
Comparative Viscosities of 'Coconut Oil Liquid Soaps 
RALF B. TRUSLER, The Davies-Young Soap Company, Dayton, Ohio 

T H E  mobil i ty  of a liquid soap is an impor tan t  
characteristic for  use in filling machines. While 
the mobil i ty and the viscosity of a l iquid may  not 

be synonymous, there is a close relationship w h e n  liq- 
uids are free f rom gelation. Since t h e  viscosity of a 
soap can be taken as an indication of its ease of flow 
through the pipes and tubing of a filling equipment,  
a s tudy of viscosities of coconut oil l iquid soaps at 
various tempera tures  and concentrations was made to 
obtain this information.  

Liquid soaps behave differently physically when 
their  f a t ty  acid components are var ied in molecular 
weight and structure.  The present  problems are kept  
f rom becoming too complex by  l imiting the kind of 
liquid soaps to those derived f rom coconut oil. Potas- 
sium soaps of coconut oil and of coconut oiI f a t t y  
acids were used so that  the range of concentration 
might  be varied more widely than  if the soaps were 
made f rom sodium hydroxide.  Also the potassium 
soaps are the most commonly manufac tu red  and used. 

Appara tus  used for obtaining these data was a 
Brookfield Viscometer shown in F igure  1. Mechanical 

shearing force exerted on the liquid by  the rotat ing 
spindle, and this amount  of torsion is a measure of ab- 
solute viscosity which can be read upon the scale. 
There are a number  of speeds and spindles and types  
of st irrers  so that  one can be chosen to measure the 
viscosity of any  liquid in question as well as to detect 
non-Newtonian flow properties.  

The ins t rument  used for  this work was the model 
(LVF)  provided with a spindle guard  shown in the 
d iagram Figure  2 and indicated by  B. The operat ing 
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features of this ins t rument  made this work possible. 
I t  is a viseosimeter consisting of a synchronous motor, 
a spindle or other device tha t  is rotated in the liquid 
to be examined, a dial, and a pointer.  The pointer  is 
connected to the power unit  through a cal ibrated 
spring. The torsion on the spr ing is a measure of the 
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position of the spindle A and of the spindle guard  B 
are indicated by  the dotted line. The guard  B is fas- 
tened into operat ing position over lugs by  a slight 
turn.  Spindle A is at tached by  threads onto the driv- 
ing mechanism at C. 

A speed selector H regulates the RPS  of the spindle 
A. The switch G and the clutch E are indicated in 
F igure  2. The clutch E is a locking device for  protect- 
ing the spr ing f rom severe initial torque and also for 
locking the pointer  on the dial so tha t  a reading can 
be taken. More complete description of the appara tus  
and its scope can be furnished by  the manufac ture r .  

In  order to adapt  this ins t rument  to the present  
problem, the spindle guard  was detached f rom its sup- 
por t  and inserted through two slots in the lid L of the 
glass jar  F. The spindle A was pu t  through a small 
hole f rom below the cover and later  screwed into place 
as shown. 

The ja r  was provided with a thermometer  T and  a 
s t i rr ing device S. This s t i r rer  was made of glass and 
provided with a sort  of turb ine  on the uppe r  end. A 
jet  of air  directed against  the turbine provided ade- 
quate agitat ion of the liquid without causing any vi- 
brat ion.  The ins t rument  was held in place b y  a sup- 
port  on a r ing stand. Hea t  was provided by  means of 
a small hot plate K. 
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The jar  with lid, spindle guard, and spindle was 
always detached from the main mechanism prior  to 
each determination, and the ja r  was unscrewed and 
all parts were washed and dried before each test. The 
jar  was filled to the required depth with a liquid soap. 
The lid was then replaced, and the assembly was pu t  
into the refr igerator  at about  zero degrees to cool un- 
til the thermometer  was at f rom l~ to 2~ The 

j a r ,  with soap, was then fastened into operating posi- 
tion, The soap was then st irred for  about 30 seconds, 
and the viscosimeter was set in motion. Usually one 
minute was allowed for  the spindle and the liquid to 
come to temperature  equilibrium, and then a reading 
was taken. Many readings were taken at I~ inter- 
vals through the range of f rom about 5~ to 20~ 
because the greatest rate of change of viscosity oc- 
curred during the first 15 degrees. The temperature  
of the ja r  and contents were elevated from the lowest 
temperatures to about 10~ by  merely warming the 
jar  with the hands. Higher  temperatures were ob- 
tained by  intermit tent ly  heating with a hot plate. 
Readings at 5-degree intervals between the tempera- 
tures of 20~ and 60~ and at 10-degree intervals 
f rom 60~ to 80~ were found to be sufficient to pro- 
vide the necessary information for the construction 
of a graph. 

