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ABSTRACT 
A STUDY OF METALS IN CRUDE OILS

By

Mohammad A. B a sh a r

The p r e s e n t  work had  t h e  fo l lo w in g  o b j e c t i v e s :

1 .  To s tu d y  t h e  m e ta l s  q u a l i t a t i v e l y  In  c ru d e  o i l s

l o c a l l y  o b t a i n e d  and t o  d i s c u s s  i n  g e n e r a l  t h e i r  Im­

p o r t a n c e

2e ( a )  To d e te r m in e  t h e  c r i t i c a l  m e ta l s  by m ethods 

commonly u se d

( b )  To d e v e lo p  and im prove  q u a n t i t a t i v e  m ethods

( c )  To d i s c u s s  and com pare q u a n t i t a t i v e  m ethods em­

p lo y e d

3* To i n v e s t i g a t e  i f  t h e r e  e x i s t s  a  r e l a t i o n s h i p  b e ­

tw een  t h e  m e ta l  c o n t e n t  o f  c ru d e  o i l s  and t h a t  o f  

a s s o c i a t e d  w a t e r  and p ro d u c in g  f o r m a t io n s  and t o  d i s ­

c u s s  t h e  p o s s i b l e  o r i g i n  o f  t h e s e  m e ta ls  

4* To i n v e s t i g a t e  i f  t h e s e  m e ta l s  c o u ld  p r o v i d e  a  b e t t e r  

u n d e r s t a n d i n g  o f  t h e  e v o l u t i o n  o f  t h e  c ru d e  o i l s .

The s tu d y  p u r s u e d  i n  t h e  above o r d e r  shows t h a t  

c ru d e  o i l s  c o n t a i n  v a r i o u s  m e t a l l i c  e le m e n ts  e x i s t i n g  i n  

d i v e r s i f i e d  p h y s i c a l  and c h e m ic a l  fo rm s . Among t h e  m e ta l s
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may be m en tio n ed  I r o n ,  n i c k e l ,  vanadium , c o p p e r ,  aluminum, 

sodium , c a lc iu m ,  m agnesium , b a r iu m , t i n ,  l e a d ,  molybdenum, 

g o l d ,  s i l v e r ,  e t c .  Of t h e s e  m e t a l s ,  I r o n ,  n i c k e l ,  c o p p e r  

and vanadium  a r e  c o n s id e r e d  h a rm fu l  f o r  t h e  f a c i l i t i e s  

u s i n g  t h e  c ru d e  o i l s  and t h e i r  p r o d u c t s .  To m en tio n  a  few , 

t h e  f a c i l i t i e s  s u s c e p t i b l e  A,o t h e  p e r n i c i o u s  e f f e c t s  o f  

t h e s e  m e t a l s  a r e  ( 1 ) c r a c k i n g  c a t a l y s t s  ( 2 ) r e f i n e r y  e q u ip ­

m ents  ( 3 ) pow er t u r b i n e s  (4 )  f u r n a c e s  and r e f r a c t o r i e s .

In  o r d e r  t o  o b t a i n  a means o f  c o n t r o l  on th e  p r o ­

d u c t  q u a l i t y  and t o  p r e d i c t  t h e  e x t e n t  o f  h a rm fu l  e f f e c t s  

t o  be p ro d u c e d  I t  I s  n e c e s s a r y  to  d e te r m in e  t h e s e  m e t a l s .

I n  t h e  p r e s e n t  s tu d y  I r o n ,  n i c k e l  and vanadium  have  been  

d e te r m in e d  by ( 1 ) s p e c t r o g r a p h l c  ( 2 ) c o l o r i m e t r i c  ( 3 ) a c t i ­

v a te d  c a rb o n  m e th o d s .  From a  co m p a r iso n  o f  t h e  r e s u l t s  I t  

h a s  been  c o n c lu d e d  t h a t  t h e  r o t a t i n g  e l e c t r o d e  method ( s p e c ­

t r o g r a p h l c  m ethod) l a  f a s t  and s u i t a b l e  f o r  r o u t i n e  a n a l y s i s  

and  t h e  c o l o r i m e t r i c  m ethod f o r  a c c u r a t e  q u a n t i t a t i v e  an a ­

l y s i s .  B e s id e s  b e in g  a  q u a n t i t a t i v e  p r o c e d u r e ,  t h e  t h i r d  

m ethod i s  an  e x t r a c t i v e  p r o c e s s  and b r i n g s  o u t  t h e  im p o r ta n t  

p r i n c i p l e  t h a t  a  r e a g e n t  l i k e  u r e a  o r  m e r c a p to b e n z o th ia z o le  

m ust be em ployed t o  b r i n g  a b o u t  a ch an g e  i n  t h e  s t r u c t u r e  

o f  com plexes w h ich  t h e n  c o u ld  be a d s o rb e d  ,by a c t i v a t e d  c a r ­

bon , s i l i c a  g e l  o r  s i m i l a r  a d s o r b e n t .  F o l lo w in g  t h i s  r e a s o n ­

in g  and  a d o p t in g  t h e  t e c h n i q u e ,  t h e  a u t h o r  f e e l s  c e r t a i n
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t h a t  s u c c e s s f u l  p r o c e s s e s  c o u ld  he d e v e lo p e d  f o r  p u r i ­

f y i n g  c ru d e  o i l s  o r  e x t r a c t i n g  t h e  m e ta l s  from  c ru d e  

o i l s  f o r  co m m erc ia l  u t i l i z a t i o n *

F i n a l l y ,  i t  was c o n c lu d e d  t h a t  t h e  m e ta l s  came 

from  t h e  o r i g i n a l  o r g a n ic  o r  p l a n t  re m a in s  from  w hich  c ru d e  

o i l s  e v o lv e d ,  G. W. Hodgson and c o - w o r k e r s '^  hav e  p r o ­

p o se d  t h a t  t h e  age  o f  c ru d e  o i l s  can  be  c o r r e l a t e d  w i th  

V/Ni r a t i o *  No such  c o r r e l a t i o n  was found  i n  t h i s  s tu d y .

T h is  a b s t r a c t  o f  288 words i s  a p p ro v ed  as t o  form

and c o n t e n t ,

I  recommend I t s  p u b l i c a t i o n *

D a te , 1955

3 Igned  Ç Ô  • fo . M i

P(ror. i n  c h a rg e  o f  t h e s i s
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INTRODUCTION

W ith in  t h e  r e c e n t  y e a r s ,  t h e  p e t r o le u m  i n d u s t r y  

h a s  b e en  i n c r e a s i n g l y  c o n c e rn e d  a b o u t  m e ta l s  i n  t h e  c ru d e  

o i l s .  The r e a s o n  f o r  t h i s  c o n c e rn  a r i s e s  from  t h e  r e a l i ­

z a t i o n  o f  t h e  h a rm fu l  e f f e c t s  p ro d u c e d  by t h e s e  m e ta ls  

upon  t h e  f a c i l i t i e s  u s i n g  c ru d e  o i l s  and t h e i r  p r o d u c t s .

The p r e s e n t  w ork  i s  a n a t u r a l  co n seq u e n ce  o f  t h e  r e a l i z a ­

t i o n  o f  t h e  s i g n i f i c a n c e  o f  t h e s e  m e t a l s .

N ine c ru d e  o i l  sam p le s  w ere o b t a i n e d  from  l o c a l  

s o u r c e s  and a n a ly z e d  q u a l i t a t i v e l y  f o r  t h e i r  m e ta l  c o n t e n t s .  

The Im p o r ta n c e  and s i g n i f i c a n c e  o f  t h e s e  m e ta l s  w ere  th e n  

d i s c u s s e d .

Among t h e  m e t a l s ,  F e , N i,  and V a r e  c o n s id e r e d  

h a r m f u l .  T hese  w ere  d e te r m in e d  by s p e c t r o g r a p h l c  and c o lo ­

r i m e t r i c  m e th o d s .  The a u th o r  d e v e lo p e d  t h e  a c t i v a t e d  c a r ­

b o n  method and em ployed i t  t o  d e te r m in e  t h e  above m e t a l s .

The t h r e e  m ethods w ere  th e n  compared and t h e i r  a d v a n ta g e s  

and  d i s a d v a n t a g e s  d i s c u s s e d . '

So t h a t  t h e  o r i g i n  o f  t h e s e  m e ta l s  i n  c ru d e  o i l s
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c o u ld  be s t u d i e d ,  sa m p le s  o f  p ro d u c in g  f o r m a t io n s  and 

a s s o c i a t e d  w a t e r  w ere  p r o c u r e d  and a n a ly z e d  f o r  t h e i r  

m e ta l  c o n t e n t s .  From su ch  a  s tu d y  and from  e x i s t i n g  

know ledg e , a  c o n c l u s i o n  was a r r i v e d  a t  as  t o  t h e  p o s s i ­

b l e  o r i g i n  o f  t h e s e  m e ta l s  I n  c ru d e  o i l s .

F i n a l l y ,  t h e  n i n e  c ru d e  o i l  sam p les  w ere  s t u d i e d  

I n  o r d e r  t o  v e r i f y  t h e  c o r r e l a t i o n  o f  t h e  age  and d e p th

o f  c ru d e  o i l s  w i t h  g r a v i t y  and V/Nl r a t i o  p ro p o se d  by
18G. V.T.  Hodgson and h i s  c o -w o rk e r s  . A c o n c lu s io n  was 

th e n  a r r i v e d  a t  a s  to  t h e  v a l i d i t y  o f  su ch  c o r r e l a t i o n  

o n  t h e  c ru d e  o i l s  s t u d i e d .
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METALS IN CRUDE OILS

A c ru d e  o i l  I s  c o n v e n t io n a l ly  d e f i n e d  a s  a  n a tu ­

r a l l y  o c c u r r i n g  s u b s ta n c e  c o n s i s t i n g  p r e d o m in a n t ly  o f  a  

com plex  m ix tu r e  o f  d i f f e r e n t  ty p e s  o f  h y d ro c a rb o n s  and 

h a v in g  o r g a n ic  and i n o r g a n i c  i m p u r i t i e s .  The I n o r g a n ic  im­

p u r i t i e s  a r e  v a r i o u s  m e ta l s  e x i s t i n g  i n  d i f f e r e n t  fo rm s .

The o c c u r r e n c e  o f  t h e s e  m e ta l s  i n  c ru d e  o i l s  was t h e r e f o r e  

known s i n c e  t h e  v e ry  r e c o g n i t i o n  and u t i l i z a t i o n  o f  c ru d e  

o i l s  a s  a  s o u r c e  o f  f u e l  and pow er. B u t,  t h e  r e a l  s i g n i f i ­

c a n c e  o f  t h e s e  m e ta l s  was n e v e r  r e a l i z e d  and c o n s e q u e n t ly  

t h e  i n t e r e s t  i n  t h e i r  t r u e  s tu d y  i s  v e ry  r e c e n t .

The p r e s e n c e  o f  m e ta l s  i s  n o t  l i m i t e d  t o  c ru d e  o i l s  

o f  one l o c a l i t y  o n l y ;  t h e s e  m e ta l s  a r e  i n v a r i a b l y  a s s o c i a ­

t e d  w i th  c ru d e  o i l s  fo u n d  a l l  o v e r  t h e  w o r ld .  The m e ta l s  

fo u n d  i n  c ru d e  o i l s  a r e  d i v e r s i f i e d  i n  k in d s  and fo rm s . A 

c o m p le te  i d e n t i f i c a t i o n  o f  t h e  c h e m ic a l  and p h y s i c a l  s t a t e s  

o r  form s o f  a l l  n a t u r a l l y  o c c u r r i n g  t r a c e  m e ta l s  i n  c ru d e  

o i l s  h a s  n e v e r  been  c o m p le te d .  Such i n f o r m a t i o n  how ever, 

w ould  be  s p e c i a l l y  u s e f u l  t o  t h e  p e t ro le u m  i n d u s t r y  i n  as
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much a s  I t  w ould  p re su m a b ly  th ro w  l i g h t  on t h e  s o u rc e  

and  o r i g i n  o f  c ru d e  o i l s .  I t  would a l s o  be  u s e f u l  In  

d e s i g n i n g  e f f e c t i v e  t r e a t i n g  p r o c e s s e s  sh o u ld  t h e  rem o v a l  

o f  t h e s e  m e ta l s  be  deemed d e s i r a b l e .  The v a r i o u s  form s 

i n  w hich  m e ta l s  may e x i s t  i n  c ru d e  o i l s  i n c l u d e  t r u e  s o l u ­

t i o n s ,  o r  o r g a n o - m e t a l l i c  s u b s t a n c e s ,  su sp en d ed  s o l i d  

p a r t i c l e s  i n  h ig h ly  d i v i d e d  fo rm s , and c o l l o i d a l  o r  emul­

s i f i e d  d i s p e r s i o n s  o f  m in u te  b o d ie s  c o n t a i n i n g  m e ta l  com­

p ounds o r  co m p lex e s .

