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F OR the last decade, and par t icular ly  in recent 
years, loots f rom vegetable oil refining have held 
a most unenviable position in the trade.  They 

cost the refiner too much to throw away even if the 
disposal problem were not such a difficult one ;  at the 
same time they are worth so little on the market  tha t  
the refiner cannoi afford to t rea t  them except in the 
most economical manner. A part ial  solution to the 
problem has been obtained by  acidulating to black 
acids, bu t  this operation is marginal  at best, as pointed 
out recently by  Levin and Swearingen (10). The cost 
of acidulation seems to range f rom 0.6¢ to 1.0¢ per  lb. 

• of product,  depending on the size, type, and location 
of the refiner and on the accounting method, but  it  is 
still an appreciable portion of the differential between 
s tandard  grades of raw and acidulated loots. More- 

• over the impurit ies of the crude oil that  are con- 
centrated in the soapstock dur ing refining are not 
generally removed during acidulation; these repre- 
sent an economic loss in processing black acids. In 
f a t t y  acid distillations it is repor ted that  non-fat ty  
acid impurities cause still pot losses by  retaining up 
to their  own weight in distillable f a t t y  acids; operat- 
ing time between still cleanings may also be reduced 
by  an excess of impurities in the charge. 

Normal economic trends in the indust ry  have tended 
to increase the ratio of impurities to soap and neutral  
oil in the loots. The miller has contributed by  in- 
creasing his overall yields in going from hydraulic 
pressing to expellers, and then to solvent-extraction, 
The refiner has added to the problem by shift ing to 
continuous processing and to refining-in-miscella. No 
abatement  of the problem can be expected with cur- 
rent  processing trends. 

Nature of the Impurities 

The term "impurities" has been used ra ther  broadly 
in the discussion above, and, before proceeding fur- 
ther,  some definition is desirable. Crude vegetable 
oils usually contain insoluble solids such as meat and 
metal oxides f rom the processing equipment;  these 
solids are retained as bowl cake in any type of cen- 
t r i fugal  refining and do not generally appear  in the 
soapstock. Various types of non-glyeerides and non- 
f a t t y  acid materials have been repor ted in the liter- 
ature as more or less soluble constituents of crude oils. 
These minor  components are shown in Table I for  
crude cottonseed oils with approximate ranges for 
their  probable content based entirely on l i terature 
sources. 

T A B L E  

M i n o r  C o n s t i t u e n t s  of  C r u d e  C o t t o n s e e d  Oi l  

W e i g h t  % 
C o m p o n e n t  on  oi l  R e f r .  

G o s s y p o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G o s s y p o l  d e g r a d a t i o n  p r o d u c t s  . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h a t i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Inosite p h o s l ~ h a t e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H y d r o c a r b o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  
Phytosterols and p h y t o s t e r o l i n e s  . . . . . . . . . . . . . . . . . . . . .  
T o c o p h e r o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C : a r b ( >hyd ra t e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g m e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
M i s c e l l a n e o u s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 1 - 2  
0 . 2 - 1  
0 . 7 - 1 . 8  
0 . 0 5  
0 . 1 - 0 . 2 5  
0 . 3 - 1 . 6  
0 . 0 8 - 0 . 1 4  
0 . 1 - 0 . 2 5  
0 . 0 0 5  
0 . 2 - 0 . 5  

1, 3, 6,  1 4  
1, 3, 1 5  
1, 2,  12 ,  1 6  
1 , 2  
1 , 2 , 5  
1, 2,  7, 11 
1, 2, 9 ,  13  
1 , ~ .  8 
I, 2, 4 

1 , 2 , 4 , 7 . 8  

2.98 

Most of these materials, except gossypol and its 
products, also appear  in varying amounts in peanut,  
soybean, and coconut oils. Ei ther  caustic or soda ash 
refining is repor ted to remove the major i ty  of these 
minor components although the hydrocarbons, ster- 
ols, and pigments are at  best only part ial ly removed. 
Soapstock, then, is comprised of neutra l  oil, saponi- 
fled fa t ty  acids, and these other materials which are 
largely impurities f rom the standpoint  of the black 
acids user. At best, some of these, such as lecithin 
and cephalin in the phosphatides, may  yield their  
f a t ty  acid content under  appropr ia te  treatment., such 
as reaction with strong caustic. 

