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is improved so as to require little bleaching. The f a t t y  
acid-ester content of the distillate is under  positive 
control. Addit ional  unusual  des ign features  are : 

Two-stage pro-heating of the crude by steam recovered 
from condensate. 

Distilled water for the "bo i le r -condenser"  is assured by 
use of steam condensate. 

Continuous distillation is possible. 

Sweetwater is entirely eliminated. 
No closed distillate receivers are required. 
Separate concentration of distillates is eliminated. 
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Acid Ana lys i s  of Marine An imal  Oils  by 
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I n  the ester f ract ionat ion procedure (1) for  the 
component  acid analysis of na tu ra l  fa ts  the composi- 
tions of the individual  fract ions are calculated f rom 
their  determined saponification equivalents and  iodine 
values. With  marine animal  oils in par t icular  these 
calculations can be laborious and time:consuming, and 
we have found the elaboration of definite computat ion 
forms of very  great  assistance; once set up, they en- 
able the compositions of most fract ions to be calcu- 
lated with the assistance of a computor.  Moreover the 
use of such tables provides a concise and  permanent  
record of the computat ions and great  facili tates check- 
ing of calculations. In  the present  communication 
we therefore record such computat ion schemes as have 
been employed in recent component  acid analyses of 
marine  animal  oils carr ied out in this labora tory  (2). 
All have been a r ranged  so as to make efficient use of 
tables of reciprocals, of mult ipl icat ion tables such as 
those of Crelle (3), and  of computing machines. 
Computations relating to fractions containing two 
saturated plus two unsaturated esters: 

The e a r l y "  so l id"  a n d "  l iqu id"  ester fract ions have 
been calculated to one or other of the following: 

(a)  C~ and C~4 saturated plus monoethenoid esters ; 
(b) O_~4 and O_~ saturated plus monoethenoid esters; 
(e) O~ and C~8 saturated plus monoethenoid esters. 

In  calculating to these compositions, it has been cus- 
tomary  in this l abora tory  to assume tha t  the S.E. of 
the sa tura ted  port ion of each fract ion is the same as 
tha t  of the whole fraction. This assumption leads to 
little error  in the final analysis and does away with 
the necessity for  isolating the sa tura ted  ester fraction. 
The compositions of such fract ions may  therefore be 
calculated f rom equations (1 ) -  (3 )  

x + y + z = w  (1) 

x_+__y  + z _ w (2) 
E E~ E~ E 

i~y + i2z ~--- wi (3) 

where w ~-~ the weight of the fraction, whose S.E. = E, and 
I.V. = i. 

x = the weight of the sa turated Cn plus C,+~ esters in 
the fraction, whose S.E's .  E3 and E4 are equal 
to (Ea + 2) and (E~ + 2) respectively. 

* Of the Royal Observatory, Cape Town, 
** Of the Division of Fisheries, Department of Commerce and 

Industries. 

y ~ the weight of C, monoethenoi~l esters of S.E. ~ E, 
and I.V. ~ i~ in the fraction. 

z = the weight of Cn+2 monoetheneid esters of S.E. ~- E2 
and I.V. ~ i, in the fraction. 

The solutions to these equations (1) - (3)  are given 
in equations (4) - (6)  : 

wi 1 wi 1 
z . . . .  (4) 

ix q + i~ i, Q + E, 
ix E2 

since both series of unsa tura ted  esters are 
h E1 

monoethenoid and therefore - -  
�9 il E2 

y = Q . z  

x = w - (y + z) 

E~ E~ - -  E 
where Q . . . .  

E~ E - -  E~ 

(5) 

(6) 

The composition of the sa tura ted  ester f ract ion x 
may be calculated f rom the equations (7) and (8) : 

u + v = x  (7) 

u + v _ x (s) 
E~ E4 E 

the solutions to which are 

b - - d  
u -  �9 x (9 )  

c w d  

e - - b  
a n d v - -  �9 x (10) 

e - - d  

where u = the weight of Cn esters of equivalent weight 
(E~ + 2) present. 

v ~ the weight of C,+, esters of equivalent weight 
(E, + 2) present.  

