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RESEARCH REPORT NO. 12, A p r i l  1 9 6 2 ,  NASA GRANT NSG-21-59 

. 

BUBBLE DISTRIBUTION IN FUSED 
OBSIDIAN AND SLIDE GLASS 

by 

Badr i  Aghassi  

I n t r o d u c t i o n  

I n  t h i s  r e p o r t  w e  o b t a i n  f u r t h e r  d a t a  a b o u t  t h e  d i s t r i -  

b u t i o n  o f  b u b b l e s  i n  g l a s s ,  I t  g i v e s  t h e  r e s u l t s  o b t a i n e d  

from t h e  m i c r o s c o p i c  s t u d y  of o b s i d i a n  samples  h e a t e d  w i t h  

an  o x y a c e t y l e n e  t o r c h  and from powdered m i c r o s c o p i c  s l i d e  

g l a s s  r e - f u s e d  i n  a n  e l e c t r i c  oven, 

T h i s  r e p o r t  c o n t i n u e s  o u r  ea r l i e r  s t u d y  of t h e  d i s t r i b u -  

t i o n s :  Badr i  Aghass i ,  1961,  B . U ,  T e k t i t e  P r o j e c t ,  Research  

Repor t  No. 11. 

P r e p a r a t i o n  o f  Samples 

Two f r agmen t s ,  a b o u t  t e n  grams e a c h ,  of o b s i d i a n  were 

h e a t e d  by an  o x y a c e t y l e n e  t o r c h  a t  t e m p e r a t u r e s  of 2200&3OO0C 

f o r  f i f t e e n  minu tes  and f i v e  minu tes  r e s p e c t i v e l y .  These two 

samples  w i l l  be r e f e r r e d  t o  i n  t h i s  r e p o r t  as O b s i d i a n  I and 

Obs id i an  I1 r e s p e c t i v e l y .  

i n t e n s e ,  w a s  uneven. The t e m p e r a t u r e s  ment ioned above are 

The h e a t i n g  p r o c e s s ,  a l t h o u g h  q u i t e  

t h o s e  of t h e  g a s  j u s t  emerging from t h e  t o r c h  t i p ,  O u t s i d e  
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t h e  b l u e  cone a t  t h e  t i p  t h e  t e m p e r a t u r e  f a l l s  off  r a p i d l y ,  

A microscop ic  s l i d e  g l a s s  w a s  powdered and t h e  powder 

was p l a c e d  i n  a p l a t i n u m  c r u c i b l e  i n s i d e  a n  e lec t r ic  oven 

which r e a c h e s  a maximum tempera tu re  of a b o u t  200OoFI  A f t e r  

twen ty  minutes  t h e  " S l i d e  Glass" r e - f u s e d  i n t o  a l i g h t  p ink  

mass, T h i s  i s  due t o  t race i m p u r i t i e s  i n t r o d u c e d  a c c i d e n t -  

a l l v  i n t o  t h e  powder, As t h e  s t u d y  of t h i s  g l a s s  u n d e r  t h e  

microscope  showed, t h e  powder d i d  n o t  m e l t  c o m p l e t e l y ,  n o r  

homogeneously, Small  f ragments  o f  t h e  s i z e  o f  t h e  l a r g e r  

powder f r agmen t s  were p rese rved  i n  shape  and d i d  n o t  e x h i b i t  

t h e  p i n k i s h  c o l o r i n g  t h a t  t h e  f u s e d  samples  showed i n  g e n e r a l s  

The powder m u s t  have  c o a l e s c e d  a f t e r  h a v i n g  been j u s t  s o f t e n -  

ed enough, 

These t h r e e  samples ,  Obs id ian  I ,  O b s i d i a n  I1 and " S l i d e  

Glass" were s l i c e d ,  

s l i d e s  and s t u d i e d  unde r  t h e  microscope i n  t h e  same manner 

d e s c r i b e d  i n  Repor t  No, 11, The r e a d e r  i s  a s k e d  t o  refer t o  

Repor t  No, 11 f o r  t h e  mathemat ica l  a n a l y s i s  used i n  t h e  p r e s e n t  

and t h e  mentioned r e p o r t s ,  

The s l i c e s  were mounted on mic roscop ic  

A s h o r t  r eminde r  of  our n o t a t i o n :  

