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solids discharge ports  located at  one end of the unit.  
The solids consist of approx imate ly  61% water,  26% 
protein, and 13% fat. The liquid fat,  with some 
unrendered  material ,  is then run  through a com- 
minutor  to complete the rup tu re  of the fa t  cells and 
insure sat isfactory operation of the centr ifuge valves 
on the subsequent clarification. The comminuted fa t  
is heated to 195-200°F. and pumped  to an auto- 
jector elarifier centrifuge. This is a centr ifuge which 
is equipped with a series of automatical ly  operated 
valves located around the pe r iphery  of the bowl to 
discharge solids automatically.  The accumulat ion of 
solids in the bowl causes the valves to open. When 
the solids have discharged through the open ports, 
the valves close. The water  and protein are removed 

from the fat,  and the fat  is discharged to storage. 
The solids accumulated f rom both centr ifuges may  
be collected and  dry-rendered for  final recovery of 
fa t  and protein. 

There are a few other methods of rendering,  such 
as open kettle and various modifications, but  they 
are not important ,  and to cover them would be 
largely looking backward.  

There are still numerous problems to be solved 
in both wet and d ry  rendering,  but  the last  few 
years  have been encouraging in tha t  definite at- 
tempts  have been made to solve some of them with a 
moderate degree of success. I t  is hoped that  with 
a wider unders tanding  of the render ing processes, 
more progress will be made. 

Vegetable Oil Refining 
FRED H. SMITH, The Sharpies Corporation, Philadelphia, Pennsylvania 

i WOULD LIKE TO QUOTE from a paper  presented be- 
fore the North  Central  Section of the American 
Oil Chemists '  Society in Chicago about 18 months 

ago. " W i t h i n  the memory  of most of this audience 
tonight, refining of vegetable oils was accomplished 

by kettle refining or a sin- 
gle version of caustic cen- 
t r i fuga l  refining. Each  in 
its own way was an art ,  
and profits depended on 
that  a r t  centered in an 
e x p e r i e n c e d  r e f i n e r  who 
tasted oils, rubbed soap- 
stock in his hands, and 
blamed the crude mills for 
a poor ex t rac t ion ."  

I t  was pointed out that  
t o d a y  no p roces so r  can  
a f f o r d  th is  l u x u r y .  To 
survive he must  crit ically 
analyze some seven dif- 
ferent  refining methods in 
terms of his own unique 
requirements  and operate 

F. It. Smith a p lant  best suited to solve 
his problems of par t icular  

crude oils available, oil qual i ty  specifications, water  
supply,  sewage disposal, and utilization of gums and 
soapstock. 

Now however this list of possible process selections 
has grown to nine, How many  more will be intro- 
duced depends on how many  experimenters  can and 
will spend the time and money required ful ly  to de- 
velop new systems and to present  an account of the 
completed research to the industry.  The problem has 
become quite complex and may  be expected to be- 
come more so. 

The purpose of this paper  will be to assist in com- 
pletely unders tanding  each new process as it devel- 
ops and to analyze some of the existing systems in 
terms of the information available. This discussion 
will not deal with specific equipment  selection but 
will bear  on the following points:  classification of 
contaminat ing components - -how refining losses and 
oil qual i ty  are affected by removal of these compo- 

nears;  classification of seven process concepts in 
terms of refining losses and qual i ty ;  the physical 
chemistry of refining as applied to the process con- 
cepts;  and examples of refining results selected f rom 
United States and Mexico. 

Contaminating Components 
The contaminat ing components in a crude oil are 

phosphatides or gums, free f a t ty  acids, color, mois- 
ture, and meal and dirt. 

Gums represent  the na tura l  phosphatidie materials  
contained in the crude oils. Some oils, such as palm 
or coconut, have so little of this contaminant  that  
conditioning or removal need not be seriously con- 
sidered. On the other hand,  the Amer ican  oils, such 
as cottonseed and soya, contain f rom 1 to 2% gums 
which must  be removed to produce a refined edible 
or technical oil. 