Spence (17) suggested an analytical method used 
somewhat by  the indust ry  to separate quanti tat ively 
and quite reproducibly the impurities from the fa t ty  
acids. In  the more recent work a basically similar 
procedure, Tentat ive A.O.C.S. Method G3-53, has 
been used for  the analysis. In  both cases the analysis 
depends on the differential solubility of fa t ty  acids 
and impurities at high dilutions in petroleum ether. 
Af te r  saponification and acidulation of the sample as 
in A.O.C.S. Method G3-39, relatively pure fa t ty  acids 
are removed by  extraction with a large volume of 
petroleum ether, leaving the impurit ies behind. The 
lat ter  may be split fu r the r  by  extraction with ethyl 
ether  to give an ether-soluble fract ion called "Oxidized 
Acid Impurit ies" and an insoluble f ract ion called "In- 
soluble Impurities." The term Oxidized Acids is not 
based on chemical composition bu t  is retained from 
trade terminology for  any type of non-fat ty  acid com- 
ponent  with these general characteristics. While the 
refinements of the A.O.C.S. Tentative Method enhance 
its reproducibil i ty,  results obtained b y  the two meth- 
ods are close and are used inter changeably in this 
study. 

Method of Purification 

The problem of impuri t ies  in co t tonseed  foots  
seemed par t icular ly  pressing when this investigation 
was started several years  ago. Soybean foots gen- 
eral ly showed a greater  market  demand with less 
tendency toward sub-standard quality. As a result, 
almost all of the work has been directed toward meth- 
ods of improving the quali ty of cottonseed loots al- 
though a little work has also been done on peanut, 
coconut, a n d s o y b e a n  soapstocks. 

Table I I  shows representative analyses for raw cot- 
tonseed foots f rom expeller a n d  hydraulic oils for  
both soda ash and caustic refining. Analyses of pea- 
nut  foots from caustic and soda ash refining are also 
included as well as examples of soybean loots and 
kettle-refined coconut stock. The last column of the 
table shows the percentage of impurit ies on the basis 
of black acids composed of the total fa t ty  acids plus 
the Oxidized Acids and the Insoluble Impurities. In  
general, it is seen that  Oxidized Acids run  1-4% on 
loots, and the Insoluble Impuri t ies  somewhat less; 
total impurit ies range f rom 5-25% on black acids. 

These impurities are not generally subject to attack 
by acids and, as a result, are bu t  slightly removed 
during acidulation. Some of the Insoluble Impurit ies 
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Typical  Analyses  of Raw Foots  
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Crude  Oil Mi l l i ng  Ref in ing  Oxidized Inso lub le  I m p u r i t i e s /  
black acids method me,thod TFA ac ids  i m p u r i t i e s  (%)  

Cottonseed ................................................. 
Cottonseed ................................................. 
Cottonseed ................................................. 
Cottonseed ................................................. 
Cottonseed ................................................. 
P e a n u t  ...................................................... 
P e a n u t  ....................................................... 
Coconut  ..................................................... 
S~ybean ..................................................... 

H y d r a u l i c  
Expel ler  
Hydr~aulic 
Expeller' 
Calif. exTo,. 

Caust ic  
Oaustic 
Sada, ash 
Soda ash  
Soda, ash 
Caust ic  
Seda  ash 
Caus£ic* 
O~uafi c 

45-58 
35-50 
25-35 
19-33 
15 
55 
23-28 
28 
33 

1.6-3.3 
2 . 0 4 . 7  
2.1-3.9 
1.3-5.0 
3.0 
1.6 
1.1-1.6 
0.5 
1.3 

0.9-1.7 
0.6-1.7 
0.6-2.3 
1.0-2.2 
0.9 
0.9 
0.5-2.1 
0.05 
1.4 

5-10 
8-14 

13-17 
13-25 
20.6 

4.3 
6-13 
1,9 
7.6 

* Kettle ref ining.  

are concentrated af te r  settling at the mineral acid- 
black acid interface;  these are eliminated only to the 
extent that  any of the interface sludge may be run 
to sewer. An example of this interface concentration 
is shown in Table I I I ,  where analyses are given for  

T A B L E  I I I  

I m p u r i t i e s  Di s t r ibu t ion  in AciduIat ion 

W e i g h t  % in  sample 

Source of sample 

R~w cottonseed s'oapstock ........... 
Black acids ................................. 
In t e r rac ia l  s ludge  ....................... 
Minera l  acid phase  ...................... 

