSTON 

Massachusetts I n s t i t u t e  o f  Technology 
Professor H. C. Gatos 

and 
Professor A. F, W i t t  

"Quant i tat ive Determination o f  Zero Gravity Ef fects o f  
Electronic Materials Processing - Germanium Crystal 
Growth wi th Simultaneous Inter face Demarcation" 

WEST GERMANY 

HEIDELBERG 

Max Planck I n s t i t u t e  f u r  Biochemie 
Dr .  Kurt Hannig, Professor 

"Electrophoresis Experiment - EPE" 



4.2 RESULTS 

A t o t a l  o f  16 completed questionnaires were returned for  

consideration and these are 1 i s t e d  i n  Table VIII. 

The responses received were a l l  i n  the research areas of meta l lu rg i -  

cal processing ( 5 0 % ) ,  physics o f  f l u i d s  (30%) and c rys ta l  growth (20%). 

None were received f o r  experiments i n  g l  ass :echnol ogy , bio log ica l  

appl icat ions o r  f l u i d  chemistry. The data obtained has been compiled 

i n t o  a w t r i x  char t  f o r  ease o f  comparison. This char t  i s  discussed i n  

Section 4.2.1 below. Each o f  the questionnaires were then condensed 

i n t o  short  sumnaries t h a t  are presented l a t e r  i n  t h i s  WWrt under 

Section 4.2.2. 

4.2.1 Data Matr ix  

The data matr ix  shown i n  Table I X  hastbeen organized w i t h  the various 

data parameters 1 i s t e d  v e r t i c a l l y  and experiments 1 i s t e d  ho r i zon ta l l y  
by t h e i r  reference numbers. Par t  o f  the char t  contains items f o r  which 

spec i f i c  values have been estimated by the experimenters. A blank i n  the 

chart  indicates t h a t  e i t h e r  the question was no t  answered o r  t h a t  a value 

i s  no t  determinable a t  t h i s  time i n  the est imation o f  the experimenter. 

The other  par t  o f  tke  chart  incorporates b u l l e t s  t o  ind ica te  a desirable 

i tern whereas a b l  ank indicates the i tem i s  unnecessary. 

The f i r s t  four  data items concern the subject o f  accelerat ion levels.  

The range o f  low-6-levels t h a t  i s  desired i s  from 0.1 G down t o  10.'~ f o r  

pcriods o f  from 0.5 hour up t o  the  f u l l  7 days o f  mission time. The 

maximum ant ic ipated accelerat ion spike t h a t  i s  bel ieved to le rab le  i s  

estimated a t  1 G f o r  a period o f  1 minute, which was specif ied f o r  one 

f l u i d  physics experiment. One w i l l  note t h a t  about ha l f  o f  the experiment- 

ers f e l t  t h a t  t h i s  problem was not  est imative a t  t h i s  time. 

The experiment elapsed times o f  the referenced experiments run from 

6.5  hour t o  the f u l l  7 days. The number o f  experiment runs per  mission 

i s  ant ic ipated between 1 and 12. The number o f  variables t o  be changed 

f r o m  run t o  run are l i s t e d  on the chart  and are referenced i n  Footnotes 

6a-o. Probably no more than four  variables w i l l  be examined during any 

sing1 e experiment. The desired sample volume i s  what the experimenter 
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2 o x i d i z i n g  atmospheres w i l l  be required up t o  l e v e l s  o f  10 MN/m (100 atm) 

depending upon the s p e c i f i c  experiment. The type needed w i l l  be a func t ion  

of the mater ia ls  o f  the capsules and samples and the temperatures to  which 

they w i l l  be raided. During storage, a l l  c f  the examined samples may be 

kept  i n  a normal cabin atmosphere. 

I n  general, the experimenters were no t  s p e c i f i c  i n  naming t h e i r  

equipment needs. The most f requent ly  mentioned i tems were those concerned 

w i t h  r a i s i n g  the temperature o f  the samples -- furnaces, enclosure:., heat- 

e rs  and water baths. Eighty percent o f  the experimenters desi, r =&."!I 

equipment, b u t  i t  must also be observed t h a t  the bulk  o f  the research areas 

considered were i n  metal 1 u rg ica l  processing and c rys ta l  growth. These 

areas do have these requi remen t s  . A1 so re1 a ted t o  hea ti ng requi rements, 

about 30 percent want temperature measurement, i nd i ca t i on  and cont ro l  f o r  

the experiment. Act ive cool i n g  o f  heated samples w t  ; only spec i f i ed  by 

13 percent, and one experimenter c a l l s  f o r  a dewar f o r  1 i q u i d  he1 ium 

storage. 

Two experimmCors (13 percent o f  the responsesj mentioned a need 

f o r  atniospheric COII~I JI  ( i n  the process chamber) and two spec i f i ed  a non- 

contact pos i t i on ing  device. Other ~quipment  mentioned by on ly  one exper i -  

menter each included a mix i  rig un i t ,  accelerometers, force transducers, 

s t i  11 camera, experiment sequencer, o s c i l  1 ator,  power amp1 i f i e r  and cur ren t  

puls ing u n i t .  

By examining these requirements against the 1 i s t  o f  equipment t ha t  
was developed previously by t h i s  study, i t  i s  obvious t h a t  no major, new 

apparatus i s  needed beyond what has a1 ready been ant ic ipated.  Spec i f i c  

models were no t  mentioned by the experimenters, hence, i t  i s  n o t  possible 

to give d e f i n i t i v e  est ihates o f  powers, energies, weights and volumes f o r  

the experiment packages. 

A l l  bu t  two o f  the experimenters expressed a desi re 'o have a data 

acqu is i t i on  and contro l  system avai lable. The desired data t o  be measured 

and/or cont ro l led  i s  shown on the chart ,  the most common being acceler- 

ations, temperatures and times. AL ,ut 30 percent o f  the experimenters 



would 1 i k e  t o  have ava i l ab le  f o r  study and these values range from 
3 3 3 5 cn (0.3 i n .  ) up t o  0.23 m (8  f t e 3 ) .  On the other  hand, the minimum 

acceptable sample *lolume i s  the l z a s t  amount the experimenters fee l  they 
could use and s t i l l  ob ta in  v a l i d  resu l ts .  These values range f r o m  0.2 cm 3 

(0.01 i n e 3 )  up t o  0.03 m3 (1  f t  3). 

The crew time needed i n  a l l  of these experiment areas i s  minimal 

compared t o  the experiment elapsed time. The t ime periods range f r o m  

15 minutes llr, t o  3 hours. I n  a l l  cases the crew w i l l  funct ion wi thout  

special  t r a i n i n g  d i r e c t l y  from the Pr inc ipa l  Invest igator ,  bu t  instead 

w i l l  f o l l ow  a w r i t t e n  procedure o f  the tasks involved. The crew w i l l  
need, however, t o  p rac t i ce  the operat ional check-) i s t  f o r  using any 

automated contro ls  and the data acqu is i t i on  system p r i o r  t o  f l i g h t .  This 

w i l l  probably no t  requ i re  the presencz o f  the P I .  During f l i g h t ,  rea l  

time contact w i t h  the crew w i l l  normally no t  be required unless there i s  

an unant ic ipated malfunct ion o f  the equipment. The P I  may then wish t o  

make ce r ta in  changes i n  parameters i n  order t o  salvage the experiment. 

An example where t h i s  would be espec ia l l y  he! p f u l  would be i n  case a 

detrimental accelerat ion leve l  occurred dur ing a c r i t i c a l  po r t i on  o f  

an experiment. The PI on the ground could then advise the crew person 

what t o  do t o  salvage t h a t  experiment run. I n  the case o f  a sol i d i f i c a i i c : ,  

experiment, i t  may be possible t o  reheat the sainple and begin the cooldown 
phase again. 

Several o f  the data i tems are concerned w i t h  the environmenral 

condit ions o f  the experiment. The maximum operat ing temperature needed 

varies great ly .  The lowest mentioned was $0 C ( 2  1 C) [ lo0  F (' 2 F)] 
f o r  a c rys ta l  growth from so lu t ion  experiment and the highest mcntioned 

was 3500 C (+50 C; -0 C) 16300 F (+90 F; -0 F] f o r  en imn isc ib le  s o l i d i f i -  

cat ion exp-iment. Ambient cabin temperature w i l l  s u f f i c e  f o r  the storage 

o f  samples except I n  one experiment concerned w i t h  the preparat ion o f  

superconducting a1 loys where the storage temperature should be kept 1 ess 

than 16 C(60 F) .  

Several types of  atmospheres must be made ava i lab le  f o r  the e x ~ c r i -  

ments a t  varying l eve l s  of pressure. High vacuum leve l s  have been 

requested for  about ha l f  o f . t h e  experiments examined. Exact l eve l s  were 
no t  general ly spec i f ied  except as "best possib le" .  I n e r t ,  r e d u c i ~ ~ g  and 



expressed a des i rs  fo r  rea l  t ime transmissfon o f  data and 30% desired 

rea l  time d isp lay (a few want both). S i x t y  percent o f  the experimenters 
a lso wanted a l l  o r  p a r t  o f  the data stored u n t i l  r e tu rn  t o  Earth. Twenty 

percent who expressed a desi re fo r  a data acquis i t ion/contro l  system d i d  

no t  specify how the data was t o  be handled, and 30% have need o f  photo- 

graphy o r  t e l  euis ion monitoring. 

It must be re i t e ra ted  t h a t  t i ls  funct ional rsquirements o f  the 

experimenters are  dynamic and ever-changi ng , and a cont inual update muzt 

be maintained t o  insure t h a t  the equipment ava i lab le  f u l f i l  1s the needs 

o f  thc s c i e q t i f i c  community involved w i t h  Space Processing. 

