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Introduction 

T HE solubilities of single fa t ty  acids and their de- 
rivatives in various solvents have been determined 
at various temperatures by several workers (1, 

2, 3). Ralston and Hoerr (4) have published data on 
the solubilities of binary mixtures of saturated fat ty 
acids in benzene and acetone. Other i n v e s t i g a t o r s  
(5. 6) have reported melting and euteetic point data 
for binary systems of saturated and unsaturated fat ty  
acids. 

The intersolubilizing effects of mixtures of satu- 
rated, or saturated and unsaturated fat ty acids or 
their derivatives in organic solvents have not been 
investigated. Information is also lacking with respect 
to the degree of separation which can be effected when 
mixtures of fa t ty  acids are fractionally crystallized 
from solvents. 

I t  has been the purpose of the investigation re- 
ported here to determine the composition of the solid 
and liquid phases existing in equilibrium in the ter- 
nary systems oleic aeid-stearic acid- acetone, and oleic 
acid-stearic acid-commercial hexane, at various tem- 
peratures, and with varying amounts of the three com- 
ponents. Such data are essential for the analysis of 
fa t ty  acid systems, and they also provide a scientific 
basis for predicting tile degree of separation which 
may be obtained with any given mixture of these 
fatty acids when crystallized from an organic solvent. 
Furthermore, the application of these data to the pur- 
ification of fat ty nlatcrials by solvent fractionation 
indicates the limits of purity ol)tainable by present 
conventional methods. 

Materials 
Preparation of Oleic Acid. Oleic acid was prepared 

from pecan oil by interesterification of the oil with 
methanol, subsequent separation and purification of 
the methyl oleate by the method of Wheeler and 
Riemenschneider (8), and conversion of the purified 
methyl oleate to oleic acid. The regenerated acid was 
crystallized from acetone which gave a product con- 
taining 99.8% of o]eic acid as calculated from its 
iodine value (corrected to 100% oleie in the experi- 
mental work). Alkali isomerization followed by spec- 
trophotometric examination of the product indicated 
that the oleic acid contained less than the spectropho- 
tometrie limit of more highly unsaturated acids. 

One hundredth of 1% of hydroquinone was added 
to the oleic acid and the product was stored under 
hydrogen in a refrigerator to prevent oxidation prior 
to use. 

Preparation of Stearic Acid. Stearie acid was pre- 
pared from commercial Neo-Fat by repeated crystal- 
lization from acetone. The solubility of this acid was 
determined after each crystallization until a constant 
solubility value was reached after a total of 20 crys- 
tallizations. Its melting point was 69.9~176 

1 0 n e  of the labo,:a,~ories of the Bureau  of A~r i cu l tu ra l  and I n d u s t r i a l  
Chemistry,  Agr ieu l tu : ' a l  Research Admin i s t ra t ion ,  U. S. D e p a r t m e n t  of 
Agr icu l tu re .  

Solvents. The organic solvents were commercial 
hexane, boiling range 146~176 (Skellysolve B), 2 
which was used without further  purification, and ace- 
tone which was purified with caustic AgNQ, by the 
Method of Werner (9). 

Experimental 
The method used for equilibration of the three-com- 

ponent system, oleic acid- stearic acid- organic solvent, 
has been described in detail in a previous article in 
this series (7). Briefly this method is as follows: 
weighed amounts of the fat ty acids and solvent were 
equilibrated in a special apparatus (7), the liquid and 
solid phases separated by filtration, and the composi- 
tion and proportion of each phase determined. (Cor- 
rections were made for entrained mother liquor.) That 
substantial equilibrium was obtained in each experi- 
ment was determined previously. I t  was found that 
the solubility of stearic acid was approximately 2% 
lower when approached from the cold side than when 
approached from the warm side. Also, that there was 
no appreciable difference in its solubility at holding 
periods of from 6 to 48 hours when approached from 
the cold side. The uniform procedure adopted for 
each experiment was that of chilling the system to 
about 20~ below the holding temperature, and equi- 
librating overnight (a period of 16 hours). 