To a large extent, the gums arc soluble in d ry  
crude oils but  may  be precipi tated as a non-oil solu- 
ble sludge by hydra t ing  with water. The precipi tate  
is a gelatinous mass wherein oil is dissolved in the 
gums. They are easily separated f rom the oil by 
centr i fugal  or g rav i ty  means, but  in so doing the 
dissolved oil of the gums cannot be reduced. The 
percentage of oil in the gum phase seems to be a 
strong funct ion of the water  t rea t  used, which is 
impor tan t  for other reasons to the producer  of tech- 
nical oils. In  general, a low water  t rea t  of 1% or 
less will produce gums which dissolve no more than 
15 to 25% oil, giving gums of 75 to 85% acetone- 
insoluble rating. Higher  water  t reats  will increase 
the abil i ty of the gums to dissolve oil but at the 
same t ime will do a bet ter  job of removing the last 
traces of gums from the oil. Fo r  the technical oil 
producer  the r ight  compromise between loss and gum 
removal becomes the basis for  his profits. 

However  for the producer  of ful ly  refined tech- 
nical oils or edible oils, percentage of t rea t  is usually 
selected for other reasons. Gums must  be ful ly  re- 
moved to protect  taste and flavor, but  they need not 
be removed separately. 

The following generalities emerge as impor tan t  to 
developing a refining process. Gums dissolve o i l ,  
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thereby reducing the importance of high separating 
forces or long separating times as means of reducing 
degumming plant losses. Chemical additives must be 
used to change the nature  of the gums before losses 
lower than those inherent  in water degmnming alone 
can be achieved. To mention a few, citric acid, phos- 
phoric acid, acetic anhydride,  tetra  sodium pyro phos- 
phate, and sodium silicate have all been used to some 
extent. 

F a t t y  acids exist to some extent in all natural  
crude oils. By some means they must be removed, 
whether it be by distillation or neutralization into 
a soap, followed by mechanical separation. Since 
distillation is not generally practiced and is ra ther  
specialized in its application, this paper will deal 
only with neutralization into soap. 

Many bases and salts of strong bases have been 
used, caustic, soda ash, ammonia, and trisodium phos- 
phate to name a few. The problem, of course, is to 
select a neutralizing chemical which will have no side 
reactions deleterious to refining, such as destroying 
valuable triglycerides through saponification, or so 
to adjust  the use of the chemical selected that  pos- 
sible side reactions are minimized or eliminated. 

Equal ly  important  however is the fact  that  the 
soap produced is a spongy mass which can entrain 
neutral  oil ra ther  than absorb it in solution. In  this 
respect centrifugal  refining has demonstrated its value 
in squeezing the oil f rom soapstock, and the highest 
possible force available for  this purpose pays divi- 
dends in more refined oil and less oil in the soapstock. 

The following generalities emerge from a consider- 
ation of free f a t ty  acid. Some bases, in part icular  
caustic, promote losses by saponification of neutral  
oil unless used to prevent  such a reaction. Soaps 
entrain oil, and high centrifugal  pressure is required 
to reduce this entrainment.  Color is a most discour- 
aging contaminant. So far  as can be determined, 
caustic alone of the inorganic chemicals useful for  
refining an edible oil will react with the color col- 
loids and render  them soluble in water. Since caus- 
tic is also a saponifying base, the physical chemistry 
of soap formation must be carefully viewed. 

I t  is well known by the soap boiler that  saponifi- 
cation is hard to start  when neutral  oils are mixed 
with caustic but that  this proceeds very quickly once 
soap is present in the mixture. In  this respect saponi- 
fication might  be classed as autoeatalytic, progressing 
much faster  if  soap is already present. 

A serious process consideration therefore is to use 
decolorizing caustic in somewhat meager quantities 
or to eliminate all soap from the oil before adding 
excess caustic for  this purpose. Several processes 
have been offered wherein excess caustic has been 
added with soap present but  contact time reduced 
below the point at which serious damage is done to 
the oil by the time-consuming reaction of saponifica- 
tion. This usually takes very  large caustic dosages, 
and over-all refining may not always be complete with 
respect to degumming. 

The following generalities emerge from color con- 
sideration. Losses due to saponification of neutral  oil 
by decolorizing caustic may be reduced by removing 
the soap formed by neutralization of the free fa t ty  
acids prior  to decolorizing. I f  this is not done, losses 
will depend on decolorizing caustic treat. 

Meal, moisture, and traces of residual soap need 
not be mentioned. Meal deposits in the centrifuge 

and moisture are extracted with no loss by vacuum 
drying. Residual soap is easily washed out of the 
oil by water with only insignificant losses. 

The important  concept to be derived from a s tudy 
of the contaminants existing in crude vegetable oils 
is that  each component may be t reated by different 
means for its own removal. These several steps can 
be considered separately and practiced in the refinery 
as a combination of separate steps or as a single, 
simultaneous grouping of all steps. 