4.2.2 Catalog o f  Quest ionnaire Sumnaries 

Each o f  the Experimenter Qdestionnai res have been condensed i n t o  
shor t  one- t o  three-page-long summaries i n  order t o  e l iminate the 

redundancy o f  l i s t i n g  the questions each time, wh i l e  preserving the 

po in t  of view and, i n  many cases, the actual words of the experimenter. 

The information i s  presented i n  the same l o g i c a l  order as i n  the question- 

nai re.  A l l  o f  the vaiues given are estimates made by the po ten t i a l  

invest igators,  and they are no t  t o  be construed as being d e f i n i  t' ve re-  

qui  rements recommended by TRW Systems Group. These summaries rerresent  

a sampl i ng  of the f ie1 d o f  po ten t i  a1 experiments/experimenters and 

should no t  be construed as being a11 inc lus ive .  

4.2.2.1 Imrnisci b l e  Svstems Processing 

EXPERIMENTER: J. L. Reger 

POSITION : Pro jec t  Engineer 

ORGANIZATION : TRW Systems Group 

The purpose o f  t h i s  experiment i s  t o  process mater ia ls  i n  a low- 

g rav i t y  environment t ha t  have a 1 i q u i  d m i  sc i  b i  1 i t y  gap on earth. The 
bene f i t  o f  producing these mater ia ls  i n  bulk  form i s  t o  obta in mater ia ls  

t h a t  have potent i  a1 l y  unique physical and e l e c t m n i c  propert ies. This 

i s  no t  possible on ear th since g r a v i t y  causes densfty d i f ferences and 

concommi t a n t  segregation. The 1 ow-gravi t y  dnvi ronment o f  space a1 lows 

these e f fec ts  t o  be suppressed. I t  i s  desirable t o  have an accelerat ion 

l evel o f  1 o - ~  G y  howvery  a 1 evel o f  1 om4 G would be acceptable. Experi - 
mental l y  , i t has been found t h a t  cool i ng the ~ rocessad  materi  a1 to i t s  



s o l i d i f i c i i t i o n  p o i n t  id the slowest possible r a t e  enhances the ? i s -  

persion. Cooldown rates on the order o f  1-60 C/mi r !  (2-108 Flmin) ;re 
desirable, I f  an accelerat ion spike shout d occur a f t e r  processing i,?d 
during cooldown (before so l  i d i f i c d t i o n  occurs), i t  would tend to  enharice 

segregation. Cool $own t V e s  must be 1 im i  ted  t o  periods when no body 

forces are imposed upon the spacecraft. 

The amount o f  t ime necessary t o  perform the experiment i s  from 

2 hours up to  25 hours. The va r ia t i on  occurs because of the change i t ,  

cooldowr; times. The steps invo l  ved are as f l l l o w s  : 

Heating mater ia l  t o  l iquefac t ion  0.75 hours 

Process the ma t t r i a l  s w i  t h i l  the 

consul a te  temperature range w i t h  

acoust ic o r  electromagnetic m i x i ~ g  0.25 hours 
Cooldown t~ s o l i d i f i c a t i o n  1-24 hours 

Cool down w i l l  be slower f o r  glasses and fas te r  f o r  metals. P;1 
of the steps may be automated. The crew w i l l  not  requi?e any special  

t ra in ing,  bu t  w i l l  f o l l ow  a standardized procedure o f  the tasks. 

The desi rable sample s ize  i s  1009 (3.6 oz); however, the experi-  

ment can be processed w i th  as 1 i t t l e  as 3 g  (0.' oz). Each experiment 

w i l l  consis t  o f  12 sanples being heated* t o  a cormion temperature. The 
variable a1 tered w i l l  be the ccoldown time, which w i l l  be changed a f t e r  

each se t  o f  three samples are run. 

Depending upon the a1 1 oy being processed, the maximum temperature 

needed w i l l  be between 200 C (390 F) and 3500 (6300 F). The :.ariation 

from the s e t  po in t  t h a t  can be to le ra ted  i s  not  present ly known. During 

non-operati ng times and storage o f  samples the temperature requi rement 

w i l l  be relaxed to  ambient room temperature of about 25 C (77 F). 

3epending upon the p a r t i  cul a r  2 1  1 oy being processed, various types 

of  atmspheres w i l l  be required: i n e r t ,  reducing, ox id iz ing.  The 
7 2 pressure needed rill range between lo5 - 10 N/m (1 - 100 am)  

There are n9 r e s t r i c t i o n s  during storage periods. 

The equipment items needed t o  perform t h i s  experiment are: low 

g rav i t y  cool i n g  apparatus, heai ing apparatus, a c ~ u s t i c  mixer, 



electromagnetic mixer , temperature indicator, non-corrosi ve containers, 

accal enneter, waste cool ant col 1 ector  and experiment sequencer. A1 1 
of these items are c i .m rc i a1 l y  available. The items required f o r  the 

experiment should weight on the order c f  100 kg :220 I b )  miniam. The 
3 3 assembly envelope should not require a voltme over 1 m (35 ft ). 

A data a q u i s i  t i on  and control system w i l l  be needed t o  measure and 

record time, temperature a ~ d  acceleration level .  The en t i re  data accunr- 

l a ted  w i l l  be stored for return to  earth. Rwl time display w i l l  be 

desired a t  the star tup and end o f  the experiment which w i l l  consist o f  

about 5 percent o f  the t o ta l  time. It i s  not act ic ipated tha t  there 

w i l l  be any naed f a r  photography or te lev is ion moni tor ing; however, i f  

a need should ar ise f o r  it, i t  w i l l  be minimal. I n  some cases i t  might 

be wise to  consider m i n i a l  analysis of the data i n  order t o  guarantee 

the proper performance o f  the experiment. 

The samples w i l l  be encapsulated by i n e r t  metals or ceramics. This 

experiment does pose cer ta in  special hazards. F i r s t  o f  a l l ,  due t o  the 

high tenperatures achieved during processing, there i s  the hazard o f  the 

cren being burned o r  cer ta in  equipment being damaged should the samples 

escape during p-mcesstng. A1 so, certa in heavy metals would be tox ic  t o  
the crew. These hazards can be prevented by providing a sc xndary en- 

c l x u r e  f o r  the more hazardous materials and f o r  the high temperatures. 

There ssfiples w i i l  not  require any special hand1 ing during launch 

and reentry. 

4.2.2.2 Preparation o f  Superconduct!ng A1 loys 

EXPERIMENTER: D r .  Wol f gang Steurer 

POSITION : Engineering Staff Special i s t  

ORGMIZATIOid : General Dynamjcs - Convai r D i  v i s i o ~  

This i s  a low-G a l loy ing experiment t h  purpose o f  which i s  tc 

produce advacced niobium and vanadium based binary, ternary and 

quarternary slrperronducting a l loys w i th  t rans i t i on  temperatures above 

21 K. I f  st;ccessful, these al loys w i l l  have a wide spectrum o f  app l i -  

cations i n  e lec t r i ca l  equipmnt and pwer  transmission. This w i l l  resul t 

i i7 power conservation by the substantial reduction o f  power losses during 

transmi ssion. i 



The condition o f  low gravity provides two benefits f a r  th is  

experiment. Since accelerations cause these pirrt icul a r  a1 loys to fom 

microsegregations, the condition o f  low gravity w i l l  e i ther reduce o r  

e1imi:late th is  problem. Also, i n  order t o  produce these alloys on earth, 

orie must acquire specially desiged equipment i n  order to reduce the 

gravit:, effects. This equipment is ,  o f  course, very expensive. i n  

space, however, one natural ly has the low-gravity condition so that  the 
use o f  conwercially available gear w i l l  greatly reduce the costs i n  th i s  

area. 

It i s  anticipated that an acceleraticn level o f  l o 4  6 w i l l  be 
required fo r  approximately one hour f o r  each experiment. I t  i s  desired 

t o  have three runs per mission ( fo r  ten missions). This low gravi ty 

requirement must be f u l f i l l e d  during the ent i re : iquid state period. 

Acceleration spikes up t o  6 can be tolerated fo r  up t o  30 s m d s .  

Any th 
able. 

eight 

ng greater th2n th is  level o r  f o r  longer periods w i l l  be unaccept- 

The time period fo r  the running o f  th is  experiment should be about 

hours. The crew person (electmnechanical technician) w i l l  be 

needed f o r  approximtely three hours. A breakdown o f  the steps involved 

and approximate times invol red for  each are as f o l  lows: 

Apparatus preparation 1.0 hour 

Sample ins ta l la t ion  1.5 hours 

Apparatcs checkout 1.0 how 

Heating 1.0 hour 

A1 1 oyi  ng 0.5 hour 

Cool i ng 2.0 hours 

Sample removal and cleanup 1.0 hour 

The technician w i l l  not need special training, but w i l l  simply 

follow a previausly wri t ten experiment protocol. Much o f  the experiment 

operations w i l l  be automated, namely, the heating per40ds, a1 l o y i  ng 

times and cool ing rates. 

It i s  desirable to  run the experiment with a sample size o f  
3 3 1000 cm (60 i n  ) ; howves, the minimum that could be accepted i s  about 

200 cm3 (12 in3). 



Depending Ypon the part icular percentage of the constituent ele- 

m t s ,  the saximm terperature required w i l l  be betwecr! 1700 C (3100 F) 
and 2400 C (4350 F). Deviation fm the chosen value should not exceed 

+I50 C (270 F) o r  -25 C (45 F). Exceeding these l i m i t s  during al loying 

would invalidate the experinent. The sarples w i l l  ned to be stored a t  
a temperature below 16 C (61 F) maxinm value. 

During the experiraent operations, an i ne r t  gas (argon) atmosphere 
2 w i l l  be r e q ~ i r e d  a t  a level o f  150 kN/m (1.5 am). There are no 

requiments during non-operating tiam. 

