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Introduction 

A t! O T T O N S E E I) f raet ionat ion method terme(l 
" l ) i f fe rent ia l  Se t t l i ng"  has been tleveloped to 
produce, f rom either (lefatte(l or u n d e f a t t e d  

flakes, a fine cottonseed meal essentially free of oil, 
hulls, and pigment glamls. The labora tory  dew'lop- 
mcnt  of the proeess has been eonlpleted and the pilot- 
plaut-scale development initiated. This process was 
developed to avoid difficultie, s encounte.red with tile 
mixed-solvent fraet ionat ion flotation process rel)orted 
for  a laboratory scale (3) anti a pre-pilot-plant scale 

( 1 5 ) .  
�9 Interest  in methods of fraet ionation of cottonseed 

meal (3, 4, 13, 15) has increased as a result  of the 
recent development and industrial  adapta t ion of the 
solvent extraction process for cottonseed (6, 7, 9, 10, 
12, 14) using p r imar i ly  commercial hexane as the 
soh,ent. This increased interest is fu r the r  enhanced 
by  the fact that  in the solvent extraction l)roeess, ill 
contrast  to hydraul ic  and screw pressing, the protein 
and pigment  glands in the meal are not essentially 
altered. A solvent-extracted meal of high nutri t ional  
value and possibly suitable as a source of protein for  
industrial  uses nmy be obtained by removal of the 
p igment  glands. Fur thernmre ,  the pigment glands 
which are a by-produc t  of tile process show promise. 
of having pharmaceut ical  uses (16). 

The s t ructure  and behavior  of pigment  glan(ts have 
been described elsewhere (3, 4, 15). For  the purt)ose 
of the present  repor t  the high mechanical s trength of 
the glands and their  al)parent  detaehment  from the 
remainder  of the kernel tissue must  be emphasized, 
as must  also the fact  that  the p igment  glands are 
unaffected by  a few solvents, such as some of the 
ehlorohydrocarbons and the low- boiling p e t r el e u m 
cuts, bu t  are rup tu red  raI)idly in the presence of 
water  and most organic solvents. 

An ideal method for  progressing cottonseed would 
be one in which pract ical ly all the pigment  glands 
would be removed intact  f rom tile meal and oil with- 
out being ruptured.  The meal and oil would then be 
separated by conventional industrial  methods, pro- 
ducing a meal of low oil content pract ical ly free of 
deleterious pigments,  and an oil easily refined to a 
light color. Such methods may be based upon a dif- 
ference ill I)hysieal propert ies  of the various com- 
ponents of the cottonseed. 

The mixed-solvent flotation method (3, 15'), which 
was the first to approaeh these ideal conditions, re- 
sulted f rom labora tory  experiments  to separate the 
pigment  glands f rom surrounding tissue so that  the 
pigments  could be evaluated in the, absence of other 
substances. I t  takes advantage of the difference in 
densities of the solid eomponenls, namely the meal, 
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pigment  glands, and hulls. C o t t o n s e e d  flakes ill a 
s lur ry  of mixe(t solvents are dis integrated violently 
to de, tach tile i)igment glands f rom the meal tissue. 
Separat ion is then effected by flotation of the pig- 
ment  glands (sp. gr. less than 1.36) in the solvent 
metliunl (sp. gr. 1.378) and settling of the meal and 
hulls which can be fu r the r  separated by increasing 
the specific gravi ty  to 1.45, inducing flotation of the 
meal and settling of the hulls. 

Pre-pi lot-plant  development of tile flotation proc- 
ess incorporat ing necessary modifications such as the 
use of 80-mesh and 230-mesh wet-scree.ning resulted 
ill the production of the first sizable quantities of 
defat ted cottonseed flour essentially free of pigment 
glands (gossypol content as low as 0 .006~)  for ntl- 
tri t ional (2, 5, 8), pharmacological  (16), analytical 
(11), protein dispersions (1), fiber and adhesives, 
and for  other investigations. 

