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The Ampl i f i ed  Dist i l lat ion of Methyl  Es ters  
oi Fatty Acids  

A. W. WEITKAMP 
Standard  0 i l  Company ( I n d i a n a ) ,  Whi t ing ,  Indiana  

Introduction 

A C C O R D I N G  to the theory of distillation the 
components of a volatile mixture may be sep- 
arated from each other in any desired approach 

to purity. I t  is only necessary to provide sufficient 
theoretical plates. 

In the application of fractional distillation to ana- 
lytical work certain practical limitations must be 
considered. I f  a large number of theoretical plates 
is required for a given separation, it follows that a 
correspondingly large amount of a given component 
must be present before any is available for separa- 
tion at the desired purity. The reason for this is 
that as a cut point is approached and passed, there 
is a gradual change in the composition of the distil- 
late from lower boiling component to higher boiling 
component. The amount of this inseparable mixture 
is a function of the column hold-up per theoretical 
plate. 

Amplified distillation is a technique by which the 
interjacent mixtures inevitably encountered in or- 
dinary fractional distillation may be eliminated in 
certain specific instances. This permits a more nearly 
complete separation of the components in the desired 
puri ty and is especially useful in case certain com- 
ponents occur in small proportions or in case the 
sample is of limited availability. Amplified distilla- 
tion does not alter the efficiency of a given still but 
merely allows the full efficiency of the still to be 
developed with respect to the separation of each com- 
ponent, regardless of the amount or proportion pres- 
ent in a given mixture. 

In amplified distillation an additional component 
is introduced. This component is so selected that it 
distills between the components of the mixture and is 
easily distinguishable and separable from them. For 
the amplified distillation of methyl esters a hydrocar- 
bon mixture of petroleum origin meets these require- 
ments and has the added advantages of a smooth true 
boiling point curve and ready availability. It  is only 
necessary to select a commercial product having the 
appropriate distillation range. 

Amplified distillation should not be confused with 
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azeotropic distillation ill which the desired effect of 
the added component is to alter the partial vapor 
pressures of the components of the mixture differ- 
ently. Azeotropie distillation is usually employed for 
the separation of dissimilar substances having similar 
boiling points. Amplified distillation is useful in the 
separation of similar substances such as adjacent 
members of homologous series or structural isomers. 

The idea of amplified distillation is not new. Brat- 
ton, Fclsing, and Barley (1) used kerosene to en- 
hance the separation of certain petroleum bases. In 
this case, in addition to the advantage of dilution, 
the spread between the boiling points of the bases 
was increased fortuitously due to azcotrope forma- 
tion. Later Axe and Bratton (2) extended the method 
to the separation of binary mixtures of homologous 
fat ty acids such as propionic and butyric. They re- 
ported a maximum recovery of pure acid in only 73% 
yield, due to limited efficiency of their distillation 
equipment. In this case the formation of azeotropes 
with the hydrocarbon diluent probably hindered the 
separation. 

Apparatus and Materials 
The laboratory vacuum distillation apparatus used 

in this investigation was identical with that de- 
scribed in an earlier paper (3) except for the sub- 
stitution of a more efficient, spiral-conical-pattern, 
wire gauze packing (4). The packed section was 44 
inches in length by one inch inside diameter. The 
overall efficiency was approximately 100 theoretical 
plates. Distillations were carried out at a head pres- 
sure of 2 mm. 

Two commercially available mineral oils were used 
as diluents: Eureka White Oil (55 Seconds Saybolt 
Universal Viscosity at 100 ~ F.) and Mineral Seal Oil 
(42 Seconds Saybolt Universal Viscosity at 100 ~ F.). 

Amplified distillations were carried out on palmitic 
acid, "double distilled cottonseed fatty acid" and the 
methyl esters of the cottonseed fatty acids. Palmitic 
acid was obtained by hydrolysis of a heart cut of 
methyl palmitate and was recrystallized to a constant 
melting point of 62.6 ~ C. The "double distilled cot- 
tonseed fat ty  acid" was a commercial material. The 
methyl esters were prepared by refluxing the acid 
with anhydrous methanol saturated with hydrogen 
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chloride. Composition of the cottonseed acids as de- 
termined by amplified distillation of the methyl esters 
was as follows: 

Acid Mol. % 

C~.- 0.9 
C~, 1.4 
(g~e 25.9 
C~8 69.1 
c~ 0.5 

Miscellaneous 2.2 

A typical  distillation curve for  the c o t t o n s e e d  
esters is shown in Figure  1. The C1,-C1~ and C~6-C18 
inter jacent  mixtures each amounted to 5-6 ml. or 
about 3-4% of the charge. Consequently, the C~2, C~,, 
C_, o and miscellaneous esters could not be estimated 
accurately or in some cases even detected by  ordinary 
fractional distillation. 

Ampli~ed Distillation of Fatty Acids 
F a t ty  acids form azeotropes with hydrocarbons.  

