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tion equivalents for several of the samples and found 
to be within the range to be expected of normal  acid 
mixtures  having similar iodine values. Also, the f a t ty  
acids were completely soluble in Skellysolve-F which 
is a very poor solvent for  oxidized fats, and sample 
number  six, which was the most highly oxidized of 
those examilmd, gave f a t t y  acids of the highest iodine 
values. 

One practical  applicatioi1 of the prineiI)les devel- 
oped in this stu(ly would be in the purification of 
deodorizer catch basin sludge, either for  analysis in 
the labora tory  or for  commercial  recovery of by-prod- 
ucts therein. As a pre l indnary  to analysis, it would 
be sufficient to dissolve the sludge, just  as it forms, 
without  heat ing to remove water, in a volume of 
Skellysolve-F equivalent to 50 ml. per g ram of fa t  
I )rescnt  and centr ifuge the solution. This wouht rid 
tile sludge oil of water  and the bulk of its mineral  
content at the same time, without subject ing the com- 
plex organic compounds present  to the violent chem- 
ical action of heat and mineral  acids. A somewhat 
similar t rea tment  should also be suitable for com- 
mercial application. 

Summary 
A method of determining and recovering the me- 

tallic soaps present in deodorizer catch basin sludges 
has been described. I t  is based on the apparen t  low 
sohibility of calcium and iron soaps in a commercial 
solvent known as Skellysolve-F. Using the method 
evolved, six samI)lcs represent ing mater ial  f rom four 
refillerics were examined. I t  was found that  the me- 
tallic soaps varicd all the way from 0.51% to 28.02~.  
The recovered soaps were analyzed for both mineral  
and f a t ty  acid content. In  five of the six soaps exam- 
ined above 90% of the metal present  was found to 
be calcimn, but  in one sample about  27% of the 
nletal was iron. In all eases, less than the theoretical 
amount  of f a t ty  acid was obtained f rom the soaps 

and the loss was a t t r ibu ted  to sohii)ility of some of 
the acids in water.  The f a t ty  acids obtained by 
hydrolysis of the soaps were all much more sa turated 
than would be predicted f rom the iodine values of 
the sludge oils fronl which they were formed. I t  is 
postulated that  the free f a t t y  acids found in deo- 
dorizer distillates are disproport ionally more satu- 
rated than are the combined f a t ty  acids, hi the course 
of other work the free f a t ty  acid contents of the 
various sludges examined were determined. They 
were found to run usually f rom 9.5% to 1!).9% al- 
though one sami)le ran 53.7%. 
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The Determination of the Rate 
From Oil Seeds With Solvents" 
M. R. WlNGARD and W. C. SHAND, Blaw-Knox 

T H E  rate  of extra(.tion of oil is an impor tan t  con- 
sitleration in the design of equipment  for the 
solvent processing of oil seeds and the operation 

of that  equipment.  I t  has been found that  rapid,  
eonvenicnt labora tory  methods of s tudy are needed 
to precede and s u p p l e m e n t  large scale studies of 
extraction. 

Two basic methods have been developed in the 
Blaw-Knox laboratories for  tile determinat ion of the 
rate of extract ion of " o i l , "  or more precisely crude 
lipide, f rom oil-bearing materials.  A famil iar  exam- 
ple of such an extraction is the extract ion of soybean 
flakes with commercial hexane. These methods have 
been found to be useful in making equipment  design 
and operat ing studies, in making theoretical studies 
of the var iables  influencing extract ion rate,  and as 

* Presented at 22n',t annual fall meeting, American eli  Chemists' 
Society, lh'ov. 15-17, 1948, New York City. 

of Extraction of Crude Lipids 

Company, Pittsburgh, Pa. 

an aid in nlaking a quick evaluation of the suitabil i ty 
of varions materials  for  extraction in existing types 
of plants and equipment.  The methods have been 
use(l successfully both as presented and with seine 
modification for  special studies. 

The l i terature  contains a meager amount  of nmte- 
rial dealing with the subject of determining extrac- 
tion rates. An extensive series of studies has been 
conducted at the l ;niversi ty  of Michigan employing 
a method of extraction rate  determination in which 
individual samples of soybean flakes were placed in 
wire baskets and suspended in a very large quant i ty  
of c i r c u l a t i n g  tr iehlorethylene or tr ichlorethylcne 
miseella for va ry ing  lengths of time. Each sample 
was then analyzed for oil a f te r  centr i fuging (1, .5, 
6). Collins and Kroher  ('3), in a s tudy of the pre- 
vailing American Oil Chemists '  Society method for  
total extractibles,  determined rates by  running indi- 
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vidual samples for vary ing  lengths of time. Another  
method, used in a theoretical study, involved the ex- 
traction of a series of individual samples, and the 
loss in weight of a subsequent batch extract ion on 
each sample was used for obtaining total  lipids (4).  

