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Farmer  and Moore found good agreement between 
the yields of dehydro-polymers produced from eyclo- 
hexcne and those ca l cu la t ed  from the amount of 
peroxide used. In  our case we should expect that  
each peroxide molecule is capable of converting two 
linoleate chains into free radicals so as to form one 
dehydro-dimer molecule, but  it is not possible to check 
the stoichiometry of the total reaction unless the poly- 
mers are quanti tat ively resolved into dimer, trimer,  
etc. With the small quantities of linoleate used and 
the relatively large distillation losses it was impossible 
to check the stoichiometry except that  it is calculated 
from the ~]~'1%1 cm. values in Table I I  that  the total prod- 
uct would contain 37% (i.e. 155/420x100/1)  of dimer 
(if the latter only were formed) whereas complete ex- 
penditure of the peroxide to give dimer only would 
result in a 55% dimer content. Similarly complete 
expenditure of the peroxide could give a maximum of 
41.5% of t r imer as the only species. These figures are 
reasonable since the reaction is not complete in 10 
hours. 

Methyl Stearate. Using the same reaction conditions 
and peroxide / fa t ty  ester molar ratio as in the prep- 
aration of linoleate dehydro-dimer,  methyl stearate 
gives dehydro-polymers containing only a little dimer. 
Although the points of attack in the stearate molecule 
remain to be determined, it is clear f rom this experi- 
ment that linking can occur where olefinic double- 
bond activation is absent. Thus it is probable in the 
case of linoleate that linking occurs between positions 
which are, and are not, activated by  the proximity of 
olefinic double bonds. The small percentage of dimer 
isolated from the stearate product  may reflect the 
superior ease of attack (6) of ter t iary  a-methylidyne 
groups ( - - C H R - - )  as compared with secondary meth- 
ylene groups ( - - C H 2 - - )  so that the initially formed 
dimer is more readily attacked than the unchanged 
stearate. The case of stearate differs from that  of lino- 
leate where the dimer/higher  polymers ratio is sub- 
stantially higher. 

The small amount of unsaturat ion present in the 
stearate polymers is analogous to that found in the 
dehydro-polymers of cyclohexane (6). 

Carbon and hydrogen p e r c e n t a g e s  of the dimer 
and higher polymers indicate that very  little, if any, 
incorporation of tert .-butoxy radicals takes place in 

agreement with the fact  that  tert . -butyl  alcohol is the 
main product  f rom the peroxide. 

Summary 
a) Reaction Of methyl  linoleate with di-tert .-butyl 

peroxide yields tert . -butyl  alcohol and dehydro-poly- 
mers of methyl linoleate as the main products. 

b) The dehydro-dimers and higher dehydro-poly- 
mers of methyl linoleate contain conjugated diene 
unsaturation, thus indicating the involvement of the 
pentadiene system - - C H ~ C H - - C H 2 - - C H ~ C H - -  in 
the reaction. 

c) Methyl stearate yields dehydro-polymers on reac- 
tion with di-tert.-butyl peroxide, thus indicating that  
reaction can occur at points in the fa t ty  acid chains 
not activated by the proximity of olefinic double bonds. 

Acknowledgment 
Some initial experiments were carried out in col- 

laboration with D. A. Harris.  
This paper is published with the permission of the 

South African Council for  Scientific and Industr ial  
Research. 

REFERENCES 

1. Bolland, J. L., Chem. Soc. Quart.  Revs., 3, 1-21 (1949) .  
2. B:-adley, T. F., Pa in t  Ind. Mag., 66; 12, No. 3 (1951).  
3. Brice, B. A., and Swain, M. L., J. Optical Soc. Am., 85, 532 

(1945).  
4. Falkenburg, L. B., :Hill, W. H., and Wo'ff, H., d. Am. Oil Chem. 