S m a ll  am ounts o f  a lm o s t  a l l  m e t a l l i c  e le m e n ts  a r e  

e n c o u n te r e d  i n  m ost c ru d e  o i l s .  Among t h e  m e t a l l i c  e le m e n ts  

i d e n t i f i e d  i n  t y p i c a l  c ru d e  o i l s  a r e  i r o n ,  n i c k e l ,  vanadium , 

c o p p e r ,  alum inum , sod ium , c a lc iu m ,  m agnesium, b a r iu m , c h ro ­

mium, t i n ,  l e a d ,  molybdenum, g o ld ,  s i l v e r  e t c .  The f o l lo w ­

in g  , a r e  t a b u l a t i o n s  o f  d a t a  show ing t h e  m e t a l l i c  e le m e n ts  

fo u nd  i n  v a r i o u s  c ru d e  o i l s

TABLE I 1
M e ta ls  i d e n t i f i e d  i n  v a r i o u s  c ru d e  o i l s  -

Crude O i l s M e ta l s  I d e n t i f i e d

C an ad ian . F e ,A l,C a ,M g  and t r a c e s  o f  Ag, and Au
Ohio . F e ,A l ,C a ,M g ,C u ,A g ,a n d  Au
M exican F e ,A l ,T i ,M g ,V ,S n ,  and Fb
Baku F e ,A l,C a ,M g,C u,A g,A u,M n and Pb
E g y p t ia n F e ,A l ,C a ,N i ,  and V
V e n ez u e la n F e ,N l ,V ,C a  and Mg
I r a q F e ,A s ,N i  and V
Texas • F e ,A l ,T l ,C a ,M g ,V  and Ni
Ja p a n  • • F e ,C a ,M g,N l and V
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The above d a t a  a r e  t h e  r e s u l t s  o f  q u a l i t a t i v e  

a n a l y s e s  on a s h e s  from  v a r i o u s  c ru d e  o i l s .  Due t o  t h e  i n ­

a c c u ra c y  o f  t h e  m ethods ( c h e m ic a l )  em ployed some m e ta l s  

p r e s e n t  i n  v e ry  m in u te  q u a n t i t i e s  may n o t  have  b e en  d e t e c t e d .

TABLE 2
M e ta ls  fo un d  i n  c ru d e  o i l s  from  d i f f e r e n t  

h o r i z o n s  o f  t h e  same f i e l d  
( R e s u l t s  o f  t h e  p r e s e n t  w ork)

F i e l d P ro d u c in g
H o rizo n

D epth M e ta l s  Found

Mancos . . . 2 6 0 0 a . . . F e ,W i,V ,N a ,C a ,M g ,Z n ,S i ,P b ,  
A g ,A s iT l ,S n ,S r

R a n g e ly ,
C o lo ra d o ,

Mancos • .  • 

Mancos

2 8 0 0 * . . .  

3 1 0 0 * . . .

F e ,N i ,V ,N a ,C a ,M g ,Z n ,S i ,P b ,  
A g,A u ,T l ,S n ,C d ,M o ,B i ,A l ,B a  
8 r ,M n ,S b ,R u
F e ,N i ,V ,N a ,C a ,M g ,S i ,P b ,A g ,  
S b ,S n ,S r

Shinarum p . • 5 3 5 0 * . . . F e ,N l,V ,N a ,C a ,M g ,Z n ,P b ,A g , 
S n ,B a ,T i ,S r

Weber • • « 6 0 8 0 * . . . F e ,N i ,V ,C a ,M g ,Z n ,S i ,P b ,S b ,  
S n ,A l ,T i ,R u

F r o n t i e r  . . . 4 6 7 7 * . . . Fe, N i , V, Na, Ca, Mg, Zn, Pb, Ag, 
5 1 , B ,S b ,S n ,B a ,A l

G ra ss
C u r t i s  . . . 2 3 0 5 * . . . F e , N i , V ,N a ,C a ,M g ,Z n ,S i ,S n ,  

S b ,P b , Ag, B a ,S r ,  T l ,ü (  ? )
C reek ,
Wyoming. T e n s le e p  • . . 1 2 9 2 * . . . F e ,N l ,V ,N a ,C a ,M g ,S i ,S n ,P b ,  

A s ,A g ,L a ,A l ,B a ,S b ,R u ,B l ,C d  
Mo, T i ,  U

Embar • • • 1208* . . . F e ,N l ,V ,N a ,C a ,M g ,A l,Z n ,B a ,  
S r ,P b ,A g ,S n ,S b ,S i ,R u ,A s ,B i  
C d,M o,Ti,U

a  ; D ep ths i n  f e e t  be low  t h e  s u r f a c e  
b : D ep ths i n  f e e t  above  s e a  l e v e l
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The above d a t a  w ere  p ro d u c e d  by t h e  p r e s e n t  a u t h o r .  

The method employed was s p e c t r o g r a p h l c .  The id e a  was to  

show any v a r i a t i o n  i n  t h e  m e ta l  c o n t e n t s  o f  t h e  c ru d e  o i l s  

from  t h e  d i f f e r e n t  p ro d u c in g  h o r i z o n s  a t  d i f f e r e n t  d e p th s  

o f  t h e  same f i e l d .  The p ro d u c in g  h o r i z o n s  shown above  a r e  

a r r a n g e d  i n  i n c r e a s i n g  d e p th s  from  t h e  s u r f a c e .  The above 

r e s u l t s  a r e  n o t  t h e  c o m p le te  o r  e x h a u s t i v e  a n a l y s i s  o f  c ru d e  

o i l s |  su ch  a n a l y s i s  was n o t  a t t e m p te d  by t h e  a u t h o r .
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IMPORTANCE OF METALS IN CRUDE OILS

W ith in  r e c e n t  y e a r s ,  i n t e r e s t  o f  t h e  p e t r o le u m  

i n d u s t r y  i n  t h e  o c c u r r e n c e  o f  t r a c e  m e ta l s  i n  c ru d e  o i l s  

and  t h e i r  p r o d u c t s  h a s  i n c r e a s e d  m ark e d ly .  T h is  i n t e r e s t  

d e r i v e s  from  t h e  i n f l u e n c e  o f  c o n ta m in a n t  m e t a l s  i n  r e f i ­

n in g  o r  p r o c e s s i n g  o f  p e t r o le u m  p r o d u c t s ,  o r  from  t h e  e f f e c t s  

o f  m e ta l s  on u t i l i z a t i o n  o r  p e r fo rm a n c e  c h a r a c t e r i s t i c s  o f  

t h e  f i n i s h e d  p r o d u c t s  o r  from  t h e  c o r r e l a t i o n  o f  t h e s e  m e ta l s  

w i t h  t h e  g e o l o g i c a l  o r i g i n  o f  c ru d e  o i l s .  The im p o r ta n c e  

o f  t h e s e  m e ta l s  may be  r e a l i z e d  from a  c o n s i d e r a t i o n  o f  t h e i r  

e f f e c t s  a s  f o l lo w s  $
Q

EFFECT ON CATALYSTS

I n  c a t a l y t i c  c r a c k in g  t h e  p r e s e n c e  o f  o n ly  a  few 

pou nds  o f  su c h  t r a c e  m e ta l s  a s  i r o n ,  n i c k e l ,  and vanadium  

im p a r te d  from  t h e  f e e d  s t o c k  and a c c u m u la te d  on each  t o n  o f  

c a t a l y s t  n e c e s s i t a t e s  e x p e n s iv e  c a t a l y s t  r e p la c e m e n t  b e c a u se  

t h e i r  a d v e r s e  e f f e c t  on t h e  c a t a l y s t  a c t i v i t y  r e s u l t s  i n  

p o o r  q u a l i t y  o f  t h e  p r o d u c t s .
26

EFFECT ON EQUIPMENT USING PETROLEUM PRODUCTS

Among t h e  in n u m e ra b le  equ ipm en t and m ach ines  u s in g  

p e t r o le u m  p r o d u c t s ,  modern g a s  t u r b i n e s  f o r  s h ip  p r o p u l s i o n
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and pow er g e n e r a t i o n  a r e  v e ry  c r i t i c a l  as  to  t h e  m e ta l  

c o n t e n t s  o f  t h e i r  f u e l s *  Vanadium, n i c k e l ,  and sodium  

i n  p a r t i c u l a r  a r e  e x t r e m e ly  h a rm f u l .  The m a jo r  d i f f i c u l t y  

i s  n o t  i n  t h e  co m b u s tio n  p r o c e s s ,  b u t  i n  t h e  d e p o s i t i o n  o f  

a s h  and i t s  c o r r o s i v e  a t t a c k  on t h e  s u r f a c e s  o f  t h e  com­

b u s t i o n  cham ber and t u r b i n e  b l a d e s .

EFFECT ON REFINERY EQUIPMENT AND REFRACTORIES

I n o r g a n ic  d e p o s i t i o n  p r o d u c t s  from  f u e l s  o f t e n  g i v e  

r i s e  t o  r e f i n e r y  p ro b lem s  i n  h e a t  t r a n s f e r ,  t o  eq u ipm en t 

d e t e r i o r a t i o n ,  and t o  p r e m a tu r e  f a i l u r e .  M e ta l  e m b r i t t l e ­

m en t ,  m e ta l  p i t t i n g ,  and o t h e r  c o s t l y  e f f e c t s  on eq u ip m en t 

a r e  a t t r i b u t a b l e  t o  t r a c e  m e t a l s .

In  many o i l - f i r e d  f u r n a c e s  w here  f la m e  d i r e c t l y  im­

p i n g e s  on t h e  r e f r a c t o r y ,  t h e  f i r e  b r i c k  becomes c o a te d  w i t h
26

a  t h i n  g l a s s y  s u b s ta n c e . '  T h is  has b e en  a t t r i b u t e d  t o  a c t u a l  

f u s i o n  o f  r e f r a c t o r y .  I n v e s t i g a t i o n  shows t h a t  f u r n a c e  

t e m p e r a t u r e  i s  n o t  h ig h  enough to  c a u se  f u s i o n  o f  t h e  r e f r a c ­

t o r y .  The c o a t i n g  on t h e  w a l l  i s  r a t h e r  t h e  a sh  o r i g i n a t i n g  

i n  t h e  o i l  o r  a s l a g  form ed by t h e  r e a c t i o n  o f  t h e  a sh  and 

t h e  r e f r a c t o r y  r e s u l t i n g  i n  r e f r a c t o r y  f a i l u r e s .  A n a ly se s  

o f  s l a g  and t h e  d u s t  from  t h e  r a d i a n t  s e c t i o n  o f  f u r n a c e s  

show h ig h  p e r c e n t a g e s  o f  vanadium  and a l k a l i  m e t a l s .  I t  i s  

q u i t e  e v i d e n t  from  t h e  a n a l y s e s  t h a t  t h e  f u e l - o i l  a s h  r e a c t e d  

w i t h  t h e  r e f r a c t o r y  m a t e r i a l ,  lo w e re d  i t s  f u s i o n  p o i n t ,  and
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c au se d  p r e m a tu re  f a i l u r e .  The f o l lo w in g  I s  a  t a b l e  o f  

a n a l y s e s  o f  f u r n a c e  d u s t  and s la g s

TABLE 326
A n a ly se s  o f  f u r n a c e  s l a g  and d u s t

A n a ly s i s  (>7t.^) S la g D ust from  r a d i a n t  
s e c t i o n ,  b o i l e r  tu b e s

Vanadium • • • 1 2 .5 3 5 .3
R e f r a c t o r y  m a t e r i a l 8 0 .9 7 . 8
O th e r  m e ta l s  i n c l u d i n g  
i r o n ,  n i c k e l ,  t i n ,  and 
z In c  . . . 2 .3 6 .9
A l k a l i  m e ta l s  • . • 3 .6 7 . 0

The f o r e g o in g  d i s c u s s i o n  r e v e a l s  t h e  d e l e t e r i o u s  e f f e c t s  o f  

t r a c e  m e ta l s  p r e s e n t  i n  p e t r o le u m  p r o d u c t s  a s  f u e l s .  The 

s o u r c e  o f  t h e s e  m e ta l s  i s  t h e  o r i g i n a l  c ru d e  o i l s .  The 

m e t a l s  i n  c ru d e  o i l s  a r e  t h e r e f o r e  im p o r t a n t  and t h e s e  o f f e r  

a  s u b j e c t  f o r  c r i t i c a l  s t u d i e s .
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DETERMINATION OF METALS IN CRUDE OILS

Among t h e  m e ta l s  p r e s e n t  I n  c ru d e  o i l s ,  I r o n ,  n i c k e l ,  

and  vanadium  a r e  c o n s i d e r e d  v e ry  c r i t i c a l .  These  w ere  d e t e r ­

m ined by t h e  s p e c t r o g r a p h l c  and t h e  c o l o r i m e t r i c  m eth ods , 

w h ich  a r e  commonly u s e d ,

SPECTROGRAPHIC METHOD

O u t l i n e  o f  t h e  m ethod s The t e c h n iq u e  a d o p te d  I s  known a s  t h e  

Mr o t a t i n g  e l e c t r o d e ”2 ® * ^  t e c h n i q u e .  T h is  t e c h n iq u e  was f i r s t  

d e v e lo p e d  by th e  N a t io n a l  S p e c t r o g r a p h lc  L a b o r a t o r i e s ,  I n c ,  

and u se d  f o r  t h e  d e t e r m i n a t i o n  o f  t r a c e  m e ta l s  I n  l u b r i c a ­

t i n g  o i l s .  S i m i l a r  t e c h n iq u e  was a d o p te d  In  t h e  p r e s e n t  

s tu d y  f o r  t h e  a n a l y s i s  o f  c ru d e  o i l s ,  A w eighed  p o r t i o n  o f  

w e l l  sh a k en  o i l  s a m p le (b o th  s t a n d a r d  and unknown) was mixed 

w i t h  a  s o l u t i o n  c o n t a i n i n g  t h e  i n t e r n a l  s t a n d a r d .  The o l l ( l m l . )  

was th e n  d ro p p ed  on to  a  h o t  g r a p h i t e  d i s c  and h e a te d  to  a 

t e m p e r a t u r e  o f  a b o u t  7 0 0 ° F t o  form a  t h i n  c a rb o n a c e o u s  

c o a t i n g .  The d i s c  was r o t a t e d  I n  a  h o r i z o n t a l  p l a n e  and t h e  

sam p le  e x c i t e d  by a  l o w - v o l t a g e  u n i d i r e c t i o n a l  a r c .  P e r c e n ­

t a g e  t r a n s m i s s i o n  r e a d i n g s  w ere  o b ta in e d  i n  t h e  u s u a l  way by 

u s i n g  a d e n s i t o m e t e r .



