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Recovery of Gossypol from Cottonseed Gums l 
WALTER A. PONS JR., JOSEPH POMINSKI, W. H. KING, ]AMES A. HARRIS, and T. H. HOPPER, 
Southern Regional Research Laboratory,-' New Orleans, Louisiana 

C ONSIDERABLE attention has been given to methods 
for the isolation of gossypol f rom cottonseed 
(1). These procedures all involve a pre l iminary  

solvent extraction of gossypol f rom defat ted meats, 
or isolated pigment  glands, by use of solvents such as 
diethyl ether or acetone. While sat isfactory for small- 
scale preparat ions,  the excessive costs of solvent ex- 
t ract ion systems for the removal of a constituent 
present  to the extent of about 1% in the cottonseed 
kernel mit igate against large scale use of such systems. 

Cottonseed gums, obtained as a by-product,  on 
water-washing of crude cottonseed oil processed f rom 
the seed by direct extraction, contain considerable 
quanti t ies of gossypol and phosphatides (2, 3, 4) and 
offer a practical  source of gossypol. The relat ively 
mild conditions enlployed in the commercial degum- 
nling process (2) should minimize the oxidative deg- 
radat ion of the gossypol in the gums. I t  has been 
estimated that  at one solvent-extraction plant,  these 
gmns are present ly produced at an annual  rate  of 
about 2,000 tons, represent ing a potential  source of 
some 200,000 lbs. of gossypol. I t  has also been re- 
ported that  considerable amounts of gossypol can be 
removed f rom conventional screw-pressed and pre- 
pressed oils by a degumming process similar to that  
employed for solvent-extracted crude oils (5). 

The present  investigation was under taken with the 
view of developing a pract ical  process for the isola- 
tion of gossypol f rom this by-product  of cottonseed 
processing and to make available sufficient amounts of 
gossypol to explore potential  uses of this unique and 
reactive compound. 

Basic Investigations 
The proximate  composition of cottonseed gums as 

produced by a commercial degmnming process (2) is 
recorded in Table I. Analysis of the acetone insoluble 
fract ion disclosed that  about 70% of the total gossy- 
pol in the gums is segregated in this fraction, f rom 
which it cannot be removed by repeated acetone ex- 
tractions. This suggested that  most of the gossypol 
in gums is present  in a "bound" form, presumably  in 
chemical combination with phoshatides. Other ex- 
p lora tory  experinlents indicated that  it would be 

1 Presented a~ the 50th Annum 5leering os the American Oil Chem- 
ists' Society, New Orleans, La., April 20-22, 1959. 

e One of the laboratories of the Southern Utilization Re.search and 
Development Division of the Agricultural Research Service of the U. S. 
Department of Agriculture, 

TABLE I 

P r o x i m a t e  Composition of Cottonseed Gums 

Range 
Constituent (4 samples )  

5~oisture (6) ........................................................... 
Neutral oil (6) ......................................................... 
Total phosphorus (7) .............................................. 
Phosphatides (P X 25) .......................................... 
Acetone solubles (6) ............................................... 
Acetone  insolubles (6) ............................................ 
Total gosswpol (8) ................................................... 

% 
41.0 -44.9 
12.4 -16.4 

1 .16-  1.26 
29.0 -31.5 
17.2 -20.9 
37.1 -40.3 

4 .33-  5.46 

necessary to cleave this gossypol combination prod- 
uct and to separate gossypol f rom the considerable 
amounts of surface-active phosphatides pr ior  to its 
isolation. 

By use of mild acid hydrolysis in methyl  ethyl 
ketone ( M E K ) ,  in which both water  and phospha- 
tides have limited solubility, a fa i r ly  simple pro- 
cedure was devised for  cleaving the gossypol and 
separat ing it f rom phosphatides. ]n  the process the 
gums are refluxed with M E K  that  contained either 
oxalic or phosphoric acids, using a gums-to-solvent 
ratio of about 1:1.  Upon cooling, the mixture  sep- 
arates into a superna tan t  M E K  phase which contains 
most of the gossypol and a lower phosphat ide-water  
phase. The lower phase is then washed with M E K  to 
remove pract ical ly all of the gossypol. Af te r  concen- 
t ra t ion of the combined M E K  decantate and wash- 
ings by distillation, addition of glacial acetic acid to 
the concentrate allows isolation of gossypol as the 
crystalline acetic-acid addition compound. The crude 
gossypol acetic acid is purified by two recrystalli-  
zations. Relat ively pure  crystalline gossypol is ob- 
tained f rom the pure  gossypol-acetie acid complex 
by dispersing the complex in dilute aqueous sodimn 
carbonate, then acidifying with a mineral  acid. 

