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Vegetable Oil Refining by the Modified Soda Ash Process 
FRED H. SMITH and ARTHUR U. AYRES, Sharpies Corporation, Philadelphia, Pennsylvania 

T 
HE MODIFIED soda ash process for  the refin- 
ing of vegetable oils differs f rom the original 
1945 version of the Clayton soda ash process in 

that  neither the water nor  the carbon dioxide, which 
results f rom the neutralization of the crude oils with 
soda ash, is removed f rom the oil by a dehydrator ,  
and consequently no rehydrat ion of a mixture con- 
taining d ry  soda ash and soap is necessary. Eliminat- 
ing these two steps material ly reduces the operating 
costs and the initial equipment costs for new soda 
ash plants. 

This development was made possible by recognizing 
that  the troublesome carbon dioxide released when 
soda ash neutralizes the free f a t ty  acid of a crude oil 
can be kept under  control by either solubilizing the 
gas under  pressure or by providing sufficient excess 
of the soda ash reagent to combine chemically with 
the carbon dioxide to make sodium bicarbonate. Un- 
der these conditions neither emulsions nor floating 
soap cause difficulty in the pr imary  separation stage. 
Since operating with an excess of soda ash requires 
no additional equipment, six refiners in the United 
States who own and have operated the Clayton soda 
ash system had converted to this new method of op- 
erat ing without the dehydra tor  by  the fall of 1954. 

Development work based on this new method of 
refining has continued since these plants were con- 
verted, with progress considerably accelerated by  the 
commissioning of the S h a r p l e s  Resea r ch  Refinery 
iu Philadelphia. We are now able to release defini- 
tive instructions for operating these plants without 
adding expensive new equipment and without using 
large excess quantities of soda ash. In  addition to the 
loss savings possible, the results have an important  
bearing on cost of operation and on utilization of the 
soapstock, which make the process quite at tractive to 
those operating continuous caustic refineries. 

An important  development to come out of the re- 
cent work is the use of a small gas vent tank. This 
unit  can be constructed by the maintenance depart-  
ment of any  refinery and consists of a closed tank 
approximately 12 in. in diameter. Oil is introduced 
into the side of the tank, as il lustrated in Figure  1, 
and withdrawn from the bottom. Any  gas existing 
in the mixture  of oil and reagent rises to the top of 
the tank and is vented by means of a s tandard gas 
vent  valve. Such a valve will permit  the escape of 
air  and carbon dioxide but  will automatically close 
when the gas is eliminated and oil rises to the valve 
position. Pump pressure, as developed by the usual 
crude oil pump and as required for the process, is 
t ransmit ted undiminished across the vent  tank. Fig- 
ure 2 shows this tank as installed in conjunction with 
the balance of the process equipment. 
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FIG. 1. Deaerat ion tank. 
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Process Equipment 
Since much of the data presented in this paper  is 

derived from the Sharpies Research Refinery, and 
since the complete control and system of cross checks 
possible in this refinery make it ideal for  definitive 
tests to compare any process or equipment variations, 
this grouping of components will be outlined. 
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Oil is brought  in f rom agi tated storage tanks, which 
make available 30,000 lbs. of thoroughly blended crude 
oil for comparat ive  tests. Each test is based on a cali- 
bra ted run  of approx imate ly  4,000 lbs., which is ac- 
curately weighed in a s tandard-s ized scale tank. I t  
might  be noted at  this point that  it took two weeks of 
circulat ing refined oil in this refinery before we were 
satisfied that  blow-down and drain  lines were adequate 
for overall loss measurements  accurate to a plant  loss 
of 0.1%. 

The crude oil is preheated in the scale t ank  to any  
desired temperature ,  and soda ash is proport ioned by 
means of the Sharples  Ratiometer.  The soda ash solu- 
t ion ~s p repared  in accurate  scale tanks  in such a way 
that  an overall weight cheek on reagent  consumption 
dur ing  any  run  acts as a check on the setting and op- 
eration of the propor t ioning device, and this becomes 
a determinat ion of the val idi ty  of the experiment.  

For  contacting the crude oil with the proport ioned 
soda ash reagent,  the Clayton mixing zone usually 
supplied with the original soda ash process is satis- 
factory. This consists of a series of small annula r  
passages designed into a pipe unit  to produce shear- 
force mixing by pressure drop. 