MA is  t h e  i n t e r c e p t  o f  t h e  curve  M = M, e-bf 
as p l o t t e d  f o r  t h e  volume s e a r c h e d ,  

b = - LogzlO x s l o p e  of Log M 

d = 1 - s lope  of LoglOM 

w i t h  t h e  M-axis 

1 0  

e- 

- 
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( b  and IX 

and small r e g i m e s ,  Repor t  1 4 0 ~  11, eqsa (1) and ( 2 )  r e s p e c t i v e l y . )  

M' i s  t h e  cumula t ive  number of b u b b l e s  f o r  t h e  t o t a l  volume 

s e a r c h e d  a t  t h a t  v a l u e  o f  t h e  d i a m e t e r  where t h e  reg ime 

s ta r t s  t o  p r e v a i l ,  T h i s  va lue  of t h e  d i a m e t e r  ( R )  i s  r e f e r r e d  

t o  i n  Repor t  Noa 11 as  t h e  "upper  l i m i t  of d i ame te r , ' '  

co r r e spond  t o  t h e  e x p o n e n t i a l  c o n s t a n t s  of t h e  l a r g e  

R 

R e s u l t s  

All t h r e e  g l a s s e s  showed t h e  s u p e r p o s i t i o n  of  t h e  "two 

reg imes"  d e s c r i b e d  i n  Report  No, 11, and i n  a l l  t h r e e  t h e  small 

reg ime w a s  o f  t h e  form 9 
was h i g h e r  t h a n  t h a t  of n a t u r a l  g lassesI  

bubble  c o n t e n t  and o t h e r  p e r t i n e n t  c o n s t a n t s ,  Mi, b ,  & 

Eqs, ( 8 )  and ( 9 )  of Repor t  No, 11 were used  t o  c a l c u l a t e  t h e  

bubble  c o n t e n t ,  

--# , I n  a l l  t h r e e  t h e  bubble  c o n t e n t  

T a b l e  I V  g i v e s  t h e  

R ,  e t c a  

Conc lus ions  

T e k t i t e s  are s t i l l  t h e  o n l y  g l a s s  t h a t  e x h i b i t s  a s i n g l e  

reg ime,  

T e k t i t e s  a l s o  have t h e  smallest bubble  c o n t e n t ,  

All o t h e r  show t h e  s u p e r p o s i t i o n  of two d i s t r i b u t i o n s ,  

Re fe rence  

Aghass i ,  B ,  (1961), B , U ,  T e k t i t e  P r o j e c t ,  Research Repor t  NO0 110 



TABLE I ,  8UBBLE D I S T R I S U T I C N S  from O B S I D I A i J  I 
Volume sea rched  270mm3 

T 

I N C R E M E N T A L  NUMBERS CUMULATIVE NUMBERS 

NO6 of 
bubbles 

1 5  
29 
9 8  
7 5  
7 2  
4 2  
3 7  
2 2  
2 5  
2 7  
1 8  
1 0  
1 2  

7 
1 0  

3 
7 
4 
5 

11 
9 
4 
7 
7 
4 
5 
9 
3 
5 
1 
1 

w i t h  d i a m e t e r  (mm) 
between and 

0 , 0 0 6  
0 , 0 0 9  
0 , 0 1 2  
0 , 0 1 8  
0 0 0 2 4  
0 , 0 3 0  
0 , 0 3 6  
0 , 0 4 2  
0 , 0 4 8  
0 a 0 6 0  
0 0 7 2  
0 , 0 8 4  
0 , 0 9 6  
0 , 1 0 8  
0 , 1 2 0  
0 , 1 3 2  
0 , 1 5 6  
0 , 1 6 8  
0 , 1 8 0  
0 , 1 9 2  
0 , 2 1 6  
0 , 2 4 0  
0 , 2 6 4  
0 , 2 8 8  
0 , 3 1 2  
0 , 3 3 6  
0 . 3 6 0  
0 , 4 2 0  
9 , 4 8 0  
0 , 6 0 0  
0 , 7 2 0  

0 , 0 0 9  
0 , 0 1 2  
0 , 0 1 8  
0 , 0 2 4  
0 , 0 3 0  
0 , 0 3 6  
0 I O42 
0 , 0 4 8  
0 , 0 6 0  
0 . 0 7 2  
0 , 0 8 4  
0 , 0 9 6  
0 , 1 0 8  
0 , 1 2 0  
0 , 1 3 2  
0 , 1 5 6  
0 , 1 6 8  
0 , 1 8 0  
0 , 1 3 2  