Insolu-  I Ig tpur -  
T F A  Oxidized ble im- ities/ black 

acids pur i t i e s  acids 
(%) 

S l . 0  I 5 .0  / 2 .3  I s.2 
49.6 6.7 4.4 21.9 

0.2 Trace 0 .... 

a raw cottonseed soapstock and for the clean black 
acids and interface black acid sludge resulting from a 
laboratory acidulation of the toots; the high moisture 
contents do not affect the impurities content. The an- 
alysis of the mineral  acid phase shows only a small 
amount of T F A  and Oxidized Acids. 

These impurities are probably not destroyed or lost 
dur ing Twitchell- or pressure-splitt ing and therefore 
are included in a still charge following these steps. I f  
sufficient time is allowed in field storage tanks pr ior  
to distillation, i t  is probable that  a portion of the In- 
soluble Impuri t ies  are eliminated by  sedimentation 
because some of this material  has a density greater  
than 1.0 g./ce. 

Centrifuging the acidulation mixture on a labo- 
ra tory  scale showed excellent results in reducing 
moisture content of the black acids to a minimum 
but  had little effect on impurities. Variations in lab- 
oratory acidulating techniques likewise showed no 
consistent improvement in impurities removal from 
one stock to another. 

Since acid t reatment  is ineffective, processing with 
an alkali, such as caustic, is an economically feasible 
approach. Li tera ture  reports  and a few laboratory 
tests showed that  the constituents, of the impurities 
are generally subject to degradation and reaction 
with caustic and that  the solubility of the products  
should be fa i r ly  good in aqueous caustic. A slight 
excess of caustic above that  necessary to complete 
saponification of neutral  oils did not prove effective 
however in reducing the impurities even with very 
long processing times. 

I t  was found that  t reatment  of a diluted soapstock 
with sufficient caustic to saponify the neutral  oil, 
digest or at least degrade the gnms, and grain out 
a soap could effect a large reduction in the impuri- 
ties content of the resultant soap. The procedure cur- 
rent ly  considered to be the most efficient is outlined 

I • S t e o m  

50% Ceusti¢ 
1F--- Hot Water 

I o'; o i ~ i g ¥ Steo~ 
'["1 1 I 

MIXER f 

Lye - 
Soap 

METHOD FOR CONTINUOUS 
CAUSTIC TREATMENT OF FACTS 

~ Lye 

Soap 

=--" Water 
25% Brine 

or , ) 
50% Caustic 

FIe. 1 

~ S t e a m  

in Figure  1. The soapstoek is diluted with enough 
water to facilitate pumping;  af ter  thorough mixing 
and heating to 150-200°F., it is metered to a closed 
compartmented medium speed mixer  containing heat- 
ing coils. Caustic as 50% solution is added to the 
first compartment  of the mixer, and the temperature  
in the mixer is maintained at about  200°F. ; sufficient 
water  is added to the last compartment  of the mixer 
to control the grain of the soap for easy separation 
of the phases in a centrifuge. The mixture is then 
centr i fuged to give soap and a lye phase with about  
5-10% caustic and up to 1% dissolved TFA.  As is 
common practice in prepar ing  soapstock for  soap- 
making, this first stage soap may be dissolved in 
water  and regrained with salt or caustic to effect 
an additional reduction in impurities. This proce- 
dure has been app l ied  successfully to caustic and 
soda-ash refined hydraul ic  and expeller cottonseed 
stock, caustic and soda-ash refined peanut  toots, and 
coconut toots;  soybean stock has not yet  been tested. 

