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C in c in n a t i  1 9 ,  Ohio

Dear D r .  Kehoe ; -

1 .  A i r  E v a p o ra t io n  o f  V i t o l

We have co m p le ted  an  i n v e s t i g a t i o n  o f  t h e  a i r - e v a p or a t i o n  c h a r a c t e r ­
i s t i c s  o f  V i t o l  f l u i d ,  a s  s u g g e s te d  a t  t h e  m e e t in g  w i t h  t h e  Thompson p e o p le  i n  
C le v e la n d  on A p r i l  2 0 .  Our f i n d i n g s  a r e  s u f f i c i e n t l y  di f f e r e n t  f rom  w hat we ex­
p e c te d  t h a t  I  am t r a n s m i t t i n g  our d a ta  t o  you now in  th e  form  o f  t h i s  memorandum, 
r a t h e r  th a n  w a i t  u n t i l  t h e  fo rm a l LTD r e p o r t  i s  i s su e d .  F u r th e rm o re ,  we w ere 
n o t i f i e d  b y  H r .  Van H a r te s v e ld t  t h a t  you  had g iv e n  pr o v i s i o n a l  a p p ro v a l  t o  p ro ­
ceed  w i t h  th e  Columbus p rog ram , and o u r  i n f o r m a t io n  may have a b e a r i n g  on t h a t  
d e c i s i o n .

You w i l l  r e c a l l  t h a t  D r .  .Roush o f  t h e  Thompson P r o d u c ts  r e p o r t e d  p r e ­
l im in a r y  r e s u l t s  i n d i c a t i n g  t h a t  th e  v o l a t i l i t y  o f  TEL i n  V i t a l  was a b o u t  one- 
f o u r t h  t h a t  o f  TEL i n  g a s o l i n e .  Our r e s u l t s  i n d i c a t e  th a t  a v e r y  d i f f e r e n t  s i t u a ­
t i o n  e x i s t s .

We h a v e  e v a p o ra te d  sam p les o f  V i t o l  b y  i n t r o d u c in g  n i t r o g e n  th ro u g h  a 
s i n t e r e d  d i s c ,  so t h a t  n e a r - e q u i l i b r i u m  c o n d i t i o n s  ex i s t .  The e f f l u e n t  v a p o rs ,  
c o n s i s t i n g  o f  n i t r o g e n ,  m e th a n o l ,  w a te r  and t h e  components o f  t h e  A n t ik n o c k  Cois- 
pound *vere sc ru b b e d  th ro u g h  an i o d in e  s o l u t i o n ,  and th e  s c ru b b e r  s o l u t i o n s  a n a ly z e d  
f o r  l e a d .  T h is  p ro c e d u re  d u p l i c a t e s  t h a t  used  f o r  TEL-heptane s o l u t i o n s  as  d e s c r i b ­
ed in  o u r  r e p o r t  LTD 4 6 -4 7 ,  a copy  o f  w h ich  you  r e ce i v e d  a t  th e  t im e  i t  was i s s u e d .  
W ith  g a s o l i n e ,  we found t h a t  v e r y  l i t t l e  o f  t h e  TEL e v a p o ra te d  u n t i l  a b o u t  9Of» o f 
th e  f u e l  was e v a p o r a te d .  C o n se q u e n t ly  d an g e ro u s  TEL c o n c e n t r a t i o n s  i n  t h e  a i r  do 
n o t  e x i s t  d u r in g  m ost o f  th e  e v a p o r a t i v e  p r o c e s s ,  no r  would t h e  v ap o r  s p a c e  i n  a 
p a r t l y  f i l l e d  c o n ta i n e r  c o n ta i n  h ig h  c o n c e n t r a t i o n s.  On t h e  o th e r  hand th e  r e ­
s i d u a l  l i q u i d  g a s o l i n e  becomes, h i g h e r  i n  TEL c o n t e nt .