0 ,240  
0 , 2 6 4  
0 , 2 8 8  
0 e 312 
0 , 3 3 6  
0,360 
0 , 4 2 0  
0 , 4 8 0  
0 ,600  
0 ,720  
grea ter  

0 b 216 

NO, Of 
b u b b l e s  

5 9 4  
5 7 9  
5 5 0  
4 5 2  
3 7 7  
3 0 5  
2 6 3  
2 2 6  
2 0 4  
1 7 9  
1 5 2  
1 3 4  
1 2 4  
1 1 2  
1 0 5  

8 5  
8 2  
7 5  
7 1  
6 6  
5 5  
4 6  
4 2  
3 5  
2 8  
2 4  
1 9  
1 0  

7 
2 
1 

w i t h  d i a m e t e r  (mm)  
g r e a t e r  t h a n  

0 , 0 0 6  
0 , 0 0 9  
0 , 0 1 2  
0 , 0 1 8  
0 , 0 2 4  
0 , 0 3 0  
0 , 0 3 6  
0 , 0 4 2  
0 , 0 4 8  
0 , 0 6 0  
0 , 0 7 2  
0 , 0 8 4  
0 , 0 9 6  
0 , 1 0 8  
0 . 1 2 0  
0 , 1 3 2  
0 , 1 5 6  
0 , 1 6 8  
0 , 1 8 0  
0 , 1 9 2  
0 2 1 6  

0 2 6 4  
0 , 2 6 8  
0 e 3 1 2  
0 3 3 6  
0 3 6 0  
0 , 4 2 0  
0 . 4 8 0  
0 e 6 0 0  
0 . 7 2 0  

0 ,, 2 4 0  

c 



TABLE I1 e BUBBLE D I S T R I B U T I O N  from O B S I D I A N  I1 
(Volume searched 1 6 7  m m 3 )  

.-*. ---- ..---- 
I N C R E M E N T A L  NUMi3ERS CUMULATIVE NUM3ERS 

- - - -___- - -- . 

No, of with diameter  (mm) No, of with diameter ( m m )  
b u b b l e s  between and bubbles g r e a t e r  than 

1 4  
1 8  
29  
3 1  
2 4  
2 9  
2 5  
1 0  
1 7  

9 
6 
4 

1 3  
2 5  
2 3  
1 4  
1 3  
1 4  
1 2  
1 2  
1 6  
1 4  

9 
0 
i 

0 , 0 0 6  
0 , 0 0 9  
0 , 0 1 2  
0 0 1 5  
0 , 0 1 8  
0 , 0 2 4  
0 , 0 3 0  
0 , 0 3 6  
0 , 0 4 2  
0 . 0 4 8  
0 , 0 5 4  
0 , 0 6 0  
0 , 0 7 2  
0 , 0 9 6  
0 e 1 2 0  
0 144 
0 , 1 6 8  
0,192 
0.216 
0 ,240  
0 , 3 0 0  
0 3 6 0  
0 ,480 
0 , 6 0 0  

0 ,006  
0 , 0 0 9  
0 , 0 1 2  
0 ,015  
0 ,018  
0 , 0 2 4  
0,030 
0,036 
0 . 0 4 2  
0 ,048  

0 . 0 6 0  
0 , 0 7 2  
0 , 0 9 6  
0 , 1 2 0  
0 , 1 4 4  
0 5 6 8  
0 .192  
0 ,216 
0 , 2 4 0  
0 , 3 0 0  
0 ,360  

0 , 6 0 0  
0 , 7 2 0  

0 , 0 5 4  

0,480 

3 8 2  
3 6 8  
3 5 0  
3 2 1  
2 9 0  
2 6 6  
2 3 7  
2 1 2  
2 0 2  
1 8 5  
1 7 6  
1 7  0 
1 6 6  
1 5 3  
1 2 8  
1 0 5  

9 1  
7 8  
6 4  
5 2  
4 0  
2 4  
1 0  
1 
1 

0 , 0 0 3  
0 e 0 0 6  
0 , 0 0 9  
0 , 0 1 2  
0 , 0 1 5  
0 . 0 1 8  
0 , 0 2 4  
0 , 0 3 0  
0 , 0 3 6  
0 , 0 4 2  
0 , 0 4 8  
0 , 0 5 4  
0 , 0 6 0  
0 , 0 7 2  
0 , 0 9 6  
0e120 
0 144 
0 , 1 6 8  
0,192 
0 2 1 6  
0 , 2 4 0  
0 , 3 0 0  
0 , 3 6 0  
0 , 4 8 0  
0 6 0 0  



TASLE 111, BUBBLE DISTRIBUTION from f u s e d  microscopic 
SLIDE GLASS POGJDER ( V o l a  searched 4 0  mm3) 

. 