The following inherent  disadvantages of tile mixed- 
solvent flotation process led to the dewqopment of the 
"Dif fe ren t ia l  Se t t l ing"  process : 

1. The high percentage of fine meal produced lull 
to 70~: of 2-40 microns in size) dur ing disintegra- 
tion caused interference and en t rapment  in tile sepa- 
rat ion operation. This difficulty is fu r the r  enhanced 
by  the slight overlap between the densities of the 
heavier glands and the apparel l t  densities of the finer 
meal particles. 

2. Owing to the small differe, nees in speeitic gravi- 
ties of the components to be separated,  results ob- 
tained by  centr i fugal  tests showe.d no improvement  
in the process. 

3. Cost of the heavier solvent to obtain the l)roper 
gravi ty  was about five times thai  of commercial hex- 
ane. Moreover, the heavier solvents (perehlorethyl- 
erie, triehlorethylene, and carbon tetraehloride) are 
toxic to vary ing  degrees. 

4. The miseella (when using undefat ted  flakes as a 
feed) is a three-component system eomlflie.ating the 
evaporation,  stripI)ing, and fraetionation operations. 

5. The relatively high t e m p e r a t u r e  required ill 
s t r ipping  increases tile possibility of darkeniug the 
result ing oil (14). 

6. The high tempera tures  required for  desolventiz- 
ing the meal has a denatur ing effect on the protein 
in the meal. 

Development of the Differential Settling Process 
Pre l iminary  stu(ty of the characteristics of the solid 

eomt)onents of cottonseed (meal, hulls, and pigment 
glands) showed that  the hulls were dense, solid par-  
tieles with r e l a t i v e . l y  smooth surfaces;  the pigment  
glands were compact, ovoid-shaped particles with a 
granular  appear ing  surface;  and the fine meal (2-40 
microns) had no definite shape, resembling a fluffy, 
feathery,  amorphous mater ia l  with a relatively large 
surface area per unit weight. The larger  meal part i-  
cles (over 40 microns) were i r regular  in shape, had a 
rough surfaee, and a relatively small surface per uni t  
weight. 
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Tim slow settling characterist ics of the fine meal 
partieles noted dur ing the flotation experiments  sug- 
gested a possible separat ion by  frictional resistance 
of the liquid medium. 

The effectiveness of the. frictional resistance of the 
liquid medium (commercial hexane) to the fine meal 
particles was a t t r i b u t e d  to two main factors :  the 
texture of the particles and their  total area per  unit  
weight. Exper iments  showed that  the fine meal par-  
tieles eouhl be separated f rom the other solid com- 
ponents in the s lur ry  by  taking advantage of this 
r e s i s t a n c e  of the liquid medium to these smaller 
particles to produce a slower settling rate for  the 
lat ter  as compared to that  of the bulls, glands, and 
larger  meal particles. 

Figure  1 shows three slurries of cottonseed flakes 
in commercial hexane in three (lifferent stages of set- 
tling. The first slurry,  settled overnight,  shows all 
solids settled in layers:  hulls, coarse meal, glands, 
and fine meal, respectively. The second slurry, set- 
tied t'or 20 minutes, shows the fine meal in suspension 
and the remainder of the solids settled. The third 
slurry, settled only a few seconds, slIows all of the 
solids in suspension, except for a few hulls. ]~igure 2 
shows an enlarged view of tile coml)onents of cotton- 
seed in the sh]rry seltle(l overnight. 

The hulls, having a specific gravity above 1.45, 
settled very rap id ly ;  the whole pigment glands, hav- 
ing a specific gravi ty  of beh)w 1.36, settled slightly 
more slowly than lhe hulls; bu t  the meal particles, 
which have a specific gravi ty  between that  of glands 
and bulls (1.41 to 1.44), settled more slowly than 
either the lmlls or glands. Sett l ing rate of the meal 
particles is chiefly dependent  upon their  texture  and 
pa r tMe  sizes. Slurries prepared  with either defat ted 
or undefat ted flakes settled similarly. 

