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A New Industrial Process for Cottonseed 

C. VACCARINO, G. & S. Vaccarino, Venetico Marina, 

D e s c r i b e d  a r e  t h e  m a i n  p r i n c i p l e s  o f  a n e w  i n d u s t r i a l  p r o c -  
ess t h a t  p e r m i t s  t h e  p r o c e s s i n g  o f  c o t t o n s e e d ,  p r o d u c i n g  a m e a l  
v i r t u a l l y  f r e e  o f  f r e e  g o s s y p o l  a n d  o f  b o u n d  g o s s y p o l  b o t h  a n d  
c o n s i d e r a b l y  i m p r o v i n g  t h e  o i l - r e f i n i n g  y i e ld s .  

A d e s c r i p t i v e  s u m n m r y  is  g i v e n  o f  t h e  p l a n t  r e q u i r e d  "tnd o f  
t h e  w o r k  cyc le  f o l l o w e d  i n  t h e  i n d u s t r i a l  e s t a b l i s h m e n t  a l r e a d y  
i n  p r o d u c t i o n  f o r  m a n y  y e a r s  in  I t a l y .  

I 
N TtlE LaST 20 years two problems have reveived 
special attentim~ in the field of cottonseed process- 
ing techJmlogy. The first was to elinlinate the 

toxicity of cottonseed meal and the second was to 
improve the refining yields of the crude oil obtained 
by  the crushing of cottonseed. 

Regarding  the first problem, it is known that  the 
major  source of the difficulties encomltered in the 
use of cottonseed meal as a feed-stuff lies in the 
presence of a toxic pigment  called gossypol. Almost 
all commercial meals and cakes contain o1113- a small 
amount  of free gossypol because, before crushing. 
the ground seed is subjected to a prolonged treatnlent 
with_ direct ly applied steam, which inactivates the 
gossypol insofar as it favors the combination of this 
product  with the seed protein. 

By  this means the " c o o k i n g "  of the seed solves to 
a par t ia l  extent the problem of the employment  of 
cottonseed meal but at the cost of the nutri t ional  
value because the protein-gossypol compounds formed 
cannot be assimilated. Therefore impor tant  par ts  of 
the proteins present are not available. I t  has, in favt, 
been shown that  the more prolonged a~ld drastic the 
cooking, the less the nutr i t ional  value of the meal (1). 

i t  is clear that  the ideal solution would be to elimi- 
nate completely all the gossypol present in the seed, 
pr ior  to cooking, so as to eliminate not only the " f r e e "  
gossypol content but also the gossypol " b o u n d "  to the 
proteins. In  a s tudy  made in collaboration by the 
Texas Agr icul tura l  Exper iment  Stat ion and other in- 
stitutes of the United States the conclusion was reached 
that  " t h i s  would suggest that, if  a suitable nlanu- 
fae tur ing  method can be developed to produce meals 
containing only small amounts of both total and free 
gossypol, these would probably  be meals of exception- 
ally high nutr i t ional  value, provided that  the solu- 
bili ty of the protein remained h i g h "  (2). 

In  theory the total elimination of the gossypol is 
possible by  the use of a solvent, such as butanmle or 
acetone. Research has yielded sat isfactory results. 
Meal direct ly purified of gossypol by extraction by 
solvents (butanone)  have shown a nutr i t ional  valu'e 
higher than  that  of soya meal (:t,4). I towevev the 
employment  of such solvents has not been adopted in 
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practice because they extract  not only the gossypol 
but also the oil, which would be so impure  as to be, 
in practice, unrefinable by ordinary  means. 

Auother  system, prollosed recently by the Experi-  
mental  Engineer ing Station of Texas, consists in the 
enlploynlent of n-octylamine, which would dissolve the 
gossypol. This method however is still being studied. 

The sevond problem of major  importanee in the 
technology of the provessiu~ of cottonseed is that  of 
refining loss and oil color. Because of the impuri t ies  
eoutained in sm'h uil (gossypol, phosphatides, ete.) 
o rd inary  metbods of refining result in high refining 
losses. 