In order to ascertain the mutual solubility of each 
component at various concentrations and at tempera- 
tures of 0 ~ --10 ~ --20 ~ --30 ~ and --40~ under 
isobaric conditions the following ranges of concentra- 
tions were investigated: !)()~S~ olcic and 10% stearic to 
0% oleic and 100% stearic acid and solvent ratios 
from 5:1 to 30:1 (solvent to total acids) by weight. 
Each original mixture yiehled a solid and liquid 
phase when equilibrated; the composition of these 
phases together with tile proportions of fa t ty  acids 
and solvent in each phase at each temperature are 
summarized in Table 1. These data were plotted on 
triangular coordinates in the form of phase diagrams, 
in order to designate the phases existing in equilib- 
rium in a heterogeneous system at any given tem- 
perature. The compositions of the solid and liquid 
phases of each original mixture are represented by 
points on tile phase diagrams, and are connected by 
straight tie lines, each of which also passes through 
a point representing the original composition of the 
heterogeneous mixture. 

From the number of heterogeneous mixtures of 
different oleie acid-stearie acid-solvent compositions 
which have been equilibrated isothermally, and the 
compositions of the phases plotted, curves have been 
drawn through the points representing liquid phase 
compositions, and the limiting boundary of the liquid 
phase at each isotherm has been outlines. Figures 1 
to 10 represent these phase diagrams at each isotherm. 

The liquid phase area for each isotherm has been 
plotted on an expanded scale as rectangular coor- 

2Skel lysolve  B is named as par t  of the specification of the exact ex- 
pe r imenta l  condi t ions  and does not imply tha t  this  solvent  is pa r t i cu l a r ly  
endorsed or recommended by the Depar tmen t  of Agr i cu l tu re  over other  
commercial  hexanes h a v i n g  the same or s imi lar  proper t ies .  
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dinates, using the weight per cent of oleic and stearic 
acids as ordinates and abscissae, respectively, the bal- 
ance being solvent. The total at any point is 100%. 
Figures  1.1. and 12 represent the liquid t)hase areas 
for  the various isotherms. 
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FzG. 2. Phase diagram of oleic acid-stearic acid-acetone at 0~ 

Discussion of Results 
(a) Effect of Different Fatty Acid Ratios. At 0~ 

the solubility of stearic acid was found to average 
0.038 g./100 g. in commercial hexane and 0.103 g . /  
100 g. in acetone. These solubilities differ significantly 
f rom the values of 0.024 g./100 g. and 0.219 g./100 g. 
in these respective solvents repor ted by  Foreman and 
Brown (3).  Increasing amounts of oleic acid in the 
original mixtures,  up to approximately  30 to 35% of 
the weight of total acids, considerably increased the 
solubility of stearic acid at 0~ the effect being 
greater  in commercial hexane than in acetone solu- 
tions. F u r t h e r  addition of oleic acid had less effect 
on the stearic acid solubility, merely enriching the ho- 
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mogenous or liqui(l phase with respect to oleic acid 
which is sohlblc in both solvents at all practical con- 
centrations, l lowever,  at all temperatures  employed, 
including 0~ there was a tendency for some oleic 
acid to be precil)itated along with stearic acid (possi- 
bly in the form of mixed crystals),  being especially 
evident in solutions of commercial hexane. 
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FIG. 4. Phase diagram of oleic acid-stearic acid-acetone at  
--10~ 

No a t tempt  was made to obtain data with solvent- 
acid ratios less than 5 to 1 by  weight as separations 
became impractical  at lower ratios, owing to increased 
fil tration difficulties and entra inment  of filtrate, in 
the precipitate fraction. Therefore,  the liquid phases 
at 0~ do not become saturated with oleic acid under  
the conditions imposed bu t  probably  would be satu- 
ra ted at a solvent-acids ratio of 1 to 1 or less in 
commercial hexane, and at an even lower ratio in 
acetone. Figures  1 and 2 represent  the 0~ isotherms. 

The effect of oleic acid on the solubility of stearic 
acid is not as pronounced at " 1 0 ~  as at 0~ (Fig- 
ures 3 and 4). A gradual  increase in the solubility of 
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stearic acid, with additions of oleic acid, was noted in 
the solutions of commercial hexane, oleic acid having 
a greater effect up to a concentration of 5 to 10% of 
the total acids in the mixture. In acetone solutions at 
- -10~  oleic acid had but slight effect on the solu- 
bil ity of stearic acid. With the latter solvent the 
acetone-oleic acid ratio m u s t  be in excess of 5:1 by 
weight to prevent precipitation of oleic acid from the 
liquid phase. 

