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Physical-Chemical Properties of Tall-Oil Soap Solutions 1 
FOSTER DEE SNELL and IRVING REICH, Foster D. Snell Inc., New York City 

Summary 
Acid-refined tall-oil was separated into resin acid 

and fa t ty  acids of approximately 94% puri ty,  made 
into soaps, and compared with those made from oleic 
acid and rosin. Tall-oil resin-acid soap and rosin soap 
are roughly comparable in dispersing power and low- 
ering of surface tension and interracial tension. The 
tall-oil fatty-acid soap shows some points of inferior- 
i ty to sodium oleate, as might reasonably be expected 
because of its greater unsaturation. 

M E T H 0 D S of evaluation of various desirable 
functions of soaps include phys i co -ch em ica l  
properties, launderometer readings, foaming 

properties, etc. The present paper is confined to the 
physico-chemical properties of dispersing power, i ~  
terfacial tension, and surface tension. In  a previous 
paper  details of preparat ion as well as washing and 
foaming data for these soaps were furnished. 

Dispersing Powers 
Dispersing power is the proper ty  in which poor de- 

tergents are most apt to be deficient. The method used 
for its determination is a modification of the technic 
of Snell (6), which has recently been described (4). 
Essentially, it involves dispersing a l ightly oiled um- 
ber soil in the detergent solution, allowing the dis- 
persion to stand for two hours, removing a sample, 
and determining the depth at which the turb id i ty  
obscures the light. The figures listed in Table I are 
direct measures of the relative amount  of umber  sus- 
pended according to cm. -1 X 100 (4).  

Dispersing powers at 60~ of less than 4 are con- 
sidered very  poor. A value of 8 is fa i r ly  good. Most 
synthetic detergents at moderate concentrations show 
dispersing powers of 7-12. Fa t t y  soaps yield much 
higher values. Values at 30~ are generally h~gher 
than at 60~ Dispersing poorer values are useful in 
screening detergents, bu t  there can be a gap between 
ability to disperse this par t icular  soil and actual per- 
formance on natural  soils attached to fabrics. 

At all concentrations tall-oil fatty-acid soap shows 
a higher dispersing power than tall-oil resin-acid soap. 
In most cases the dispersing power of the former is 
about double that  of the latter. Rosin soap shows a 
low dispersing power throughout,  roughly matching 
tall-oil resin-acid soap at 60~ and a bit higher  at 
30~ Oleate soap however gives much higher values 
than tall-oil fatty-acid soap. Mixtures of 75% rosin- 
ate plus 25% oleate soap roughly check correspond- 
ing mixtures of tall-oil fract ion soaps, but  at 50% 

1 P r o s e n t e d  at  l l 3 t h  m e e t i n g  of the  A m e r i c a n  c h e m i c a l  Society, Chi- 
cago,  Ill., Apr i l  14-23, 1948.  

T A B L E  I 

D i s p e r s i n g  P o w e r s  in  Dis t i l led  W a t e r  
Cm. -1 X 100 

30~ 60~ 
Agen t  

Sod ium Soap of 
Tall-oil Res in  Acids  

7 5 %  Sod ium Soap of 
Tall-oil Rosin  Acids  

2 5 %  Sod ium Soap of 
Tall-oil F a t t y  Acids  

5 0 %  Sod ium Soap of 
Tall-oil R e s i n  Acids  

5 0 %  Sod ium Soap of 
Tall-oil F a t t y  Acids  

2 5 %  Sod ium Soap  of 
Tall-oil Res in  A c i d s  

7 5 %  Sod ium Soap of 
Tall-oil F a t t y  Acids  

S o d i u m  S(>ap of 
Tall-oil  F a t t y  Acids  

Sod ium Ros ina t e  

2 5 %  Sodium Oleate 
7 5 %  S o d i u m  Ros ina te  

5 0 %  Sod ium Oieate  
5 0 %  S o d i u m  R o s i n a t e  

7 5 %  S o d i u m  Oleate 
2 5 %  S o d i u m  Ros ina te  

S o d i u m  Oleate  

Sod ium Soap of 
Tall-oil 

Sod ium Soap of Tall- 
oil w i th  Unsaponi f i -  
ables Remove d  

0.5% 0.2% 0.05% 

6.4 6.3 7.2 

7.2 6.1 7.6 

9.3 7.5 9.4 

0.5% 0.2% 0.05% 

6.2 5.9 5.1 

4.8 4.0 5.9 

5.5 8.1 7.6 

10.7 10.6 11.3 

11.6 12.0 15.3 

7.9 7.7 4.9 

7.4 7.5 9.1 

17.0 26.4  11.9 

32.2 43.5 16.7 

33.2 46.8 25.0 

6.8 6.7 8.9 

8.9 7.3 9.1 

6.6 12.8 9.1 

7.9 14.3 12.5 

5.9 7.7 5.1 

1.5 4.2 6.1 

11.4 18.1 7,6 

22.2 28.6 13.7 

28.6 30.3 23.9 

4.6 4 .4  5.3 

5.4 7.4 7.3 

f a t ty  soap or higher, the rosin-oleate soaps are con- 
siderably better. 