Classification of Processes 

The caustic process is, of course, the most widely 
used and best-known refining process. I t  is based 
on a single t rea t  of caustic in aqueous solution which 
supplies water for degumming, caustic for neutraliz- 
ing the free f a t ty  acids, and excess caustic for decol- 
orizing. Selection of caustic strength, mixing time, 
mixing energy, temperature,  and quant i ty  of excess 
caustic all p lay an important  par t  in making this 
process operate well. 

F rom the principles of the previous section it is 
obvious that  although good color can be obtained by 
high excess caustic treats, these treats will contribute 
materially to plant loss. Since temperature  is known 
to advance the rate of saponification of neutra l  oils, 
refining temperatures  should be kept low. This al- 
ways increases the oil viscosity, reducing centrifugal  
separation efficiency. Most oils will not refine well at 
low tempera ture  although expeller cotton oil is nota- 
ble for its requirement  of low temperature  for good 
refining. 

The excess caustic adds materially to the volume of 
caustic refined soapstock, and here again losses are 
increased by producing more soap, which in itself 
entrains more oil. 

In  spite of these basic problems caustic refining 
can show excellent results. Close at tention to detail 
is required, but  if this is proper ly  executed, loss fac- 
tors can be controlled within reasonable bounds. True  
savings of about 20% over average kettle refining are 
possible with the better results being reported from 
operations which exert strict control over daily refin- 
ing through a chemical laboratory or a central engi- 
neering office. 

The second process offered was the Clayton Soda 
Ash Process. Neutral  oil destruction is essentially 
eliminated dur ing degumming and neutral izing of 
F F A  by using a refining reagent which does not sa- 
ponify oils. Sodium carbonate however, when neu- 
tralizing FFA,  releases CO~, which tends to hold up 
in the soap and make it float. 

To eliminate this tendency a dehydrator  is pro- 
vided, which draws off all the C02 and the moisture 
from the mixture prior  to separation. An additional 
rehydrat ion t reat  becomes necessary to produce an 
insoluble fluid soapstock for centrifugal  separation. 

Since sodium carbonate will not remove color, a 
second refining stage is employed wherein decoloriz- 
ing caustic is added. At  this point the gums and soap 
have been removed, and, as pointed out, the oil can 
be heavily treated without significant plant loss. 

True plant savings over settlement losses of 30 to 
35% can easily be obtained on most oils, with savings 
on degummed soya as high as 55%. The most strik- 
ing factor  recommending this process is its ability 
to reduce all oils to a common s tandard before re-refin- 
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ing for color. The quant i ty  of soda ash used to ac- 
complish this almost eliminates differences between 
oils on p r imary  refining, such that  one soda ash 
Baum6, one formula for  treat, and one temperature  
are sufficient for all but the most unusual  oils. 

The th i rd  process would logically become an ex- 
tension of the soda ash process. In  principle it rec- 
ognizes that  the elimination of C02 is not necessary 
beyond the point at which soap floats. At least two 
systems are used to accomplish this. Pressure such 
as is possible in a Hermetic installation can solubilize 
some of the C02 and minimize the problem. A gas 
vent tank accomplishes the same purpose. 

By  practicing this procedure, the previously re- 
quired steps of dehydrat ion and rehydrat ion are 
eliminated. The process becomes less efficient for  
high F F A  oils, but  phenomenal color reduction is 
possible through the medium of re-refining clean oils. 

The four th  process uses a non-saponifying pr imary  
reagent ammonia. The main advantage is the ability 
to boil off all the ammonia from the soapstock~ thereby 
recovering most of the refining reagent and produc- 
ing a by-product  consisting of all the plant loss ma- 
terial. The soapstock is not usable for distillation but  
is an excellent feed additive for solvent-extracted 
meal. This fact  reduces the areas of application for 
the process. 

The fifth process might be classified under  some 
such generali ty as "stoichiometric caust ic ."  P r imary  
refining is carried out by the addition of caustic, but  
in quantities to neutralize the F F A  only. This uses 
up all the caustic added, leaving none for saponify- 
ing neutral  oils. Additional reagent must be added 
to grain out the soap. This can be done by adding 
soda ash af ter  the caustic t reat  to the oil mixture, 
or by adding a reagent flush to the centrifuge. This 
process again has the advantages of separate re-refin- 
ing and can handle oils up to 30% FFA.  Savings of 
30% are easily obtained, with most plants report ing 
up to 35%. 