The equipment needed to perfam the experiment are: radiation 

heating furnace, teqerature recorder, argon atnros~here control 1 er  and 

ei ther a sample capsule ( f o r  7CX o f  the experilaents) o r  containerless 

p s i t i o n  control device ( f o r  30% o f  the experimnts). It i s  roughly 

estimated that the weight required f o r  the apparatuses i s  about 70 kg 

(150 Ib). The corresponding assenbly envelope i s  estimated a t  0.03 m 
3 

(1.0 f t3 ) .  

There w i l  i be a need to make use o f  an automated data acquisi t i ~ n  

and control system to record the tenperaturn, timc, argon pressure and 

acceleration level during the G s m s i t i v e  ti= periods. An estimate of 

the time required fo r  acquisition/contml i s  4 hours w i t h  1.5 hours of 

real time display required. I f  i t  were fcund by analysis that an 

accelerati on spike occurred, causing inval idat ion o f  the experiuent, 

the sample could bc reprocessed pr io r  to return to earth. Thi s would 

save the t'w involved i n  returning a bad sample and waiting to repeat 

the experiment on a subsequent mission. 

The sample materials pose iW hazards to the crew or  equipment 

while i g  the so l id  f o n .  The furnace enclosure used should be o f  s ~ c h  

design that, if the sample capsule bmh- or  containerless posit ion 

control fai led, the molten material could not escape in to  the cabin. 
3 3 This design should be consistent with brinsing a 1000 an (60 i n  ) sample 

to 2400 C (6350 F). 

  he only special hand1 ing required during 1 aunch and reentry i s  t o  

store the sample a t  a temperature below 16 C (61 F). 



4.2.2.3 S ntaneous Resolutfon o f  Opt ica l ly  Actlve Comwunds Under 
e t r a v l  tu 

EXPERIENTER: Dr. Wo1 fgang Steurer 

POSITION : Engineering S ta f f  Special i s t  
ORGANIZATION: Gsneral Dynamics - Convai r Division 

The nurpose o f  t h i s  experiment i s  t o  produce sample quant i t ies 

o f  o p t i c a l l j  act ive canpounds by selective c rys ta l l i za t ion  a t  seed 

crystals from a soiution. The loqg range goals are to  produce cer ta in  

pharmaceuticals i n  quanti t ies and degree o f  perfect ion not attainable 

on Earth. 

The reason for doqqg the experiment i n  space i s  t o  provide a low- 

gravi ty envi ronrnent whish nil 1 e l  iminate convective disturbances a t  the 

crystal1 i za t ion  s i tes  and w i l l  e l  iminate sedimentation. I t  i s  estimated 

tha t  a period o f  one hour per experiment rUn i s  required under a stable 

low-gravity environment. This w i l l  be during the heating and cooling 

steps. T ransient acceleration peaks w i l l  abuse the product's perfect ion 

but w i l l  not inval idate the resul ts. 

I n  t o ta l  , one experiment ru;l should 1 ast  1.5 hours. The steps t o  be 
fol lowed a= 1 i s ted  below: 

Sample ins ta l  1 a t ion 10 minutes 

Heating 15 minutes 

Cool i ng 45 minutes 

Sample recovery and storage 20 minutes 

A1 1 of these steps may be automated. A crew person w i l l  be needed f o r  
approximately 20 minutes per run. No special t ra in ing  w i l l  be required, 

and a previously wr i t ten experiment procedure o f  the tasks w i l l  be 
fc11 owed. 

3 3 The sample volume desired i s  250 cm (1 5 i n  ) , but the experiment 
3 can run wi th as l i t t l e  as 30 cm (1.8 in3). It i s  desired to make f i v e  

runs having four samples per run, varyi ng the temperature wi th each run. 

The maximum temperature needed f o r  t h i s  experinient w i l l  be 200 C 

(390 F);  however, nost runs w i l l  not be over 95 C (200 F ) .  The *era- 
ture should not f luctuate but should ?main withi-.  + - 1 C ( 2  '). .,... 2 ? 1 ~  



storage times, the samples should be kept about 25 C (80 F). 
4 

Sfnce t h i s  experiment u t i l i z e s  a sealed capsule, there are no 
atmospheric requirements . I n  regards t o  rad ia t ion ef fects,  presently 

? 

defined materials ?re not  affected; however, some future ones may be. 3 
t 

The apparatus needed t o  perform th is  experiment i s  qu i te  simple. t i 

The major i tem i s  a water bath tha t  i s  self-contained, involv ing only 9 

f l u i d  systems control.  I n i t i a l l y ,  water temperatures t o  95 C (200 F) 
? 

w i l l  be required. The e l ec t r i ca l  energy needed t o  perform each run o f  3 3 
four samples w i l l  be approximately 0.5 kW. The weight o f  the experiment 4 r 

I 

package, including a l l  service f lu ids ,  w i l l  be about 15 kg (33 lb ) .  Z 

3 3 This w i l l  consist o f  an assembly envelope o f  about 0.06 m (2  ft ). 

Dur rng the performance of t h i s  experiment, i t  w i l l  be necessary 

to  u t i l i z e  a data acquis i t ion and control system t o  record and control 

the temperature versus time and G-level versus time. A l l  o f  the data 

w i l l  be s b r e d  f o r  return to  earth. Also, a means o f  making s t i l l  

photographs during the experiment operations i s  desired. 

The samples w i l l  be enclosed i n  special ly  shaped glass am~;ules. 

The experimental materials present special hazards i n  some cases. Some 

materials w i l l  be tox ic  to  the crew; therefore, i f  the sample ampoule 

should break while i n  the water bath apparatus, tha t  apparatus should 

be sealed shut t o  prevent the sample material f r o m  escaping. This, of 

course, w i  11 prevent the cont i  nuance o f  the ex;eriment. 

During 1 aunch and reentry the only special hand1 ing  considerations 

involve the storage of the sample a t  the appropriate temperature of less 

than 25 C (XI F).  

4.2.2.4 Crystal Growth i n  Zero Gravity 

E X P E R I G T E R :  Dr .  M. D. Lind 

ORGANIZATION: North Americen Rockwell Science Cetiter 

The purpose o f  t h i s  experiment i s  t o  grow crystals from aqueous 

solut ion tha t  are d i f f i c u l t ,  o r  impossible, t o  gmw on Earth. Su l f ide 

crystals w i l l  be o f  use as semiconductors, ca l c i t e  crystals w i l l  be o f  

use i n  optic5 and ha1 ide crystals w i l l  be used for opt ica l  and electr l 'cal '3 -.% 
...t 

applicat ior~s. A t  the beginning, emphasis w i l l  be directed toward the .* 



growth o f  sul f i d s  crystal  s , u t i l  I zing the fo l lowing reactions : 

~ d + ~  + s - ~  - CdS 

~ n + ~  + s - ~  - ZnS 

The reascn f o r  choosing these par t i cu la r  reactions i s  th?.t, on 

Earth, these materials ar(? only s l i g h t l y  soluble i n  watcr which causes 

the products t o  prec ip i ta te  ou t  o f  solut ion too fxt to allow the growth 

o f  large crystals. This i s  due t o  the convection forces and gravi tat icr la l  

fwces tha t  cause rap id  mixing o f  the two solutinns artd s e t t l i c g  o f  the 

preci p i  tated powder. 

I f  one performs t h i s  experiment i n  space, the previously menttoned 

ef fec ts  can be eliminated. As the crystals are grown i n  the solut ion, 

they w i l l  not se t t l e  out, but w i l l  remain suspended al lowing growth o f  

large crystals. I t  i s  not known, a t  present, what leve l  o f  gravi tat ional  

accsleration w i l l  be required (o r  to1 erated) . Acceleration spikes may be 

tolerated for  short periods i f  they occur perpendicular to the d i rec t ion 

o f  dif fusion. If they occurred para l le l  t o  tha t  direct ion, i t  would 

cause rapid mixing o f  the reactants and introduce deleterious e f fec ts  

such as those that  occur during convection. 

The experiment w i l l  run f o r  between 24 hours and 7 days. The 

procedure fol 1 owed w i  1 1 be as f o l  lows : 

Unstow sampl e reactors 0.1 hour 

Attach reactors t o  supports 0.1 hour 

Open valves 0.1 hour 

Crystal growth 24 - 125 hours 

Store sampl es 0.1 hour 

These steps are very simple and w i l l  not require automation 

The technician w i l l  be able t o  fo l low a short wr i t ten  pmcedure o f  

the tasks. 



The process takes place i n  the fo l low ing type of  container 

( reactar)  : 

- -  -INSERTION PORTALS 
I#a*-r.* 

The reactant so lu t ions  are kept i n  the two end sections o f  the  

reactor,  and the center compartment contains pure water. When the 

experiment i s  ready t o  begin, the r a l  ves are opened thereby allow: ng 

the reactants t o  d i f f u s e  toward each other. Crystals w i l l  begin t o  

grow i n  the centra l  compartment e i t h e r  by autonucleation o r  on a seed 

c rys ta l  t h a t  has been inser ted  previously.  

I t  i s  desi rable t o  process as many sample reactors per miss;on 

as possible (about s i x ) ,  b u t  i t  would be acceptable to f l y  on ly  one. 

There are a number o f  var iables t h a t  w i l l  be changed i n  the sample 

reactors. These are: the reactants, the concentrations o f  the reac- 

tants, the pH of the water and the reactor  shape ( l a t e r  i n  the program). 

The major advantage i n  performing t h i s  type o f  c rys ta l  growth 

experiment i s  t h a t  there are no h igh temperature requirements which 

means there are no power requirements. The i n i t i a l  experiments w i l l  be 

processed under ambient cabin temperatures o f  20-25 C (68-77 F) .  La te r  

on i n  the program i t  may be desi rable t o  process some samples under 

s l i g h t l y  h igher  temper~+ures o f  up t o  40 C (104 F). This w i l l  come about 

when we begin to  process reactants t h a t  have a greater c rys ta l  growth 

r a t e  a t  a higher temperature. It w i l l  then be necessary t o  keep the 

temperature se t  w i t h i n  about f 1 C ( 2  F) . Af ter  the c rys ta l  growth h-:. 

been compl eted, there are  no p a r t i c u l a r  temperature requirements. 