In addit ion to the usual meehanicaI difficulties of 
precise determinat ion of a rate the problem is eom- 
plieated by  the variable nature  of the extractibles. 
The material  extracted is not " o i l "  but  a mixture  of 
lipids whose composition depends on the solvent, the 
t empera ture  of the extraction, and the history of the 
sample (7). In  recognition of this, the American Oil 
Chemists '  Society Method Ba 3-38 states that  the 
material  determined is the petroleum ether extracti-  
bles under  the conditions of the test. In  addition, 
the composition of the extracted lipids changes as 
the extraction progresses (2, 7). 

In  view of these eomplieations it was necessary to 
make an a rb i t r a ry  definition of the mater ia l  Oh which 
the rate was to be determined. Aecordingly, extraeti-  
bh~s were accepted as the material  extracted by com- 
mercial hexane under  set c o n d i t i o n s .  This soIvent 
was chosen because of its importance in commercial 
operation, amt the conditions were chosen for conven- 
ience in conducting the test. Although this definition 
served for most of the studies made by  this method, 
modifications have been made to extend the useful- 
hess of the method to other solvents. 

The Percolation Method 

T h e  s i m p l e r  of the two basic methods has been 
termed "Perco la t ion  m e t h o d "  because of its mode 
of operation. It  is adap ted  f rom The American Oil 
Chemists '  Society method for total e x t r a c t i b l e s  
employing a B u t t - t y p e  extraction appara tus .  This 
method determines the amount  of oil removed f rom 
a single sample of o i l - b e a r i n g  mater ial  by  fresh 

solvent percolat ing through the bed of sample by  
gravi ty .  This manner  of making the determinat ion 
dietates that  the material  be of such a nature  tha t  
it will pass solvent. 

The appa ra tu s  is e s s e n t i a l l y  that  set for th in 
Method No. Ba 3-38 in the Official and Tentat ive 
Methods of the American Oil Chemists '  Society, 2nd 
Edition. The following minor changes were made:  
Instead of the usual filter paper  for  re ta ining the 
sample, a pyrex  glass thimble, 21 ram. [. D. by  1()0 
ram. in length and per fora ted  on the bot tom with 
13 holes of 2-3-ram. d i a m e t e r ,  is used in order to 
insure tha t  all the solvent passes through the bed 
of material  being extracted. The reflux condenser was 
also modified by  drawing out numerous drip points 
to aid in dis t r ibut ing the solvent. The appa ra tu s  is 
shown in I~ig. 1. 

The extraction thimble is p repared  by  placing a 
thin layer  of fat-free cotton wool in the bottom to 
prevent  the loss of fine part icles of meal, weighing 
into the thimble eight grams of sample to 0.l  milli- 
gram, aml  placing a thin layer  of fat-free cotton on 
top of the sample to aid in solvent distribution. The 
thimble is then placed in the Butt  tube, 50 ml. of 
solvent are added to the extraction flask and tim 
appa ra tus  assembled as shown in Fig. 1. The flask 
is heated with an electric healer  which has previ- 
ously been adjusted to produce a reflux rate of 18 
nil. per  minute.  Timb~g is bcgtm when the easily 
visible band  of eondensing vapor  moves up to the 
condenser through the But t  tube. At the end of the 
first desired t ime interval  a pressed asbestos fiber 
bloek is inserted between the heater and the flask, 
the flask containing the extract  is removed and re- 
placed with another  containing 50 ml. of fresh sol- 
vent, and the heat  reapplied.  A series of eonseeutive 
extractions is so made or, tha t  sample over a period 
of two hours, a f te r  which the sample is removed from 
the thimble, allowed to desolventize somewhat in air, 
and placed in a mor ta r  and reground with a pestle 
using 200 vigorous strokes. This reground material  
plus the cotton wool f rom the extraction thimble is 
then t ransfer red  to a molded paper  thimble and ex- 
tracted for  two addit ional  hours. The " o i l "  deter- 
mined is added to that  determined in the series of 
consecutive extractions and the total  a rb i t r a r i ly  des- 
ignated as total extractibles. All extracts  are filtered 
and washed through a f r i t ted  glass filter funnel  and 
t ransfer red  to tared flasks. The bulk of the solvent 
is remow~d on a steam ba th  and the crude lipid 
residues are b rought  to constant weight by  remov- 
lug the last traces of solvent and water  with vacuum 
on a water  bath.  The residues are weighed to 0.1 
mill igram. 