Processing Variables. Opt imum conditions of t ime 
and acid concentration for hydrolysis and for pre- 
cipitation and purification of gossypol were estab- 
lished. Cottonseed gums, 500 g., were refluxed with 
500 ml. of M E N  containing the desired acid concen- 
t ra t ion and cooled to 50~ Af te r  removal of the 
M E K  superna tan t  the lower phase was washed by 
vigorous mixing' with four  successive 100-ml. portions 
of solvent. Combined deeantates and washings, usu- 
al ly 800 ml., were concentrated by  distillation to 
about 300 ml., and gossypol-acetic acid was isolated 
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by addition of glacial acetic acid. Crude products 
were filtered, washed thoroughly with hexane, and 
vacuum-dried at 50~ 

The use of 0.2 molar oxalic acid or 0.4 molar phos- 
phoric acid for the hydrolysis step resulted in the 
highest yields and purities of crude gossypol acetic 
acid (Table I I ) .  Increase in hydrolysis time beyond 

Table II 

Effect of Acidic Condi t ions  and Hydro lys i s  Time on 
:Recovery of Gossypol frmn Cottonseed Gums  

Crude  gossypol 
Hydrolys is  a P rec ip i t a t ion  acetic acid 

Acidic 
condi t ions--  

M E K  
solut ion 

None 
0.4 M--acet ic  
0.2 M--oxatic 
0.2 M--oxalic 
0.2 M--oxalic 
0.2 ~r 
0.2 M--I-IsP 04 
0.2 M--t taPO~ 
0.2 M--HsPO~ 
0.4 M--H~PO4 
0.4 M-- t IsPOa 

Time 

hr. 
2.0 
2.0 
0.5 
1.0 
2.0 
4.0 
0.5 
1.0 
2.0 
2.0 
4.0 

Acetic 
acid : 

concen- 
t r a te  

1 :2  
1 :2  

1~3 
1 :3  
1 :3  
1 :3  
1:3 
1 : 3  
1 :3  

Dry  
?ime wt. P u r i t y  

hr. :7. 
48 12.7 
48 4.7 
16 15.8 
16 17.7 
16 17.7 
16 17.5 
16 11.7 
16 12.6 
16 16.1 95.6 
16 17 7 95.4 
16 15.7 94.1 

b 

% 
88.1 
78.7 
93.1 
94.4 
95.7 
92.2 
95.0 
95.1 

Recovery 
of 

gossypol 
f rom 

gums  e 

% 
36.3 
12.1 
37.8 
54.6 
55.1 
52.5 
36.2 
39.2 
50.2 
55.1 
48.1 

a 500 g. of urns con ta in ing  5.5% gossypol ref iuxed wi th  500 ml. of 
MEK-acid  solut ion (73 .5~  

b P u r i t y  de termined by colorimetrie analysis  (8)  for percentage of 
gossypol and by ra t io  of ext inct ion coefficient of crude product  to tha t  
of purif ied gossypol acetic acid at  365 m~ in benzene. 

r Recovery -- wt. gossypol acetic acid >( p u r i t y  X 0.896 
wt. gums X % gossypol 

at 25~ the yields obtained, 52%, did not differ 
appreciably from those found when higher acid con- 
centrations or longer time were employed. Attempts 
to increase go ssypol content by further concentration 
of the MEK phase prior to the addition of acetic acid 
resulted in extremely viscous and oily solutions, from 
which it was difficult to isolate gossypol acetic acid. 
Neutral oil and other unknown impurities present in 
the MEK concentrate contributed to this effect. 

