
Alkali Absorption in Crude Oil Refining 
By DAVID WESSON 

I 
N 1899 the wr i t e r  made some 

exper iments  with a view of 
de t e rmin ing  the amoun t  of 

caustic ~oda taken up by oils in the 
process of refining. Exper imen t s  
were made by adding  a definite 
excess of caustic soda in the form 
of lye of different  s t reng ths  to an 
oil, s t i r r i n g  the oil by hand f rom 
t ime to time, and t i t r a t i n g  the ex- 
cess of caustic soda in the same 
m a n n e r  as in de t e rmin ing  the free 
f a t ty  acids. While the method was 
crude, the resul ts  showed tha t  
absorpt ion  increased wi th  the  
s t r eng th  of the lye and also wi th  
the tempera ture .  There  was an 
in i t ia l  absorpt ion g rea te r  than  tha t  
due to the free f a t ty  acids, a f t e r  
which the absorpt ion slowed down, 
and  when the resul ts  were plotted 
in  curves the subsequent  increase 
was very slow. 

In 1917 the inves t iga t ion  was 
taken  up again  wi th  the idea of 
t e s t ing  the method under  improved 
condit ions.  

Apparatus: The appara tus  em- 
ployed was a cyl indrical  can about  
51/2 inches in diameter ,  10 inches 
deep, sur rounded  with a water-  
jacket  and provided with a s t i r r i n g  
appara tus  worked by an electric 
motor. Tempera tu res  were con- 
trolled by means of a the rmomete r  
in the oil and ano ther  one in the 
water- jacket .  

Two buret tes ,  10 or 20 cc. 
capacity, divided into tenths,  pre- 
fe rab ly  those wi th  a very small bore 
so as to give a long scale. These 
bure t t es  should be a r r anged  to fill 
quickly f rom reagent  bott les;  those 
designed by the wr i t e r  for  f a t ty  
acid de te rmina t ion  are the most  
convenient .  

One Pipet te ,  g radua ted  to de- 
l iver 10 g rams  of crude oil at 20~ 

Some 4-oz. oil sample bottles. 
Reagents: Quar te r  normal  HC1. 

Quar te r  normal  NaOH. 
Phenolphtha le in  solution for in- 

dicator. (1 in 100 alcohol.) 
Re-disti l led dena tured  alcohol or 

g ra in  alcohol. 
The phenolphthale in  solution and 

the alcohol should be made neu t ra l  
before using.  

Process: About  2,000 g rams  of 
oil were weighed into the appara-  
tus  and the s t i r r e r  s tar ted.  The 
t empera tu re  was then b rough t  to 
the desired point  for  the ex- 
per iment .  Careful ly  weighed caus- 
tic soda of a calculated amount  was 
run  in a n d  the t ime noted. At 
in tervals  of 5 or 10 minu tes  10 
g rams  of oil and alkali were with-  
drawn by the pipet te  and t i t r a ted  
in 4 ounce bottles in the same man-  
ner  as the t i t r a t i on  of f a t ty  acids, 
us ing  phenolphthale in  as~ an indica- 
tor and  neut ra l ized  re-dist i l led 
dena tured  alcohol as liquid. T i t ra -  
t ion was first made on the acid side 
with qua r t e r  normal  HC1. When 
there was any doubt about  the end 
point,  quar te r  normal  NaOH was 
added to aka l in i ty  and the solution 
aga in  t i t r a t ed  to the acid side. By 
having  the two bure t tes  side by side 
it  was possible to obta in  end points  
w i th in  .1 ec. wi thou t  any difficulty. 

Very Important: Afte r  each 
addi t ion  of the acid or alkali the 
bottles should be corked and shaken 
very violently in order to get the 
correct  end point.  I t  is also advis-  
able to let bottles s tand one-half  
m inu te  or so when near  the end 
point  so as to observe the color in 
the s u p e r n a t a n t  alcohol. There  

95 



T A B L E  I 

Sp. Gr. Lye . . . . . . . . . . . .  1.092 1.117 1.117 1.18 
P. C. NaOH in Yye . . . . .  8.19 10.18 10.18 17. 
P. C. Lye in Oil . . . . . . . . .  6.26 5. 5. 3.22 

P. C. NaOH in Oil . . . . . . .  510 .509 .509 .548 

P. C. NaOH in Mix . . . . .  472 .485 .485 .534 
_ _ _ _ J k _ _  A_ - - - - ~  t ,  

r ~ r - -  _ . A _ _ _ ~  F r �9 

S t a r t  Temp. NaOH Temp. Temp. Temp. 
Time Min. Deg. Abs. Deg. Abs. Deg. Abs. Deg. Abs. 