The d a ta  w h ich  we h av e  o b ta in e d  a r e  p r e s e n t e d  i n  th e  fo l l o w in g  t a b l e  and 
i n  t h e  a t t a c h e d  g r a p h s .  Under t h e s e  c o n d i t i o n s  o f  ev a p o r a t i o n ,  v ap o rs  from  V i t o l  
f l u i d  w i l l  c o n ta i n  b e tw e en  9000 and 1 2 ,5 0 0J ig . P b / c u .  f t .  o f  a i r  u n t i l  e s s e n t i a l l y  
a l l  t h e  TEL h a s  e v a p o r a te d .  An a lm o s t  s t r a i g h t —l i n e  r e l a t i o n s h i p  e x i s t s  be tw een  
th e  amount o f  l e a d  and V i t o l  e v a p o ra te d —2% o f  th e  TEL f o r  e v e ry  1% o f  t h e  l i q u i d .  
C a l c u la t i o n s  show t h a t  e v a p o r a t i o n  o f  p u re  TEL u n d er  s im i l a r  c o n d i t i o n s  w ou ld  p r o ­
duce a c o n c e n t r a t i o n  o f  1 3 0 ,0 0 0  ,ug . P b / c u .  f t .  o f  a i r .  The e v a p o r a t i o n  c h a r a c t e r ­
i s t i c s  o f  V i t o l  a r e ,  t h e r e f o r e ,  e q u i v a l e n t  t o  t h o s e ofVlOfo TEL s o l u t i o n .
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2D r. Xehoe 
S e p t .  2 .  1948

Run

AIR EVAPORATION OF VITOL FLUID M D ''ETHYL" AVIATION GASOLINE

F r a c t i o n ,  
w t .  % o f  

samnle

W t, % E v a p o ra te d ,  
c u m u la t iv e

F ue l Lead

C o n c e n t ra t i o n  
o f  l e a d  i n  a i r ,  

M g . /c u , f t .

/

C o n c e n t ra t i o n  
o f  TEL i n  r e s i d u e  

m l .T E L /g a l .

1 53 53 9 7 .2 9500 0 .1 9
V i to l 30 83 9 8 .2 ; "  200 .26

10 93 9 8 .8 30 .5 4
7 Res . - - -

2 5 5 1 1 .8 1 2 ,5 0 0 2 .8 2  ‘
V i t o l 5 " 10 2 1 .4 1 2 ,4 0 0 2 .6 4

5 15 3 5 .2  , 1 3 ,0 0 0 2 .3 3
11 26 6 1 .2 1 2 ,1 0 0 1 .6 2
74 R e s . - - -

3 6 6 1 0 .7 9200 2 .5 8
V i t o l 11 17 3 2 .0 9200 2 .2 5

10 27 4 9 .8 9100 1 .8 8
73 Res . - - -

4 0 0 0 130 4 .5
G a so l in e 40 40 ( 0 .5 ) 160 7 .4 5

40 80 2 .1 480 2 2 .0
10 90 5 .4 1250 4 2 .5

5 95 1 3 .0 3130 7 8 .5
3 98 3 5 .5 8540 1 4 5 .0

Run 1 .  V i t o l  f l u i d ,  l a b o r a t o r y  p r e p a r a t i o n ,  no c o r ro s i o n  i n h i b i t o r ,
3 .0 3  m l.  T S L /g a l .

Run 2 .  V i t o l  f l u i d ,  l a b o r a t o r y  p r e p a r a t i o n ,  no c o r ro s i o n  i n h i b i t o r ,
3 .0 3  m l .  T E L /g a l .

Run 3 .  V i t o l  f l u i d ,  com m erc ia l  g r a d e ,  2 .7 2  m l.  T S L /ga l .

Run 4 .  A v ia t i o n  g a s o l i n e ,  CRC-28R, 4 .5  m l .  T E L /g a l . ,  d a ta  f rom  LTD 4 4 -5 7 .

These r e s u l t s ,  s t r i k i n g  a s  t h e y  may seem, a r e  i n  q ua l i t a t i v e  ag reem en t  
w i th  t h e  law s o f  p h y s i c a l  c h e m is t r y :  as  sy s tem s a p pro a c h  i m m i s c i b i l i t y  th e  p a r t i a l  
p r e s s u r e s  o f  t h e i r  components i n c r e a s e  c o n s id e r a b l y and a p p ro a c h  th e  v ap o r  p r e s s u r e s  
o f  t h e  p u re  compounds, a s t a t e  w h ic h  i s  r e a c h e d  when the  components become im m is c ib le ,

