
Water-Sottenin$ Characteristics ot Tallow, Soybean, 
Coconut Oil, and Rosin Soaps 

E. E. RUFF 
Lever Brothers Company, Cambridge, Massachusetts 

I N S O L U B L E  calcium and magnesium soaps are 
fo rmed upon the addit ion of soluble soaps of f a t t y  
acids or rosin to hard  water  containing soluble 

calcium and magnesium salts. Upon continued addi- 
tion of the soluble soaps, with suitable agitation, a 
point is reached at which a reasonably permanent  
lather appears  and the water  is then said to be 
' ' softened. ' ' 

The housewife is guided in the addit ion of soap to 
washing solutions by the development of suds and 
customarily adds soap gradual ly  with agitat ion until  
the water  is softened and a suitable layer  of suds is 
obtained. The effectiveness of a commercial  soap in 
softening water  is, therefore, of immediate  interest to 
the consumer because most domestic waters  contain a 
certain amount  of hardness, the average for  the 
United States approx imat ing  100 p.p.m, as CaCO~. 
Soaps made f rom certain stocks are more effective in 
softening water  than  are those f rom others and, hence, 
smaller amounts  are required to yield adequate suds. 
The general  use of mixtures  of fa ts  in commercial 
soaps, as well as the wart ime necessity of subst i tut ing 
available stocks for  those temporar i ly  scarce or un- 
obtainable, enhances interest  in da ta  on the compara-  
tive water-softening capaci ty  of soaps derived f rom 
various soap making stocks. In the present  pape r  
data  on the relative amounts  of the sodium soaps of 
f a t ty  acids derived f rom tallow, coconut oil, soybean 
oil, and of W W  gum rosin required to soften water  
are reported.  

In  the exper imental  s tudy a definite volume of ar- 
tificially p repared  hard  water  was t i t ra ted  with the 
appropr ia te  soap solution, and the volume required 
to produce a stable la ther  was determined. Results 
are expressed as mil l igrams of f a t ty  acids or rosin in 
the fo rm of soap required to soften 50 millil i ters of 
50 p.p.m, ha rd  water.  

All of the f a t t y  acid soap solutions contained one 
gm. of f a t ty  acid per  100 ml. The rosin soap solution 
was adjusted to five grams of rosin per  100 mt. in or- 
der to mainta in  the rosin soap solution addition at 
approximate ly  the same volume as that  of the f a t t y  
acid soaps. The solutions were p repared  by dissolving 
one gm. of f a t ty  acids or five grams of rosin in 25-50 
ml. alcohol, tben t i t ra t ing  to phenolphthalein with 
alcoholic sodium hydroxide,  adjust ing with alcohol to 
60 ml. and subsequently di lut ing to 100 ml. with dis- 
tilled water. The artificial hard waters  were p repared  
in the desired ratios of calcium to magnesium by di- 
luting carefully analyzed solutions of calcium chloride 
and magnesium sulphate of approximate ly  10,000 
p.p.m, as C a C Q  to a couceutration of 50 p.p.m, as 
C a C Q .  

The softening tests were made by  t i t ra t ing  slowly 
in a glass s toppered 8-ounce narrow mouth bottle with 
in termit tent  shaking, 50 ml. of the hard  water  previ-  

* This  paper  was presented at the Chicago meeting of the American 
Oil Chemists' Society, October 25-27. 

ousty neutralized to pl~enolphthalein, with soap solu- 
tion until  a lather  was obtained which was stable for 
five minutes when the bottle was shaken and placed 
ou its side. In  order to avoid the possibility of con- 
fusing the " f a l s e "  magnesium end point  with the t rue  
end point  a f te r  complete softening, addit ional  soap 
solution was added and the permanency  of the  la ther  
af ter  fu r the r  s tanding was confirmed. All t i t ra t ions 
were made at room tempera tu re  since experiments  in- 
dicated that  up to 125°F. there were no significant 
changes in water  softening capacity.  Results are sum- 
marized iI{ Table I and are shown graphical ly  in 
Figure  1. 