Very few pieces o f  apparatus w i l l  be needed f o r  t h i s  experiment. 

The sample reactors w i l l  be furnished as carry-on equipment. A s t i l l  



camera w i l l  be needed t o  photograph the  crys ;a1 growth a t  regu lar  i n t e r -  
vals. There must be, o f  course, same s t ruc tu ra l  device i n  which t o  

at tach the  sample reactors. 

The volume o f  each sample reactor  w i l l  be approxfmately 5 cm 
(2  i n )  by 5 cm (2  i n )  by 20 cm ( 8  i n )  o r  500 cm (32 in3) .  The storage 

compartment f o r  each sample reactor  w i l l  be s l i g h t l y  larger ,  about 7.5 cm 

(3  i n )  by 7.5 cm (3 i n )  by 23 cm (9 i n ) ,  o r  1294 an3 (81 in3).  Each 

sample reactor  w i l l  weigh about 600 g (1 $ 3  1 b) and each compartment about 
250 g (0.5 l b ) .  

The on ly  data t o  be recorded w i l l  be process time. 

The mater ia ls  used i n  t h i s  experiment w i l l  be chosen so t h a t  they 

w i  11 be non-toxic t o  the crew and non-corrosive t o  the equipment. 

I n  case there i s  a f rac tu re  o f  t he  sample reactor, the contents 

would escape causing a nuisance. It i s  therefore desirab, ; f o r  them to  
be attached w i t h i n  7. .  enclosure dur ing process. 

These samples w i l l  need no special  hzndl ing during launch and re-  

entry.  A f t e r  the c rys ta l s  are grown, they are s u i t e  sturdy. 

4.2.2.5 Zero-G S o l i d i f i c a t i o n  o f  NaC1-LiF Eutec t ic  

EXPERIFIENTER: A l f red  S. Yue 

POSITION : Professor 

ORGANIZATION: Un ivers i ty  o f  Ca l i fo rn ia  a t  Los Angeles 

The purpose o f  t h i s  experiment i s  t o  prepare a f i b e r - l i k e  eu tec t i c  

w i t h  continuous f ibers i n  the matr ix .  Also, i t  i s  desired t o  measure 

the re levant  sol  i d  s t a t e  proper t ies of the  eutect ic .  A t  the present 
time, studies are being d i rec ted  towards a NaC1-LiF eutect ic ,  bu t  by the 

time of the Shuttle-Spacelab f l i g h t s  o ther  eu tec t ic  combinations w i l l  

probably be o f  i n te res t .  

A t  the present time i n  the medical f i e l d ,  i t  i s  d i f f i c u l t  t o  

d i  agnose ce r ta in  i nternal  disorders due t o  inadequacies i n  X-ray tech- 

niques. It i s  desired, therefore, t o  develop f i b e r  op t ics  f o r  i n s e r t i ~ n  

i n t o  the body t o  observe the disorder.  The development c f  ce:.hin 

f iber-1 i ke eutect ics w i l l  be u t i l i z e d  i n  medical appl icat ions f o r  such 

image transmission. 



On Earth, due t o  g rav i t a t i ona l  and convecti ve forces, i t  i s  

impossible t o  produce these f i b e r s  of the desired length. I n  space, 

however, these detr imental  forces w i l l  be g rea t l y  reduced o r  e l iminated 

and f i b e r s  w i l l  be grown o f  greater  le , iq ths.  I t  i s  an t ic ipa ted  t h a t  the 

process w i l l  be possib le w i t h  g rav ih t f  ional forces between 0.1 - 0.4 G .  

Any accel e ra t i on  sp i  kes woul d destroy the  cont i t rui  t y  o f  the growing 

f i b e r s  and must be avoided dur ing the e n t i r e  process time. 

The sample mater ia l  w i l l  be conk. ined w i t h i n  an ampule o f  about 

13 mm (0.5 in . )  i n  diameter by about 15 cm (6 in.)  i n  length. I t  i s  

desired t o  process 6 ampoules per mission. Several var iables w i l l  be 

changed w i  t h i n  the ampoules: impur i ty  content, sol i d i f i c a t i o n  rate,  

l eve l  o f  convective currents and the temperature gradient.  

The process w i l l  consis t  of the fo l low ing steps: 

Uns tow sampl e ampoul e 0.1 hour 

Attach t o  supports 0.1 hour 

Heat-,up 1 hour 

Cool down 5-7 hours 

Remove Ampoul es 0.1 hour 

Store Samples 0.1 hour 

The e n t i r e  experiment w i l l  take about 6-8 hour:. It w i l l  be 

possib le to automate the heat-up and cool down phases o f  the experiment. 

The crew person w t l l  need no special s k i l l s  t o  perform the dut ies, b u t  

w i l l  merely f o l l ow  a w r i t t e n  procedure. This t o t a l  involvement w i t h  

the experiment w i l l  be about 0.5 hour. 

I t  i s  an t ic ipa ted  t h a t  the temperatures w i l l  range up t o  about 

950 C (1740 F) 2 10 C (18 F).  During the non-operating t ime there are 

no special  temperature requirements as long as i t  i s  below the me1 t i n g  

p o i n t  o f  the eutect ic .  

I t i s  desi rable t o  perform the experiment i n  a vacuum atmosphere 

a t  the h ighest  l eve l  ava i lab le  i n  the laboratory. 

Radiation w i l l  no t  a f f e c t  t h i s  experiment a t  a l l .  

The equipment needed t o  perform t h i s  experiment i s  as fo l lows:  

mu1 ti -purpose furnace, vacuum system, temperature measurement and 



contro l  (thermocouples) and a cool ing device. None o f  these i terns n i l  1 
need t o  be spec ia l l y  developed. The t o t a l  volume o f  the experiment i s  

3 estimated a t  about 0.06 m3 (2  ft ) and should wi ign about 9 kg (20 1 b).  

The data to be recorded w i l l  be temperature, cool i n g  r a t e  and 

G-level . This can be accomplished by using an automated data acqui- 

s i t i o n  and cont ro l  system. I t  w i l l  be necessary t o  s to re  the e n t i r e  

data f o r  re tu rn  t o  Earth. 

The mater ia ls  t o  be processed w i l l  be chosen so tha t  they wf 11 not  

be tox i c  t o  the crew o r  corros ive t o  the equipment. 

These m t e r i  a1 s w i l l  requ i re  no specizl  hand1 i n g  dur ing 1 aunch 

and reentry.  

4.2.2.6 Drop Posi t i o n i n q  and Dynamics 

EXPERIMENTERS: Taylor Wang, Me1 Saffren, Dan El leman 

POSITIONS : Senior Sc ien t is t ,  Science S ta f f ,  Supervisor, respect ive ly  

ORGANIZATION : J e t  Propulsion Laboratory 

The purpose o f  t h i s  experiment i s  t o  perform unique, dap-dynamics 

experiments i n  a weightless environment and t o  develop an acoust ic? l  

method f o r  c o n t r o l l i n g  and pos i t ion ing  l i q u i d s  i n  space. This w i l l  lead 

t o  the development o f  a pos i t i on ing  devicz f o r  Space Processing t h a t  w i l l  

form and cont ro l  me1 t s  under weightlessness. Also, i t  w i l l  lead t o  a 

manipulation device f o r  drop dynamics and super f lu id  drops. The very low 

G-levels o f  space (around ti) are absolute ly  necessary f o r  the suc- 

cess o f  the experiment. The time needed a t  t h i s  l eve l  i s  antici1)ated a t  

about 0.5 hour o r  longer. The occurance o f  accelerat ion spikes up to  

lo-' G f o r  time periods o f  0.1 s w i l l  no t  be very serious dur ing the 

experiment run time. 

The whole experiment w i l l  take about 4 hours. The steps tc be 

f o l  1 owed are 1 i s ted be1 ow : 

0 I c j e c t l i q u i d s o r m e l t s .  

o Pos i t ion  bymeanso f  anacous t i ca l  f i e l d .  

s Manipulate by means o f  an acoust ical  f i e1  J. 

The f i r s t  two steps are capable o f  being automated. 



3 I t  i s  desirable t o  have sample sizes o f  0.2 m (8 ft3) , bu t  the 
3 3 experiment can be performed w i t h  as l i t t l e  as 0.03 m (1 ft ). The 

samples w ? l l  be kept i n  a storage tube. A t o t a l  o f  10 runs per mission 

are desired w i th  changes i n  the fo l lowing variables: r o t a t i o n  speed, 
drop size, sample materials.  

The crew w i l l  requi re no special s k i l l s  for  t h i s  experiment and 

during ear ly  experiments i t  may be desi rable t o  have rea l  t ime contact 
i n  case the experiment doesn't go according t o  p lan o r  i f  unanticipated 

phenomena are observed. Total crew involvement w i l l  be about 1.0 hour. 

The temperature range o f  i n t e r e s t  w i l l  be between 0 - 100 C 

(32 - 21 2 F) during experiment operations. During non-operati ng times 

samples should be kept below 100 C (212 F!. Atmospheric requirements 
during experiment operations w i l l  be i n e r t  gas a t  an as y e t  t o  be 

determined 1 evel . There are no non-operating requi rements. 

Equipment needed w i l l  inc lude an o s c i l l a t o r ,  a power amp1 i f i e r  
and an acoustical d r iver .  These w i l l  probably run a t  about 100 W o f  

power. Total weight and volume requirements w i l l  be about 14 kg (30 'I b) 
3 3 and 0.2 m ( 8  ft ) , respect ively. 

