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The advantages of  deve lop ing l una r  oxygen sources as f u e l  and atmosphere f o r  l una r  base and 
space opera t ions  has spurred a program a t  NASA JSC i n  t h e  concent ra t ion  o f  i n d u s t r i a l l y  use fu l  
m a t e r i a l s  i n  l una r  s o i l .  I lmen i t e ,  t he  most abundant ox ide i n  l una r  s o i l .  i s  approximately 58 wtX 
FeO, and I s  considered a pr ime candidate as a l una r  oxygen source. As a r e s u l t ,  Loctheed 
Engineer ing and Management Services Co. has undereaken a study a t  JSC t o  e l e c t r o s t a t i c a l l y  
concentrate and s i z e  1 unar i lmen i te  us ing minera l  e l e c t r o s t a t i c  separators based on c m e r c i a l  
designs (1 ) .  

E l e c t r o s t a t i c  separa t ion  performance has been evaluated us ing l una r  s o i l  s imulant m ix tu res  o f  
catminuted t e r r e s t r i a l  a n o r t h i t e  (An ) ,  i l m e n i t e  (Quebec), o l i v i n e  (Fo ) ,  and pyroxene (Uo En ) 
i n  t he  weight r a t i o  (4 /1 /1 /4)  as weqq as a sample o f  t he  .09-.15m s?de f r a c t i o n  o f  lun% s i l l  
10084. I l m e n i t e  i n  t he  .09-.15mn s i z e  f r a c t i o n  o f  t h e  s imulant has been concentrated f rom 10  wtX t o  
approximately 95 wtZ w i t h  68% o f  t o t a l  sample i l m e n i t e  recovered i n  t he  concent ra te  a f t e r  one pass 
I n  a i r  through t h e  separa tor  wbth a maximum e l e c t r i c  f i e l d  s t reng th  o f  2 .7  kV/cm and feed 
temperature o f  approximately 150 C. E levated sample feed temperature was used t o  d r i v e  o f f  
mois ture  and enhance t h e  c o n d u c t i v i t y  and hence the  charge con t ras t  i n  t h e  separator between 
i lmen i te ,  a semiconductor, and t h e  o the r  species which are  e s s e n t i a l l y  nonconductors. 

P r i o r  t o  e l e c t r o s t a t i c  separa t ion  o f  t h e  10084 l una r  sample, agg lu t i na tes  and s o i l  metal  
amounting t o  37 wtX were removed w i t h  a hand magnet. V i r t u a l l y  a l l  t h e  s o i l  i l m e n i t e  was re ta ined  
i n  t h e  nonmagnetic f r a c t i o n .  The 1 unar i l m e n i t e  was then concentrated e l e c t r o s t a t i c a l l y  from 
approximately 10 v o l m e  X t o  54 volune X w i t h  45% recovery a f t e r  one pass i n  n i t r o g e n  through &he 
separator w i t h  a maximum e l e c t r i c  f i e l d  o f  5kV/cm and feed temperature o f  approximately 190 C. 
I l m e n i t e  concent ra t ions  i n  bo th  t e r r e s t r i a l  and l una r  separates were est imated by o p t l c a l  
microscope count. The lower y i e l d s  o f  t h e  l u n a r  sample r e s u l t e d  i n  p a r t  f rom t h e  polyphase 
charac ter  o f  many o f  t h e  g ra ins .  