Dur ing the development of the method certain limi- 
tations became evident. One of these was the tend- 
eney of the solvent to channel through a bed of flaked 
material .  When this occurred, diverse results in the 
early stages of the extraction were obtained on dupli- 
cate runs. I t  was found that  if  the flakes were broken 
lightly by hand to pass it. S. S. Sieve No. 10, the 
channeling was eliminated. This was determined by  
running  a series of screened fract ions of flakes. The 
effect of rate  of solvent flow through the bed was 
studied also and f rom the results obtained, the high 
1,~ ml./mim~te rate was selected because var ia t ion in 
that  range had no effect on results. The p r i m a r y  limi- 
tation of this method as presented is the inabi l i ty  to 
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operate on materials which will not pass 18 ml./min- 
ute of solvent. 

COTTONSEED FLAKES 

T H I C K N E S S _ _  017 u 

MESH FRACTION _ _  _ _  _ _  1 0 - 2 5  

HULL- FREE 
TOTAL OIL C O N T E N T - - ( M . F . B )  _ _  3792% 

MOISTURE CONTENT--(AS I S ) _ _  _ _  I I,G~ 

GRAMS OF SAMPLE _ _ _ _  8 .00  

SOLVENT _COMMERCIAL HEXANE 

TEMPERATURE _ _  _ _  150"E 

TIME OF EXTR~;TION OIL EXTRACTED '~RESIDUAL'OIL" IN 

(M!NUTES) (GRAMS) FLAKES (M.F.B.) 

2 0  2 .499P 4,00 

30 2 .5327 3.37 
4 5  2 , 5 5 9 6  Z,71 

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

90 2 5974  I. 89 

120 2 . 8 0 8 8  1.64. 

TOTAL OIL 2 .682 ! 0 .00  

Fro. 2. Tyl)iea[ data, per('olation extraction rate. 

Moisture content is determined on a representative 
sample of the material to be run and the data are 
presented on a moisture-free basis as per cent residual 
" o i l "  content at the stated time of extraction. The 
data are usually plotted on log-log paper to relate 
extraction time in minutes to per cent residual " o i l "  
content on a moisturc-free basis. The log-log plot was 
chosen for convenience because it was observed that 
the curves obtained by this plot are approximately 

straight lines, and interpolation and extrapolation are 
facilitated. The criterion of extraction rate has been 
chosen as the extraction time required for 1.0% resid- 
ual lipid content. Inasmuch as the primary purpose 
of the commercial extraction is to reduce the " o i l "  
content to this range, it was decided that this type of 
reference point would be the most useful from a prac- 
tical viewpoint. I)uplication of the time to 1.0% for 
duplicate runs has always been found to be less than 
5% of the total time required. The manner of pre- 
sentation of a typical set of data is shown in Fig. 2. 
Three typical extraction rate, curves oblained using 
this method are shown in Fig. 3. 

The Batch  Co-Current  Method 
In the second of the two basic extra(.tion rate de- 

termination methods, an agitated bat(.h extraction is 
carried out as is indieated by the name. This method 
was developed for materials which, because of the, Jr 
small particle size, couht not be run by the Per- 
eolation Method. This method has been useful in 
carrying out e x t r a c t i o n s  with varied oil content 
miseellas rather than fresh solvent and the data ap- 
plied directly to a stagewise extraction operation. 
This method requires more attention and more pre- 
cise work done than does the Percolation Method and 
accordingly is reserved for special studies where the 
Percolation Method will not suffice. 

Fig. 4 shows the apparatus assembled for operation. 
A more detailed description of the important parts 
is as follows: 

Extraction F l a s ~ : - - A  3,000-nil. round bottom flask, fitted 
with two sidenecks set ,~t angles to the neck. 
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Fro. 4. Batch co-current extraction rate assembly. 