Crude gossypol acetic acid of about 92% purity 
can be upgraded to 98% purity by a single reerystal- 
lization from MEK as gossypol acetic acid with an 
86% yield (Table IV). Two reerystallizations with 

T A B L E  I V  

Yield D a t a - - P u r i f i c a t i o n  of Crude Gossypol Acetic Acid 

P u r i t y  
of crude 
gossypol 

acetic 
acid 

% 
92.0 
92.0 
92.0 
92.0 
92.0 
92.0 

Solvent  

M E K  
M E K  
M E K  
NIEK a 
M E K  a 
M E K  a 

Recrysta l t izat ion 

Ra t io  of 
crude 

p roduc t  
to M E K  

1 : 6  
1 : 6  
1 : 6  
1 : 6  
1 : 6  
1 : 6  

Rat io  of 
acetic 
acid 

to ~ E K  

1 : 3  
1 : 3  
1 : 3  
1 : 3  
1 : 3  
1 : 3  

Number  
of 

purifica- 
t ions  

Pur i f ied  gossypol 
acetic acid 

P u r i t y  Yield b 

% % 
98.0 86.5 
98.6 76.8 

100.0 63.4 
98.0 84.3 
99.1 77.0 

100.0 64.0 

20% carbon. 
b Average  da~a from 5 experiments.  

W e i g h t  to vo lume (g . /nf i . ) .  
,~ Volume to volume. 

1 hr. for oxalic acid or 2 hrs. for phosphoric acid 
had no effect on yields. The highest recovery of gos- 
sypol from the gums was about 55% of the gossypol 
present. Attempts to improve recovery beyond this 
amount were unsuccessful. 

A methyl ethyl ketone concentrate from a larger- 
scale experiment, in which 40 lbs. of gums were 
processed, was employed in order to study the effect 
of variations in acetic-acid concentration, precipita- 
tion time, and temperature on the yield of gossypol 
acetic acid. Frmn results summarized in Table I I I  

an over-all yield of 77% resulted in a product of 
99% purity. Because of the high puri ty of the crude 
gossypol acetic acid, 92-94%, concentrated solution 
carl be employed, and yields on recrystallizations are 
considerably higher than the recovery values found 
for isolation of gossypol acetic acid from gums. 

Purified gossypol acetic acid can be converted to 
gossypol by solution in diethyl ether and evaporation 
over water to remove the ether and acetic acid (1). 
This dissociation does not result in any further 
purification (Table V). Both dissociation and purl- 

T A B L E  III 

Effect of P rec ip i t a t ion  Condi t ions  on Yield of Gossypol Acetic 
Acid f rom M E K  Concentra te  

P rec ip i t a t ion  condi t ions  a Crude  gossypol acetic acid 

Ratio,  
acetic acid : 
concentrate  

1 10 
1 5 
1 5 
1 3 
1 : 3  
1 : 3  
1 : 2  
1 : 2  
1 : 5  
1 : 3  
1 : 2  

Time 

hr. 
16 

16 5 

1 
16 

1 
16 
16 
16 
16 

Temp. Dry  
vr 

~ g. 
25 10.2 
25 15.1 
25 20.8 
25 19.3 
25 20.3 
25 20.6 
25 22.3 
25 21.4 

4 16.5 
4 20.0 
4 21.5 

P u r i t y  l, Yield c 

% % 
94.0 25.7 
94.0 38.0 
95.1 53.0 
94.0 48.4 
95.3 51.8 
95.7 52,5 
94.3 56.1 
95.3 54.3 
94.0 41.5 
94.0 50.1 
94.0 53.9 

:' 500 ml. of M E K  concentrate  con ta in ing  33.57 g. of gossypol p lus  
s ta ted volume, ra t ios  of glacial  acetic acid. 

b See Table I I .  

r Yield ---- wt. gossypol acetic acid X p u r i t y  X 0.896 
33.57 

it is apparent that the quantity of complex isolated 
is limited by an equilibrium involving acetic acid 
concentration, reaction time, and probably gossypol 
concentration. Using a volume ratio of acetic acid to 
concentrate of 1:3 and a precipitation time of 1 hr. 

