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S O A P ,  as we understand the 
term today, presents so many 
singular aspects of complex- 

ity that it becomes possible, and in 
fact necessary, to study it from 
varying points of approach. One 
of the most fruitful  techniques has 
grown out of the phase viewpoint 
which considers soaps, commercial 
or otherwise, as definite systems of 
matter in which definite soap phases 
distribute themselves in equilibrium 
with one another. 

During the boiling of soap, the 
system in the kettle is usually re- 
garded as one  of three components , 
soap, water  and electrolyte. Actual-  
ly, of course, there are other com- 
ponents present, and there is one 
which has always been of consider- 
able importance in the process be- 
cause it is itself a by-product of 
that process. This component is 
glycerine. I t  forms during the 
"kill ing" or saponification and is 
present in varying amounts during 
each of the washes, strong change, 
graining changes, and pitches. 

I t  has been customary since the 
days of MerMen to say that 
glycerine does not exert  any very 
profound influence on the equilibria 
of the soap kettle, and in fact it is 
seldom present in amounts of more 
than about 5 per cent to 8 per cent 
of the total kettle system. 

The influence of glycerine on the 
fields of stability of soap phases 
such as neat soap, middle soap and 
nigre is however still a matter  of 
conjecture, although the soft potash 
soap and liquid soap processes often 
point to effects far more important 
than those encountered in the rou- 
tine boiling of soda soaps. In 
neither the potash nor the soda 
soaps, however, has the influence 
of glycerine been adequately 
studied. 

The present paper is concerned 
with glycerine and dts effect on hy- 
drated sodium tallow soap, both in 
the presence of and the absence of 
electrolyte. 

Experimental Method and 
Materials 

The experimental  method is es- 
sentially that  described by Ferguson 
and Richardson. 

All systems were prepared in 
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sealed pyrex tubes which could be 
held at constant temperature until 
equilibrium was attained. Thus in 
studying the system Tallow s o a p - -  
H20- -g lyce r ine  weighed quantities 
of the three components were added 
to the tube, which, after  sealing, 
was immersed in a thermostat  at 
90 ° C. When equilibrium resulted 
the phases present were noted and 
removed for analysis. F rom such 
results, Table I and the phases dia- 

bichromate method. 
T h e  S y s t e m  T a l l o w  S o a p - - H 2 0  

- - G l y c e r i n e - - 9 0  ° C 

In the first place the simplest sys- 
tem to be considered is made up of 
tallow soap- -wa te r  and glycerine, at 
one temperature,  90 ° C. I t  would, 
of course, be possible to have a sim- 
pler system, namely soap and 
glycerine; but even though this 
system could be studied and graph- 
ically represented over a range of 

T h e  
T o t a l  S y s t e m  

R . S .  G l y c .  H 2 0  
1 G .  1O.0 90 .0  0 .0  

2 G .  20 .0  80 .0  0.0 

3 G .  30 .0  70 .0  0.0 
4 G .  40 .0  60 .0  0.0 
5 G .  50 .0  50 .0  0.0 
6 G .  60 .0  40 .0  0 .0  
7 G .  70 .0  30.0 0.0 
8 G .  80 .0  20 .0  0 .0  
9 O.  90 ,0  10.0 0.0 

10  G .  68 .0  4.4 27 ,6  

1 4 G .  68 .0  7.6 24 .4  

15 G.  68 .0  10.0 22 .0  

17 G .  68 .0  15 .0  17 ,0  
18 G .  68 .0  20.0 12 .0  
19 G .  68 .0  25 .0  7 .0  

20 G .  20 .0  20 ,0  60 .0  
2 1 G .  25 .0  20 .0  55 .0  
22 G .  30 .0  20 ,0  50 .0  
23 G .  35 .0  20 .0  45 .9  
24 G .  40 .0  20 .0  40 .0  
25 G .  45 .0  20 .0  35.0 
26  G .  50 .0  20 .0  30 .0  
27 G .  55 .0  20.0 25 .0  
28 G ,  60 ,0  20.0 20 .6  
29 G .  65 .0  20 .0  15 .0  
30 G .  28.3 71 .7  00 .0  

gram No. 1 were constructed. Sim- 
ilar procedure was followed in the 
more complex system Tallow Soap 
- - H 2 0 - - G l y c e r i n e - - N a C 1  ; 90 °. 