0 21.3 20.3 
5 21.4 .256 30 .262 21.5 .230 

10 21.7 .268 21 .252 30 .278 21.8 .255 
20 21.7 .286 21 .276 30 .304 21.6 .286 
30 "21.6 .300 .304 30 t.330 21.5 .311 
40 21.6 .331 30 .362 21.3 .353 
50 21.6 .326 $.340 30 **.394 21.3 .378 
60 w .352 .379 21.3 �82 
70 .434 
80 21.3 .445 
9O 30 

100 50 .491 
120 60 11.522 

* Break ing  fas t .  
g ra in .  w Ful ly  broken. 

t Break  s ta r ted .  $ Break ing  in la rge  flakes. ** L a r g e  

�82 P inhead  break, II Good open break ready  to settle.  

T A B L E  II 

Table Showing Rate  of Absorpt ion  of NaOH by Pr ime  Crude at  Different  
Analys i s  of Oil 

F . F . A  . . . . . . . . . . . . . . . . . . . . . . . . .  

NaOH for  F . F . A  . . . . . . . . . . . . . . .  

NaOH for  Color, etc . . . . . . . . . . . .  

NaOH Used . . . . . . . . . . . . . . . . . . .  

NaOH Absorbed ( a n a l y t i c a l l y ) . .  
NaOH Used in Excess  . . . . . . . . . .  
Sp. Gr. of Lye . . . . . . . . . . . . . . . . .  

T e m p e r a t u r e s  

1.06 1.06 
.15 .15 

.50 .50 

.50 .50 

.335 .335 

.165 .165 
1.116 1.116 

Absorpt ion  Absorp t ion  

at  21 ~ C. a t  30 ~ C. 
A 

Minutes  Absorbed Minutes  Absorbed 
0 0 0 0 

10 .252 5 .262 
20 .276 10 .278 
30 .304 20 .304 
40 .331 30 .330 
50 .346 40 .362 
60 .379 50 .394 
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has been noted in t i t r a t i on  at 
t imes a tendency of part icles in-  
soluble in a l c o h o l  to re ta in  
a lkal ini ty ,  which is only removed 
by a thorough shaking.  

Calculation of Results: In  cal- 
cu la t ing  the amount  of caustic soda 
absorbed by the oil we have to take 
into considerat ion tha t  the por t ion 
t i t r a t ed  represents  the oil plus the 
added lye. For  ins tance ;  if we use 
5 per cent of lye con ta in ing  say 10 
per cent of caustic soda, we would 
add .50 per cent NaOH to the oil 
we s t a r t  with,  but  the mix tu re  of 
lye and oil would amoun t  to 105 
grams of mater ia l  for  each 100 
g rams  of oil s ta r ted  with,  and the 
resul ts  of our t i t r a t i on  would show 
the amount  of caust ic  in  the 105 
grams of mixture .  I t  is evident,  
therefore,  tha t  the mix ture  conta ins  

100 
.50% NaOH X - -  95.2% X 

105 
.50% ~ .476% which is the per- 
centage of N a 0 H  in the mixture .  
Each cen t imeter  of qua r t e r  normal  
HC1 equals .01 NaOH which on the 
weight  taken is .10 per cent N a 0 H .  
I f  we subt rac t  the quan t i ty  of 
caustic as shown by the bure t t e  
read ing  f rom .476 we have the 
percentage of caustic absorbed in 
the mixture .  As the mix tu re  con- 
t a ins  only 95.2 per cent  of oil, we 
mus t  divide this  resul t  by 95.2 in  
order  to get the percentage of 
caustic absorbed by the oil. 