The main variables of the t reatment  as. outlined are 
the water/soapstock ratio, the caustic concentration, 
time and temperature  of mixing, and the hardness of 
the final grained soap. The effect of these variables 
is apparent  in the rate of graining in the mixer, in 
the cleanness of the centrifugal  separation, and par- 
t icular ly in the T F A  and the impurit ies ratio of t he  
final soap. The scale and type of processing equipment, 
that is, laboratory batchwise and continuous or pilot 
plant continuous, makes little difference on the effects 
of the var iables  although continuous t rea tment  gen- 
erally requires a higher caustic concentration. Simi- 
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larly, soapstock aged b y  shipping time requires less 
caustic than fresh soapstock. 

Soap Quality 
The effect of caustic concentration is most notice- 

able in soap quality, par t icu lar ly  with soda ash ex- 
peller cottonseed stock as. shown in Table I V  for  
first stage soap. I t  is seen tha t  an increase in the 
concentration of caustic in the lye increases the T F A  
and decreases the impuri t ies  content of the soap; 
such a significant response to caustic concentration 
was not found for all stocks, as is shown in Table 
IV  for a soda ash hydraul ic  cottonseed s tock. .  

TABLE IV 

Effoct of Caustic Concentration on Soap Quality 

Total impuri- 
So apstock % N,aOH in Soap, TF'A ties/black 

lye acids (%)  

Expeller 

t{ydraulie 

(Feed) 
4.7 
5.2 
5.9 

(Feed) 
9.5 

11.0 
12.8 
14.4 

16.4 
37.1 
40.6 
55,1 

29.3 
32.9 
31.4 
32.2 
33.9 

21.2 
15.8 
13.6 

7.0 

18,2 
12,9 
11.2 
10,6 

9.3 

The water /soapstoek ratio was not var ied widely 
in this invest igation;  it is desirable to keep this ra t io  
to a mininlum to decrease the caustic consumption 
because caustic concentration and not total  amount  of 
caustic present  appears  to be the critical factor  both 
in graining a soap and in reducing impurities.  In- 
creasing the water /soapstoek ratio usually has the 
effect of decreasing the impuri t ies  rat io;  this is pri- 
mari ly  a solubility effect bu t  p robab ly  also improves 
contact between the caustic and soap in the mixer. 
The first stage lye f requent ly  carr ied up to 15% and 
25% dissolved solids for caustic and soda ash stocks., 
respectively. Making allowance for  the caustic, ear- 
bonate, and chloride salts in each ease, these results 
show the lye carry ing 5 to 10% of non-salt solids 
removed f rom the soapstock. Too low a water /soap-  
stock rat io  causes saturat ion of the lye with respect 
to some of these impuri t ies  as well as an increased 
salting-out effect of the electrolytes. 

Mixing time was varied f rom 11 to 71 minutes 
on pilot  p lant  continuous runs., and graining was 
achieved in every case. Table V shows one set of 
results for  soda ash expeller cottonseed stock. 

No consistent result  was obtained in regard  to color 
of the soap except that  the soap product  was always 
lighter to some degree than  the soapstock. Expeller  
stocks par t icu lar ly  were lightened by  the processing. 
A soap which was grained too hard  tended to t rap  
lye in fine s treaks throughout  the soap mass much 
like an in te rg ranu la r  layer. Lye thus t r apped  in the 
soap lowered the quali ty considerably although the 
T F A  of the soap was often high. 

Other reagents, such as sodium chloride or sodium 
sulphate, can be used with caustic to grain the first 
stage, but  the soap quality is poorer than  with caustic 
alone. This result  can p robab ly  be a t t r ibuted  to a 
decreased solvent effect of the salt  solutions compared 
to lye. Da ta  are shown in Table VI  for  a soda ash 
expeller cottonseed stock and  for  the caustic-digested 
cottonseed stock mentioned previously.  

