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that the above method is found to 
be simpler and more rapid than the 
gravimetric train method, without 
sacrifice of accuracy. Experiments 
in our laboratory in applying the 
new method to materials other than 
soap products indicate that the pro- 
cedure has general utility. On ma- 
terials such as 50 per cent liquid 
caustic soda, where the carbonate 
content of the product as shipped is 
normally only 0.1-0.3% calculated 
as sodium carbonate, no difficulty is 
experienced in obtaining reprodu- 
cible and accurate results. This as- 
pect of the method has been veri- 
fied by adding very small known 
amounts of sodium carbonate and 
finding the increment. 

Examples of results in using the 
method in the examination of a va- 
riety of soap products are presented 
in Table II.  Convenient quantities 
of sample are indicated in each case. 
The degree of agreement which 
may be anticipated in routine use 
of the method is illustrated in these 
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T A B L E  I I  
C A R B O N  D I O X I D E  D E T E R M I N A T I O N S  O N  T Y P I C A L  

S a m p l e  
F i r s t  

T a k e n  
P r o d u c t  G r a m s  

C.  P .  Na~CO~ ..................................... 0.5206 
12. p .  Na2CO~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4989 
A t e x t i l e  s o a p  , .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
A t e x t i l e  s o a p  . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
A n a t i o n a l l y  a d v e r t i s e d  w a s h i n g  p o w d e r  . . . . . . . . .  3 
A n a t i o n a l l y  a d v e r t i s e d  w a s h i n g  p o w d e r  . . . . . . . . .  3 
A n o t h e r  n a t i o n a l l y  a d v e r t i s e d  s o a p  p o w d e r  ...... 3 
A n o t h e r  n a t i o n a l l y  a d v e r t i s e d  s o a p  p o w d e r . . . . . .  3 
A w e l l  k n o w n  r o s i n  s o a p  . . . . . . . . . . . . . . . . . . . . . . . .  10 
A w e l l  k n o w n  r o s i n  s o a p  . . . . . . . . . . . . . . . . . . . . . . . .  10 
A p r o m i n e n t  c l e a n s e r  . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  6 
A p r o m i n e n t  c l e a n s e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
A n a t i o n a l l y  a d v e r t i s e d  w h i t e  f l o a t i n g  s o a p  . . . . . .  50 
A n a t i o n a l l y  a d v e r t i s e d  w h i t e  f l o a t i n g  s o a p . .  ; . . .  50 
A w e i l  k n o w n  c h i p  s o a p  i . . . . . . . . . . . . . . . . . . . . . . . .  15 
A w e l l  k n o w n  c h i p  s o a p  . . . . . . . . . . . . . . . . . . . . . . . . .  15 

P R O D U C T S  
Caleulatect 

as 
G r a m s  E q U i v a l e n t  

C02 % CO~ Na~C08 % 
0.2148 41.25 99.41 
0,2074 41.57 100,18 
0.0898 0.36 0.87 
0.0848 0.34 0 .82  
0.1498 4.99 12.02 
0.1500 5.00 12.06 
0.0623 2 .08  5.02 
0.0616 2,06 4.97 
0.1273 1.27 2.96 
0.1274 1.27 2.96 
0.2162 3.60 8.~7 
0.$168 3,61 8.70 
0,0474 0,095 0.23 
0,0460 0.092 0.22 
0,2357 1.57 3.78 
0.2329 1,55 3.74 

results, which represent duplicate 
determinations in each case. 
Notes on the Method 

Suggestion has been made that 
funnel "D" might be dispensed with 
and absorbent solution measured di- 
rectly into flask "B," thus simplify- 
ing the apparatus and making it un- 
necessary to rinse funnel "D." Evac- 
uation by the aspirator pump might 
then be made thru funnel "C." We 
are unable to say at this time wheth- 

er the method will give the same re- 
suits with this modification, but the 
suggestion appears to be well worth 
trying. 

Another suggestion has bee~ 
made to the effect that the spent 
absorbent solution be titrated direct- 
ly with standard HCI instead of 
sodium bicarbonate solution. We  
have tried this variation, but in our 
experience the end point is not as 
satisfactory. 
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T H E  accurate and rapid deter- 
mination of glycerol that can 
be produced by saponifying 

fats is of great importance to the 
soap and allied industries. That it 
is still a great vital problem is indi- 
cated by the recent articles regard- 
ing rapid saponification 1,2 and rap- 
id determination of glycerol 8, and 
the activity of the Committee on 
Glycerol Determination. 

The usual method of analysis of 
fats for available glycerol divides it- 
self into three operations: saponi- 
ficationl oxidation, and titration or 
determination of excess oxidant. 
Each of these operations may be 
performed in a number of differ- 
ent ways, and considering the many 
slight variations in the various pro- 
cedures an almost innumerable num- 
ber of ways of performing the en- 
tire analysis are available. It  is 
the purpose of this paper to con- 
sider briefly, first, a few of the 
methods : 

I. The d i r e c t saponification 
method. 

II.  The method proposed by the 
A. O. C. S. Committee on Glycerol 
Determination. 

I I I .  The method involving the 
use of a Carius tube; also to pro- 
pose and discuss a new method. 