T A B L E  V 

Convers ion of Gossypol Acetic Acid to Gossypol 

Gossypol P u r i t y  of 
gossypol 

acetic 
acid 

% 
96.0 

100.0 
99.7 
98.7 
97.6 

100.0 
98.7 

Convers ion method 

NaOH~-e ther -xylene  (10)  
E t h e r  soln. evaporated over  water  (1) 
E t h e r  soln. evaporated over  wa te r  (1) 
E the r  soln. evaporated over  wa te r  (1)  
E t h e r  soln. evapora ted  over  water  (1)  
NaeCOs solut ion acidif icat ion 
Na2COa solut ion acidif icat ion 

P u r i t y  a Yield 

% I% 99.5 67.4 b 
99.7 ] 
99.7 ] ...... b 
98.2 I ...... b 
97.6 I ...... b 
98.0 I ...... b 
97.0 I :::::: b 

a See Tatde L[. 
b Quan t i t a t i ve  yield, gossypol-insoluble in  water  or d i lu te  acid solution.  

fication can be effeeted by solution of crude gossypol 
acetic acid in sodium hydroxide, followed by acidifi- 
cation, extraction with ether, and reerystallization 
from an ether-xylene mixture (10). A single purifi- 
cation of crude gossypol acetic acid by this technique 
produced gossypol of 99.5% purity with a 67% yield 
(Table V). Both of these procedures, while effective 
for the purpose, require the use of one or more or- 
ganic solvents. It  was found that gossypol acetic acid 
can be conveniently dissociated by solution in dilute 
sodium carbonate, under anaerobic conditions, and 
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that  relat ively pure gossypol can be precipi tated by 
acidification of this alkaline solution with nfineral 
acid. About  10 ml. of 0.2 molar carbonate solution 
are used per g ram of purified gossypol acetic acid. 
Sodium hydrosulfite, 0.1%, was added to the carbon- 
ate solution to insure reduction of gossypol products  
(1). A thiu layer  of hexane was floated on the sur- 
face of the carbonate solution, pr ior  to acidification, 
to minimize fur ther  atmospheric oxidation. The gos- 
sypol produced in this manner  was filtered and water-  
washed to remove adsorbed salts. The vaeumn-dr ied 
product  was almost equivalent in pur i ty  to the gossy- 
pol acetic acid used (Table V).  

Isolation as Dianilinogossypol. Since dianilinogos- 
sypol is relatively insoluble in most of the common 
solvents, sonic experiments  were perfo.rmed on the 
isolation of gossypol f rom gums as this derivative. 
Gums were dispersed in hexane, then wamned to pro- 
mote separat ion of excess water.  The hexane phase 
was t reated with aniline. About  60% of the gossypol 
present  was recovered as dianilinogossypol (89% pu- 
r i ty ) .  Crude products  were difficult to filter and were 
contaminated with phosphatides. Addit ion of aniline 
to M E K  concentrates obtained f rom the acid hy- 
drolysis of gums, as previously described, resnlted in 
the separat ion of crude dianilinogossypol of 84% 
puri ty .  The product  was essentially free f rom phos- 
phatides and represented about 57% of the gossypol 
m the gums. Recovery of gossypol f rom dianilino- 
gossypol, by the best available procedure (10), is 
reported to be of the order of 63%. By  use of this 
conversion yield and the value of 57% for  the recov- 
ery of gossypol f rom gums as dianilinogossypol, the 
calculated over-all yield of gossypol by this process 
would be of the order of 36%. This is almost equiva- 
lent to over-all yields obtained by the gossypot acetic- 
acid isolation. Since conversion of dianilinogossypol 
to g o s s y p i  is at present  more difficult and costly than  
simple dissociation of gossypol acetic acid, the diani- 
linogossypol process was not examined extensively. 

P i l o t - P l a n t  Process ing  
Based on the results of the laboratory  experiments,  

a pilot-plant-scale process was developed for  the batch- 
wise t rea tment  of 40-lb. lots of gums. Essential  details 
of the process are given in the flowsheet (Figure  1). 