15

A p p a ra tu s  u se d  : The a p p a r a t u s  u sed  i s  b r i e f l y  d e s c r i b e d

a s  f o l lo w s  î

S p e c t r o g r a p h  $ I t  i s  a  1 ,5  m e te r  medium s i z e  g r a t i n g  

s p e c t r o g r a p h .  I t s  t e c h n i c a l  d e t a i l s  a r e  a v a i l a b l e  i n  

Bausch and Lomb i n s t r u c t i o n  p a m p h le t  S 814 A, p ag e  4 ,

The s p e c t r o g r a p h  c o v e rs  a w a v e le n g th  r a n g e  o f  

3700 to  7400 A° i n  t h e  f i r s t  o r d e r  and 1850 t o  3700 A® 

i n  t h e  se co n d  o r d e r .  Most m e ta l s ,  i n c l u d i n g  t h e  ones 

c o n s id e r e d  I m p o r ta n t  i n  t h e  p r e s e n t  w ork , h av e  t h e i r  

f i r s t - o r d e r  l i n e s  below  3700 A°— t h e  lo w e r  r a n g e  o f  

t h e  s p e c t r o g r a p h , '  T h e r e f o r e ,  t h e  s p e c t r a l  l i n e s  o f  

t h e s e  m e ta l s  w i t h i n  t h e  r a n g e  o f  t h e  s p e c t r o g r a p h  a r e  

t h e  s e c o n d - o r d e r  l i n e s  o f  t h e s e  m e t a l s .  The f i l m  oh o sen  

was 35 - mm. sp e c t ru m  a n a l y s i s  n o ,  1 , w h ich  i s  i n s e n s i ­

t i v e  to  t h e  v i s i b l e  r e g i o n  and s e n s i t i v e  o n ly  t o  t h e  

u l t r a v i o l e t  r e g i o n  w i t h i n  w hich  m ost o f  t h e s e  m e ta l s  

have  t h e i r  w a v e le n g th s .

S p e c t r o g r a p h lc  a u x i l i a r i e s  : These  a r e  t h e  e x c i t a t i o n

u n i t ,  t h e  d e v e lo p in g  eq u ip m en t,  and t h e  d e n s i t o m e t e r .

E x p e r im e n ta l  w ork t

P r e p a r a t i o n  o f  i n t e r n a l  s t a n d a r d  s o l u t i o n  $ W ith  a c l e a n ,  

d ry  p i p e t t e ,  8 . 5  m l, o f  U v e rso l  c o b a l t  was m easu red  o u t  

i n t o  a  2 0 0 - m l. v o l u m e t r i c  f l a s k  to  w hich  was th e n  added 

m in e r a l  o i l ( d  = 0 .8 7 2 )  u p to  t h e  m ark. An e q u a l-v o lu m e
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m ix tu r e  o f  t h i s  s o l u t i o n  w i th  l i t h i u m  n a p h th e n a te  

g a v e  t h e  r e q u i r e d  I n t e r n a l  s t a n d a r d  s o l u t i o n .  One 

m i l l i l i t e r  o f  t h i s  I n t e r n a l  s t a n d a r d  s o l u t i o n  was u s e d  

to  e v e ry  5 gram s o f  o i l  s a m p le .  The p u r p o s e  o f  b o th  

l i t h i u m  and c o b a l t  was t o  make I t  p o s s i b l e  t o  u s e  

e i t h e r  one a s  I n t e r n a l  s t a n d a r d .

P r e p a r a t i o n  o f  e m u ls io n  c a l i b r a t i o n  c u rv e  t One m i l l i ­

l i t e r  o f  t h e  I n t e r n a l  s t a n d a r d  s o l u t i o n  was e v a p o r a te d  

on t h e  c a rb o n  d i s c ,  and t h e  sp e c t ru m  was t a k e n  by u s in g  

t h e  f i l t e r  w i th  t h r e e  s t e p s  o f  6- 100 - 25 $ t r a n s m i s s i o n s .  

L i th iu m  was u se d  as  t h e  I n t e r n a l  s t a n d a r d .  P e r c e n t a g e  

t r a n s m i s s i o n s  w ere  p l o t t e d  a g a i n s t  r e l a t i v e  e x p o s u re s  on 

a  l o g - l o g  p a p e r .  The f o l lo w in g  t a b l e  g i v e s  t h e  d a t a  f o r  

t h e  c a l i b r a t i o n  c u rv e .
TABLE 4

D a ta  f o r  t h e  c a l i b r a t i o n  c u r v e ( 8A #1)
( R e s u l t s  o f  t h e  p r e s e n t  w ork)

I n t d .  S td . X O bserved  as R e l a t i v e
E xp osu re

% T r .

6 . • • 70

LI 2 7 4 1 .3  . . .  2 X 100 6 .5

25 2 0

S e l e c t i o n  o f  e x c i t a t i o n  and d ev e lo p m e n t c o n d i t i o n s  J The 

f o l lo w in g  e x c i t a t i o n  and  d ev e lo p m e n t  c o n d i t i o n s  w ere  u se d  

I n  o b t a i n i n g  t h e  e m u ls io n  c a l i b r a t i o n  c u rv e  and fo l lo w e d
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I n  a l l  o t h e r  s u b s e q u e n t  work: 
pfi

E x c i t a t i o n

U n it  . . •  N a t i o n a l  S p e c t r o g r a p h lc
L a b o r a t o r i e s  ’'S p ec -P o w e r”

Type • . •  Condensed Arc

I g n i t i o n ( A .C ,S p a r k ) i

C a p a c i ta n c e  • • • o. 00/2

R e s i s t a n c e  * » • o- °

I n d u c ta n c e  • • • 0 0

C o n d en se r  d i s c h a r g e / h a l f  c y c l e  2.

C o n d e n se r  d i s c h a r g e  v o l t a g e  ••• /4,°oo

P o w e r ( U n i d i r e c t i o n a l  A rc ) :

S e c o n d a ry  am perage  • • • <0

Sample • • •  f>̂ ' r,V£
28S p e c t ro g r a p h

U n i t  • . •  B ausch  & Lomb 1 . 5 'm e t e r  m ed ium -s ized
g r a t i n g

Range , . .  1850 t o  3 700 A° i n  t h e  second  o r d e r ;
3700 t o  7400 A° i n  t h e  f i r s t  o r d e r

S l i t  W id th  ••• 20 m ic ro n s

C o l l im a t in g  l e n s  a p e r t u r e  ••• 6 mm

Focus , . ,  On c o l l i m a t i n g  l e n s

S o u rc e  t o  s l i t  ••• 34  cm.

A n a l y t i c a l  gap  2 mm.

R o t a t i o n  sp e ed  o f  p l a t f o r m  e l e c t r o d e  ••• 10 rpm

E x p o su re :

T o ta l  ••• 40  s e c .
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P r e - a r c  . •

F i l t e r  • . •
28D evelopm ent

D e v e lo p e r  . . ,  

S h o r t  S to p  , , .  

F i x e r  . . .

Wash , • .

0

6 - 1 0 0 - 2 5^

3 m ln.

15  sec#

2 m ln.

5 m ln.
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Se l e c t i o n  o f  s p e c t r a l  l i n e s  t The f o l lo w in g  t a b l e  

g i v e s  t h e  s p e c t r a l  l i n e s  u se d  f o r  t h e  q u a n t i t a t i v e  

p u rp o s e s

TABLE 5
S p e c t r a l  l i n e s  u se d  f o r  

Q u a n t i t a t i v e  p u rp o s e s

E lem en ts W av e len g th s (A )
u ° l

O bserved a s E x c i t a t i o n
P o t e n t i a l

Fe . . . 2 4 8 8 .1 5 . .  2 X 3 .6
Ml 3 0 5 0 .8 . .  2 A • • • 5 .6
V 3 1 8 3 .4 . .  2 A e • • 3 . 8
LI 2 7 4 1 .3 . .  2 A • • • 3 . 8
Co . . . 3 4 0 5 .1 . .  2 A • • « 4 . 0

P r e p a r a t i o n  o f  s t a n d a r d  s o l u t i o n s  t D i f f i c u l t y  was en­

c o u n te r e d  I n  f i n d i n g  p r o p e r  compounds w h ich  would re m a in  

I n  s o l u t i o n  w i th  o i l .  As f a r  as i r o n ,  n i c k e l ,  and v a n a ­

dium w ere  c o n c e rn e d  t h e  f o l lo w in g  p r o c e d u r e  was found  

s a t i s f a c t o r y /

1 . I r o n  s t a n d a r d  s o l u t i o n  $ A sam ple  o f  U v e rso l  I r o n  

was o b t a i n e d  from Barshaw S c i e n t i f i c  Company; i t  

c o n t a i n s  6 % i r o n .  W ith  a d ry  c l e a n  p i p e t t e ,  1 .8 5  

m l. o f  t h e  U v e rso l  I r o n  was m easu red  o u t  and d i s s o l v e d  

I n  m in e r a l  o i l .  Then enough m in e r a l  o i l  was added 

t o  make t h e  t o t a l  volume 500  m l. T h is  gave  a  s t a n ­

d a rd  s o l u t i o n  o f  250  p a r t s  p e r  m i l l io n (p p m )  i r o n .
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A l l  o t h e r  s t a n d a r d s  o f  lo w e r  c o n c e n t r a t i o n s  w ere  

made by d i l u t i o n  w i t h  m in e r a l  o i l ,

2 .  N ic k e l  s t a n d a r d  s o l u t i o n  ; By t r i a l  and e r r o r ,  

t h e  n i c k e l  compound s e l e c t e d  was n i c k e l  n i t r a t e  

Ni(N0^)g6H2 0 , An amount o f  0 .2 9 0 6  g r a m ( l / l 0 0 0  

m ole) o f  t h e  compound w eighed  o u t  and d i s s o l v e d  

i n  10 m l. o f  g l a c i a l  a c e t i c  a c i d .  To t h i s  s o l u ­

t i o n  was added 40 m l. o f  o l e i c  a c i d 3 t h e  w hole  

sy s tem  was t h e n  s lo w ly  h e a te d  to  g i v e  a  homoge­

n e o u s  m ix tu r e .  Then 2f>0 m l. o f  m in e r a l  o i l s  was 

ad d ed , and t h e  sy s tem  g e n t l y  h e a t e d  to  g i v e  a c l e a r  

s o l u t i o n .  The s o l u t i o n  th u s  o b t a i n e d  g a v e  a  con­

c e n t r a t i o n  o f  2 2 1 .1  ppm. n i c k e l .  O th e r  s t a n d a r d  

s o l u t i o n s  @f lo w e r  s t r e n g t h s  w ere  made by d i l u ­

t i o n  w i th  m in e r a l  o i l .

3 . Vanadium s t a n d a r d  s o l u t i o n  : By t r i a l  and e r r o r ,

t h e  compound s e l e c t e d  was vanadium  o x y t r i c h l o r i d e  

(VOCl^) h a v in g  m o le c u la r  w e ig h t  o f  17 3 .82  and d en ­

s i t y  o f  1 .8 2 9 .  An amount o f  0 ,5 5 3 1  gram o f  t h i s  

compound was t a k e n ;  t o  t h i s  was added 10 m l. o f  

g l a c i a l  a c e t i c  a c i d  and th e n  80 m l. o f  o l e i c  a c i d ;  

t h e  w hole  sy s te m  was th e n  g e n t l y  h e a t e d  t o  g i v e  a 

hom ogeneous m ix t u r e .  Then 300 m l. o f  m in e r a l  o i l  

was ad d ed . The s o l u t i o n  th u s  o b t a i n e d  g a v e  a  con-
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c o n c e n t r a t i o n  o f  5 8 2 .1 1  ppm vanad ium . The o t h e r  

s t a n d a r d  s o l u t i o n s  o f  lo w e r  s t r e n g t h s  w ere  made 

by d i l u t i o n  w i t h  m in e r a l  o i l .

P r e p a r a t i o n  o f  w o rk in g  c u rv e s  t W orking c u rv e s  f o r  F e ,

H I, and V w ere  made by p l o t t i n g  on a  l o g - l o g  p a p e r  con - 

c e n t r a t l o n ( p p m )  a g a i n s t  t h e  r a t i o  o f  r e l a t i v e  e x p o su re s  

o f  t h e  I n t e r n a l  s t a n d a r d s a n d  t h e  e le m e n t  s p e c t r a l  l i n e  

c h o s e n .  The f o l lo w in g  t a b l e s  g iv e  t h e  d a t a  f o r  w ork ing  

c u r v e s  and t h e  f o l lo w in g  f i g u r e  g i v e s  t h e  w ork ing  c u r v e s .

TABLE 6
W orking c u rv e  d a t a  

I r o n
f o r

Concen­
t r a t i o n _ % Tr E ..„

(ppm) Fe £1 Fe £ i =11
250 2 .4 2 . 0 310 390 0 .7 9 5
200 3 , 8 2 .3 " 180 . 330 0 .5 4 5

80 5 ,9 2 .2 108 350 0 ,3 0 8
40 8 .4 2 , 0 72 390 0 .1 8 4
20 14 2 . 1 40 370 0 .1 0 8

TABLE 7
W orking c u rv e  d a t a  

N ic k e l
f o r

Concen­
t r a t i o n % T r _ „ E

(ppm) n £ £1 HI £ l
. .  .

