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grade  of f a t  and  is f ree  f r o m  unsaponi f iab les  in t roduced  
by the Twi tche l l  reagent .  W i t h  h igh  g rade  feed  stocks,  i t  
is  poss ib le  to make  a good g r a d e  of f a t t y  ac id  wi thou t  
d i s t i l l a t ion ,  wMch can be used for  soap and m a n y  prod- 
ucts. B y  a su i t ab le  b leach  the p roduc t  can be made  
gene ra l ly  l i g h t e r  in  color t h a n  the o r ig ina l  fa t .  

5. W i t h  h ighe r  g rade  fa t s ,  the  g lyce r ine  concen t r a t ion  in  
the sweet  w a t e r  can be 13 to 18%,  or in  genera l  more 
concen t ra t ed  t h a n  ob ta ined  by  the  Twi tche l l  method.  A 
l i gh t  l ime t r e a t m e n t  is a l l  t h a t  is requi red  to coagu la te  
i m p u r i t i e s  and  the  concen t r a t ed  g lycer ine  is p r a c t i c a l l y  
ash free.  

6. The process  has  excep t iona l  hea t  economy, s p l i t t i n g  more 
than  five pounds  of f a t  fo r  every  pound of h igh  pressure  
s team used. 

7". Al l  of the inheren t  a d v a n t a g e s  of a cont inuous  and 
counte rcm' ren t  process a re  real ized,  i nc lud ing  ease of 
control  and  opera t ion ,  u n i f o r m i t y  of product ,  low labor  
cost, h igh  th rough-put ,  low un i fo r m  s team and power 
consumption,  smal l  space requi rement ,  and  low inter-  
process inventory .  

8. The overal l  cost of s p l i t t i n g  is less t h a n  by usua l  methods.  

The process carries out in a modern continuous way 
an operation which has for almost a century been 
handled by a batch method. Since it is a continuous 
process it fits well with any other continuous process, 
for example those processes involving solvent extrac- 
tion prior to splitting and distillation, solvent separa- 
tion [Emersol process (7)],  and neutralization (for 
the manufacture of soap) following splitting. 

Fa t ty  acids are basic chemical building blocks and 
can be used as intermediates for a multitude of prod- 
ucts. By fractional distillation and solvent crystalli- 
zation individual fat ty acids can be prepared which 
can be used as starting materials to make specific 
chemical compounds. 

]'he standard process can be modified to meet spe- 
cific requirements. In the case of certain special 
products, such as drying oils, it may be desirable 
to operate at a somewhat lower temperature and 

pressure, even though the column size must of neces- 
sity be larger. For  plants having capacities less than 
a b o u t  3,000 lbs. per hour, it may be good engineering 
to use a lower pressure, thereby having a column size 
which can be more easily fabricated, and will afford 
access for inspection of the interior. By the use of a 
small amount of catalyst the through-put can be in- 
creased greatly or the operating temperature may be 
lowered. 

In addition to its use in fat  splitting, the process 
may be of general interest for carrying out certain 
types of chemical reactions. Any two immiscible (or 
partially miscible) liquids which react reversibly at 
elevated temperature and pressure might be handled 
in the same type of plant. As an example, the hy- 
drolysis of chlorobenzenes with aqueous caustic to 
form phenols might be carried out in this type of 
apparatus. 

The problems involved in the commercialization of 
this method of operation have been successfully 
solved. Commercial plant results have demonstrated 
that most of the commercial fats can be split to a 
high degree and at a low cost. The process is finding 
wide application for purposes such as fa t ty  acid 
manufacture and soap making. The generM process- 
ing method and plant equipment may be adapted 
to other chemical reactions between two immiscible 
liquids. 
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Preparation and Properties of ,Cottonseed 
Protein Dispersions 1 
JETT C. ARTHUR, JR., and MELVIN K. KARON, Southern Regional Research Laboratory, ~~ 
New Orleans 19, Louisiana 

T I IE  u t i l i z a t i o n  of vegetable proteins in the 
manufacture of fibers, films, adhesives, paper 
and textile sizes, cold water paints, and related 

products is dependent on various physical proper- 
ties of the proteins p e r  se and of their aqueous 
dispersions. A number of these properties, e.g., dis- 
persibility in various media and the viscosity char- 
acteristies of concentrated d i s p e r s i o n s  have been 
investigated in the case of soybean and peanut pro- 
teins. Similar but less extensive investigations have 
been reported for cottonseed proteins. These in- 
vestigations include the factors which inthtence tile 
peptization of protein in solvent-extracted and hy- 
draulic-pressed cottonseed meal (1), cottonseed pro- 
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teins prepared under different processing conditions 
(2), the peptization of cottonseed proteins by various " 
acids and bases (3, 4), the pigments of cottonseed 
(5, 6, 7, 8, 9), methods for separating the pigment 
glands from cottonseed (8, 10), and the viscosity 
characteristics of relatively concentrated dispersions 
of cottonseed protein (11). 

