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I 
N MODERN fatty-oil  refining practice a water-washing 

step follows the initial or subsequent t rea tment  of 
the crude oil with alkali solution, usual ly solutions 

of caustic soda or soda ash. The most common and 
obvious index of the effectiveness of the water  washing 
is the soap content of the washed refined oil. The soap 
content of the oil is also a measure of the quali ty of 
the oil. A refined oil high in soap content is an oil of 
poor quality. Assuming an effective refining for the 
removal of free f a t t y  acids, phosphatides, and other 
impurities,  a water-washed refined oil low in soap con- 
tent  is an oil of good quality. Difficulties in subse- 
quent processing, such as in hydrogenation,  are often 
traceable direct ly to~. the high soap content in the 
washed refined oil. On the other hand, some refiners 
set s tandards  for  the soap content of the washed re- 
fined oil. The values vary  considerably, downwards 
f rom about 50 p.p.m, of soap. A method that  gives 
accurate values for soap in refined oil in this lower 
range would serve the refiner in an area in which the 
results should be very  useful to him. 

The importance of a knowledge of the soap content 
in refined vegetable oil is well recognized. Goff and 
Blachly (1) have recently reviewed the extensive lit- 
erature  in the field and have presented a critical 
evaluation of the published methods. They stress the 
general unrel iabi l i ty  of most, if not all, of these meth- 
ods and offer for fu r the r  s tudy a conductivi ty deter- 
ruination of their  own. This method depends upon 
refluxing the refined oil with conductivi ty water,  fol- 
lowed by the determinat ion of the conductivi ty of the 
aqueous layer. Three empirical calibration charts are 
prepared,  covering the ranges 0-100, 100-1000, and 
1000-5000 p.p.m, soap and using s tandards  prepared  
f rom sodium oleate. They found tha t  the apparen t  
values for  soap in a given oil may  be great ly  in- 
creased if the mixture  is refluxed for a longer period 
or if  the rate of refluxing, as determined by the volt- 
age applied to the heater, is changed. The oil-water 
rat io in the extraction and the t empera ture  of the 
water  dur ing the measurement  of the conductivi ty 
also seriously affected the results. Variat ions of 900 
to 1700% were obtained by changes in the conditions. 
The extreme sensitivity of the method to these vari- 
ables and its essentially empirical and indirect  na- 
ture  may  limit  its scope. 

This paper  describes a new method of determining 
soap in refined oil. The oil is extracted with hydro-  
chlorie acid, which is recognized as efficient in con- 
ver t ing sodium soap to sodium chloride. The sodium 
is then determined direct ly in the acid extract  by  
using the flame photometer.  The War ing  Blendor is 
used in the acid extraction and subsequent water  
extraction. Petroleum ether is added to dilute the 
oil a f te r  acid t rea tment  to hasten phase separation. 
The method is rapid,  precise, and highly accurate. 
I t  is specific for  sodium and hence sodium soap. 

Procedure 
A blank and a series of s tandards  are p repared  by 

t rea t ing  va ry ing  volumes of s tandard  sodium hydrox-  

ide solution each with 1 ml. of concentrated HC1 and 
dilution to 50 ml. They are kept in polyethylene 
bottles and can be stored indefinitely. A few ml. of 
those s tandards  in the range of the unknowns are 
run each working day in order to standardize the 
flame photometer.  Data  for  a convenient series of 
s tandards are given in Table I. The calculated p.p.m. 
sodium soap (sodium oleate) apply  0nly when the 
solutions are used in accordance with our procedure. 
The stock solutions are therefore labeled accordingly. 

T A B L E  I 

mI. 0.01 IV[ NaOI{ p.p.m. Na oleate 
(add 1 m]. I-ICI, di lute  to 50 ml.) (100 g. oil, 50 ml. ext.) 

0 B l a n k  
0.5 15 
1.0 30 
2.0 60 
4.0 120 

The h igher  r ange  can be p repared  more convenient ly  from 0.1 1VI 
NaOH, us ing  cor responding  volumes. 

Method of Analysis 
A 100-g. sample of refined oil is t ransfer red  to 

a War ing  Blendor. One ml. of concentrated HC1 
is pipet ted in, and the mixture  is blended for  about 
1 rain. Next  50 ml. of petroleum ether are added and 
blended a minute ;  50 ml. of water  are added and 
blended again for 1 rain. The mixture  is t ransfer red  
to a 250-ml. separa tory  funnel.  Af te r  the phases sep- 
arate (about one-half hour) ,  the water  layer is re- 
served for  the photometric determination. About  10 
ml. are required for  duplicate determination so that  
there is no need to wait  for  complete separation. 

The flame photometer  should be tu rned  on and 
adjusted at least one hour before readings are begun, 
and its s tabil i ty should be verified. A few ml. of the 
water  extract  are aspirated in the flame, and the 
ins t rument  reading is noted. ( In  this work the 
Process and Ins t ruments  Flame Photometer  was used 
although any  other adjusted to read the intensi ty of 
the sodium D lines would suffice.) A blank and two 
standards selected to bracket  the unknown are then 
run. I f  a series of samples is to be analyzed, it 
would probably  be more convenient to run  all the 
standards.  The unknown is calculated by  simple 
linear interpolation. Because of ins t rument  dr i f t  a 
new calibration is required each day, but this should 
require no more than about  15 min. A sample cal- 
culation is as follows: 

150 p.p.m. S tandard  15.5 
300 p.p.m. S tandard  30.0 
Unknown . . . . . .  25.5 

10.0 
p.p.m. ---- 150 + • 150 = 253 p.p.m. 