T A B L E  I 

Effect of Var ia t ion  of the C a l c i u m : M a g n e s i u m  Ratio in the Water  
Hardness on the Amoun t  of Soap Required  to Soften 

Type of H a r d n e s s  

Al l  Ca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 / 3  Ca - 1 / 3  M g  ................ 
] / 2  Ca - 1 /2  Mg ................ 
1/ '3  C a  - 2 / 3  Mg ................ 
All Mg ................................ 

Mgm. F a t t y  Acids and  Ros in  to Soften 
50 MI. of 50 p . p . m .  Wate r  

Tal low Soybean Coconut  W W  Gum 
Ros in  

24.0 I 23.5 t 36.7 I 203.0 
27.5 t 25.5 } 46.0 1 126.0 
27.0 t 25.0 } 50.0 I 96.0 
27.5 25.0 51.0 92.0 
29.0 26.8 53,8 91.0 

FIGURE I-COMPARISON OF SODIUM SOAPS OF TALLOW, SOYBEAN OIL, 
COCONUT OIL AND WW GUM ROSIN IN WATER AT SOPPM 
HARDNESS WITH CALCIUM AND MAGNESIUM IN VARIOUS RATIOS 

i 80 --- ~ " *  - -  
# 

MAGNESIUM 20 40 60 80 CALCI IOOUM 
100 9O 70 50 30 

RATIO OF CALCIUM TO MAGNESIUM 

125 

There is a ra ther  extensive l i terature on the deter- 
gent characterist ics of rosin, but appa ren t ly  no at- 
tention has been pa id  to the water-softening proper-  
ties of rosin soaps alone, or of tallow-rosin soap 
mixtures.  The large amounts  of rosin soap required 
to soften 50 p.p.m, water  (Table I )  suggested tha t  
tallow-rosin soaps might  be deficient in water  soften- 
ing capacity.  Accordingly,  tests were made on soaps 
of this type  at various rat ios of tallow f a t t y  acids to 
rosin. The mixed soap solutions employed contained 
a total  of one gram fa t ty  acids and rosin per  100 ml. 
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up to and including 70% rosin, 30% tallow. Above 
70% rosin the concentration was adjusted to 5 gin. of 
the mixed soap stock per  100 ml. The tests were lim- 
ited to 50 p.p.m, hard  water  at a single calcium- 
magnesium rat io of two-thirds Ca, one-third Mg. This 
is approximate ly  the average ratio of Ca to Mg in 
domestic waters  in the United States. 

T W A S  of interest  to compare the theoretical 
amounts  of the rosin-tallow soaps of va ry ing  ra- 

tios, calculated f rom the quantit ies of each pure  soap 
necessary to soften, with the actual quantit ies re- 
quired. The theoretical weights of any soap contain-  
ing n components - -presen t  in known pe rcen tages - -  
to soften a given volume of given hardness water,  pro- 
vided the weight of each pure  component to soften 
the water  is known, may be calculated as follows: 

Let  S~ ~ we igh t  of mixed  soap to soften.  
and  S~, S.-, S~ ~ we igh t  of each i nd iv idua l  com- 

ponent  requi red  to sof ten  the 
wa te r  completely.  

1 1 1 
Then , - -  por t ion  of to ta l  ha rdness  

S~' $2 S. sof tened  by a un i t  we igh t  
of  each soap. 

Le t  F~, F~, F ,  ~ f r a c t i o n a l  p a r t  of  each 
component  in  the mixed 
soap. 

Then it follows that  
FI F2 F .  
- - + - - +  
S~ S~ 

1 F~ F~ 
the re fore  - -  -~- - -  -~ 

S~ S~ S: 

or (1)  

S~ 

Sx 
F~ F: 
~-+--+ 
S, S.. 

f r ac t ion  of t o t a l  ha rdness  
so f tened  by  a u n i t  w e i g h t  
of mixed  soap. 

F ,  

S.  

