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Our recen t  work ( 1 , ~ )  showed t h a t  very smal l  amounts o f  absorbed vo la -  
t i l e s  - on ly  removed by outgassing i n  h i gh  vacuum and e levated temperatures - 
d r a s t i c a l l y  increase t he  i n t e r n a l  f r i c t i o n  i n  t e r r e s t r i  a1 analogs o f  l una r  
basa l t .  Here new r e s u l t s  are presented on the  frequency dependence o f  t he  
e f f e c t  o f  outgassing i n  the  analogs o f  l u n a r  b a s a l t  a long w i t h  some new data 
on o the r  mate r ia l s .  Th is  work shows t h a t  the e f f e c t  o f  s t r ong  outgassing 
i s  q u a l i t a t i v e l y  independent o f  the  composit ion o f  the  m a t r i x  and t he  shape 
and s i ze  o f  the pores. The frequency dependence data suggest t h a t  the  e f f e c t  
w i  11 s t i  11 be impor tan t  a t  se i  smi c  f requencies.  Therefore a lso  presented 
are the  r e s u l t s  o f  a  p re l im ina ry  e f f o r t  t o  use our data i n  p l a c i n g  con- 
s t r a i n t s  on the  1 unar outgassing h i s t o r y .  

Representat ive r e s u l t s  a re  d isp layed i n  Table I, and the  key r e s u l t s  are 
discussed below. 

1. Outgassing o f  var ious mate r ia l s .  As shown i n  Table I, a sample o f  com- 
merc ia l  grade PZT ( lead z i  rconate t i t a n a t e )  was found t o  undergo l a r g e  
increases i n  Q w i t h  outgassing s i m i l a r  t o  the t e r r e s t r i a l  basa l t .  Th is  
ceramic has a moderate p o r o s i t y  b u t  no f r ac tu res  and i s  near l y  homogeneous 
i n  composi ti on. Simi l a r  t o  PZT i n  hav ing no f r ac tu res  and a uni form compo- 
s i  t i o n  bu t  be ing charac te r i zed  by very small pores (-40A diameter)  i s  
Corning Vycor 7930, a  glass composed o f  90% Si02 and f i l l e d  w i t h  an i n t e r -  
connected system o f  pores ( p o r o s i t y  28%). The Vycor aTso showed a s i m i l a r  
increase i n  Q w i t h  outgassing so t h a t  we conclude t h a t  t h e  e f f e c t  a r i ses  
f rom the  adsorpt ion o f  v o l a t i  l e s  i n  porous mate r ia l s  q u a l i t a t i v e l y  inde-  
pendent o f  the shape and s i z e  o f  the pores. As an a l t e r n a t i v e  t o  ou t -  
gassing by heat  t reatment  i n  vacuum, a  rock sample was subjected t o  a  f t e l d  
o f  i n tense  microwave r a d i a t i o n  i n  o rder  t o  remove the water w i t h  n e g l i g i b l e  
hea t i ng  o f  the rock i t s e l f .  Th is  experiment was performed w i t h  another 
t e r r e s  tri a1 analogeof  1 unar b a s a l t  w i t h  somewhat lower p o r o s i t y  than W-8. 
A t  a  vacuum o f  10' t o r r  w i t h  an exposure t ime o f  on ly  12 min., t h e  Q 
improved by a  f a c t o r  o f  10 con f i rm ing  t h a t  increases i n  Q a re  due t o  s t rong  
outgassing independent o f  the procedure foTlowed. 

2. Frequency dependence o f  Q i n  Outgassed SampTes and i t s  Rela t ionsh ip  t o  
Lunar Outgassing H is to ry .  Table I shows data obtained on the  frequency 
dependence o f  Q i n  outgassed samples. These l i m i t e d  r e s u l t s  suggest t h a t  - - 

the e f f e c t  o f  v o ~ a t i l e s  should be s t r ong  a t  seismic f requencies.  The 
d i f f i c u l t y  i n  removing the absorbed v o l a t i  l e s  dur ing  outgassing treatments 
seems t o  imply  t h a t  a  monolayer o r  l ess  i s  a l l  t h a t  i s  requ i red  t o  irrcregse 
i n t e r n a l  f r i c t i o n .  Th is  conclusion combined w i t h  the  est imate o f  0.01 m /gm 
f o r  the upper l i m i t  t o  the i n t e r n a l  su r face  area o f  l u n a r  basa l t s  made by 
Cadenhead e t  a l .  (31 ,  one can o b t a l n  an est imate f o r  the upper l i m i t  on t h e  
amount o f  Hz0 which could  have outgassed from the  i n t e r i o r  o f  the moon 
du r i ng  o r  a f t e r  f o r m t i  on o f  the maria. The amount o f  H20 so ca l cu l a ted  
corresponds t o  a  l a y e r  on the sur face  o n l y  a  few cm t h i c k  i n  con t ras t  t o  
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TABLE I .  

INTERNAL FRICTION QUALITY FACTOR Q AND RESONANCE FREQUENCY VRES 

T e r r e s t r i a l  Analog o f  Lunar Basal t  (W-8) 1 Outgassing Condit ions 

1478 
(15,335 Hz) 

a t  2 x lo-' t o r r  and room tenpera-  
t u r e  a f t e r  long exposure t o  a i r .  

15kHz 47 kHz 80 kHz 

688 
(15,531 Hz) 

999 
(78,388 Hz) 

683 
(79,755 Hz) 

a t  2 x t o r r  and room tempera- 
t u r e  a f t e r  one h e a t  t r ea tment  t o  
200°C and re-exposure t o  N2 en- 
r i ched  a i r  f o r  about 2 hours .  

, 

Lead Z i  rconate  T i  t a n a t e  

a t  lo-* t o r r  and room tempera- 
t u r e  2 hours a f t e r  second heat  
t rea tment  a t  200°C i n  vacuum. 

20 10 
(15,294 Hz) 

1070 
(12,795 Hz) 

a t  room temperature in  a i r  a t  one 
atmosphere a f t e r  sawing w i t h  wet 
diamond saw, c leaning i n  acetone 
bath and drying.  

1025 
(47,160 Hz) 

1425 
(12,809 Hz) 

a t  l o m 8  t o r r  and room tempera- 
t u r e  5.5 hours a f t e r  second 
h e a t  t rea tment .  

a t  t o r r  and room temperature 
a f t e r  soaking i n  hydrogen peroxide 
and drying a t  temperature no t  
exceeding 40°C. 
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1730 
(12,804 Hz) 

a t  l o w 8  t o r r  and room temperature 
a f t e r  long term (6 days) out-  
gass ing w i t h  one thermal t reatment  
t o  50°C. 
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t e x t  continued.. . . 
the  hundreds o f  m which would be expected i f  the moon had an i n t e r n a l  
c o n s t i t u t i o n  s i m i l a r  t o  t h a t  o f  the  e a r t h .  

Outgassing Condi ti ons 

As rece ived a t  STP 

8 
A t  10- t o r r  and room temperature.  

Vycor 7930 
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