Fur the r  experimentat ion showed tha t :  
1. Time required for complete settling of hulls and 

practical ly complete settling of glands could be estab- 
lished for various conditions. 

2. To (|etaeh pigment  glands f rom 92 to 95% of 
the meal tissue in a s lurry  containing a ralio of 1 
gram of cottonseed flakes (solid basis) to 1.5-1.8 rid. 
of solvent (such as commercial hexane) ,  a disintegra- 
tion (13) is necessary which reduces 70%: of the meal 
tissue to a size of 2-40 microns. 

3. Over 90% of these fine meal particles (2-40 mi- 
crons) were in suspension at the end of the, settling 
time, the amount  of pigment gland f ragments  remain- 
ing in suspension being negligible. 

4. Meal particles over 40 microns settled at rates 
intermediate  to those of pigment  glands and hulls. 

5. With undefa t ted  cottonseed flakes the oil con- 
tent  of the s lur ry  may go up to at least 30% by 
weight without apprec iably  affectillg the yield of fine 
meal by the increase of viscosity. 

6. The solvents exceptionally suitable for the proc- 
ess are those in the low specific, g ravi ty  range of 0.67 
to 0.78, such as commercial hexane, t lowever,  any 
inert  solvent of low viscosity with a specific g rav i ty  
of below 1.25 or above 1.55 will affect the separation. 
Solvents that  can be used are :  petroleum ether, sol- 
vent  naptha, benzene, and such commercial cuts as 
normal heptane, normal pentane, normal hexane, ey- 
elohexane, etc. 

7. The settled or coarse meal fraction can be redis- 
integrated and resettled to increase the yield of fine 
meal recovery. 

J~IO. 1. Slurries of cottonseed flakes in different stages of 
settling. 

()n the basis of the, above, two laboratory methods 
of I)ifferential Selt l ing were developed. A br ief  de- 
scription of each follows: 

Tube Differential Settling. A given quant i ty  of 
cottonseed flakes in a solvent s lur ry  is disintegrated 
sufficiently to pass an 80-mesh screen. S lur ry  is then 
diluted to a predetermined concentrat ion by the addi- 
tion of solvent, and the mixture  settled for a period 
of t ime determined by  observation of a test sample. 
The suspension of fine meal is then separated f rom 
the sediment by s y p h o n i n g  or decant ing;  and the 
fine meal subsequently recovered by  filtering, wasll- 
ing with solvent if undefa t ted  flakes were used, and 
desolventization. 

Centrifugal Differe~ltial Settling. Ttle principles of 
centr i fugat ion were investigated. Pre l iminary  work 
showed tlmt by  using a relative centr i fugal  force of 
about  50 I~.C.F. and a t ime period normal  to the 
operation of industr ial  continuous centrifuges, a sep- 
ara t ion similar to tank  differential settling could be 
obtained. Centr i fugal  tests using slurries similar to 
those p repa red  for  tube difl 'erential settling showed 
lhat  the fine meal remained suspended in lhe effluent 
and the hulls, glands, and larger  than 40-micron meal 
part icles packed in the sediment. Recovery of the 
fine meal conht be at tained as in tube differential 
settling. 

]n addit ion to recovery of fine meal by  filtering 
and washing for both metllods of differential settling, 
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the use of centr i fugal  forces in the range of 2,000 
R.C.F. was investigated. This was found to separate 
95% of the fine meal when using undefat ted mater ia l  
and  98% of the fine meal when using defat ted mate-  
r ial  in original disintegration. 

The settled fract ion or sediment f rom either method 
eml be redis integrated and resettled or centr i fuged to 
enhance the total yield of fine meal. l)ue to tile na ture  
of the physical characteristics of the solid components, 
the meal tends to disintegrate more readily than the 
hulls or p igment  glands Iherehy making a substant ial  
recovery possible. 