In  going f rom the 100% resin soap to the 75% 
resin, 25% fa t ty  acid mixture, there is, under  some 
conditions, a slight decrease in dispersing power in 
both the series. However there is an increase when 
the 50-50 ratio is reached, this increase being sharp 
for  the rosinate-oleate series, less sharp for  the tall- 
oil fract ion series. 

Tall-oil soap containing unsaponifiables gives dis- 
persing values which are quite low. These values 
approximately check those for mixtures of 25% tall- 
oil fatty-acid and 75% tall-oil resin-acid soap mix- 
tures and are slightly lower than the values for  rosin 
soap. Removal of the unsaponifiable mat ter  improves 
results moderately, especially at the higher tempera- 
ture. Thus the dispersing power for  the tall-oil soap 
containing unsaponifiables seems to be used up  to a 
considerable extent in dispersing the unsaponifiables. 

Surface and Interfacial Tensions and pH Values 
Low surface tension is sometimes taken as a cri- 

terion for detergency. Pract ical ly the significance is 
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tha t  i t  f r e q u e n t l y  corre la tes  wi th  foaming  power.  
Sur face  tension,  when  considered wi th  the contac t  
angle,  does have  a definite re la t ion  to wet t ing.  

A n  i m p o r t a n t  f ac to r  in de t e rgency  is the w e t t i n g  
and  d i sp lacement  of oily films f r o m  fibre sur faces  
by  the de t e rgen t  solution.  T e n d e n c y  to wet  oil is 
measu red  by  the i n t e r f ac i a l  tens ion  of the solut ion 
aga ins t  benzene con ta in ing  0.1% oleic ac id  (5) .  The  
oleic acid is used because n a t u r a l  soils o r d i n a r i l y  con- 
t a in  f a t t y  acid (2) .  This  can i n t roduce  compl ica t ions  
when  a lka l ine  solut ions are  be ing  e v a l u a t e d ;  p a r t  of 
the i n t e r f ac i a l  tension lower ing  is due  to the fo rma-  
t ion of oleie acid  soap a t  the in te r face .  H o w e v e r  this  
f ac to r  mus t  be inc luded  in a cor rec t  evaluat ion .  Val-  
ues were  ob ta ined  in dis t i l led  wa te r  at  30~ wi th  a 
research  type  d u N o u y  in t e r f ac i a l  tens iometer .  H a r k -  
ins correct ions  were  appl ied .  The  resu l t s  a p p e a r  in 
Table  I I .  

I n t e r f a c i a l  tensions of 10 dynes  are  cons idered  
f a i r  and  values of 5 dynes  good. Values  of 3 dynes  
are  excel lent  and  cannot  be i m p r o v e d  upon.  There-  
fore  va r i a t ions  wi th in  the r ange  of 0-3 dynes mean  
l i t t le .  A l t h o u g h  on p u r e  subs tances  i n t e r r ac i a l  ten-  
sion measu remen t s  are  accura te  w i th in  0.2 dynes, 
measu remen t s  on aqueous  solut ions of sur face  act ive  
agents  m a y  v a r y  several  t en ths  of a dyne. 