IO 

IV. The catalytic method, using 
stearic acid or bentonite as catalysts, 
and, finally, to compare the results 
of the analyses and the time in- 
volved. 

I. The Direct Saponification 
Method 

This method, used for fats rela- 
tively high in free fatty acids, calls 
for a 4-gram sample of fat to 
which is added 50% aqueous potas- 
sium hydroxide and distilled water, 
and the mixture refluxed for 1~/~ 
hours. After addition of hot water, 
it is placed on the steam bath over- 
night. In the morning, the solution 
is transferred quantitatively to a 
300 cc. beaker and acidified, and the 
fatty acids removed. The solution 
is cleared with aluminum sulphate 
and sodium hydroxide, and the 
glycerol determined by the iodiomet- 
ric method. To an aliquot portion 
are added standard potassium di- 
chromate solution and concentrated 
sulphuric acid. This solution is 
then boiled for 15 minutes and 
cooled. Potassium iodide solution 
is added and the liberated iodine is 
titrated with standard sodium thio- 
sulphate solution, using starch as 
the indicator. This method, al- 
though it works satisfactorily for 

fats relatively high in free fatty 
acids, is entirely unsatisfactory for 
fats low in free fatty acids, in that 
the saponification is incomplete. 

1I. The Method Proposed by 
the A. O. t2. S. Committee 

The Glycerine Analysis Commit- 
tee of the A. O. C. S. recently pro- 
posed for cooperative work a meth- 
od of saponification in which 5 
grams of the melted fat are mixed 
with 5 cc. of 50% aqueous potas- 
sium hydroxide and heated to 
105 ° C. for four 15-minute periods. 
At the end of each period, thorough 
mixing of the fat and the potas- 
sium hydroxide is essential. Potas- 
sium dichromate is used as the oxi- 
dizing agent, the excess titrated with 
ferrous ammonium sulphate solu- 
tion, using potassium ferricyanide 
as an outside indicator. 

A. O. C. S. samples of refined 
coconut oil, cottonseed oil, hydro- 
genated cottonseed oil, and tallow, 
all high-grade, were saponified by 
this method and the oxidation and 
titration operations were done by 
two methods, (1) the iodiometric 
method for glycerol in soap and 
(2) that described by the commit- 
tee. The results are given in 
Table I. 
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A .  O .  C .  S .  
C o c o n u t  O i l  

T h e o .  13 .95  
(1) (2) 

E x p t .  N o .  1 . . . . . . . . . . . . .  13 .92  13 .95  
] ~ x p t .  N o .  2 . . . . . . . . . . . . .  14.03 13 .98  
E x p t .  N o .  3 . . . . . . . . . . . . .  14 .38  14 .06  
E x p t .  N o .  4 . . . . . . . . . . . . .  14 .29  14 .10  
A v g  . . . . . . . . . . . . . . . . . . . . . .  14 ,16  14 .03  
D e v  . . . . . . . . . . . . . . . . . . . . . .  ~ . 2 1  ~ , 0 7  
: L a r g e s t  D e v  . . . . . . . . . . . . . .  43  ,11 
E x p t .  N o .  5 . . . . . . . . . . . . .  14 ,12  13 .82  
E x p t .  N o .  6 . . . . . . . . . . . . .  14 ,09  13 .00  

* S a p o n i f i c a t i o n  i n c o m p l e t e  

. o i l  & s o a p  

T A B L E  I 
P E R C E N T A G E  G L Y C E R O L  

A. O. C. S. 
A .  O .  C . S .  t t y d r o g e n a t e d  A . O . C . S .  

C o t t o n s e e d  O i l  C o t t o n s e e d  O i l  T a l l o w  
10 .68  10 .65  10 .84  

(1) (2) (1) (2) (1) (2) 
10 .40  10 .65  ( ' 1 0 . 1 1 )  ( ' 1 0 , 3 4 )  

(*7.53) (*7.35) 1082 10.63 i~:§~ i~:ii 
10 .69  10 .66  10 .54  10 .58  11 .27  11 .04  
10 .65  10 .64  10 .49  10 .41  10 .92  10 .84  
10 .58  10 .65  10 .51  10 .54  11 .01  10 .95  
- - 2 0  - - . 0 3  - - . 1 4  - - 3 1  -1-.17 + , 1 1  

• 23 .04 .06 .24 .43 .20 
• 8 .65  *8.66 * 9 .44  *9 .50  11 ,10  1O. 83 
• 9 .85  *9.83 *9 .99  *9 .92  10 .92  10 .32  

It will be noted that in all cases 
of  the first four experiments, ex- 
cept in one case for cottonseed oil 
and one for hydrogenated cotton- 
seed oil, in which saponification is 
obviously incomplete, the results are 
in fairly good agreement with the 
theoretical values, calculated from 
the saponification and acid values. 
The deviation of the average of the 
results from these is positive for 
coconut and tallow and negative for 
.cottonseed oil and hydrogenated cot- 
tonseed oil. Except for hydrogenat- 
ed cottonseed oil, the deviations are 
greater when the glycerol is deter- 
mined by method (1) than by 
method (2).  