1 1 
e - -  

E. E~ + 2 

1 1 

E4 E~ + 2 

1 
b -  

E 
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The computat ion forms which have been used for  
c a l c u l a t i n g  the compositions of ear ly " s o l i d "  and 
" l i q u i d "  ester fractions, which are mixtures  of C~ 
and Cx~ or C~4 and Cx6 or C~s and C,s sa turated and 
monoethenoid esters, are i l lustrated in Tables I ( a ) -  
I ( e ) .  Because of the f requency w i t h  w h i c h  t h e s e  
three, and in par t icu lar  the lat ter  two, types of cal- 
culation are necessary, it has been found profitable 
to set up separate forms for  each. I t  will be appre-  
ciated, however, that  these three are not the only 
types of calculations of this kind which arise, and 
we have found that  the compositions of individual  
higher solid ester fractions in par t icu lar  must  some- 
times be calculated on the basis that  they are mixtures  
of two saturated and two unsa tura ted  esters. The 
unsatura ted  esters have then been assumed to possess 
the same average unsaturat ions as determined for 
them by  the application of the Charnley method to 
the series of " l i q u i d "  ester fractions. The necessity 
for  this assumption arises f rom the imperfect ion of 
the lead salt separat ion in the case of marine animal 
oils (2).  Er ro r  must  cer ta inly be introduced into 
such calculations f rom this and  f rom the earlier 
assumption that  the S.E. of the sa tura ted  esters is 
the same as that  of the whole f ract ion;  since very 
few such fractions occur, the effect on the final analy- 
sis is not significant. Table I I  i l lustrates the general- 
ised form of computat ion adopted in this type of 
calculation. 

Computations relating to "liquid" fractions contain- 
ing C,s and higher unsaturated esters only: 

The evaluation of the compositions of fract ions oi 
the above types has been discussed in detail by  Charn- 
ley (4).  The composition of any  such fract ion is to be 
obtained f r o m  equations (11) and (12), viz. 

1 + - -  - -  28N.. (11) 
:12,690 E 

] 
- -  N ,  + N~ (12)  

E 

where i ~--- I.V. of the f rac t ion .  

E ~ S.E. of the f rac t ion .  

F~ ~ S.E. of s a t u r a t e d  esters  of the same carbon content  
(C=) as the lower molecular  we igh t  g roup  of un- 
s a t u r a t e d  esters  p resen t  in the f rac t ion .  

F_. ~---S.E. of s a t u r a t e d  esters  of the same carbon content  
(C,,..) as the  h igher  molecular  we igh t  g roup  of 
u n s a t u r a t e d  esters  present  in the f rac t ion .  

N~ ~ m o l s .  of (3, u n s a t u r a t e d  esters  p resen t  in 1 gm. of 
the f rac t ion .  

N:  ~---tools. of C.+_~ u n s a t u r a t e d  esters  present ,  in  1 gm. of 
the f rac t ion .  

The weights of the components of such f ract ion are 
given by  

x ~ N~(Fx - -  2aL)w (13) 

y = N,(F2 --  2a : )w (14) 

where x ~ we igh t  of C. u n s a t u r a t e d  esters  of ave rage  unsatu-  
r a t ion  - - 2 a t H  present .  

y = weigh t  of C.§ u n s a t u r a t e d  esters  of ave rage  unsatu-  
ra t ion  --2a._,H present .  

w ~-. we igh t  of the f rac t ion .  

Ft - -  2a, ~ S.E. of the C, u n s a t u r a t e d  esters  present .  

F :  - -  2a~ ~ S.E. of the C,,_~ u n s a t u r a t e d  esters  present .  

The number  of double bonds, a, and a._,, are calcu- 
lated f rom the values of N, and N 2 obtained in two 

adjacent  fractions, the relevant  equations for  the cal- 
culation being (15) and (16), 

1 ~- (Fx - -  2a t )N , '  4- (1~ - -  2a:)N2'  (15) 
1 = (F ,  - -  2a , )N l "  -4- (F2 - -  2a2)N~" (16)  

the solutions to which are 

N2' - -  N2" 
F, - -  2a, = (17)  

N~" N2' - -  N~' N:" 

F o - -  2a~ = ( 1 8 )  
N," N~' - -  N~' N~" 

A computat ion scheme for the evaluation of the com- 
positions of fractions of this type is given in Table 
I I I .  Data for  a number  of fractions are given in 
order to i l lustrate the variations in the values of 
(F~- -2a , )  and (F~--2a~) obtainable through the com- 
bination of different fract ions in the Charnley method. 

I t  is perhaps  of interest  to note that,  f rom the effect 
of increasing unsaturat ion on boiling point (1), it 
might  be expected that  in any  one series of fract ions 
the degree of average unsatura t ion  in each of the 
homologous groups of esters would fall  as distillation 
proceeded. In  practice (Table I I I )  the results have 
not exhibited any definite t rend but  have shown a 
random scatter. This is p robab ly  a reflection of the 
experimental  errors  of the I.V. and S.E. determina- 
tions of individual  fractions. 