If  the oleic acid-acetone ratio is not in excess of 
5:1, the l iquid phase becomes saturated with both 
acids. As the proportion of oleic acid in the original 
mixtures was further increased, a mixture was reached 
in which the small amount of stearic acid present was 
completely soluble. Points representing the l iquid 
phase compositions then moved toward the oleic acid 
apex, forming a closed surface (Figure 12).  

The dashed lines on Figure 4 and subsequent fig- 
ures, drawn from the point of liquid phase saturation 
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T A B L E  1 

Composi t ions  of the Orig ina l  Oleic  Ac id -S tear i c  A c i d - S o l v e n t  M i x t u r e s  a n d  Phase s  P r e s e n t  a t  E q u i l i b r i u m  a 

Temp.  
~ 

- - 1 0  

Stcar ic  
ac id  

1 . 6 8 4  
3 .181  
3 . 2 0 9  
4 . 6 5 8  
4 . 6 7 1  
6 . 3 1 3  

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

Orig ina l  m i x t u r e  

Oleic  
acid 

6 .852  
4 . 8 8 7  
2 . 1 5 0  
0 . 8 1 6  
4 . 1 4 4  
4 . 2 2 3  

0 . 5 0 0  
8 . 5 4 2  
1 .083  

So lvent  

9 1 . 4 6 4  
91.9;}2 
9 4 . 6 3 9  
9 4 . 5 2 6  
9 1 . 1 8 4  
8 9 . 4 6 4  
92.78()  
8 3 . 1 4 6  
9 2 . 8 7 3  

Stear ic  
ac id  

0 . 3 1 1  
0 .278  
0 . 2 0 4  
0 .133  
0 .261  
0 .253  
0 . 2 1 5  
0 . 2 5 1  
0 . 0 6 6  

Commerc ia l  n e x a n e  

L i q u i d  phase  

Oleic 
ac id  Solven t  

9 2 . 7 8 3  
9 4 . 7 2 5  
9 7 . 6 0 2  
9 9 . 0 2 3  
(,)5.457 
9 5 . 2 7 1  
(,)3.272 
9 0 . 5 5 3  
98.8:}2 

)hasc 

By calcuht  tion 

Solid 

By d i f ference  

Stear i c  
ac id  

6 . 9 0 6  
4 . 9 9 7  
2 . 1 9 4  
0 . 8 8 4  
4 . 2 7 7  
4 . 4 7 6  
6 .513  . 
9 . 1 9 5  
1 .102  

98.01 
9 8 . 7 2  
9 9 . 3 0  
9(`).76 
9 9 . 2 6  
9 9 . 5 3  

Stear ic  () leic  
ac id  ac id  

9 6 . 9 1  ;}.09 
9 8 . 7 2  1 .28 
9 9 . 2 0  0 .80  
9 9 . 7 7  0 .23 
98 .67  1 .33  
99 .65  0 .35  
95 .95  4.O5 
9 8 . 7 9  1 . 2 t  
(`)9.22 0 .78  

0.9 1 0 0 . 0 0  
97 .35  2 .65  
98 .77  1 .23 

1 0 0 , 0 0  
99 .25  0 .75  
97 .92  2 .08  

0.0 1 0 0 . 0 0  
70 .81  2!) .19 
99 .01  0 .99  

1..78 98 .22  
2 3 . 6 1  7 6 . 3 9  
5 4 . 9 4  4 5 . 0 6  

Oleie 
acid 

1A)9 
1 .28 
0 .70  
0 . 2 4  
0 , 7 4  
0 .47  

9 9 . 6 0  () .40 

- - 2 0  6.0 (`).253 9 0 . 7 4 7  0.0 9 . 0 5 4  9 0 . 9 4 6  . . . . . . . . . . . . . . . . . .  
2 . 1 3 2  7 . 0 9 1  9 0 . 7 7 6  0 . 1 2 1  7 . 1 7 9  9 2 . 7 0 0  9 7 . 8 9  2 .11 
3 .543  5 .691  9 0 . 7 6 6  0 . 1 0 8  5 . 8 4 9  9 4 . 0 4 3  9 9 . 7 5  0 .25  
5 .841  3 . 2 2 5  9 0 . 9 3 4  0 . 0 6 8  3 . 5 2 8  9 6 . 4 0 4  ........ 
7 . 5 6 9  1 .507  9 0 . 9 2 4  0 . 0 4 8  1 .570  9 8 . 3 8 2  9 9 . 8 8  0 .12  

- - 3 0  2 . 8 0 2  0.906 9 6 . 2 9 3  0 .018  0 . 8 7 0  9 9 . 1 1 2  9 7 . 4 4  2 .56  
0.0 5 .305  9 4 . 6 9 5  0.0 1 .938  9 8 . 0 6 2  ........ 
5 . 4 7 8  4 . 1 0 0  9 0 . 4 2 4  0 . 0 3 4  2 . 0 0 9  9 7 . 9 5 7  7 0 . 7 8  2 9 . 2 2  
5 .520  :1.580 9 2 . 9 0 0  0 . 0 3 6  1 .615  9 8 . 3 4 9  ........ 