Af ter  mixing, the oil-soap mixture  is heated in a 
fintube heater  and sent through the gas vent  t ank  de- 
scribed above. F r o m  the vent  t ank  it is separated in 
a Sharples  No. 26 Super  Centrifuge, where the high- 
est available centr i fugal  force is applied to squeeze 
oil f rom the soapstoek. 

F rom this point on, the process is the same as the 
original soda ash process. The oil is cooled in a tln- 
tube unit, caustic is proport ioned and checked by  the 
same type  of equipment  and in the same way as de- 
scribed for  the soda ash treat ,  the caustic and oil are 
contacted in either a Sharples  low speed mixer  of 
s tandard  design or by  means of a high-shear mixer, 
the t empera tu re  is raised as required for  separation, 
and a Sharples No. 26 Super  Centr i fuge rerefiner 
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with water  flush produces a refined oil of satisfac- 
tory  color. In  this refinery, double water-wash and 
vacuum-dry ing  always follow any refining test in 
order that  the final scale measurements  will reflect 
actual  commercial  operat ion without  the doubt intro- 
duced when the moisture and soap determinations,  
required to adjus t  the weight figures, are not done. 
The washed and dried oil is weighed in a s e p a r a t e ,  
refined oil scale tank, which is checked against  the 
crude oil scale at regular  intervals. 

Process Details 

The crude oil is preheated to about 100°F. No 
ha rm is done by  going as high as 130°F., but  it is 
well to s tay below this t empera ture  in order not to 
damage the color when refining cottonseed oil. 

Accurate  proport ioning is quite impor tan t  since 
small dosages are used. Any  device used should be 
accurate  in the range  of 1 to 5% treats.  Soda ash 
reagent  is made up to 22 ° B6. There is some evidence 
that  26 ° B6. is better.  The former  is recommended 
because of the possibility of supersa tura t ion  in the 
reagent  solution dur ing  cold seasons. 

Except  for  oils of very  low F F A ,  such as degummed 
soybean, the total t rea t  used is based on sufficient 
reagent  to supply  2.5 to 3 times the quan t i ty  of soda 
ash required to neutralize the free f a t t y  acid of the 

T A B L E  I 

Oil 

!otton ..... 
~oybean .... 
~otton... 
loybean ............. 
lotton ................... 
~oybean ................................. 
)eg. soybean ................... 
,insee4.. 

% F F A  

0.8 
0.6 
1.4 
0.7 
0.9 
0.5 
0.3 
1.3 

Chromato- 
graphic  

loss ( % )  

4.65 
3.01 
3.42 
4.31 
2.65 
1.89 
0.60 
2.52 

P l a n t  loss ( % )  

~/[od. 
soda ash Caust ic  

5.51 6.44 
3.70 4.04 
4.47 5.13 
4.72 5.19 
3.64 4.63 
1.99 
0.93 
3.14 
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Refinery 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B ..................................................................................... 
C ..................................................................................... 
D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D ........................... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D ..................................................................................... 

Oil 

Corn 
Corn 
Soybean 
Linseed 
Soybean 
Deg. soybean 
M:ixed soybean 
Deg. soybean 

Refinery 

E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oil  

Cotton 
Cotton 
Cotton 

No. of tank 
cars 

1 
1 

150 
15 

2 
10 
13 
13 

No. of t a n k  
ears 

17 
8 
2 

2.0 
1.2 

1.2 
0.4 
0.7 

Cup loss (%) 

7.2 4.28 
5.0 2.85 
.... 3.18 

2.46 
3.4 2.13 
1.9 0.72 

1 2.2 1.30 
I 3.6 2.63 

P l a n t  loss ( % )  

Med. soda 
ash 

% Cup r e f in ing  
F F A  

% Loss Bleach 

.... 6.7 3.4 
I .... I 7.5 t 3.2 

Fu l l  soda Caust ic  
ash 

.... 5.90 ~'.'+'s 3 . 2 8  . . . .  

Modified soda 
_ ash re f in ing  

% Loss Bleach 

oil, using the assumption that  all the sodium of the 
soda ash is available for  neutralization. On oils of 
low F F A  we, at present, use a minimum treat  of 1% 
of 22 ° soda ash. 

