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Solvent Extraction of Cottonseed and Peanut Oils. 
IX. Determination of Fines in Miscella 
A. V. GRACI JR., A. J. CROVETTO, J. S. PARKER, ~ and C. G. REUTHER JR., 
Southern Regional Research Laboratory, ~ New Orleam, Louisiana 

I N the continuous solvent extraction of oilseeds the 
quant i ty  of fine meal solids (tines) that will be 
carried out from the extractor  with the oil-sol- 

vent mixture  (miseella) depends upon the oilseed, 
the method of preparation,  and the extractor  used. 
Fines (1) create a problem. This problem is in pro- 
portion to the quantities involved. In  soybean solvent 
extraction, for  example, the miscella usually contains 
fines less than 0.2% by weight of the extractor  feed 
material. With quantities as small (3) as these the 
clarification step, or the removal of the fines before 
evaporation and stripping, can be easily achieved by  
direct filtration. The problem is different in extract- 
ing cottonseed, peanuts, okraseed, and rice bran. With  
these materials the fines in the miscella nlay be as 
high as 5% by  weight of the feed material, and set- 
fling or eentr ifugation (3) of the miscella is required 
before filtration. 

I t  is desirable therefore to control as far  as possible 
t h e  amount of fines produced. A rapid, on-the-spot 
method for the determination of fines in miseellas has 
been developed and is presented here. The method is 
volumetric and replaces the slower gravimetrie meth- 
od, which consists of weighing the tilter cake af ter  a 
complete cycle and calculating what the average fines 
content of the miseella had been. The volumetric 
determination is converted to weight values by the 
use of an appropriate  curve. The construction of 
the curve and its application in pilot-plant opera- 
tions to cottonseed, peanuts, rice bran, and okraseed 
are described. 

Experimental Data 
The miseella samples used for  the construction of 

the curves in Figures 2 and 3 were obtained from a 
continuous solvent-extraction pilot plant  (2), which 
had a capacity of approximately 150 lb. /hr ,  of flakes. 
In  all runs commercial hexane was used. Miscella 
samples were taken before filtration. 

The solids content of the unfiltered miscella sam- 
ples was determined both gravimetrically and volu- 
metrically. To determine gravimetrically the grains 
of solids per liter of clear miscella in a sample the 
following data were recorded: weight in grams of 
unfiltered miseella (s lurry)  sample and of solids f rom 
slurry af ter  filtering and the specific gravi ty of the 
filtered miscella. These data can be substi tuted in 
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the following formula to calculate the points along 
the ordinate of the chart :  

(wt. solids) (sp. gr.) (1,000) __ grams solids 

wt. s lur ry- -wt ,  solids liter filtered miseella 

The units involving filtered miscella were chosen for 
the ordinate of the plot because most solvent-extrac- 
tion plants meter the clear miscella flow from the 
tilt e r (s). 

To determine volumetrically the solids content, du- 
plicate samples of the miscella were spun for 10 rain- 
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T A B L E  I 

Experime~atal and Calculated Data for Plot of Okraseed Curve on Figure 2 

Sample number 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
15  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 
1 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dilution 
ratio 

slurry to 
hexane 

~ o n e  
None 
1 : 1  
1 : 1  
l : l  
1 : 1  
1 : 1  
1 : 1  
1 : 4  
1 : 4  
1 : 7  
1 : 7  
1 : 7  
1 : 7  
1 : 1 4  
1 : 1 4  
1 : 2 4  
1 : 2 5  

Dilution 
factor 

1 
1 
2 
2 
2 
2 
2 
2 
5 
5- 
8 
8 
8 
8 

1 5  
1 5  
2 5  
2 6  

T u b e  
reading, 

ml. solids 
per 10 ml. 

slurry 

( I .022  
0 . 0 2 2  
0 . 0 2 2  
0 .02:~  
0 . 0 4 5  
0 . 0 4 6  
0 , 0 4 3  
0 . 0 4 8  
0 . 0 3 0  
0 . 0 3 0  
0 . 0 3 2  
0 . 0 3 2  
0 . 0 3 8  
0 . 0 3 8  
0 . 0 4 8  
0 . 0 5 0  
0 . 0 5 0  
0 . 0 5 0  

Weight 
shlrry, 
graTrlS 

2 3 8 . 6  
2 8 2 . 4  
1 3 0 . 3  
1 1 8 . 2  
3 1 4 . 0  
2 9 1 . 7  
2 9 7 , 7  
3 3 2 . 7  
3 1 5 . 5  
2 9 4 . 9  
3 3 2 . 7  
3 2 0 . 1  
3 2 1 . 8  
3 4 5 . 8  

8 0 . 4  
6 6 . 8  
4 7 . 0  
6 2 . 3  

Weight 
solids, 
grams 

0 . 2 2 6  
0 . 2 7 3  
0 . 2 6 1  
0 . 2 3 3  
1 . 7 8 2  
1 . 4 1 4  
1 . 4 1 5  
1 . 6 1 6  
2 . 0 7 4  
1 . 9 3 3  
3 . 6 5 8  
3 . 5 2 0  
4 . 4 4 0  
4 . 8 1 9  
2 . 5 4 7  
2 , 0 7 7  
2 . 5 7 9  
3 . 5 4 0  

Sp. gr. 
miscella, 

grams 
per ml. 