Therefore, in the ~.ase of oils of medium aeidity, 
the full loss of oil reaches values treble or more the 
acidity of the initial oil. More accurately  to value 
these losses, reference must be made either to the 
"Wesson  Loss"  or, bet ter  still, to the "chromato-  
graphiv loss.'" showing in the ease of each oil the 
amOmlt of the fa t ty  acids and impurities.  The loss 
factor  is expressed by the ratio of the loss, pract ical ly 
checked in the refinin~ process, to the chromatographic  
loss. For the batch-refining kettle process this loss 
fa r te r  rises between values of 2 and 2.5 for it is af- 
fevted both by the acidity of the oil and its content of 
impurities.  

Such high values, tolerable only with oil of low 
al.idity and high puri ty ,  beeome serious whenever very 
acid oils from badly stored seeds nmst be processed. 
If  such is the ease, the real loss of oil in the refining 
process may reach 1 0 ~  or even more of the oil treated. 

Various ways of reducing these losses were studied. 
The simplest consists of centr i fuging the soap stoek 
to recover par t  of its neutral  oil content. A better  
result is obtained by using two refining stages. First ,  
slightly nlore than the theoretical amount  of caustic 
soda suitable for the oil acidity is used. Thus eomolete 
neutralization results, with the oil unbleached. Then 
the whole mass is eentr ifuged to recover the most oil- 
impoverished soap stock, and tile dark  neutral  oil is 
given a second t rea tment  with caustic soda to at tack 
the remaining gossypol and other impurities.  This is 
followed by a seeond eentrifuging,  f rom which a neu+ 
tral  oil of good eolor results. 

Later  some eontinuous proeesses were studied in 
which the refining was carried out continuously with 
an exactly-measured amount  of eaustic soda. These 
plants normal ly  use centr ifugals  and proceed by a 
n u m b e r  of s t ages .  The  oil is de ,~ummed,  t h e n n n -  
dergoes two suceessive neutralizations, and is finally 
washed. Each sta~e is followed by eentrifuging. There 
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are several types of this kind of plant.  They are usu- 
ally efficient, but they are very  expensive, complicated, 
and suitable only for high output.  

The "Vaccarino" Method 
For  more than four  years  at the G. & S. Vacearino 

fac tory  a new process has been employed for  t rea t ing  
cottonseed. This removes almost completely the gossy- 
pol f rom the meal and at the same time solves the 
problem of oil neutral izat ion with high yields (5,6,7). 

This proeess, patented throughout  the world in al- 
most all countries (U.S. 2,94r 1960), is a l ready 
in use on an industrial  scale in a plant  working 60 
tons of cottonseed per  day  and marks  a notable ad- 
vance in industr ial  technology in this field. 

The control of the new process is no nmre diffieult 
than tha t  of a hexane plant  while the refining stage 
is simpler and the machinery  required is far  less 
costly than that  required for continuous refining by 
existing types. 

The cost of extraction is not nmch higher than for 
the usual extraction plants  while the neutral izat ion 
cost is of the same magni tude as that  with up-to-date 
processes. 

The color of the neutralized oil is l ighter than that  
of the product  of the kettle process, and nloreover it 
needs only a subsequent bleaching with 0.2-0.5% 
earth. 

The basis of the new process is to extract the cot- 
tonseed meal by  means of a solvent, characterized by 
dissolving not only the oil but  also the gossypol. Ace- 
tone is one solvent of this kind, and as its chemical- 
physical characteristics (e.g., boiling-point,  speeifc 
gravi ty,  viscosity, etc.) are only slightly different 
f rom those of hexane, acetone can easily replace it 
by  only moderate  adaptat ion of a p lant  built  for 
hexane extraction. A major  difference between the 
two solvents is that,  as acetone removes the water  in 
the seeds, in the course of time it tends to hydra te  
itself. So that  an acetone plant  should have a rectify- 
ing tower to keep the acetone at the correct working 
eoneentration. The advantages  of acetone over h e y  
ane are tha t  its volatile fract ions are more easily 
recovered and aeetone-eaused fires are easily put  out 
by ord inary  water  jets. Moreover it should be noted 
that  phosphatides and gmns are insoluble in acetone, 
which is profitable because of oil neutralization losses. 

Acetone extraction gives an exceedingly light-col- 
ored meal, which is v i r tua l ly  free f rom gossypol (less 
than  0.03% free gossypol and less than 0.5% total 
gossypol) and affords no comparison with any  other 
type of commercially extracted meal. The oil content 
of the acetone-treated meal is normal ly  0.4-0.7%, 
tha t  is, the same as in the product  of the usual extrac- 
tion plants.  

