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Acetone as a Selective Solvent for Vegetable Oils 
C. G. YOUNGS and H. R. SALLANS, Prairie Regional Laboratory, Notional Research Council, 
Saskotoon, Saskatchewan, Canada 

T 
HE MODIFICATION of dry ing  and semi-drying oils 
by  extract ion with a selective solvent has received 
considerable at tent ion in recent years. A wide 

range of solvents has been investigated (9), but  only 
f u r f u r a l  (2, 4) and liquid propane  (1, 6) have war -  
ranted  development to the point of commercial appli-  
cation. A th i rd  solvent wh ich  m a y  find applicatiofi 
in this field is acetone containing small proport ions of 
water.  Such a system was suggested by  Jenkins  (3) 
in a patent  dealing with the use of " w e t "  fur fura l .  
~t is a so lvent  which is readi ly  available, is easily 
s t r ipped f rom the oil, and requires no special equip- 
ment  for  handling. I t  has the added advantage tha t  
by  va ry ing  the water  content it may  be " t a i l o r e d "  
to the par t icular  oil and separat ion involved. 

Solubili ty and Selectivity 

F r o m  the viewpoint of extraction efficiency the im- 
por tan t  propert ies  of a solvent are a) solubility of the 
oil in it and b) selectivity, tha t  is, the  difference in 
iodine value between extract  and  raffinate on batch 
extraction. The effect of water  content of acetone on 
these two propert ies  i s  shown in F igures  1 and 2 for  
the batch extraction of a sample of soybean oil, I.V. 
129.3, and a sample of linseed oil, 7. V. 188.0. Solu- 
bil i ty has been shown as the rat io of solvent to oil 
as this fo rm is to be used later. Since a low solvent 
to oil ratio and high s e l ec t i v i t y  are desired, the 
variat ions of these propert ies  with water  content are 
conflicting. Wi th  reference to existing processes it  
appears  however that  a useful compromise can. be ob- 
ta ined in the range  of 3 to 7 pa r t s  water  per  100 par t s  
acetone by  volume. 

E q u i l i b r i u m  D i a g r a m s  

The evaluation of the solvent for  use in countercur- 
ren t  column operat ion ra ther  than  in batch extract ion 
is the impor tan t  consideration. As in distillation the 
predict ion and evaluation of extract ion column opera- 
tion is based on equilibrium data  between phases over 
the concentration range involved. The par t icular  type  
of equilibrium diagram used here is one adapted  to ex- 
t ract ion calculations by  Maloney and Schubert  (5) in 
which the ratio of solvent to solute is plotted against  
the c o n c e n t r a t i o n  of components in the solute. As 

1 Presented at fall meeting, American 0il Chemists' Society, Minne- 
apolis, Minn., Oct. 11-13, 1954. 

2 Issued as Paper  No. 190 on the "Uses of Plant  Products" and as 
N.rr  No. 3627. 
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FIG. 2. Effect of water content of acetone on selectivity, i .e. ,  
difference in iodine value between extract and raffinate oils. 

pointed out by  P r a t t  (7) and i l lustrated by  Rushton 
(8),  in dealing with mul t i -component  systems it  is  
necessary to replace concentration by the value of 
some additive p rope r ty  of the system. The obvious 
choice of p rope r ty  in this system is iodine value. The 
required data are the solvent to oil ra t ios  and iodine 
values of the oils in extract  and raffinate phases over 
the range of iodine values likely to be encountered 
in fract ionation.  Ruthruf f  and Wileock (9) in thei r  
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work on soybean oil a n d  fu r fu ra l  covered a limited 
range of iodine values by  vary ing  the fract ion of oil 
extracted. In  the present  work a wider range was 
covered by  a stepwise batch e x t r a c t i o n  process  in 
which the extract  and  raffinate oils f rom an  initial 
extraction process were used as feed for  second ex- 
t ract ions and so on. I t  was found tha t  nonglyceride 
materials  present  in the original oil rap id ly  built  up  
in successive extract  fract ions and markedly  affected 
solubilities and selectivities. Such mater ia l  was there- 
fore removed as completely as possible f rom the origi- 
nal oils by passing the oils in a hydrocarbon solvent 
through an a lumina column. The l inear  relation be- 
tween refract ive  index and  iodine value for  glycerides 
was used as a measure of the effectiveness of this 
t reatment .  This relat ion was checked a f te r  eaoh suc~ 
cessive extraction, and where necessary the a lumina 
t rea tment  was repeated. Samples obtained in this 
way were equil ibrated with the solvent at  a temper-  
a ture  of 25~ 
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Fro. 3. Equilibrium diagram for soybean oil, using 6 parts  