Fro. 3 

The study of agreement between repeated runs was 
made upon two soaps having a 27.2 and 30% dry  
soa p content. Corresponding readings varied f rom 
zero to one centipoise. A fur ther  s tudy of the opera- 
tion also shows that  less deviation occurred when five 
minutes or more elapsed between the readings from 
the lowest temperatures up t o 1 5 ~  Some loss of 
moisture at the higher temperature  is a cause of 
slight error  but  scarcely discernible in soaps at  30% 
total solids or less. 

The first set of viscosity determinations were made 
upon liquid soaps whose concentrations, as total solids 
(non-volatile by oven method),  included soaps of 
these concentrations; 20%, 27.2%, 30%, 39%, 40%, 
and 40.6%. These soaps were made by  diluting the 
40.6% material  with distilled water. The original 
40.6% soap was made in the plant  by  hot saponifica- 
tion of Manilla grade of coconut oil with potassium 
hydroxide. I t  contained the glycerol resulting from 

the saponification, and the glycerol is included in the 
values for  total solids as is common Practice for  this 
kind of soap. The glycerol content of these soaps is 
v e r y  close to 11% of the figure for  total solids. The 
soap was finished at  0.20% free KOH. 

These viscosity data are shown in F i g u r e  3 where 
viscosity in centipoises as abscissae are plotted against 
the temperature  as ordinates. 

The line of dashes represents the behavior of a 30% 
soap, and the dotted line represents the 40% soap. 
These two curves are chosen for comparison with the 
other liquid soaps in the graph presented here. 

An examination of these curves reveals, tha t  at 10 ~ 
C. (see Figure  3) the viscosity gain between the 20% 
soap and the 27.2% soap is approximately 0.6 centi- 
poises per 1% increase of soap concentration; f rom 

�9 27.2% to 30% soap the viscosity gain is 3.3 centipoises 
per 1% in soap concentrat ion;  f rom 30% to 39% soap 
the viscosity gain is 3.6 centipoises per  1% of in- 
creased soap concentrat ion;  f rom 39% to 40% soap 
the viscosity gain becomes 14.7 centipoises per 1% in- 
crease in soap concentration; and from 40% to 40.6% 
soap the viscosity gain per  1% increase in soap c0m 
centration remains about  the same at 14.2 centipoises. 

The viscosity of soap solutions in water  increases 
with the concentration of the soap, and these changes 
vary  with the kind of soap. Sodium soaps of oleic, 
palmitic, and stearic acids exhibit differences in vis- 
cosities for  the same soap concentrations, as shown 
by the work of Masao Nonaka (1, 2). 

Freundl ieh  and Jores (3) report  that  sodium soaps 
of stearic acid follow a true viscosity change only up 
to 0.17% concentration, beyond which a condition of 
elasticity develops. A similar change occurs with so- 
dium oleate above 2% concentration. 

The present work upon potassium soaps of coconut 
oil gave no indication of deviation f rom Newtonian 
behavior under  the conditions of the experiments .  

The conditions that  affect the viscosity of a solution 
are temperature,  concentration of the solute (in this 
case soap), the molecular weight of the solute,  the 
physical s t ructure  of the solute, and, where soaps are 
conecrned, the size of the micelles. Of course, all of 
these conditions are referred to water  as the solvent. 
These values for  the gain in eentipoises per  1% in- 
crease in soap concentration are shown in Table 1. 

TABLE I 

Soap Concentration Gain in Viscosity at 10 ~ C. 

20% to 27.2%..~ ....................... 
27.2% to 30% ......................... 
30% to 39% ............................. 
39% to 40% ............................ 
40% to 40.6% .......................... 

0.6 Centipoise per 1% increase of soap 
3.3 Centipolso per 1% increase of soap 
3.6 Centipoise per 1% increase of soap 

14.7 Centipoise per 1% increase of soap 
14.2 Gentipoise per 1% increase of soap 

While it has been known that  viscosities o f  liquid 
soaps increase rapidly  with increased concentration, 
it was not surmised that  the viscosity gain was nearly 
so great  as these data show for the difference between 
a 39% and 40% soap and between 40% and one of 
slightly higher concentration. All of  the viscosities 
obtained so fa r  were made upon liquid soaps contain- 
ing the natural  glycerol resulting from saponification. 

Some of this 40% liquid soap was diluted to ap- 
proximately 25% concentration and warmed to 50~ 
and acidulated, while stirring, with reagent quality 
hydrochloric acid diluted with 4 parts  of water. The 
acidulation was continued unti l  the water portion in- 
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dicated acidity in the presence of methyl  orange. T h e  
fa t ty  acids so l iberated were carefully washed free of 
HC1 and salt, and then it was neutralized with potas- 
sium hydroxide to yield soap. The amount of liquid 
soap thus obtained was concentrated by  evaporation 
into portions having 20%, 30%, and 35.6% soap sol- 
ids. These soaps had no glycerol in their  composition 
as this was washed out in the acid water and the wash 
water of the previous operation. 