While this method is very satis- 
factory for coconut oil and for tal- 
low, it is not entirely reliable for 
~:ottonseed oil and hydrogenated cot- 
tonseed oil, as in one case of the 
first four for each of these oils given 
in Table I saponification was incom- 
plete. In Experiments No. 5 and 
No. 6, performed by an analyst un- 
familiar with the method, both re- 
sults for these two oils were low. 
This is in agreement with the facP 
that while coconut oil, palm kernel 
oil, and castor oil will saponify 
quite easily, tallow and hydrogenat- 
ed oils, etc., saponify much more 
slowly; and that the ease of saponi- 
fication is inversely proportional to 
the fraction of unsaturated glyce- 
rides present. That the nlethod is 
an improvement is shown by the 
fact that tallow is here included in 
the group that is quite easily saponi- 
fled while cottonseed oil and hydro- 
genated cottonseed oil remain in the 
group that is difficult to saponify. 
We believe the reason for its im- 
proved success is the intimate mix- 
ing caused by the mechanical stir- 
ring which liberates the oil particles 
occluded by the soap formed in the 
initial reaction. The emulsion is 
very stable in the 105 ° C. oven in 
which the saponification takes place. 

Again the excess potassium hy- 
droxide is small. With greater ex- 
cess there is a tendency for the soap 
when formed to salt out, thereby 
causing the emulsion of the oil and 

T A B L E  I I I  
P E R C E N T A G E  G L Y C E R O L  B Y  T H E  C A R I U S  M E T H O D  

C o t t o n s e e d  H y d r o g e n a t e d  
C o c o n u t  O i l  O i l  C o t t o n s e e d  O i l  T a n  o w  

T h e o r e t i c a l  . . . . . . . . . . . . . . . . . . . .  13 .95  10 .68  10 .65  10.84 
T e s t  N o .  1 . . . . . . . . . . . . . . . . . . . .  " 13 .54  10 .53  10.94 11 .07  
T e s t  N o .  2 ...... . . . . . . . . . . . . . .  14 .02  11 .45  11 .15  10 .60  
T e s t  N o .  3 . . . .  . . . . . . . . . . . . . . . .  " 13 .72  ( ' 1 0 2 0 )  10 ,89  10 .94  
T e s t  N o .  4 . . . . . . . . . . . . . . . . . . . .  " 12 .41  1 0 3 4  1 0 3 6  11 .20  
T e s t  N o .  5 . . . . . . . . . . . . . . . . . . . .  * 1 0 3 7  10 .99  11 .12  
T e s t  N o .  6 . . . . . . . . . . . . . . . .  * 10 .69  11 .16  
Avg . . . . . . . . . . . . . . . . . . . . . . . .  :::2 ..... i~:~ 10.92 11.01 
D e v .  o f  A v g  . . . . . . . . . . . . . . . . . . . . . . . .  + 2 4  + . 2 7  - t- .17 
L a r g e s t  D e v  . . . . . . . . . . . . . . . . . . . . . . . .  - I - 3 9  -b ,50  -1-.36 

• S a p o n i f i c a t i o n  i n c o m p l e t e .  

aqueous caustic solution to break 
down. 
III.  T h e  M e t h o d  I n v o l v i n g  the  
U s e  o f  a Carius  T u b e  

The idea was suggested in our 
laboratory that the saponification 
operation be made in a Carius tube. 
In this method, 5 grams of fat or 
oil is placed in a Carius tube, 50% 
potassium hydroxide solution add- 
ed (3 cc. for tallows and palm oils 
and 4 cc. for coconut oils), and the 
Carius tube heated in a steam bath 
to melt any oil which may have 
spattered on the wall of the tube 
when it was introduced. Twenty- 
five cc. of distilled water are added, 
washing down the walls of the tube, 
which is then sealed and annealed, 
thoroughly shaken and heated over- 
night in the Carius oven at 130- 
135 ° C. The oxidation is done by 
means of potassium dichromate, the 
excess of which is titrated with 
sodium thiosulphate solution using 
starch as the indicator. 

Results by this method compared 
with those of Method I as well as 
those determined from the ester 
values are given in Table II .  

is in agreement with laboratory ex- 
perience. Method I is not appli- 
cable to such oils as refined tallow, 
but it will be noted in these cases 
that the results of the Carius Meth- 
od agree very well with those cal- 
culated from the ester values. 

This work was extended to the 
refined and pure oils, the results of 
which are given in Table I I I .  

Af ter  this set of experiments was 
completed it was found that coconut 
oil requires a lower temperature 
than the other oils, and probably if 
the effect of temperature were 
studied, a condition for complete 
saponification could be ascertained. 