O.S4MEK t*'.O GUMS 
(04M H~'04~ "~ I HYDROLYSIS (0.05 GOSSYPOL) k IN MEK / I 

1 
I COOL,NOwAS.,NO '1..o .... "o'oo  

GO'.SSYPO  I RECOVERY / 
[CONCE.TRA ,ON I" PHOSPHATIDES 

HAC-'I 
[PRECIPITATION I 

' li FILTRATION FILTRATE 
I t I I GONCENTRAT'ON 
I VACUUM 

DRYING I RESIDUE 
TO FURTHER TREATMENT 

CRUDE GOSSYPOL OR DISCARD 
ACETIC ACID 

0.0225 GOSSYPOL'~ 
45% RECOVERY'/ 

Fro. 1. Flowsheet for recovery of gossypol as crude gossypol 
acetic acid. 

Hydrolysis. Cotton gums, 40 lb. ; MEK-wate r  azeo- 
trope, 5 gals. ; and phosphoric acid, 873 g., were mixed 
in a corrosion-resistant, steam-heated reaction vessel 
equipped with a s t i r rer  and reflux condenser. The 
mixture  was heated at tlle reflux tempera ture  (167 ~ 
F.)  for  2 hrs., then cooled to 100~ 

Washing. The cooled mix ture  was t ransfer red  to a 
cone-shaped, corrosion-resistant vessel equipped with 
a cooling coil and s t i r rer  and cooled to 50~ The 
superna tant  M E K  layer  was re turned to the reaction 
vessel. The lower phosphatide-water  phase was washed 
successively with four  1-gal. portions of MEK-wate r  
azeotrope. The M E K  layer  was decauted each time 
af ter  the two phases had separated. 

Concentration. The combined decantate and wash- 
ings, 8 gals., were concentrated to 3 gals. by  distil- 
lation. The distillate, MEK-wate r  azeotrope, was 
reserved for  subsequent reuse. 

Precipitation. The M E K  concentrate, 3 gals., and 
glacial acetic acid, 1 gal., were mixed in a corrosion- 
resistant vessel, s t irred until  crystallization began 
(10 rain.), then allowed to stand 1 hr. at  about 75-  
80~ 

Filtration. The superna tan t  MEK-acid  layer was 
decanted, and the crude gossypol acetic-acid s lur ry  
was filtered on coarse filter paper  under  reduced 
pressure. The product  was washed with hexane (0.25 
gal.) or a 1:1 mixture  of M E K  and glacial acetic 
acid until  the  washings were colorless. The crude 
product  can be air-dried if it is protected f rom light 
or preferab ly  vacuum-dried for 4 hrs. at 50~ For  
40 lbs. of gums containing 5% gossypol (2 lbs. gossy- 
pol),  the yield of crude gossypol acetic acid was 1.1- 
1.2 lbs. with a pur i ty  of 92-93% and represented 
about 48% recovery of gossypol. 

Purification. Crude gossypol aetic acid, 1.1-1.2 lbs., 
was dissolved in 0.75 gal. of MEK-wate r  azeotrope 
with s t i r r ing at room tempera tu re  and was filtered 
to remove traces of phosphatides and other impurit ies.  
Glacial acetic acid, 0.25 gal., was added. The solution 
was stirred unti l  crystallization began, then allowed 
to stand I hr. at  70-75~ The product  was filtered 
and washed as previously described, then vacuum- 
dried at 50~ for 4 hrs. Yield of purified gossypol 
acetic acid was 0.94-0.96 lb. (87%) with a pu r i ty  
of 97-98%. I f  fu r the r  purification is desired, the 
product  can be reerystall ized as outlined above. Af t e r  
two purifications the yield was 0.85-0.92 lb. (77%) 
with a pu r i ty  of 98.5-99%. 