Viscosity data were obtained upon these soaps at 
various temperatures,  and curves were constructed 
which are shown in Figure  4. I t  can be observed that  
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there is very little difference in the viscosities of a 
20% potassium coconut oil soap and 20% potassium 
coconut oil fa t ty  acid soap. However when the con- 
centrat ion of soap is increased somewhat, the bodying 
action of glycerol becomes evident. For  example, 
curve H represents a 30 % coconut oil f a t ty  acid soap. 
Comparing this with curve C, the 30% coconut oil 
soap, the latter has about 5 centipoises greater  viscos- 
ity. These two soaps are compared on the usual d ry  or 
total solids basis. Actually, the soap, as combined 
fa t ty  acids in soap C, is only 26.7%. The greater  vis- 
cosity of this soap is due to the presence of glycerol. 

% 

FIG. 5 

Curve 1 in Figure  4 represents the potassium coco- 
nut  oil f a t ty  acid soap, having 35.6% total solids. I t  
has exactly the same amount of combined f a t ty  acids 
as the soap for  curve E, the s tandard 4 0 % liquid 
soap. Again, the bodying action of glycerol in liquid 
soap composition is obvious. 

F igure  5 shows graphically what  happens, when 
additional glycerine is added to a liquid soap. The 
soaps represented by curves C and J have 26.7% of 
combined fa t ty  acids. Curve C represents a s tandard 
30% liquid potash soap. A 40% soap containing glyc- 
erol and 35.6% of combined fa t ty  acids was reduced 
to a 26.7% combined fa t ty  acid soap (like C) by  add- 
ing additional glycerol. This is done sometimes to 
gain transparency.  Again we see that  the viscosity of 
the liquid soap is almost doubled in the temperature  
range that  the soap generally is used. The regular  
40% liquid eoeonut oil soap has a higher  viscosity 
than sales appeal demands. A decrease in this viscos- 
i ty is not injurious to the appearance of the product  
and facilitates the handling of the soap  in the plant. 
This improvement can be gained by  the addition of 
salts, one of which is potassium chloride. The addi -  
tion of potassium chloride has been recognized as be- 
ing beneficial in reducing the viscosity of a liquid 
soap, bu t  the real gain had not been recognized unti l  
the viscosity of these t reated liquid soaps, had been 
determined. Curve K, Figure  6, shows that  a great 
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reduction in viscosity is obtained; the viscosity drop 
amounted to about  25 centipoises. This soap is very  
acceptable, having total solids, of 40%, of which only 
0.5% is potassium chloride. A still fu r the r  gain in 
quali ty and ease of handling comes from adding 
0.50% sodium salt of ethylenediaminetetra acetic 
acid, commonly called a chelating agent. This addi- 
tion, shown by curve L, F igure  6, not  only reduced 
the viscosity of the soap but  also enhances its appear- 
ance and its detergent properties and may be well 
called an active and useful additive. The presence of 
0.50% of E D T A A  salt reduces the viscosity of the 
usual 40% liquid soap by  about  33%. 

At concentrations above 41 to 42% potassium soaps 
of coconut oil ( including glycerol) begin to gel, and 
at about 43.5% total solids they become a firm gel. 
The gel is so firm that  the soap has a " r i n g "  when 
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struck. Soap in this condition is te rmed " c r y s t a l "  or 
" c r y s t a l  base . "  Liquid potash soap made f rom coco- 
nu t  oil f a t ty  acids and free f rom glycerol begins to 
gel a t  about  37.5% and is a firm crystal  base a t  40.5% 
concentration. Hence a glycerol-free crystal  base has 
less total solids by  oven d ry  test than  one made f rom 
coconut oils, but  the two are pract ical ly equal in the 
amount  of combined f a t t y  acids. 

These gelled soaps of the crystal  type  have some 
peculiar  properties.  They are liquid when hot and  
solid when cold. They remain in the crystal  state 
through the range of useful  tempera tures  f rom about  
5~ to 80~ When the crystal  base type of soap is 

cooled to a low temperature ,  these soaps again  l iquefy 
and become quite thin. Liquid soaps tha t  are so con- 
centrated tha t  they are passing f rom the liquid state 
to the crystal  state first become thick and viscous but  
upon chilling" re tu rn  to a th inner  liquid. F o r  the pres- 
ent it is assumed that  this condition explains the re- 
versal in the viscosity of a liquid soap, curve 1, below 
15~ (F igure  4). 
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Methanolysis of Triglycerides by an Anion Exchange Resin 
HERMANN SCHLENK and RALPH T. HOLMAN/ Department of Biochemistry and Nutrition, 
Texas Agricultural Experiment Station, Texas A. and M. College System, College Station, Texas 

I N a prepara t ion  of radioactive glycerol (1) Amber-  
lite IRA-400-0H was used to l iberate the carbon- 
labelled glycerol f rom dicaproin. The reaction was 

carr ied out in methanol; and the water-soaked resin 
provided more than the amount  of water  required for  
the hydrolysis.. In  addition to the free glycerol a 
large amount  of methyl  eaproate was found, indicat- 
ing that  interesterification had occurred ra ther  than  
the expected saponification. 