The averages of several determi- 
nations for Cottonseed oil, hydro- 
genated cottonseed oil, and tallow 
vary -1024,  -1027,  and -[-0.17 per 
cent, respectively, from the calcu- 
lated values obtained from the sa- 
ponification and acid numbers, while 
the greatest deviation of a single 
determination differed from t'he the- 
oretical value by -10.79, -t-0.50, and 
- t0.36 per cent, respectively. These 
deviations are greater than is desir- 
able. It may be that by improved 

T A B L E  I I  
P E R C E N T A G E  G L Y C E R O L  

F r o m  E s t e r  B y  
S t o c k  V a l u e  M e t h o d  I 

A c i d u l a t e d  c o c o n u t  o i l  . . . . . . . . . . . . . . . . . .  5 .08  6 .45  
U n r e f i n e d  t a l l o w  . . . . . . . . . . . . . . . . . . . . . . . .  9 . 25  9 ,99  
A c i d u l a t e d  P a l m  o i l  . . . . . . . . . . . . . . . . . . . . .  5 .54  6 .07  
U n r e f i n e d  P a l m  o i l  . . . . . . . . . . . . . . . . . . . . .  9 .56  9 .77  
R e f i n e d  t a l l o w  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 3 0  . . . .  
R e f i n e d  t a l l o w  . . . . . . . . . . . . . . . . . . . . . . . . . .  10 .73  . . . .  

B y  C a r i u s  
~ ¢ I e t h o d  

6 .38  
9 .79  
6 .66  
9 ,79  

10 .73  
10 .74  

It  will be seen that in the first 
four cases the results of Method I 
and the Carius Method agree very 
well, but both vary from the per- 
centage glycerol determined from 
the ester value. The variation is 
greater for the acidulated oils than 
for the unrefined oils, a fact which 

methods of oxidation and titration 
greater accuracy may be obtained. 

The potassium hydroxide attacks 
the glass of the Carius tube during 
the prolonged heating and when the 
sulphuric acid is added in excess to 
convert the soap to fatty acids, silicic 
acid is precipitated. When the ex- 

1 1  
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cess sulphuric acid is neutralized 
with sodium hydroxide  the silica 
causes a fugitive end point and may 
possibly be responsible for the high 
results noted. The etchings on the 
inside of the Carius tube are of 
such appearance as to raise consid- 
erable doubt as to just when all the 
soap jell and glycerol has been 
washed out. More work should be 
done on this method as it seems to 
offer possibilities. 

IV. The Catalytic Method 

The use of cc-naphthol, fl-naph- 
thol, and thymoP as catalysts in sa- 
ponification has been described and 
increased efficiency demonstrated. 
I t  has been stated that bentonite 5 
is probably the most active and gen- 
erally useful catalyst for this pur-  
pose. The use of  a catalyst, which 
in this case is actually an emulsify- 
ing agent was thus suggested for 
laboratory saponification. 

A. Stearic Acid 

On the basis of easy saponifica- 
tion of oils containing free fat ty 
acids, small quantities of s t ea rk  
acid were added to refined and puri-  
fied fats when these were to be 
saponified and the percentage of 
glycerol determined, and it was 
found that oils which could not be 
saponified by the direct method 
were then readily saponified. Con- 
ditions and amounts of stearic acid 
and 50% potassium hydroxide were 
varied to determine those most sat- 
isfactory for complete saponifica- 
tion of an oil of the hardened cot- 
tonseed type, which we shall des- 
ignate as Oil A. 

The quantity of potassium hy- 
droxide was first varied from 4 to 
8 co. to determine which gave the 
best emulsion. The data are given 
in Table IV. 

On the basis of this and similar 
experiments,  4 cc. of 50% aqueous 
potassium hydroxide was chosen as 
standard. 

From experience it was known 
that for this part icular Oil A, the 
best emulsion resulted when the 
potassium hydroxide was added to 
the oil which was heated to a tem- 
perature of 140-150 ° C. However,  
to ascertain the exact influence of 
temperature,  a series of experi-  
ments in which the temperature was 

increased by 10 ° C. for each mem- 
ber of the series over the previous 
member, with the first one at 100 ° 
C., was performed. The observa- 
tions made are recorded in Table V. 

the first one being kept in the 105 ° 
C. oven for 25 minutes. Table V I I  
gives the results of this series as 
well as those of a second series in 
which 20 minutes was the time limit. 

TABLE V 
I N F L U E N C E  O F  T E M P E R A T U R E  O N  S T A T E  O F  E M U L S I O N  

4 G r a m s  o f  O i l  A 
4 c c .  o f  5 0 %  K O H  
4 %  S t e a r i e  A c i d  

T e m p .  ° C .  S t a t s  o f  E m u l s i o n  
100 ] 
110 [ . . . . . . . . . . . . . . . . . . . .  I n c o m p l e t e ,  m i x t u r e  p a r t i a l l y  s o l i d i f i e d  b e f o r e  c o m p l e t e  
1 2 ~ [  e m u l s i o n  w a s  e f f e c t e d .  
130 J 
140 . . . . . . . . . . . . . . . . . . . .  V e r y  f i n e  a n d  u n i f o r m .  
150 . . . . . . . . . . . . . . . . . . . .  V e r y  f i n e  a n d  u n i f o r m .  
160 . . . . . . . . . . . . . . . . . . . .  S l i g h t l y  g r a i n y .  
170 . . . . . . . . . . . . . . . . . . . .  G r a i n y .  

180 . C o m p l e t e  s e p a r a t i o n  i n t o  t w o  p h a s e s .  200 : : : : : : : : : : : : : : : : : : :  V e r y  g r a i n y .  