2 2 1 .1 6 .9 ■2.36 90 320 0 .2 8 2
200 7 . 5 2 .3 82 330 0 .2 4 8

80 1 3 .2 2 . 5 42 296 0 .1 4 1
40 1 8 .5 2 . 8 29 260 0 .1 5
20 2 0 .6 2 .7 9 25 266 0 .0 9 4
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TABLE 8

W orking c u rv e  d a t a  f o r  
Vanadium

Concen­
t r a t i o n

(ppm)
% Tr E %v

V Li V Li *11

250 3 . 7 2 .2 190 350 0 .5 4 4

200 8 .1 3 .8 76 180 0 .4 2 1

80 1 0 .7 3 .2 54 220 0 .2 4 4

40 1 8 .5 2 . 8 29 260 0 .1 5

20 2 0 .6 2 .7 9 25 266 0 .0 9 4

W ave leng th  o f Vanadium = 3 1 8 3 .4  à

W ave leng th  o f L ith iu m 2 7 4 1 .3 A
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A tta in m e n t  o f  q u a n t i t a t i v e  v a lu e s  : N ine sam ples  o f

c ru d e  o i l s  w ere  a n a ly z e d  f o r  I r o n ,  n i c k e l ,  and vanadium

and t h e i r  q u a n t i t a t i v e  a n a l y s e s  w ere  o b t a i n e d  by t h e  u s e

o f  t h e  r e s p e c t i n g  w o rk ing  c u r v e s .  The fo l lo w in g  t a b l e

g i v e s  t h e  a n a l y t i c a l  v a lu e s  :
TABLE 9

A n a l y t i c a l  v a lu e s  o f  F e ,N i,&  V 
S p e c t r o g r a p h lc  method

Crude O i l s t  Tr Epe % 1 ppm(wt)
Fe Ni V L i ^ 1  EL i El i Fe Ni V

Maneos 
( w e l l  10) 87.5 49 85 5 .5 b % b a .039 6 .2 32 5 .6
Mancos 
( w e l l  2 5 5 ) 64 94 7 . 0 .0 7 4 .0466 —31 7 . 4
Mancos 
(Buck 355) 93 92 9 8 .5 5 .4 .0 3 5  .0 4 1 .037 5 .4 1 2 .8 5 .2
Shinarum p 97 86 9 8 .5 5 .3 .032 8  .0 4 4 .0354  4 .9 14 4 .9
Weber 86 80 89 5 .9 .0 4 3 5  .0 4 7 .0414 7 .2 1 5 .5 6 .2

F r o n t i e r 84 48 98 4 .2 .0 4 5  . 09 .0392 7 .4 4 1 .5 5 .7
C u r t i s 71 22 1 7 .4 5 ,6 .0 5 1  .2 1 .269 9 . 0 153 90
T e n s le e p 70 21 1 6 .6 5 .9 .0 5 5  .22 .2 9 3 9 .9 158 102
Embar 64 23 2 9 .4 6 .3 .0 6 5  .2 1 5 .169 12 157 47

Sample, c a l c u l a t i o n s  t The f o l lo w in g  c a l c u l a t i o n s  a r e

in te n d e d  to  i l l u s t r a t e  how t h e  s t r e n g t h s  o f  s t a r t i n g  

s t a n d a r d  s o l u t i o n s  w ere  o b t a i n e d  and how t h e  lo w e r  

s t r e n g t h s  w ere  a r r i v e d  a t  by d i l u t i o n s  

250 ppm Fe s t a n d a r d  s o l u t i o n  

1 mg. o f  U v e rso l  I r o n  c o n ta in s  0 .0 6  mg. Fe
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Amount o f  U v e r s o l  
I r o n  t a k e n
Amount o f  m in e r a l  
o l l ( d r : .  872 ) t a k e n
T o ta l  volum e . , .
Wt. o f  Fe p r e s e n t

Wt. o f  m in e r a l  o i l  . . .  
T o ta l  w t .

ppm Fe

d e n s i t y  o f  t h i s  
s o l u t l o n ( p y c n o -  
m e t e r ) . . ,

= 1 ,8 1 5 4  gm(1 , 8 5  m l . )

«  4 9 8 .1 5  m l.
2= 500  m l.
c  1 .8 1 5 4  X .06  X 1000 
= 1 0 8 .9 2  mg.
=  4 3 4  g m .

=(434  + 1 .8 1 5 4 )
*= 435815>4 m .
a ( 1 0 8 .9 2  X 106 ) 7 4 3 5 8 1 5 .4
= 2 5 2  

= . 8 7 4

80 ppm Fe s t a n d a r d  s o l u t i o n  by d i l u t i o n

1 m l. o f  t h e  above  s o l u ­
t i o n  . . .  = 0.2179 mg. Fe

Now, 0 .2 1 7 9 /  x  = 8 0 /1 0 6
w here  x I s  e q u a l  to
t o t a l  w t .  to  be . . .  = 2721 mg.
T h e r e f o r e  w t .  o f  
m in e r a l  o i l  t o  be
added . . .  *= 2721 -  874

= 1847 mg. 
x = 1.847 gm.

Volume o f  m in e r a l
o i l  added  . . .  = 1 .8 4 7 /0 .8 7 2

= 2 .1 2  m l.
T h e r e f o r e  2 .1 2  ml* o f  m in e r a l  o i l  was added t o  

t o  e a c h  m i l l i l i t e r  o f  t h e  250 ppm Fe s t a n d a r d  

s o l u t i o n  to  g i v e  80 ppm Fe s t a n d a r d .
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To check
T o t a l  wt*

1 m l, o f  250 ppm 
Fe s t a n d a r d
2 ,1 2  m l. o f  m in e r a l  
o i l

1 m l.  o f  2 5 0  ppm, 
Fe s t a n d a r d  ,
T h e r e f o r e  ppm Fe 

A ccuracy

t= 0 ,8 7 4  gm,

= 1 .8 4 7

2 .7 2 1  gm.
= 2721  mg.

= 0 .2 1 7 9  mg. Fe 
= 0 .2 1 7 9  X I©6 7 2721
82 52 
= + 1 :5  -  2 . 0
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C O L O R I M E T R I C  M E T H O D  

O u t l i n e  o f  t h e  p r o c e d u r e  i

B u r n i n g  o f  t h e  s a m p l e  &  p r e p a r a t i o n  o f  a n a l y t i c a l  s o l u t i o n s ?

O n e  h u n d r e d  g r a m s  o f  t h e  c r u d e  o i l s  a n d  t h e  

s t a n d a r d  s o l u t i o n s  w a s  t a k e n  I n  a  p l a t i n u m  d i s h  a n d  

g e n t l y  h e a t e d  u n t l l l  i t  c a u g h t  f i r e  a n d  t h e n  a l l o w e d  t o  

b u m  f r e e l y  t o  a  c a r b o n a c e o u s  r e s i d u e .  T h e  c a r b o n  w a s  

t h e n  b u r n e d  o f f  b y  a  d i r e c t  f l a m e  f r o m  a n  o r d i n a r y  b u n ­

s e n  b u r n e r  u n d e r  a  v e r y  s l o w  s t r e a m  o f  o x y g e n  f e d  i n t o  

t h e  t i p  o f  t h e  f l a m e .  A f t e r  a l l  t h e  c a r b o n  w a s  b u r n e d  

o f f ,  t h e  r e m a i n i n g  r e s i d u e  w a s  d i s s o l v e d  I n  2 0 m l .  o f  

1 1 1  H C 1  a n d  t r a n s f e r r e d  t o  a  1 0 0  m l .  v o l u m e t r i c  f l a s k  

a n d  t h e  v o l u m e  w a s  b r o u g h t  t o  t h e  m a r k  b y  a d d i n g  w a t e r .

T h i s  s o l u t i o n  w a s  u s e d  t o  d e t e r m i n e  t h e  m e t a l s .  I t  m a y  

b e  n o t e d  h e r e  t h a t  b u r n i n g  a s  a b o v e  i s  a s  a c c u r a t e  a s  

a n y  o t h e r  b u r n i n g  p r o c e d u r e  e . g . ,  w e t  o x i d a t i o n  b y  t r e a t ­

m e n t  w i t h  c o n c .  s u l f u r i c  a c i d ü
9

D e t e r m i n a t i o n  o f  I r o n

A n  a l i q u o t  o f  2 0  m l .  o f  t h e  p r e p a r e d  s o l u t i o n

w a s  t r a n s f e r r e d  t o  a  1 0 0  m l .  v o l u m e t r i c  f l a s k ,  a t  t h e  

s a m e  a d d i n g  a n  e q u a l  a l i q u o t  t o  a  s m a l l  E r l e n m e y e r  

f l a s k .  T h e  l a t t e r  w a s  t h e n  t j f c l t r a t e d  w i t h  2  M . N a ^ C O ^ ,  

a n d  t h e n  a t  t h e  e n d  w i t h  0 . 5  M  s o d i u m  a c e t a t e  u n t i l  t h e  

s o l u t i o n  w a s  a l k a l i n e  t o  b r o m o p h e n o l  b l u e .  T o  t h e  p o r ­

t i o n  o f  t h e  s o l u t i o n  i n  t h e  v o l u m e t r i c  f l a s k  w a s  a d d e d
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1 m l. o f  10^ h y d ro x l la m in e  h y d r o c h lo r id e  s o l u t i o n  

f o l lo w e d  by 1 m l. o f  0.1% o r t h o p h e n a n t h r o l i n e  s o l u ­

t i o n .  The amount o f  sodium  c a r b o n a te  and sodium  a c e t a t e  

( a s  d e te r m in e d  by t h e  s e p a r a t e  t i t r a t i o n )  was th e n  

added  and t h e  volume a d j u s t e d  t o  t h e  m ark. Dark 

s a l m o n ( t r a n s l u c e n t )  c o l o r  i n d i c a t e d  p r o p e r  c o n d i t i o n  

and s u c c e s s f u l  c o l o r  d e v e lo p m e n t .  The t r a n s m i t t a n c e  

was t h e n  m easu red  by u s in g  t h e  Beckman DU S p e c t r o p h o to ­

m e te r  a t  520 m i l l i m i c r o n s  and s e t t i n g  t h e  i n s t r u m e n t  

w i t h  r e a g e n t  b la n k (  O - p h e n a n t h r o l l n e ) .

D e te r m in a t io n  o f  N ic k e l^ :  An a l i q u o t  o f  same o f  t h e

p r e p a r e d  s o l u t i o n  was t a k e n  i n t o  a  100 m l. v o lu m e t r i c  

f l a s k ,  and d i l u t e d  w i t h  15 m l. o f  w a t e r ,  t o  t h i s  t h e n  

w ere  added 0 . 5  grams o f  c i t r i c  a c i d  and 0 .  5 m l. o f  

i o d i n e  8 o l u t l o n ( 3 . 2  gram s o f  i o d i n e  i n  2 5 0  m l. o f  

w a t e r  c o n t a in i n g  6 .2 5  gram o f  K l ) ,  fo l lo w e d  by 3 m l.  o f  

c o n c e n t r a t e d  ammonium h y d r o x id e .  To t h e  w hole  sy s te m  

t h e n  was added 0 .5  m l. o f  d im e th y lg ly o x lm e  s o l u t i o n  

(1  % i n  a l c o h o l )  and t h e  volume a d j u s t e d  t o  t h e  m ark 

w i t h  w a t e r .  D ark p i n k  c o l o r a t i o n  i n d i c a t e d  s u c c e s s f u l  

c o l o r  d e v e lo p m e n t .  The t r a n s m i t t a n c e  was t h e n  m easu red  

a t  540 m i l l i m i c r o n s ,  s e t t i n g  t h e  I n s t r u m e n t  w i t h  r e a g e n t  

b l a n k .

D e te r m in a t io n  o f  Vanadium?* An a l i q u o t  o f  20 m l. o f  t h e
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p r e p a r e d  s o l u t i o n  was t a k e n  i n  a  100 m l. b e a k e r .  The 

c h l o r i d e s  w ere  e l i m i n a t e d  by e v a p o r a t i n g  w i th  1 m l. o f  

c o n c e n t r a t e d  s u l f u r i c  a c i d .  Then t h e  volume was b ro u g h t  

t o  a b o u t  50 m l . ,  w h ich  was p l a c e d  i n  a  c l e a n  e l e c t r o l y ­

t i c  b a th  c o n t a i n i n g  a l a y e r  o f  m ercu ry  deep  enough t o  

c o v e r  t h e  lo w e r  e l e c t r o d e .  The sy s te m  was th e n  e l e c t r o ­

ly s e d  a t  5 -6  v o l t s  and a  c u r r e n t  o f  1 -2  amps f o r  15 

m in u te s • W hile  t h e  c u r r e n t  was s t i l l  f lo w in g ,  f i r s t  

t h e  m ercu ry  and t h e n  t h e  e l e c t r o l y t e  was drawn o f f .  The 

e l e c t r o l y t e  was t h e n  f i l t e r e d ,  washed w i t h  w a t e r ,  and 

h e a te d  t o  b o i l i n g  I n  a  1 0 0 -ml b e a k e r .  0*1% p o ta s s iu m  

p e rm a n g a n a te  s o l u t i o n  was th e n  added  d ro p w lse  to  t h e  

sy s te m  u n t i l  p i n k  c o l o r a t i o n  p e r s i s t e d  f o r  s e v e r a l  

m in u t e s . The e x c e s s  p e rm a n g an a te  was t h e n  re d u c e d  by 

a d d in g  2 - 3  d ro p s  o f  1 :1  HOI and b o i l i n g .  B o l l i n g  was 

c o n t in u e d  u n t i l  t h e  volum e o f  t h e  sy s te m  re d u c e d  to  

a b o u t  10 m l. Then, i n  s u c c e s s io n  w ere  added 2 .5  m l. 

o f  2 . 5  M s u l f u r i c  a c i d ,  0 . 8  m l. o f  B5% p h o s p h o r10 a c i d ,  

and 1 .2  m l. o f  0 . 5  M sodium  t u n g s t a t e  s o l u t i o n .  The 

w hole  sy s te m  was g e n t l y  h e a te d  t o  b o i l i n g ,  a l lo w e d  t o  

c o o l ,  and t h e n  t r a n s f e r r e d  to  a  1 0 0 -ml v o lu m e t r i c  f l a s k ,  

and t h e  volume was a d j u s t e d  t o  t h e  m ark . G reen  c o l o r a ­

t i o n  i n d i c a t e d  t h e  f o r m a t io n  o f  t h e  vanadium  p h e sp h o -
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t u n g s t a t e  com plex . The t r a n s m i t t a n c e  was t h e n  mea 

s u r e d  a t  420 m i l l i m i c r o n s ,  s e t t i n g  t h e  I n s t r u m e n t  

w i th  r e a g e n t  b l a n k .