The acetone miscella obtained by extraction is highly 
colored, which is readi ly  understandable,  considering 
that  it eontains all the dissolved gossypol. I f  this mix- 
ture be evaporated, as in extraction plants, a v i r tua l ly  
unrefinable oil results. 

The new process however achieves the oil refining 
while it is still in the acetone miscella. Wate r  dilution 
follows the t rea tment  with cold alkali. Thus not only 
is the separat ion of the free saponified f a t t y  acids 
accomplished but also the separat ion of the gossypol, 
for gossypol produces an alkaline salt soluble in water.  

Acetone miseella refining is easily accomplished 
without  appreciable at tack on the neutral  o~1. The 

resul tant  separat ion of the aqueous phase, containing 
soap and gossypol sodium salt, is neat. No emulsion 
is formed for  the presence of the acetone prevents  
emulsion formation.  Dur ing  the last stage the use of 
a centr i fugal  separator,  suitable for solvents, safely 
prevents  any  oil loss. The small quantit ies of insolu- 
ble impuri t ies  in the two phases remain in the cen- 
t r i fugal  separator  and are removed periodically. 

The oil phase comprises a neutral  oil, extremely 
clear in color and holding only 8-10% of acetone. 
Hea t  and live, superheated steam wholly remove the 
solvent, and a neutralized oil results. 

The aqueous phase is heated to 110~ thoroughly 
to remove the aeetone, which is rectified and re turned 
to the t rea tment  cycle. A wate ry  soap solution re- 
mains, containing {he gossypol and other impurities.  
This solution can be used to recover the fa t ty  acids 
by the normal acidulation process. 

The employment  of acetone in this process is based 
on the fact  that  this solvent combines the advantages 
of hydrocarbons and alcohol. In  fact, in the first stage 
of refining, the acetone behaves like a hydrocarbon 
and permits  the separation of the soapstock in the 
solid state, but in a form ahnost anhydrous  and 
crystalline, completely unlike that  obtained by em- 
ploying a hydroearbon.  Af te r  the dilution phase the 
acetone behaves, on the contrary,  like an alcohol. 
allowin~ the complete solution of soap. previously 
formed without emulsion formation,  and the com- 
plete removal of the neutral  oil in the upper  layer. 
The neutral  oil loss in the lower layer is negligible 
for the solubility of neutral  oil in diluted acetone ix 
v i r tual ly  nil. And no appreciable traces of soap are 
found in the uppe r  layer for the d ry  soap is soluble 
in water  but not in concentrated acetone or in oil. 
In working conditions the upper  layer  is eomposed 
of a solution of oil and of aeetone, v i r tual ly  free of 
water. 

Figures Showing Solubility Oil-Water-Acetone 
These phenomena are readily umlersiood from th(, 

study of the reciprocal solubility of the three t.ot~- 
sti tnents present. 

As is known, neutral  oil and f a t ty  acids are soluble 
in all the proport ions in pure  acetone at suitable tem- 
peratures.  Commercial  acetone has normal ly  an aver- 
age concentration of 99.5% in weight (d - - -0 .79] -  
0.793 at 20~ but in practice one has to reckon on 
a concentration of approximately 96% because the 
rectifying of recovered acetone by means of a eolumn 
of normal height cannot exceed this figure. 

Figure I shows the equi]ibrimn of the water-acetone 
systeln, indicating the graphic ealculation of a recti- 
fying column fed with dilute aeetone, containing the 
75% by weight of water  (48% reel). I t  shows that  
to have at the top of the column a distillation of 
96.5%, acetone by weight (90% mol),  six theoretical 
plates should be used, which means about 10 prac- 
tical plates. I f  packed towers are employed, this 
corresponds to approximate ly  6 m. of Rasehig rings. 
Experience has shown that  the height of these towers 
should be considerably increased, owing to the im- 
perfect  passage of the liquids and gases. 

