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U l t ra -h igh - f requency  (UHF) microwaves o f  2.45 GHz are e f f e c t i v e  f o r  
me1 t i n g  i l m e n i  te-doped t e r r e s t r i a l  m a t e r i  a1 s [ l ] .  Microwaves o f  t h i s  energy 
couple e f f e c t i v e l y  w i t h  de fec ts ,  i m p u r i t i e s ,  and H-0 bonds, b u t  t h e i r  a b i l  i t y  
t o  coupl e w i t h  i l m e n i  t e  i s  n o t  w e l l  cha rac te r i zed .  To b e t t e r  understand the  
c o u p l i n g  p r o c e s s ,  we c o n d u c t e d  a s e r i e s  o f  e x p e r i m e n t s  u s i n g  b o t h  an 
i l m e n i  te-doped t e r r e s t r i a l  basal  t and ti tania-doped hemat i te.  

The i l m e n i t e - r i c h  t e r r e s t r i a l  rock  used as a dop ing m a t e r i a l  was Ward's 
N a t u r a l  S c i e n c e  "Norweg ian  i l m e n i  t e , "  c o n s i s t i n g  o f  V5% i l m e n i  t e ,  20% 
p l  a g i o c l  ase,  and m i n o r  amounts o f  o t h e r  m i n e r a l  s. T h i s  p r e d o m i n a n t l y  
i l m e n i  t e - p l  a g i o c l  ase m i x t u r e  was se lec ted  t o  approximate an i l m e n i  te -en r i ched  
l u n a r  feedstock.  T e r r e s t r i a l  b a s a l t  samples t h a t  would n o t  me1 t i n  pure 
crushed fonn (-70 mesh) d i d  m e l t  when i n  a m i x t u r e  c o n t a i n i n g  10% o f  the  
i l m e n i t e - r i c h  rock,  and a t t a i n e d  1300°C w i t h i n  40 minutes  o f  exposure t o  700 
w a t t s  o f  2.45 GHz microwave energy. T h i s  t rea tmen t  was s u f f i c i e n t  t o  m e l t  t h e  
sample b u t  n o t  t o  exceed l i q u i d u s  temperature; o l i v i n e  phenocrys ts  from the  
crushed b a s a l t  d i d  n o t  me1 t and accumulated a t  t h e  base o f  t h e  alumina 
c r u c i b l e  ( F i g u r e  1 ) .  O f  p a r t i c u l a r  importance i s  t h e  observa t ion  t h a t  optimum 
c o u p l i n g  a t  a temperature o f  13C0°C occur red o n l y  b r i e f l y ,  and temperature 
q u i c k l y  dropped t h e r e a f t e r  t o  a "p la teau"  o f  about 1100°C even though f u l l  
power was ma in ta ined  ( F i g u r e  2 ) .  T h i s  phenomenon i n d i c a t e s  t h a t  phases 
" t r a n s p a r e n t "  t o  mi  rowave energy ( i  . e . ,  h i g h - r e s i  s t i v i  ty c r y s t a l  s t h a t  a re  
d i s t i n c t l y  non-coup1 i n g )  have begun t o  form. Pe t rog raph ic  examinat ion o f  t h e  
a i r - q u e n c h e d  e x p e r i m e n t a l  c h a r g e  i n d i c a t e s  e x t e n s i v e  c h a i n - t y p e  o l i v i n e  
growths t h a t  a re  o p t i c a l l y  cont inuous w i t h  t h e  s e t t l e d  01 i v i n e  phenocrysts,  
and we suspect t h a t  these cha in - t ype  01 i v i n e s  account f o r  most i f  n o t  a l l  of 
t h e  t ransparency t o  microwave energy under prolonged microwave energy i n p u t .  