Soc., 29, 7 (1952).  
5. Farmer,  E. H., Koch, H. P., and Sutton, D. A., J. Chem. Soc., 

541 (1943).  
. Farmer,  E. H., and Moore, C. G., J. Chem. Soc., 131-153 (1951).  
. :Harrison, S. A., and Wheeler, D. H., J. Am. Chem. Soc., 73, 839 

(1951).  
8. Joubert, F. 3., and Sutton, D. A., ,J. Am. Oil Chem. Soc. 29, 287 

(1952).  
9. Kharasch, M. S., and Gladstone, M. T., J. Am. Chem. Soc., 65, 

15 (1943),  
10. Kharasch, M. S., Jensen, E. Y., and Urry, W. H., J. Org. Chem., 

10, 386 (1945).  
11. Matic, M., and Sutton, D. A., J. Chem. Soe., 2679 (1952).  
12. Menzies, A. W. C., and Wright, S. L., J. Am. Chem. Soc., 43, 

2314 (1921). 
13. Milas, N. A., and Surgenor, D. M., J. Am. Chem. Soc., 68, 295 

(1946).  
14. Mitchell, J. It., Kraybill, :H. R., Zscheile, F. P., Ind.  Eng. Chem., 

Anal. Ed., 15, 1 (1943).  
15. Raley, J'. H., Rust, F. F., and Vaughan, W. E., J. Am. Chem. 

Soc., 70, 88, 1336 (1948).  
16. Rust, F. F., Seubold, F. H., and Vaughan, W. E., J. Am. Chem. 

Soc., 70, 95 (1948).  
17. South African Provisional Patent  Application No. 3098/51, dated 

November 24, 1951. 
18. Sunderland, E., J. Oil and Co~.eur Chemists ~ Asso., ~8, 137 

(5945).  
19. Sutton, D. A., Chemistry and ~ndustry, 272 (1951).  

[ R e c e i v e d  M a y  7, 1952]  

The 'Solvent Extraction of ,Cottonseed 
R. P. HUTCHINS, French Oil Mill Machinery Company, Piqua, Ohio 

C OTTONS EED is a unique oil seed. I t  is more 
complex and is subject to more variation than 
any other oil seed. I t  is not strange, then, that  

the problems of solvent extracting this oil seed are 
greater and more numerous, than for any other oil 
seed. Any other seed has one prefer red  method of 
handling. There '  are three distinct, commercially- 
proven methods of extracting cottonseed. Although 
exact comparative data are not. available, it seems de- 
sirable to make a prel iminary examination of the ad- 
vantages and disadvantages of these three basic 
methods. 

The most widely applied method of extracting cot- 
tonseed is to pre-press the cottonseed meats in a me- 
chanical screw press or expeller, then to extract the 

pre-pressed and the prepared cake. Figure  1 shows 
a flow chart for this method. The cottonseed is first 
cleaned, dc-linted, hulled, and the meats separated 
from a substantial par t  of the hulls. These meats are 
then put  through a crushing roll, familiar to the cot- 
tonseed industry,  and cooked. Dry  meats will be hu- 
midified in the cooker or possibly even before the 
crushing rolls. Cooking will require f rom 30 to 60 
minutes, and the cooked meats will be discharged at a 
moisture of f rom 5 to 8% and a temperature  of 220 
to 235~ A major i ty  of the oil is then pressed out in 
a continuous mechanical screw preus. 

The oil in the pre-pressed cake will vary  in current  
practice from 9% oil up to 15%. The cake will be 
broken up in a cracking roll or cake granulator  and 
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conveyed to a conditioner where it will be humidi- 
fied, usually f rom 9 to 11% moisture, and tempered to 
a discharge temperature  of 130 to 170~ The condi- 
tioned cake is then flaked and sent to the extractor. 
In  actual practice the cake granulator  and cake condi- 
t ioner are sometimes eliminated. There have also been 
quite successful operations in which flaking rolls are 
by-passed and cake sent directly f rom the presses to 
the extractor. There have been proposals to gr ind and 
size the cake before extraction instead of conditioning 
and flaking. The chief advantages of this process, 
which is the one most widely used in the industry at 
the present time, is t ha t  it is easier to control. Varia- 
tions in the seed quality are fair ly well smoothed out 
in the pre-pressing operation. This method also gives 
the lowest residual oil in flakes. This method can also 
be used fair ly satisfactorily in any type of extractor. 
There are about a dozen plants operating on this sys- 
tem at present and about six more that  will be ready 
to operate on the new crop of seed. Extract ion sys- 
tems that  appear  to handle prepared pre-pressed cake 
satisfactorily include Anderson, French,  Allis-Chal- 
mers, Blaw-Knox, Hildebrand,  and Kennedy. 