P r e p a r a t i o n  o f  w ork ing

S ta n d a r d  s o l u t i o n s  o f  Iron#  n i c k e l ,  and vanadium  

w e re  p r e p a r e d  u n d e r  t h e  s p e c t r o g r a p h l c  m ethod . These  s o l u ­

t i o n s  w ere  u s e d  h e r e  t o  make t h e  r e s p e c t i v e  w o rk ing  c u r v e s . 

The above o u t l i n e  was f o l lo w e d ,  and t h e  w ork ing  c u rv e s  w ere  

p r e p a r e d .  The f o l lo w in g  t a b l e  g i v e s  t h e  d a t a  f o r  and t h e  

f i g u r e  t h e  w ork ing  c u rv e s  on sem i lo g  p a p e r .

-,

W orking
TABLE 10
c u rv e  d a t a  f o r  
F e ,N i ,V

Concen­
t r a t i o n

(ppm)
% T r a n s m i t t a n c e

Fe Ni V

250 1 .1 — 1 .6

200 2 .7 2 5 .0 3 .8

80 2 0 .0 6 4 .0 2 9 .0

40 4 8 .0 8 4 .0 5 2 .0

20 7 0 .0 9 5 .0 7 6 .0
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A tta in m e n t  o f  t h e  q u a n t i t a t i v e  v a lu e s  $

The n i n e  sam p les  o f  c ru d e  o i l  w ere  t a k e n  f o r  an a  

l y s i s *  The above  p r o c e d u r e  was fo l lo w e d  I n  b u rn in g  t h e  

s a m p le s ,  i n  o b t a i n i n g  t h e  a n a l y t i c a l  s o l u t i o n s ,  and i n  

d e te r m in in g  t h e  q u a n t i t y  o f  F e , N i ,  and V by t h e  u s e  o f  

t h e i r  r e s p e c t i v e  w ork ing  c u r v e s .  The f o l lo w in g  t a b l e  

g i v e s  t h e  a n a l y t i c a l  v a l u e s .

TABLE 11
Q u a n t i t a t i v e  v a lu e s  o f  I r o n ,  N ic k e l ,
Vanadium by t h e  c o l o r i m e t r i c  method

Crude O i l s % T r .. . P.m
Fe Ni V Fe Ni V

Mancos 
( w e l l  1 0 ) 68 87 94 6 35 5
Mancos 
( w e l l  2 5 5 ) 96 90 92 1 30 7
Mancos 
(Buck 355) 90 102 93 5 12 6
Shinarum p 9 0 .5 100 94 4 .3 16 5
Weber 87 99 90 6 .9 17 a

F r o n t i e r 87 V. 64 92 7 40 7
C u r t i s 84 39 23 9 152 91
T e n s le e p 80 37 1 9 .5 12 160 101
Embar 82 38 46 10 156

co
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AN I M P R O V E D  Q U A N T I T A T I V E  M E T H O D

D E V E L O P M E N T

T h e  r o t a t i n g  e l e c t r o d e  a n d  t h e  c o l o r i m e t r i c  m e t h o d s  

a r e  b o t h  a s s o c i a t e d  w i t h  e v a p o r a t i o n  o f  s a m p l e s .  T h i s  e v a ­

p o r a t i o n  c a u s e s  l o s s  o f  m i n e r a l  c o n t e n t .  I t  w a s  t h e r e f o r e  

d e s i r e d  t o  d e v e l o p  a  r a p i d  q u a n t i t a t i v e  m e t h o d  u s i n g  s p e c ­

t r o g r a p h l c  t e c h n i q u e  b u t  a v o i d i n g  a n y  e v a p o r a t i o n  l o s s  o f  

t h e  m i n e r a l  c o n t e n t .

T o  a v o i d  a n y  a s h i n g  a n d  e v a p o r a t i o n  s t e p  i t  i s  

n e c e s s a r y  t o  e x t r a c t  a n d  i s o l a t e  t h e  m e t a l  c o n t e n t s  f r o m  

t h e  c r u d e  o i l s  b y  s o m e  m e a n s  a n d  t o  d e t e r m i n e  t h e m  q u a n t i ­

t a t i v e l y .  I t  i s  k n o w n  t h a t  t h e  m e t a l s  e x i s t  i n  t h e  c r u d e  

o i l s  i n  d i f f e r e n t  p h y s i c a l  a n d  c h e m i c a l  f o r m s ,  w h i c h  a r e  

s e l e c t i v e  t o w a r d s  a  s i n g l e  e x t r a c t i v e  a g e n t  o r  a d s o r b e n t ,  

t h e  p r e s e n t  p a p e r  d e a l s  w i t h  o n l y  i r o n ,  n i c k e l ,  a n d  v a n a d i u m  

a n d  a n  a t t e m p t  w a s  m a d e  t o  d e v e l o p  a  p r o c e s s  f o r  e x t r a c t i n g  

t h e s e  m e t a l s .

A c t i v a t e d  c a r b o n  a n d  s i l i c a  g e l ( u s e d  a s  i s ) h a v e  

b e e n  f o u n d  I n a d e q u a t e  t o  a d s o r b  t h e s e  t h r e e  m e t a l s .  T h i s
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I s  p ro b a b ly  d ue  t o  t h e  f a c t  t h a t  t h e s e  m e ta l s  e x i s t  In  

com plex  form s h a v in g  su c h  s t r u c t u r a l  a r r a n g e m e n ts  a s  keep 

them  c o n c e a le d  and p r o t e c t e d  I n  t h e  v e ry  I n t e r i o r  w i th o u t  

a t  a l l  e x p o s in g  them t o  t h e  I n f l u e n c e  o f  t h e  c a rb o n  o r  t h e  

s i l i c a  g e l .  I n v e s t i g a t i o n s  c a r r i e d  on t h e  form o f  vanadium  

com plexes  t e n t a t i v e l y  g av e  t h e  f o l lo w in g  s t r u c t u r a l  a r r a n g e ­

m ent2^  In  t h e  l i g h t  o f  w hich  t h e  above r e a s o n in g  a p p e a rs  t o  

be t r u e .

c/%

/V,
HC. -Q QH

P r o v i s i o n a l  s t r u c t u r e  o f  
V a n ad lu m -P o ro h v r ln  com olex

I n  o r d e r  t o  e x t r a c t  t h e s e  m e t a l s ,  t h e r e f o r e ,  one 

h a s  to  pay s p e c i a l  a t t e n t i o n  t o  t h e  p h y s i c a l  and c h e m ic a l  

fo rm s I n  w h ich  t h e s e  m e t a l s  e x is t* '  To be s u c c e s s f u l  a 

p r o c e s s  m ust b r i n g  a b o u t  a  s t r u c t u r a l  r e a r r a n g e m e n t ,  so  

t h a t  t h e  m e ta l s  can  be a d s o rb e d  on t h e  c a rb o n  o r  t h e  s i l i c a  

g e l .  W ith  t h i s  I d e a  I n  m ind t h e  a u th o r  d e v o te d  much o f  h i s  

s t u d i e s  t o  f i n d i n g  a  r e a g e n t  t h a t  would  p re su m a b ly  form a 

s u p e r  com plex w i t h  t h e s e  m e ta l  com plexes and t h u s  b r i n g  a b o u t  t h e
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d e s i r e d  change  so  t h a t  t h e s e  co u ld  be a d so rb e d  on t h e  

c a r b o n .  In  t h e  c o u r s e  o f  t e d i o u s  e x p e r i m e n t a t io n s  some 

r e a g e n t s  w ere  a c t u a l l y  t r i e d  and foun d  e f f e c t i v e  as  

f o l lo w s  ;

R e a g e n t  

M e r c a p to b e n z o th la z o le  

D im e th y lg ly o x lm e  

S u l p h u r e t t e d  Hydrogen 

H y d ro c h lo r ic  a c i d  

U rea

E f f e c t i v e  f o r  

I r o n  and N ic k e l  

N ic k e l

N ic k e l  and Vanadium 

N ic k e l  and Vanadium 

I r o n , N i c k e l  and Vanadium

U rea  was s e l e c t e d  a s  t h e  d e s i r e d  r e a g e n t  and s e v e r a l  expe­

r i m e n t a t i o n s  w ere  c a r r i e d  on I t ,  S ta n d a r d  s o l u t i o n s  o f  

I r o n ,  n i c k e l ,  and vanadium  w ere  I n d i v i d u a l l y  and c o l l e c t i v e ­

l y  t r e a t e d  w i t h  u r e a  f o r  h a l f  an  h o u r  and t h e n  w i t h  a c t i v a t e d  

c a rb o n  f o r  a n o th e r  h a l f  an  h o u r .  The sy s tem  was th e n  f i l ­

t e r e d  to  d r y n e s s  I n  a  goooh c r u c i b l e  u n d e r  m o d e ra te  s u c t i o n  

and t h e  f i l t r a t e  was s p e c t r o g r a p h l c a l l y  t e s t e d  f o r  I r o n ,  

n i c k e l ,  and vanad ium . A c ru d e  o i l  a l r e a d y  known t o  c o n t a i n  

I r o n ,  n i c k e l ,  and vanadium  was s i m i l a r l y  t r e a t e d  and  t e s t e d .  

On e a c h  t e s t ,  t h e  r e s u l t  I n d i c a t e d  s u c c e s s ,  and w i t h i n  

t h e  l i m i t s  o f  h i s  e x p e r i m e n t a t io n s  and o b s e r v a t i o n s ,  t h e  

a u t h o r  had am ple e v id e n c e s  to  s t a t e  t h a t  I t  I s  a  s a t i s f a c ­

t o r y  p r o c e s s  f o r  e x t r a c t i n g  and  I s o l a t i n g  t h e  I r o n ,  n i c k e l ,  

and  vanadium  com plexes s i m u l t a n e o u s ly .
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A ll  t h e s e  m e t a l s ( Iron*  n i c k e l ,  and v anad ium ) 

w ould  now b e  a d so rb e d  on t h e  c a rb o n  and would c o n s e q u e n t ly  

r e m a in  w i th  t h e  r e s i d u e  on t h e  f i l t e r  p a p e r .  These c o u ld  

now be  c a r e f u l l y  removed and a n a ly z e d  s p e c t r o g r a p h l c a l l y  

f o r  t h e i r  q u a n t i t a t i v e  v a l u e s .  The w hole  p r o c e d u r e ,  t h e r e ­

f o r e ,  l a  an a n a l y t i c a l  method b e s i d e s  b e in g  a  p r o c e s s  o f  

e x t r a c t i o n  and I s o l a t i o n .