R e s u l t s  

The method was tested out care- 
ful ly on a sample of pr ime crude 
taken f rom ref ining No. 440, 
Bayonne,  cons is t ing  of a mix tu re  
of oil f rom Charlot te  and Chester, 
which analyzed as follows: 

Absolute Oil .. ~ . . . . . . . . . . .  97.65 
Absolute Loss . . . . . . . . . . . . .  2.35 
Loss not Fa t  . . . . . . . . . . . . . . .  97 

F.A. as Soap . . . . . . . . . . . . . .  1.38 
F.F.A . . . . . . . . . . . . . . . . . . . . .  1.06 
F.A. as Soap - -  F.F.A. = 

Excess F. A. Saponified.. .32 
NaOH Absorbed . . . . . . . . . . . .  335 
NaOH for F.A. as Soap . . . . .  192 
F.A. for Organic Matter . . . . .  143 
NaOH for Organic Matter 

and F.F.A . . . . . . . . . . . . . . . .  293 
NaOH for F.A. as Soap over 

F.F.A . . . . . . . . . . . . . . . . . . . .  042 

Three  s t r eng ths  of lye, approxi-  
m a t i n g  8 per cent, 10 per cent and 
16 per  cent  NaOH were used, and 
obta ined resul ts  shown in Table I. 

Discussion of R e s u l t s  

On consul t ing  Curve No. 1 it  
will be noticed tha t  the f a t ty  acids 
are neut ra l ized  pract ical ly ins t an -  
taneously a f te r  the addi t ion  of the 
caustic soda. I t  will also be noticed 
that  react ion slows down af te r  the 
first 10 minu tes  and then proceeds 
gradual ly.  I t  was noticed in the 
ol~eration of the kett les tha t  when 
N a 0 H  a m o u n t i n g  to tha t  shown by 
the Absolute  Test  had been ab- 
sorbed tha t  the oil commenced to 
break and not  unt i l  then. In  the 
case of the s t rong lye, the break 
was very  slow and did not occur 
unt i l  a f t e r  the t empera tu re  had 
been raised. In  the case of the 
weaker lyes the absorpt ion  and 
break were both quicker a t  the 
h igher  t empera tu re  t han  a t  the 
lower. 

In  looking into the caustic ab- 
sorpt ion f u r t h e r  it  would appear  
f rom the analys is  of the oil t ha t  the 
caustic taken up in ref ining forms  
three  func t ions :  F i r s t ,  combina-  
t ion wi th  the f a t ty  acids:  Second, 
combinat ion  wi th  organic  m a t t e r  
not f a t :  Third ,  b reak ing  down an 
organic  complex con ta in ing  f a t ty  
acids and fo r mi ng  a small  q u a n t i t y  
of soap. 

In  each case it  will be noted tha t  
there was a gradua l  rise in the 
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curve a f te r  the necessary amount  
of NaOH had been absorbed, and  
soap was cons tant ly  formed as long 
as the operat ion proceeded. I t  will 
also be noted tha t  at the h igher  

~'0o 
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I 

loo 

temperature  the saponification is 
more  rapid, also that  the s tronger  
alkali saponifies more  oil. 

Chart No. 2 shows  the resul ts  of 
two exper iments  on the same oil, 

1 
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f o r  t h e  p u r p o s e  o f  s h o w i n g  t h e  
e f fec t  of  t e m p e r a t u r e .  T h e  d a t a  
a r e  g i v e n  in  T a b l e  No.  I I .  

T h e  C u r v e s  s t a r t  a t  t h e  p o i n t s  of  
t h e  f i r s t  t i t r a t i o n ,  i t  b e i n g  a s s u m e d  
t h a t  t h e  N a O H  is  n e u t r a l i z e d  a t  
once.  I t  is  q u i t e  e v i d e n t  t h a t  10~ 
s p e e d s  up  t h e  r e a c t i o n  a n d  s a p o n i -  
t ies  m o r e  oil. 