The earlier experience was defi- 
nitely substantiated and 140-150 ° 
C. was selected as the standard tem- 
perature of the oil when the potas- 
sium hydroxide was added. A single 
saponification was made, with the 
initial temperature of the oil at 
160-170 ° C., and the percentage of 
glycerol determined and found to 
be 10.26% as compared with 
10.68%, calculated from the saponi- 
fication and acid values. In  other 
words, a grainy emulsion will not 
lead to complete saponification. 

The next factor to be studied was 
that of quantity of stearic acid most 
efficient in producing a good emul- 
sion. The amount was varied from 
0 to 6.4% of the weight of the Oil 
A in increments of 0.8%. The ap- 
pearance of the resulting emulsions 
is listed in Table  VI.  

T A B L E  V I  
I N F L U E N C E  O F  P E R  C E N T  S T E A R I C  

A C I D  O N  A P P E A R A N C E  O F  
E M U L S I O N S  

4 G r a m s  O i l  A 
4 cc .  5 0 %  K O H  
T e m p .  1 4 0 - 1 5 0  ° C .  

% S t e a r i c  
A c i d  A p p e a r a n c e  o f  E m u l s i o n  

0 . . . .  C o a r s e ,  s e p a r a t i n g  o n  s t a n d i n g  
0.8 . . . .  C o a r s e ,  s e p a r a t i n g  o n  s t a n d i n g  
1.6 . . . .  F i n e r ,  s l i g h t  s e p a r a t i o n  
2 .4  . . . .  F a i r ,  v e r y  s l i g h t  s e p a r a t i o n  
3.2 . . . .  G o o d  
4.0 . . . .  F i n e ,  s e l f - s u p p o r t i n g  
4.8 . . . .  F i n e ,  s e l f - s u p p o r t i n g  
5.6 . . . .  F i n e ,  s e l f - s u p p o r t i n g  
6.4 . . .  F i n e ,  s e l f - s u p p o r t i n g  

Four  per  cent of stearic acid was 
found to produce as fine an emul- 
sion as larger amounts, and that 
quantity was then standardized as 
the most efficient. 

After  these conditions were estab- 
lished, the time factor was studied. 
A series of determinations was 
made, in which each one was started 
five minutes af ter  the previous one, 

T A B L E  I V  
A P P E A R A N C E  O F  E M U L S I O N  W I T H  V A R Y I N G  A M O U N T S  O F  K O H  

4 G r a m s  o f  O i l  A 
4 %  S t e a r i e  A c i d  
T e m p .  1 4 0 - 1 5 0  ° C .  

V o l .  5 0 %  K O H  A p p e a r a n c e  o f  E m u l s i o n  
4 c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V e r y  g o o d - - n o  s e p a r a t i o n  o n  s t e a m  b a t h ,  
5 e e  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  F a i r - - s o m e  s e p a r a t i o n  o n  s t e a m  b a t h .  
6 c c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P o o r - - d i s t i n c t  s e p a r a t i o n  o n  s t e a m  b a t h .  
7 c c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P o o r ~ s e p a r a t i o n  o n  s t e a m  b a t h .  
8 e c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P o o r .  
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T A B L E  V I I  
P R O G R E S S  O F  S A P O N I F I C A T I O N  W I T H  

T I M E  I N  105 ° C .  O V E N  
T h e o r e t i c a l  P e r c e n t a g e  o f  G l y c e r o l  i n  

O i l  A = 10 .68 .  

S E R I E S  1 
T i m e  

i n  O v e n  % P e r c e n t a g e  
( M i n , )  G l y c e r o l  S a p o n i f i c a t i o n  

0 . . . . . . . . . . .  2.26 21 
5 . . . . . . . . . . .  9 .13  86  

15 . . . . . . . . . . .  9 .71  91 
20 . . . . . . . . . . .  10 .72  100 
25 . . . . . . . . . . .  10 .55  99 

S E R I E S  2 
T i m e  

i n  O v e n  % P e r c e n t a g e  
( M i n . )  G l y c e r o l  S a p o n i f i c a t i o n  

0 . . . . . . . . . . .  3 .25 30 
5 . . . . . . . . . . .  9 .20  86 

10 . . . .  ' . . . . . . . .  10 ,31 97 
15 . . . . . . . . . . .  10 ,49  98 
20 . . . . . . . . . . .  10 .58  99 
20 . . . . . . . . . . .  10 .60  99 

From these data it was concluded 
that 20 minutes was sufficient t ime 
for complete saponification. 

Original ly this heating was at- 
tempted on a hot plate in conform- 
ity with the direct saponification 
method, but it was observed that the 
high temperature destroyed the 
emulsion and in spite of continued 
heating and shaking for two hours 
the saponification was observed to 
be far from complete. 

Having  now determined the best  
conditions for saponification using 
stearic acid as the catalyst, we 
turned our attention to ~-naphthol  
suggested by Silman 4 and bentonite 
suggested by Smith 5. 