The method of preparation of the 
soap has been given in the earlier 
paper. The soap was made direct- 
ly from tallow fatty acids of the 

T A B L E  I .  
S y s t e m :  T a l l o w  S o a p - G l y e e r i n e - H 2 0 ;  90  ° C .  

r - - T o p  L a y e r - - - ~  B o t t o m  L a y e r  
P h a s e s  a t  E q u i l .  90 ° C .  R . S .  G I y c .  H 2 0  R . S .  G l y e .  H ~ O  

C l e a r  f l u i d  n i g r e  
(30  ° f l l ; m  t r a n s p ,  g e l )  . . . . . . . . . . . . . . . . . . . . . . . .  

C l e a r  f l u i d  n i g r e  
(30  ° f i r m  t r a n s p ,  g e l )  . . . . . . . . . . . . . . . . . . . . . . . .  

M i d d l e - n i g r e  . . . . . . . . . . . . . . . .  38 .3  61 .7  0 .0  27 .1  72 .9  0 .0  
M i d d l e - n i g r e  . . . . . . . . . . . . . . . .  39 .8  6 0 . 2  0 .0  30 .3  69 .7  0 .0  
G u m m y  m i d d l e  s o a p  . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e a t - m i d d l e  ( s t i f f )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o l i d  a n d  s o m e  n e a t  . . . . . . . . . . . . . . . . . . . . . . . . . .  
( P o w d e r ) ,  s o l i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( P o w d e r ) ,  s o l i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C l e a r  f l u i d  n e a t  
(30  ° C .  o p a q u e  s o l i d )  . . . . . . . . . . . . . . . . . . . . . . .  

C l e a r  f l u i d  n e a t ,  m o r e  v i s .  
t h a n  10 G .  a n d  15 G . . . . . . . . . . . . . . . . . . . . . . . . . .  

C l e a r  f l u i d  n e a t  l e s s  v i s .  
t h a n  14 G . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

C l e a r  f l u i d  n e a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C l e a r  f l u i d  n e a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N o  s e p a r a t i o n  o f  g l y c e r i n e  

b u t  m a s s  i s  g r a n u l a r  . . . . . . . . . . . . . . . . . . . . . . . . .  
C l e a r  f l u i d  n i g r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C l e a r  f l u i d  n i g r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M i d d l e - n i g r e  . . . . . . . . . . . . . . . .  39 .6  18 .8  . . .  28.7 20 .1  . . .  
M i d d l e - l i t t l e  n i g r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M i d d l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M i d d l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M i d d l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e a t - m i d d l e  . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e a t - m i d d l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e a t - m i d d l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E d g e  o f  M i d d l e - N i g r e  

B o u n d a r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

temperature it would be of limited 
practical interest because either the 
soap or the glycerine or both are in- 
variably associated with water. 

The diagram which follows (F ig -  
ure I )  represents all mixtures of tal- 
low s o a p - g l y c e r i n e  and water at 
90 ° C., and shows the phases which 

following charac- 
teristics : 

42.4 titre ,, k*- t - re-~-~,o-  
2 i3  sap. value *"*" 
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25 . I t  was neu- , sot°ba"r .~ 
t r a 1 to phenol- ~ ,g, r,,,.~.g~, r ~, 
phthalein in alco- '~'y . . . . . .  

holic solution. ~ .~ q~"c 
Analytical s o a p 

methods were  those 
previously describ- "° " " "% . . . . . . . . . . .  

ed. Glycerine was 
determined by the F I G U R E  1 
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are present, and with what they are 
in equilibrium. 

