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Introduction

COTTONSEED fractionation method termed
“‘Differential Settling”” has been developed to
produce, from either defatted or undefatted

flakes, a fine cottonseed meal essentially free of oil,
hulls, and pigment glands. The laboratory develop-
ment of the process has been completed and the pilot-
plant-scale development initiated. This process was
developed to avoid difficulties encountered with the
mixed-solvent fractionation flotation process reported
for a laboratory scale (3) and a pre-pilot-plant scale
“(15).

Interest in methods of fractionation of cottonseed
meal (3, 4, 13, 15) has increased as a result of the
recent development and industrial adaptation of the
solvent extraction process for cottonseed (6, 7, 9, 10,
12, 14) using primarily commercial hexane as the
solvent. This increased interest is further enhanced
by the fact that in the solvent extraction process, in
contrast to hydraulic and serew pressing, the protein
and pigment glands in the meal are not essentially
altered. A solvent-extracted meal of high nutritional
value and possibly suitable as a source of protein for
industrial uses may be obtained by removal of the
pigment glands. Furthermore, the pigment glands
which are a by-product of the process show promise
of having pharmaceutical uses (16).

The strueture and behavior of pigment glands have
been deseribed elsewhere (3, 4, 15). For the purpose
of the present report the high mechanical strength of
the glands and their apparent detachment from the
remainder of the kernel tissue must be emphasized,
as must also the fact that the pigment glands are
unaffected by a few solvents, such as some of the
¢hlorohydrocarbons and the low-boiling petroleum
cuts, but are ruptured rapidly in the presence of
water and most organic solvents.

An ideal method for processing cottonseed would
be one in which practically all the pigment glands
would be removed intact from the 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 practically free of
deleterious pigments, and an oil easily refined to a
light color. Such methods may be based upon a dif-
ference in physical properties of the various com-
ponents of the cottonseed.

The mixed-solvent flotation method (3, 15), which
was the first to approach these ideal conditions, re-
sulted from laboratory experiments to separate the
pigment glands from surrounding tissue so that the
pigments could be evaluated in the absence of other
substances. It takes advantage of the difference in
densities of the solid components, namely the meal,
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pigment glands, and hulls. Cottonseed flakes in a
slurry of mixed solvents are disintegrated violently
to detach the pigment glands from the meal tissue.
Separation iy then effected by flotation of the pig-
ment glands (sp. gr. less than 1.36) in the solvent
medium (sp. gr. 1.378) and settling of the meal and
hulls which can be further separated by increasing
the specific gravity to 1.45, inducing flotation of the
meal and settling of the hulls.

Pre-pilot-plant development of the flotation proc-
ess incorporating necessary modifications such as the
use of 80-mesh and 230-mesh wet-sereening resulted
in the production of the first sizable quantities of
defatted cottonseed flour essentially free of pigment
glands (gossy pol content as low as 0.0069% ) for nu-
tritional (2, 5, 8), pharmacological (16), analytical
(11), protein dispersions (1), fiber and adhesives,
and for other investigations.

The following inherent disadvantages of the mixed-
solvent flotation process led to the development of the
“ Differential Settling’’ process:

1. The high percentage of fine meal produced (up
to 709% of 2-40 microns in size) during disintegra-
tion caused interference and entrapment in the sepa-
ration operation. This difficulty is further enhanced
by the slight overlap between the densities of the
heavier glands and the apparent densities of the finer
meal particles.

2. Owing to the small differences in specific gravi-
ties of the components to be separated, results ob-
tained by centrifugal tests showed no improvement
in the process.

3. Cost of the heavier solvent to obtain the proper
gravity was about five times that of commercial hex-
ane, Moreover, the heavier solvents (perchlorethyl-
ene, trichlorethylene, and carbon tetrachloride) are
toxic to varying degrees.

4. The miscella (when using undefatted flakes as a
feed) 1s a three-component system complicating the
evaporation, stripping, and fractionation operations.

The relatively high temperature required in
stripping increases the possibility of darkening the
resulting oil (14).

The high temperatures required for desolventiz-
ing the meal has a denaturing etfect on the protein
in the meal.