EMULSION CALIBRATION CURVE

C o b a l t  b u t  n o t  L ith iu m  has  been  found  to  be ex ­

t r a c t e d  by u r e a  and a c t i v a t e d  c a r b o n .  I t  r e m a in s  In  t h e  

r e s i d u e  and h en ce  may be u se d  a s  t h e  I n t e r n a l  s t a n d a r d  In  

q u a n t i t a t i v e  d e t e r m i n a t i o n s .  An e m u ls io n  c a l i b r a t i o n  c u rv e  

u s i n g  c o b a l t  was made was f o l lo w s :

T hree  m i l l i l i t e r  o f  t h e  u v e r s o l  c o b a l t  s o l u t i o n  

p r e p a r e d  by t h e  p r o c e d u r e  d e s c r i b e d  u n d e r  t h e  s p e c t r o g r a p h l c  

m ethod was t a k e n  In  a  s m a l l  b e a k e r  and t r e a t e d  w i th  u r e a  

and a c t i v a t e d  c a rb o n  f o r  one h o u r .  I t  was t h e n  f i l t e r e d  

I n  a  gooch  c r u c i b l e  t in d e r  m o d e ra te  s u c t i o n .  The r e s i d u e  

was u s e d  to  o b t a i n  t h e  sp e c t ru m  o f  c o b a l t  w i t h  a 3 - s t e p  

f i l t e r  a s  p r e v i o u s l y  m e n t io n e d .  The f o l lo w in g  t a b l e  g i v e s  

t h e  d a t a  f o r  e m u là lo n  c a l i b r a t i o n  c u rv e

TABLE 12 
D a ta  f o r  c a l i b r a t i o n  curve(SA  # 1)

I n t e r n a l  S ta n d a r d R e l a t i v e  E x p o su re (E ) % Tr

6 e ♦ e 24
C o b a l t 100 # # # 3

25 8
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WORKING CURVES

S ta n d a r d  s o l u t i o n s  o f  i r o n ,  n i c k e l ,  and vanadium  

w ere  p r e p a r e d  f o l lo w in g  t h e  p r o c e d u r e s  d e s c r i b e d  u n d e r  t h e  

s p e c t r o g r a p h i c  m ethod . 25 m l. o f  each  o f  t h e  s t a n d a r d  s o ­

l u t i o n s  was m ixed th o r o u g h ly  w i th  a  3 m l. o f  c o b a l t  ( u v e r s o l )  

s o l u t i o n ,  c o n t a c t e d  w i t h  0 .2  gram o f  u r e a  f o r  h a l f  an  h o u r ,  

and  t h e n  w i t h  0 .1  gram  o f  a c t i v a t e d  c a rb o n  f o r  a n o th e r  h a l f  

a n  h o u r  w i t h  f r e q u e n t  s t i r r i n g .  The sy s te m  was t h e n  f i l ­

t e r e d  i n  a  gooch  c r u c i b l e  u n d e r  m o d e ra te  s u c t i o n .  The r e s i ­

d u e s  c o n ta in e d  t h e  known am ounts o f  t h e  r e s p e c t i v e  e le m e n ts  

and  w ere  u se d  f o r  o b t a i n i n g  t h e  s p e c t r a  o f  known concen­

t r a t i o n s .  The s p e c t r o g r a p h l c  c a rb o n  ro d  d r i l l e d  to  a  f i x e d  

d e p th  was u s e d  a s  t h e  lo w e r  e l e c t r o d e ,  t h e  u p p e r  e l e c t r o d e  

b e in g  a l s o  t h e  s p e c t r o g r a p h l c  c a rb o n  p r o p e r l y  sh a p ed . The 

c r a t e r  o f  t h e  lo w e r  e l e c t r o d e  was f i l l e d  w i t h  an  a l i q u o t  

p o r t i o n ( 5*8 m g.) o f  t h e  r e s i d u e  o b t a i n e d  a s  ab o v e .  The d e ­

t a i l s  w ere  t h e  same a s  d e s c r i b e d  u n d e r  t h e  s p e c t r o g r a p h l c  

m ethod . The f o l lo w in g  i s  a  t a b u l a t i o n  o f  d a t a  f o r  t h e  d i f f e ­

r e n t  w o rk in g  c u rv e s  $ m.wr ^
W orking c a r v e  d a t a  f o r  Fe , N l ,a n d  V

Cone en 
t r a t l o n % T r E 5 % By

( ppm) Fe Ni V Co Fe Nl V Co ECo ECO >
200 19 1 3 , 6 8 .6 - ' 8,,55 Ï2 .7 3 1 .d - .27 .4 ? 5

80 6 .4 31 2 0 .5 8 .5 34 4,>5 7 .6 3 3 2 . 0 1 .0 6 .14 1 .2 4
40 8 .0 54 24 8 .4 25 2<,2 6 .3 6 3 0 . 0 .7 5 8 .069 .212
20 11 61 31 8 .6 17 1.>9 4 .4 3 3 1 . 6 .5 3 8 .0 6 .1 4
10 1 3 . 2 - - 8 .5 13 . 5 « - 32 .4 2 2  ' - -
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ATTAINMENT OF ANALYTICAL VALUES

N ine  c ru d e  o i l  sam p le s  w ere  t r e a t e d  I n  t h e  same

way a s  t h e  s t a n d a r d s .  The p r o c e d u r e  d e s c r i b e d  u n d e r  t h e

w o rk in g  c u rv e s  was f o l lo w e d ,  and t h e  c ru d e  o i l s  a n a ly s e d

f o r  I r o n ,  n i c k e l ,  and v anad ium . The f o l lo w in g  t a b l e s  g i v e

t h e  d a t a  o f  q u a n t i t a t i v e  v a l u e s .

TABLE 14

D a ta  f o r  a n a l y s i s  o f  Fe , N l ,  and V 
A c t i v a t e d  c a rb o n  method

Crude O i l s  % T r_____________  f g g  & 1  ppm (w t)
Fe Nl V Co Eeo ^ 0 SCo Fe Nl V

Mancos 
( w e l l  10) 1 6 .5 50 52 8 .9 .334 .0 8 .0 7 1 5 .8 31 4 .9

Mancos 
( w e l l  255) 23 50 45 8 .7 .2 1 0 .0 8 .09 1 .9 5 31 8 .0

Mancos 
(Buck 355) 17 82 54 8 .7 .3 1 .04 1 .0 7 4 . 8 11 5 .0

Shinarum p 1 8 .5 72 54 8 .8 .3 0 .049 .0 7 4 .4 1 4 .8  5 .0

Weber 15 71 48 8 .7 .36 .0 5 .0 8 2 6 . 8 15 6 .6

F r o n t i e r 1 4 .5 43 54 8 .6 .3 8 .094 .0 7 8 .0 41 5 .0

C u r t i s 1 3 . 6 2 2 .5 2 8 .5 8 .5 .4 1 .2 1 .2 7 9 .2 150 8 6 .0

T e n s le e p 13 2 1 .9 28 8 .5 .4 3 .2 2 0 .2 9 1 1 .9 155 5 0 . 0

Embar 1 2 .8 2 2 .0 23 8 .6 .4 5 .2 1 8 .2 1 1 0 .6 160 100
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REPRODUCIBILITY OF ANALYTICAL VALUES

I n  o r d e r  t o  a s c e r t a i n  t h e  r e p r o d u c i b i l i t y  o f  r é s u l t a  

t h e  w hole  p r o c e d u r e  was r e p e a t e d  on n i c k e l  s t a n d a r d  s o l u ­

t i o n s ?  t h e  w ork ing  c u rv e  f o r  n i c k e l  was p r e p a r e d  and com­

p a r e d  w i th  t h e  o r i g i n a l  cu rve#  T h is  t im e ,  sam p le s  from  two 

o p p o s i t e  s p o t s  on t h e  c a rb o n  r e s i d u e  w ere  u se d  t o  p r o v id e  

enough d a t a  f o r  knowing w h e th e r  t h e r e  was any s e g r e g a t i o n  

o f  m e ta l  on t h e  c a rb o n  r e s i d u e .  The f o l lo w in g  I s  a  t a b u l a ­

t i o n  o f  su c h  d a t a i

, TABLE 15
D u p l i c a t e  w o rk in g  c u rv e  d a t a  

f o r  N ic k e l

Concen­
t r a t i o n

(ppm)
, ____% T r  __ EN1
h i Co ECo

2 2 1 .1
a . 2 0 .5 9 . 0 0 . 3 3
b . 2 1 .0 8.'5 0 . 3 1

200
a . 1 7 .2 7 . 8 0 . 3 4
b . 1 7 .4 7 .9 0 . 3 4

8 0 .0
a . 35 8 .2 0 . 1 5
b . 35 8 .4 0 .1 6

4 0 .0
a . 54 9 . 0 0 .0 9
b . 5 4 .2 8 .7 0 .0 7

2 0 .0
a . 74 8 .5 0 .0 5 8

...... ..................._______H A __________ __ §.i3______■ 0 .0 7
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I n  t h e  above t a b l e ,  ( a )  and (b )  r e p r e s e n t  t h e  

two o p p o s i t e  s p o t s  I n  t h e  c a rb o n  r e s i d u e .  The d a t a  In ­

d i c a t e  t h a t  t h e r e  was n o t  much s e g r e g a t i o n  o f  m e ta l .  The 

above  d a t a  w ere  p l o t t e d  t o g e t h e r  w i t h  t h o s e  o r i g i n a l l y  

o b t a i n e d  and t h e  two w o rk in g  c u rv e s  w ere  g r a p h i c a l l y  

com pared . F i g u r e  6 ,  g i v e s  su ch  c o m p a r is o n .  I t  can  be  s e e n  

from  F i g .  6 t h a t  t h e  d a t a  w e re  n o t  w h o l ly  r e p r o d u c e d .  The 

d e v i a t i o n  ra n g e d  from  0 -1 5 $  w i t h i n  t h e  w o rk in g  l i m i t .  On 

a v e r a g e ,  t h e  r e s u l t  c o u ld  be r e p ro d u c e d  w i t h i n  10 p e r c e n t .  

Some c ru d e  o i l  sam p les  w ere  w orked a g a in ;  t h e i r  n i c k e l  

v a l u e s  w ere  o b t a i n e d  on t h e  b a s i s  o f  t h e  new w ork ing  c u rv e  

and  com pared w i t h  t h e  o r i g i n a l  v a l u e s .  The fo l lo w in g  t a b l e  

g i v e s  su c h  co m p a r iso n !

TABLE 16
D u p l i c a t e  a n a l y t i c a l  v a lu e s  

o f  N ic k e l

Crude O i l s % T r % 1 nom Nl P e r c e n t
Mi 00 ECo D u p l i ­

c a t e
O r i g i ­
n a l

D e v ia t io n

Mancos 
( w e l l  10) 60 8 .9  .0 8 2 5 3 3 .0 3 1 . 0 6 .4 5
Mancos
( w e l l  255) 63 8 .6  .0 7 8 3 0 . 0 3 1 .0 3 .2 3
F r o n t i e r 52 8 .4  .09 4 4 1 .2 4 1 .0 0 .4 9

T e n s le e p 30 8 .8  .2 1 5 1 5 4 .0 1 5 5 .0 0 .6 4 5

From t h e  above  d a t a ,  I t  c o u ld  b e  s a f e l y  s a i d  t h a t  

r e s u l t s  w e re  r e p r o d u c i b l e  w i t h i n  10 p e r c e n t .
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DISCUSSION AND COMPARISON OF THE ANALYTICAL
M E T H O D S

A n a ly s i s  o f  t h e  v a r i o u s  c ru d e  o i l s  f o r  t h e  d e t e r ­

m in a t io n  o f  t h e i r  m e ta l  c o n t e n t s  i s  n e c e s s a r y  i n  o r d e r  to  

p r e d i c t  d e l e t e r i o u s  e f f e c t s s  t o  d e s ig n  an e f f e c t i v e  p r o ­

c e s s  f o r  m e ta l  re m o v a l ,  and t o  p r o v id e  a  means o f  c o n t r o l  

o f  t h e  p r o d u c t  q u a l i t y .  S e v e r a l  m ethods have been  employed 

f o r  such  d e t e r m i n a t i o n s > among w hich  t h e  c o l o r i m e t r i c  and 

t h e  s p e c t r o g r a p h i c  m ethods a r e  commonly u s e d .  The c o l o r i ­

m e t r i c  method em ploys an a s h in g  p r o c e d u r e  w h ich  i s  a s s o c i a ­

t e d  w i th  v o l a t i l i z a t i o n  l o s s  and i s  n o t  s u i t a b l e  f o r  r a p i d  

d e t e r m i n a t i o n .  The r o t a t i n g  e l e c t r o d e  m ethod( a s  employed 

p r e v i o u s l y )  i s  q u i c k ,  s e n s i t i v e ,  and s u i t a b l e  f o r  r a p i d  

d e t e r m i n a t i o n ,  b u t  i t  i s  n o t  a c c u r a t e  b e c a u s e  o f  t h e  l o s s  

o f  m in e r a l  m a t t e r s  d u r in g  e v a p o r a t i o n .  I n  v iew  o f  t h e  above  

f a c t ,  i t  was d e s i r e d  t o  d e v e lo p  a r a p i d  q u a n t i t a t i v e  method 

u s i n g  s p e c t r o g r a p h l c  t e c h n iq u e  b u t  a v o id in g  any e v a p o r a t i o n  

l o s s  o f  t h e  m in e r a l  m a t t e r s .  The a u t h o r  w orked o u t  such  a 

m ethod , c a l l e d  t h e  " a c t i v a t e d  ca rb o n  m e th o d " . The fo l lo w in g  

i s  a  c o m p a ra t iv e  d i s c u s s i o n  o f  t h e s e  t h r e e  m ethodsI
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ACTIVATED CARBON METHOD

T h is  p r o c e d u r e ,  b e s i d e s  b e in g  a q u a n t i t a t i v e  

m ethod may be s u c c e s s f u l l y  u s e d  as  a com m erc ia l  means o f  

rem ov ing  t h e  m e t a l s  from  c ru d e  o i l s  by s im p ly  e s t a b l i s h i n g  

c o n t a c t  w i t h  r e a g e n t s  l i k e  u r e a  and a c t i v a t e d  e a r b o n ( a s  

t r i e d  by t h e  a u t h o r ) .  As a  q u a n t i t a t i v e  m ethod, i t  i s  

f a s t  and t im e  s a v in g ,  th o u g h  n o t  q u i t e  as  r a p i d  a s  t h e  

r o t a t i n g  e l e c t r o d e  m ethod . However, i t  h a s  t h e  d e f i n i t e  

a d v a n ta g e  t h a t  i t  i s  f r e e  from  t h e  v o l a t i l i z a t i o n  l o s s  i n ­

h e r e n t  i n  t h e  s p e c t r o g r a p h i c  and t h e  c o l o r i m e t r i c  m e th o d s . 