The diagram indicates clearly that 
no new phases are produced by 
glycerine. On the contrary it shows 
a remarkable similarity in the effect 
of glycerine on soap as compared 
to the effect of water on soap. At  
90 ° if dry  tallow soap is added to 
water a saturated solution or nigre 
is formed at a concentration of 
about 26 per cent soap, and the sat- 
uration phase is middle (or  gum) 
soap. I f  dry tallow soap is added to 
glycerine the solution becomes sat- 
urated at 28 per cent soap and again 
the saturation phase is middle soap. 

The solutions or nigres which 
form all over the nigre area are 
homogeneous soap solutions, in 
water along the left boundary, in 
glycerine along the right boundary, 
and in glycerine-water mixtures 
elsewhere. Their  properties differ 
in dependence on the composition. 
As an example, the nigres along or 
near the right boundary (i. e., low 
in water)  are able to form transpar-  
ent, rather rigid gels when cooled 
to room temperature while, nigres 
along the left  boundary (high in 
water, low in glycerine) when 
treated likewise form opaque 
masses. The influence of glycerine 
on soap equilibrium at lower tem- 
peratures is thus very marked, and 
the influence on transparency and 
gel r igidity is pronounced even in 
sodium soap systems. 

The area of middle soap is some 
what more extended as the glycerine 
content increases, but neat soap is 
barely able to form at 90 ° when no 
water is present. 

The upper portion of the dia- 
gram, labelled sol id--neat ,  repre- 
senting very concentrated systems 
with respect to soap, is drawn in 
dotted lines. The interpretation of 
this area is extremely difficult and 

problematical. The extent  of hy- 
dration of the solid form of soap, 
considered by McBain to be s u c h  

J .  C h e m .  Soe. 119, 1374-83 (1921).  

as to yield definite hydrates, is in 
our opinion far from conclusively 
proven, and until further investiga- 
tion either confirms or  disproves 
this conception we prefer  to indi- 
cate the upper area as doubtfuI. 

Contrary to implications of earlier 
l i terature the diagram shows that 

H a n d b u c h  O e l - F e t t e ,  U b b e l o h d e  I I I ,  2, 
p. 182, 186. 

glycerine cannot salt out tallow s o a p  
into the usual soap equilibria, neat- 
nigre or  neat-lye. In fact neat soap 
cannot exist in equilibrium with 
nigre or lye tinder any conditions in 
the present systena containing 
glycerine, water and soap free from 
electrolyte. Glycerine behaves to- 
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ward soap exactly as does water. 
Addit ion of either water or glyce- 
rine to neat soap produces first mid- 
dle (or gum) soap, and finally nigre 

or soap solution. The photograph, 
figure 2, represents separations of 
middle soap over nigre in the mid- 
dle-nigre area along the right boun- 
dary.  No water is present and the 
separations refer  to nigres made up 
of tallow soap dissolved in glycerine, 
in equilibrium with middle soap con- 
taining tallow soap and glycerine. 

The  Effect  of Glycerine on the 
Electro lyte  Required to 

Salt  Out  Soap 

The presence of glycerine in a 
soap system makes it more difficult 
to salt out the soap. Many years 
ago in kettle experiments Merklen 
showed that the limiting lye in- 

Die Kernseifen,  Ger ,  T r a n s .  by  G o l d -  
s e h m i d t .  H a l l e  (1907).  

creases in NaC1 concentration 
when glycerine is present in the 
kettle. 

In  recent years Kawakami has 
confirmed Merklen's  conclusions. 

J.  Soe. C h e m .  Ind .  J a p a n .  Oct . ,  1931, p. 
398, s e r i e s  B.  

As a result of his experiments 
Kawakami concludes that upon 
raising the glycerine content of a 
soap system from 0 to 5 per cent, 
the NaCI content of the limiting 
lye will increase from 2.5 per cent 
to 2.8 per cent. 

In the work of Merklen and 
Kawakami the results were re- 
ferred to changes in the concen- 
tration of the limiting lye. The 
present work has to do with the 
effect of glycerine on the neat-nigre 
boundary, that is to say, the effect 
of glycerine on the electrolyte re- 
quired to salt out into neat soap over 
nigre. 