Development of the Differential Settling Process

Preliminary study of the characteristies of the solid
components of cottonseed (meal, hulls, and pigment
glands) showed that the hulls were dense, solid par-
ticles with relatively smooth surfaces; the pigment
glands were compact, ovoid-shaped particles with a
granular appearing surface; and the fine meal (2-40
microns) had no definite shape, resembling a fluffy,
feathery, amorphous material with a relatively large
surface area per unit weight. The larger meal parti-
cles (over 40 mierons) were irregular in shape, had a
rough surface, and a relatively small surface per unit
weight.
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The slow settling characteristics of the fine meal
particles noted during the flotation experiments sug-
gested a possible separation 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 attributed to two main factors: the
texture of the particles and their total area per unit
weight. Experiments showed that the fine meal par-
ticles could be separated from the other solid com-
ponents in the slurry by taking advantage of this
resistance of the liguid medium to these smaller
particles to produce a slower settling rate for the
latter as compared to that of the hulls, glands, and
larger meal particles.

Figure 1 shows three slurries of cottonsced flakes
in commercial hexane in three different 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-
tled for 20 minutes, shows the fine meal in suspension
and the remainder of the solids settled. The third
slurry, settled only a few seconds, shows all of the
solids in suspension, except for a few hulls. Figure 2
shows an enlarged view of the components of cotton-
seed in the slurry settled overnight.

The hulls, having a specific gravity above 1.45,
settled very rapidly; the whole pigment glands, hav-
ing a specifie gravity of below 1.36, settled slightly
more slowly than the hulls; but the meal particles,
which have a specific gravity between that of glands
and hulls (1.41 to 1.44), settled more slowly than
either the hulls or glands. Settling rate of the meal
particles is chiefly dependent upon their texture and
particle sizes. Slurries prepared with either defatted
or undefatted flakes settled similarly.

Further experimentation showed that:

1. Time required for complete settling of hulls and
practically complete settling of glands could be estab-
lished for various conditions.

2. To detach pigment glands from 92 to 95% of
the meal tissue in a slurry containing a ratio of 1
gram of cottonseed flakes (solid basis) to 1.5-1.8 ml.
of solvent (such as commercial hexane), a disintegra-
tion (13) is necessary which reduces 709 of the meal
tissue to a size of 2-40 microns.

3. Over 909 of these fine meal particles (2-40 mi-
crons) were in suspension at the end of the settling
time, the amount of pigment gland fragments 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 undefatted cottonseed flakes the oil con-
tent of the slurry may go up to at least 30% by
weight without appreciably affecting the vield of fine
meal by the increase of viscosity,

6. The solvents exceptionally suitable for the proe-
ess are those in the low specific gravity range of 0.67
to 0.78, such as commercial hexane. However, any
inert solvent of low viscosity with a specifiec gravity
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, cy-
clohexane, ete.

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

F1¢. 1. Slurries of cottonseed flakes in different stages of
settling,

On the basis of the above, two laboratory methods
of Differential Settling were developed. A brief de-
seription of each follows:

Tube Differential Settling. A given quantity of
cottonseed flakes in a solvent slurry is disintegrated
sufficiently to pass an 80-mesh screen. Slurry is then
diluted to a predetermined concentration by the addi-
tion of solvent, and the mixture settled for a period
of time determined by observation of a test sample.
The suspension of fine meal is then separated from
the sediment by syphoning or decanting; and the
fine meal subsequently recovered by filtering, wash-
ing with solvent if undefatted flakes were used, and
desolventization.

Centrifugal Differential Settling. The principles of
centrifugation were investigated. Preliminary work
showed that by using a relative centrifugal foree of
about 50 R.C.F. and a time period normal to the
operation of industrial continuous ceutrifuges, a sep-
aration similar to tank differential settling could be
obtained. Centrifugal tests using slurries similar to
those prepared for tube differential settling showed
that the fine meal remained suspended in the effluent
and the hulls, glands, and larger than 40-micron meal
particles packed in the sediment. Recovery of the
fine meal could be attained as in tube differential
settling.

In addition to recovery of fine meal by filtering
and washing for both methods of differential settling,
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the use of centrifugal forces in the range of 2,000
R.C.F. was investigated. This was found to separate
95% of the fine meal when using undefatted material
and 989 of the fine meal when using defatted mate-
rial in original disintegration.

The settled fraction or sediment from either method
can be redisintegrated and resettled or centrifuged to
enhance the total yield of fine meal. Due to the nature
of the physical characteristies of the solid ecomponents,
the meal tends to disintegrate more readily than the
hulls or pigment glands thereby making a substantial
recovery possible.

The sediment from this second processing consists
of hulls, pigment glands, and coarse meal and is a
potential source of both pigment glands and a feed-
stuff. If pharmaceutical uses for the pigment glands
are realized (16), the pigment glands can be sepa-
rated and purified as described in the pre-pilot plant
mixed solvent flotation process (15). Further investi-
gation is required if the material is to be used as a
feedstuft.