The sixth process is refining in the miscella state. 
The most popular  plant system for miscella refining 
is straight combined caustic refining although it has 
been demonstrated that  amnmnia refining and caustic 
re-refining are also possible. Obviously it is necessary 
to carry  out miscella refining at such a location that 
miscella is produced normally. Reconstitution of an 
oil into a miscella is not feasible either from an eco- 
nomical point of view or from process considerations. 

Savings for this process cannot be reported with 
any accuracy since the oil being refined cannot be 
classified as crude oil under  A.O.C.S. or N.C.P.A. 
rules. Excellent results have been reported however, 
based on oil produced per ton of meal. 

The seventh process is a fu r ther  separation of 
refining components. The oil may be separately de- 
gummed prior  to refining and any of the first six 
systems practiced. In  general, this does not improve 
savings since gums dissolve rather  than entrain oil, 
but the refining soapstock is much better  as a by- 
product  when used directly in the manufacture  of 
soap. 

Physical Chemistry of Refining 
Having discussed the source of losses in refining 

and having briefly outlined some seven process coi~- 
ditions, I can now delve deeper into the physical 
chemistry of refining and set up some boundary  con- 
ditions for  making any process work. 

Firs t  may be considered the phase diagram for 
making soap. This is well known to the soap boiler 
but  ra ther  obscure as applied to vegetable oil refin- 
ing (Figure  1). 

The area marked A represents the boundary  con- 
ditions for  neat soap, a condition of t rue precipitated 
soap which could be separated easily in a centrifuge 
from oil or some other aqueous phase. The area 
marked B represents the boundary  conditions for 
a nigre phase, a continuous aqueous phase which 
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contains dissolved soap. Areas marked C represent 
special soap fornlations which need not concern us 
here. The diagram is used as follows: 

A~mlyze a sample of soapstock for sodium soap and for total 
free electrolyte content. Assume tha t  if this analysis were to 
show 6% electrolyte as NaO[[ and 50% sodium soap, the 
balance of 44% will be water, gums, and dirt. Locate this 
point, P, on the diagram. I t  is now possible to determine 
what conditions exist in soap stock of this analysis by drawing 
a line such as p1pl l  The exact line drawn is, of course, de- 
termined by the necessity tha t  equilibrium conditions be ful- 
filled. Neat  soap containing 68% sodium soap would coexist 
with an aqueous phase containing 12% electrolyte and no soap. 
The lat ter  is called a pitch water. 

I t  will be noticed tha t  extension of a line through a point 
such as x mus t  intersect the boundary conditions o f  a mgre  
phase which does contain soap. Under  these eonditionu no 
fat-free pitch water could exist. Note also that  conditions 
which analyze as points y or z falt  wholly within the single 
phase areas of B or A and only the single condition of nigre 
(soap solution) or neat  soap would exist. 

Now let us examine the conditions of refining for 
the several process types and in terpre t  the soapstock 
phase in terms of the phase diagram. Perhaps  the 
easiest to unders tand is the situation when re-refining 
a neutral  oil, as in the soda ash process. The electro- 
lyte content of the t reat  will be between 10 and 25%. 
Obviously a line can be drawn between neat soap and 
the horizontal ordinate indicating two phases, neat 
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soap and pitch water. The oil, of course, represents a 
third phase, and s tandard refining centrifuges will 
discharge only two phases. 

I t  therefore becomes necessary to change these 
phase conditions. The best method is to inject water 
into the machine af ter  these two heavy phases have 
been separated f rom the oil. This lowers the electro- 
lyte concentration to a value between 2 and 4%. So 
long as the total soap existing in the re-refining mix- 
ture is low, conditions exist for a single phase of soap 
solution in water  of low electrolyte content. 

This means that  re-refining loots must be below 
about 6% electrolyte concentration and contain only 
small quantities of soap for the operation to be car- 
ried out at maximum efficiency. Note that  this is a 
single aqueous phase and, as such, can entrain no 
neutral  oil. In  other words, plant  losses f rom neutral  
oil due to proper  re-refining should be zero. I f  three 
phases exist, surging of the middle phase f rom the 
light to the heavy can cause poor oil and periodic 
excess losses. 

I t  is equally important  to undersand that  if there 
is too little electrolyte present (and too much soap), 
the problem of emulsion between oil and the aqueous 
phase can become troublesome. As is well known, 
water washing is subject to these problems when too 
much soap gets into the oil to be washed. The oper- 
ator cures this condition by adding some solid sodium 
chloride, raising the electrolyte concentration of the 
wash water  out of the danger zone. On re-refining, 
such a condition can occur if process conditions allow 
soap to spill over f rom the refining stage or if process 
conditions are such as to accelerate saponification in 
the re-refining mixer or heater. This saponification 
uses up caustic, lowering the electrolyte concentra- 
tion too far  to prevent  emulsions. 