0 . 6 8 7  
0 . 6 8 7  
0 . 7 0 2  
0 . 7 0 2  
0 . 6 9 8  
0 . 6 9 5  
0 . 6 9 5  
0 . 6 9 8  
O . 7 0 2  
0 . 7 0 2  
0 . 7 0 5  
0 . 7 0 5  
0 , 7 0 5  
0 . 7 0 5  
0 . 7 1 0  
0 . 7 1 0  
0 . 7 0 8  
0 . 7 0 8  

Weight 
solids 

per liter 
filtered 

miscella, 
grams 

0 . 6 5 2  
0 . 6 6 5  
1 . 4 0 8  
1 . 3 8 6  
3 . 9 8 5  
3 . 3 8 4  
3 . 3 1 8  
3 . 4 0 8  
4 . 6 4 8  

4 . 6 2 9  
7 . 8 4 0  
7 . 8 3 5  
9 . 8 6 0  
9 . 9 7 0  

2 3 . 2 3  
2 2 . 8 0  
4 1 . 1 5  
4 2 . 6 2  

Corrected 
tube 

reading, 
ml. solids 
per 10 ml. 

s l u r ~ w  

0 . 0 2 2  
0 . 0 2 2  
0 . 0 4 4  
0 . 0 4 6  
0 . 0 9 0  
0 . 0 9 2  
0 . 0 8 6  
0 . 0 9 6  
0 . 1 5 0  
0 . 1 5 0  
0 . 2 5 6  
0 . 2 5 6  
0 . 3 0 4  
0 . 3 0 4  
0 . 7 2 0  
0 . 7 5 0  
1 . 2 5  
1 . 3 0  

utes 'in an International  Clinical Centrifuge 3 using 
head No. 213, which develops a force approximately  
900 times that of gravity.  The milliliters of solids 
packed at the bottom of the centrifuge tube per 10 
ml. of sample are the units  of the abscissa. 

The eentrifuge tube, Figure 1, was chosen because 
of its graduations between 0.01 and 0.05 ml., the 
range in which all readings of millil iters of solid in 
a sample should fall for the greatest accuracy. If  the 
volumetric determination is above 0.05 ml. of solids, 
the slurry must be diluted to fall  within this range. 
The approximate volume percentage of solids and the 
proper dilution nlay be determined by centrifuging 
a sample for 4 or 5 minutes  in a tube with gradua- 
tions along its entire length. 

a T h o  mention of trade products does not imply their endo~:sement by 
the Department of Agriculture over similar products not mentioned. 

I 

.s ~ /  

.01 

CORRECTED 

I I I  

' ' ' '  MOISTURE IN 

M~,TERIAL F E E D  F L A K E S -  

�9 -- OKRASEEO 10 .1% H~O 

0 -- COTTONSEED 8 . 8 %  H20 

�9 -- RICE BRAN 10.3% H20 
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.05 .I ,5 I 

CENTRIFUGE TUBE REt'DIN~ G i 
(ML. S O L I D S  PER I0 ML, S L U R R Y )  

~IG. 2. Curves  f o r  d e t e r m i n i n g  f ines  in  m i s c e l l a  

This dilution to the range just mentioned results 
in a straight line plot. When samples which fall  out- 
side the range are not diluted, the use of centrifuge 
tubes with variously shaped tips results in plots de- 
viating from the straight l ine; the degree of devia- 
tion is dependent upon the concentration of the slurry 
and the particular centrifuge tube used. 

The corrected abscissas for the curves are obtained 
by mult iply ing the tube readings by the dilution fac- 
tor. The dilution factor is equal to the total volume 
to which the slurry was diluted. For  example, if  1 
part of slurry were diluted with 10 parts (by vol- 
ume)  of commercial  hexane, the dilution ratio would 
be 1 to 10, the dilution factor would then be 11, or 
the total volume. Expressed algebraically, the dilu- 
tion factor is calculated as fol lows:  

parts slurry ~ parts hexane ~ dilution factor. 
parts slurry 

Table I shows the experimental  data and the calcu- 
lations required for the construction of the okraseed 
curve (Fig.  2).  

The effect of the moisture contents of the peanut 
flakes used in three solvent-extraction runs, respec- 
tively, on the slope of the curves is pronounced (Fig.  
3).  The particle sizes of the fines from the three runs 
were of the same magnitude,  98.4 to 99.7% through 
300-mesh, hence any effect due to particle size dif- 
ferences was not ascertainable. 