The sediment f rom this second processing consists 
of hulls, p igment  glands, and coarse meal and is a 
potential  source of both pigment  glands and a feed- 
stuff. I f  pharmaceutical  uses for tile pigment  glands 
are realized (16), the pigment glands can be sepa- 
rated and purified as described in the pre-pilot p lant  
mixed solvent flotation process (15). Fu r the r  investi- 
gat ioa  is required if the mater ial  is to be used as a 
feedstuff. 

The fine, essentially pigment-gland-free cottonseed 
flour produced by  dilh~rential sett l ing is equal or 
super ior  in quality, judged by gossypol content, to 
that  produced by the pre-pilot  p lant  mixed solvent 
flotation process. I t  ix therefore apparen t  that  this 
meal will have at least as high a nutr i t ive  value and 
as much adaptab i l i ty  for  industrial  use. 

Exper imenta l  Data  

Some pre l iminary  experiments  had shown that  the 
part icle  size of firm meal obtained in differential set- 
t l ing was in the range of 2 to 50 nlicrons; that  with 
good disintegration a yield of 70-75% of fine meal 
could be obtained whereas insufficient disintegration 
r e s u l t e d  in correspondingly poor yields;  and tha t  
with similar settling periods tl~e port ion of fine nleal 
suspension taken f rom the top of the settling tube 
contained less gland material  than the portion f rom 
the bot tom of the tube. 

A systematic series of experiments  was then con- 
dueted 1o determine the effects of vary ing  the time 
of sett l ing and the per  cent solids and to determine 
tl~e differcnee in behavior  of slurries p repared  f rom 
defat ted and undefat ted flakes. 

Effect of Co~dition.~" on Yield. In  studies of tube 
differential settling (experiments  6 through 13) two 
types of slurries were used: one p repared  by mixing 
4.8 pounds of undefa t ted  flakes with one-half gallon 
of (.ommercial hexane;  and the other, by  mixing 5.5 
pounds of dried hexane-extracted flakes with 1 gallon 
of connncrcial hexane. Slurries were disintegrated in 
a modified commercia l - type  b l e n d e r  and then wet- 
screened through an 8(l-mesh screen to remove the 
excess coarse meal and hulls. A 30-ram. glass tube 
wax used for all samples. Only one removal of fine 
meal suspension was made in each ease, the fine meal 
adher ing to the coarse particles being reported as 
sedinlent. 

The results in Tahle I show the effects of time set- 
tied, per  cent solids, and per  cent oil on the yield of 
iine, gland-free meal obtained f rom tile meal suspen- 
sion in tube differential settling. I t  is apparen t  that  
the yield varies inversely with the tinle of settling. 
In  increasing the settling time f rom 60 to 1115 min- 
utes a decreased yield of 3.4 to 11.9% is noted for  
defa t ted  slurries and 3.5 to 8.1% for  undefa t ted  slur- 

Fr(;. 2. Enlarged view of cottonseed slurry settled overnight. 

rics. Small gland f ragments  present  in the fine meal 
werc negligible. The effect of total solids, on yield, 
is negligible except for  the 135-mhmtc defatted sam- 
pies with 1.0.9% solids whie, h showed a yield of 6.5% 
greater  than the 5.0% solids sample. The presence 
of oil has little or no effect on the yiehl. For  exam- 
pie, the 60-minute sample of undefat ted 5.2% solids 
shn ' ry and the 60-minute sample of defat ted 5.0% 
solids s lur ry  y M d e d  77.5 and 77.6% tine meal, re- 
spectively. Consequently, either defat ted or undefat-  
ted cottonseed tlakes can be used in the process. 

In studies of centr i fugal  differential settling (ex- 
periments 14 through 19), tests were made using a 
labora tory  batch-type centrifuge. Slurries prepared 
with defat tcd and ut~defatted flakes were the same 
as those uscd in tube differential settling. Samples 
of approximate ly  70 ml. each were centr i fuged at 
50, 75, and 100 R.C.I?. (Relative Centr i fugal  Force) .  
Pigment  glands, hulls, and coarse meal settled out. 
The firle nleal remaining in suspension was recovered 
by  centr i fuging at 2,000 R.C.F. 