Catalysis by  cation exchange resins in esterifica- 
tion, interesterification, and saponification has drawn 
considerable at tention recently (2, 3, 4). Intercster i-  
fication by  anion exchange resins, to our knowledge, 
has not been reported.  In  addition to any  possible 
prepara t ive  value it seemed to be desirable to learn 
more about  the effect of anion exchange resins upon 
fa ts  for  anion exchange resins have a l ready proven 
to be of value in the analytical  phase of metabolic 
studies (5). 

Two detailed experiments  were conducted on cot- 
tonseed oil, identical in all respects except tha t  the 
same catalyst  resin recovered f rom the first experi- 
ment  was used in the second experiment  ra ther  than  
fresh resin. Cottonseed oil, 55 g., was dissolved in 
250 ml. ether plus 250 mh ethanol. When  20 g. of 
moist Amberl i te  IRA-400-OH-AG resin were added 
to the solution, two liquid layers forr~ed. As the 
reaction proceeded, the liquid again became homoge- 
neous. Af te r  three days '  shaking the resin was fil- 
tered off and washed with the same solvent. When 
tile sample was reduced to dryness under  nitrogen, 
the oil contained some large drops of glycerol. Free  
glycerol and monoglyeeride were determined accord- 
ing to the procedure of Pohle and Mehlenbachcr (6) 
on the aqueous extract  of this mixture  and upon the 
residual oil. Total bound glycerol was determined by  
periodate t i t rat ion a f t e r  saponification of the oil and 
separat ion of the f a t ty  acids f rom the glycerol (7).  
Blanks run  with methyl  palmita te  gave negligible 
values. The recovery of oil was 52.9 and 53.9 g. in 
the two experiments.  The analytical  results are listed 
in Table I. P robab ly  the interesterification proceeds 

1This investigation was supported in par t  by contracts with the United 
States Atomic Energy Commission and the Office of Naval lgesoarch. 
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Minn. 

TABLE I 

Methanolysis of Cottonseed Oil by Amberlite 
IRA-400-OI-I-AG- 

~ g .  Free 2CIR. Bound 3s 
Glycerol Glycerol Interesteri- 

per g. Oil per g. Oil fication 

% 
Cottonseed Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108.2, 104.5 .... 
Interesterified 

~Iixture I ................ : .......... 69.5 16.9, 17.3 84 
~ ix tu r e  I I  .......................... 75.0 30.2, 2"9.5 72 

stepwise. The periodate values however were raised 
only slightly f rom 0.071 meq. per  g. cottonseed oil 
to 0.098 and 0.090 meq. per  g. interesterified oil, in- 
dicating tha t  under  the above conditions the larger  
port ion of acids not converted to methyl  esters re- 
mained as tri- and diglycerides. Since the method of 
determining the total  bound glycerol does not give 
account of par t ia l  interesterification, the values cal- 
culated on tha t  basis are min immn values. I t  seems 
justifiable to base this calculation o~ ~ the residual 
bound glycerol ra ther  than  on the recovered free 
glycerol. The amount  of glycerol held back by  the 
resin has not been de te rmined ,  and the increase of 
both free and  bound glycerol in the second experi- 
ment  would be explained b y  such effect. 

Free  f a t ty  acids were found ouly in the resin. Af te r  
the second catalysis the resin was shaken with aque- 
ous hydrochloric acid and ether  for  several hours, and 
0.89 g. of a semisolid oil was obtained, having an acid 
value of 166. The capacity of 20 g. of resin at satu- 
rat ion is a b o u t  6.9 g. stearic acid. 

In  other experiments  corn oil, coconut oil, and cod 
liver oil were treated. The interesterified oils were 
analyzed for  bound glycerol only, calculating there- 
f rom the percentage of interesterification. The re- 

TABLE I I  

Alcoholysis of Triglycerides 

Oil 

Cottonseed 50 g. 
Corn 45 g. 
Cod liver 50 g. 
Coconut 50 g. 

Solvent 

Methanol, Skelly B. 
Ethanol, ether 
Methanol, ether 
Methanol, Skelly B. 

/ I I In-�84 
R e s i n  Time esterifi- 

Wt. _ _ /  cation 

- -  hrs.  % 

20 g. 48 73~ 
20 g. 72 61 
20 g. 48 67 

! 2 0  g .  I 4 8  J 74 