F ,  

Sn 

Apply ing  formula  (1) to the two-component mix- 
ture tallow F.A.-rosin, and subst i tut ing values for  S~ 
and $2 found experimental ly,  
S~ ~ mgm. t a l low F.A. requi red  as soap to sof ten  50 ml. of 

50 p.p.m, wa te r  ~ 27.5. 
S~ ~ mgm. rosin requi red  as soap to sof ten  50 m]. of 50 

p.p.m, w a t e r  ~ 126.0. 
1~ ~ f r ac t i ona l  p a r t  of t a l low F.A.  in  the stock mixture .  
F2 ----- f r a c t i o n a l  p a r t  of rosin in  the  s tock mixture .  

and  (1)  becomes 
S~ ~ mgm.  of t a l low F.A. plus rosin to 

1 126 X 27.5 
sof ten  - -  - -  - -  

lv~ F~ 126F, ~- 27.5F.., 

27.5 126 

The actual and the calculated values are recorded 
in Table I I .  

T A B L E  IX 

E x p e r i m e n t a l  a n d  Calcula ted  Quan t i t i e s  of Mixed Tal low a n d  
Ros in  Soap R e q u i r e d  to Soften 

Total  W e i g h t  in Mgm.  of Tal low Fa t ty  
Composition of Mixed Acids  a n d  Ros in  as  Soap to Soften 

Stock, % 50 ml. of 50 p.p.m. W a t e r  

Calcula ted  E x p e r i m e n t a l  Tal low F . A .  Ros in  

lO0 0 
90 10 
80 20 
70 30 
60 40 
50 50 
40 60 
80 70 
20 80 
19 90 

0 10O 

27.5  27,5  
29.8  29.5 
32.6 32.8 
35.9 34,2 
40.0 38,5 
45,1 44.0 
51.8 51.0 
60.7 59.3 
73 .4  95,0  
92,7 148,0 

126,0  126.0 

The results in Tables l and I I  were based entirely 
on laboratory scale experiments  and, in addition, al- 
cohol was present  in the soap solution. Thig is a con- 
dition which does not exist in the pract ical  use of a 
soap. In  order to confirm the laboratory  work, some 
pract ical  water-softening tests were made on severM 
built  soaps p repared  and spray  dried on a plant  scale. 

The. soaps were made f rom stocks consisting of 
100% tallow and tallow with vary ing  amounts of 
rosin up to 15% of the mixture  The finished soaps 
contained 57% total  f a t t y  and rosin acids. Pract ical  
water-softening tests were made in a washing machine 
under  conditions corresponding to domestic usage. 
Soap was added in small quanti t ies to 15 gallons of 
300 p.p.m, hard  water  at 125°F. under  agitation in 
a washing machine unti l  suds were formed which 
persisted for  45 seconds without agitation. The quan- 
tities of the several soaps required to soften are given 
in Table I I I .  

T A B L E  I I I  

Compar i son  of L a b o r a t o r y  Resu l t s  W i t h  P r a c t i c a l  Use Tes t s  

P e r c e n t a g e  
Composi t ion 

of Soap Stock 

Tallow Ros in  

100 
95 "5  
90 10 
85 15 

Ounces  
Requ i red  
to Sof ten  
15 Gal,  of 

300 p.p.m.  
W a t e r  

5.6 
5.9 
6.1 
6.5 

P e r c e n t a g e  I n c r e a s e  
in Rosin-Tal low Soap 

Consumpt ion  Over  
All Tal low 

P r a c t i c a l  Lab.  Tes t s  
Tes t s  f rom Fig .  I I  

5.4 3.6 
9.0 7.3 

16.1 13.1 

The figures in Table I I I  for the percentage increase 
in rosin-tallow soap requirement  as compared to all 
tallow soap for softening water  under  domestic con- 
ditions are in reasonably good agreement  with the 
laboratory da ta  and indicate, therefore, that  the pres- 
enee of alcohol and the other artificial conditions of 
the la t ter  determinat ions did not mater ia l ly  influence 
the results. I t  may  be conelude~l f rom these observa- 
tions that  laboratory  tests of the type outlined will 
prove useful in predic t ing the behavior of commercial 
soaps. 