Tile effect of relative centr ifugal  force and of type 
of s lur ry  is shown in Table i I .  Fo r  both  types of 
siurries tim per cent yield of fine meal increases with 
a decrease in centr i fugal  forces. At  100 R.C.F.  tile 
yield is apprec iably  lower for the defat ted than for  
the undefa t ted  mater ia l ;  and at 50 R.C.F. the yields 
are comparable.  I t  is apparen t  therefore that  the ~,-is- 
eosity of the s lur ry  has some effect on the yield of 
fine meal at  the higher R.C.]~'. IIowever,  since the 
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T A B L E  1 

Ef fec t  of Condit ions  Upon Yield os 

Constant  Condit ions 
Exper iment  

No.  JO el)l,lx 
S lurry  

2 4  inches 
2 4  inches 
2 4  inches 
2 4  inches 
2 4  inches 
2,1 inches 
2 4  inches 
2 4  inches 

Sol ids  

pet. 
1 0 . 9  
10.9  

5 .0  
5 .0  

1 3 . 1  
1 3 . 4  

5 .2  
5 .2  

Fine,  Gland-l~'ree Meal 

Var iables  

T y p e  Slu rry 

6 . . . . . . . . . . . . . . . . .  DefaLted 
7 . . . . . . . . . . . . . . . . .  l )efatted 
8 . . . . . . . . . . . . . . . . .  I)efatted 
9 . . . . . . . . . . . . . . . . .  Defatted 

lO . . . . . . . . . . . . . . . . .  Undefat ted  
11 . . . . . . . . . . . . . . . . .  Undefat ted  
12 . . . . . . . . . . . . . . . . .  Undefat tcd  
13  . . . . . . . . . . . . . . . . .  l ;ndefat led  

Oil 

pe t .  
None  
N o n e  
None,  
N o n e  
3 1 . 0  
3 1 . 6  
1 1 . 5  
1 1 . 5  

Timo 
Settled 

nl ~ R. 
60  

1 3 5  
6~ 

1 3 5  
6O 

1 3 5  
6 0  

135 

Yield 

pet. 
7 5 . 6  
7 2 . 2  
7 7 . 6  
6 5 . 7  
7 4 . 0  
7 o . 5  
7 7 . 5  
6 9 . 4  

purity  (per cent pigment  gland ill meal)  of the fine 
meal for both 50 anti 100 R.C.F.  were the same, zero 
per cent, as shown in Table I I I, operation at R .C .F .  
of even lower than 50 R.C.F .  wouhl be desirable. On 
the basis of the above, the effect of oil in the slurry 
wouhl  be negligible and the yiehl higher for any pro- 
posed process at the preferable lower R.C.F .  

T A B L E  ] [  

}]fleet of R e l M i v e  Centrifugal  Force and TyI ,~  of  S l u r r y  on the 
Yield of F i n e ,  ( } l a n d - F r e e  hleal 

. ] Constant  (!onditions 
Exl )er lment  ] . . . . . . . .  

No.  Solids e l i  Type  S lurry  

[ pe t .  [ pet. [ 
o ,)( T , 1 4  . . . . . . . . . . . . . . . . . . . . . . . . .  1~ .4  , . l  [ L ndefatted 

15  . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 2 . 4  I 2 9  t Undefat ted  
o o - 16  . . . . . . . . . . . . . . . . . . . . . . . . .  1 , . 4  ~9 U ndefat.ted 

17  . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 . 7  None  1)efatted 
18  . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 . 7  None  Defatted 
19  . . . . . . . . . . . . . . . . . . . .  I 1 ~  I N o n e  P ))~ 

Variables  

R C ~' ~i;1-a- 
pet. 

