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Oils 

R 
EFINING- is the most impor tan t  step in the proe- 

essing of crude f a t t y  oils to p repare  the result-  
ing" refined oil for  such fu r the r  t rea tment  as is 

deemed necessary for  the par t icular  use intended. The 
oppor tun i ty  for  making  the most dollar savings is in 
refining operation. Bleaching, hydrogenat ion,  winter-  
izing, and deodorization are all indeed impor tant ,  
but  they are techniques wherein the losses of oil are 
nominal,  restricted, and small compared with those 
incurred in the refining step or steps. The marg in  
in pounds of refined oil available for  saving through 
efficient refining per  tank  car becomes greater  as the 
free f a t ty  acid and Wesson Iaoss of the crude oil 
increase. 

Af t e r  the replacement  of batch by continuous re- 
fining with caustic soda, the next  phase in the devel- 
opment  was the substi tution of sodimn carbonate or 
soda ash, a nonsaponifying alkali, for  caustic soda, 
with the p r i m a r y  intent  of el iminating the sapo.nifi- 
cation of oil tha t  resulted f rom the reaction with the 
la t ter  alkali. 

Neutral izat ion of the free f a t t y  acids of the crude 
oil using soda ash however, meant  having carbon 
dioxide, a gas, as one of the products  of the reaction. 
Unless means were provided for  taking care of the 
carbon dioxide through physical or chemical expe- 
dients, it could interfere  with efficient operat ion or 
perhaps  render  the refining operat ion impractical .  
There  were two approaches to the problem. 

One was to add a large excess of soda ash to fo rm 
the biearbonate to avoid the evolution of appreciable 
carbon dioxide (1).  The soda ash required for  2.5 
times the amount  necessary to neutral ize the free 
f a t t y  acids represents  a sizable quant i ty  in te rms 
of pounds of alkali per tank ear of oil refined and 
constitutes a burden  in cost when the free f a t t y  acids 
of the crude oil are high. 

The other approach  was to add the soda ash in 
moderate  excess, 11/~ to 1J~ times the amount  neces- 
sa ry  to neutralize the free f a t t y  acids and to remove 
the carbon dioxide with most of the water  in a dehy- 
drator .  The so apstock was rehydra ted  with soda ash 
solution. The soapstoek-oil mixture  fed to the centri- 
fuge  was in an essentially nonemulsified condition, a 
mixture  that  was readi ly  separated into a elear oil 
effluent with less than  0.057o free f a t ty  aeid and a 
soapstoek very  low in free oil, 5.0 to 10.0%, d ry  basis. 
Hav ing  removed the gums and free f a t t y  aeids, the 
oil was then re-refined with caustic soda (2).  

To obtain the m a x i m u m  reduction in eotor and 
other residual impurit ies,  it was found necessary to 
use concentration of caustic soda of 20~ and higher. 
When  this was done however, the separat ion of the 
phases was not clean, i.e., the soap was grained out 
by the strong caustic and formed an intermediate  
layer  between the oil and nigrc, which in ter fered  
with a sharp, two-phase separat ion into clear oil and 
a soapstoek without  emulsified oil. To solve this prob- 
lem, a Water flush to the centr i fuge w a s  devised 
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whereby the water  diluted the soapstoek to fo rm a 
single phase in which the soap was dissolved (3).  

The dehydra t ion- rehydra t ion  soda ash-refining proc- 
ess gives ve ry  high yields of refined oils. However  
reducing" the cost of chemicals when refining medium 
and high free f a t ty  acids crude oils and simplification 
of the equipment  with the elimination of the dehydra-  
tion step was desirable. 

Caustic Soda-Soda Ash Refining, 
the CSA Process 

The CSA Process was developed as an extension of 
the soda ash processes to expand their  appl icabi l i ty  
to very  high free f a t t y  acids crude oils and to reduce 
the consumption of chemicals (4). 