A data acqu is i t ion  and contro l  system w i l l  be required t o  measure 
and control  the fol lowing: temperature, frequency, acoustical poder 

1 evel , equi l  l brium shape dnd pos i t i on  of s t a b i l  i ty o f  the drop. The data 
w i l l  be stored f o r  re turn  t o  Earth as wel l  as displayed rea l  time. Also 
needed w i l l  be s t i l l  o r  motion p i c tu re  photography o r  te lev i s ion  moni- 

t o r i  ng . 



4.2 .2 .7  Quant i ta t ive Determination o f  Zero-Gravi ty E f fec ts  o f  
E lec t ron ic  Mater ia l  s Processi nq-Germanium Crysta l  Growth 
w i t h  Simul taneous In te r face  Demarcation 

EXPERIMENTERS: H. C. Gabs and A. F ,  W i t t  

POSITIONS: Professors 

ORGANIZATION: F.lassachusetts I n s t i t u t e  of Technology 

The essence 9 f  t h i s  experiment i s  the quan t i t a t i ve  i nves t i ga t i on  

of growth and segregation behavior (under z e r o 4  condit ions) f o r  the 

systen consis t ing o f  germanium doped w i t h  ga l l ium by using i n te r face  

demarcation by transm! t ti ng per iod ic  current  pul ses across the growth 

in te r face .  The f o l  lowing per t inent  parameters re levant  t o  f u tu re  space 

processing and sol i d i f i c a t i o n  i n  general can be q u a n t i t a t i v e l y  cbtained 

dur ing post-growth analys is  : microscopic growth Pate, growth i n te r face  

morphology and changes throughout the grtwth, quant i  t a t i  Je re1 at ionships 

f o r  segregation on the micro-scale, detevmi nat ion o f  the d i f f u s i o n  

constant f o r  gal 1 ium i n  the ge rman ls  me1 t, quan t i t a t i ve  i nves t i ga t i on  

o f  i n te r face  breakdown i n  the absence o f  c o ~ v e c t i v e  in te r fe rence and 

a thers . 
The basic i n t e n t  o f  t h i s  experimect i s  n o t  t o  produce a "superior" 

n ~ a t e r i a l ,  bu t  t o  perform basic and explcratory research. 

The primary recognized e f f e c t  o f  low g rav i t y  i s  the absence o f  

convection and decreased contamination from i n t e r a c t i o n  w i t h  the con- 

f i n i n g  quar tz  container. Addi t ional  e f fec ts  are an t ic ipa ted  b u t  are 

y e t  t o  be i d e n t i f i e d ;  therefore, they obviously cannot be predic ted a t  

t h i s  time. The acceptable G-level has no t  been d x i d e d ,  bu t  i t  f s 
desired t o  have i t  as close t o  zero as i s  possible. The amount o f  t ime 

needed under these low-G condi t ions i s  estimated a t  3 hours. 

Fop t h i s  i nves t i ga t i on  an accelerat ion s p i t s  would be desi rable 

since i t s  e f fec ts  could be studied i n  d e t a i l .  ( I t  would be a t rans ien t  

e f f e c t  which could be studied since an absolute t ime refwence i s  given 



through i n te r face  demarcation.) There i s  no 1 i m i t a t i o n  on the magni- 

tude and durat ion of the  spike as long as the values o f  such are known. 

The t o t a l  experiment time needed w i l l  be about 4 hours. Actual 

crew time w i l l  be about 15 minutes. A b r i e f  descr ip t ion  o f  the steps 

and crew time involved are as f o l  lods: 

@ I n s e r t i c n  o f  capsule conta in ing 
semi -conductor 5-7 minutes 

@ Turn on furnace 1-2 minutes 

Switch over t o  soaking 1-2 minutes 

@ Turn on coo: dowc cycle 
and demarcation u n i t  1-2 minutes 

@ Shut down 1-2 minutes 

Temperature readings a t  20-minute i n t e r v a l s  are desi rable bu t  are 

not  mandator). Any step a f t e r  the i n i t i a l  sample i nse r t i on  i s  capable 

o f  being automated. I nse r t i on  o f  the sample car t r idge might L: dcne on 

Earth p r i o r  t o  launch. 

This experimen 
3 needed i s  2-3 cm ( 0  

prccess about 7 cm 3 

t involves "regrowth" so the minimum sampl e volume 
2 .01-0.02 i n .  ) .  It would be desirable, however, t o  

3 (0.04 in .  ) .  I t  i s  planned t o  have 3 simultaneously 

performed growth experiments i n  the furnace. The on ly  possib le var iable 

changes w i l l  be i n  the dopant concentr8,tion and chemical nature of the 

do pant . 
The maximum temperature required by t h i s  experiment i s  about 

1100 C (2000 F) , but  the actual f i g u r e  w i l l  depend upon the furnace 
t 

design. I t  may vary f roo  i t s  stated value by - 5d C (90 F). During 

storage and non-operating times, the only  requirement i s  t h a t  i t  be 

held below the me: t i n g  p o i n t  o f  germanium which i s  948 C (1 725 i), 

The subject o f  atrnospher4c requirements i s  s t i l l  under study. 

It i s  ant ic ipated t h a t  the erperiwsnt w i l l  requ i re  e i t h d r  a vacuum o r  

i n e r t  gas atmosphere. During storage there are no :+ecial requi rements. 

ill though there are no deleter ious e f fec ts  from ant ic ipa ted  rad i  - 
a t i on  leve ls ,  i t  w i l l  be desi rable to  know the l e v e l .  

The equipment needed t o  p e r t o m  the experiment are as f u l  lows: 

A modif ied mu1 t i -purpose furnace, current  pul s ing u n i t  (one i s  being 



constructed by Westinghouse) 2nd 3 m i l l u o l  t meter f o r  temperature 

measurement. I t i s  an t i c i pa ted  t h a t  200 2 o f  power w i l l  be requ i red  

d u r i  ng growth w i t h  the  i n t e r m i t t e n t  ( pu l  s ing)  1 oad t o t a l  1 i ng about 

500 W/s. It i s  be1 ieved t h a t  the  equipmetlt w i l  i weigh about 23 kg 

(50 l b ) .  

I t  w i l l  be appropr ia te  t o  make use o f  a  data a c q u i s i t i o n  aad con t ro l  

system. The data needed w i l l  i nc lude  t ime and tempera5ure. 

The sample r a t e r i a l  s w i l l  b contained w i t h i n  a  quartz-ampoul e 
which w i l l  be contained w i t h i n  a  s tee l  jacket .  The t xa te r i a ' ; ~  w i l l  no t  

present any hazards co the crew o r  t o  the equipment. The ma te r i a l s  

requ i re  no spec ia l  hand: i n g  dur ing  1 aunch and reerrtry. 

4.2.2. 8 lvlonotectic and Syn tec t i c  A l l oys  

EXPERIMENTER: Gr. Choh-Yi Ang 

POSITION: Member Senior Technical S t a f f  

ORGANIZATION : Northrop Research & Techno1 o w  Center 

The purpose c f  t h i s  experiment i s  t o  study the  s o l i d i f i c a t i o n  

from the mol ten s  t a te  o f  A1 -Sb (A1 cminum-Ant-imc;:!~) and Pb-Zn ( l ead  . 

z inc)  b inary  systems f o r  the analys is  09 e f f e c t s  o f  near-zero g r a v i t y  

on e i t h e r  the  degree o f  i m m i s c i b i l i t y  o r  homogeneity o f  the s o l i d i f i e d  

"a l l oys " .  Th is  w i l l  hope fu l l y  l ead  t o  the developn~ent o f  p o t e n t i a l  

products w i t h  unique p roper t ies  and also c2w methods o f  synthesis.  

The d i f f e rence  o f  s p e c i f i c  g r a v i t y  between antimoay and aluminum 

i s  about 2.511.0 and t h a t  betweer l ead  and z inc i s  about 1.6/1.0. The 
cond i t i on  o f  low g r a v i t y  may a l l e v i a t e  0;. modify the character  o f  the 

problems o f  immisci b i  I i t y  i n  the lead-z inc a;ld t h e  problems i n  homo- 

geneous compound format ion i n  aluinindm-antimony. It i s  uncer ta in  what 

l e v e l  o f  low g r a v i t y  w i l l  be requ i red  f o r  t h i s  experiment, and t h i z  

cannot be determined u n t i l  the G-level i n  Skylab and the r e s u l t s  o f  

some s i m i l a r  experiinents are known. The low g ~ a v i t y  cond i t i on  w i l l  be 

requi red f o r  a  minimum ~ e r i o d  of  one hour wh i l e  the  ma te r i a l s  a re  i n  the 

mol ten s ta te .  An acce le ra t ion  sp;ke could conceivably r i l i n  the exner i  - 
nient i f  l a r g e  microscopic segregat ion o f  phases occurs a t  the  i n i t i a t i o n  

o f  i d i f i c a t i c n  o f  a  very small sample. The l e v e l  a t  which these 

de le te r ious  eFfects would commence o r  the t ime per iods a l lowable a i  z 



unknown and inde'erminable a t  the present time. 

The t o ta l  time required f o r  the pe r f omnce  o f  t h i s  experlment 

w i l l  be about 8 hours. Tho fol lowing i s  a l i s t  o f  the steps t o  be 

performed f o r  t h i s  work: 

e Heat t~ a temperature of 1100 C (2W0 F) (w i th  
a special ly desig,:ed region a t  850 C (1603 F) i n  
the grzidient zone). 

s Hold a t  temperature f o r  two hours. 

e Cool down passively 

A l l  o f  ikc above-1 i s ted  steps are capable o f  being automated. 