In Table I I  and Figure 3 are 
shown the percentages of NaC1 re- 
quired to produce a separation of 
neat-nigre in a 25 per cent tallow 
soap-water solution at various tern- 

T A B L E  I I I  
The S y s t e m :  T a l l o w  S o a p - - G l y c . - - N a C 1 - - H 2 0 ;  90 ° C. 

T o t a l  S Y s t e m  - ~  
N o  R . S .  Glyc .  NaC1 H 2 0  
30G 20.0 2.6 4.0 74.0 
31G 20.0 2.0 4.5 73.5 
32G 20.0 2.0 5.0 73.0 
33G 20.0 2.0 6.0 72.0 
34G 20.0 2.0 7.0 71.0 
4OG 20.0 2,0 9.0 69.0 
41G 20.0 2.0 12.0 66.0 
42G 20,0 2.0 16.0 62.0 

35G 50.0 5.0 1.5 43.5 
36G 50.0 5.0 2.0 43.0 
37G 50.0 5.0 2.5 42.5 
3gG 50.0 5.0 3.0 42.0 
39G 50.0 5.0 3.5 41.5 
43G 50.0 5.0 4.5 40.5 
44G 50.0 5.0 6.5 38,5 
45G 50.6 5.0 10.0 35,0 

1 1 6  

Glyc.  
Ratio - -  .1O 

S o a p  

P h a s e s  90 ° C. R . S .  
neat-n igre  . . . . . . . . . . . . . . . . . . . . . . .  63.4 
neat-ntgre . . . . . . . . . . . . . . . . . . . . . .  61.2 
neat-ntgre- lye  . . . . . . . . . . . . . . . . . . .  63.9 
n e a t - l y e  . . . . . . . . . . . . . . . . . . . . . . . . .  65.2 
n e a t - l y e  . . . . . . . . . . . . . . . . . . . . . . .  64.3 
n e a t - l y e  . . . . . . . . . . . . . . . . . . . . . . . . .  62.8 
n e a t - l y e  ( c u r d y )  . . . . . . . . . . . . . . . . .  67.7 
n e a t - l y e  ( c u r d y )  . . . . . . . . . . . . . . . .  67.6 

- -  T o p  L a y e r  
Glyc .  

H~O 
Olyc .  NaC1 H~O % s o l u t i o n  

1.36 
:99 1.45 36:4 2:7 
,90 1.07 34.1 2.5 
3 5  1.3 32.7 2.6 
,90 1.7 33.1 2.7 
.91 2.96 33.3 2.7 
.80 3.36 28.6 2.8 
.92 5.05 26.3 3.5 

n e a t - n i g r e  . . . . . . . . . . . . . . . . . . . . . . .  66.9 
n e a t - n i g r e - l y e  . . . . . . . . . . . . . . . . . . .  67.6 
n e a t q y e  . . . . . . . . . . . . . . . . . . . . . . . . .  69.6 
n e a t - l y e  . . . . . . . . . . . . . . . . . . . . . . .  70.7 
n e a t - l y e  . . . . . . . . . . . . . . . . . . . . . . . .  66.5 
n e a t - l y e  . . . . . . . . . . . . . . . . . . . . . . . . .  67.6 
n e a t - l y e  . . . . . . . . . . . . . . . . . . . . . . . . .  67.1 
n e a t q y e  ( c u r d y )  . . . . . . . . . . . . . . . . .  69.0 

2.34 .20 30.1 
3.1 .93 23.3 11:~ 
2.9 1.06 26.5 n.3 
2.4 1.2 26.7 9.4 
3.0 1.9 28.6 10,5 
3.0 1.95 27.5 10.9 
3.35 3.3 27.2 12.6 
3.3 5.13 22.6 14.6 
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T A B L E  I1 
T e m p .  

a t  w h i c h  
% % % % n e a t - n i g r e  

T u b e  Soap  S a C 1  t-I~O Glyc.  fo rms .  °C. 
I . . .  25.0 2.5 72.5 0.0 81.0 
2 . . ,  25,0 3,0 72.0 0.0 100.0 
3 . . .  25.0 3.5 71.5 0.0 129.0 
4 . • .  25.0 2.5 69.5 3.0 71.7 
5 . • .  25.0 3.0 69.0 3.0 92.8 
6 . . .  25.0 3.5 68.5 3.0 118.0 
7 . . .  25.0 2.5 66.5 6.0 62.0 
8 . . .  25.0 3.0 66.0 6.0 84.5 
9 . . .  25.0 3.0 65.5 3.5 109.5 