The advantages  of having a uonsaponi fy ing  alkali 
were appa ren t  in the soda ash t)rocesses. I t  was then 
reasoned that  there wouht be no loss of t r iglyeerides  
through saponification if caustic soda in amounts  just 
to neutralize the free f a t t y  acids of tim crude oil were 
used, provided the mixing of the caustic soda with the 
oil gave a rapid,  un i form dispersion of the alkali in 
the oil. This meant  having art aecurate reliable pro- 
port ioner  and a suitable, efficient mixer. A positive 
displacement proportioning" pump  (5) and a pipe line 
mixer  (6) were developed to meet the requirements  
in the CSA Process for  accurate  propor t ion ing  att(t 
efficient mixing to obtain the max imum yields. Both 
of these units  of equipment  have /)een in operation 
in plants  and have given very  sat is faetory results. 

One mixer  has served for  mixing the caustic soda 
solution and the other for the soda ash solution in an 
eight-tank ear-a-day eapaei ty  CSA oil-refining unit .  

The rat ionale of the CSA Proeess is to neutral ize 
the free f a t t y  acids os the crude oil with s t rong 
caustic soda solution, employing approx imate ly  jus t  
enough to neutral ize the free f a t ty  acids. The use o.f 
s trong caustic solution is fo r  the purpose  of keeping 
the soapstock volume at  a minimum. Af te r  the caustic 
soda solution has been un i fo rmly  and rap id ly  dis- 
persed in and mixed with the oil, the mix tu re  h a s  
added to it a small amount  of soda ash solution to 
precipi tate  the soapstock. The soda ash also acts as a 
means of ensuring the eompletion of the neutral iza-  
tion without  danger  of either saponifieation of oil or 
evolution of carbon dioxide. The amount  of soda ash 
solution (20~ varies f rom 1.5 to r for  crude 
oils of 1.5% to 6.0-8.0% free f a t ty  acids. 

The initial  eaustie soda t rea tment  impar t s  a " s l i p "  
to the resul t ing soapstoek compared with soda ash 
soap sto,ek, which, for  medium and high free f a t t y  
acids crude oils, requires relat ively large quant i t ies  
of soda ash solution to be used in the refining to in- 
erease the moisture to 45% and higher to have soap- 
stoeks tha t  the centrifuges ean discharge eont inuously 
for prolonged periods. 

The eaustic soda solution is usuMly 30-32~ al- 
though higher eoneentrations are feasible. There  is one 
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caustic supply  tank which serves the neutrMizatio.n 
and the re-refining steps. Caustic soda of 30-32~ 
is more than adequate for  the reduction of difficult- 
to-bleach cottonseed oils. 

Inasmuch  as the percentage of caustic soda solution 
added is critical in the CSA Process, i t  is sound prac- 
tice to check the delivery of the proport ioner ,  for  
which the p H  t i t ra t ion method is recommended (7).  

The t empera tu re  conditions for CSA refining are 
essentially the same as in the soda ash refining proc- 
esses except tha t  the crude oil is at  100-110~ when 
the caustic soda solution is added to it. The temper-  
a ture  of the mixture  enter ing the p r i m a ry  centr i fuge 
is 195-210~ 

The CSA Process has not only shown to advan-  
tage in the refining of high free f a t ty  acids crude 
oils but is superior  to the Modified Soda Ash Process 
for  the refining of crude cottonseed oil, free fa t ty  acids 
1.8% (8).  

A carefnl ly conducted series of tests was made in 
which the CSA and the Modified Soda Ash Process 
of refining were compared. Three million pounds of 
crude cottonseed oils were colleeted in a storage tank 
and kept  under  continuous eirculation for  several 
days before test  time. The free f a t ty  acids of the 
composited mixed crude oil was 1.8%, the cup refining 
loss 7.7%. The CSA Process, carried out essentially 
as described, gave a plant  refiniug loss of 35.7% 
lower than the cup loss while the Modified Soda Ash 
Process, in which 21~ times soda ash solution (22~ 
to neutralize the free fa t ty  acids was mixed with the 
emlde oil, showed a plant  refining loss of 26.4% lower 
than the cup loss. The mixture  of oil and soda ash 
solution went through heat exchangers and a vent  
tank before going to the Sharples  centrifugals,  which 
were also used in the CSA test. The same re-refining 
procedure  and equipment  were used in. both pre~esses. 
The reagent  was 1.5% of 30~ caustic. A flush o.f 
water  in the re-refine eentr ifngals  was employed. 