Discussion 
Tallow vs. Soybean. From inspection of Table I it 

might  be concluded tha t  sodium soybean fa t ty  acids 
soap is very slightly more effective than  sodium tallow 
soap in softening 50 p.p.m, water. This is probably 
not of any par t icular  significance because both soy- 
bean oil and talloW vary  somewhat in fa t ty  acid com- 
position, and undoubtedly the type and percentage 
of the individual f a t t y  acids affect the water  soften- 
ing propert ies  of the soap. 

Tallow vs. Coconut Oil. I t  requires from one and 
one-half to about two times as much sodium coconut 
f a t ty  acids soap as of sodium tallow soap to soften 
water  of 50 p.p.m, hardness. The amount  of coconut 
soap necessary to soften is mater ia l ly  influenced by 
the rat io of Ca :Mg  in the water  hardness and in- 
creases with increasing proport ions of magnesium. 
Theoretically, smaller weights of coconut oil f a t t y  
acids soap than  of tallow soap should be required to 
soften because of the lower mean molecular weight 
of the coconut oil f a t t y  acids. The softening process, 
however, involves not on ly  precipi tat ion of hard-water  
soaps but  also the format ion  of a permanent  lather  
by soluble soaps in the solution. Calcium laurate is 
reported to be less soluble than calcium oleate, one in- 
vest igator  (1) finding 13 mgm. per  100 mh at 50°C. 
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as compared to 32 mgm. for  the oleate. Sodium 
laurate, however, yields a poor and relat ively unstable 
lather. The higher molecular weight sa tura ted  f a t ty  
acid calcium soaps are undoubtedly less soluble than 
calcium laurate  and tend to precipi ta te  first leaving 
the solution richer in low molecular weight and poorer  
lathering soluble soaps. I t  is to be expected on this 
basis, therefore, that  more coconut oil than  tallow soap 
will be required ~o soften water. Fur ther ,  judging  
from the water-softening results in all magnesium 
hardness water,  it seems probable tha t  the difference 
in solubility between the magnesium low- and high- 
molecular weight f a t ty  acid soaps must  be consider- 
ably grea ter  than  that  of the calcium compounds. 

Tallow vs. Rosin. Three to eight times as much so- 
dium rosin soap as sodium tallow soap is required to 
soften 50 p.p.m, water,  depending upon the calcium- 
magnesium ratio. Sodium rosin soap is least efficient 
in water  in which calcium hardness predominates.  On 
the other hand, f a t t y  acid soaps are most efficient in 
all-calcium hardness water  and least effective in all- 
magnesium hardness. 

There is no obvious theoretical explanat ion for  this 
behavior. The fact  tha t  many  times the stoichiometric 
quanti t ies of rosin soap are required to soften cal- 
cium hardness  suggests tha t  adsorption of the sodium 
resinate by the insoluble calcium soap may  occur 
(Table IV) .  I t  is possible that  the precipi ta ted mag- 

T A B L E  I V  

Compar i son  on S to ich iomet r ic  B a s i s  of Actual  and  Caleu :a ted  
A m o u n t s  to Soften 

Type of H a r d n e s s  

AII Ca ............................ 
2 / 3  Ca, 1 /3  ~,]:g .............. 
1 /2  Ca, 1 /2  Mg  ............. 
1 /3  Ca, 2 / 3  Mg  .............. i 
All Mg  ............................ 
Zero H a r d n e s s  ............... 

E q u i v a l e n t s  x 10 ~ of F a t t y  Acids  
and  Rosin  as  Soap to Soften 

50 ml, of 50 p.p.m.  W a t e r  

Equ ivs .  i Tal low F. A. 
CameOs (Equ iv .  W e i g h t  
x 105 --  293 7) 

I Calc~ - 
] A e t u a l  [ lated 

.o I s .e  1 6.o 
5.0 t 9.4 I 6.0 
5.0 i 9,2 J 6 .0  
5 .0  [ 9 , 4  i 6.0 
5.0 9,9 6.0 
.... 1.O .... 