14.5 

When several samples are to be run  at a time, it is 
convenient to plot p.p.m, soap of the s tandards  v s .  

galvanometer  readings. The p.p.m, soap of a given 
sample is then read direct ly f rom the graph. 
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Test Analyses 

Standard oils were prepared, covering the range 
from 15-1200 p.p.m, soap calculated as sodium oleate 
by adding calculated quantities of sodium hydroxide 
solution (0.001, 0.01, or 0.1 ~ )  to separate 100-g. 
samples of Wesson oil and blending in the Waring  
Blendor. Fa i r ly  stable emulsions were thus obtained. 
The 100-g. t reated sample was immediately analyzed, 
avoiding such sampling problems as settling and in- 
homogeneity. An additional series of test analyses 
were made on Wesson oil which had been t reated with 
sufficient oleie acid to bring the F F A  to 1%. This 
assured complete conversion of sodimn hydroxide to 
sodium oleate. 

ExceIient agreement was obtained with soap con- 
centrations below 150 p.p.m. F rom 150 to 1200 p.p.m. 
the results tended to be somewhat low, probably be- 
cause of the single extraction. Tests showed that  
fu r ther  extraction did wash out more sodium. How- 
ever it was felt  that  the saving in time warranted the 
simplified procedure. Refined oils will generally con- 
tain well under  150 p.p.m, soap, and the higher sam- 
ples are so obviously contaminated that  analysis is 
probably unnecessary. Certainly in this range the 
accuracy is adequate. Representative data, obtained 
on a Wesson oil containing 1% added oleic acid, are 
given in Table II.  

The applicabili ty of the method to refined oils with 
soap contents below 15 p.p.m, was tested in the fol- 
lowing way. Wesson Oil was extracted three times 
by our procedure outlined above, i.e., concentrated 
HC1 and petroleum ether, then water added and 
mixed in the War ing  Blendor in the manner  de- 
scribed. The water  layers were discarded. The third 
water layer gave the same reading on the ins t rument  

TABLE I I  

p.p.m. Na taken  p.p.m. Na oleate 
(calc. as Na oleate) found 

15 15 
30 31 
45 47 
60 60 

150 130 
300 250 
600 490 

1,200 1,060 

as the reagent blank. Sodium hydroxide solution, the 
equivalent of 6 p.p.m, of soap, was added to the 
" so ap - f r ee "  oil, and the resulting oil was analyzed 
for soap by our method. The soap found was 5 
p.p.m. In  the range of 5 p.p.m, of soap in refined oil 
the method gives values reliable to • 1 to 2 p.p.m. 
Sensitivity can be increased by decreasing the volmne 
of water for  extraction or increasing the size of 
sample, but the latter would tend to make the proce- 
dure somewhat cumbersome. 

We are making prel iminary studies on direct as- 
piration of a petroleum ether solution of the oil 
sample into the flame photometer. 

Summary 

A method has been developed for the determination 
of sodium soap as sodium in refined vegetable oil. 
The oil is extracted with hydrochloric acid, and the 
sodium is determined in the aqueous extract  by using 
the flame photometer. 
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p lnOSPHATIDES obtained from degumming sovbean 
oil are used, af ter  suitable treatment,  in a var ie ty  
of food and industrial  products where their  emul- 

sifying properties are necessary or important.  Al- 
though the use of soybean phosphatides has increased 
year  by year, a greater quant i ty  than required for 
existing uses would be available if the entire produc- 
tion of soybean oil were degummed. Conversion of 
phosphatides to mono- and diglycerides by selective 
hydrolysis is therefore a potentially practical method 
to utilize excess phosphatides, which are now disposed 
of in soapstoek. 

Hydrolysis  of phosphatides occurs at one or more 
points in the molecule according to the agents em- 
ployed (9). Such hydrolyt ic  reagents as aqueous acids 
or bases hydrolyze the glycerol-fatty acid bonds and 
the phosphoric acid-choline or ethanolamine bonds 
first, whereas the glycerol-phosphoric acid bond is the 
most resistant to attack. Enzymatic  hydrolysis is 
generally more selective. For  example, lecithin can 
be hydrolyzed to lysoleeithin, glyceryl-phosphoryleho- 

1 Presented at the 49th  Annua l  Meeting, American Oil Chemists '  Soci- 
ety, ~[emphis, Tenn., Apri l  21-23 ,  1958. 

line, phosphoryleholine, or choline by the selection of 
appropriate  phospholipases and conditions of treat- 
ment. Both a glyeerophosphatase of takadiastase and 
a phosphatase derived from certain animal tissues 
have been reported to liberate phosphoric acid from 
egg-yolk lecithin. One product  of the hydrolysis ap- 
pears to be a diglyceride. MaeFarlane and Knight  
showed that  a-toxins of Clostridium welchii filtrates 
contain a lecithinase which hydrotyzes lecithin to a 
diglyeeride and phosphorylcholine (4). This enzyme 
does not attack cephatins and certain other phospho- 
lipides. Enzymes are generally slow acting and they 
require buffering for  maximum effectiveness. The 
present report  describes a rapid method for convert- 
ing soybean oil phosphatides to diglycerides by using 
ion-exchange resins. 

Ion-exchange resins have been shown to catalyze a 
var ie ty  of organic reactions. Sussman reported in 
1946 that  cation resins may be substituted for  acid 
catalysts in esteriflcation, alcoholysis, hydrolysis, and 
other reactions (6). A continuous flow reactor em- 
ploying a cation resin catalyst for converting ace~tone 
to mesityl oxide was described by Klein and Ban~hero 