The results of the comparat ive  tests on this eight- 
tank  car-a-day unit  were so convincing that  the refin- 
ery  adopted the CSA Process, which has since been in 
exclusive use for  cottonseed oil. The soapstoeks f rom 
the CSA had 37.0% moisture and 40.0:% T.F.A. while 
the Modified Soda Ash soapstocks had 45.0% mois- 
ture and 30.0% T.F.A. The 40.0% T.F.A. puts  the 
CSA soapstocks in the merchantable  class. 

The CSA Process for  crude cottonseed oils, f ree 
f a t t y  acids 4.0 to 8.0%, has given refining losses 25.0 
to 35.0% lower than  the cup refining losses, which 
have ranged f rom 15.0 to 27.0%. In  these instances 
the soapstocks had more than  50.0% T.F.A. 

To convert  a soda ash process, one that  does not 
include dehydrat ion,  to the CSA Process, involves 
the addit ion of an accurate  proport ioner ,  a suitable, 
efficient mixer, and a U-shaped pipe, 8 to 10 in. in 
diameter  and approx imate ly  6 ft. long, which acts 
as a hold-up chamber  for the caustic soda and crude 
oil mixture  before the soda ash solution is admixed. 
The conversion of a caustic soda refining uni t  would 
require the same addit ions plus a re-refine step. 

In  summary ,  the CSA is a flexible process tha t  is 
adaptable  to the widest  range of crude oil, f rom be- 
low 1.8% free  f a t t y  acids to upwards  of 4 to 8% 
free f a t t y  acids, as high as is normal ly  met  in practice.  
I t  offers the refiner a scientific approach to refining 
whereby with the p roper  equipment  he can accomplish 
an efficient control of the qual i ty  of the re t ina l  oil 

and the composition of the soapstoeks even when the 
crude oils may  vary  widely in free f a t ty  acids and 
minor constituents. 

Refining with Ammonium Hydroxide 
A second development of interest  is the ammonium 

hydroxide process. Ammonium hydroxide is a non- 
saponify ing alkali that  is volatile, i.e., it can be re- 
moved by heating. Ammonia  is given off as a gas. 
These characteristics are taken advantage of in the 
Clayton Process of refining f a t t y  oils with ammonium 
hydroxide to produce a neutralized oil on the one 
hand and a lecithin product  on the other (9). De- 
gumming  a crude oil with water  yields a lecithin 
product,  but  the degummed oil is a crude oil with 
pract ical ly all of the free f a t ty  acids ill the non- 
degummed crude oil. 

Refining with ammonium hydroxide eliminates acid- 
ulation of soapstock, which at best is a troublesome 
operation and indeed a nuisance. Moreover it is 
wasteful because the phosphatides, a valuable source 
of choline, inositol, etc., are decomposed and destroyed 
in acidulation. Crude soya oils, the extracted crude 
soya oils, have 1.5 to 2.5% gums or phosphatides. 
With  1.5% gums the waste or destruction amounts  to 
900 lbs. of material  per  tank  car of oil refined. The 
greater  pa r t  of this mater ia l  goes into the acid water  
where the choline, inositol, and other products  of the 
spl i t t ing of the gums, which are s t imulants  and sup- 
por ters  of bacterial  growth, increase the biochemical 
oxygen demand and thus aggravate  the sewage dis- 
posal problem. I t  is not sound practice, now that  the 
benefits of adding phosphatides to meal, part i( ;ularly 
extracted meal, and to feed concentrates, are recog- 
nized, to leave these compounds in the crude oil and 
then have them destroyed in subsequent refining of 
tbe oil and acidulation of the soapstock. 