"In practice the mean value for the average unsatu- 
rat ion has been used throughout.  Calculation of such 
average unsaturat ion f rom the combination of as 
many  pairs  of different fract ions as possible mini- 
mizes error  in the final average and  moreover gives 
an idea of the probable  error  in the final assessment 
of the degree of average unsaturat ion.  Such a knowl- 
edge is valuable where a comparison of the average 
u n ~ t u r a t i o n  of a given e~ter group in different oils 
is required (5). 

Computations relating to fractions containing one 
saturated and two unsaturated esters: 

Fract ions of this type may  occur ill either " l i q u i d "  
or " s o l i d "  series and their  compositions are to be 
calculated f rom equations (19)- (21), 

x + y + z v w  (19)  

X Y z W 
- - + ' ~ +  - -  ( 2 0 )  
E8 E l  E.., E 

i ,y -4- i,z ~ wi (21) 

in which 
w = the we igh t  of the f r ac t ion  of S.E. ~ E, and  I.V. ~ i. 

x--= the we igh t  of s a t u r a t e d  ester  in the f rac t ion ,  of S.E. 
E a .  

y = the we igh t  of  u n s a t u r a t e d  es ter  in  the f r ac t ion ,  o f  
S.E. : E,, and  I.V. = i,. 

z = the we igh t  of u n s a t u r a t e d  ester  in the f rac t ion ,  of 
S.E. • E:, and I.V. ~ i..,. 

The solutions to these equations are 

wKx 
y - -  ( 2 2 )  

K 

wK~ 
z - ( 2 3 )  

K 

x -- w - (y + z) (24) 
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where K - -  

E_~ E~ D 4 - -  E-. + E,  q -  E~- 

K 1 - -  
i ( E ,  - -  E . )  i2(E - -  E , )  

E.~ E 

i , (E  - -  Ea) i ( E ,  - -  Ea) 
K2 

E E,  

Computations relating to " l iquid" ester fractions 
containing three unsaturated ester groups only: 

Occasionally in the " l i q u i d "  ester series of frac- 
tions, when, for  example, the C~6 saturated esters have 
just  distilled off, fractions are obtained whose compo- 
sition can only be calculated on the basis that  they 
contain three groups of unsaturated esters, e.g. C~, 
C~8, and C,o unsaturated esters. In  such cases the 
composition of the fract ion is to be evaluated f rom 
the equations (25), (26), and (27), 

x + y + , = w  (25) 

x + y z _ w (26) 
E, ~ . .  -~- E .  E 

i,x + i~y + i3z = wi (27) 

where w ~ the weight  of  the f ract ion,  of S.E. = E, and I.V. = i. 

x ~ the weight  of, say C16 - -  2H esters present ,  of S.E. = 
E ,  and I.V. = i~. 

y ~ the weight  of C~ unsa tu ra t ed  esters present ,  whose 
S.E. ~ E~, and I.V. = is. 

z ~ the weight  of  C~ unsa tu ra ted  esters present ,  whose 
S.E. = E~, and I.V. = i~. 

The solutions to these equations are 

D~ D.~ D, 

~=-ST; Y--S:~; ~=  D, 

[ i~- - i"_t_  i ~ - - i  + i - - i '  ] 
where D1 = w E E2 - -E3  (28) 

i l - - i  i - - i ,  i 3 - - i l  ] 

i ~ - - i  ] i~ -- i~ i -- il + (3o) 
D , = w  "~-E-~ -'F E----~. E1 

- - a  eons tant  K 
for  each set  of 
f ract ions .  (31) 

In  Table V is i l lustrated the form of computation 
developed for the calculation of the compositions of 
fractions of this type. 

Computations of the composition of fractions on the 
basis of saponification equivalents alone: 

The compositions of final fractions must often be 
assessed on the basis of S.E 's. only, because oxidation 
and /o r  polymerisation reactions occur dur ing distil- 
lation with the result that the iodine values of such 
fractions are often meaningless. In  most analyses of 
marine animal oils the final " l i q u i d "  ester fract ion 
has therefore been calculated to a mixture of C22 un- 
saturated esters (of known average S.E.) and C~4 
unsaturated esters, the average unsaturat ion of which 
has been taken as C24--10H in the absence of any 
method of determining the real value. 

The equations for the calculations concerned are 
(7)-(10)  and a convenient form of computation is 
that i l lustrated in columns 12-17 of Table II.  

Summary 
Computation schemes have been found of assistance 

in calculations relating to the component acid a n a l y -  
sis of marine animal oils by  the ester fractionation 
method; these are described. 
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