To have a precise idea of the phenomena occurring 
in the course of refining in acetone and the subsequent 
dilution, one must take into account the t e rna ry  dia- 
grams of the acetone-oil-water system. F igure  2 gives 
the d iagram relat ing to the mixture:  bleached cotton- 
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Fro. 1. Graphic calculation of an acetone rectifying column. 
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Fro. 2. Ternary diagram of the acetone-water-acid oii system. 

seed oil of 5% F F A ,  pure  acetone, and water  at a 
t empera ture  of 22~ 

An examination of this d iagram shows that  an 
homogeneous solution of the three components can 
occur only in the presence of very  small quanti t ies 
of water. The oil and acetone are mutua l ly  soluble 
in any  proportion.  However,  in the presence of ap- 
preciable quanti t ies of water, the mixture  separates 
in two phases, one being composed ahnost eutirely of 
oil with a small admixture  of acetone and the other 
of acetone with vary ing  amounts  of water  and oil. 
The quant i ty  of oil in the lat ter  depends on the quan- 
t i ty  of water  present,  and it is easily shown that,  for  
a ratio of acetone-water lower than 4, the quant i ty  
of oil contained in this is v i r tua l ly  nil. 

The d iagram in F igure  3 refers  to the mixture  of 
bleached, refined cottonseed oil, pure  acetone, and 
water  at a t empera ture  of 45~ 

Comparing F igures  2 and 3, i t  is seen that,  if the 
t empera ture  is raised, the separat ion curves become 
slightly displaced for the solubility of oil in acetone 
(dilute) increases with the temperature .  

ACEIONE 

9 I 

8 2 

? 3 

6 4- 

5 5 

WATER 9 8 7 6 5 4 3 2 1 NEUTRAL C[L 

FIG. 3, T e n m r y  d iagram o f  the aeetone-water-neuh'al  oi l  ~-stem. 

Let us follow the refining process based, for ex- 
ample, on a mixture  init ially composed of 1 kg. of oil 
of 5% F F A  and of 1.5 kg. of 96% acetone, eiz.: 

Oil .................................... 1.00 kg. = 40.0% 
Aeetone ............................ 1.44 kg. = 57.6% 
Water.  .............................. 0.06 kg. = 2.4% 

We see that  this composition in F igure  2 gives the 
point A, si tuated ill the nonhomogeneous zone of the 
solution. The composition of the two phases present  
is determined by tracing the " t i e - l i n e "  through A 
and marking the intersection with the solubility curve. 
Thus points B and C are obtained, corresponding to 
the compositions: 

B) 90.5% acetone C) 38% acetone 
4.5% oil 61% oil 
5.0% water  1% water  

I f  the refining is done with 45 g. of 50% caustic 
soda, corresponding to a little more than triple the 
amount  required to neutralize the free acid and if 
dilution with 3 kg. of water  follows, then there is a 
final total  of: 

Neutra l  oil ...................................... 0.950 kg. 
Acetone ........................................... 1.440 kg. 
Wate r  .............................................. 3.080 kg. 
Soap and excess anhydrous  soda 0.075 kg. 

If  the soap and caustic soda are omitted, the mixture  
has the following composition: 

Neut ra l  oil ........................................... 17.3% 
Acetone ................................................ 26.3% 
Wate r  ................................................... 56.4% 

This composition on the t e rna ry  d iagram of F igure  3 
( refer r ing  to the neut ra l  oil-acetone-water mixture  at 
45~ corresponds to the point D. Tracing the tie- 
line f rom this point, the points E and F are obtained, 
which correspond, respectively, to the compositions: 

E)  0 % neutra l  oil F )  90.5% neutral  oil 
30.5% acetone 9.2% acetone 
69.5~ water  0.3% water  

Thus, a f te r  dilutio~ with water, theoretically no trace 
of neutra l  oil remains in the lower layer  while in the 
upper  layer, since the traces of soap may  be consid- 
ered nonexistent,  the quant i ty  of water  present is 
negligible. 

I t  may  be deduced that  a refining process, as de- 
scribed, produces yields unobtainable by  other meth- 
ods. On the one hand, the excess alkali does not at- 
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FIG. 4. Acetone continuous refining section (general view). 

tack the neutra l  oil, and, on the other, there are no 
losses because of mechanical entrainment.  The centri- 
fuge is operated in the most positive fashion to pre- 
vent loss since the soap does not appear  as a compaet 
paste but  as a perfect ly  l impid solution. 