water per 100 parts  acetone as solvent. 

Figure  3 shows the equil ibrium d iagram obtained 
for  soybean oil, using 6 par t s  water  per  100 par ts  
acetone as solvent. Over the range covered the iodine 
values of the extract  and raffinate phases var ied lin- 
ear ly  with solvent to oil ratio, and the selectivity 
remained constant. The conjugate line, located as 
shown by  the broken lines f rom the ends of the tie 
lines, was plotted to facil i tate interpolat ion between 
tie lines. A similar diagram, F igure  4, was obtained 
for soybean oil using 3.5 par ts  water  per  100 par ts  
acetone. Again the iodine values var ied l inear ly  with 
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Fro. 4. Equilibrium diagram for soybean oil, using 35 parts  
water per  100 par ts  acetone as solvent. 

solvent to oil ratio, but  the selectivity decreased a t  
the higher  iodine values. Since the extract  lines were 
s t raight  and nearly paral lel  for  these two eases, the 
whole fami ly  of equil ibrium curves over the useful 
range o f  water  contents can be filled in f rom solu- 
bil i ty and selectivity data. A similar diagram, Fig- 
ure 5, was also obtained for  linseed oil, using 5 par ts  
water  per  100 par ts  acetone as the solvent. 
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FIG. 5. Equilibrium diagram for  linseed oil, using 5 parts  

water per 100 parts  acetone as solvent. 

Pilot Plant Operatio,ns 
To evaluate the rel iabil i ty of these diagrams for 

predict ion of column operat ion and to estimate col- 
umn efficiencies a number  of runs  were made in a 
packed column, 2 in. in diameter  and 20 ft. high, 
and H.E.T.S.  values were computed. F igure  6 is a 
schematic d iagram of the column used. Oil was fed 
11 ft. f rom the top of the column, and solvent was 
sprayed in at the bottom. The interface was main- 
tained at  the top of the column so tha t  the oil-rich 
phase formed the continuous phase throughout  the 
extract ion zone. Ex t rac t  overflowing f rom the top 
of the column passed to an evaporator  where the 
solvent was s t r ipped off and a portion of the extract  
oil was re turned  to the top of the column as reflux. 
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Fro. 6. Schematic diagram of pilot p lant  c o l u m n .  
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TABLE I 

Pilot Plant Data O b t a i n e d ,  U s i n g  a 2 0 - f t .  P a c k e d  C o l u m n  with Soybean Oil I . V .  1 2 9 . 3  a s  F e e d  

P a r t s  R a t i o  ] 
Run No. Packing  H20 per of Reflux Extract  Raffinate E x t r a c t  

i00 parts  solvent ~atio I.V. I.V. % H.E.T.S. 
acetone to oil 

1 . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

" beri saddles 
~ "  bert saddles 
~'s here saddles 
%~" raschig rings 
1~ , ,  rasch~g rings 
~/.~ " raschig r ings 