5 0  6 5 . 1  
7 5  5 9 . 2  

100 5 8 . 9  
5o  6 3 . 0  
7 5  5 2 . 0  

t o 0  4 4 . 9  

Product QTfality. The percentage of total glands ill 
both the fine meal fractions and in the sediment frac- 
tions of a cottonseed slurry fract ion~ by the two 
methods of differential settl ing are shown ill Tahle 
It I, expcrinlents 20 through 23. 

The u n d e f a t t e d  slurry was prepared froln flakes 
disintegrated ill commercial  hexane and, as in the 
previous experiments,  wet-screened thi'ough 8()-mesh 
for removal of excess hulls and coarse meal. 

For  the centrifugal  differential settl ing tests two 
sanlples of the resulting shlrry were centrifuged at 
g~0 and 100 R. ( ' ,F . ,  r e s p e c t i v e l y ,  fol lowed by een- 
tr i fngation of tile suspension of fine meal at 2,000 
R.C.F .  to recover the fine, gland-free meal. To de- 
termine the per eent pigment glands, each fract ion 
(the original sediment and the fine meal)  was dihlted 
with a mixture of commercial  hexane and l)erchlor- 
ethylene to a specific gravity of 1.378 and allowed to 
settle for separation of glands. The glands were re- 
covered, washed ill commercial  hexane, vacuum-dried, 
and weighed. The api)roxinlate per cent purity  of 
the glands was microscopically deternlined, and on 
this basis tile per cent of the total glands in each 
fraction determined. The weight of tile meal in each 
fraction was determined by filtering the slurries after 
removal of glands, washing with hexane, and drying.  

For  the tube differential settl ing tests two samples 
of the original s lurry were settled for 60 and 135 
mim~tes, respectively. At the end of the settling peri- 
ods the meal suspensions were withdrawn,  filtered, 
washed ill commercial hexane, and v a c u u m - d r i e d .  
These meal and sediment fractions were p r o c e s s e d  
as in the centrifugal  (~xperiment for separation anti 
determination of the per cent pigment glands. Table 
III  presents the yields of fine meal, essentially pig- 

ment gland-free, and the percentage of total glands in 
the fine meal and in the sediment. 

The results in Table III  show that by both tube 
and centrifugal  differential settl ing a fine meal frac- 
tion practically free of  pigment glands ean be ob- 
tained. Al though the yields of fine meal obtained 
with centrifugation in the present work are h)wer 
than those obtained in tube differential settling, con> 
parable results can be obtained by using a hlwer 
R.C.F .  The enriched gland fraction produced by  
both nlethods of differential settl ing can be further 
processed for additional re(.overy of fine meal frac- 
tion and for the recovery of the glands if desired. 

q ' A B L E  I I I  

Centrifugal  and Tube  Differential  Sett l ing D a t a  

I Differential Sett l ing 

Centrifugation, T u h e  

~ q ~ E x p c r i m e n t  No . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  , ~ ~  t i ~  ~ n 1 2 0  I1 2 1  II 2 2  2 3  