The last mentioned article is also concerned with 
the difficulties of avoiding gel formation during the 
preparation of cottonseed protein dispersions in high 
protein concentration and in preparing dispersions 
having tacky and viscous characteristics. 

The industrial utilization of cottonseed meal and 
proteins has heretofore been retarded because the 
extra.cted proteins are not appreciably dispersible in 
aqueous alkali solutions below pH 11.7. The present 
report is concerned with an investigation of methods 
for preparing nongelling dispersions of cottonseed 
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proteins in high prote in  concentrat ion which have 
good tackiness and  desirable viscosities for  industr ia l  
u s e .  

Exper imenta l  E x t r a c t a n t  

Cottonseed Meal. A quant i ty  of cottonseed was ~H 
cracked and  flaked, and  the p igment  glands, meal, 

N a O H  and most of the oil were separa ted  by  means of the 9.1 
mixed solvent flotation process (8, 10). The meal  N a O H  
was re-extracted with n-hexane to remove the residual  9.1 
oil, a f te r  which the bulk of the solvent was removed ~aOII 
f rom the meal by  aerat ion at  room tempera ture ,  and  9.t 
the meal was fu r the r  dried in a vacuum drier  at  a ~a_,SO.~ 
t empera tu re  below 99~ The dried meal contained 02N 7.4 
0.60% oil, 9.33% nitrogen, and  0.02% gossypol, cal- 

Na,,SO~ 
eulated on a moisture-free basis, o.~N 

Cottonseed Protein. In  order  to provide a basis for  7.5 
selecting the conditions for  extract ing and preeipi-  Na,SO4 

0.2N 
t a t ing  the cottonseed protein the op t imum p H  of the N a O H  

extract ing alkali and the prec ip i ta t ing  acid solutions 7.0 
were determined as a funct ion of percentage of nitro- Na.,SO4 

0.2N 
gen dispersed. In  F igure  1 the percentage of total  NaOH 
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F I G .  1. E f f e c t  o f  p H  o n  t h e  n i t r o g e n  s o l u b i l i t y  o f  c o t t o n s e e d  
m e a l  ( M ) ,  i s o l a t e d  p r o t e i n  ( P ) .  

nitrogen dispersed b y  alkali and  acid f rom cotton- 
seed meal or isolated prote in  is shown as a funct ion 
of the p H  of the ext rac t ing solution. The op t imum 
concentrat ion of the ext rac t ing  salt solution was 
determined in a similar  manner .  When  sodium sul- 
rite concentrations of 0.05, 0.10, 0.20, and  0.40 N at  
p H  7.5 were used for  extraction, the percentages of 
ni t rogen dispersed were 55, 55, 73, and  80, respec- 
tively. A 0.20 N solution of sodium sulfite was se- 
lected as the extract ion medium because the use of 

T A B L E  1 

Effec t  of T r i ch lo roace t a t e  I o n  on 2 0 %  D i s p e r s i o n s  of Cot tonseed P r o t e i n  
(Na~SO~-SO~) a n d  1 4 %  N a O H  a a t  25~  a n d  p i t  12.5.  

T r i ch lo roace t a t e  
ion, Microscop ic  Re l a t i ve  

p e r  cen t  a a p p e a r a n c e  t a c k i n e s s  

0.00 "Coaeervates  ...... b 
1.25 Clear  200  
2 .50 Clear  300 
3.75 Clear  125 
7.50 Coace rva te s  100 

15.00 Coace rva t e s  ...... b 
20.00 Two  p h a s e s  ...... b 
30.00 T w o  p h a s e s  ...... b 

a E x p r e s s e d  as  w e i g h t  p e r  cen t  of  p ro te in .  
bNo eIongat ion  of  e x t r u d e d  pr(>tein f i l amen t  before  b r e a k i n g .  