Conversion to Gossypol. Purified gossypol acetic 
acid, 1.0 lb., was dissolved with slow s t i r r ing in 1.20 
gals. of 0.2 molar sodium carbonate solution contain- 
ing 0.1% sodium hydrosulfite. To insure against  air 
oxidation a thin layer  of hexane was floated on the 
surface of the carbonate solution before addition of 
the gossypol acetic acid. Sulfur ic  acid, 4%, was added 
with s t i rr ing unti l  the evolution of carbon dioxide 
ceased and the solution became acidic. The hexane 
layer was decanted, and the precipi tated gossypol 
was filtered under  reduced pressure by using a coarse 
paper.  I t  was washed free of acid with hot water  and 
then vacuum-dried at 50~ (16 hrs.) .  The yield of 
gossypol was quanti tat ive,  amounting to a recovery of 
89.6% by weight of the gossypol acetic acid used. 

Results. A summary  of yield data f rom 12 pilot- 
p lant  experiments,  utilizing the batch process, is given 
in Table VI.  Isolation of gossypol f rom the gums 
ranged f rom about 40 to 53% of the gossypol present,  
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T A B L E  V I  

P i l o t - P l a n t  l%eeovery of Gossypol Acetic  Acid f rom 
Cottonseed Gums 

Cottonseed Crude  gossypol 
gums I-Iydrolysis ace t ic  acid 

W e i g h t  
Sample  used  

lb. 
A a 41 ,2  
A a 42 .6  
B b 40 .0  
B b 40 .0  
B b 40 .0  
A a 40 .8  
A a 41 .1  

Gossypol 
removed  

Acidic  f rom 
condi t ions  T i m e  gums c 

hr. % 
0.2 M--oxa l i c  2 84 .0  
0.2 M--oxMic 1 ...... 
0.2 M--oxa l i c  2 91 .4  
0.2 i~- -oxa l ic  2 93.3  
0.4 M - - H ~ P O t  2 92.3  
0.4 I~I--HsP 0~ 2 94.3  
0.4 lYI--HaP 04 2 96 ,0  

D r y  
wt .  P u r i t y  d 

~. % 
542 95 .0  
549  93.2  
4 9 6  93 .8  
462  92 .6  
499  91.8  
606  92.0  
545  92.2  

~ecov-  
ery of 

gessypol 
f rom 

gulns  e 

% 
48.9  
47 .5  
49 .9  
45 .9  
49 .1  
52.9  
48 .0  

a Gums con t a in ing  ~ 5 . 0 %  gossypol. 
b Gums c o n t a i n i n g  4 . 6 %  gossypoL 
e B a s e d  on co lor imet r ic  ana lys i s  of M E K  concen t r a t e  for  gossypol. 
a See T a b l e  I I ,  

e Recover5 - -  wt .  gossypol acet ic  acid  X p u r i t y  X 0 , 8 9 6  
wt. gums X % gossypol 

with an average yield of 47 %. By  calculations based 
on the average recovery value, 47%, and the purifica- 
tion data recorded in Tables IV and V, the results 
indicate that  gossypol of 98% pur i ty  can be produced 
with an over-all product  yield of 41% and a product  
of 99% pur i ty  with a yield of 36%. 

Pilot-plant experiments were conducted with both 
oxalic and phosphoric acids as hydrolyzing agents to 
ver i fy  laboratory results. For  any contemplated large- 
scale use the phosphatide residue remaining af ter  
separation of gossypol could be str ipped of solvent 
and added back to the meal. For  such uses phos- 
phoric acid has obvious advantages and would be used 
in preference to oxalic acid. 

Continuous Processing. The batchwise process was 
developed to establish and s tudy the principles in- 
volved in the separation and isolation of gossypol 
f rom gums. For  large-scale operations a continuous 
process would be desirable. Several pilot-plant ex- 
periments were conducted in which a mixture  of 
gums, MEK, and either phosphoric or oxalic acid was 
pumped through a stainless-steel, steam-jacketed heat 
exchanger;  pressure was controlled by a spring type 
of back pressure valve. The experiments indicated 
that  the hydrolysis step can be accomplished in 4-5 
rain. at 310~ under  a pressure of 175 psi. Yields 
and purities of crude gossypol acetic acid were equiv- 
alent to those obtained in the batchwise process. I t  
was also established that  the hydrolyzate f rom the 
pressure hydrolysis could be easily eonntereurrent ly  

T A B L E  V I I  

D i s t r i b u t i o n  of Gums  Cons t i tuen t s  i n  Processing" 