TABLE VI  

Effect, of Graining First  S~age, With Salt 

So,apsto,ck 

Expeller 

N~0tt-  
digested 

Lye phase concentrations 
(%l  

Na,OH NaCI 

(Feed) .... 
16,9 0.2 
5.6 16.1 

(Feed) 
8.o d:i 
0.4 8.4 

TF'A 

22.8 
4,3,2 
38,0 

52.2 
61.3 
54.7 

So,up 

Impuri t ies/  
black acids  (%) 

30.3 
10.9 
13.5 

14.5 
6.2 

14.3 

Graining Conditions 
Some interesting results were found dur ing a s tudy 

of graining time, and these give an insight into the 
action of caustic on the trans.  Since the size of the 
mixer  required depends on the rate of graining as 
well as. the overall mixing time desired, batch grain- 
ing rates were studied on a laboratory  scale. The rate 
of graining was determined by  bottle centr i fuging of 
samples taken at  known times af ter  the addition of 
caustic to an agi tated soapstock-water mixture.  I t  
was found that  a period of no grain format ion fol- 
lowed the addit ion of caustic to the mix and this time 
was termed the induction period. 

In  general, the induction period was shortened by 
an increase in the water /soapstock solids ratio. This 
effect for  three runs at  about  7% caustic concentra- 
tion is i l lustrated in F igure  2, where the induction 

TABLE V 

Effect of ~Iixing Time on Soap Quality 

Tot,al impuri- 
% N a 0 H  in Soap, TFA ties/black /¢IixJng, time 

lye acids, % (rain.) 

(Feed) 22.8 non  
195 480 114 ~i 
19.7 40.5 12.4 , 24 

This increase of T F A  and decrease in impurities 
for  increased mixing time was general ly found for 
the continuous runs. Since the impuri t ies  are appar -  
ently carried with the soap phase as surface and in- 
t e rg rann la r  adsorbates, the longer contact t ime with 
caustic may  allow greater  dissolution o f  the impuri-  
ties in the lye phase. The tempera ture  of the mixer 
was usua l ly  held constant at  200-205°F. ; lower tem- 
pera tures  gave poorer  quali ty soaps. 

I00 

80 
c 
o 
"5 60 
g 

40 
E a 
c.} 

20  

o; 

w, 
/ / R a t i o - I . Z 4  RATE O F G R A I N I N G  

i ?1 _.,o ooTo o O :o H 
/ /  2.61 

/ 
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FIG. 2 
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So aps tock  

Cottonseed,  expeller ,  soda ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed,  expeller ,  sod~ ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed,  Ca l i fo rn i a  expel ler  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oottonseed, hyd rau l i c ,  soda ash . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed, hydrau l i c ,  soda. ash . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed,  expeller ,  caus t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed,  hydrau l i c ,  caus t ic  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P~anu t ,  soda ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a n u t ,  caus t ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T F A  
( % )  

24 .8  
21 .8  
15.3  
26.1  
29 .3  
32 .0  
47 .7  
24 .6  
58.1  

R a w  

OA* 

22 .2  
15.9  

9.1 
6.7 

12,8  
6.5 
7.7 
2 .7 

O A + I I  

24:~ 
20.1  
15.5  
13.2  
14.2  

9.1 
14.6  

4.1 

T F A  
( % )  

33 .6  
48 .0  
36 .9  
37 .4  
32 .2  
61 .0  
50 .0  
40 .0  
54 .0  

First ,  s t age  

OA 

10.2  
10.3  
10 .9  

4.3 
5.2 
2.9 
4 .6  

1.5 

0 A + I I  

BA 

13 .4  
11 .5  
16 .5  

8 .6  
10 .8  

5.9 
8.7 

1.7 

TF'A 
( % )  

54.5  
58 .0  
51.8  
55 .4  
44 .6  

4<ii 

Second s t age  

~ T - - - - -  

2.0 
9.1 

4 .9  

0 A + I I  

B A  

9.2 
6.1 

14.5  
6.3 
9.3 

£;2 

* OA ~ Oxidized Acids,  I I  ~ Inso lub le  I m p u r i t i e s ,  B A  ---- B l a c k  Acids  

period is determined by the intercept of the rate 
curve with the time axis. The times for complete 
graining are in the same order as the induction peri- 
ods and are roughly proportional to them. 