In  this way, by pressing oils of average acidity, 
the refining losses are exceedingly tow. For filtered 
oils, with few impurit ies,  the loss factor  is of the 
order 1.4 to 1.8, and the chromatographic  loss is of 
the order 1.2 to 1.6. In  oils containing many  impuri-  
ties the total loss would obviously be greater,  but  the 
neut ra l  oil loss, in absolute value, remains vi r tual ly  
unchanged. 

The neutra l  oil obtained by this process has a red 
Lovibond color, measured by the Lumetron  eolor- 
imeter of 8 to 12, even in oils of high acidity coming 
front par t ia l ly- impaired seed. When it is blea~.hed 
with 0.5% of earth, it gives an oil of 2 to 3 red 
Lovibond. This value can be lowered by increasing 
the amount  of bleaching earth. 

The Industrial  Process 

The above proeess has been applied industr ial ly  for 
more than four years  at the factory O. & S. Vaccarino. 
The plant  consists of a crushing section, an extrac- 
tion section, and a continuous refining section, oper- 

a t i n g  in acetone. The crushing section is completely 
tradit ional:  it comprises a Carver -Murray  seed de- 
l int ing and hulling plant  and a ba t te ry  of Olier con- 
tinuous presses. These last do a precrushing work, 
leaving 18-20% oil in the cake. Since a grade of 
crushing is modest, no excessive conditioning of the 
meal is needed before pressing;  a heating of 15 rain. 
is sufficient. 

The extraction section comprises two ro ta ry  type of 
extractors  by Olier of 12,000 liters each, working in 
the usual way, with the difference that  acetone is 
used instead of hexane. 

Any  other type of p lant  could be employed how- 
ever without  significant modification, apa r t  f rom the 
elimination eventually of the p lant  for the recovery 
of u n c o n d e n s e d  gases  wi th  ac t i ve  carbon .  These  
should pre fe rab ly  be replaced by a contact condenser 
operat ing with water  or with oil. The mixture  ob- 
tained f rom extraction must  be pa r t ly  concentrated 
to obtain the ratio of oil to acetone of 1:1.5, which is 
best for the subsequent refining process. 

The continuous refining section shown in Figures  

4: and 5 is i l lustrated schematically in F igure  6. I t  
should be noted that  this can work not only the oil- 
acetone mixture  obtained from the acetone-extraction 
plant  but also the oil obtained in the pressing section 
or hexane-extracted oil of other sources. To do this, 
one has only to add such oils to the concentrated 
miscella obtained f rom the acetone plant.  Of course, 
it is neeessary to regulate the concentration so that  
the ratio of the total oil present to acetone is always 
that  which is reconunended. 

Tile oil-acetone miscella f rom the extraction plant  
and the pressed oil are t ransfer red  f rom the tanks 
a and b by means of frumps t'~ and P-, to the con- 
tinuous refiner e. Flowmeters regulate the relative 
s t reams so that the ratio of oil to acetone remains 
constantly the prescribed 1:1.5. The continuous re- 
finer consists of a horizontal mixer, to which is sent 
by means of pmnp  Pa the caustic soda coming from 
tank c ill excess of the theoretical ratio required for 
neutralization. The neutralized miscella passes to the 
di luter  f. similar in construction to the previous one, 
to which is sent, by means of pump P4, the hot water  
~:oming fronl tank d to dissolve the soap formed. The 
neutralized and diluted mixture  is introduced into 
the eentr i fugal  separator  g, which continuously sep- 
arates the two phases. The oily phase is sent to the 
tank  h while the aqueous phase, having passed through 
the heat-exchanger m, is sent to the rect i fying column 
n. At the top of this colmnn the rectified acetone is 
obtained by eondensation in o and then collected in 
the acetone tank c,b, while at the bottom in the boiler 
is the acetone-free water, containing the dissolved 
soap and impuri t ies  present. This solution, which is 
at a t empera ture  of approximate ly  100~ is put into 

Pro. 5. Acetone eontimmus refilling section (centrifugal 
separators). 
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FIG. 6. A c e t o n e  c o n t i n u o u s  r e f i n i n g  s e c t i o n  ( w o r k i n g  d i a g r a m ) .  

the heat-exchanger m to heat  the solution to rectify.  
The cooled aqueous solution, on leaving m, can be 
used for the recovery of f a t ty  acids by treatlnent with 
sulfuric  acid. 