Refining with ammonium hydroxide as distinguished 
f rom degumming  removes f rom the crude oil the free 
f a t t y  acids as well as the gums, thereby a t ta in ing  the 
maximnm yields of a lecithin product  tha t  has the 
indigenous free f a t t y  acids for  incorporat ion with 
meal. 

In  refining with ammonium hydroxide,  crude soya 
oil, preheated to 130-150~ is mixed with 1.5-2.5% 
of 5 to 14% NHa solution, and the mix ture  is sent 
through a mixer  and coil or heat  exchanger (total 
residence t ime about 5 to 15 rain.) and then to a 
closed centrifuge, p re fe rab ly  one of the pressure 
type, because ammonia  fumes must  not escape to the 
atmosphere.  

A dried lecithin produc t  f rom a typical  ammonium 
hydroxide refining of a nondegummed crude soya oil 
has approx imate ly  30 to 33% acetone-solubles of 
which one-fourth to one-third is free f a t t y  acids, The 
amount  of f a t t y  acids (free f a t ty  acids) in the ace- 
tone-solubles depends, among other factors,  on the 
free f a t t y  acids of the crude oi!. Dried ammonia  leci- 
thin products  with acetone-solubles as low as 22% 
have been produced. 

Ammonium hydroxide removes more color bodies 
than water  but  tess than  soda ash or caustic soda. 
F o r  example, the carotinoid content of the lecithin 
f rom ammonium hydroxide  refining of a crude soya 
oil was usual ly  l l ~  to 2 times tha t  of the lecithin f rom 
the water  degumming  of the same crude oil. Concen- 
t rat ions of caro tinoid as high as 0.035%, d ry  basis, in 
the ammonia  lecithin produc t  have been produced. 



MAY, 1960 MaTTIKOW: RECENT DEVELOPMENTS 213 

The ammonia  gums as discharged f rom the centri- 
fuge are softer  than water  gums of approx imate ly  the 
same aeetone-solubles, d ry  basis, content. As a result,  
lower pressures are required in the separat ion of the 
fo rmer  than of the la t ter  in the centrifuge. 

With  the t rend towards solvent extraction for pro- 
dur ing  crude fa t ty  oils other than soya oil, the ad- 
vantages  of refining with ammonia  hydroxide can be 
realized for the former.  Crude corn oil, f rom pre- 
pressing and solvent extraction, normal ly  has 2.0 to 
3.0% free f a t t y  acids and 1.5% to 2.0'% gums, most 
of which are phosphatidic iu nature.  Whether  refined 
by the caustic s~da or soda ash process, the resul t ing 
soapstock is usual ly  acidulated. The glycosides in 
the gum complex are very  powerful  emulsifiers that  
are not easily split  by  the acid under  the conditions 
of acidulation. These compounds tend to concentrate 
in the in terface  and contr ibute to the stabil i ty of the 
emulsions. The nutr i t ive  phosphatides present  in the 
crude oil are decomposed in the acidulat ion of the 
soapstocks and end up  in the acid water  that  is 
sewered. 

An ammonium hydroxide  refining of a crude corn 
oil (free f a t t y  acids 2.6%, 1.72% p hosphatides [% P 
• 2611) was made in the pilot plant .  The crude oil, 
preheated to 130~ and pumped  at a ra te  of 1.0 
g.p.m., was mixed with 2.9% o.f 10% Nit:; solution 
delivered by the piston propor t ioner ;  the mixture  
went through a mixing zone, mechanical  mixer, and a 
('oil before entering a Modified Podbielniak Contactor  
(see inf ra) .  