I t  w i l l  be preferred to  have a t  least  3 runs per Spacs Shutt le 

mission. As large as possible a sample volune as the furnace w i l l  
permit w i l l  be u t i l i zed ;  however, the experiment w i l l  run w i th  as 

3 l i t t l e  as 1.0 cm (0.4 in.) .  The samplematerials w i l l  be encapsulated 

i n  quartz and metal ampaules. The m l y  safety hazarl  that  exists i s  the 

very remote possibi l  i ty o f  f i ~  hazard should the mo1 ten metal escape 

out o f  the furnace and cmtac t  a flamnable object i n  an oxygen atmos- 

phere. I n  the various experiment .wns the variables t o  be changed are 

the rate o f  ccrl trol led so l i d i f i ca t i on  and the temperature o f  the nu1 ten 

metal - 

The crew pwson w i  11 be roquired to  have no specialized s k i l l  s t o  

do t h i s  experiment and w i  f 1 fo l low a wr i t ten procedure o f  the tesks. 

There w i l l  be no need f o r  real -time contact wi th the crew provided tha t  

t-eal-time records of f l i g h t  variables versus experiment run time are 

available subsequently. ?t  i s  estimated tha t  not more than 0.5 hour o f  - 
crew time per experiment run w i l l  be required. 

There are d i  f ferent maxim., temperature requirements aependi ng 

upon the binary system being studied. The maximum f o r  the aluminum- 

antimony system i s  1100 C (2000 F) and tha t  f o r  the lead-zinc system 

i s  850 C (1560 F). Allowable variat ions w i l l  be wi th in  a range o f  plus 

10 C (18 F) and ninus 5 C (9 F). 

Atmospneric condition requirements f o r  t h i s  prxedure w i l l  include 
2 both vacuum and i n e r t  gas a t  1 eve1 s o f  1 . 3  d / m i  ( t o r r )  o r  100 kN/m , 

respectively. The same requirements w i  11 ex is t  f o r  both experiment run 



and non-operati ng times. 

The equipment tha t  w i l l  be desired f o r  the era o f  the Space 

Shutt le w i l l  be, not only a larger  (than Slgllab) e l ec t r i c  furnace, but  

a1 so an induction heater and a lev i ta t ion/e lec t ron bean apparatus. I t  . . -. : . .- 
i s  impossible, a t  the present t:me, t o  estimate e i the r  the weight o r  ;. --$ 

volume o r  power requirements o f  t h i s  apparatus. 

It w i l l  be necpssary t o  make use of an automated data acquisition,' 
- .' 

control system f o r  the experiment. The dsta to  be recorded include the f o l -  
lowing: t ime/tmperature records f o r  the experiment and fl i g h t  var i  - 
i b l  es such as v i  brat ionlaccel ei-ation spikes ( i n  real  -time wi th  respect 

t o  the experiment run time). I t  w i l l  be very desirable to have real - 
time transmission o f  the accunuleted data. I n  the case o f  usage of a 

l e v i  tated-electron beam me1 t i n g  system, we w i l l  want t o  have some type 

of photogrdphy i s t i l  1 , motion picture)  o r  te lev is ion monitoring during 

meltinq and the i n i t i a l  period o f  s o l i d i f i c a t i ~ n .  

The hand1 ing considerations that  ex i s t  f o r  th's experimeqt are no 

more special than those for securing any o f  the other types o f  instruments. 

4.2.2.9 The effects of Zero Gravity on Oxide-Interface Stresses i n  
S i  1 icon 

EXPERIMENTER: W. A. Porter 

OffiANlZATION: Texas A & M University 

The purpose o f  t h i s  exper ime~.~ i s  t o  examine the e f fec ts  o f  oxide 

inter face stresses i n  s i l i con .  The ul t imate object ive i s  t o  study the  

f e a s i b i l i t y  o f  sil icon-device processing i n  space. I t  i s  believed 

that  the low -gravi ty processing o f  so l i d  r t a t e  devices v i l l  ivprove 

both the devices themselves and the y ie lds  obtained. 

The condit ion o f  low gravi ty w i l l  reduce convection currer~ts i n  

ambient gas f ro% thermal transients and inhomogeneties as well  as 

gravi tat ional  stresses i n  the s i l  icon material . The 1 eve1 the t w i l l  

be needed f o r  t h i s  work i s  no more than I O - ~ G  average. This low leve l  

w i l l  be requi red for between 5 t o  30 minutes for  eack o f  several speci- 

mens. The occurrence o f  acceleration spikes during the experiment run 

time w i l l  proba5ly have negl ig ib le effects if the leve l  does not  exceed 

10-I G f o r  no mre th r -  a few seconds. 



The experiment w i l l  consist o f  the following procedure. 

a Remove quartz ampoule from container 
and i nse r t  i n t o  furnace 2 minutes 

a Leave ampoule i n  furnace a t  present 
temperature 3-25 minutes 

e Remove ampoule from furnace, cool i n  
ambient, and rep1 ace i n  container 5 minutes 

The t o ta l  experiment w i l l  take, themfore, between 10-30 minutes for  

each specimen. The inser t ion and renoval of the sample ampoules from 

the furnace may be automated by use o f  a clock-driven push-pull 

apparatus. 

A t  1 east s i x  sample ampoules should be processed as a minimum, 

but  twelve would be better. The samples w f l l  be sealed i n  quartz 
2 ampoules wl th a gas fill pressure o f  20 M/m (0.2 atm) o r  less a t  

r o o m  temperature. Ideal ly ,  the quartz ampoules should be cyl i nd r i ca l  

i n  shape wi th dinensions of 4 an (1.5 in . )  i n  diameter by about 8 un 
( 3  in.) i n  iength; however, these dimensions could be reduced 21 half 

these amounts. The variables t o  be changed from sample t o  sample are 

the type of ampour e fi 1 l e r  gas, the furnace tenperature and the time 

i n  the furnace. The crew person w i l l  require no spec i a l  s k i l l s  o r  

t ra in ing,  but w i l l  fo l low a previously wr i t ten  procedure. The t o ta l  

time involvement n i l  1 be less than tic; hours to process a1 1 s i x  samples. 

The maximum operating temperature tha t  w i l l  be reached during 

the experiment w i l l  be 1100 C (2000 F) and a var ia t ion o f  + 25 C 

(45  F) k i l l  be tolerated. During a l l  ~cn-operat ing time periods and 

storage the temperature requirements w i  11 be re1 axed t o  anything 1 ess 

than 500 C (930 F). There are no atmospheric requirerrents since these 

samples w i l l  be contaiced wi th in  the supplied sample ampoci 5s wi th  the 

atmosphere being sealed wi th in  the ampoule. 

The only equipment i tom tha t  must be furnished i s  a cy l ind r i ca l  

furnace capable o f  reaching the desired temperatrlrc! acd d t h  a bore 

b ig  enough t o  hold the sample ampoule. The spec i f ic  mde l  i s  rlot known 

presently; therefore, weight and volume requf rements :atnot be es t i  - 
mated for the equipment. For the quartz ampoules, i n c l  udi;;~ container, 

weight requirements should be about 115 CJ ( 4  oz) each. Volume 



a l l o c ~ t i o n s  fa,. the s i x  ampoules i n  thef r containers should run about - 
7 0 0  anJ (0.25 f t 3 ) .  

There w i l l  be PO need o f  an automatic data acquis i t ion and control  

system here. Data tha t  need to be recorded are the furnace tenperature 

and ti= o f  exposure i n  the furnace. I t  w i l l  prcbably be best t o  simply 

w r i t e  t h i s  data on each anpoule container so as to avoid any mix-up i n  

what i s  required and what i s  suppii&. 

No special hand1 i n g  w i l l  be required during 1 aunch and reentry 

beyond tha t  of preventing the breakage o f  the sample capsuies. 

4.2.2.10 Surface Di f fusion i n  Liquids 

EXPERIMENTER: Dr.  B i l  i ya r  N. Bhat 

ORGANIZATION: NASA-MSFC Process EngineeriaYq Laboratory 

The purpose o f  t h i s  exper im~nt i s  t o  determine the surface d i f -  

fusion coef f ic ients o f  copper on l iqu id  aluninun and cn 1 i qu id  a1 uminum- 

copper eutect ic  c l loy .  The I-nution sought i s  o f  fundamental i m -  

portance i n  tha t  the values have never before been measured. A f t e r  

having been obtained, t h i s  information w i l l  be useful i n  analyzifiq 

problems involved wi th sol i d i f i ca t i on .  

It i s  absolutely mandatory t o  perform these measurements under 

low-gravity cofidi t ions i n  order t o  obtain a suf f ic ient ly  large, undis- 

turbed, free surface under the condi t i o n  o f  one- ,ravi t y  acceleration. 
-4 

He  ill want as low a G-level as i s  possible, p 'er?oly less 10 G. 

A time period o f  1-2 hours i s  needed a t  t h i s  lo.. .:vel. We w i l l  want 

t o  avoid any accelerating forces during t h i s  time period since i t could 

cause convective mixing o f  undesirable magnitude. Acce;erat!on spikes 

l as t i ng  on the order o f  1-2 seconds may not a f fec t  the resu l ts  sub- 

s t a n ~ i a l l y ,  but  t h i s  i s  not known f o r  sure a t  t h i s  time. 

The time required f o r  the whole experiment w i l l  be about two hours. 

The experiment i s  designed to  be performed i n  a mu1 t i - p u r p s e  e l e c t r i c  

furnace. The samples are encapsuled and are introduced i n t o  the furnace 

and me1 ted. The temperature i s  held f o r  one hour arld then the sample i s  

resol i d i f i ed .  Te erature control can be automated i n  the exper iwnt.  

Cyl indr ical  l y  shaped sampl- -artridges are desired to  be 2 m 



(0.8 in.) i n  diameter by 5 cm (2 in.) i n  length wi th  a t o ta l  o f  4 samples 

per certr idge. This requirement can be reduced to 1 an (1.2 in.) i n  

length wi th only 2 samples per cartridge. Using the larger  cartr idges 
w i l l  necessitate only one run o f  three cartr idges per mission t o  process 

12 separate samples. Using the n~inimum sized cart r idge w i l l  necessitate 

more runs per mission t o  accomplish the same goals, o f  course. Variables 

tha t  w i l l  be changed from run to run are the time and temperature. 