An incidental benefit from the application of this 
process is the improved capacities which have been 
found possible by  using pre-pressing set-ups. The 
mechanical screw presses or expellers are speeded up 
for pre-pressing and handle the meats f rom up to and 

RAW MEAT5 PROCE~ 2401 
.J~ 

x 

COOKED MEATS PROCESS 

F IO .  2 

r T0 
BOTH PROCESSES 

A r 

COTTONSEEO 

[ 

above 100 tons of cottonseed per day. I t  was found 
that this pre-pressing set-up had great merits in in- 
creasing operating efficiency on a complete pressing 
basis, and these discoveries are being developed by  
fu r the r  plant tests. 

Figure  2 shows the direct extraction of cottonseed 
by both the raw meats and cooked meats process. The 
raw meats process takes the meats f rom the huller 
room af ter  the cleaning, de-linting, and hulling and 
conditions them in a cooker-dryer type of a unit  or a 
steam tube dryer.  The conditioning consists, in heat- 
ing the meats to 120 to 150~ and raising the mois- 
ture to  approximately 1 0 ~  plus or minus 1%. These 
meats are then flaked quite thin, to around .005 to 
.006, and sent to the extractor.  

This method has an extensive full plant application, 
par t icular ly  by  Buckeye Cotton Oil Company, which 
has two operating plants and a third under  construc- 
Zion. Another  large capacity plant  has been put  into 
production by  Plains-Cooperative Oil Mill in Lub- 
bock, Texas, and very good results are being obtained. 
The greatest appeal is the possibility of improved oil 
quality. 

This method has been satisfactorily applied only 
with the basket type of extractor. Percolation of sol- 
vent and miscella through a relative thin layer of 
flakes seems to be necessary for  this process. Total 
immersion of flakes in solvent is not satisfactory. 

The greatest uncer ta inty  with this process is the 
meal quality. I t  is possible to br ing out a very  light- 
colored meal only by  allowing a high free gossypol 
content to remain in the meal. By increasing the in- 
tensity of toasting, it  is possible to reduce the free 
gossypol at the expense of producing a somewhat 
darker  meal. The BuCkeye Cotton Oil Company has a 
patented process involved in the extraction of raw 
cottonseed flakes which produces a meal low in free 
gossypol bu t  still very  light in color. I t  is claimed 
that this process also produces meal with superior 
nutri t ional  qualities. 

The same flow chart  shows the cooked meats process 
which utilizes the existing crushing rolls and cookers 
of an existing hydraulic press mill. By  installing a 
feeder in the  place of the former, the meats are sent 
directly to the extractor. Some cooling of the meats 
is found to be desirable. This process has had a num- 
ber of plant  scale trials by  various processors bu t  is 
not presently being used to great  extent. Two large 
capacity mills will be ready to run this fall  on this 
process. One is a basket type extractor, and the other 
is the vacuum filter extractor  being developed by  the 
Southern Regional Laboratory.  

The greatest advantages are that  it has the lowest 
first cost to an existing hydraulic mill and will also 
have the lowest operating costs. The products  pro- 
duced will be equal to hydraul ic  products. 

�9 Figure  3 shows a chart  of the comparative costs of 
these three methods. The cooked meats plant  cost is 
taken as a basis. I t  is seen that, for  a processor with 
an existing hydraulic mill, a pre-press and extraction 
plant might cost about  10% more. A plant  to ex t r ac t  
raw cottonseed flakes would cost approximately 6% 
more. As for operating costs, both the pre-pressing 
extract ion plant  and the extraction of raw flakes 
would cost approximately 14% more than would a 
cooked meats extraction plant. The difference in op- 
erat ing cost is  chiefly caused by  the fact  that  it~w0uld 
presumably take one operator in the press room if 
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mechanical presses and flaking rolls are being oper- 
ated. For  the extraction of cooked cottonseed no 
preparation operator would be required. 

The steam usage of process No. 2 and No. 3 is 
greater than for No. 1, and the electrical power is 
greater for No. I. A greater solvent loss is figured 
for processes No. 2 and No. 3. As for product value, 
for the purposes of this comparison we have assumed 
that the pre-press and extraction process would yield 
about 1% greater value. In  some cases this might 
more than offset the difference in operating costs. The 
1% edge for the pre-press process has been allotted 
on the basis of yields only and does not allow any 
credit for better quality of products which would 
probably favor the raw extraction process. 