10 . . .  25,0 2.5 63.5 9.0 53.5 
11 . . .  25.0 3.0 63.0 9.0 71,0 
12 , . .  25.0 3.5 62.5 9.0 98.5 

peratures in the presence of vary- 
ing quantities of glycerine. 

I t  is evident that the influence of 
glycerine, in quantities up to 9 per 
cent, is not very great although the 
NaCI concentration necessary to 
produce heterogeneity is definitely 
raised for each increase in glyce- 
rine content. At  100 ° C. the effect 
is such that an increase in glycerine 
content of 3 per cent raises the elec- 
trolyte needed for salting out by 
about .3 to .4 per cent• 

It should be observed that the 
curves in Fig 3 denote also the tem- 
peratures at which, on cooling, a 
homogeneous nigre will be con- 
verted into a heterogeneous sys- 
tem of neat-nigre. 

T h e  Di s t r ibut ion  Rat io  of  
Glycer ine  

The System, Tallow Soap--H20 
--Glycerine--Na CL; 90°C. 

When tallow is completely saponi- 
fled with N a O H  solution, a system 
is formed that contains soap, water, 
electrolyte and glycerine. The glyc- 
erine content of the system is re- 
lated to the soap content approxi- 
mately as 1:10. 

Mote :  The  r a t i o  of  g l y c e r i n e  to  soap  is  
c o n s t a n t  i n  t h e  t o t a l  s y s t e m  no m a t t e r  
w h a t  t h e  w a t e r  c o n t e n t  of  t he  lye  u s e d  
f o r  s a p o n i f i c a t i o n  or  w h a t  t he  f ina l  d i l u -  
t i o n  of  t h e  s y s t e m  a t  t h e  end  of  s a p o n i -  
f i ca t ion .  T h u s :  

860 g. t a l l o w  + 120 g. N a O H  ----)* 
898 g. soap  + 92 g, g l y c e r i n e  

g l y c e r i n e  
o r  - -  --  •103 

S O a p  
T h i s  c o n s t a n t  r a t i o  m a k e s  i t  poss ib l e  to  

s t u d y  a s y s t e m  of  
g r e a t  p r a c t i c a l  i n t e r -  
es t  w h i c h  c o n t a i n s  f o u r  
c o m p o n e n t s ,  b u t  i n  
w h i c h  two  of  t he  com-  
p o n e n t s  a r e  he ld  in 
u n c h a n g i n g  p r o p o r t i o n  
r e l a t i v e  to one  a n o t h e r .  
I f  no f r a c t i o n a t i o n  oc- 
cur red ,  the  s y s t e m  
could  be c o n s i d e r e d  in  
i t s  e s s e n t i a l  a s p e c t s  a s  
o n e  of  t h r e e  compo-  
nents .  A c t u a l l y  s o m e  
f r a c t i o n a t i o n  of  g lyc -  
e r ine  b e t w e e n  t h e  s o a p  
a n d  t h e  l y e  i s  k n o w n  
t o  t a k e  place,  b u t  i t  
wi l l  be f o u n d  t h a t  i f  
t he  s y s t e m  is p l o t t e d  
in  t e r m s  of  soap,  S a C 1  
a n d  w a t e r ,  t h a t  t h e  
c o m p o s i t i o n s  of  t he  
s e p a r a t e  d p h a s e s  i n  
g e n e r a l  f a l l  on a 
s t r a i g h t  l ine  t h r o u g h  
the  t o t a l  s y s t e m •  

Now if to vari- 
ous tallow s o a p - -  
w a t e r  solutions 
( c o n t a i n i n g  10 
per cent glycerine 
relative to soap) 
increasing quanti-  
ties of NaC1 are 
added, it is possi- 
ble to produce all 