Af ter  mixing in .a mixing zone, the oil is heated 
to at least 180°F., and here again proper  control of 
the temperature  is important.  A reasonable tempera- 
ture  range would be "between 180 and 200 ° . The 
heated oil is then degassed in the gas vent  tank and 
centrifuged. 

The cooler should cool the pr imary  refined oil to 
about 100°F. and is followed with a decolorizing 
caustic treat,  which will depend to a large extent on 
the crude oil. Soya oils can be l ight ly washed with 
8 to 12 ° B6. caustic, prime cotton oils can be rere- 
fined with low treats  of 20 ° B6. caustic, and dark 
cotton oils may  require up to 3% of 26 ° or 32 ° B6. 
caustic adequately to reduce color. I t  is important  
to note that,  in the absence of soap from pr imary  
neutralization, excellent colors may be obtained from 
dark oils without seriously affecting the overall loss 
results. Generally the rerefining centrifuges will re- 
quire be tween  20 and 30% water flush to assist in 
the discharge of the traces of soap removed. 

By  means of the low pr imary  treat,  the refining 
soapstock will be above 35% TFA,  usually falling 
between 37 and 40%. This material ly reduces the 
problems of acidulation and even produces a salable 
material  as is. The most impor tant  t rend  of recent 
times in this regard is the work being done through 
the efforts of Refining U n i n c o r p o r a t e d  and B. H. 
Thurman  to prove beyond question that  this part icu- 
lar type of soda ash soapstock, having a low excess 
of free carbonate or bicarbonate, is both palatable 

and nutr i t ional  as an additive to cattle feed. Pre- 
l iminary reports f rom the Chicago stockyards and 
several state universities are very  encouraging, based 
on tests made f rom materials supplied in quant i ty  
f rom the Sharples Refinery. 

Data 
I t  is readily recognized that  data based on labora- 

to ry  analysis or on an a rb i t ra ry  selection of cup loss 
values could lead to doubt. For  this reason we have 
chosen to relate each run  to the Wesson loss or the 
chromatographic loss of each crude and to associate 
most modified soda ash runs with a run  of equal 
length, using the same crude supply but  operating 
as a caustic refinery. In each case we have taken 
pains to car ry  out the caustic run  according to the 
best known techniques available to our experienced 
refiners, and in some cases this at tention to detail 
has led to a bet ter  caustic refining than might be 
expected from d a y  to day plant  operation. 

Table I shows the results of these comparisons. 
On a basis involving much less control, this process 

has been operated successfully by a number of com- 
mercial refiners. Table I I  shows the data available 
to us for  general publication from these installations. 

Both of these tables show a superiori ty  of 1/~ to 1% 
in refining loss for  the soda ash process over the caus- 
tic process. Refinery E reported in Table I I  shows a 
reduction in bleach color of cotton oiI below the bleach 
color established in the settlement cup refining, and 
this advantage has been maintained over a period of 
at least one year. During this period savings over cup 
refining losses have averaged about 30%. 

[ R e c e i v e d  M a y  31,  1 9 5 5 ]  

Surface-Tension Determinations with a Precision 
Micro Capillary Rise Apparatus I 
C. S. NEVIN, 2 Department of Chemistry, North Carolina Agricultural Experiment Station, 
Raleigh, North Carolina 

T 
H E  M O R E  C O M M O N L Y  u s e d  procedures for  m e a s u r -  

i n g  surface tension, such as the r ing detachment 
method (13, 9), the drop weight method (14, 15), 

the bubble pressure method (24), the hanging drop 
method (10), and the classical capillary rise method 

1Publ i shed  wi th  the approval of the Director of Research, North 
Carolina Agricultural Experiment Station, as Paper No. 576 of the 
Journal Series, 

2Present address: Stamford Research Laboratories, American Cyana- 
mid Company, Stamford, Conn. 

(15, 21, 22), are either very  time-consuming, employ 
a complicated apparatus,  require a large sample, do 
not give absolute values, and thus require correction 
factors or are extremely tedious techniques. Since the 
author  desired a quick, micro method for  determin- 
ing surface tensions, he tr ied Ferguson 's  method (5) 
with a series of methyl  esters of normal saturated fat  
acids. Although the results (20) were encouraging, 
they showed that  Ferguson 's  method needed refine- 