The fine, essentially pigment-gland-free cottonseed
flour produced by differential settling is equal or
superior in quality, judged by gossypol content, to
that produced by the pre-pilot plant mixed solvent
flotation process. It is therefore apparent that this
meal will have at least as high a nutritive value and
as much adaptability for industrial use.

Experimental Data

Some preliminary experiments had shown that the
particle size of fine meal obtained in differential set-
tling was in the range of 2 to 50 microns; that with
good disintegration a yield of 70-75% of fine meal
could be obtained whereas insufficient disintegration
resulted i correspondingly poor yields; and that
with similar settling periods the portion of fine meal
suspension taken from the top of the settling tube
contained less gland material than the portion from
the bottom of the tube.

A systematice series of experiments was then con-
ducted to determine the effects of varying the time
of settling and the per cent solids and to determine
the differenee in behavior of slurries prepared from
defatted and undefatted flakes.

Effect of Conditions on Yield. Tn studies of tube
differential settling (experiments 6 through 13) two
types of slurries were used: one prepared by mixing
4.8 pounds of undefatted flakes with one-half gallon
of commereial hexane; and the other, by mixing 5.5
pounds of dried hexane-extracted flakes with 1 gallon
of commercial hexane. Slurries were disintegrated in
a modified commercial-type blender and then wet-
sereened through an 80-mesh scereen to remove the
excess coarse meal and hulls. A 30-mm. glass tube
was used for all samples. Only one removal of fine
meal suspension was made in each case, the fine meal
adhering to the coarse particles being reported as
sediment,

The results in Table T show the effects of time set-
tled, per cent solids, and per cent oil on the yield of
fine, gland-free meal obtained from the meal suspen-
sion in tube differential settling. It is apparent that
the yield varies inversely with the time of settling.
Tn increasing the settling time from 60 to 135 min-
utes a decreased yield of 3.4 to 11.9% is noted for
defatted slurries and 3.5 to 8.1% for undefatted slur-

Frg. 2. Enlarged view of cottonseed slurry settled overnight.

ries. Small gland fragments present in the fine meal
were negligible, The effect of total solids, on yield,
is negligible except for the 135-minute defatted sam-
ples with 1099 solids which showed a yield of 6.5%
greater than the .09 solids sample. The presence
of o0il has little or no effect on the yield. For exam-
ple, the 60-minute sample of undefatted 5.2% solids
slurry and the 60-minute sample of defatted 5.09
solids slurry yielded 77.5 and 77.6% fine meal, re-
speetively. (onsequently, either defatted or undefat-
ted cottonseed flakes can be used in the process.

In studies of centrifugal differential settling (ex-
periments 14 through 19), tests were made using a
laboratory batch-type centrifuge. Slurries prepared
with defatted and undefatted flakes were the same
as those used in tube differential settling. Samples
of approximately 70 ml. each were centrifuged at
50, 75, and 100 R.C.F. (Relative (‘entrifugal Foree).
Pigment glands, hulls, and coarse meal settled out.
The fine meal remaining in suspension was recovered
by centrifuging at 2,000 R.C.F.

The effect of relative eentrifugal force and of type
of slurry is shown in Table II. For both types of
slurries the per cent yield of fine meal increases with
a deercase in centrifugal forces. At 100 R.C.F. the
yield is appreciably lower for the defatted than for
the undefatted material; and at 50 R.C.F. the yields
are comparable. It is apparent therefore that the vis-
cosity of the slurry has some ecffeet on the yield of
fine meal at the higher R.C.F. HHowever, sinee the
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TABLE 1
P,t’fo(t of Condltmns [ pon Yleld ni Fine, Glund P‘xet‘ \I(‘dl

I Const.ant Condmons Variables
Experiment _—— — - -
No. . Deptl , . Ti

N Type Slurry Slfllll'r;' Solids Oil Se,]t.‘tlll:d Yield

- ‘ [ pet. pet. nmin, p(-r
6. .| Defatted 24 inches 10.9 None 60 75.6
7 ... Defatted 24 inches 10.9 None 135 72.2
8. .| Defatted 24 inches 5.0 None 60 ' 77.6
9 Defatted 24 inches 5.0 None 135 | 65.7
10, Undefatted | 24 inches 18.1 31.0 60 | 74.0
1 Undefatted | 24 inches 13.4 31.6 135 705
12, Undefatted | 24 inches 5.2 11.5 60 77.5
13 1 Undefatted | 24 inches | 5.2 11.5 135 69.4

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

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

The results in Table IIT show that by both tube
and centrifugal differential settling a fine meal frae-
tion practically free of pigment glands can be ob-
tained. Although the yields of fine meal obtained
with centrifugation in the present work are lower
than those obtained in tube differential settling, eom-
parable results can be obtained by using a lower
R.C.¥. The enriched gland fraction produced by
both methods of differential settling can be further
processed for additional recovery of fine meal frac-
tion and for the recovery of the glands if desired.