F r a c t i o n  and  constituent 

Gums 
Tota l  solids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h a t i d e s  ( P  X 2 5 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e u t r a l  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M E K  concen t r a t e  
T o t a l  solids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h a t i d e s  ( P  X 2 5 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e u t r a l  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Phosphu t ide  r e s idue  
To ta l  solids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h a t i d e s  ( P  X 25)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Distr ibut ion 
( a v e r a g e  of two expe r imen t s )  

Lbs.  p e r  100  As % of the  
lbs. of gums  cons t i t uen t  in  

processed  o r i g i n a l  gums  

lbs. % 

58.6  10O.0 
4 .81  100 .0  

31.2  1 0 0 . 0  
13 .3  1 0 0 . 0  

22 .3  38 .1  
4 .36  90 .7  
0 .22 0.7 

13.3  1 0 0 . 0  

36.9  63 .0  
O.3 6.5 

30 .7  98 .4  

washed with M E K  to remove all of the hydrolyzed 
gossypol. These results indicated that  the process can 
be made continuous or semi-continuous. I t  may be 
desirable to conduct the precipitation batehwise. 
Using data f rom several pilot-plant experiments, the 
amount of products that  could be obtained were cal- 
culated and are shown in Table VII .  For  each 100 
lbs. of gums processed (5% gossypol) some 23 lbs. 
of gums solids containing 4.5 lbs. of gossypol would 
be concentrated in the MEK  phase. Assuming a 50% 
recovery value, about 2.25 lbs. of gossypol would be 
recovered as crude gossypol acetic acid. The dry  
solids in the washed phosphatide residue, 36 lbs., 
represents 65% of the original gums solids and con- 
tain 97% of the phosphatides in the gums. The orig- 
inal gunls contain about 54% phosphatides (P X 25) 
on a d ry  basis while the d ry  phosphatide residue 
would contain some 84% phosphatides. This rep- 
resents a concentration and purification of phospha- 
tides since neutral  oil, gossypol, and other constitu- 
ents have been removed in the M E K  phase. I f  the 
phosphatide residue is stripped only to remove MEK, 
the product  would contain some 40% moisture and 
about 50% phosphatides. Thus each 100 lbs. of gums 
processed would yield 2.25 lbs. of eru~]e gossypol 
acetic acid and 63 lbs. of a phosphatide concentrate. 

Summary 

A process has been developed for the isolation of 
pure gossypol from the gunls obtained by water- 
washings of crude hexane-extracted cottonseed oil. 
Gums are heated with methyl ethyl ketone contain- 
ing phosphoric acid to cleave gossypol-phosphatide 
reaction products  and are cooled to separate a ketone 
phase containing the gossypol f rom a phosphatide- 
water phase. After  concentration by distillation, 
gossypol is isolated from the methyl ethyl ketone 
concentrate by addition of glacial acetic acid to form 
the acetic acid addition compound of 92-94% puri ty.  
Two recrystallizations as the acetic-acid complex 
produce gossypol acetic acid of 99% puri ty .  The 
purified product  can be dissociated by solution in 
dilute sodium carbonate, from which pure gossypol 
is recovered by acidification with mineral acid. 

Yield data from pilot-plant experiments indicated 
that  about 47% of the gossypol in gums is recovered 
as crude gossypol acetic acid. Depending on the de- 
gree of purification of the crude product,  the over-all 
yield of purified gossypol f rom gums will range from 
41% for a product  of 98% pur i ty  to 36% for a gos- 
sypol of 99% puri ty.  
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Detergent Builder Effect on the Critical Micelle Concentration 
of Surface-Active Agents 
M. E. GINN, F. B. KINNEY, and I. C. HARRIS, Monsanto Chemical Company, Research and 
Engineering Division, Research Department, Dayton, Ohio 

N o ENTIRELY sat isfactory explanation of why elec- 
trolytes are effective in improving detergency 
has been advanced. Suspending action (5),  

particle mobil i ty (6), adsorption (8),  solubilization 
(12), water  softening (18), and other effects fail  in- 
dividually or collectively to explain sat isfactori ly 
their  synergistic action. 