Crw par t i c ipa t ion  w i l l  require about one hour, wtich i s  f o r  

noting the time and temperature accurately. No speci a1 ized t ra in ing  

w i l l  be needed for  the performance o f  the i ; w l v e d  tasks. 

The maxirm operating temperature needed i s  anticipated to  be 

800 C (1 500 F) . Variations o f  plus 50 C (90 F) o r  minus 100 C (1 80 F) 

f r o m  the set  po in t  are allowable. During non-operating times there 

are no special temperature requirements. 

A vacuum atmosphere w i l l  be required dur i  ng the running time, and 

preferably an i n e r t  atmosphere during non-operating times. Non-operating 

requirements are not  c r i t i c a l .  

The only equipment requirement tha t  ex is ts  i s  an e l ec t r i c  furnace 

such as tha t  produced by Westinghouse f o r  the Skylab missions; however, 

any type tha t  would function properly would be acceptable. 

A d-:ta acquisit ion/control system can be used t o  record the 

required data: the temperature as a function o f  time. This data my be 

stored u n t i l  return to Earth o r  transmitted real time, whichever i s  best. 

Thew are no special hand1 i ng reqi- i  rements associated w i  t h  t h i s  

experiment . 
4.2.2.11 Study o f  Surface Tension-Induced Convection i n  Enzapsulated 

Liquid Metals i n  Zero Gravity - 
EXPERIMENTER: Dr.  Richard E. Reed 

ORGANZATION: Oak Ridge National Laboratory 

The purpose o f  doing t h i s  experiment i n  space i s  twofold. 

Primari ly, i t  i s  to evaluate the seriousness o f  surface tension--:ndte:ed 

convection i n  metsls under low-gravity conditions. If th i s  turn-, out 

t o  be a substantial problem, one of the previously conceived advantages 



tf in-space manufacturing w i l l  be e l  iminated. A second advantage 

accrued from doing t h i s  experiment i s  the acquis i t ion o f  data regarding 

the lead-gold (Pb-Au) system. I f  i t  i s  found t ha t  convection induce1 

by surface tension i s  v e r i l y  neg l ig ib le  over the range o f  suryace tension 

 variation^ u t i l  i zed, then several crystal  gmwtn experiments become 

pract ica l  tha t  would produce t h i n  crystals o f  e lectronic materials. 

I t  i s  mandatory b perform these investigations i n  space to  
achfeve as low a gravi tat ional  force environment as possible i n  order 

to reduce as much as possible the condit ion o f  gravity-induced con- 

vection. I f  t h i s  ccndi t ion exists, i t  masks the e f fec ts  o f  the surface 

tension-i nduced convection which i s  under study. Gravi tat tonal  accel- 

erat ion levels down to - IO-'G are needed f o r  a period o f  approxi- 

mately 4 hours. Acceleration spikes occurring during the experiment 

could possibly s t a r t  convection i~ the l i q u i d  (other than that  caused 

by surface tension) tha t  would make the experimental resul ts h ighly 

suspect. Spike levels up t o  I O - ~ G  could be to lerated f o r  sew-a1 minutes, 

but  not beyond th is .  

The t o ta l  time required for the experiment i s  approximately 4 hours. 

The procedure t o  fo l low i s  as follows: 

Load experiment capsules i n  furnace and set controls. 

Apply thermdl treatment. 

Unload experimental capsules and store. 

Tne thermal treatment w i l l  be an automated procedure. The desired 
3 3 sample volume i s  75 cm ( 5  in .  ), but t h i s  could be reduced down to 

3 50 cm ( 3  iri3). There i s  only one run av t ic ipated so there w i l l  be no 

variable changes. Crew involvement w i l l  amount t o  about 0.5 hour. 

The maximum operating temperature needed w i l l  be 700 C (1 300 F) 
t 

with an acceptable variance o f  - 50 C (90 F). During non-operating 

times the requirements w i l l  be reduced to ambient. A vacuum atmosphere 

w i l l  be needed i n  the furnace during the run t ine,  and ambient cabin 

atmosphere w i l l  su f f ice  a t  411 other times. 

The equipment needed f o r  t h i s  experiment i s  an e l ec t r i c  mu1 ti- 

purpose furnace such as that  supplied by Westinghouse f o r  the Skylab 



missions. Future experiments, subsequent to the Apol l o  Soyuz Test 

Project,  should have an e l e c t r i c  furnace capable o f  higher temperatures 

and fas te r  cool i n g  rates [quenching > 40 C (72 F) per minute]. Total  

weight and volune requirements are no t  known f a r  sure since i t  depends 

upon the furnace supplied, bu t  i t  w i l l  inc lude s i x  capsules t o t a l i n g  

approximately 2 kg (4.4 l b )  i n  weight and 240 cm3 ( IS  in3) i n  volume. 

Data w i  11 be handl ed by cse o f  an automated data acquisition,' 

contro l  system, i f  avai lable, and w f l l  inc lude temperature versus time 

and accelerat ion l eve l  records. A l l  4 hours o f  t im/ temperature data 

w i l l  be stored f o r  re tun )  t o  Earth since real  t ime analysis i s  no t  

needed. 

A1 1 samples t o  be processed w i l l  be non-hazt rdous t o  both eqltip- 

ment and crew so no special handl i n g  w i t h  regard t o  t h i s  i s  necessary. 

They w i l l  be doubly contained i n  i r o n  and sta in less steel  capsules, and 

no special handl i n g  w i l l  be required during launch o r  reentry. 

4.2.2.12 Measurement o f  Surface Enerqy o f  Elements i n  the 
Absence o f  Grav i t y  

EXPERIMENTER: Dr. J. H. Tobin 

ORGANIZATION : Wes tinghouse Research Laboratories 

The subject experiment i s  r e a l l y  a mu1 ti-purpose system ra ther  

than an experiment, per se. This system would be capable o f  g i v ing  

measurements o f  surface tension ( i n t e r f a c i a l  energies) w i th  orders-of- 

magnitude improvement i n  s e n s i t i v i t y  ova- those obtained under one- 

g rav i t y  condit ions . 
The usual method o f  surface-tension measurement a t  elevated temper- 

ature i s  t o  put  the forces o f  surface tension and g rav i t y  i n  opposing 

d i rec t ions  (as i n  a sess i le  drop technique o r  c a p i l l a r y  r i se ) .  The 

absence o f  g rav i t y  e l  i m i  nates the gradient of hydrostat ic  pressure, 

and the fo r -e  can be measured d i r e c t l y  w i t h  force transducers. A 

g rav i ta t iona l  l eve l  o f  I O - ~ G  i s  required f o r  between 0.5-1.0 hour per 

experiment. The occurrence o f  1 i m i  ted accel e r a t i o i  1 oad spi  kes i s  

capable o f  being analyzed w i  t h  continuously monitored, force-transducer 

outputs and can, therefore, be el iminated from the analysis o f  the 
whole experiment. The upper load 1 i m i t  would be about 1 G f o r  a per iod 



up t o  one minute. 

The procedure involved and the approximate t ime required fo r  each 

step i s  as fol lows: 

@ Load sample 0.1 hcur 

Heat t o  mel t ing 0.5-1.0 hour 

@ Cooldown 2.0 hour 

The heat ing and cooldown por t ions w i l l  be capable o f  automation i f  

avai lable. Optimum sample s ize  w i l l  be about 0.6 cm (0.2 in . )  i n  

diameter by 15 cm ( 6  i n . )  i n  length, b u t  sizes down t o  0.15 cm (0.06 in . )  

i n  diameter by cm ( 2  i n . )  i n  length  can be used. A t o t a l  o f  s i x  runs 
i s  required f o r  each mission, and each run w i l l  cons is t  o f  a d i f . e r e n t  

element o r  mater ial  (a l l oy ,  compound, e tc . j .  

The crew w i l l  need no specia l ized sk i  11 s , bu t  will reqzi  r e  some 

special  t r a i n i n g  by the PI. An operat ional check l i s t  f o r  the automated 

contro ls  and a data acqu is i t ion  system must be pract iced. Real-time 

contact w i t h  the crew w i l l ,  therefore, be unnecessary since the w r i t t e n  

procedure w i l l  be avai lab le.  The t o t a l  crew time required w i l l  be from 

1-2.5 hours. 

Temperature during operat ing times w i l l  be up t o  1000 C (1800 F). 

No temperature contro l  i s  required bu t  heat ing ra te  cont ro l  i s .  During 

non-operating times, the requf rements w i l l  be relaxed t o  between 0-95 C 

(32-200 F). The atmosphere required during operations i s  i n e r t  gas a t  
2 33 kM/m (0.3 atm), and repeated purges o f  vacuum t o  i n e r t  gas w i l l  be 

necessary. During storage normal breathing atmosphere w i t h  no moisture 

i s  sat is factcry.  

Equipment needed t o  perform t h i s  experiment includes a f l o a t i n g  

zone heat ing apparatus, force transducers and a data acqu is i t i on  system 

( D M ) .  Power requirements f o r  the furnace and DAS i s  estimated a t  

200 W and 50 W DC, respect ive ly .  Each o f  these u n i t s  w i l l  weigh about 

10 kg (22 l b )  each and occupy about 0.03 m3 (1 f t 3 ) .  

Data to  be recorded w i l l  cons is t  o f  fo rce  versus rea l  time and 

temperature versus real  time. This data w i l l  be t ransmit ted and d i s -  

played real  time as wel l  as stored f o r  re tu rn  to Earth. Time required 



during each run should range between 0.5-1 .O hour. 