---4O 0 . 1 5 2  2 . 7 5 4  9 7 . 0 9 4  0 . 0 3 0  b 0 . 3 7 3  9 9 . 5 9 7  5 .50  94 .50  
0 . 5 6 1  2 . 1 7 9  9 7 . 2 6 0  0 . 0 3 3  0 . 4 8 3  9 9 . 4 8 3  2 4 . 6 0  7 5 . 4 0  
2 . 7 0 5  2 . 6 2 4  94 .671  0 . 0 3 5  O.455 9 9 . 5 1 1  5 5 . 4 1  4 4 . 5 9  

A c e t o n e  

0 

- - 1 0  

- - 2 0  

- - 3 0  

- - 4 0  

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

5 . 5 6 1  
8 . 9 5 1  
0.O 

2 . 6 6 8  6 . 5 2 4  
5 .419  3 . 6 1 0  
2 . 0 1 6  1 9 . 7 5 3  
1 .300  
4 . 7 6 7  
0 . 8 7 9  

10 .058  
0 . 9 5 0  
2 . 7 0 7  
2 . 0 6 1  
0 . 4 0 2  

. 1 . 9 5 4  

0.0 
1 1 . 2 1 3  
1 4 . 9 8 4  

6 . 9 7 2  

0.0 
2 . 9 9 1  
2 . 1 1 1  
3 . 2 9 0  
2 . 7 7 6  

(`)0.845 
(.)0.129 
(`)7.786 
9 0 . 8 0 8  
9 0 . 9 7 1  
7 8 . 7 5 3  
9 8 . 7 0 0  
8 4 . 0 2 0  
8 4 . 1 3 8  
8 2 . 9 7 0  
9 9 . 0 5 0  
9 4 . 3 0 3  
9 5 . 8 2 8  
9 6 . 3 6 9  
9 5 . 2 7 0  

0 . 2 6 5  
0 . 3 1 5  
0 .103  
0 . 1 3 6  
0 . 1 2 4  
0 . 1 7 2  
0 .038  
0 . 1 0 7  
0 . 1 1 7  
0 . 0 9 5  
0.0 
0 . 0 1 4  
0 . 0 0 5  
0 .015  b 
0 . 0 1 0  

5 .753  
9 . 0 0 6  

6 .516  
3.811 

1 4 . 9 2 7  

6 .920  
8 .825  
6 .082  

2 . 0 3 5  
2 . 1 3 2  

0 . 8 7 9  
0 . 8 8 5  

a Corn )osit ions are e x p r e s s e d  in w e i g h t  ( g r a m ) - p e r  cent  of total  so lut ion .  
b These  va lues  are  s l ight ly  h igh.  

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

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

1 0 0 . 0 0  
1 0 0 . 0 0  
100 .00  

93 .20  
1 0 0 . 0 0  

2 5 . 6 4  
1 0 0 . 0 0  

4 8 . 3 2  
1 0 . 1 4  
86 .31  

1 0 0 , 0 0  
72 .31  
9 8 . 9 0  
13 .72  
5 0 . 2 4  

0.0 
O.O 
0.0 
6 .80  
0.0 

7 4 . 3 6  
0.0 

5 1 . 6 8  
8 9 . 8 6  
13 .69  

0.0 
2 7 . 6 9  

1 .10  
8 6 . 2 8  
4 9 , 7 6  

9 9 . 2 9  
1 0 0 . 0 0  

7 3 . 7 1  
9 9 . 3 3  

0 .71  
0.0 

2 6 . 2 9  
0 .67  
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FIG. 7. Phase (liagr,ml of olcie acid-stcaric acid-commercial 
hexane at--30~ 