B. ~ - -Naphthol  

Although ~-naphthol  may be a~ 
excellent catalyst for rapid saponi- 
fication, it was found to be unsuit-  
able for use in analysis involving the 
determination of glycerol, as it is 
apparently oxidized by the potassium 
dichromate solution since the appar-  
ent percentage of glycerol is con- 
siderably higher than that calculat- 
ed from the ester value. When  a 
blank was run, without the fat, and 
the correction applied to the appar-  
ent percentage, the result was lower. 
This coincides with the fact that  
the cc-naphthol is readily soluble 
in the fatty acids and only slightly 
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soluble in water. Even if this were 
not the case, the use of ~-naphthol  
as a catalyst would be more cum- 
bersome than stearic acid since it in- 
volves a blank determination. 

C. Bentoni te  

Bentonite, on the other hand, was 
found to be very satisfactory. In- 
stead of adding it to the caustic so- 
lution as suggested by Smith 5, it 
was added to the melted fat  prior  to 
the addition of the caustic. I t  forms 
a good emulsion and the results are 
comparable with those of the deter- 
mination in which stearic acid was 
used. 

I t  is, possibly, not so neat a cata- 
lyst as stearic acid in that the sus- 
pended bentonite causes the result- 
lng soap solution to be cloudy and it 
is  impossible by visual inspection 
to determine whether or  not the sa- 
ponification or subsequent solution 
of soap is complete. 

Approximate ly  5% of the weight 
of the fat was chosen as the quan- 
ti ty of bentonite to be used: The 
length of t ime of saponification in 
the 105 ° C. oven was ascertained 
by two series of determinations of 
percentage glycerol available from 
Oil A, similar to those made for 
stearic acid. The results  are found 
in Table V I I I .  

T A B L E  V I I I  

P R O G R E S S  O P  S A P O N I F I C A T I O N  W I T H  
T I M E  I N  105 ° C.  O V E N  

C a t a l y s t  - B e n t o n i t e  
T i m e  % P e r c e n t a g e  
( M i n . )  G l y c e r o l  S a p o n i f i c a t i o n  

S E R I E S  1 

0 . . . . . . . . . . .  2 .76 26 
5 . . . . . . . . . . .  3 .73 35 

10 . . . . . . . . . . .  8 .88  83 
15 . . . . . . .  " . . . .  10.56 99 
20 . . . . . . . . . . .  10.55 99 

S E R I E S  2 

T i m e  % P e r c e n t a g e  
( M l n . )  G l y c e r o l  S a p o n i f i c a t i o n  

15 . . . . . . . . . . .  10 .66  100 
20 . . . . . . . .  . . .  10 .62  100 
25  . . . . . . . . . . .  10 .61  99 

Again 20 minutes was selected as 
a reasonable length o f  t ime for 
complete saponification. 

The catalysts, stearic acid and 
bentonite, were then applied to the 
saponification of the highly purified 
oils;  Coconut Oil, Tallow, Hydro-  
genated Cottonseed Oil, and Cotton- 
seed Oil. I t  was found that a tem- 
perature of 140-150 ° C. for the 
initial temperature of the oils when 
the caustic is added was too bigb 
for Coconut Oil and Tallow and 
that good emulsions are not formed. 
A temperature of 110-120 ° C. is 
far superior, Also larger  quantities 
of  bentonite are required for Hy-  
drogenated Cottonseed Oil and Cot- 
tonseed Oil than for Tallow and 
Coconut Oil. Data for stearic acid 

and bentonite  as catalysts are given 
in Table IX.  

ods discussed. Stearic acid gives a 
clear solution when the oils are  sa- 

T A B L E  I X  
P E R C E N T A G E  G L Y C E R O L ,  U S I N G  A C I D  A N D  B E N T O N I T E  A S  C A T A L Y S T S  I N  

S A P O N I F I C A T  I O N  
P e r c e n t a g e  

G l y c e r o l  
P e r c e n t a g e  P e r c e n t a g e  C a l c u l a t e d  

G l y c e r o l  G l y c e r o l  f r o m  S a p .  & 
O i l  T e m p .  ( S t e a r t c  A c i d )  ( B e n t o n i t e )  A c i d  V a l u e s  

C o c o n u t  . . . .  1 1 0 - 1 2 0  ° C.  r 14 ,07  "] [ 14 .10  ] 13 .95  
. . . . . . . . . . . . . . .  [ 1 4 . 0 5 J  ~14 .15  J 

T a l l o w  . . . . . . . . . . . . . . . . . . . .  1 1 0 - 1 2 0  10.88 10.77 1 0 . 8 5  
H y d r o g e n a t e d  c o t t o n s e e d . .  1 4 0 - 1 5 0  10 .64  10 .04  10 .65  
C o t t o n s e e d  . . . . . . . . . . . . . . . . .  1 4 0 - 1 5 0  10 .80  10 .60  10 .68  

There  is exceIlent agreement be- 
tween the values obtained with the 
two catalysts and these in turn agree 
very well with those calculated from 
the saponification and acid values. 

Considerable care must be exer- 
cised in the clarification of the aque- 
ous solution containing the glycerol 
for Coconut Oil, as it apparently 
contains an appreciable quantity of 
non-glycerol oxidizable m a t  t e r, 
which if not removed gives in- 
creased reduction of the potassium 
dichromate and, therefore,  high re- 
suits for percentage glycerol. 