TABLE 2 

Effec t  of Method of P r e p a r a t i o n  of Cot tonseed P r o t e i n  
on I t s  P r o p e r t i e s  

P r e c i p i t a n t  
_ _  p H  

n C l  
4.2 

I t  , S 0 4  
4.0 

SOe 
4.4 

SO~ 
4.0 

1],,SO 4 
4.0 

H,~SO4 
4.0 

S0_. 
4.0 

Ana ly t ica l  da ta  

N,% P,% 

16.6 0.86 

15.4 1.12 

15.2 0.92 

16.4 0.35 

16.4 0.30 

16.1 0.70 

16,4 0.52 

A s h , %  

3.4 

3.2 

1.9 

1,9 

2.8 

2.2 

D i spe r s ion  

Microscopic  Re la t ive  
ack ines s  ap l ) ea r ance  

Coace rva te s  ...... " 

Coacerva tes  ...... b 

Coace rva te s  ...... A 

Clear  300 

Clear  100 

Clear  , . . , . .1~ 

Clear  ...... b 

" S l igh t  e longa t ion  of ex t ruded  p ro te in  f i l ament  be fore  b reak ing .  
b No e longa t ion  before  b r e a k i n g .  

higher  concentrations of this salt gave only slight 
increase in the amount  of n i t rogen dispersed and 
resul ted in a small increase in the final yield of 
isolated protein.  

The cottonseed meal p repa red  as described above 
was suspended in a dilute solution of alkali or salt 
in the ratio of 10 liters of solution to 1 ki logram of 
meal, and  the suspension was s t i r red for  2 hours at  
room tempera ture ,  a f te r  which the ex t rac t  was sep- 
a ra ted  f rom the insoluble residue b y  centrifugation.  
The protein was precipi ta ted  f rom the alkaline ex- 
t rac t  by  the addit ion of acid, and the superna tan t  
liquor was decanted. The prec ip i ta ted  protein was 
washed several times with water  and  twice with 
acetone, a f ter  which it was air-dried at  room tem- 
pera tu re  (12). This procedure  was followed for  the 
p repara t ion  of a number  of prote in  products  in the 
course of which various alkalies or acids were used. 
The details of the p repara t ion  and  composition of 
these products  are summarized in Table 2. 

Apparatus. The absolute viscosities of the concen- 
t r a t ed  prote in  dispersions were measured with a 
HSpple r  rolling ball  viscometer. The theoretical as- 
pects of this viscometer are discussed by  HSppler  
(13) and  its appl icat ion by  H u b b a r d  and Brown 
(14). Burnet t ,  Roberts,  and P a r k e r  (11) discussed 
the advantages  of the use of this ins t rument  in de- 
t e rmin ing  the rheological proper t ies  of concentrated 
prote in  solutions. The viscometer balls were cali- 
b ra t ed  by  means of s t andard  viscosity oils provided 
by  the Nat ional  Bureau  of Standards .  P r io r  to use, 
the viscometer and accessories were washed with 
wa te r  and  ethanol and dried with air.  

A constant  t empera tu re  viscosity ba th  fitted with 
a motor-dr iven st irrer ,  cooling coil, mercu ry  thermo- 
regulator ,  and  electronically controlled heating coil 
was used to main ta in  the viscometer  and its contents 
a t  t empera tu res  constant  within +_0.02~ dur ing the 
per iod required for  making  the determinations.  

To evaluate the relative str inginess or tackiness of 
the concentrated cottonseed prote in  dispersions an 
ins t rument  was constructed which consisted essen- 
t ia l ly  of a motor-dr iven 100-ml. syringe, a 40-hole 
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FIO. 2. Apparatus for determi*ling tackiness of protein 
dispersions. 

platinum jet similar to that used for extruding pro- 
tein fibers, and a precipitating bath, 4x5x36 inches. 

The design and method of operation of this instru- 
ment is illustrated in Figure 2. This apparatus was 
applied in determining tackiness as follows. Protein 
dispersion was ejected from the syringe through the 
40-hole jet at a fixed rate of flow into a bath con- 
taining an aqueous solution of 2% hydrochloric add  
and 105/;) sodium chloride. The protein coagulate was 
guided to the end of the bath and onto a revolving 
godet. The speed of the godet was increased until 
the 40-filament tow of coagulated cottonseed protein 
dispersion broke. From the rate at which the disper- 
sion was ejected from the syringe and the peripheral 
speed of the godet at the time the filament broke, it 
was possible to calculate the maximum percentage of 
elongation that the filament underwent in the coagu- 
lating bath prior to breaking. The percentage of 
elongation was taken as the relative measure of the 
stringiness or tackiness of the protein dispersion. 