The oily phase contained in the tank  h is sent to 
the continuous distilling appara tus  i, having passed 
through the heat-exchanger 1. In  i the acetone con- 
tained in the oily phase is completely separated while 
the refined oil thus obtained is cooled in the heat- 
exchanger 1 before being" sent to the bleaching and 
deodorizing apparatus .  

The acetone and water  vapors  obtained in i are also 
sent to the rect i fying column n. The reflux of pure  
acetone required for this is wi thdrawn from the tank 
b by  means of a p u m p  Ps. 

The very  brief  period of contact of oil and caustic 
soda dur ing refining results in very low neutral  oil 
losses; those by ent ra inment  in the aqueous phase are 
negligible (0.1% at most of the aqueous phase).  Since 
the average volume of the phase in question is 2.8 
times the volume of the oil, the neut ra l  oil losses by 
ent ra inment  average 0.28% of the oil treated. Prac- 
t ically they can be made less since a share of the 
aqueous phase can be recycled to dilute the neu- 
tralized miseella. Thus only a port ion of the aqueous 
phase is distilled, and a more concentrated final soap 
solution is obtained. This shows that  the continuous 
process allows, in practiee, the realization of a refining 
approaching theoretical. 

I t  is useful to add that  the regulat ion of the ap- 
para tus  presents no difficulty because one works with 
wide margins  of safety, and the handl ing of all the 
plant  may  be entrusted to a single workman of aver- 
age qualifications. 

F ina l ly  it must be stressed that  the plant  is not of 
high eost for all its par t s  are of extreme simplicity. 
The flowmeters are commercial ly obtainable, and the 

punlps are of current-product ion type. The centrifu- 
gal separator  is of a type regular ly  made for other 
uses. A plant  for  neutral iziug 30 tons of raw cotton- 
seed oil costs in I t a ly  about 40 million lires ($64,000). 

The solvent losses are not nmch higher by employ- 
ing acetone instead of hexane. The boiling point of 
pure  acetone is 12-13~ lower than that  of hexane, 
which applies to the rect i fying column, but in the 
neutral izing cycle acetone is diluted with water  and 
this miscella boils at 75-76~ that  is to say, higher 
than the hexane boiling point. In  I t a ly  acetone costs 
1.5 times hexane, and this ratio between the two sol- 
vents can be considered practical.  

The cottonseed meal obtained by this plant  has had 
a very  favorable reception in the I ta l ian and Central-  
European  markets  because of its ra ther  light color 
and its proved efficiency as feeding for calves and 
milch cows. I t  is also used in nlixtures for poul t ry  
and for  young calves; its price, on a protein-content 
basis, is approximate ly  equal that  of soya meal. I t  
must  be remembered that  this cottonseed meal, apar t  
f rom being gossypol-free, contains a phosphorus con- 
tent  superior to that  obtained by  hexane extraction 
because the phosphatides (lecithin, etc.) are insoluble 
in acetone and therefore are not removed dur ing  
extraction. 

I t  may  finally be remarked that  if the production 
of gossypol-free cottonseed meal is not of interest, the 
acetone-refining system nmy be used only for  improv- 
ing the oil-refining yields. One may  connect an ace- 
tone-refining section of the previously described type 
to a preasing plant  (or hexane-extraction plant)  of 
conventional type. This solution would be suitable for 
countries whieh have no special demands for quali ty 
in cattle food meals or in which it would be difficult 
to run  an extraction plant  (e.g., in tropical coun- 
tries).  The employment  of acetone, limited only to 
the requirements  of the refining plant,  eannot give 
rise to excessive difficulties. Moreover the cost of the 
plant  and its relative operat ing costs are considerably 
reduced. 
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Erratum 

The authors wish to have Reference 6 in their paper,  
"S tud ies  of the Chick Edema Factor .  II .  Isolation 
of a Toxic Subs tance ,"  by Andrew Yartzoff, David 
Firestone, Daniel Banes, Will iam Horwitz,  Leo Fr ied-  

man, and Stanley Nesheim (38, 60-62, 1961) deleted 
and the following subst i tuted:  " 6. Ames, S.R., Swan- 
son, W.J. ,  Ludwig, M.I., and Brokaw, G.Y., J.  Am. 
Oil Chemists '  Soc., 37, No. 4, 10 (1960) ."  