TABLE IT1
(omnfugdl dlld Tube Differential Sottlmz Data

] I)llTorentml Settlmg

posed process at the preferable lower R.C.F. Centrifugation Tube
Experiment No.n, 20 21 22 23
How processed..........ccococrennen 50 R.C.F. (100 R.C. ¥} 60 min.| 135 min.
TABLE 1L Wt. meal i in final efluent, gms...: 0.205 019 | . | T
At Wt. solids in fine meal cake... 3.43 248 22.13 20.18
Effect of Relutive Centrifugal Force and Type of Slurry on the Wt. solids in sediment, gms.. 2.10 3.08 7.54 9.54
Yield of Fine, Gland-Free Meal Total wt. solids recovered, gnn 5.735 5.75 29.67 29.72
— o —_— e Wt. glands in meal cake, gms 0.000 0.000 0.002 trace
o - B P ‘Wt. glands in sediment, gm=...... 0,10 0.16 .86 .86
Experiment Constant Conditions Variables Total wt. glands recovered, gms 10 0.16 0.362 (0,86
r — — J— BTN S y o= o .

Nol | Tsotas | on | TypeSwrry | Roew | Yeld 7 Eedinongmiliit.. 74| 2in ]2 aa
oot ot | ' sot Y of total glands in fine meal.... 0.00 0.00 | 0.23 0.00
pet. pee. pot. % of total glands in sediment....! 100.00 100.00 99.77 ‘ 00.00
111141 ‘{3 {’ngegaged 00 | 931) %o of total meal in final (Zﬂll:l(‘n(. 3.61 340 | .. .

2.4 26 sndefatte I 59.2 % of total meal in meal cake.....| 60.9 44.4 76.8 69.9

12.4 29 Undefatted 100 58.9 “% of total meal in sediment.......| 35.5 52.2 23.2 30.1

107 None | Defatted | 50 | 63.0 % total solids in SIUTTY....ccoorr.. 12,0 12.0 (1200 | 1200

. None efatte ! : 2. s
10.7 None Defatted I 1()() | 449

Product Quality. The percentage of total glands in
both the fine meal fractions and in the sediment frac-
tions of a cottonseed slurry fractionated by the two
methods of differential settling are shown in Table
111, experiments 20 through 23.

The undefatted slurry was prepared from flakes
disintegrated in commercial hexane and, as in the
previous experiments, wet-screened through 80-mesh
for removal of excess hulls and coarse meal.

For the centrifugal differential settling tests two
samples of the vesulting slurry were centrifuged at
50 and 100 R.C.F., respectively, followed by cen-
trifugation of the suspension of fine meal at 2,000
R.C.F. to recover the fine, gland-free meal. To de-
termine the per cent pigment glands, each fraction
(the original sediment and the fine meal) was diluted
with a mixture of commercial hexane and perchlor-
ethyvlene to a specific gravity of 1.378 and allowed to
settle for separation of glands. The glands were re-
covered, washed in commercial hexane, vacuum-dried,
and weighed. The approximate per cent purity of
the glands was microscopically determined, and on
this basis the per cent of the total glands in each
fraction determined. The weight of the meal in each
fraction was determined by filtering the slurries after
removal of glands, washing with hexane, and drying.

For the tube differential settling tests two samples
of the original slurry were settled for 60 and 135
minutes, respectively. At the end of the settling peri-
ods the meal suspensions were withdrawn, filtered,
washed in commereial hexane, and vacuum-dried.
These meal and sediment fractions were processed
as in the centrifugal experiment for separation and
determination of the per cent pigment glands. Table
IIT presents the yields of fine meal, essentially pig-

Commercial Process Possibilities

These results have warranted the development, en-
gineering, and construction of the full-scale pilot
plant for the purpose of determining the applicabil-
ity of the differential settling proeess to commercial
production on an economical basis. Equipment for
the various unit operations was selected after consul-
tation with many manufacturers and their engineers.
The pilot-plant was designed and constructed for
maximum flexibility to permit a thorough chemical
engincering study of the following unit operations
and proeesses: material preparation, disintegration,
separation, filtration, desolventization, and oil recov-
ery. Continuation of this fractionation study will
further determine whether the process can be used
at a reasonable 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 light-colored protein for industrial
utilization. Pigment glands will be a by-product of
the process.