The cottonseed curve in Figure 2 was checked 
against unfiltered miscella samples received from 
three commercial solvent-extraction plants. Moisture 
contents of the feed flakes from the three plants 
were 8.6, 10.5, and 12.9%; the particle size distri- 
bution, determined by wet-screening, was 75.4, 83.7, 
and 97.6% through 300-mesh. In spite of the differ- 
ences in moisture contents and particle sizes the 
curves for the commercial cottonseed miscella sam- 
ples coincided with the curve in Figure 2. This 
indicates that cottonseed fines were not noticeably 
influenced by a variation of approximately  4% in 
moisture or a 22% change in the through 300-mesh 
material while peanut fines packing characteristics 
were greatly affected by moisture. 

Construction of a Working Curve 

It is desirable to have the working curve plotted 
on rectilinear paper to facilitate its use. The experi- 
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CORRECTED C E N T R I F U G E  TUBE R E A D I N G  
( M L .  S O L I D S  P E R  IO ML.  S L U R R Y )  

]FIG. 3, Effect on slope of curve due to moisture content of 
feed flakes. 

mental  curves, Figures  2 and 3, were plotted on log- 
log paper  to spread out the experimental  points. Since 
on recti l inear paper  the curve nmst  pass through tile 
origin (0-0), if the curve is first plotted on log-log 
paper  and its slope determined, it may  be replotted 
without  the aid of the points on the more practical  
recti l inear pape r  and extrapolated,  if necessary, to 
cover the range of fines anticipated. 

F igure  4 is a replot of the six curves shown in 
Figures  2 and 3. The rice b ran  curve and peanut  
curves, A and B, were extrapolated approximate ly  
50%, while only par ts  of the cottonseed and okraseed 
curves and the peanut  curve, C, derived f rom experi- 
mental  points are shown. I t  will be noted that  the 
units of the vertical axis have been changed fronl 
" g r a m s  of solids per  li ter of filtered lniseella" to 
" p o u n d s  of solids per  gallon of filtered miseel la ."  
F igure  3, for  example, shows values of slope for  
curves A, B, and C, as 58, 45, and 38, respectively. 
H a d  not the units  of the vertical axis on ~'igure 4 
been changed, the slope of peanut  curves, when re- 
plotted on recti l inear paper,  would still have been 
58, 45, and 38. The change in slope however is in 
the same propor t ion as the change in units. 

Appl icat ions  of  the Curve 

The value of the method lies in the comparat ive 
ease and rap id i ty  of the determination once a curve 
or family  of curves has been drawn for  a par t icular  

D - = ' - H , ' - - - -  - I ' i  ~ : 1= i ; '  
tRICE BRAN 10.3% . . . .  F ~ :  ! 

O'20 - - "~  (~ COTTONSEEO B.I% "1 : i ; L : i ,"'~L 
- ~  | PC..UT'r S.S~ - _ ~  ', : i /  l i~ 

| IOKRJ, SEEO ,o.,~. [ " I i ~ : , " i  : , : I 2 ~ 
( i I . . . .  I I  [ I  I / "  

o.,B ~_ i i I i I ~ ,  !~ -~, =I'- 

o.~2 ~ _ L ;  I i ~ ' 1 / 1 . /  .4 ~ I ~ ; . ~  ~ " " -  

. . . .  i , ' 1 

O 0.05 0.10 0.15 0,20 0,25 0.30 0.35 0,40 0.45 0,51 

CORRECTED CENTRIFUGE TUBE READING 
OIL. SOLIDS PER ~OML. SLURRY) 

Fi(?. 4. Working curves plotted on rectilinear paper. 

oilseed. Where a variat ion in moisture and particle 
size in the ranges investigated did not, cause the 
experinlental  points to deviate appreciably  f rom the 
curve, as for cottonseed, the one curve is adequate. 
" Where moisture content great ly  affects the packing 
characteristics, as for  peanuts,  a family  of curves or 
a nomograph can well be drawn to cover the antici- 
pated seasonal moisture range. 

The units chosen as tile ordinate of the plot may  
va ry  depending upon the information desired. For  
example, the plotted data can be used to calculate 
the filtering cycle tinle, the quant i ty  of fines produced 
daily, or the percentage of fines produced based on 
weight of seed handled, amount  of meal extracted, or 
miseella produced. Such calculations have value in 
the control of operations and for accounting purposes. 

S u m m a r y  
Four  o i l - y i e l d i n g  nlaterials, cottonseed, peanuts,  

okraseed, and rice bran,  were used to develop a rapid  
method of determining the solids content of miscel- 
las. In  each ease straight-line plots of the gravimetr ie  
determinat ion vs. the volumetric determination were 
obtained when samples were diluted to fall  within the 
proper  range. 
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