T h is  i s  t h e  d e s i r e d  im provem ent s o u g h t  f o r .  However, i t  

w i l l  i n v o lv e  h a n d l in g  l o s s e s  w hich  may, o f  c o u r s e  b e ,  m in i ­

m ized  by e f f i c i e n t  a n a l y t i c a l  s k i l l .  The s u c c e s s  o f  t h e  

m ethod w i l l  depend  on t h e  c o m p le te  rem ova l o f  t h e s e  m e ta l s  

and  t h e i r  u n i fo rm  d i s t r i b u t i o n  i n  t h e  c a rb o n  r e s i d u e .  T h is  

m ethod c o u ld  be made r a p i d  and a c c u r a t e  by e x p e r i e n c e  and 

s k i l l .

SPECTROGRAPHIC METHOD

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

t r o d e  t e c h n iq u e  i s  a  f a s t ,  c o n v e n ie n t ,  and t im e -  s a v in g  

m ethod . I t  i s  b e s t  s u i t e d  f o r  r a p i d  d e t e r m i n a t i o n  and 

r e g u l a r  r o u t i n e  w ork . But i t  i s  n o t  a c c u r a t e  b e c a u se  some 

m e t a l s  a r e  l o s t  a t  t h e  t e m p e r a tu r e  o f  e v a p o r a t i o n .  A lso ,  

t h e  a u t h o r  h a s  e n c o u n te r e d  d i f f i c u l t y  i n  c o n t r o l l i n g  t h e
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am ounts t o  be e v a p o r a te d  on t h e  c a rb o n  d i s c ( p a r t i c u l a r l y  

w i t h  heavy o i l s ) .  The d i f f i c u l t y  l i e s  i n  t h e  f a c t  t h a t  

some t h i c k  and v i s c o u s  c ru d e  o i l s  l e a v e  a  g r e a t  r e s i d u e  

a f t e r  t h e  e v a p o r a t i o n  o f  a f r a c t i o n  o f  a  m i l l i l i t e r ,  w h e re ­

a s  some o t h e r s  w ould l e a v e  h a r d ly  any r e s i d u e  a f t e r  t h e  

e v a p o r a t i o n  o f  t h e  same am ount. On t h e  o t h e r  hand , i f  

t h e  amount t o  be e v a p o r a t e d  w ere  c u t  down to  a  s m a l l  v a lu e ,  

t h e  i n t e n s i t y ,  o f  t h e  s p e c t r a l  l i n e s  would be  to o  f a i n t  f o r  

q u a n t i t a t i v e  w ork . In  s p i t e  o f  t h e  above d i f f i c u l t i e s  i t  

i s  f a s t ,  t i m e - s a v i n g ,  f a i r l y  a c c u r a t e ,  and v e ry  c o n v e n ie n t  

m ethod .

COLORIMETRIC METHOD

T h is  m ethod, b e in g  p r i n c i p a l l y  a  c h e m ic a l  m ethod, 

i s  slow  and v e ry  t im e  consum ing . I n  t h e  c o u r s e  o f  h i s  

w ork , t h e  a u th o r  found  t h i s  method v e ry  a c c u r a t e  and s e n ­

s i t i v e  t o  t r a c e  e le m e n t s .  B ecause  o f  i t s  i n h e r e n t  s lo w n e ss  

i t  w i l l  n o t  q u a l i f y  as  a  m ethod f o r  r o u t i n e  a n a l y s i s ,  b u t  

f o r  a c c u r a t e  d e t e r m i n a t i o n  i t  i s  t h e  method t o  be em ployed. 

The f o l lo w in g  t a b l e  g i v e s  a  c o m p a ra t iv e  p i c t u r e  o f  t h e  

a n a l y t i c a l  v a lu e s  by t h e  t h r e e  d i f f e r e n t  m ethods $
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TABLE 17
C om parison  o f  a n a l y t i c a l  

v a l u e s  by t h e  t h r e e  m ethods

Crude O i l s  °API S p e c t r o g r a p h ic  C o l o r im e t r i c  A c t iv a te d  C arbon
Fe VNi :v  Fe NÎ V Fe Ni V

Maneos 
( w e l l  10) 4 3 .1 6 .2 32 5 .6 6 .0 35 5 5 .8 31 4 .9

Mancos 
( w e l l  2 5 5 ) 4 2 .3 - 31 7 .4 1 .0 30 7 1 .9 5 31 8 .0

Mancos 
(B uck 355) 4 1 .7 5 .4 1 2 .8 5 .2 5 .0 12 6 4 . 8 11 5 .0

Shlnarum p 3 7 .5 4 .9 1 4 .0 4 .9 4 .3 16 5 4 .4 £ 00 5 . 0

W eber 3 3 .6 7 .2 1 5 .5 6 .2 6 .9 17 8 6 . 8 15 6 .6

F r o n t i e r 4 2 .7 7 .4 4 1 .5 5 .7 7 .0 40 7 8 .0 41 5 .0

C u r t i s 2 2 .7 9 . 0 153 90 9 .0 152 91 9 .2 150 8 6 .0

T e n s le e p 2 3 .1 9 .9 158 102 1 0 .0 160 101 1 0 .6 160 100

Embar 2 2 .3 12 157 47 12 156 48 1 1 .9 155 50

The v a lu e s  a r e  i n  ppm (wt)
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RELATIONSHIP OF THE METALS IN CRUDE OILS WITH THOSE 
OF PRODUCING FORMATIONS AND ASSOCIATED ^AÏERÈ

METALS IN PRODUCING FORMATIONS

I n  o r d e r  to  s tu d y  w h e th e r  any r e l a t i o n  e x i s t s  

be tw een  t h e  m e ta l s  I n  c ru d e  o i l s  and t h o s e  In  p ro d u c in g  f o r ­

m a t io n s ,  n i n e  sam p le s  o f  su ch  f o r m a t io n s  w ere  o b t a i n e d .  T hese  

w ere  p r o c u r e d  from  t h e  same d e p th s  a s  t h e  n i n e  c ru d e  o i l s  

u n d e r  I n v e s t i g a t i o n ,  The r o c k  sam ples  w ere  p u l v e r i z e d  i n  an  

a g a t e  m o r ta r  and t h e n  mixed w i t h  c a rb o n  pow der. T hese  w ere  

t h e n  a n a ly z e d  s p e e t r o g r a p h i c a l l y  f o r  t h e i r  m e ta l  c o n t e n t s .

The f o l lo w in g  i s  a  t a b l e  o f  su c h  a n a l y s i s  I

TABLE 18 
A n a ly s i s  o f  P ro d u c in g  f o r m a t io n s

F o rm a tio n s M e ta ls  I d e n t i f i e d
M an co s(w e ll  10) 
M an co s(w e ll  2 55) 
M ancos(Buck 355) 
Shlnarum p

Fe,C a,M g, A l , S i , N a ,Z n ,Au 
F e , V, Ca, Mg, A l, S i , Na, Zn,
F e ,V ,C a ,M g ,A l,S l ,N a ,Z n ,P b ,A g  
F e ,N l ,V ,C a ,M g ,A l,S i ,N a ,B a ,Z n ,P b ,A g ,M n  
F e ,N i ,V ,C a ,M g ,A l ,S i ,N a ,Z n ,P b ( ? ),Mh

F e ,V ,C a ,M g ,A l ,S i ,N a ,B a ,Z n ,P b  
F e ,V ,C a ,M g ,A l ,S l ,N a ,B a ,Z n ,P b ,A g  
F e ,  V, Ca,Mg, A l ,S i ,N a ,P b ,  Ag,Mn 
F e ,N l ,  V,Ca,Mg, A l ,S l ,N a ,B a ,P b

Weber

F r o n t i e r
C u r t i s
T e n s le e p
Embar
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The above  t a b l e  r e v e a l s  th e  f a c t  t h a t  t h e  m e ta l s

I n  t h e  r o c k s  a r e  m o s t ly  I r o n ,  c a lc iu m , aluminum, and mag­

nesium * N ic k e l  and vanadium  a r e  c o m p le te ly  a b s e n t  i n  m ost 

r o c k s  and  a r e  v e ry  b a r e l y  p r e s e n t  i n  a  few* C om parison  o f  

T a b le  18 w i t h  T a b le s  1 and 2 makes i t  c l e a r  t h a t  t h e  m e ta l s  

i n  c ru d e  o i l s  a r e  n o t  t h e  same a s  t h o s e  i n  t h e i r  r e s e r v o i r  

ro ck s*  I f  t h e  m e ta l s  i n  c ru d e  o i l s  o r i g i n a t e d  s o l e l y  from  

t h e  r o o k s ,  t h e  same m e ta l s  w ould  p r o b a b ly  have  been  p r e s e n t  

i n  t h e  r e s e r v o i r  ro ck s*  The r e l a t i v e l y  h ig h  c o n c e n t r a t i o n s  

o f  some u n u s u a l  m e ta l s  i n  c ru d e  o i l s  f o r  exam ple , n i c k e l  

and vanadium  i n d i c a t e  t h a t  t h i s  c o u ld  n o t  h av e  b e e n  th e  c a s e  

and  t h a t  t h e i r  c o n c e n t r a t i o n  c o u ld  h a v e  been  b r o u g h t  a b o u t  

o n ly  by some agency  c o n n e c te d  w i t h  t h e  a c t u a l  f o r m a t io n  o f

METALS IN ASSOCIATED WATERS

I n  o r d e r  to  s tu d y  t h e  m e ta l s  i n  t h e  a s s o c i a t e d  

w a t e r s ,  o n ly  f o u r  sam ples  c o u ld  be l o c a l l y  o b ta in e d *  100 m l. 

o f  e a c h  was e v a p o r a te d  i n  a  p l a t in u m  d i s h  and t h e  r e s i d u e  an a ­

l y z e d  s p e e t r o g r a p h i c a l l y  f o r  t h e i r  m e ta l  c o n te n t*  The f o l l o ­

w ing  i s  a  t a b l e  o f  such  a n a l y s i s ;
TABLE 19

A n a ly s i s  o f  w a t e r  sam ples
W ater  Sample M e ta ls  I d e n t i f i e d
F r o n t i e r
C u r t i s
T e n s le e p
Embar

F e ,V ,N a ,C a ,M g ,A l ,S l ,B  
F e ,V ,N a ,C a ,M g ,Z n ,A l ,S i ,B  
V ,N a ,C a ,M g ,A l* S l ,B ,A g ,T h (? ) ,S r  
F e . N l .V .N a . Ca, Mr , Zn, A l, S i ,  B._8r
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Com parison  o f  T a b le  19 w i th  T ab le s  1 and 2 i n d i ­

c a t e s  t h a t  t h e  m e ta l s  i n  t h e  c ru d e  o i l s  a r e  n o t  t h e  same 

a s  t h o s e  i n  t h e  w a t e r .  M ost o f  t h e  m e ta l s  i n  t h e  w a te r s  

a r e  sodium , c a lc iu m ,  and magnesium.' I r o n ,  n i c k e l ,  and v an a ­

dium  a r e  a lm o s t  a b s e n t .  T hese  w a t e r s ,  t h e r e f o r e ,  c o u ld  n o t  

p o s s i b l y  b r i n g  a b o u t  h ig h  c o n c e n t r a t i o n  o f  some o f  t h e s e  

m e ta l s  i n  t h e  c ru d e  o i l s .

I t  i s  g e n e r a l l y  a g re e d ,  and t h e  a u t h o r  h o ld s  t h e  

v iew , t h a t  c ru d e  o i l s  o r i g i n a t e d  from  e i t h e r  a n im a l  o r  

p l a n t  rem a in s? - I t  i s  t h e r e f o r e  l o g i c a l  t o  assum e t h a t  

t h e s e  o rg a n ism s  w ere  l a r g e l y  t h e  medium o f  c o n c e n t r a t i o n  o f  

t h e s e  u n u s u a l  m e t a l l i c  e le m e n ts  i n  t h e  c ru d e  o i l s .  I n  

s u p p o r t  o f  t h i s  view, i t  h a s  been  o b s e r v e d  t h a t  vanadium  

o c c u r s  i n  s m a l l  q u a n t i t i e s  i n  some m ar in e  a n im a ls  and p l a n t s , '

I t  h a s  a l s o  b e en  o b s e rv e d  t h a t  some o f  t h e s e  a n im a ls  o r  o r ­

g a n ism s  a b s o r b  vanadium  a s  a  s u b s t i t u t e  f o r  c o p p e r  and p h o s ­

p h o ro u s  i n  t h e i r  b lo o d  w here  vanadium  i s  i n  h ig h  c o n c e n tra t io n * ^ . 

I t  i s  t h e r e f o r e  p r o b a b l e  t h a t  o i l s  c o n t a i n i n g  vanadium  a r e  

c o n n e c te d  i n  t h e i r  o r i g i n  w i th  m ar in e  a n im a ls  and o rg a n ism s  

w h ich  a r e  c a p a b le  o f  c o n c e n t r a t i n g  vanad ium .