In  the  oil u n d e r  cons ide ra t ion  
we note  t h a t  the  Abso lu te  
A b s o r p t i o n  of F.A.  was  . . . . .  335 

F.A.  as Soap by Absolu te  
Method was  . . . . . . . . . . . .  1.38 

R e q u i r i n g  N a O H  . . . . . . . . . . . . .  192 
Requi red  for  combin ing  wi th  or- 

gan i c  m a t t e r  . . . . . . . . . . . . . . .  143 
The  F .F .A.  in the  oil was  . . . . .  1.06 
R e q u i r i n g  N a O H  for  neu t r a l i z a -  

t ion  . . . . . . . . . . . . . . . . . . . . . . .  150 
Th i s  added to the  N a O H  for  

n e u t r a l i z i n g  the  o rgan ic  ma t -  
t e r  g ives  us  . . . . . . . . . . . . . . . .  293 

I f  we s u b t r a c t  th i s  .293 f rom 
the  to ta l  Abso lu te  A b s o r p t i o n  
we find N a O H  . . . . . . . . . . . . .  042 

Requi red  fo r  combin ing  wi th  
F,A. to make  soap. 

i t  is  q u i t e  e v i d e n t ,  t h e r e f o r e ,  
t h a t  a n y  c a u s t i c  u s e d  in  exces s  of  
t h e  a b o v e  a m o u n t s  is  g o i n g  to  b e  
u s e d  in  s a p o n i f y i n g  oil.  

C h a r t  No.  3 :  T h i s  c h a r t  w a s  
p l o t t e d  f r o m  d a t a  be low,  a n d  s h o w s  
t h e  e f fec t  of  s t r e n g t h  of  lye on  
a b s o r p t i o n .  I t  wi l l  b e  n o t e d  t h a t  
t h e  s t r o n g e r  t h e  lye, t h e  g r e a t e r  t h e  
a b s o r p t i o n  o r  s a p o n i f i e a t i o n .  

Alkali Absorption of R e f i n e d  

O i l  

Experiments  were made on Pr ime 
Summer Yellow Oil to note the 
ef fec t  of ,  1 s t - - T i m e ;  2 n d  
T e m p e r a t u r e ;  a n d  3 r d - - E f f e c t  os  
F r e e  Ac id .  

Experiment  No. 1: T h e  oil was :  
s t i r r e d  a t  23 ~ f o r  80 m i n u t e s  w i t h -  
o u t  a b s o r p t i o n  t a k i n g  place.  T h e  
t e m p e r a t u r e  w a s  q u i c k l y  r a i s e d  to~ 
40 ~ a n d  t h e n  a c u r v e  p l o t t e d  s h o w n  
as C on  C h a r t .  T h e  d e t a i l s  of  t h e  
e x p e r i m e n t  a r e  g i v e n  in  t h e  t a b l e  
h e a d e d  E x p e r i m e n t  No.  1. 

T h e  lye u sed  w a s  9 ~ a n d  e n o u g h  

T a b u l a t i o n  Showing  Effec t  of S t r e n g t h  of Lye on Ra t e  of Absorp t ion  

9 ~ Lye 
F . F . A  . . . . . . . . . . . . . . . .  1,06 
N a 0 H  fo r  F . F . A  . . . . . . .  15 
N a O H  fo r  Color, etc . . . . .  36 
N a O H  Used . . . . . . . . .  . .51 
N a O H  Abs.  ( a n a l y t . ) . .  .335 
N a 0 H  in Excess  . . . . . . .  175 
Sp. Gr. Lye . . . . . . . . . .  1.092 

Temp.  
Min. Abs.  Deg. 

0 0 21.3 
5 .256 21.4 

10 .268 21.7 
20 .286 21.7 
30 .300 21.6 
40 .300 21.6 
50 .326 21.6 
60 .352 21.5 

11.6 ~ Lye 19 ~ Lye 
1.06 1.06 

.15 .15 

.35 .40 
,50 .55 
.335 .335 
.165 ,215 

1.116 1.190 

Temp.  Temp.  
Min. Abs. Deg. Min, Abs.  Deg. 