Conclusion 

A recapitulation of the results ob- 
tained by the various methods is 
given in Table X. 

ponified which is not true for  ben- 
tonite. Bentonite has the advantage 
that the initial temperature of the 
oil need be no higher  than 100 ° C., 
so that instead of heating the flask 
containing the oil in an oil bath at  
160 ° C., it may be heated in the 
same 105 ° C. oven where the sa- 
ponification is completed. If  a 105 ° 
C. oven is not available, the heating 
prel iminary to and during saponifi- 
cation may be done by part ial ly im- 
mersing the flask containing the fat 
in boiling water. 

The advantage of the catalytic 
method of saponification is the fact 
that the time is greatly reduced. The 
time required for this method is 
only 20 minutes as compared with 
at least an hour and a half for the 

T A B L E  X 
P E R C E N T A G E  G L Y C E R O L  B Y  V A R I O U S  M E T H O D S  

- - C a t a l y s t s - - - -  
T h e e -  C o m m .  S t e a r t c  B e n t o n -  

O i l  r e t i c a l  T h i o  C o m m .  C a r i u s  A c i d  i t e  
C o c o n u t  . . . . . . . . . . . . . . . . . . . . .  13 .95  14 .16  14.02 14.06 14 .12  
C o t t o n s e e d  . . . . . . . .  . . . . . . . . . .  10 .68  10 .58  1 0 . 6 5  i 0 : 9 2  10 .80  10 .60  
H y d r o g e n a t e d  c o t t o n s e e d  . . . .  10 .65  10 .51  10 .54  10 .92  10.64 10 .64  
T a l l o w  . . . . . . . . . . . . . . . . . . .  . . . .  10 .84  11 .01  10 .95  11 .01  10 .88  10.77 

The results given under "Com- 
mittee Thiosulphate" are those ob, 
tained by saponification according 
to the method proposed by the Com- 
mittee and the glycerol determined 
by t h e  thiosulphate method while 
those under Committee are deter- 
mined by the entire method as pro- 
posed by the Committee. The re- 
sults of the latter are in better 
agreement with the theoretical than 
the former. 

A survey of the results reveals 
that no one of these methods is 
greatly superior t o  the others with 
respect to accuracy, it being possible 
in most cases to ascribe the varia- 
tion to the limits of error  for the 
method. The results obtained by 
the Carius Method are slightly high- 
er than those of the other methods, 
which may or may not b e  signifi- 
cant. 

The method involving the use of 
catalysts, either stearic acid or ben- 
tonite, is simple, rapid and appar-  
ently as reliable as the other meth- 

committee method and Overnight for 
the Carius method. 

Judging from the results given in 
Table X, the percentages of glyce- 
ro l  obtainable from fats may be de- 
termined to a fair  degree of accu- 
racy in the shortest t ime by the 
catalytic method of saponification 
and the potassium dichromate and 
sodium thiosulphate method of oxi- 
dation and titration. However ,  a 
higher degree of precision may pos- 
sibly be attained with somewhat in- 
creased time by saponifying by the 
catalytic method, oxidizing with po- 
tassium dichromate and t i t rat ing 
with ferrous ammonium sulphate. 

Fur the r  work is being undertaken 
to apply the use of diphenylamine 8 
as an indicator in ,the t i tration of the 
excess potassium dichromate with 
ferrous ammonium sulphate and to 
determine the applicability of elee- 
trometric ti trations to this analysis. 
Both of these methods hold promise 
of success and may add to the ac- 
curacy of the method as well as a 
reduction of time for the analysis. 

1 3  
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Procedure for the Proposed 
Catalytic Method 

A sample of fat, 4 +__ 0.1 grams, 
is accurately weighed in a 100 cc. 
extraction flask on an analytical 
balance. Roughly 0.16 grams of 
stearic acid or 0.20 to 0.60 grams 
of bentonite are added (0.20 grams 
for tallow and coconut oil, 0.40 
grams for hydrogenated cottonseed 
oil and 0.60 grams for cottonseed 
oil). The stearic acid is conveni- 
ently added by dropping from a 
roughly calibrated dropper. The fat 
containing the stearic acid is heated 
to 140-150 ° C. for hydrogenated 
cottonseed oil and cottonseed oil 
and to 110-120 ° C. for tallow and 
coconut oil by immersing in an oil 
bath at 160-165 ° C. for 3 minutes. If 
bentonite is used, the fats are heated 
to 100 ° C. in a water bath or 105 ° 
C. oven. The flask is rotated and 
shaken to distribute the catalyst uni- 
formly in the fat. Then, 4 cc. of 

50% aqueous potassium hydroxide 
is slowly added with shaking and 
the mixture vigorously agitated with 
rotary motion for 30 seconds. The 
flask is loosely stoppered and placed 
in the 105° C. oven. After  20 min- 
utes it is removed, the soap is dis- 
solved and the solution is cleared, 
oxidized and the excess oxidant 
titrated. 

SUMMARY 
Several methods of saponifica- 

tion of fats for the determination 
of available glycerol are considered. 