1. Sampling Sideneck- 130 mm. in length by 30 mm. I. i). 
2. Condenser Sideneck--95 mm. in length by 18 mm. I. D. 
Sampling F i l t e t ~ A  Allihn filter tube, 20-ram. diameter dis(! 

of medium frit  glass, sealed to a 2-mm. bore capillary. The 
overall length is 380 ram. 

Solvent C h a r g e r - - A  2,000-ml. round bottom flask with a 
short piece of 10-ram. tubing sealed in the bottom. 

Agitator Asse~bly  - A motor-driven hinged propeller-type 
stirrer fitted with a packing gland or other wlpor sea[. Agi- 
tation is at 125 r.p.m. 

J'~acu~lm Sampling Assembly - -150-ml .  sample flask fitted 
with a 3-position and a 2-position stopcock. 

Moi s tu re  a n d  to t a l  l i p i d  con ten t s  a re  d e t e r m i n e d  
on r e p r e s e n t a t i v e  samples  of the  m a t e r i a l  to be run .  
The  to ta l  l i p i d  is d e t e r m i n e d  b y  e x t r a c t i n g  for  two 
hours  wi th  commerc ia l  hexane  in  the  B u t t  ex t r ac to r ,  
r e g r i n d i n g ,  a n d  e x t r a c t i n g  fo r  two a d d i t i o n a l  h o u r s  
wi th  hexane.  

W i t h  the  a g i t a t o r  a s sembly  in  p lace  a n d  the  b u l b  
of the e x t r a c t i o n  flask i m m e r s e d  in  a cons t an t  tem- 
p e r a t u r e  ba th  m a i n t a i n e d  a t  ] 2 5 ~  a we igh t  of oil- 
b e a r i n g  ma te r i a l ,  which  wil l  y i e l d  a p p r o x i m a t e l y  a 
2% misce l la  if  a l l  the  a v a i l a b l e  c r u d e  l i p i d  were  
t aken  into  so lu t ion  b y  the so lven t  added ,  is c h a r g e d  
to the  flask t h r o u g h  the  s a m p l i n g  s ideneck.  The  
s a m p l i n g  f i l te r  is then  p l aced  in pos i t ion .  F i f t e e n  
h u n d r e d  (1500) g r a m s  of so lven t  p r e h e a t e d  to 125- 
130~ is c h a r g e d  t h r o u g h  the condense r  f r o m  the  
t a r e d  so lvent  cha rge r ,  u s ing  an ex tens ion  t ube  to 
keep the hot  so lvent  f rom coming  in con tac t  wi th  
the  wa te r -coo led  condenser .  T i m i n g  is s t a r t e d  when 
one-ha l f  the  so lvent  has  been  a d d e d  a n d  the  ag i t a -  
for  s t a r t e d  a t  t h a t  t ime.  Tile cha rge  is we ighed  back  
to 0.1 g r a m  to o b t a i n  the  exac t  we igh t  of so lvent  
charged .  

Sa mp le s  of misce l la  a re  w i t h d r a w n  a t  the  des i r ed  
t ime  i n t e rva l s  in the  fo l lowing  m a n n e r :  The  v a c u u m  
s a m p l i n g  assembly ,  which  has  been  p r e v i o u s l y  cvacu- 
a t ed  to l - toni ,  p r e s su re  a n d  wc ighcd  to 0.01 g ram,  is 
connec ted  f lush to the  s a m p l i n g  f i l ter  w i th  a shor t  
piece of h e a v y  wall  p u r e  g u m  tub ing .  J u s t  be fo re  
s a m p l i n g  the  s a m p l i n g  f i l ter  is p u r g e d  of misee l la  b y  
b low ing  a i r  t h r o u g h  the 3-pos i t ion  s top-cock.  Con- 
nec t ion  is m a d e  wi th  the  e v a c u a t e d  sample  flask 30 
seconds be fo re  the  des i r ed  t ime  a n d  s a m p l i n g  is con- 
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t inned for  60 seconds. ~ The amount  of sample taken 
is controlled by  the degree of opening the stopcock. 
Miscella re tained in the open end of the sampling 
assembly is blown back and washed with 1-2 drops 
of solvent. The assembly is disconnected and  weighed 
to 0.01 gram to obtain the sample weight. Miscella 
re tained in the internal  capi l lary  of the sampling 
assembly is washed into the sample flask by  draw- 
ing in fresh solvent. The residual vacuum is then 
broken with air, and the procedure  f rom this point  
is identical to the t rea tment  of extracts  obtained in 
the percolation method. This operation is repeated at 
each desired time interval. Where  samples are to be 
taken in rap id  succession, several vacuum sampling 
assemblies are prepared.  