. . . .  t g . . . . . .  o o5 I o l ,  1 . . . . . .  I . . . . . .  
M,'t. solids in fine meal c a k e  . . . . . . .  :1.4:/ ] 2.,1~I ] 22.1:1 2 0 . 1 8  
',Vt. solids in sediment,  gins . . . . . . .  I 2.11/ ] 3 . 0 8  I 7 . 5 4  9 . 5 4  
Total wt.  solids recovered,  gins. 5 . 7 3 5  ] 5 . 7 5  [ 2 9 . 6 7  2 9 . 7 2  
IVt.  glands  in meal cake, gins . . . .  0.Cn)0 i 0 . o o o  ' 0 . 0 0 2  trace 
~,r glands  in sediment,  gins . . . . . .  0 . 1 0  0 . 1 6  0 . 8 6  0 . 8 6  
Total wt. g lands recovered,  gms  0.11~ 0 . 1 6  0 . 8 6 2  0 . 8 6  
~c glands in original  solids . . . . . . . .  1 . 7 4  2 . 7 8  I 2 . 8 9  2 . 8 9  
% glands in sediment . . . . . . . . . . . . . . . . .  4 . 7 6  5 . 2 0  , 1 L 4  9 . 0  
c~ of total g lands  in fine meal . . . .  0 . 0 0  ().()(I 0 . 2 3  0 . 0 0  
% of total g lands in sediment . . . .  I o ( L 0 0  1 0 0 . 0 0  9 9 . 7 7  0 0 . 0 0  
9'o of total meal in final eBluent. 3 . 6 1  3 . 4 0  I . . . . . . . . . . . .  
~ of total meal in meal cake . . . . .  6 0 . 9  4 4 . 4  1 7 6 . 8  6 9 . 9  
% of  total meal in sediment . . . . . . .  3 5 . 5  5 2 . 2  ] 2 3 . 2  3 0 . 1  
% total solids in s l u r r y .  . . . . . . . . . . . . .  1 2 . 0  1 2 . 0  1 1 2 . 0  1 2 . 0  

Commercial  Process Possibilities 
These results have warranted the develop~ en- 

gineering, and construction of the f u l l - s c a l e  pilot 
plant for the purpose of determining the applicabil- 
ity of the differential sett l ing process to colnmercial 
production on an economical  basis. Equipment  for 
the various unit operations was selected after consul- 
tation with many  manufacturers  and their engineers. 
The p i l o t - p l a n t  was designed and constructed for 
maximum flexibility to permit  a thorough chemical 
engineering study of the fo l lowing unit  operations 
and processes: material  preparation, disintegration, 
separation, filtration, desolventization,  and oil recov- 
ery. Continuation of this fract ionation study will 
further determine whether the process can he used 
at a reasonahle cost to obtain both a cottonseed oil 
comparable in grade ( if  undefatted flakes are used) 
to that produced by other methods, and a light-col- 
ored meal suitable as a high-grade protein feed and 
as a source of l i g h t - c o l o r e d  protein for industrial  
util ization. P igment  glands will  be a by-product  of 
the process. 

The differential sett l ing process can p o s s i b l y  be 
used in conjunction with cont inuous solvent extrac- 
tion s y s t e m s  in either of two ways. One method 
wouht be to feed defatted, solvent-damp cottonseed 
meal from a solvent extraction plant directly into 
the disintegration equipment.  Meal would then be 
disintegrated, differentially settled, and the resnlting 
products recovered as previously outlined. By this 
procedure desolventization would be done only once 
- - a t  the conclusion of the entire process. Further-  
more, since additional extraction of oil wouht take 
place during the subsequent  disintegration and set- 
t l ing steps, extracted flakes could be fed to the dis- 
integrator at an oil content of about 3-4% instead of 
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l C/c or less, as is the aim in present  industrial  solvent 
extraction of cottonseed. The capaci ty of the extrac- 
tor wonld thus probahly  be doubled since the last 
3 or 4% of oil in tlakes is removed during the diffu- 
sion stage, the. most lengthy, difficult, and expensive 
part  of the extraction. The weak miseella f rom the 
differential settling process containing the 3 or 4% 
oil eouhl then be used in place of solvent in the sol- 
vent extraction plato.  The result ing savings could bc 
applied to the cost of the differential settling process 
when emnbined with an existing solvent extraction 
installation. The enhanced value of the meal obtained 
by  the use of the combined i)rocess shouht result  in 
addit ional  economic gain. 

The second possible commercial  process is one in 
which undefat ted  flakes would be fed directly to the 
disintegrator.  Af ter  the usual disintegration, settling, 
an(l product  recovery steps, the emerging meal con- 
taining 6 to 10% oil eonht be. extracted by soh'ent- 
washing, lhe meal recovered by eentrifugation,  and 
the oil and solvent recovered in the con v e n t i o u a l  
maimer.  Fresh solvent would be used on this meal 
pernl i t t ing efficient extraction, and the result ing rots- 
cella could in tnrn  be nsed in prepar ing  the s lurry  
for the original disintegration. 