' [~4~ "I :;l'*!!l?t 

~'12:1~,~ A,.#t~ li'mlr, l,~t~ • I I.i;L.t. ] 
I wk,,Ib.t,~./'. ,!-ii',i ~.  t',,l~l~.H 
I i ~ i . i ~ / I . , i , , l ~ i  t '  i-' V~bM 
k!i. K;!:~,:I , i [ .I. ti:~ I~,~1:~ ! :1 :I :1 
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of the equilibria involved in the 
soap boiling process• Accordingly, 
after phase segregations have oc, 
curred, the glycerine content of the 
phases can be determined and the 
distribution ratio calculated. The 
distribution ratio of glycerine be- 
tween curded coap and lye has been 
determined by Kawakami. 

J.  Soc. Chem.  Ind .  J a p a n  34, 186-8 
(1931), 
His results apply to a limited range 
of salt concentrations and do not 
involve separations of nigre. 

Bergell makes the statement that 
the proportion of glycerine in the 
water of the lye layer relative to 
the glycerine in the water of the 
soap layer is independent of the 
quantity of glycerine in the vessel, 
and in general is equal to 1.1. 

Self.  Z tg .  61, 814-5 (1934). 

In the present work tallow soap 
solutions containing 10 per cent 

glycerine have been salted out with 
proper NaC1 concentrations to pro- 
duce not only the usual curdy soap 
over lye of the salt washes but the 
other equilibria of the kettle, name- 
ly, neat-nigre, neat-nigre-lye and 
neat-lye. Thus we have separa- 
tions which enable a distribution ra- 
tio to be calculated over a wide 
range of salt concentrations• (Vary-  
lng strengths of grain•) 

Table I I I  brings together the re- 
sults. 

The figures in columns 1 to 4 in- 
dicate the concentration required to 
salt out 50 per cent or 20 per cent 
tallow soap solutions into various 
phases• The glycerine, soap, salt 
and water contents of the phases are 
given in appropriate columns• 

Two separate ratios have been 
calculated as follows: 

% g l y c e r i n e  in  t he  soap  r i c h  l a y e r  

a = %  g l y c e r i n e  i n  t h e  w a t e r  r i ch  l a y e r  

r N i g r e  L a y e r  - -  

R . S .  Glyc.  NaCI  HffiO 
11.4 1.95 4,7 81 .9  

8.7 2.67 5,4 83•2 
7.5 2.07 6.5 83.1 

27.1 7.92 3.3 71.7 

T A B L E  I I I - - C o n t i n u e d  
T h e  S y s t e m :  T a l l o w  Soap- - -Glyc . - -NaC1--H~O;  90°C.  

Glye• 
R a t i o  - - - -  = .10 

S o a p  

L y e  L a y e r  
Glyc.  1~. S. Glyc.  NRCI 

HsO 
% soTution 

i~ . . . . . . . .  
25 :6~ ~:~ i.~ 
•. .10 2.95 7.9 
• .  .09 2.9 9.15 
•. .13 2.54 12,1 
• .  .11 2.5 15.5 
•. .10 2.56 20.6 

: :  :8" 16: /  6195 
•. .48 9.8 8.25 
. .  .46 9.0 9.5 
• .  .45 9 .6  10 .7  
• .  .37 10 .3  12 .5  
. , .28 10.1 16.9 
•. .23 9.9 23.2 

R a t i o  
Glyc.  in  H20 

H20 Glyc.  of L y e  

H20 Glyc.  in  H20  
% s o l u t i o n  of  Soap  

. . . . .  1:i~ 
9"1:3 3:'~ 1.27 
90.0 3.3 1.27 
87.9 3.3 1.22 
85.2 3.9 1.11 
81.9 3.1 1.11 
76.7 3.3 .95 

Ave .  1.15 

31.5 12.0 1.07 
81,0 11.1 1.17 
79.2 12.1 1.14 
76.8 13.3 1.23. 
72.7 13.9 1.10 
66.6 14.8 1.01 