The oil effluent from the Contaetor  was clear, and 
the soapsto<~'k or gums discharged as a soft flowing 
mass. The pressure of the mixture  into the Contaetor  
was low, 37 to 40 p.s.i. The dried soapstock is a lecithin 
produ<~t that was fluid when warm and assayed 32.0% 
each of free oil and free f a t ty  acids. The ammonia-  
refined corn oil had 0.15% free f a t ty  acids and 
0.0050% l >. I~aboratory deodorizati<)n <>f the washed, 
dried oil gave a <leo(lorized oil tha t  had a good odor 
and taste. 

The amnmnium hydroxide-ref ined,  water-washed,  
dried soya oil had 0.04% free f a t ty  acids and was 
heat-break free. De<)<lorization of the oil raider con- 
ventiomd commercial practice yielded an oil that  was 
stable aud had an exceptionally good flavor. 

A four- tank car-a-day capaci ty ammonimn hydrox-  
ide refining unit  has been in operation for more than 
six months in a Midwest soybean extraeti(>n plant,  
iowa Soya Company,  Redfield, la. The advantages  
of the pro,tess have been realized. I t  is believed tha t  
the indus t ry  will soon recognize the desirable proper-  
ties and merits  of the oil that  is capable of being pro- 
duced by this process. 

Simultaneous Separation of Soapstock and 
Washing with Water 

In  the present  pract ice of the continuous refining of 
f a t ty  oils, a separate  water-washing step fellows the 
refining step or steps, tha t  is to say, there is a refin- 

ing step or steps in which the crude oil is t rea ted  
with an alkali or other reagent  and the soapsto.ek 
is separated f rom the oil in a centrifuge.  Then in 
a succeeding step the refined oil is washed with water  
and the wash water  is separa ted  f rom the washed oil 
in another  centrifuge.  

The thi rd  process discussed is the development  of 
a commercial  process in which the caustic refining 
and the water-washing steps are combined, with the 
separat ion of the soapstock f rom the oil and the water  
washing of the oil in one centrifuge.  

The importance of size as well as the avoiding of 
emulsifieation within the centrifuge,  pa r t i cu la r ly  in 
the areas where the water  is introduced and the soap- 
stock is separated,  was established. 

The Podbielniak Contaetor  with its large-diameter  
rotor  has given encouraging results a f te r  it was modi- 
fied for  a process of merging into. one step the two 
steps of refining and water  washing (10). 

Pile,t-plant tests were made to prove the efficacy of 
the process. The Modified Podbielniak Contacto• 
served as the centr i fuge in which the soaps:took was 
separated f rom the oil and  the oil was washed with 
water.  A degummed crude soya oil (free f a t ty  acids 
0.35%) was refined with 1.5% 20~ caustic soda. 
The oil, preheated to 125-130~ and pumped  at a 
rate of ].0 g.p.m, f rom a supply  tank was mixed 
with the caustic soda solution added by the piston 
proport ioner.  The oil and caustic went through a 
mixing zone, a vertical mixer  equipped with paddles, 
and through a coil, tempera tuce  15(/~ and into the 
Modified Podbielniak Con~actor, a Kates  valve con- 
troll ing the amount  of water,  which was var ied f rom 
10 to 17%. The oil effluent was clear, moisture  0.22%, 
and the soap content, determined hy the, flame pho- 
tometer  method, was down t(~ 80 p.p.m. The soap- 
stock was a clear yellow liquid that  assayed 4.2 to 
6.0% T.F.A., depending on the eountexcm'rent  water  
rate, and was l)raeti( 'ally free of occluded or emulsi- 
fied oil. The calc~Hlated refining loss was 0.75%. 

Maintaining the pressure differential low between 
the mix going into and the oil coming out of the 
Modified Podbielniak (~ontaetor resulted in a very  
clear oil effluent, 0.25% moisture. Careful ly  controlled 
differentials of 1 t<> 2 lbs. have been used with benefi- 
cial effects on the clarification of the oil. 

Kaiser  and Doyle (11) presented and discussed 
some operat ing data and results of analysis of the oil 
effluents and soapsto.cks from the pilot-plant  refining 
tests. 
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