with both acids to the apex of both stearic and oleie 
acids, give the limits of the fields designated as " 1 "  
and " 2 "  on these tigures. Original mixtures  within 
field " 1 "  will, at  equil ibrium, result  in solution or 
l iquid phase plus stearie acid sim;e np to the satura- 
tion point  the liquid phase was sa tura ted  only with 
respect  to this acid. Field " 2 "  limits those original 
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FIe-. 8. Phase diagram of oleie aeid-stea~ie acid-acetone at 
--30 ~ 

mixtures  which will yield sa tura ted  liquid phases, 
with stearic and oleic acids in the solid phases. The 
nar row field at  the extreme lef t  of F igure  4, between 
the dashed line and the border  of the triangle,  con- 
ta ins  those original mix tures  which will yield l iquid 
phases sa tura ted  with oleic acid, bu t  not with stearic 
acid. The solid phases f rom such mixtures  will be 
oleic acid. 

On a solvent-free basis the liquid phases contained 
96 to 98% of oleie acid with commercial  hexane as the 
solvent compared to 98 to 99% oleic acid with acetone 
as the solvent. 

At  - -20~ oleic acid separated f rom solution at 
relat ively high ratios of solvent to f a t t y  acids. In  
commercial  hexane a ratio of less than  12 g. of oleic 
acid per  100 g. solvent in the original mixture  resulted 
in the absence of olcie acid in the solid phase af ter  
equilibration, except for  a small amount  as mixed 
crystals. Similarly,  a ratio of about  8 g. of oleic acid 
per  100 g. of acetone retained the oleic acid in the 
liquid phase. 

-ioo 9o so ~o 'so ~o I :~o '3o '2o ',o ~o ~176 
�9 - -  PERCENT OLEIC ACID 

:PIO. 9. l 'hase  diagram of oleie ~eid-stearie aeid-commerci'd 
box-me at --40~ 

When present  in excess of 12 g./l()0 g. of commer- 
cial hexane and  8 g./100 g. of acetone appreciable  
quanti t ies of oleic acid, together  with stearic acid, 
were present  in the solid phase. At these acid-solvent 
ratios, the liquid phases became sa tura ted  with both 
acids and remained constant in composition unti l  as 
the original mixtures  increased in oleic acid, concen- 
t rat ions were reached at which the small amount  of 
stearic acid present  became completely soluble, ap- 
pear ing ent i rely in the liquid phase. Boundaries  of 
the liquid phase th~n moved toward  the oleie acid 

,oR 
% 

60- 4 t .  ~ 6 0  50 50 

40 

\ o  
~60 '50 \40 ~30 ~20 ~10~ I00 PERCENT OLEIC ACID 

FIG. 10. Phase diagram of olele aeid-stearic acid-acetone at 
--40~ 
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apex, forming closed areas (Figures 11 and 12). 
ACetone exhibits a greater  dissociating effect on the 
oleic acid-stearic acid mixtures than does commercial 
hexane. 

Field " 1 "  appears with the commercial hexane 
systems at this isotherm (Figure  5). That  all of the 
tie lines are not contained within this field is due to 
oleic acid entrainment,  mentioned previously. Field 
" 3 "  is extremely narrow. 

The acetone systems a t - - 2 0 ~  indicated the dimin- 
ishing effect of oleic acid on stearic acid solubility, as 
exhibited by  a narrowing of Field " 1 , "  F igure  6. 
Field " 3 "  is ahuost removed. Thus closed areas, rep- 
resenting liquid phase compositions, are found in both 
systems for this isotherm. 

The phase diagrams corresponding to - -30~ and 
- -40~ give definite closed areas for  the liquid phases 
with both solvents, except at highly impractical sol- 
vent  to acid ratios. The liquid phases at - -30~ 
range in composition up to 2.0% of oleic acid and 
from 0.0 to 0.03% of stearic acid in commercial hex- 
ane solutions (Figure  11) ; f rom 2 to 3% of olcic acid 
and from 0.0 to 0.02% of stearic acid in acetone (Fig- 
ure 12). Field " 2 "  has increased in both systems, 
fu r the r  diminishing Field "1"  (Figures 7 and 8). 