The samples cons is t  o f  sol  i d  rods t h a t  w i l l  no t  be encaprulated, 

and there are no hazards associated w i t h  the mater ia ls  t h a t  w i l l  be 

used. There are no special  hand1 i n g  requi r m e n t s  dur ing 1 aunch and re- 

en t r y  beyond guarding against damage t o  the equipment and samples due 

to v ib ra t ions  and accel erations. 

4.2.2.1 3 S in ter ing  o f  Metal Powders 

EXPERIMENTER: Dr. Mary tie1 en Johcston 

POSITION : S&E - ASTN - MEV 

ORGANIZATION : Mater ia ls  Division, NASA Marshal 1 Space F l  i g h t  Center 

I n  t h i s  experiment, metal powders and oxide powders w i l l  be packed 

and s intered a t  moderate temperatures. The porosity,  s t rength and 

s in te r i ng  mechanisms w i l l  be the objects o f  study. Refractory mater ia ls  

are p r i m a r i i y  prepared by t h i s  process. I t  i s  the purpose o f  t h i s  
experiment t o  show the grav i ta t iona l  inflssiice on the process and t o  

po in t  ou t  the possi b i l  i t y  o f  producing b e t t e r  f i l t e r s  and sel f - ;ubr icat ing 

material  s. 

Gravi ty  has always been a probl em i n  the packing and s e t t l i n g  of  

powders. Differences i n  hardness and st;*ength are found along the 

length and the diameter o f  s intered mater ia ls .  The g rav i t a t i ona l  force 

and the e f f e c t  o f  the container are p r i m a r i l y  responsible. A G-level 

o f  i s  considered acceptable f o r  these studies. The t ime per iod 

required a t  t h i s  leve l  w i l l  be between 0.5 - 0.75 hour. Accelerat ion 

spikes w i l l  be e n t i r e l y  unacceptabl e dur ing the experiment run time. 

They would be so harmful t ! , a t  they would most 1 i kely  nu1 1 i fy the e n t i r e  

experiment. 

The e n t i r e  experiment w i l l  take approximately 1.5 hours. The 

fo l low ing steps w i l l  be included: 

a Act ivate furnace t o  proper temperature 

a P l  ace sample i n  furnace for 1.0 hour 

0 Remove sample from furnace 

I t  i s  be1 ieved t h a t  the furnace contro l  syszem w i l l  be an automated one. 
3 3 The sample volume tha t  i s  d e s i r e i  i s  165 cm (10 i n  ) ;  however, 



3 3 the experiment could be performed w i t h  as 1 i t t l e  as 16 cm (1  i n .  ) .  

The sample w i l l  be contained i n  a box o r  ceramic c ruc ib l e .  A minimum 

o f  three ex2eriment runs per  mission w i l l  be required. O f  course i t  
1 

w i l l  be des i rab le  t o  have as many as poss ib le  w i t h  va r i a t i ons  i n  mater ia ls  

o f  compcsi t i o n  and packing dens i t ies .  The var iab les  t o  be changed from 

sample t o  sample w i l l  be temperature, mate r ia l  r a t i o s  and packing dens i t ies .  

The crew w i l l  r equ i re  no spec ia l  s k i l l s  t o  perform t h e  requ i red  

du t ies  b u t  w i l l  s imply f o l l o w  a w r i t t e n  procedure s ince no in-space, 

post-experiment cha rac te r i za t i on  wi 11 be required. The t o t a l  t ime 

involvement w i l l  be about 0.25 hour. 

The maximum temperature requi  rtd i n  t h i s  experimental area w i l l  be 

1100 C (2000 F j  w i t h  a temperature var ia t io l :  o f  + 5 C (9  F) permit ted. 

During non-operating times there  a re  no spec ia l  requirements, and the 

samples may be s to red  a t  standard cabin temperature. 

Atmospheric requirements dur ing the  experiment w i l l  i ncl  ude the 

use of  vacuum, i n e r t  gas and reducing gas. During storage, normal cabin 

atmosphere w i l l  be sa t i s f ac to r y .  

Equipment t h a t  w i l l  be needed w i l l  i nc lude  a furnace, temperature 

c o n t r o l l e r  and sample storage apparatus. A l l  o f  t h i s  w i l l  be o f f - t h e -  

she1 f equipment and t o t a l  weight should be about 27 kg (60 l b ) .  Volume 
3 3 requ i rmen ts  should be about 0.03 m ( 8  f t  ).  

A data a c q u i s i t i o n  and con t ro l  system v d i l l  be needed f o r  t h i s  

experiment t- measure, record  and con t ro l  the  temperature and atmosphere. 

A1 1 o f  the  data w i l l  be s to red  f o r  r e t u r n  t o  Earth.  I f  i t  i s  poss ib le  

t o  have r e a l  t ime ana lys is  o f  data, i t  w i l l  prov ide a means of d, 'errnining 

i f  the equipment i s  operat ing proper ly .  

4.2.2.14 S o l i d i f i c a t i o n  K ine t i c s  o f  Doped Germanium 

EXPERIMENTER: Dr. H. U. Walter 

ORGANIZATION: Un i ve rs i t y  o f  Alabama a t  H u n t s v i l l e  

The purpose o f  t h i s  experiment i s  t o  do bas ic  research i r  the  area 

o f  dopant r e d i s t r i b u t i o n  t o  o b t a i n  bas ic  in fo rmat ion  i n  the area o f  

space processing and a lso s c i e n t i f i c  i n f o r , - a t i o n  about how the condi .ion 

c f  low g r a v i t y  a f f e c t s  t k e  s o l i d i f i c a t i o n  o f  doped germanium. 



The G-levels required w i l l  be 1 o r  l ess  f o r  a per iod o f  1-2 

days which i s  the t o t a l  experiment elapsed time. Accelsrat ion spikes 

during the run would cause no deleter ious e f fec ts .  The steps involved 

i n  the experiment have no t  been determined as ye t ,  bu t  they a1 1 w i l l  be 
3 capable of being autom~ted. A sample s ize  o f  100 cm3 (6  i n .  ) i s  

desired which w i l l  be contained i n  an inner  envelope of quar tz  and an 

outer  envelope o f  s ta in less  steel .  The t o t a l  package w i l l  weigh several 
3 3 pounds and occupy about 1000 cm (60 i n .  ) .  Only one run w i l l  be needed 

and t o t a l  crew involvement w i l l  be about 1 hour. No special  s k i l l s  w i l l  

be required; therefore, a w r i t t e n  descr ip t ion  o f  the procedure w i l l  be 

f o l  1 owed. 

The maximum temperature t o  be needed w i i l  be about 1200 C (2200 F) 
during experiment operations, whereas, ambient cabin temperature w i l l  
suff ice dur ing non-operating times. Vacuum and i n e r t  gas w i l l  be re-  
qui red a t  an as y e t  t o  be determined l eve l  dur ing experiment run times, 

3nd normal cabin atmosphere w i l l  be adequate f o r  storage o f  samples. 

A gradient  furnace w i l l  be needed t o  reach the spec i f ied  tempera- 

t u r e  l eve l s  and i t  w j l l  run about 250-300 W continuously. 

Data acqui ji t'on and cont ro l  equipment w i l l  be needed t o  record 

iind contro l  tempe-atures by meacs o f  thermocouple outputs. The t o t a l  

amount o f  data w i l l  be stored ;or re tu rn  t o  Ear t t  1s wel l  as transmitted 

real  time. 

The only  l a m h  and reentry  requirements are to  guard against  

mechanical shock. 

4.2.2.15 Sesced, Containerless Sol i d i f i c a t i o n  o f  Doped Germanilm 

EXPERIMENTER: D r .  H. U. Walter 

ORGANIZATION: Un ivers i ty  o f  Alabama a t  H m t s v i l l  e 

The purpose o f  t h i s  experiment i s  t o  u t i l i z e  a new, space-adapted, 

growth technique t o  achieve basic in format ion on the in~provement o f  

s t ruc tu ra l  per fec t ion  and dopant homogeneity i n  the sol id! f i  c a t i  on o f  

doped germani um. 

The in-space performance o f  the experiment w 
and permit container1 ess processing. A G-1 eve1 o f  

ill reduce convect 

l o W 3  o r  l ess  w i l l  
i o n  

be 



required f o r  between 2-6 hours. An accelerat ion sp i  ke above 10.' w i l l  
probably causc f a i l  ure o f  the experiment, 

The experiment w i  11 take between 6-1 2 hours t o  perform, depending 

upon the experimental setup tha t  i s  ava i lab le  a t  the time, and the whole 

procedure w i l l  be capable o f  being automated. One run per mission i s  

required. The crew w i l l  need no specia l ized s k i l l s  and w i l l  be needed 

f o r  about 1 hour. 

Temperature requiremmts w i l l  no t  exceed 1?00 C (2200 F) dur ing 

experiment operations and w i l l  be re1 axed t o  ambient cabin temperature 

dur ing non-operating times. Both vacuum and i n e r t  gas w i l l  be required 
2 a t  a pressure of  100 kN/m (1 atm) o r  below, dur ing the experiment time. 

The main piece o f  equipment needed w i l l  be a gradient furnace which 

requires about 250 W o f  power continuously. The sample w i l l  be contained 

i n  a s ta in less steel outer  envelope w i th  a quar tz  inner  envelope. The 

sample plus capsules should weigh about 0.35 - 0.90 kg (1-2 1b) and 
3 3 occupy a v o l m a  o f  about 1000 cm (60 i n .  ) .  

An automated data acqu is i t ion  and contro l  system w i l l  be needed t o  

measure and contro l  temperh lures (by thermocoupl es) and accelerat ion 

rates. This data w i l l  a l l  be stored f o r  re tu rn  t o  Ear th and a lso  be 

transmitted rea l  time. 

The only  special handling considerat ion dur ing launch and reentry  

i s  t o  guard against mechanical shock. 
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