Viscous Dispersions. Ordinarily when efforts are 
made to prepare viscous alkaline dispersions of cot- 
tonseed protein in concentrations of 5 to 25%, the  
resulting products are gels, and microscopic examina- 
tion of these gels show that they are not dear  but 
contain particles and eoaeervates of protein. These 
products also exhibit poor tackiness. The effect of 
specific ions upon the physical properties of colloidal 
solutions in preventing or delaying gel formation has 

been reported many times. As early as 1887 tIof- 
meister (15) and Lewith (16) reported the effect of 
specific ions upon the physical properties of protein 
dispersions, ttSber (17) refers to similar observa- 
tions of the effect of specific ions on the viscosity of 
protein dispersions. 

In the present investigation cottonseed protein dis- 
persions were prepared with the aid of anions selected 
from the Hofmcister series which had been shown to 
delay or prevent gel formation in colloidal solutions 
and particularly in protein dispersions. Among the 
anions investigated were trichloroacetate, borate, cit- 
rate, and nitrate. Data covering the effect of the 
trichloroacetate ion on aqueous cottonseed protein 
dispersion are summarized in Tables 1 and 2 and 
Figures 3 and 4. 
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Fla. 3. Effect of sodium hydroxide on the viscosity of a dis- 
persion of 20% protein and 2.5% trichloroacetate at 25~ and 
pit 12.5; (A) 12% NaOtI, (B) 14% NaOII, (C) 16% NaOII. 

Data relative to the effect of the trichloroacetate 
ion on alkaline dispersions of cottonseed protein 
(Na2SOa-SQ preparation, Table 2) in 20% concen- 
tration at 25~ p i t  12.5 and 14% of sodium hy- 
droxide expressed as weight-per cent of total protein 
are shown in Table 1. From these data it may be 
seen that with increasing concentration of the tri- 
chloroacetate ion the relative tackiness of the protein 
dispersion increases to a maximum at 2.50 weight- 
per cent of protein, after which the relative tackiness 
decreased sharply. 

Data relative to the effect of the method of pre- 
paring cottonseed protein on the relative tackiness 
of its dispersion in 20% concentration in the presence 
of 2.50 weight-per cent trichloroacetate ion and 14 
weight-per cent sodium hydroxide at pH 12.5 and 
25~ are shown in Table 2. These conditions corre- 
spond to those at which the Na~SOa-SO 2 preparation 
(Table 1) exhibited maximum tackiness. 

The data in Table 2 show that the method of prep- 
aration of the protein effects the tackiness of alka- 
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d i s p e r s i o n s  i n  1 6 %  N a O I I  a n d  2 . 5 %  t r i c h l o r o a c e t a t e  a t  2 5 ~  
a n d  p H  1 2 . 5 ;  ( A )  2 0 %  p r o t e i n ,  ( B )  1 5 %  p r o t e i n ,  ( C )  1 0 %  
p r o t e i n ,  ( D )  5 %  p r o t e i n .  

line dispersions. For example, the protein extracted 
by sodium sulfite gave alkaline dispersions having 
greater relative tackiness than proteins extracted 
with sodium hydroxide or with sodium hydroxide 
plus sodium sulfate. 

The dependence of the viscosity of alkaline protein 
dispersions on the sodium hydroxide concentration is 
shown in Figure 3. With increasing concentrations 
of sodium hydroxide the viscosities of the dispersions 
decrease sharply. 

The dependence of the viscosity of dispersions on 
the concentration of protein is shown in Figure 4. 

With increasing concentrations of protein the vis- 
cosities of the dispersions increase sharply. 
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Summary 

1. A method has been described for preparing non- 
gelling, tacky dispersions of cottonseed protein in 
which triehloroacetate ion has been used to prevent 
gelation. 

2. I t  has been shown that the properties of iso- 
lated cottonseed protein depend on (1) the method 
of isolating the protein (2) the concentration of 
protein in the dispersion, (3) the concentration of 
sodium hydroxide used to disperse it, and (4) the 
addition of trichloroaeetate ion to prevent gelation. 
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