SOYBEAN FLAKES 
TOTAL OIL CONTENT-- (AS IS). _ _ 2 0 . 3 4 %  

(M.E B.) - -  - - - -  21.9 % 

MOISTURE CONTENT-- (AS IS) 8.00% 
SAMPLE WEIGHT _ _  I S 0 . O  G R A M S  

SOLVENT--COMMERCIAL HEXANE 1497 GRAMS 
TEMPERATURE _ _  125"F. 

TIME EXPERIMI~NTAt, MISGI~LLA WT% UNDISSOLVED 
MINUTES MISCELLA CONGN. SAMPLE WEIGHT OIL IN THE MEAL 

5 1.757~ 30.65 GRAMS 3,47 

I0  1.891% 29.41 GRAMS 1.53 
15 1.924~ 33.57 GRAMS L I 0 
20 1.946~ 27.28 GRAMS 0.08 
50  1.963% 44.33 GRAMS 0.58 

45  1.976% 29 .75  GRAMS 0.44 

F~G. 5. T y p i c a l  d a t a ,  b a t c h  c o - c u r r e n t  e x t r a c t i o n  ra te .  

The mathemat ica l  t r ea tment  of the data in this 
method is more involved than  that  in the percolation 
method. The per cent " u n d i s s o l v e d "  l ipid content is 
calculated by  material  balances on lipid, on solvent, 
and on moisture-free solids. The te rm " u n d i s s o l v e d "  
oil is appl ied to the difference between the total oil 
content of the sample used and the oil tha t  is cal- 
culated to be in the miscella f rom the analysis of 
the miscella sample and the amount  of solvent pres- 
ent. The residual lipid content of an extracted meal 
will i n c h d e  this " u n d i s s o l v e d "  lipid plus the oil 
contr ibuted by  desolventizing any entrained miscella. 
The usual method of repor t ing  the data lists "und i s -  
so lved"  oil for  various times of extract ion as shown 
in Fig. 5. The data are again plotted on log-log 

* No~'~: Fig. 4 may tend to give a false impre~ion  about the sampling 
technique. The 2-way stopcock, through which the sampling assembly is 
evacuated, is closed when the pressure  reaches 1 ram. and no fur ther  
vacuum is pulled on the assembly dur ing  sampling. 

paper  in the same manner  as the data  for  the Per-  
colation Method. Typical  data are shown in ])~ig. 6. 

The method, depending as it does on measurement  
of small differences in relat ively large q u a n t i t i e s ,  
demands extreme care in experimental  manipulation,  
precision of weighing, and mathemat ical  t rea tment  
of the results. Care must  be taken also to obtain a 
representat ive sample of the mater ia l  for analysis for  
total  lipids. 

The method as presented has been found to be reli- 
able and gives good duplication. Any modification 
for  special studies requires a careful  evaluation of 
the effects that  such changes may  involve. For  ex- 
ample, in one modification that  used a small sized 
sample, the solvent in the vapor  space became a 
factor  which had  to be taken into account in the 
calculations. 

Summary 
Two basic methods have been presented for measur-  

ing the rate of extract ion of crude lipids f rom "oi l" -  
bearing mater ia ls  with solvent. In  the Percolation 
Method the extract ion is carr ied out by  percolating 
fresh solvent through the sample and measur ing the 
" o i l "  recovered at succeeding time intervals. In  the 
~a tch  Co-cur ren t  Method samples of m i s e e l l a  are 
wi thdrawn periodically f rom an agi tated batch of 
known quantit ies of oil-seed and solvent and analyzed 
for  lipids to check the progress of the extraction. 

These methods have been used successfully in the 
Blaw-Knox laboratories over the last four  years in 
making studies of factors  influencing equipment de- 
sign and p lant  operation as well as fundamenta l  
studies contr ibut ing to a general unders tanding of 
e x t r a c t i o n .  Some of the " o i l " - b e a r i n g  materials  
which have been studied using these methods in- 
clude: soybeans, cottonseed, peanuts,  flaxseed, corn 
germ, castor beans, wheat germ, rice bran, mowrah 
seeds, tung nuts, grain sorghum, and various expel- 
ler and press cakes. Special studies include methods 
of preparat ion,  t empera ture  effect, moisture c(;ntent, 
nature  of solvent, varieties of seed, and particle size. 
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