0 0 21.1 0 0 20.3 
10 .252 21.1 5 .250 21.5 
20 2 7 6  21.1 10 .255 21.8 
30 .304 21.1 20 .286 21.6 
40 .331 21.1 30 .311 21.5 
50 .346 21.1 40 .365 21.3 
60 ,379 50 .378 21.3 

60 .405 21.3 
70 .434 21.3 
80 .445 21.3 
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on neutralized Prime Cottonseed Oil and neutralized Cold Pressed Oil. The 
oils were simply neutralized for removing the free fat ty  acid. This experi- 
ment wo~dd seem to indicate that the Lipoids and other matters in regular 

Crude Oil tend to increase its rapidity of saponification. 
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Char~ No. 8 shows the effect of first 
cleaning the oil with a salt wash. 
Apparently a clean oil saponifies 
~nore slowly than an oil which has not 

been so cleaned. 

Chart No. 9 shows the effect of free 
fr~tty acid when added to a Prime 
Summer  Yellow Oil. I t  is interesting 
particularly in showing the effect of 

temperature on the reaction. 
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Chart No. 7 is for the purpose of showing the comparison of oils used in 
Chart No. 6, with varying crudes of different iodine numbers. 



was used to make .50 per  cent 
NaOH on the oil. The oil was 
neu t ra l  and did not  absorb any 
NaOH analytical ly.  

Experiment  Nos. 2 and 3: In  
these exper iments  about  1 per cent 
of distil led f a t t y  acids were added 
to the crude and the absorpt ion  de- 
te rmined,  and resul ts  plotted in 
curves A at  22.5 ~ B at  43 ~ 

I t  will be noted tha t  in  the 
presence of soap the absorpt ion  in- 
creases with time, and more rapidly 
at  the h igher  tempera ture .  

The data  are given in the table 
headed Char t  4. 

The theoret ical  absorpt ion of the 
mix tu re  is .183 per cent and it  will 
be noticed tha t  this  is about  where 
the  curves, laid out f rom the above 
data, cross. The mix tu r e  used at  
43 ~ contained .92 per  cent  F.  F. A. 
Tha t  used at 22.5 ~ contained .95 
per cent  F. F. A. In  each case 
there was presen t  .50 per  cent  
NaOH in excess of tha t  required  
by the F. F . A .  The lye used was 
9 ~ 

Experiment  No. 4: This  wa'~ 
made at  20 ~ us ing  2 per cent F a t t y  

Acid in  the oil. Resul ts  are  shown 
in Curve D. I t  would appear f rom 
the curve that  in presence of a large 
amoun t  of F a t t y  Acids at  low 
t empera tu re  the soap formed sur-  
rounds  the lye globules and re ta rds  
absorpt ion.  

EXPERIMENT NO. 4 

P r i m e  Refined Oil con ta in ing  2 
per cent  of added f a t ty  acid was 
t rea ted  with caustic to de te rmine  
the ra te  of absorpt ion.  Used .78 
per cent  of NaOH, i.e., 0.5 per cent  
more t h a n  was needed to combine 
with F. F. A. 

Temperature 
Minutes Absorption Degrees 

0 0 20.0* 
2 .330 20.8~ 

12 .352 20.7 
29 .341 20.6 
44 .352 20.6 
69 .374 20.6 

* Start. 
ple. 

t Very thick mass to sam- 

COLD PRESSED OIL 

Two tests  were run,  one in  the 
regu la r  manner ,  us ing  excess 

EXPERIMENT NO. 1 

Table Showing Rate of Absorption of NaOH by P. S. Y. 
Temperature 

Minutes Absorption Degrees 
0 0 20.1 

10 0 20.4 
25 0 20.5 
30 0 20.5 
40 0 20.5 
60 0 20.5 
80 0 20.7 
87 0 25.0 
92 0 30.0 
96 0 35.0 

100 .003 % 40.0 
130 .032 43.6 
145 .064 43.0 
160 .117 43.0 
175 .149 43.4 
195 .170 44.0 

To draw curve for absorp- 
tion we start  with 0 Minutes 

0 
30 
45 
60 
75 
95 
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EXPERIMENTS ON REFINED OII.c----CHART NO. 4 

Table  Showing  Absorp t ion  of N a O H  by P. S . Y .  C o n t a i n i n g  .93 P e r  Cent  
Be t a  F a t  

Curve  A - - E x p e r i m e n t  No. 2 Curve  B - - E x p e r i m e n t  No. 3 
A t  22.5 ~ C. At  43 c C. 