You will also note that  if a mill has mechanical 
screw presses or expellers installed now, the initial 
cost for an extractor: to combine with the presses 
would be less than the basic cost. Note that 12% less 
means a total reduction of 22 to 25% below the cost 
when the presses are included. I t  should be under- 
stood that  these figures are only approximate and 
are worked up based on information that is currently 
available. 

Figure 4 shows a chart comparing the product qual- 
ity from these three methods of extraction. I t  would 
seem that for oil color the pressed oil should be some- 
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BE'I-rER - -  - -  
POORER I~ETTIER (I} SAME (I) 

BETTER - -  - -  
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(4~ AS SHOWN BY FREE GO55YPOL CONTENT. 
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what better as to color and refining loss than hy- 
draulic oil, and the extracted portion of the residual 
oil left in cake will be somewhat poorer. The average 
will be somewhere close to hydraulic oil. On the ex- 
traction of raw flakes there is some evidence that  the 
oil quality may be better. In  the extraction of cooked 
cottonseed meats quality will be very nearly the same 
as for hydraulic pressing. Note (1) that  oil quality is 

not certain or established for off-quality seed might 
very well apply to this complete chart  or to this com- 
plete talk, for that  matter. Cottonseed is so complex 
that years of research will be required to get all the 
answers. 

For  meal color the tendency is to have a somewhat 
darker meal in the pre-press and extraction operation, 
simply because the meal is kept hot longer and has to 
be heated again after extraction in the removal of 
residual solvent. In  the extraction of raw flakes it is 
possible to br ing out a very bright  colored meal high 
in gossypol or dark meal low in gossypol. The meal 
nutrit ion has been listed as the same for all three 
processes, but  some available evidence favors direct 
extracted meal. The meal toxicity as shown by the 
free gossypol content is better in the case of the pre- 
press and extract, poorer for the raw flakes in gen- 
eral, and approximately the same for the cooked cot- 
tonseed extraction. 

I t  might be concluded from this discussion that  the 
best processing method will vary according to the 
part icular  situation of an individual processor. A 
plant that  has presses or expellers now can almost 
certainly be best served by maintaining a pre-pressing 
step ahead of the extractor. The extraction equipment 
required is much smaller than required for direct ex- 
traction. Plants  that have cookers and hydraulic 
presses might well consider the possibility of direct 
extraction. 

The secondary oil seed crop will affect the choice of 
process. If  soybeans are to be crushed, the raw meats 
process on cottonseed becomes relatively more attrac- 
tive because the same equipment and flow can be used 
for both seeds. I f  peanuts are a secondary crop, the 
pre-press and extraction combination will be most 
attractive since pre-presses are essential in the extrac- 
tion of peanuts. This talk has been designed to sum- 
marize the present status of the commercial applica- 
tion of solvent extraction to cottonseed. Progress is 
constantly being made, and new information as it be- 
comes available, is being added to the complete pic- 
ture. Sufficient information is available now to indi- 
cate that all three commercially practiced methods 
will continue in use and have new installations made 
for at least a great number of years. 

Summary 
There are three commercially proven methods of 

solvent-extracting cottonseed. They are:  pre-press 
and extract, extract raw cottonseed flakes, and extract 
cooked cottonseed meats. Each of these methods of 
processing has advantages and disadvantages com- 
pared to the others. A comparison of installation 
costs, operating costs, extraction efficiency, and prod- 
uct quality has been made. The conclusion is drawn 
that the best method of extraction for an individual 
mill depends upon what equipment is. available. 

Plants which have existing m e c h a n i c a l  screw 
presses or expellers available should probably stick to 
the pre-prcssing and extraction method. Mills with 
cookers and hydraulic presses should consider the di- 
rect extraction of  cooked or raw cottonseed. I f  a mill 
wishes to process soybeans as a secondary crop, the 
extraction of raw cottonseed flakes is relatively more 
advantageous than for mills who have no intention of 
processing soybean. I f  peanuts are a secondary crop, 
the pre-press-extraction combination is best. 
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