Decreasing the caustic concentration at a constant 
water/soapstock solids ratio slightly reduced the in- 
duction period unti l  the concentration was too low 
for good graining. The rate of graining was increased 
by increasing the temperature. Studies: on the rate of 
saponification of the neutral oil indicated that this 
reaction proceeds rapidly in the presence of such large 
amounts of soap and is probably completed in less 
than a minute with good agitation. 

The formation of soap miscelles is generally thought  
to occur quite rapidly when the conditions are right. 
Many types of materials, particularly surface-active 
ones, are known to inhibit crystal growth and might 
be expected to inhibit  the graining of soap in a simi- 
lar manner. Cottonseed stocks contain many degra- 
dation products, proteins, phosphatides, and sterols 
that are surface-active. Peanut stocks have fewer of 
these and also show shorter induction periods than 
cottonseed; a canstic-digested cottonseed stock prob- 
ably contains mostly degraded impurities and does 
show almost no induction period. It  appears then that 
the indnction period is the time necessary for caustic 
to attack the impurities and degrade them sufficiently 
to solubilize them in the caustic solution and to allow 
graining of the soap phase. It also appears reasonable 
that  salt or other electrolytes incapable of the caustic 
reaction cannot effect purification of the soap phase. 
In continuous operation in the pilot plant mixer with 
good temperature control, higher caustic and soap con- 
centrations, and better agitation, graining times, were 
apparently shorter than in the laboratory batch tests. 

It is well known from the phase diagrams of pure 
and mixed fatty acid soaps with electrolytes and water 
that a grained soap should have a TFA of about 63% 
unless it is mixed with a niger phase. In this soap- 
stock work no evidence was found for any phase other 
than lye and soap. The fact that soap phases ob- 
t a ined  from this process have T F A  values in the 

range of 30 to 60% mus t  then be considered anoma- 
lous. The cause is not known, bu t  it is thought  to be 
due to surface adsorpt ion of the impuri t ies  of the soap 
phase. Even  though degraded, the impuri t ies  are still 
organic in character  and  cannot  be ful ly  soluble in the 
aqueous caustic. Theoretically sterols should not be 
removed f rom crude oil by  alkali refining, bu t  the 
fac t  that  they are indicates an adsorption mechanism. 
The same condition p robab ly  exists in the caustic- 
t rea ted  soapstoek mix bu t  with the impuri t ies  in a 
f a r  more surface-active form. 

Results of Treat ing  Foots 

The p r i m a r y  effect of caustic-treating raw loots is 
to increase the T F A  and to decrease the impuri t ies  
content. A secondary but  impor tan t  result  is to in- 
crease the ease of acidulation of the loots and, of 
course, to decrease the impuri t ies  content of the black 
acids made f rom the loots. Examples  of soaps f rom 
one- and two-stage treats: are shown in Table V I I  for  
several types  of loots. Recent  results  on acidulation 
indicate tha t  cent r i fuging of the acidulated mix f rom 
treated soapstock can eliminate most of the Insoluble 
Impur i t ies  f rom the black acids by  use of a special 
skimmer in the centr i fuge or by  control of the aque- 
ous phase density. Fo r  this reason, the percentage of 
impuri t ies  in black acids is given in Table V I I  both 
with and without  the Insoluble Impur i t i e s  fraction. 
Fo r  all soapstocks except California expeller cotton- 
seed, the impuri t ies  rat io was reduced in one or two 
stages to less than  5%, excluding the Insoluble Im-  
purities. Acidulated stock f rom the t rea ted  foots was 
very  low in neutra l  oils. The regular  neutra l  oil an- 
alysis included a large unsaponifiable f rac t ion;  a f ter  
removal  of the latter,  the resul tant  neutra l  oil content  
ranged f rom 0.3 to 0.6%, but  even this mater ia l  was 
more waxy than  oily. 