In  respect to the fifth process, this phase diagram 
helps to interpret  pr imary  refining. Assume that  a 
caustic t reat  is used which can exactly neutralize the 
F F A  but no more. This leaves no excess electrolyte, 
placing conditions on the extreme left  port ion of the 
phase diagram. Depending on how much soap hap- 
pens to be made by  the caustic treat,  there could be 
a very  weak electrolyte solution containing a high 
relative concentration of soap, a two-phase mixture 
of soap and nigre or a single phase of neat soap. The 
first two rapidly  promote emulsions which lose oil 
while the th i rd  phase of 65 to 80% soap becomes too 
hard to handle physically. 

I t  therefore becomes necessary to shift the phase 
conditions by adding electrolyte or an electrolyte 
solution. The electrolyte solution may be soda ash, 
caustic, or sodium sulphate and may be added with 
the oil or injected into the separated soapstock phase 
as a centrifuge bowl flush. They all accomplish the 
same purpose. 

The conditions are shifted to the right out of the 
emulsion zone and lowered out of the zone of single- 
phase neat soap. Two phases of nigre and neat soap 
are acceptable so long as the electrolyte concentration 
is not in the emulsion rauge and so long as enough 
neat soap is present to absorb the nigre phase in its 
mass. 

I f  caustic is used, it must be added as a bowl flush 
to the soap phase only in order to reduce saponifica- 
tion of neutral  oil. Sodium sulphate flush is the most 
popular  reagent although recent work makes sodium 
carbonate addition to the oil mixture  quite attractive. 

In  the same way each process lends itself to such a 
phase diagram analysis. The excess caustic of the 
caustic process required to decolorize forunately  be- 
comes diluted by water from caustic solution used to 
neutralize F FA .  However enough concentration is 
usually left  over to stay below a pitch-water phase 
condition but  above an emulsifying weak solution. 

The full  soda ash process required rehydrat ion in 
order to bring the percentage of soap down to a 
recognizable position on the diagram. 

Examples Selected from United States and Mexico 

Recent data f rom extended, full-scale refinery op- 
erations throughout  North America will i l lustrate 
what can be done by utilizing these process concepts. 
In most cases the data are based on oils which do not 
refine easily by the kettle or by the caustic process. 
I t  is na tura l  that  equipment suppliers should be 
called in for  demonstration test work when problems 
occur and not on smooth operations. 

In Mexico 20 tank cars of dark Expeller  cotton oil 
were refined by the modified soda ash process. The 
best that  could be done by the caustic process was 
to produce oil which bleached to a 4.7 red while 
showing a savings of 17% over a settlement loss of 
7.6% and a bleach color of the settlement oil of 4.1 
red. The modified soda ash process gave oils color 
as desired between 3.0 and 3.5 red, with an average 
savings of 24%. Since that  time reports indicate a 
steady improvement in savings as the unskilled op- 
erators become more familiar  with the process. 

Eight  batches of mixed cotton oil were refined by 
the modified soda ash process and by the process in- 
volving a stoichiometric t reat  of caustic with soda 
ash electrolyte adjustment.  Caustic refining of this 
oil gave a bleach color of 3.5 red and showed a sav- 
ings of 15% over a settlement loss of 6.0% and a 
bleach color of the settlement oil of 2.7 red. The 
soda ash process gave oils down to 2.0 red while 
showing a savings, which averaged 30%. The same 
color and savings were attainable with the stoiehio- 
metric caustic process. 

Two batches of California Expeller  oil were refined 
by the stoichiometric caustic process, using a flush to 
adjust  electrolyte. Savings of 30% were obtained 
over a cup loss of 8.3%, and the settlement bleach of 
4.6 red was reduced to 3.5 red in the plant. 

Thi r ty  tank cars of degmnmed soya were run  on 
the soda ash process. No caustic comparisons were 
made, but  these runs averaged 54% over an average 
settlement loss of 2.0%. 

Data of this type are available from 400 separate 
runs in The Sharples Demonstration and Research 
Refinery. They show consistent loss improvement of 
~/~ to ~ 1 ~  for a two-stage refining over a one-stage 
caustic plant. Color advantage has been exception- 
ally good compared to caustic or cup. 