6 . 0  
6 . 0  
6 . 0  
3 .5  
5 , 0  
5 ,0  

9 . 4  
2 1 , 4  
3 8 . 1  

6 . 7  
2 3 . 2  
10 ,0  

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

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

1 2 4 . 6  
1 1 8 . 7  
1 1 2 . 9  
1 1 8 . 8  
1 2 1 . 4  
1 1 8 . 9  

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

2 . 9  
3 . 3  

5.6 

A small f ract ion of the solvent was withdrawn at 
the base of a short rect ifying section to prevent  im- 
purit ies f rom building up on recycling. The remain- 
der of the solvent was collected in a small holding 
tank, where it was checked for water content and 
re turned to the main solvent storage. Samples of 
extract  and raffinate were taken every hour,  and the 
solvent to oil ratios and refractive indices of the oils 
were determined. When there was no change in these 
properties over a two-hour period, it was assumed 
that  a steady state had been reached and samples 
were taken for  iodine values. In all the runs the 
solvent to oil ratio of tlle extract  from the column 
was below the extract  line on the appropriate  equi- 
l ibrium diagram. This was at t r ibuted to a concentra- 
tion of the non-glyceride components in the extract  
phase, par t icular ly  at the top of the column where 
extract  oil was being returned as reflux. 

The results of column operation are shown in Ta- 
ble I. The effect of increasing solvent to oil ratio and 
reflux ratio is much more marked in the first three 
runs than in the last three due to the larger number 
of stages with the smaller packing. H.E.T.S.  values 
were computed by the graphical method outlined by 
Maloney and Schubert  (5). This is i l lustrated for 
run  number 3 in Figure  7. The points representing 
the feed, extract,  and raffinate streams are located on 
the appropriate equilibrium diagram as F, E, and R, 
respectively. The operating point, iV[, for  the section 
of the column above the feed is located on a vertical 
line through E and M E / E O ,  the reflux ratio, is 4.6. 
Since E is below the extract  line, this reflux ratio is 
greater  than would be predicted from the equilibrium 
data for  the same operating point. The operating 
point, N, for  the section of the column below the feed 
is located as the intersection of a vert ical  line through 
R and a line through M and F. Star t ing with the ex- 
t ract  E leaving the top of the column, the rafflnate in 
equilibrium with it, R ,  is determined from tie line 
data. The extract  E~. entering this stage from the stage 
below is found by  joining R~ to ~ .  Return ing  to the 
extract  line at E~ is equivalent to assuming that  the 
effect of non-glyceride constituents did not extend 
beyond the first stage. Although not s tr ict ly true, 
this appears to be a good working approximation. 
The raffinate for  stage 2, R2, is located from the tie 
line data, and this stepwise procedure is repeated 
unti l  the iodine value of the feed is crossed. F o r  the 
section below the feed operating point N is used in 
place of M, and the procedure is continued unt i l  the 
iodine value of the raffinate is reached. The total 
number  of steps required is the number of theoretieal 
s~tages involved, in this separation 6.0. Runs 1 and 4 
were indeterminate in that  the reflux ratio was so 
close to the minimum that  a very  small change in the 
reflux ratio resulted in a large change in the number 
of stages. These runs were consistent with the others 

however since an average H.E.T.S.  value f rom the 
two following runs gave theoretical reflux ratios that  
were within e x p e r i m e n t a l  e r r o r  of the measured 
values. 

Since the H.E.T.S.  values are consistent for  a given 
packing and of the right order of magnitude for 
extraction work, it  appears that  this type of equilib- 
r ium diagram can be used to predict  the variables 
involved in co lumn  opera t ion .  The net effect of 
applying these diagrams, which were necessarily de- 
termined on samples freed from non-glyceride com- 
ponents, to the fractionation of oils containing small 
amounts of such components is to predict  a lower 
reflux ratio thai1 is actually required without alter- 
ing the solvent to oil feed ratio or number  of stages 
involved. 

Application of Equilibrium Diagrams 
As an il lustration of the application of these equi- 

l ibrium diagrams suppose soybean oil, LV. 130, is 
to be separated into two fractions having iodine val- 
ues of 110 and 150. The variables to be determined 
are water content of the solvent, solvent to oil feed 
ratio, reflux ratio, and number of theoretical stages 
required. For  a given water content there are limits 
between which actual  operating conditions must  be 
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to  oi l  r a t i o  f o r  h y p o t h e t i c a l  s e p a r a t i o n ,  u s i n g  6 p a r t s  H.~O p e r  
100 parts acetone. 