At - -40~ the liquid phases were found to contain 
only about 0.01% of stearic acid, with either solvent. 
However, the solubility of oleic acid was very  low, 
amounting to about 0.36 to 0.54% in commercial 
hexane, and about 0.9% in acetone (Figures 11 and 
12). Stcaric acid alone is practically insoluble in 
either solvent at these temperatures ;  its presence in 
the liquid phase may be a t t r ibuted  entirely to the 
solubilizing effect of oleic acid. Oleie acid in com- 
mercial hexane a t - - 3 0 ~  solubilizes approximately 
3 to 4% of its own weight of stearic acid while at 
- -40~ it solubilizes about 7 to 8% of stearic acid. 
This apparent  gain in the solubility of stearic acid 
results solely f rom the fact that  at both - -30~ and 
- -40~ the liquid phases have reached a minimum 
compositional value of about 0.01 to 0.03% of stearic 

acid, while the solubility of oleic acid a t - - 4 0 ~  is 
much less than at - -30~  The acetone solutions be- 
have in similar manner.  

Since the amount  of f a t t y  acids in the liquid 
phases would great ly  diminish with fu r the r  reduc- 
tion of temperature,  no lower isothermal conditions 
were investigated. 

(b) Effect of Different Solvent Ratios. Commercial 
hexane was added in increasing amounts to the oleic- 
stearic acids mixtures to determine its effects on the 
composition of the liquid phases. At  those isotherms 
at which most of the oleic acid is in solution (0~ 
and - -10~ increasing the solvent over that  present 
in the original mixture  na tura l ly  does not increase 
the amount  of oleic acid in the liquid phase but  does 
increase the amount  of stearic acid in this phase. The 
net effect is to enrich the liquid phase with respect 
to stearic acid and therefore to lower the percentage 
concentration of oleic acid as the solvent ratio is in- 
creased. However, two original mixtures having iden- 
tical ratios of the two fa t ty  acids, bu t  vary ing  in 
amount  of solvent, will both have liquid phase com- 
positions represented by points lying on the same 
liquid boundary  curve of the phase diagram. For  
example, two commercial hexane solutions having the 
same ratio of acids but  having solvent ratios of 8.5:1 
and 17.7:1, respectively, were equil ibrated at 0~ 
The Wijs iodine values of the filtrate acids were 89.8 
for  the former  and 82.1 for the latter.  The higher 
iodine value denotes a greater  ratio of oleic to stearic 
acid in the filtrate acids from the mixture  with the 
lower solvent ratio. When the compositions of the 
liquid phases are plotted, both lie on the boundary  
representing the liquid phase compositions established 
by  other determinations at this isotherm, with the 
composition of the liquid phase of tile mixture having 
the higher solvent ratio lying closer to the solvent 
apex. Acetone solutions exhibit a similar behavior. 
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rat ios .  
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On Figures  11 and  12, bounda ry  lines have been 
constructed represent ing acid-solvent ratios of 5:1, 
10:1, and 20:1. At  a constant solvent ratio, suffi- 
ciently high to p revent  olcie acid precipi tat ion,  and 
with increasing proport ions of oleic to stearie acid, 
the solubili ty of stearic acid increased until  the 
amount  of this acid in the original mixture  was 
comt)letcly soluble. The liquid phase was then satu- 
ra ted  with neither conIponent acid;  this resulted in 
the absence of a solid phase. I f  the acid-solvent rat io 
was then decreased, the liquid phase became sa tura ted  
with stearie acid unti l  sufficient oleie acid was added 
to again cause complete solubility. ] t  titus becomes 
evident tha t  low solvent-to-acid rat ios permi t  only 
small amounts  of stearic acid in the liquid phase. 
For  example, assume a constant acid-to-commercial 
hcxane ratio of 20:1, at  0~ At  the complete-solu- 
bil i ty point  of stcari(, acid tile liquid phase will con- 
tain about  94.6% olcic acid on a solvent-free basis. I f  
the acid-solvent ratio is decreased to 5:1, the liquid 
phase at  tile point  of complete stearic acid solubility 
contains about  97.5% olcic acid on the same basis. 

At  the lower tempe r a t n  r e s  ( - - 3 0 ~  ( ] .  a n d  - - 4 0 ~  C .  ) 

solubili ty of 1)oth the oleie and stearie acids is pro- 
por t ional  to the amolmt  of solvent present  t)ecausc 
oleic acid is not conlpletely sohlt)le in eithcr solvent 
at these temilcratures.  