INCREMENTAL NUMBERS 
~ ~- 

CUMULATIVE NUMBERS 

No, of 
bubbles 

2 6 8  
1 6 7  
1 3 6  
1 1 8  
1 1 4  
1 0 4  

2 7  
2 6  
1 9  
1 5  

4 
4 
4 
8 
2 
3 
1 
2 
1 

w i t h  diameter ( m m )  
between and 

0 , 0 0 6  
0 . 0 0 9  
0 . 0 1 2  
0 , 0 1 8  
0 , 0 2 4  
0 ,036 
0 , 0 4 2  
0 . 0 4 8  
0 , 0 6 0  

0 , 0 8 4  
0 , 0 9 6  
0 , 1 0 8  
0 , 1 2 0  
0 , 1 3 2  
0 a 1 4 4  
0 a 2 0 4  
0 a 2 1 6  

0 , 0 7 2  

0,006 
0,009 
0 a 0 1 2  
0 a 018  
0 a 024  
0,036 
0,042 
0 a 0 4 8  
0 a 0 6 0  
0 a 072 
0 , 0 8 4  
0,096 
0 ,108 
0 . 1 2 0  
0,132 
0 a 1 4 4  
0 204  
0 , 216 
0 a 228 

No, Of 
bubbles 

1 0 2 3  
7 5 5  
5 8 8  
4 5 2  
3 3 4  
2 2 0  
1 1 6  

8 9  
6 3  
4 4  
2 9  
2 5  
2 1  
1 7  

9 
7 
4 
3 
1 

with diameter (nun)  
greater than 

0 , 0 0 3  
0 0 0 6  
0 ,009  
0 4 0 1 2  
0,018 
0 , 0 2 4  
0 , 0 3 6  
0 a 0 4 2  
0 , 0 4 8  
0 , 0 6 0  
0 , 0 7 2  
0 , 0 8 4  
0 , 0 9 6  
0 , 1 0 8  
0 , 1 2 0  
0 , 1 3 2  
0 , 1 4 4  

0 ,216 
0 , 2 0 4  



TABLE I V  

BUBBLE CONTENT and 
o t h e r  cons t a n  ts 

Volume searched  

To ta l  No, of bubbles  

M, f o r  0,lmm regime 
/ 

( b )  

Volume c o n t e n t  

M I  f o r  0,1m r e g i m e  R 
( R )  

(00 
Volume con ten t  

T o t a l  V o l u m e  c o n t e n t  

OBSIDIAN I 

270 mm3 

594 

250 

5,8+0,5% 

85 

- 

0 , 1 4 4 m  

1,8+0,05 

0.02tO1O05% 

- 
- 

OBSIDIAN I1 SLIDE GLASS 

1 6 7  mm3 40 mm3 

382 1 0 2 3  

2 7 0  410 

12 8 + 0 , 2  
I 

4 , O O + O  .1 

1,55t0,5% - 8, O t O  , 5% 

150 17 

0 , 0 7 2 m  0 , 1 2 m  

8%+0,05 1,6% +0,05 



Diameter ( mm) 

FIGURE la .  Cumulative Number versus Diameter, OBSIDIAN I 



Diameter ( mm) 

FIGURE Ib. Cumulative Number versus Diameter, OBSIDIAN I1 
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FIGURE I C .  Cumulative Number versus Diameter, SLIDE GLASS 
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FIGURE 213. Cumulative Number versus Diameter, OBSIDIAN I 



FIGURE 2b. Cumulative Number versus Diameter, OBSIDIAN I1 
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FIGURE 2c. Cumulative Number versa Diameter, SLIDE GLASS 
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FIGURE 3b.  Cumulative Number versus Diameter ,  OBSIDIAN II 
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FIGURE 3c .  Cumulative Number versus Diameter, SLIDE GLASS 


