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ACCRETION OF FINE PARTICLES : PRELIMINARY EXPERIMENTS. N.Sugiura, 
T.Okada and E.Kiyota Geophysical Institute, University of Tokyo 

I n  t h e  beg inn ing  of t h e  so la r  sys tem,  condensab le  mater ia ls  
were in  t h e  form of f i ne  par t ic les .  The f ine  p a r t i c l e s  s e t t l e d  
onto t h e  equa to r i a l  p lane to form a  d u s t  l aye r  which b roke  u p  to  
form planetes imals ,  I n  a  s t a t i c  nebula ,  if a  f i ne  pa r t i c l e  
s e t t l e s  alone i t  t a k e s  millions of y e a r s  t o  s e t t l e  down, while if 
fine p a r t i c l e s  s t i c k  t o g e t h e r  on mutual  e n c o u n t e r ,  i t  t a k e s  only  
t housands  of y e a r s  t o  s e t t l e  down (1).  Thus  s t i c k i n g  p robab i l i t y  
of f i ne  p a r t i c l e s  i s  a n  impor tan t  parameter  which a f f e c t s  
formation of planetesimals and planets. 

If t h e  so l a r  nebula  was t u r b u l e n t ,  i t  i s  es t imated t h a t  
a g g r e g a t e s  of p a r t i c l e s  must  be l a r g e r  t h a n  1  meter  i n  diameter  
to be ab le  t o  s e t t l e  down onto  t h e  equa to r i a l  p lane  ( 2 ) .  Thus ,  
s t i ck ing  p robab i l i t y  of f i n e  p a r t i c l e s  i s  qu i t e  impor tan t  i n  t h i s  
case, too. 

Aggregat ion of f i ne  p a r t i c l e s  could a l so  be  a  q u i t e  impor tan t  
fac tor  i n  e a r l y  a tmosphe res  of p l ane t s ,  Ear ly  a tmosphe res  a r e  
expected to  be r i c h  in  f i ne  p a r t i c l e s  due  to  ( a )  comminution of 
exis t ing solid mater ia l s  a n d  ( b )  evapora t ion  a n d  recondensa t ion ,  
by impact even t s .  Thermal s t r u c t u r e  of a tmosphe res  d e p e n d s  
s t r o n g l y  on t h e  s ize  of f i ne  pa r t i c l e s ,  because  opac i ty  i s  nea r ly  
propor t iona l  to  t h e  t o t a l  c ross -sec t ion  of t h e  p a r t i c l e s  which 
depends strongly on sticking probability of fine particles. 

Many f a c t o r s ,  composition, s h a p e  and  s ize  of pa r t i c l e s ,  
adso rbed  mater ia l s  on t h e  s u r f a c e  of pa r t i c l e s ,  e l e c t r i c  c h a r g e ,  
ambient g a s  p ressure . . .  e tc . ,  could a f f e c t  s t i c k i n g  p robab i l i t y  
of pa r t i c l e s .  S t i ck ing  p robab i l i t y  of f i ne  p a r t i c l e s  i s ,  however ,  
ve ry  poor ly  known. At smaller  s i ze s ,  (much l e s s  t h a n  I 
micrometer) ,  i t  i s  gene ra l ly  cons ide red  t h a t  t h e  p robab i l i t y  i s  
high ( n e a r l y  1) b u t  a t  s i ze s  l a r g e r  t h a n  1 micrometer,  t h e r e  
exist almost no data on the sticking probability. 

A pilot  exper iment  on acc re t ion  of p a r t i c l e s  was made u s i n g  
par t ic les  p roduced  by  condensa t ion  in  a i r .  A YAG l a s e r  was used  
as  a hea t  s o u r c e  f o r  evapora t ion  of materials .  The l a s e r  beam i s  
4 m m  in  d iameter  a n d  t h e  power i s  l e s s  t h a n  50 W. Aggrega te s  of 
f ine p a r t i c l e s  s e t t l e d  on  sampling p l a t e s  were  obse rved  with a n  
e lec t ron  microscope. S izes  of f loa t ing  a g g r e g a t e s  were  a l so  
monitored by measuring intensity of scattered light. 

Oxide p a r t i c l e s  were  produced  by combus t ing  metals. Grain 
s izes  a r e  not  well con t ro l led ,  b u t  a r e  gene ra l ly  a r o u n d  1  
micrometer. So far, MgO and Si02 powder have been examined. 

Observa t ion  with t h e  s c a t t e r e d  l i g h t  s u g g e s t s  t h a t  MgO 
genera l ly  makes small a g g r e g a t e s  ( l e s s  t h a n  10 micrometer) ,  while 
Si02 aggregates are larger than 10 micrometer (Fig.1). 

Obse rva t i cn  with e l ec t ron  microscope i s  gene ra l ly  i n  acco rd  
with t h e  s c a t t e r e d  l i gh t  obse rva t ion  and  shows  t h a t  MgO a g g r e -  
ga t e s  a r e  small a n d  equidimensional  while SiOZ a g g r e g a t e s  a r e  
large and made of long chains of the grains (Fig.2). 

The pre l iminary  r e s u l t s  i nd i ca t e  t h a t  s t i c k i n g  p robab i l i t y  
and acc re t iona l  g rowth  r a t e s  could be q u i t e  d i f f e r e n t  f o r  v a r i o u s  
materials.  I t  seems t h a t  chemical f r ac t iona t ion  could have  
occu r red  i n  t h e  e a r l y  so l a r  nebula  due  t o  t h e  d i f f e r ence  in  
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sticking probability of minerals. 
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Fig ,  1 S i z e  d i s t r i b u t i o n  
of f i n e  p a r t i c l e  a g g r e -  
g a t e s  o b t a i n e d  b y  s c a t -  
t e r e d  l i g h t  o b s e r v a t i o n ,  
MgO ( t o p )  a n d  S i 0 2  
(bottom). 

F i g , 2  An a g g r e  
S i O ?  p a r t i c l e s  
cha?ns  of p a r t i c  
observed. 
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