Ave .  1.12 

D i s t r i b u t i o n  
R a t i o ,  

Glyc.  in  S o a p  

Glyc. in Lye 

.5~ 

.31 

.29 

.31 

.36 

.32 

.35 

.33 

.36 

.31 

..~ 

.31 
.29 
.33 
.33 
•31 

1 1 7  
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% g l y c e r i n e  in  t h e  w a t e r  of  t h e  lye  
b : 

% g l y c e r i n e  in  t h e  w a t e r  of t h e  s o a p  

Ratio--a--represents  the true dis- 
tribution ratio of the glycerine be- 
tween the p h a s e s . . I n  certain tubes 
the phases present are neat soap and 
nigre. The distribution ratio be- 
tween these two phases is .36. 
When neat-nigre-lye is present, the 
distribution ratio between the neat 
and lye is .31 and this ratio holds 
for all strengths of electrolyte in the 

layer. Thus no matter how "soft" 
the grain or how "hard" the grain 
the ratio remains fairly constant. It 
is likewise independent of the abso- 
lute amount of glycerine in the sys- 
tem, within the limits of the experi- 
ment, for an average ratio of .33 is 
found for the tubes contain 2 per 
cent glycerine at the start , and an 
average ratio o f  .31 for tubes ini- 
tially containing 5 per cent glyc- 
erine. 

The ra t io--b--which refers to 
the glycerine in the water of the lay- 
ers averages approximately 1.13. 
It  varies somewhat from tube to 
which may be due to the fact that 
water was determined by difference 
and combined errors may center 
here. However, the results seem to 
show an approach to a ratio of 
about 1.0 as the electrolyte strength 
increases or as the soap becomes 
more grainy. 
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From ÷he Labora¢ories of 

SwiFt & Company, Chicago, III, 

By VIRGIL C. ivlEHLENBACHER 

W I T H I N  the last half decade 
kapok oil has assumed such 
a position in the vegetable 

oil industry as to make further 
knowledge of its composition and 
characteristics most desirable. In- 
formation relating to the source of 
kapok oil is readily available in the 
literature, so that no further men- 
tion will be made of this. (1) 
Jamieson and McKinney recently 
reported an analysis of kapok oil. 
but in view of the fact that the total 
available information regarding the 
constants and characteristics of this 
oil is comparatively meager, it was 
thought best to proceed with a re- 
port of this investigation, which had 
already been begun. (2) 

The sample of oil which was used 
for the analysis, in this case, rep- 
resented a shipment into this coun- 
try of several hundred tons fronl 
Japan. It  was of normal character, 
comparing favorably in quality and 
similar in action and characteristics 
to several previous shipments which 
had been received. This lot of oil 
was classed as semi-refined as re- 
ceived, but was re-refined and fil- 
tered before analysis to insure the 
use of a purely refined product for 
the development of the analytical 
and physical data. 

The chemical characteristics and 
physical constants of the glycerides 
are given in Tables I and II .  

T A B L E  I 

F r e e  F a t  A c i d s  a s  O l e i c  ( F . A . C . ) . .  0,06% 
C o l o r  B e a d i n g  ( F , A . C . - - L o v i b o n d )  

35 y e l l o w  . . . . . . . . . . . . . . . . . . . . . . .  4.4 r e d  
C o l o r  R e a d i n g  ( a f t e r  F . A . C .  

b l e a c h )  20 y e l l o w  . . . . . . . . . . . . . .  1.5 r e d  
I - I a lphen  T e s t  ( F . A . C . )  . . . . . . . . . . .  P o s i t i v e  
B~s.~on T e s t  (3)  . . . . . . . . . . . . . . . . .  P o s i t i v e  
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T A B L E  II  
S a p o n i f i c a t i o n  N u m b e r  ( F . A . C . ) . . .  191.2 
I o d i n e  N u m b e r  ( W i j s - - F . A . C . )  . . . .  100.5 
T h i o c y a n o g e n  N u m b e r  ( F . A . C . ) . . .  70.95 
A c e t y l  V a l u e  (~ ' .A.C.)  . . . . . . . . . . . . .  26.8 
Io-nsaponi f iab le  M a t t e r  ( F . A . C . ) . . .  0.53 
Iod ine  N u m b e r  of  U n s a p o n i f i a b l e  