W W  G u m  Ros in  
( E q u i v .  W e i g h t  

3"~7.0) 

Actual  CalCU-lated 

60.2 1' 14.6 
37.4  J 14.6 
2s.5 i 14.6 
27.3 i 14,6 
27.0 14.6 

9.6 .... 

nesium resinates also adsorb the sodium resinates, but  
to a lesser degree, because the same excess of sodium 
resinate in the aqueous phase should yield a perma- 
nent la ther  in either calcium or magnesium water. 

In  an effort to throw some light on the reason for  
the difference between tallow and rosin soaps, the 
amounts  of each required to produce a la ther  in zero 
hardness water  were determined. The results are re- 
corded in Table IV as equivalents }( l0 s. Likewise 
the data  in Table I for tallow and for rosin soaps in 
water  containing various ratios of calcium to mag- 
nesium have been recalculated to permi t  r eady  com- 
parison of the equivalents of hardness in the water  
with the equivalents of soap necessary to soften. 

The theoretical quant i ty  of f a t ty  acids or rosin soap 
required to precipi tate  the calcium and magnesium 

hardness in 50 ml. of 50 p.p.m, water  is 5.0 X 10 ~ 
equivalents. The quant i ty  of tallow soap necessary to 
produce a la ther  in 50 ml. of zero hardness water  was 
found exper imenta l ly  to be 1.0 X 10 -s equivalenis, 
and tha t  of rosin soap 9.6 X 10 -s equivalents. I t  
might  be expected, therefore,  that  5.0 X 10 -s plus 
1.0 X 10 -s, or 6.0 X 10 s equivalents of tallow soap, 
and 5.0 X 10 s plus 9.6 X 10 -s, or 14.6 X 10 -s equiva- 
lents of rosin soap would be required to produce a 
lather  under  the conditions of the test. 

I t  is evident f rom Table IV  that  about 37 per  cent 
excess of tallow soap in all-calcium water, and about 
55 per  cent in al l-magnesium hardness water  was re- 
quired to yield a pe rmanen t  lather. In  contrast,  an 
excess of rosin soap ranging  f rom 85 per  cent in all- 
magnesium hardness water  to 300 per  cent in all- 
calcium hardness water  was necessary. The substantial  
differences between the number  of equivalents actu- 
ally required and the theoretical quanti t ies may  pos- 
sibly correspond to the sodium soap adsorbed on the 
insoluble soap. While mechanisms other than  adsorp- 
tion may  also be postulated to explain the observa- 
tions, any definite conclusion is impossible ou the basis 
of the available information.  

Tallow-Rosin Soap Mixtures. The water-softening 
propert ies  of mixed sodium tallow soap and sodium 
rosin soap are additive at levels of rosin in the stock 
below roughly 70%. At  90% rosin, the effect of the 
tallow f a t t y  acids is appa ren t ly  det r imenta l  since 
more of the mixture  than of rosin alone is required 
to soften (F igure  2). 

FIGURE 2- SOFTENING BY TALLOW*ROSIN SOAP MIXTURES WATER HARDNESS 
50 PPM 2./3 CALCIUM AND I /3 MAGNESIUM AS CALCIUM CARBONATE. 

I 1 
ROSIN 20 40  60 80 ICO 

IO0 90  70 50 30 TALLOW FA 
COMI:~OSITION OF SOAPSTCCt% PERCENT 

Inasmuch as rosin is general ly limited to amounts  
below 40% in the stocks of commercial soaps, the ab- 
normal  softening behavior  at the higher concentra- 
tions of rosin is of no pract ical  interest. 

B I B L I O G R A P H Y  

(1)  Pohle,  W. D., Oil a n d  Soap 18, 244 ( 1 9 4 1 ) ,  