Summary and Conclusions 
A fra(,tionation process termed "di f ferent ia l  set- 

t l i n g "  has been developed to produce a cottonseed 
meal subslant ia l ly  free of oil, pigme.nt glands, and 
hulls from either defal ted or undefat ted  flakes. The 
development of the process was initiated dur ing the 
work on a mixed solvent flotation method of fraetion- 
ation whMl showed several inherent  disadvantages.  
The investigation of the flotation melhod had shown 
that  cottonseed meal essentially p igmen t -g l and - f r ee  
( g o s s y p o l  eontent as low as 0.0(16cA) had a high 
mltr i t ional  value and was a source of protein for  
industr ial  uses. The meal produced by  the differen- 
iial settling l)rocess has as low a gossvl)ol., eontent as 
the nteal produced by  the. flotation principle and 
overcomes the disadvantages.  

The advanlages  of the differential settling process 
are as follows: 1. ] t  requires only one solvent and  
is more readily adaptable  to present  soIvent-extrae- 
lion plants  than a process using mixed solvents-- the  
preferred soh'ent, commer(,ial hexane, is commonly 
used ill pract ical ly all vegetable oil solvent-extraction 
plants, and is nmeh cheaper and less toxic than the 

high specific gravi ty  solvents, such as tetraehlorethyl-  
ene, used in the mixed-solvent method;  2. fraction- 
ation of solvents and control of sI)eeific gravi ty  is 
el iminated;  3. I)ower consumption for  the disintegra- 
tion and eentr i fugat ion steps is less since a l ighter 
weight s lur ry  is used; 4. less total heat and lower 
tempera tures  are required in desoh'entizing both the 
oil and meal, therel)y decreasing the possibility of 
darkening the oil and denatur ing the protein of the. 
meal ;  and 5. the time required for the separation of 
the s lur ry  into the fine meal suspension and sediment 
is considerably less than re(luired for  the separation 
of glands f rom the meal fract ion in the nfixed-solvent 
flotation process. 

Two methods, c e n t r i f u g a l  and tube settling, of 
the differential settling process have been developed 
which show promise for  commercial s e p a r a t i o n  of 
the eonlponenls of cottonseed, nanlely meal, t)igment 
glands, hulls and oil. Removal of the pigment glands 
f rom the coarse fract ion or sedinlent will depend on 
pharmaceut ica l  or other uses developed. 

Commercial  possibilities of using the differential 
settling process in combination with present ('otton- 
seed soh'ent-extraction processes have been outlined. 
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Studies on Condelillo Wox. i. Its n-Acids and n-Alcohols 
H. A. SCHUETTE and J. G. BALDINUS, University of Wisconsin, Madison, Wis. 

D E S P I T E  its wide technological use candelilla 
wax has not been very intensively investigated. 
A need exists for  a re-examination of published 

work- -some of it  could profi tably be reviewed, partic- 
ularly the s ta tement  that  it contains a lactone (6) .... 
and the appl icat ion of some of the newer analyt ical  
techniques to the prohhml of filling some of the obvi- 
ous gaps in our knowledge of the composition of this 
substance. That  which folh)ws is the first of several 
eomnmnications in which are repor ted  results of such 
a study. 

This plant  wax eovers the entire snrfae, e of sev- 
eral speeies of Euphorbiaeeae,  Pedila.nlhus pavo nis 
and Euphorbia cerifera--the lat ter  is probably  E. 
aMisyphilitica (4) of an earlier d a y - - t h a t  grow in 
the semiarid regions of northern Mexico and south- 
ern Texas. In form they are leafless, reed-like stems, 
one to three feet high and f rom one-eighth to five- 
sixteenths inch in diameter.  Sometimes as many  as 
100 of these spring f rom a single root. The plants 
grow without benefit of cultivation, intersperse(t with 
other desert flora, and nmst be harvested by hand. 