Pres ton (16) demonstrated that  a relationship ex- 
isted between critical micelle concentration (emc) 
and detergency and that  the lat ter  was at a near  
max imum coinciding with cmc. Specifically men- 
tioned are alkaline salts in their  effect on shif t ing 
the steep slope of the detergency curve for  soap to 
concentrations below emc without affecting the hori- 
zontal port ion of the curve. Both MeBain (14) and 
Kolthoff (11) described the effect of electrolytes in 
reducing eme of sur fac tan t  solutions. Goette (3) 
indicated that  different salts had different effects on 
Pres ton ' s  critical washing eoneentration and, though 
Na4P207 and Na2S04 affected emc about equally, the 
former  had much greater  effect in improving deter- 
gency (reducing the critical washing concentrat ion).  
He pointed out that  though the sodium ion shifted 
the detergency curve ( toward equal effectiveness at 
lower solution concentration) and might  be predomi- 
nant  in reducing cmc, the alkal ini ty and nature  of 
the individual  salt anions also influence detergency. 

I t  is the purpose of this paper  to explore the 
possible effect of such builders on critical micelle 
concentration as this factor  seems to have a major  
correlation with detergency. 

Preliminaryand Experimental Work 
Since both anionic and nonionie surfac tants  were 

to be examined in this study, a method for deter- 
minat ion of eme was required which was applicable 
to both types, el iminating as possibilities those pro- 
cedures dependent  upon ionic character  of the com- 
pound. Chosen was a dye solubilization technique 
(10, 11, 12, 14, 15, 17). Pre l iminary  evaluation in- 
dicated, as others had found (17), that  1-o-tolylazo-2- 
naphthol  (Exte rna l  Orange No. 4, originally Orange 
OT) was less soluble in these systems than  dimethyl-  
aminoazobenzene and addit ionally tha t  slightly bet ter  
reproducibi l i ty  was at ta inable with it. 

Procedure. Externa l  D & C Orange No. 4 was puri-  
fied by recrystall ization (20 g. f rom 1,800 ml. of 
ethanol followed by vacuum dry ing  at 50~ Cali- 
brat ion curves of concentration versus optical densi- 
ties were p repared  by replicated measurement  at  
500 mt~ (max imum absorption) in a L/~-in. test  tube 

in a Spectronic 20 (Bausch and Lomb) speetro- 
photometer.  

Dye in 25-mg. quantit ies was t ransfer red  to 25 X 
95-mm. vials fitted with foil-lined (t in or silver, 10- 
rail thickness) screw caps. Stock solution of surf-  
aetant  was p ipet ted  to the vials, and distilled water  
was added to provide proper  dilution, covering a 
range of concentrations. The vials were rotated 16 
hrs. at 25~ Following the rotat ion period, the sam- 
ples were stored upr igh t  for  24 hrs. at 25~ Three- 
ml. samples of the superna tan t  liquid were filtered 
through snlall plugs of absorbent cotton, then trans-  
ferred to photometer  test tubes and diluted with 3-ml. 
of absolute alcohol. Optical  density was measured 
against  a 1:1 ethanol-water solvent blank for  zero ab- 
sorbency. Addi t ional  measurements  were made af ter  
fu r the r  aging to insure tha t  dye solubilities were 
equilibrium values. The dye solubility was then 
plotted vs. sur fae tan t  concentration, and the cmc was 
derived by suitable extrapolat ion f rom above and be- 
low the region where greatest  change in slope oc- 
curred, as indicated in F igure  1. 
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FIG. 1. S o l u b i t i z a t i o n  c u r v e s .  
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Materials Tested. The sur fae tants  used were espe- 
cially purified to remove salts or unsulfonated mate- 
rials result ing f rom preparat ion.  The electrolytes 
were chemically pure  reagent  materials  except for  
the polyphosphates,  which were commercial products.  
All were used on the anhydrous  basis. 

Comparison wi th  Li terature  Values. Using repuri-  
fled sodium laurate,  the cmc values were determined 
by  the solubilization method. The data were in good 
agreement  with l i tera ture  values (7, 17). Repro- 
ducibili ty was of the order of -----4.9% for  Orange No. 