The differential settling process can possibly be
used in conjunction with continuous solvent extrac-
tion systems in either of two ways. One method
would 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 resulting
products recovered as previously outlined. By this
procedure desolventization would be done only once
—at the conclusion of the entire process. Further-
more, since additional extraction of oil would take
place during the subsequent disintegration and set-
tling steps, extracted flakes could be fed to the dis-
integrator at an oil content of about 3-49, instead of
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1% or less, as is the aim in present industrial solvent
extraction of cottonseed. The capacity of the extrac-
tor would thus probably be doubled since the last
3 or 4% of oil in flakes is removed during the diffu-
sion stage, the most lengthy, diffieult, and expensive
part of the extraction. The weak miscella from the
differential settling process containing the 3 or 4%
oil could then be used in place of solvent in the sol-
vent extraction plant. The resulting savings could be
applied to the cost of the differential settling process
when combined with an existing solvent extraction
installation. The enhanced value of the meal obtained
by the use of the combined process should result in
additional economic gain.

The second possible commereial process is one in
which undefatted flakes would be fed directly to the
disintegrator. After the usual disintegration, settling,
and produet recovery steps, the emerging meal con-
taining 6 to 109 oil could be extracted by solvent-
washing, the meal recovered by centrifugation, and
the oil and solvent recovered in the conventional
manner. Fresh solvent would be used on this meal
permitting efficient extraction, and the resulting mis-
cella could in turn be used in preparing the slurry
for the original disintegration.

Summary and Conclusions

A fractionation process termed ‘‘differential set-
tling’’ has been developed to produce a cottonseed
meal substantially free of oil, pigment glands, and
hulls from either defatted or undefatted flakes. The
development of the process was initiated during the
work on a mixed solvent flotation method of fraction-
ation which showed several inherent disadvantages.
The investigation of the flotation method had shown
that cottonseed meal essentially pigment-gland-free
(gossypol content as low as 0.006%) had a high
nutritional value and was a source of protein for
industrial uses. The meal produced by the differen-
tial settling process has as low a gossypol content as
the meal produeced by the flotation prineiple and
overcomes the disadvantages,

The advantages of the differential settling process
are as follows: 1. It requires only one solvent and
is more readily adaptable to present solvent-extrac-
tion plants than a process using mixed solvents—the
preferred solvent, commercial hexane, is commonly
used in practically all vegetable oil solvent-extraction
plants, and is much cheaper and less toxic than the

Studies on Candelilla Wax. . Its

high specific gravity solvents, such as tetrachlorethyl-
ene, used in the mixed-solvent method; 2. fraction-
ation of solvents and control of specific gravity is
eliminated; 3. power consumption for the disintegra-
tion and centrifugation steps is less sinee a lighter
weight slurry is used; 4. less total heat and lower
temperatures are required in desolventizing both the
oil and meal, thereby decreasing the possibility of
darkening the oil and denaturing the protein of the
meal; and 5. the time required for the separation of
the slurry iuto the fine meal suspension and sediment
is considerably less than required for the separation
of glands from the meal fraction in the mixed-solvent
flotation process.

Two methods, centrifugal and tube settling, of
the differential settling process have been developed
which show promise for commercial separation of
the components of cottonseed, namely meal, pigment
glands, hulls and oil. Removal of the pigment glands
from the coarse fraction or sediment will depend on
pharmaceutical or other uses developed.

Commercial possibilities of using the differential
settling process in conmbination with present cotton-
seed solvent-extraction processes have been outlined.
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ESPITE its wide technological use candelilla

wax has not been very intensively investigated.

A need exists for a re-examination of published
work- —some of 1t could profitably be reviewed, partic-
ularly the statement that it contains a lactone (6)—-
and the application of some of the newer analytical
techniques to the problem of filling some of the obvi-
ous gaps in our knowledge of the composition of this
substance. That which follows is the first of several
communications in which are reported results of such
a study.

This plant wax covers the entire surface of sev-
eral species of Euphorbiaceae, Pedilanthus pavonis
and Fuphorbia cerifera—the latter is probably E.
antisyphilitica (4) of an earlier day-—that 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 from one-eighth to five-
sixteenths inch in diameter. Sometimes as many as
100 of these spring from a single root. The plants
grow without benefit of cultivation, interspersed with
other desert flora, and must be harvested by hand.