The e x p e r im e n ts  w h ic h  we c o n d u c te d  w ere  n o t  d e s ig n ed  to  d u p l i c a t e  th e  
s u r f a c e  e v a p o r a t i o n  e x p e r ie n c e d  i n  a l i q u i d  s p i l l ,  b u t  w i t h  t h i s  r e s e r v a t i o n  i n  
m ind, th e  f o l l o w in g  p i c t u r e  o f  t h e  r e l a t i v e  e f f e c t s o f  V i t o l  and l e a d e d  g a s o l i n e  
s p i l l s  can  be  d raw n . In  th e  f i r s t  p l a c e ,  t h e  e v a p o ra t i o n  o f  V i t o l  w i l l ,  f rom  t h e  
s t a r t ,  i n t r o d u c e  c o n s id e r a b l y  g r e a t e r  q u a n t i t i e s  o f TEL i n to  th e  a tm o s p h e re ,  b u i l d ­
in g  up t h e  TEL c o n c e n t r a t i o n  much f a s t e r  t h a n  i s  th e  ca se  w i t h  g a s o l i n e .  In  a 
c o n f in e d  sp ace  a r e a l  h a z a r d  w i l l  e x i s t ,  For exam p le ,  (1 )  i f  one g a l l o n  o f  V i t o l  
i s  a l lo w e d  t o  e v a p o ra te  t o  t h e  5 0 /  po inm, e i t h e r  as t h e  r e s u l t  o f  a s p i l l  o r  f rom  
s to r a g e  i n  an  open c o n t a i n e r ,  i n t o  a room o f  1000  cu .  f t . ,  2 .9  g .  ,o f  Pb w i l l  be 
i n t r o d u c e d  i n t o  th e  a tm o sp h e re ,  or 2 , 9 0 0 ^ » g . ? b / c u . ft . On t h e  o t h e r  h an d ,  u n d e r  
t h e  same c i r c u m s ta n c e s ,  t h e r e  Would be  o n l y  0 .0 4 8  g.  Pb, o r  4 8 / * g .P b / c u .  f t .  r e ­
s u l t i n g  f rom  e v a p o r a t i o n - o f  a s i m i l a r  q u a n t i t y . o f  av i a t i o n  g a s o l i n e .  These f i g u r e s
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D r. Ke ho e 
S e p t .  2 ,  194-8

3 .

a r e  SI and 0 .5  t im e s ,  r e s p e c t i v e l y ,  th e  maximum a l l ow a b le  c o n c e n t r a t i o n  f o r  20 -  
m inu te  e x p o s u r e .  (2 )  The h e e l  r e m a in in g  i n  a s t o r a ge  t a n k  c o n t a i n i n g  V i t o l  or 
g a s o l i n e  f u r n i s h e s  a n o th e r  i n t e r e s t i n g  c o m p a r is o n .  With V i t o l  we c a n  e x p e c t  
a b o u t  1 0 ,0 0 0  /u g .P b /c u .  f t .  o f  v apo r  space  i n  th e  ta n k ,  no m a t t e r  w ha t th e  s i z e  
o f  th e  h e e l  i n  r e l a t i o n  t o  t h e  t a n k .  With g a s o l i n e  even i f  805? o f  t h e  h e e l  e v a p o r a t ­
ed  i n t o  th e  v a p o r  s p a c e ,  t h e r e  would be l e s s  t h a n  500 /¿ g .F b /c u .  f t .  i n  t h e  ta n k  
a tm o s p h e re ,  and t o  b r i n g  a b o u t  t h i s  c o n d i t i o n  t h e  li q u i d  h o ld -u p  i n  t h e  ta n k  would 
have to  be on t h e  o r d e r  o f  0.2/? o f  t h e  ta n k  vo lum e, o r  s a y  20 g a l .  i n  a 1 0 , 0 0 0 - g a l .  
ta n k  w h ich  w ou ld  be u n u s u a l l y  lo w ,  (3 )  S t i l l  a n o th er  c o n d i t i o n ,  'which may e x i s t  
i n  p r a c t i c e ,  i s  t h e  b u i l d - u p  o f  a h ig h  l e a d  (TEL) co n c e n t r a t i o n  u n d e r  t h e  se m i -  
e n c lo s e d  hood o f  an  a u to m o b i le  from  the, e v a p o r a t i on  o f  V i t o l  from  th e  s to r a g e  c a n n i s -  
t e r .  A m echan ic  m ig h t  be s u b j e c t e d  t o  a h ig h  c o n c e nt r a t i o n  v e r y  r e a d i l y  f rom  t h i s  
s o u r c e .  ■ : ........