This may be a t t r ibuted to the polar carboxyl group. 
When a given fa t ty  acid is distilled with an appro- 
priate mineral  oil, a characteristic azeotropic elimina- 
tion curve is obtained. Such a curve, shown in Figure  
2, represents the distillation of four  grams of palmitie 
acid with 150 grams of Eureka White Oil. Five ml. 
(4 gram) fractions were taken and the acid contents, 
determined by t i t rat ion with s tandard  alkali, were 
plotted as ordinates to give the elimination curve. I t  
wilI be noted that  the acid began to be distilled about 
35 ~ C. below its normal boiling point of 179 ~ C. at  
2 mm. pressure (5) and was completely eliminated 
about 7 ~ C. below the boiling point. The distillation 
temperature  rose sharply as soon as the acid was 
depleted showing that  the acid-oil mixture  formed a 
minimum boiling azeotrope. The shape of the elimi- 
nation curve is suggestive of a logarithmic function 
and if the logarithum of the concentration of fa t ty  
acid in the distillate is plotted against the distilla- 
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tion temperature,  a s traight  line (within the limits 
of experimental  er ror)  is obtained. A point  corre- 
sponding to 100% concentration will be on this line 
at the normal boiling point of the acid. A family of 
such curves, one for each homologue is useful for  the 
identification of fa t ty  acids in the presence of other 
fa t ty  acids but  not for  quanti tat ive analysis since 
adjacent  curves overlap. 

The amplified distillation of 10 grams of cotton- 
seed f a t ty  acid with 140 grams of Eureka  White Oil 
is shown in Figure  3. I t  will be noted t h a t  the elimi- 
nation curve for  the C1~ acid overlaps the curve for  
the Czs acid and the curve for  the C~o acid is com- 
pletely obscured. Thus a limitation on the usefulness 
of amplified distillation for  qualitative analysis of 
f a t t y  acid mixtures is that  minor components will be 
detected only if they are lower boiling than the 
major  components. 

The Amplified Distillation of Fatty Acid Esters 
In  F igure  4 is shown the amplified distillation of 

10 grams of methyl esters of cottonseed f a t ty  acids 
with 140 grams of Eureka  White Oil. The methyl  
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esters of f a t ty  acids are relatively non-polar and ex- 
hibit  little if any tendency to form azeotropes with 
mineral  oil. Unlike the fa t ty  acids, the esters distill 
at  their  normal boiling points in the presence of the 
mineral  oil diluent, i.e. the peak of the elimination 
curve coincides with the normal boiling point of the 
ester. The shape of the elimination curve is suggestive 
of Maxwell 's distribution curve and the data approxi- 
mate the probabil i ty equation very well. Theoretical 
curves calculated from the p r o b a b i l i t y  equation 

)' 
y ~ b  

are shown superimposed on the C~e and C~s elimina- 
tion curves. In  the above equation the constant b is 
the maximum height of the curve. I t  is related to the 
constant a and the area under  the curve by the 
equation : 

Area ~ ab ~/Tr. 

The base of Maxwell's distribution curve extends 
indefinitely in both directions�9 Similarly the bases of 
the elimination curves extend indefinitely and neces- 
sarily overlap. I t  has been estimated that  the elimina- 
tion curves fo r  the C18 and C~8 esters in Figure  4 
overlap less than 1% so that  acids of bet ter  than 99% 
pur i ty  could be recovered from these fractions�9 

In the routine application of the method of ampli- 
fied distillation to f a t ty  acid esters a single fract ion 
is taken for  each ester. Cut points are midway be- 
tween the boiling points of adjacent  esters�9 The acid 
equivalent of each fract ion is determined by  saponi- 
fication with s tandard alkali�9 The free acid may be 
recovered by the usual procedures and subjected to 
the tests for  iodine absorption, ultraviolet absorption 
and so on. Excellent analyses can be obtained on 
samples as small as a fract ion of a gram. 

In order to illustrate the application of amplified 
distillation to the detection of minor components a 

"light e n d "  cut f rom 400 grams of "doub le  distilled 
cottonseed fa t ty  ac ids"  esters was distilled with 140 
grams of Mineral Seal Oil (42 Seconds Saybolt  Uni- 
versal Viscosity at 100 ~ F.) .  The curves are shown 
in Figure  5. For  best results an oil with a somewhat 
lower distillation range should have been used. The 
two largest peaks in the elimination curve are due to 
C12 (0.9 tool. %) and C1~ (1.4 tool. %) esters. The 
peak between C~_o and C14 is due to the dimethyl ester 
of sebacie acid (0.15 mol. %) .  Af ter  two recrystal- 
lizations from distilled water the free acid melted at 
133 ~ C. cor. and was identical with authentic sebacic 
acid. The small peak between C~4 and C~ is probably 
due to the homologous C~2 dibasic acid. The unre- 
solved portion distilling below Ct~ may contain lower 
homologues of both the monobasic and dibasic series. 
No claim is made that  dibasic acids are original con- 
stituents of cottonseed oil since the origin of the sam- 
ple does not preclude the possibility of contamination�9 
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S u m m a r y  
Amplified distillation is a useful technique for  

the quanti tat ive analysis of mixtures of fa t ty  acid 
esters, especially for  the detection and estimation of 
minor components and for the analysis of small sam- 
pies. The amplified distillation of free fa t ty  acids is 
largely limited to qualitative work on account of the 
formation of azeotropes with mineral oils. 
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