TABLE II 
Surface Tensions, Interracial Tensions, and pH Values of 

Soap Solutions at 30~ 

Agent 

Sodium Soap of 
Tall-oil Resin Acids 

75% Sodium Soap of 
Tall-oil Resin Acids 

25% Sodium Soap of 
Tall-oil Fatty Acids 

50% Sodium Soap of 
Tall-oil Resin Acids 

50% Sodium Soap of 
Tall-oil Fatty Acids 

25% Sodium Soap of 
Tall-oil Resin Acids 

75% Sodium Soap of 
Tall-oil Fatty Acids 

Sodium Soap of 
Tall-oil Fatty Acids 

Sodium Rosinate 

25% Sodium 01eate 
75% Sodium Rosinate 

50% Sodium Oleate 
50%Sodium Rosinate 

75% Sodium 01eate 
25% Sodium Rosinate 

Sodium Oleate 

Sodium Soap of 
Tall-oil 

Sodium Soap of Tall- 
oil with Unsaponifi- 
ables Removed 

Surface 
Tensions 
dynes/cm. 
at 30~ 

o.5% o.2% o.o5% 

36.9 48.0 52.2 

31.0 30.6 32.6 

Interfacial 
Tensions 

dynes/cm. 
at 30~ 

against 0.1% 
Oleic Acid 
in Benzene 

0.5% 0.2% 0.05% 

3.1 9.4 16.2 

2.8 8.8 19.7 

30.0 28.2 28.8 

28.9 26.9 26.1 

28.4 26.4 26.1 

36.3 41.6 46.3 

29.0 28.0 32.5 

27.0 26.4 26.7 

26.6 25.7 26.1 

26.1 24.6 25.1 

32.4 32.2 32.7 

30.2 28.6 30.4 

2.4 8.3 19.9 

2.8 7.3 18.8 

0.9 6.9 17.6 

2.3 10.9 19.2 

2,4 9.7 20.2 

3.0 8.1 18.7 

1.8 6.7 18.3 

1.6 5N 17.2 

4.2 9.1 19.2 

2.5 8.4 19.9 

pH of 
0.5% 

Solution 
at 30~ 

9.6 

9.8 

10.0 

lO.3 

lO.3 

9.5 

9.6 

9.0 

lO.1 

lO.3 

10.0 

A t  0.2% concent ra t ion ,  f a t t y  acid soaps give low 
sur face  tensions in  water ,  23-26 dynes  per  cm. Good 
anion-ac t ive  syn the t ic  de te rgen ts  give h igher  values,  
u sua l ly  27-32 dynes p e r  cm. 

The sur face- tens ion  da ta  show tha t  tal l -oi l  resin-  
acid soap solut ions have  h igh  sur face  tensions, va ry -  
ing f r o m  36.9 to 52.2 in the  concen t ra t ion  range  
s tudied.  Rosin  soap solut ions have values  r a n g i n g  
f r o m  36.3 to 46.3, s l igh t ly  lower  t h a n  tal l-oi l  resin-  
acid  soap bu t  st i l l  h ighe r  t han  good de te rgen t s  usu- 
a l ly  show. The tal l-oi l  f a t t y - ac id  soap solut ion va lues  
of 26.1-28.4 are lower  t h a n  those of o r d i n a r y  syn- 
thet ic  de te rgen ts  and  a lmost  as low as the lowest  
values  achieved by  o r d i n a r y  soaps. Oleate  soap is 
s l igh t ly  lower,  b u t  the  differences a m o u n t  to only 
1-2 dynes.  I n  both  series of soaps the sur face  ten- 
sion drops sha rp ly  when  the p ropo r t i on  of f a t ty -ac id  
soap is increased  f r o m  0 to 25% and  t h e r e a f t e r  drops  
more slowly as the ra t io  of fatty-aei .d soap is f u r t h e r  
increased.  

Sod ium soap of tal l -oi l  shows values  of 32.2-32.7. 
These are m u c h  lower  than  the values  fo r  s t r a igh t  
rosin soap. E x t r a c t i o n  of the unsaponi f iab le  m a t t e r  
lowers these va lues  f u r t h e r  by  2-3 dynes.  

I n  i n t e r f ac i a l  tens ion  aga ins t  benzene  con ta in ing  
0.1% oleic acid  the re  is no i m p o r t a n t  difference be- 
tween the two series of  soaps. Rosinate ,  oleate, and  
both  tal l-oil  f r ac t i on  soaps are  fo r  all  p rac t i ca l  p u r :  
poses equ iva len t  in ab i l i ty  to lower  i n t e r f ac i a l  ten- 
sion at  0.05% and  0.5% concent ra t ion .  A t  the in ter -  
media te  concen t ra t ion  of 0.2%, the f a t t y - ac id  soaps 
are  somewhat  be t te r ,  b u t  tal l -oi l  res in-ac id  soap is 
subs tan t i a l ly  like ros in  soap and  tal l -oi l  f a t t y - ac id  
soap like oleate soap. 

The p H  values  of solut ions of the soaps are  in- 
c luded  in Table  I I .  I n  the absence of excess alkalil  
res in  soaps show lower  p H  values  t h a n  f a t t y  ac id  
soaps. 

Conclusions 

Tall-oil  res in-ac id  soaps, l ike rosin soaps, are much  
less effective than  f a t t y  soaps in lower ing  sur face  ten-  
sion and  in d i spers ing  an ar t i f ic ia l  soil. These prop-  
er t ies  cor re la te  respec t ive ly  wi th  the poor  f oaming  
and  de te rgency  values  of such soaps, as descr ibed  in 
the ear l ie r  paper .  H o w e v e r  i n t e r f ac i a l  tens ion values  
fo r  the resin soaps and  oleic acid soaps do no t  differ  
subs tan t ia l ly .  Thus  res in-acid  soaps and  ros in  soaps 
would  not  be ineffect ive in we t t i ng  oily surfaces .  

I n  general ,  m ix tu re s  of  res in - type  and  f a t t y - t y p e  
soaps have va lues  for  these phys i co -chemica l  con- 
s tants  which are  in be tween  the values  fo r  the sep- 
a ra te  soaps, b u t  this does not  mean  t h a t  the effects 
are  l inea r ly  addi t ive .  On the con t ra ry ,  there  are  
m a r k e d  devia t ions  f r o m  l i n e a r i t y ,  p a r t i c u l a r l y  in 
sur face  tension effects, where  the more  act ive  f a t t y  
soaps p r edomina t e  even when  presen t  in r a t h e r  small  
p ropor t ions .  
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