On t h e  o t h e r  s i d e  o f  th e  p i c t u r e ,  our e x p e r im e n ts  show t h a t  e v a p o r a t i o n  
o f  V i t o l  i s  a v e r y  e f f i c i e n t  means o f  e l i m i n a t i n g  TEL f rom  th e  r e s i d u e ,  t h e  o p p o s i t e  
p i c t u r e  from w hat o c c u rs  i n  t h e  c a s e  o f  g a s o l i n e .  In c i d e n t a l l y ,  we have s a t i s f i e d  
o u r s e l v e s  t h a t  a l t h o u g h  th e  w a te r  c o n te n t  o f  t h e  r es i d u a l  f l u i d  i n c r e a s e s ,  t h e  T3L 
i s  removed s u f f i c i e n t l y  r a p i d l y  t h a t  n o  s e p a r a t i o n  o c c u rs  due t o  e v a p o r a t i o n .  I f  
w a te r  I s  added , how ever, su c h  as in  w ash in g  f o r  i n st a n c e ,  TEL w i l l ,  o f  c o u r s e ,  
s e p a r a t e  im m e d ia te l y .

Thus, from c e r t a i n  s t a n d p o i n t s  V i t o l  p r e s e n t s  more o f  a h a z a rd  t h a n  g a s o ­
l i n e ,  and from  o th e r s  l e s s .  C e r t a i n l y  th e  s i t u a t i o n i s  d i f f e r e n t ,  ,-ve w i l l  b e  v e r y  
I n t e r e s t e d  i n  l e a r n i n g  y o u r  r e a c t i o n  to  t h e s e  r e s u lt s ,  and w ha t recom m endat ions  you 
w i l l  make c o n c e rn in g  t h e  s t o r a g e ,  h a n d l i n g  an d  u se  o f t h i s  p ro d u c t  b a sed  on t h e s e  
o b s e r v a t i o n s .  .

2 .  F u r th e r  Work

The r e s u l t s  r e c o r d e d  above have seemed s u f f i c i e n t l y p r o v o c a t i v e  to  w a r r a n t  
f u r t h e r  'w ork . Vie p la n  to  c a r r y  o u t  t h e  f o l l o w in g  p ro g ram , to  be  co m p le te d  i n  a b o u t  
two months :

1 )  D e te rm ine  e v a p o r a t i o n  c h a r a c t e r i s t i c s  o f  V i to l  fl u i d  c o n ta in g  Q% and
5% w a t e r .  I f  we a r e  a t  p r e s e n t  d e a l i n g  w i th  b o r d e r l i n e  i n u n i s c i b i l i t y ,  t h e s e  e x p e r i ­
m ents  s h o u ld  p o i n t  i t  o u t .

2 )  D e term ine  a c c u r a t e l y  t h e  p a r t i t i o n  f u n c t i o n  o f  TEL b e tw e e n  th e  a l c o h o l -  
w a te r  and d i s p e r s e d  i n h i b i t o r  p h a s e s .  P r e l i m i n a r y  ex p e r im e n ts  i n d i c a t e  t h e  i n h i b i t o r  
c o n ta i n s  a p p r e c i a b l e ,  p e rh a p s  d a n g e ro u s ,  c o n c e n t r a ti o n s  o f  TEL.

3 )  D eterm ine  t h e  s e p a r a b i l i t y  o f  t h e  i n h i b i t o r  p h a se .  A l th o u g h  Thompson 
i n s i s t s  t h e  e m u ls io n  i s  p e rm a n en t ,  we a r e  s t i l l  s k ep t i c a l .  We have o b s e rv e d  ag ­
g lo m e ra t io n  o f  i n h i b i t o r  d r o p l e t s ,  s e p a r a t i o n  on c en t r i f u g i n g  and a c o n c e n t r a t i o n  
g r a d i e n t  i n  com m erc ia l  V i t o l .  I n  v iew  o f  ( 2 )  a b o v e , t h i s  p o i n t  n eeds  c l a r i f i c a t i o n .

We s h a l l  keep  you a d v is e d  o f  ou r  p r o g r e s s ,  and se n d you a copy o f  our 
f i n i s h e d  r e n o r t  on th e  w ork  t o  d a t e .

We w ou ld  be i n t e r e s t e d  i n  t h e  r e s u l t s  o f  y o u r  t o x i ci t y  s t u d i e s  and i n  
l e a r n i n g  t h e  d e t a i l s  o f  your recom m endat ion  t o  Thompson.

MM:C

. 0020663
AVery t r u l y  y o u r s ,  

■  0 , OJJU5---- .
M or lev  Mor.sana
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