set: a) minimum reflux and solvent to oil ratio with 
an infinite number of stages and b) minimum num- 
ber of stages with infinite reflux and solvent to oil 
ratio. The operating point, M, for  minimum reflux, 
F igure  8, is located as the intersection of a vertical 
line through the iodine value of the extract  and the 
tie line whose rafiinate has the iodine value of the 
feed. The minimum reflux ratio, M E / E O ,  is 1.0. 
The minimum solvent to oil ratio, the solvent to oil 
ratio at which a line joining M to R crosses the iodine 
value of the feed, is 26:1. For  the condition of mini- 
mum number of stages the operating points are at 
infinite distances f rom the iodine value axis so that  
lines joining rafflnate points to the operating points 
are vertical. 

TABLE II 

Relation Between Water Content of Solvent and 
Minimum Limits for Extraction 

Parts Min. Min. Min. 
H~O per  reflux solvent to number  

100 parts ratio oil ratio of stages acetone 

6.0 1.0 26 3.7 
5.5 1,1 21 3.8 
5.0 1.2 17 4.0 
4.5 1.6 14 4.2 
3.5 3.2 13 6.2 

Table I I  shows the minimum reflux ratio, solvent to 
oil ratio, and number of stages for  various water  
contents of the solvent. There is a steady decrease 
in the minimum solvent to oil ratio required down to 
4.5 parts  water per 100 parts  acetone with only a 

T A B L E  III 

Effect of Reflux Ratio on Solvent to Oil Ratio and  Number  of Stages 
Required for  4.5 P a r t s  Wate r  per  100 P a r t s  Acetone 

Reflux Solvent to Number  of 
ratio oil ratio stages 

1.6 14 Infinite 
2.0 15 9.4 
3.0 20 7.0 
4.0 25 5.0 

Infinite Infinite 4.2 

relatively small increase in the reflux ratio and num- 
ber of stages. F rom 4.5 to 3.5 parts  water  however 
the small gain in decreased solvent requirement is 
more than offset by a sharp increase in the nunlber of 
stages. The optimmn water  content appears therefore 
to be about 4.5 parts  per 100 parts  acetone. The effect 
of varying the reflux ratio on the number of stages 
and solvent to oil ratio required f o r  this water con- 
tent is shown in Table I I I .  Op t imum conditions here 
would depend on an economic balance between cost of 
capital equipment and cost of solvent recovery. 

Summary 
I t  has been shown that  useful fractionations of 

soyabean and linseed oils can be made, using a selec- 
tive solvent consisting of 3 to 7 parts of water per 
100 parts acetone. Equi l ibr ium diagrams were deter- 
mined for soybean oil, using 3.5 and 6 parts  water 
per 100 parts  acetone, and for linseed, using 5 parts 
water per 100 parts  acetone. Operation of a packed 
column, 2-in. in diameter, 20 ft. high, showed that  
consistent H.E.T.S.  values were obtained, using the 
above diagrams, and gave an average II .E.T.S. of 3.1 
ft. for ~ - in .  berl saddles and 5.9 ft. for  ~ - in .  raschig 
rings. 

The use of the equilibrium diagrams is illustrated 
by application to a hypothetical  separation. 
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lsomerization During Hydrogenation. !. Oleic Acid I 
ROBERT R. ALLEN and ARTHUR A. KIESS, Armour and Company, Research Division, 
Chicago, Illinois 

I 
T HAS BE~X well established that  part ial  hydrogen- 

ation of monounsaturated fa t ty  acids is accompa- 
nied by the formation of several isomeric acids. 

Moore (9) isolated solid !isomers f rom part ial ly  hydro-  

1 Presented  at  the annua l  spr ing  meeting of the American Oil Chem- 
ists' Society, San Antonio, Tex., Apr.  12-14, 1954. 

genated ethyl oleate and found that  both geometrical 
isomerization and migration of double bonds to the 10 
and 11 positions had occurred. Also Hildi tch and 
Vidyar thi  (7) found that  part ial  hydrogenat ion of 
methyl oleate gave trans isomers as well as positional 
isomers with the double bond in the 8 and 10 posi- 