To e l u c i d a t e  behav ior  o f  minera l  species i n  t h e  e l e c t r o s t a t i c  separator which employs aluminun 
e lec t rodes,  contac t  charg ing on aluninum o f  5 mg a l i q u o t s  o f  t h e  f o u r  t e r r e s t r i a l  minera l  
components i n  t h e  t h r e e  s i z e  ranges,  .09-.15mm, .IS-.25mm and .25-.5mm, was measured a t  
approximately 70°c i n  a Faraday we l l  connected t o  t h e  K e i t h l e y  e lec t rometer  model 610C. Charge 
p o l a r i t y  of  t h e  nonconductor species was t h e  same as deduced from t h e i r  behavior i n  t he  separator 
(An-,Ol+,Px-) ( 1 ) .  I n  a l l  s i z e  ranges, charge magnitude became inc reas ing l y  negat ive  i n  t h e  o rde r  
o l i v i n e ,  i lmen i t e ,  pyroxene, ano r th i t e ,  t h e  same order  as i nc reas ing  percent b r i d g i n g  oxygens i n  
t h e  c r y s t a l  s t ruc tu res  o f  t h e  species. I nc reas ing  covalency and hence s t reng th  o f  t h e  oxygen bonds 
i n  t h a t  o rder  may be t h e  reason f o r  t h e  negat ive  charge t rend.  Log l o g  p l o t s  o f  t he  5 mg sample 
charges vs l o g  normal mean diameter o f  t h e  t h r e e  s i z e  ranges (.116mn, .194mn, .353mn r e s p e c t i v e l y i  
a re  p l o t t e d  i n  Fig.1. I n  a l l  f o u r  species, sample charge increases w i t h  decreasing g r a i n  s i z e  as 1 
where 1 i s  t he  l o g  normal mean g r a i n  diameter and -l>m>-2. I f  m were -1, contac t  charge o f  t h e  5 mg 
a l i q u o t s  would vary  d i r e c t l y  w i t h  sur face area o f  t h e  samples. Since charge increases even more 
r a p i d l y  than sur face area w i t h  decreasing g r a i n  s i ze ,  these measurements suggest t h e  f o u r  species 
can be success fu l l y  s i zed  e l e c t r o s t a t i c a l l y .  That i s  not l i k e l y  t o  be t h e  case w i t h  magnetic 
separa t ion  techniques, f o r  example, because t h e  magnetic f o r ce  i s  volune dependent ( m  = 0 ) .  

E l e c t r o s t a t i c  s i z i n g  o f  t e r r e s t r i a l  i l m e n i t e  was subsequently t e s t e d  by dropping mix tures  o f  
t h e  above t h r e e  s i z e  ranges i n t o  an e l e c t r i c  f i e l d  o f  approximately 1.4 kV/cm i n  a i r  and obsgrving 
t h e  h o r i z o n t a l  d e f l e c t i i o n  i n  each s i z e  range. Figs.  2L3 show t y p i c a l  r e s u l t s  o f  t r i a l s  a t  23  C and 
1 5 0 ' ~  respec t i ve l y .  Weight d i s t r i b u t i o n s  o f  t h e  t h r e e  s i z e  ranges extend over  6 h o r i z o n t a l  b i ns .  
each 3.5 cm wide. Medians o f  t h e  d i s t r i b u t i o n s  are  expressed i n  u n i t s  o f  b i n  number and increase 
w i t h  i nc reas ing  h o r i z o n t a l  d e f l e c t i o n .  A t  room temperaturg, t he  medians o f  t he  t h ree  s i z e  ranges 
increase monoton ica l ly  w i t h  decreasing g r a i n  s ize .  A t  150 C ,  t he  f i n e  s i z e  median f a l l s  of f  w i t h  
respect t o  t h e  mid s i z e  median. That can be accounted f o r  by a 30% increase i n  a i r  v i s c o s i t y  a t  t h e  
h igher  temperature which most s t r o n g l y  i n h i b i t s  t he  d e f l e c t i o n  o f  t he  f i n e  s i z e  f r a c t i o n .  These 
r e s u l t s  suggest t h a t  e l e c t r o s t a t i c  s i z i n g  o f  a l l  t h e  above minera ls ,  as w e l l  as l una r  s o i l ,  i s  
f e a s i b l e  and would be enhanced i n  vacuum ambient where the  b l u r r i n g  e f f e c t s  o f  i nc reas ing  
atmospheric res i s tance  w i t h  decreasing g r a i n  s i z e  would be e l iminated.  E l e c t r o s t a t i c  s o i l  s i z i n g  
may be p a r t i c u l a r l y  advantageous i n  t h e  l una r  environment as a step i n  e x t r a c t i o n  o f  s o l a r  wind 
hydrogen f ron  l una r  f i n e s  ( 2 ) .  A p re l im ina ry  vacuum ve rs ion  o f  t he  minera l  e l e c t r o s t a t i c  separa tor  
and s i z e r  has been bu i  1 t and i s  be ing evaluated. 
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