1. The Direct Saponification 
Method• 

2. A Method proposed by the 
A.O.C.S. Committee on Glycerine 
Determination. 

3. The Carius Method. 
4. A Method for Rapid Saponi- 

fication of fats and oils is proposed 
for laboratory use in determinin.g 
glycerine yields in which stearin 
acid or bemonite is added as a cat- 

alyst. Upon the addition of potas- 
sium hydroxide and vigorous shak- 
ing, a fine emulsior~ is formed pro- 
vided the proper conditions are re- 
garded. The saponification takes 
place in a 105 o C. oven and is com- 
pleted in 20 minutes. 

The proposed method has the fol- 
lowing advantages : 

t. The saponification is complet- 
ed in 20 minutes. 

2. No special apparatus is re- 
quired. 

3. Saponification takes place at 
the comparatively low temperature 
of 100 to 105 ° C. 

4. The method is simple and in- 
volves no unusual technique. 

5. The results are in good agree- 
ment with both the theoretical and 
those obtained by other methods. 
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Abstract 
In  the  e n o r m o u s l y  l a r g e  a n d  v a r i e d  f ield 

of  c l e a n i n g  a g e n t s ,  a r e v i e w  of t he  c h a n g -  
i n g  t r e n d s  in  t he  field once  h e l d  ch ie f ly  
b y  soaps ,  a n d  a f ew  c h e m i c a l s ,  is  o f  in -  
t e r e s t .  T h e  a u t h o r  h a s  s u m m a r i z e d  t h e  
g e n e r a l  t h e o r y  a n d  w a y s  o f  p r e p a r i n g  
m a n y  of  t h e  ne w  d e t e r g e n t s  a n d  h a s  in -  
d i c a t e d  t he  d i r e c t i o n  o f  f u t u r e  r e s e a r c l l  to  
p r o v i d e  m a n y  m o r e  p r o d u c t s  w h i c h  w i l l  
s e rve  a s  a g e n t s  a l o n g  s ide  of, o r  a s  s u b -  
s t i t u t e s  for  m a n y  of  t he  old ones .  

I N the kaleidoscopic changes of 
the past few decades we are 
impressed more and more with 

the truth of Tennyson's lines: 

"The old order changeth, 
Yielding place to new." 

Detergents, like fashions and 
styles, have also changed and the 
past few years have witnessed a 
definite trend into newer fields 
wherein newer agents have assumed 
a place alongside of, or as substi- 
tutes for the old ones. Many of us 
still remember the weekly Satur- 
day chore of the small boy, wherein 
several perfectly good playtime 
hours had to be sacrificed to the 
grinding up of several old bricks 
or some soft rock so that there 
might be an ample supply of scour- 
ing powder for the kitchen knives, 
pots and pans. Those from New 
England particularly recall how as- 
siduously every scrap of ham fat 
and rind was thriftily saved so that 
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in the warm springtime some home- 
made soap might be made by leach- 
ing some of the wood ashes which 
had accumulated during the winter, 
by saponifying out in the sunlight 
in an old earthenware crock. Truly 
the old order has changed and still 
continues to change, each month 
bringing in new agents and newer 
methods. 

We  regard a detergent as an 
agent which functions "to wipe 
away, wash away, or cleanse." If 
we accept this definition then we 
must also believe that there are 
some detergents which have always 
been with us. The Biblical story 
of creation tells us that the good 
Lord created the heavens, the earth 
and the waters and all that was con- 
tained therein. It  would appear 
then that such detergents as water, 
sands and clays have been with 
man from the beginning. Soaps 
were probably one of man's con- 
tributions forced upon the other in- 
habitants as one of instrumentalities 
of a higher civilization. 

As pointed out by Ittner (Jour. 
Ind. Eng. Chem. 18, 908 (1926) 
and 27, 756 (1935) in his admira- 
ble reviews of the history of the 
soap industry, detergents include 
quite a large group of agents, viz., 
soaps and similar bodies, soap build- 
ers; dispersion agents for hard wa- 

ters, enzymes and bleaches; and 
that large group one may somewhat 
more generally term the "soap sub- 
stitutes." 

It  is quite apparent to most of us 
that the larg.e developments in the 
true soaps, 1.e., the alkali salts of 
the higher fatty acids, have con- 
cerned themselves largely with im- 
provements in the saponification 
process, with variations, blending 
and substitutions of raw materials 
used, and in glycerine recovery. 
Large emphasis has been given to 
physical form. Today we have the 
various flakes, chips and hollow 
beads which tend to increase solubil- 
ity and make for so much conveni- 
ence in use and of course inciden- 
taIly, perhaps, for advertising em- 
bellishment. 

Introduction to the commercial 
trade of products like cheap triso- 
dium phosphate, sodium hexa meta- 
phosphate and a wide variety of 
silicates and rosin grades have ex- 
tended built soap formulas. Activ- 
ity in this field, especially in the past 
few years to maintain certain price 
levels has led to some overdoing of 
built-soap practice. One must ever 
keep in mind the real needs of the 
consumer who is now supplied with 
a multiplicity of different textiles 
and other surfaces needing the 
cleansing action of detergents. The 