A fa i r ly  sensitive test  of the qual i ty  changes in the 
black acids due to pr ior  t rea tment  of the foots is af- 
forded by  a l abora to ry  distillation. Several samples. 
of first stage soap were acidulated without  the special 
t rea tment  mentioned above to remove the Insoluble 

T A B L E  V I I I  

L a b o r a t o r y  D i s t i l l a t i ons  of Cottonseed B l a c k  Acids  

Soap D r y  b l ack  a c i d s  

Soaps toek  OA* OA 

T r e a t e d ,  expel ler  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........... 
Trea~ed,  expel ler  B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ........... 
T r e a t e d ,  h y d r a u l i c  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R a w ,  h y d r a u l i c  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Raw,  h y d r a u l i c  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T F A  

55.2  
53.6  
63.5  

34 .8  
34 .8  

B A  

3.2 
6.1 
1.0 

6.5 
6 . 5  

TFA 

96.6  
98.1  

OA I I  

2 .4  0 .3  
1.9 0 

B A  

2.4 
1.9 

13.8  

D i s t i l l a t e  
yield, % 

of c h a r g e  

85 .9  
88 .7  
88 .9  

69 .7  
68 .7  

* OA ---- Oxidized Acids,  I I  = Insoluble. I m p u r i t i e s ,  B A  = B l a c k  Acids .  
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Impurities.  These black acids were distilled without 
Twitchell-spli t t ing in a glass laboratory batch still 
at 6- to 12-ram. pressure. Fo r  comparison, unt rea ted  
samples f rom raw co t tonseed  soda ash loots were 
acidulated, Twitchell-split, and distilled; the data. for  
these tests are given in Table VIII .  I t  is seen that  
the yield of distillate from a t reated still charge was 
about  86-89% for both expeller and hydraulic stock; 
the la t ter  stock in an untrea ted  charge gave about 
69-70% yield. Complete removal of Insoluble Impur-  
ities by centr ifuging might increase by  another 1% 
the yields f rom t reated stock. In all cases the dis- 
tillation was stopped when the distillate showed an 
appreciable yellow color, generally about 250-260°C. 
Insufficient data are available yet  to relate still yields 
to the impurities rat io of the charge, but  the results 
of Table V I I I  indicate roughly an inverse propor- 
tionality. 

Summary  

The nature  of the impurities in vegetable oil loots 
renders  them resistant to t reatment  by acids as in 
normal acidulation. Strong caustic was found to at- 
tack the gums and make them at least part ial ly sol- 
uble in a 5 to 10% aqueous caustic solution. At this 
concentration a soap phase of 45-60% T F A  could be 
centr ifugal]y separated, and the major i ty  of the im- 
purit ies or their  degraded products  were discharged 
in the lye. The ratio of Oxidized Acids and Insoluble 
Impuri t ies  to the T F A  was much lower in the soap 

than in the raw soapstock; the Oxidized Acids/Black 
Acids ratio could generally be reduced to 5% or less. 
This reduction in impurit ies was found to improve 
laboratory still yields markedly without  the necessity 
of Twitchell- or pressure- splitting the black acids 
from treated stocks. Distillate yields of 86-89% were 
obtained from treated stocks, compared to 69-70% 
from untreated stocks. 

Acknowledgment 
The assistance of John Civial on the analytical data 

is grateful ly  acknowledged. 

REFERENC!E S 

1. Bailey, A. E., "Oo?~tonseed" (1948) .  
2. Bailey, A. E., " Indus t r i a l  Oil and  F a t  Pr(~ducts," 2nd ed. (1951) .  
3. Clark, E. P., J .  Biol. Chem., 75, 725 (1927) .  
4. Earle,  tP. R., ~and Dctwiler,  S. B. Jr . ,  0i l  and  Soap, 18, 117 

(1941). 
5. Fftelson, J., J. Assoc. Official Agr.  Chem., 26, 506 (1943) .  
6. t t a r r i s ,  W. D., et a.l., J .  Am. Oil Chemis~s' Soc., 24, 370 (1947 ) ;  

26, 719 (1949) .  
7. Jamieson,  G. S., "Vegetable  Fa~s and  Oils," 2nd  cd. (1943) .  
8. Jamieson,  G. S., and  Baughman ,  W. F., Oil ~nd Fa t  Ind. ,  1, 31 

( 1 9 2 4 ) ;  2, 101 (1925 ) ;  3, 153 (1926) .  
9. L.gnge, J. Am. Oil (2hemis'~s' Soc., 27, 414 (1950) .  
10. L~vin, /:/., and  Sw~aringen,  J .  S., ibid. ,  30,  85 (1953) .  
11. Ma.tti]~ow, ]YI., ib id . ,  25, 200 (1948) .  
12. Olcott, H.  S., Science, 100,  226 (1944) .  
13. Quaekenbush,  F. W., et aI., Ind.  Eng.  Chem., 33,  1276 (1941) .  
14. Royce, n .  D., Har r i son ,  J. R., and  Deans,  P.  D., Ind.  Eng.  