A1 though the mechanism f o r  microwave c o u p l i n g  w i t h  i l m e n i t e  i s  n o t  
p r e s e n t l y  understood, t h e  e f f e c t s  o f  d e f e c t  c o u p l i n g  can be observed i n  
m i x t u r e s  o f  t i t a n i a  w i t h  a Fe203 (hemat i te ) .  Pure Fe203 d i d  n o t  coup le  w i t h  
microwave r a d i a t i o n ,  b u t  by add ing j u s t  0.1 atom % T i02,  t h e  sample reached 
r e d  heat  i n  20 minutes.  It was observed t h a t  the  t i m e  t o  r e d  h e a t  decreases 
w i t h  i nc reased  T i 0  2 c o n t e n t  (Tab1 e 1). 

The coupl  i n g  o f  Ti02-doped hemat i te  w i t h  microwave r a d i a t i o n  i s  due t o  t h e  
d e f e c t  ( v a c t ~ c y )  s t r u c t u r e  t h a t  r e s u l t s  from i n t r o d u c i n g  T i 0 2  3i+nto a Fe203 
[21. I f  2r,i i s  added t o  hemat i te,  an increased f r a c t i o n  o f  Fe i s  reduced 
t o  the Fe s ta te .  The c o n d u c t i v i t y  o f  hemat i te  i s  s u b s t a n t i a l l y  i nc reased  by 
T i02-dop ing ( F i g u r e  31, and i t  Qegins  t o  behave as an n- type semicopductor. 
The number o f  newly c rea ted  ~e~ i o n s  i s  equal t o  t h e  amount o f  ~i~ i n t r o -  
duced, so t h e  inc rease  i n  c o n d u c t i v i t y  i s  determined by t h e  c o n c e n t r a t i o n  o f  
T i 0  2. 

N-type semiconductor e l e c t r o n  m o b i l i t y  accounts f o r  t h e  microwave coupl i n g  
o f  Ti02-doped hemat i te,  b u t  why does i l m e n i  t e  couple? From c a l c u l a t i o n s  based 
on band gap [3],  i l m e n i t e  may behave as a d e f e c t  semiconductor. It i s  
p o s s i b l e  t h a t  the e l e c t r o n  i n s t a b i l i t y  assoc ia ted w i t h  t h i s  semiconductor 
behav io r  accounts f o r  i l m e n i  t e '  s a b i l  i t y  t o  coupl e w i t h  microwave energy. 
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E l e c t r i c a l  s tud ie s  of i lmenite a r e  underway t o  t e s t  t h i s  hypothesis a s  pa r t  of 
a pro jec t  t o  charac te r ize  the photoelectr ic  behavior of i lmenite.  

References: [ I ]  Meek, T. T. ,  D. T. ~anim'an, F. H. Cocks, and R. A. Wright, 
'"Microwave Processing of Lunar Material s: Potent ial  Appl icat ions."  In Lunar 
Bases and Space A c t i v i t i e s  i n  t he  21s t  Century, NASA ( i n  press ) .  

J Lark-Horovi t z ,  K .  (1949) ,  "Conductivity i n  Semiconductors ,I1 Elec t r ica l  
Engineering 68, 1047-1056. 
C31 Loferski , J. (1956),  "Theoretical Considerations Governing the Choice of 
the Optimum Semiconductor f o r  Photovoltaic Solar Energy Conversion," Jour .  
Appl. Phys. 27, 777-784. /2, 

VESICULAR 
MICROCRYSTALLINE 

0 

CHAIN - TYPE 
OLlVlNES 

OLIVINE 
PHENOCRYSTS 

0 I 
W E  CENTIMETER 

Figure 1 : Thin sec t ion  
of experimental charge 
of t e r r e s t r i a l  basa l t  
and i lmeni t e - r i  ch 
rock [ I ] .  Sample par t -  
i a l l y  melted a t  2.45 
GHz, b u t  o l iv ine  
phenocrysts s e t t l e d  
out.  Chain-type 
o l iv ines  grew up from 
phenocrys t s  . 
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Figure 3:  Conducti 
of hematite a s  a 
function of Ti02 
content [ 2 ] .  
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