C e r t a i n  p l a n t s  a l s o  u s e  vanadium  a s  a  s u b s t i t u t e  

f o r  phosphorous**-, and f e r t i l e  s o i l s  have  b een  found  to  

c o n t a i n  n i c k e l  i n  m in u te  q u a n t i t i e s ,  w hich  i n d i c a t e  t h a t  

s m a l l  q u a n t i t i e s  o f  n i c k e l  a r e  b e n e f i c i a l  t o  p lan ts '* -.
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M o reover ,  n i c k e l ,  among o t h e r  e le m e n ts ,  h a s  been  d e t e c t e d  

I n  t h e  a sh  o b t a i n e d  from  s e a  w eeds . These f a c t s  m ere ly  

b r i n g  to  l i g h t  t h a t  c ru d e  o i l s  o r i g i n a t e d  from  some a n i ­

m a ls ,  o rg a n is m s ,  a n d /o r  p l a n t s  w hich  hav e  b ro u g h t  a b o u t  

t h e  c o n c e n t r a t i o n  o f  e le m e n ts  l i k e  i r o n ,  n i c k e l ,  and v a n a ­

dium i n  t h e c r u d e  o i l s *
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THE ROLE OF METALS IN PROVIDING UNDERSTANDING 
OF THE EVOLUTION OF CRUDE OILS~

1A
G. We Hodgson and c o -w o rk e rs  p ro p o s e d  t h a t  a 

c o r r e l a t i o n  e x i s t s  be tw een  t h e  age and d e p th  o f  c ru d e  o i l s  

w i t h  g r a v i t y  and V/Ni r a t i o .  These w o rk e rs  g e n e r a l i z e d  

t h e i r  o b s e r v a t i o n s  i n  t h i s  r e s p e c t  a s  f o l l o w s :

1 .  The h e a v i e r  t h e  c r u d e ,  t h e  h i g h e r  i s  t h e  m e ta l  con­

c e n t r a t i o n .

2 .  The o l d e r  t h e  c ru d e ,  t h e  l i g h t e r  i t  becom es.

3* The l i g h t e r  and o l d e r  t h e  o i l ,  t h e  s m a l l e r  i s  t h e  

V/Ni r a t i o .  T h is  h a s  b e en  e x p la in e d  by t h e  f a c t  

t h a t  vanadium  com plexes  a r e  l e s s  s t a b l e  t h a n  n i c k e l  

on es  and h en ce  t h e  r a t i o  becomes s m a l l e r  a s  t h e  

c ru d e  o i l  becomes o l d e r .

The above g e n e r a l i z a t i o n s  a r e  b e l i e v e d  t o  be  t h e  

r e s u l t  o f  p r o g r e s s i v e  e v o l u t i o n  o r  chang e  o f  t h e  o r i g i n a l  

c r u d e  o i l s  w i t h  p a s s a g e  o f  t im e .  W hile  i t  i s  g e n e r a l l y  

b e l i e v e d  t h a t  t h e  o r i g i n a l  c ru d e  o i l  i s  u n d e rg o in g  a  p r o ­

g r e s s i v e  c h an g e , i t  i s  n o t  c e r t a i n  w h e th e r  t h e  above  g e n e -
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r a l i z a t l o n s  a r e  t r u e .  To v e r i f y  t h e  above  g e n e r a l i z a t i o n s , 

t h e r e f o r e ,  t h e  a u th o r  c a r r i e d  o u t  some i n v e s t i g a t i o n  i n  

t h i s  r e s p e c t  on t h e  n i n e  c ru d e  o i l  sam p le s  l o c a l l y  o b t a i n e d .  

The f o l lo w in g  d a t a  g i v e  t h e  r e s u l t  o f  su ch  i n v e s t i g a t i o n t

TABLE 20 
D a ta  f o r  d e n s i t y  and V/Ni r a t i o

F i e l d Crude O i l s D epth Deg. API V/Ni

Mancos 
( w e l l  10) 2600* 4 3 .1 0 .1 4 3
Mancos 
( w e l l  2 5 5 ) 2800* 4 2 .3 0 .2 3 3

R a n g e ly ,
C o lo ra d o .

Mancos 
(Buck 355) 3100* 4 1 .7 0 . 5 0 0

Shlnarum p 5350* 3 7 .5 0 .3 1 2

Weber 6080* 3 3 .6 0 .4 7 0

F r o n t i e r 4677b 4 2 .7 0 .1 7 5

G ra ss C u r t i s 2305b 2 2 .7 0 .4 9 9
C reek , T e n s le e p 1292b 2 3 . 1 0 .6 3 1
Wyoming.

Embar 1208b 2 2 .3 0 .3 0 8

a  t D ep ths  a r e  i n  f t  below  t h e  s u r f a c e

b  $ D ep ths  a r e  i n  f t  above s e a  l e v e l

The V and Ni v a lu e s  w ere  t a k e n  from T a b le  11 u n d e r  t h e

c o l o r i m e t r i c  m ethod and t h e i r  r a t i o s  w ere  c a l c u l a t e d .

The c ru d e  o i l s  shown above a r e  i n  an o r d e r  o f  i n ­

c r e a s i n g  d e p th s  and a g e .  The above t a b l e  r e v e a l s  t h a t  t h e
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f o r e g o i n g  g e n e r a l i z a t i o n s  a r e  n o t  t r u e  a s  f a r  a s  t h e s e  

c ru d e  o i l s  a r e  c o n c e rn e d .  S in c e  i t  i s  n e c e s s a r y  t o  o b t a i n  

num erous d a t a  t o  a r r i v e  a t  a  g e n e r a l i z a t i o n  and s i n c e  t h e  

a u t h o r  had  o n ly  a h a n d fu l  o f  sa m p le s ,  i t  i s  n o t  p o s s i b l e  

t o  make a g e n e r a l  s t a t e m e n t  c o n t r a r y  t o  t h e  above g e n e r a ­

l i z a t i o n s .  The a u th o r  t h e r e f o r e  c o n c lu d e s  by m ere ly  s t a t i n g  

t h a t  t h e  above g e n e r a l i z a t i o n s  a r e  n o t  t r u e  w i t h i n  t h e  l i m i t s  

o f  t h e  p r e s e n t  I n v e s t i g a t i o n .
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CONCLUSION •

-n

I n  th©1 l i g h t  o f  t h e  p r e s e n t  s tu d y  I t  I s  c o n c lu d e d  

t h a t  i t  i s  i m p o r t a n t  t o  exam ine c r i t i c a l l y  t h e  m e ta l s  i n  

c ru d e  o i l s .  The im p o r ta n c e  a r i s e s  from t h e  r e a l i z a t i o n  o f  

t h e  h a rm fu l  e f f e c t s  p ro d u c e d  by t h e  m e ta l s  on t h e  f a c i l i ­

t i e s  u s i n g  c ru d e  o i l s  and t h e i r  p r o d u c t s .  M oreover, t h e  

a n a l y s i s  o f  t h e  c ru d e  o i l s  shows t h e  p r e s e n c e  o f  a lm o s t  a l l  

m e t a l l i c  e le m e n ts  ; i t  i s  q u i t e  l i k e l y  t h a t  some c ru d e  o i l s  

c o u ld  f u r n i s h  a  s o u r c e  o f  some r a r e  m e ta l s  f o r  com m erc ia l  

e x t r a c t i o n .

I n  o r d e r  to  p u r i f y  c ru d e  o i l s  from  t h e  h a rm fu l  

m e t a l s  o r  to  e x t r a c t  t h e  m e ta l s  f o r  com m erc ia l  u t i l i z a t i o n ,  

i t  would be e s s e n t i a l  t o  know t h e  p h y s i c a l  and c h e m ic a l  

fo rm s i n  w hich  t h e s e  m e ta l s  e x i s t  i n  c ru d e  o i l s .  Only th e n  

w ould  i t  be p o s s i b l e  to  d e v e lo p  a s u c c e s s f u l  t r e a t i n g  o r  

e x t r a c t i n g  p r o c e s s .  W h ile  d e v e lo p in g  t h e  11 a c t i v a t e d  c a rb o n  

m ethod” , t h e  a u th o r  had  to  t r y  s e v e r a l  r e a g e n t s  b e f o r e  

s e l e c t i n g  u r e a  f o r  e x t r a c t i n g  i r o n ,  n i c k e l ,  and vanad ium . 

T h is  s im p ly  p o i n t s  to  t h e  t r u t h  o f  t h e  above  s t a t e m e n t .
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W ith in  t h e  l i m i t s  o f  t h e  a u t h o r ’s e x p e r im e n ta t io n s  and 

o b s e r v a t i o n s  t h e r e  was ample e v id e n c e  t o  I n d i c a t e  t h a t  

t h e  a c t i v a t e d  c a rb o n  m ethod was s u c c e s s f u l  i n  e x t r a c t i n g  

i r o n ,  n i c k e l ,  and vanad ium ♦ However, i t  i s  im p o r ta n t  to  

p o i n t  o u t  t h a t  t h e s e  com plexes e x i s t  o r  may e x i s t  i n  more 

t h a n  one fo rm s and b e in g  l i m i t e d  i n  h i s  o b s e r v a t i o n s ,  t h e  

a u t h o r  d oes  n o t  f e e l  J u s t i f i e d  i n  c o n c lu d in g  t h a t  t h i s  m ethod 

w ould be e f f e c t i v e  f o r  a l l  i r o n ,  n i c k e l ,  and vanadium  com­

p l e x e s  i n  a l l  c ru d e  o i l s .

T h is  m ethod b r i n g s  o u t  t h e  I m p o r ta n t  p r i n c i p l e  t h a t  

a r e a g e n t  l i k e  u r e a  o r  m e r c a p to b e n z o th la z o le  h as  t o  be em­

p lo y e d  to  b r in g  a b o u t  some change i n  t h e  s t r u c t u r e  o f  t h e s e  

com plexes  w h ich  w ould th e n  be  a d so rb e d  by a c t i v a t e d  c a rb o n ,  

s i l i c a  g e l ,  o r  a  s i m i l a r  a d s o r b e n t , I t  i s  t h e r e f o r e  c o n c lu ­

ded  t h a t  f o l lo w in g  t h e  above r e a s o n in g  and a d o p t in g  t h e  t e c h n i ­

q u e ,  i t  w ould  be p o s s i b l e  t o  d e v e lo p  t r e a t i n g  o r  e x t r a c t i n g  

m ethods w h ich  c o u ld  be u s e d  to  p u r i f y  t h e  c ru d e  o i l s  from  

t h e s e  m e ta l s  o r  to  e x t r a c t  them f o r  com m erc ia l  u t i l i z a t i o n .

U rea  was n o t  found  t o  be e f f e c t i v e  f o r  some e le m e n ts  

l i k e  sod ium , p o ta s s iu m ,  c a lc iu m , and l i t h i u m .  The a c t i o n  o f  

u r e a  i s  n o t  c l e a r l y  u n d e r s to o d .  However, from  t h e  above 

b e h a v io u r  i t  a p p e a r s  t h a t  t h e  a c t i o n  o f  u r e a  i s  s e l e c t i v e  

t o  some e le m e n t s .  T h is  f a c t  i n d i c a t e s  t h e  p o s s i b i l i t y  o f  

u s i n g  u r e a  i n  s e p a r a t i n g  t h e  m e ta l s  i n t o  g r o u p s .  F u r t h e r  

s t u d i e s  i n  t h i s  r e s p e c t  would be i n t e r e s t i n g #
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Among t h e  d i f f e r e n t  m ethods u se d  in  t h e  p r e s e n t  

work* t h e  s p e c t r o g r a p h i c  m ethod u s in g  t h e  r o t a t i n g  e l e c ­

t r o d e  t e c h n iq u e  i s  t h e  f a s t e s t  and v e ry  c o n v e n ie n t  f o r  

r o u t i n e  w ork . The c o l o r i m e t r i c  method has been  found  to  

be v e ry  s e n s i t i v e , d e l i c a t e , a n d  a c c u r a t e  f o r  m ic r o d e te rm i ­

n a t i o n s .  The a c t i v a t e d  c a rb o n  method th o u g h  f r e e  from 

e v a p o r a t i o n  l o s s e s  i s  n o t  in d e p e n d e n t  o f  o t h e r  d i f f i c u l t i e s  

m e n t io n e d  u n d e r  d i s c u s s i o n .  Though much f a s t e r  t h a n  t h e  

c o l o r i m e t r i c  m ethod , i t  d o e s  n o t  seem to  have  any s p e c i a l  

a d v a n ta g e  o v e r  t h e  r o t a t i n g  e l e c t r o d e  method a s  r e g a r d s  

f a s t n e s s ,  a c c u r a c y ,  and w o rk in g  c o n v e n ie n c e .  I t  i s  t h e r e ­

f o r e  c o n c lu d e d  t h a t  t h e  r o t a t i n g  e l c t r o d e  m ethod( s p e c t r o ­

g r a p h i c )  i s  s u i t a b l e  f o r  r a p i d  d e t e r m i n a t i o n  and r o u t i n e  

a n a l y s i s ,  t h a t  t h e  c o l o r i m e t r i c  method i s  p a r t i c u l a r l y  

s u i t a b l e  f o r  a c c u r a t e  d e t e r m i n a t i o n .

S tudy  o f  m e ta l s  i n  r e s e r v o i r  ro c k s  and a s s o c i a t e d  

w a te r s  d o es  n o t  r e v e a l  any c o r r e l a t i o n  w i th  t h o s e  i n  c ru d e  

o i l s .  I n  t h e  a b s e n c e  o f  f u r t h e r  e v id e n c e  and b e in g  l i m i t e d  

i n  h i s  w ork, t h e  a u th o r  s u b s c r i b e s  t o  t h e  c o n c l u s i o n  p r e ­

v i o u s l y  a r r i v e d  a t ,  t h a t  t h e  m e ta l s  came from  t h e  o r i g i n a l  

o r g a n i c  and p l a n t  re m a in s  from  w hich  c ru d e  o i l s  e v o lv e d .

The g e n e r a l i z a t i o n  p ro p o s e d  by G. W, Hodgson and h i s  co -  

w o rk e rs  a s  t o  t h e  c o r r e l a t i o n  o f  t h e  age o f  c ru d e  o i l s  

w i t h  g r a v i t y  and V/NI r a t i o  was s t u d i e d .  Such a  s tu d y  

made by t h e  a u th o r  d id  n o t  r e v e a l  t h e  p ro p o se d  c o r r e l a t i o n .
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