M a t t e r  ( W i j s - - I ~ . A . C . )  . . . . . . . . .  42.8 
Spec i f i c  G r a v i t y  a t  15 ° C. ( W e s t -  

p h a l )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.920 
R e f r a c t i v e  I n d e x  ( Z e i s s  B u t y r o  @ 

40 ° C.)  . . . . . . . . . . . . . . . . . . . . . . . . . .  57.60 

No crystals were obtained with 
acetic anhydride when using the 
A O A C  alcohol extraction method 
for phytosterol. 

The oil exhibited the normal de- 
gree of fluorescence which is almost 
characteristic for the so-called orien- 
tal oils. 

From the iodine number and thio- 
cyanogen value of the oil, the olein 
and linolein content was calculated, 
assuming, of course, the complete 
absence of other unsaturants. 

The solid fatty acids were sepa- 
rated by the lead salt ether method 
(Twitchell Modified--F.A.C.) and 
calculated to the glycerides, using 
as the equivalent factor the value 
95.5. The composition of the oil as 
indicated by these analyses is given 
in Table I I I .  

T A B L E  I I I  
P e r  c e n t  

O l e i n  g l y c e r i d e  ( c a l c u l a t e d )  . . . . . . . . .  48.2 
L i n o l e i n  g l y c e r i d e  ( c a l c u l a t e d )  . . . . . .  34.1 
So l id  g l y c e r i d e s  ( c o r r e c t e d )  

( T w i t c h e l l  M o d i f i e d - - F . A . C . )  . . . . . .  16.3 
U n s a p o n i f i a b l e  M a t t e r  ( F . A . C . )  . . . . .  0.53 

If  the saturated glycerides are 
calculated from the values given 
above for  unsaponifiable matter, 
olein, and linolein, a figure varying 
from the solid glycerides, as ob- 
tained by actual analysis, by  0.87 

UI AI C C I I  

per cent, results. This is probably 
within the limits of the accuracy of 
the methods used. No attempt was 
made to isolate individual solid 
acids. 

The fat acids were separated from 
the oil and the physical constants 
also determined on these. The data 
follow in Table IV. 

T A B L E  I V  

T i t e r  ( F . A . C . )  . . . . . . . . . . . . . . . . . . . .  30.4 
R e f r a c t i v e  I n d e x  ( Z e i s s  B u t y r o  

@ 40 ° C. )  . . . . . . . . . . . . . . . . . . . . .  45.40 
I o d i n e  N u m b e r  ( W i j s - - F . A . C . ) . .  102.2 
S a p o n i f i c a t i o n  N u m b e r  ( F . A . C . ) .  199.5 
M e l t i n g  P o i n t  ( F . A . C . )  . . . . . . . . . .  35,4 ° C. 
S o l u b l e  a c i d s  a s  B u t y r i c  

( A . O . A . C . )  . . . . . . . . . . . . . . . . . . . .  0.7% 
I n s o l u b l e  a c i d s  ( H e h n e r - -  

A . O . A . C . )  . . . . . . . . . . . . . . . . . . . . .  94.3% 

So far as we know, no one has 
made any report on attempts to re- 
fine kapok oil. Jamieson and Mc- 
Kinney have suggested that due to 
the smaller amount of non-oil con- 
stituents present in kapok oil than 
in cottonseed oil, correspondingly 
lower losses should result. (4) Our  
experience in the laboratory refining 
of many samples representing sev- 
eral hundred thousand pounds of 
kapok oil has indicated that equiva- 
lent results are easily obtainable, but 
we have not been able to prove any 
great superiority in this respect. 

After considerable experimenta- 
tion with the reactions of kapok oil 
in various methods of refning, two 
factors of importance were devel- 
oped. An agitation period of great- 
er duration than that required by 
regular hot pressed cottonseed oil 
was vitally necessary for a good 
"break" or separation of the saponi- 
fled material, and extended high tem- 
perature agitation was most essen- 