Significance of Results 
On the basis of the data  presented above it is aIl- 

pa ren t  that  oleic and stearic acids are both nlore 
soluble in acetmle than  in eonmlercial hexane at any  
given tentl)eraturc, l lowevcr,  the sohlbili ty of stearic 
acid is not increased as much by  the presence of oleie 
acid in aeetol,c as by  its l)resenee ill commercial  hex- 
ane. Thns, the intcrsolubilizing effect of one f a t t y  
acid on another  is inthlenced by  the type of solvent 
in the acid-solvent system. Also, apprec iab ly  greater  
quant i t ies  of oteic acid are removed f rom tile liq~fid 
phase at  higher tempera tures  in acetone than  in 
commercial  hexane, o]eic acid appear ing  in the solid 
phase at  - -10~ in acetone solutions, and at - -20~  
in commercial  hexane solutions. Therefore,  with com- 
mercial  hexane as the solvent, lower tempera tures  arc 
required to effect tile same degree of separat ion as is 
the Case with acetone at any  given tempera ture .  

The phase diagrams reproduced in Figures  1 to 10 
do not trace the course of crystall ization f rom a com- 
pletely liquid state bu t  are more concerned with the 
t empera tu re  at  which fract ional  crystal l izat ion of the 
liquid and solid f a t t y  acids occurs. Pa r t i cu la r  at ten- 
tion has been given to the composition of the liquid 
phases existing at the tempera tures  employed. 

F r o m  the family  of curves obtained with the phase 
d iagrams it  is possible to predic t  the degree of sep- 
ara t ion obtainable in any  mixture  of oleic and  stearic 
acids, with either acetone or commercial  hexane as the 
solvent, if  it is known that  a condition of equil ibrium 
exists in the- system. Since all possible proport ions  of  
these three components  which will give the same liq- 
uid and  solid compositions lie on the same tie line, 
it is necessary only to know the composition of an 
original mixture,  locate this compositional point  on 
a tie line, and read off the compositions of the phases 

which will be present  at equil ibrium at  tha t  par t icu-  
lar tempera ture .  In terpola t ion  between the tie lines 
is possible for  any  given system which may  not lie 
on any tie line as constl-uetcd. 

By use of the d iagrams as constructed in Figures  
]1 and 12, the results which can be expected f rom any 
acid-solvent ratio, at any  constant tempera ture ,  can 
be determined. Also, tile pu r i ty  of tile oleie acid in 
any of the lilplid phases can be calculated. Likewise, 
the liquid phase result ing f rom changing t empera tu re  
at constant  solvent ratio can be calculated. 

] t  had been noted in these threc-eomponent  systems 
that  stearie acid persists in the liquid phase even at  
t empera tures  low enongh to precipi tate  most of the 
oleic acid which is present  in the solution. This fact  
can be used in co,@lnction with the conventional pro- 
eedure in the prepara t ion  of purified oleie acid. By  
repeatedly  crystall izing a product  of about  98% pur-  
ity f rom one of these solvents at - - 3 0  ~ or - -40~ 
and discarding the filtrate, which will contain soluble 
stearie acid and a small amount  of oleic acid, the 
precipi ta te  f ract ion will become enrMled in olcic acid. 
For  example, a salnl)le of oleic acid having an iodine 
vahle of 88.9 (!)8.9% ohde acid) was t reated in the 
above manner  to obtain a product  with an iodirlc 
vahle of 89.8 (99.9% oleic acid) .  

Summary 
1. The t e rna ry  systems oleic aeid-stearie aeid-eonl- 

merciaI hcxanc and  ole.ic acid-s tear ic  acid-acetone 
containing va ry ing  mnounts of the lhree components 
have been equil ibrated at ( ) ~ 1 7 6  --20~ 
--30~ a n d - - 4 0 ~  

2. F r o m  colnpositionM data of the liquid and solid 
phases in equil ibrium at each isotherm, t e rna ry  phase 
d iagrams have hecn constructed. F rom these diagrams 
it is possible to predict  the degree of separat ion which 
can be obtained with any  given mixture  of oleie and 
stearic acids, l~sing either acetone or commercial  hex- 
ane as solvent. 

3. With  pract ical  solvent ratios the phase diagrams 
at  - - 2 0  ~ - - 3 0  ~ and - - 4 0  ~ exhibit  closed 
areas represent ing  liquid phase composition. The liq- 
uid phase boundar ies  have been established for  each 
isotherm investigated. 

4. The intersolubilizing effect of oleie acid on stea- 
rie acid, grea ter  in commercial hexane than in acetone, 
and the possible format ion  of mixed crystals  of oleie 
and stearie acid have been noted. 

5. Oleic acid of high pu r i t y  can be obtained as one 
of the pract ical  applicat ions of these data. 
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