T e m p e r a t u r e  T e m p e r a t u r e  
Minute  Abso rp t ion  Degrees  M i n u t e  A b s o r p t i o n  Degrees  

0 0 22.0 0 0 43.0 
1 .145 22.0 1 .134 43.2 

12 .161 22.3 7 .142 43.2 
33 .177 22.4 22 .177 42.9 
54 .183 22.5 33 .188 43.0 
75 .204 22.5 52 .220 43.4 
84 .204 22.5 71 .253 43.8 
99 .215 22.5 97 .306 42.3 

N a O H ,  t h e  o t h e r  u s i n g  j u s t  e n o u g h  
N a O H  to  n e u t r a l i z e  t h e  F .  F .  A. 

T h e s e  c u r v e s  a r e  i n t e r e s t i n g  as  
s h o w i n g  t h e  e x c e s s i v e  s a p o n i f i c a t i o n  
in  one  case ,  a n d  t h e  g r a d u a l  
n e u t r a l i z a t i o n  in  t h e  o t h e r .  

I t  is  w o r t h y  of  r e m a r k  t h a t  t h e  
cold p r e s s e d  oil  w h e n  t r e a t e d  w i t h  
j u s t  e n o u g h  c a u s t i c  to  n e u t r a l i z e  
i t  g a v e  a r e f i n e d  oil, i n d i c a t i n g  
a b s e n c e  of  b o d i e s  w h i c h  p r e v e n t  
o r d i n a r y  c r u d e  f r o m  a c t i n g  in  t h e  
s a m e  m a n n e r .  

I n  s t u d y i n g  C h a r t  5 i t  wi l l  be  

n o t e d  t h a t  w h e r e  t h e  e x c e s s  c a u s t i c  
w a s  used ,  as  s h o w n  by  C u r v e  A,  
t h e r e  w a s  a s t e a d y  i n c r e a s e  in  t h e  
a b s o r p t i o n  a f t e r  t h e  a d d i t i o n  of  t h e  
lye, w h i l e  on  C u r v e  B, w h e r e  j u s t  
e n o u g h  c a u s t i c  w a s  u s e d  to  m e e t  
t h e  r e q u i r e m e n t s  of  t h e  a b s o r p t i o n  
t e s t ,  t h e r e  w a s  a r a p i d  a b s o r p t i o n  
a t  t h e  s t a r t  a n d  a v e r y  s low in -  
c r e a s e  a f t e r w a r d s  d u r i n g  t h e  e n t i r e  
o p e r a t i o n  of  t h e  e x p e r i m e n t .  T h e  
t w o  c u r v e s  c r o s s  e a c h  o t h e r  a t  .31, 
w h i c h  is s o m e w h a t  be low t h e  p o i n t  

(Con t inued  on page 111) 

CHART NO. 5 

Table  Showing  Ra te  of A b s o r p t i o n  of N a O H  by Cold Pressed  Cot#,on Seed Oil 
N a O H  -~ 

F . F . A  . . . . . . . . . . . . . . . . . . . . .  
N a O H  for  F . F . A  . . . . . . . . . . .  
N a O H  for  Color, etc . . . . . . . .  
N a O H  Used . . . . . . . . . . . . . . .  
N a O H  Absorbed  ( A n a l y s i s ) .  
N a O H  Used in Excess  . . . . . .  
Sp. Gr.  Lye . . . . . . . . . . . . . . .  

Excess  N a O H  Used Alkal i  A b s o r p t i o n  
1.55 1.55 
.22 ,22 
.38 .135 
.60 .355 
.355 .355 
.245 .000 

1.091 1.091 

Temp.  Temp.  
Min. Abs. Deg. Min. Abs.  Deg. 

0 0 29.6 0 0 30.8 
1 .263 30.5 1 .282 32.0 
8 .285 30.5 11 .304 31.9 

26 :344 30.5 25 .319 31.8 
45 .382 30.9 42 .335 31.3 
60 .414 31.0 60 .340 31.0 
76 .438 30.7 78 .345 30.0 

102 