Chem., Anal. Ed., 12, 74 (1940) .  
15. Royce, I-I. D., and  Lindsey, F. A., Ind.  Eng.  Chem., ~5, 1047 

(1983). 
16. Schofield, C. R., at ed., J. Am. Oil Ohemists' Soc., ~'5, 368 (1948) .  
17. Sp,ence, A., pr iva te  communicat ion (1951) .  

[ R e c e i v e d  J a n u a r y  11,  1 9 5 4 ]  

Pyrethrum Synergists in Sesame Oil. Sesamolin, a Potent Synergist 
MORTON BEROZA, Entomology Research Branch, Agricultural Research Service, 
United States Department of Agriculture, Beltsville, Maryland 

S ESAME oil, obtained from seeds of the plant 
Sesamum indicum (L.) ,  was found, to the ex- 
clusion of all other oils tested, to increase the 

insecticidal potency of pyrethr ins  (12). Hailer  and 
his co-workers (14, 15) fract ionated sesame oil by  
molecular distillation and, f rom the two most active 
fractions, isolated sesamin, a compound exhibiting 
marked synergism with pyrethrins.  By a systematic 
examination of compounds similar to sesamin, these 
workers made the very  impor tant  discovery that  the 
intact methylenedioxyphenyl  group is essential for  
sesamin's synergistic activity (16). That  optical ac- 
t ivi ty had no appreciable effect on the synergistic ac- 
t ivi ty of sesamin was il lustrated by the fact  that  asa- 
r inin and isosesamin, optical isomers of sesamin, were 
equally effective pyre th rmn synergists. As predicted 
by  them, their discovery led to the development of 
synthetic synergists of commercial importance. 

IIa]ler and co-workers recognized that  considerable 
synergistic activity remained af ter  the removal of 
sesamin, as did subsequent workers (18). However 
no other synergists in sesame oil have been thus far  
identified. The present  research was under taken in 
an effort to ident i fy  in the oil any compound or com- 
pounds other than sesamin that  exert any appreciable 
synergism with pyrethr ins  so that  the synergistic ac- 
tion of sesame oil might be ful ly accounted for. 

Experimental 
To accomplish this purpose it was decided to frac- 

tionate the oil by  means of chromatography. Since 
the work of Haller  and co-workers indicated that  the 
strongly ultraviolet-absorbing methylenedioxyphenyl 
group was essential for  activity as a pyre thrum syn- 
ergist, it was believed that  it would be possible to de- 
tect and roughly estimate the presence of any syner- 
gist by  following the ultraviolet  absorbance of the 
eluate fractions. This proved to be true. Fur ther-  
more the technique employing ultraviolet absorbance 
ratios previously used in the separation of alkaloids 
could be used to isolate and identify pure  compounds 
from zones that  separated incompletely (3). 

Chromatography o~ Crude Sesame Oil. Part i t ion 
and adsorptive chromatography were tried. The best 
separations were obtained by  the la t ter  technique on 
silicic acid. 

A chromatographic column 5.5 cm. inside diameter 
and 31 cm. long, fitted with a sintered-glass disk, was 
used. A s lurry of 300 g. of silicic acid (Merck) in 
isooctane (Phillips pure grade redistilled) was intro- 
duced into the column in three portions. The column 
was prewashed with 400 ml. of 12% ethyl acetate 
(N. F. anhydrous redistilled) in isooctane followed 
by 200 ml. of is ooctane. Fo r ty  grams of Crude sesame 
oil dissolved in 150 ml. of isooctanc was added to the 


