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Comparative Value of Fatty Acids .and Resin Acids of 
Tall Oil in Soaps 1 
FOSTER DEE SNELL and IRVING REICH, Foster D. Snell inc., New York City 

~-VIItE product ion of tall oil in the United States 
_ [  increased to over 200 million pounds annual ly  

dur ing the recent war.  Today the low cost of 
this product  makes it an  at t ract ive raw mater ia l  for 
the manufac ture  of special soaps and the extending 
of commercial brown laundry  bar.  Saponification of 
tall oil proceeds very rapidly,  even with relat ively 
weak alkalies such as soda ash, requir ing only neu- 
tralization of the f a t ty  acids and resin acids present, 
because there is no appreciable  content of esters (1).  
Tall oil soaps are especially useful for  cleaning oily 
or greasy surfaces (2). Da ta  on sensitivity of tall 
oil soaps to hardness in water  are available but  none 
on detergent  performance.  

Tall oil consists of roughly equal proport ions  of 
f a t t y  acids and resin acids, plus a few per  cent of 
sterols and hydrocarbons  as unsaponifiables. The 
f a t t y  acid fract ion shows, by  iodine value, a n  aver- 
age unsatura t ion equal to about  1.5 double bonds per  
molecule and is essentially a mixture  of oleic and 
linoleic acid, with a small percentage of linolenie acid 
(3, 4). When saponified, this f ract ion should yield a 
soap substant ia l ly  equivalent to soaps furnished by  
vegetable oils of the same degree of unsaturat ion.  
The resin acid fract ion consists largely of isomeric 
abietic acids and should form a soap with the gen- 
eral propert ies  of rosin soaps. 

Wash-tests run  with s t raight  rosin soap have indi- 
cated poor detergency, using a soiled cloth which was 
not easily scoured (5). In  view of the present  day 
marke t  situation, it appeared  desirable to answer the 
following questions : 

1. tIow effective a detergent is tall oil soap as compared 
w i t h  ros in  soap  on t he  one  h a n d  a n d  w i t h  s o d i u m  o l e a t e  on 
the  o t h e r ?  

2. Wha . t  is the  e f fec t  o f  t h e  u n s a p o n i f i a b l e  c o n t e n t  o f  t a l l  oil 
on  t he  d e t e r g e n t  v a l u e  of  t he  s o a p ?  

3. H o w  does  t a l l  oil s o a p  v a r y  in  d e t e r g e n t  v a l u e  w i t h  r a t i o  
o f  f a t t y  ac ids  to  r e s in  a c i d s ?  

I n  order to determine the effect of fatty-acid-resin- 
acid ratio, tall oil f a t t y  acids were separated f rom 
resin acids, sodium soaps were p repared  f rom each, 
and  these were combined in vary ing  proport ions.  This 
permits  p lot t ing detergency results against  percent-  
ages of resin-acid and fa t ty-acid  soaps over the range 
0-100%. Paral le l  determinations on sodium rosinate, 
sodium oleate, and their  mixtures  permi t ted  evalua- 
tion of soaps of tall oil f a t t y  acids as compared with 
those of oleic acid, soaps of tall oil resin acids as com- 
pared  with rosin soap, and  the soap of any  tall oil 

i Presented at 113th meeting of the American Ohemical Society, Chi- 
cago, Ill., April 14-23, 1948. 

[EI)ITOR'S NOTE: Th i s  p a p e r  shou ld  h a v e  p r e c e d e d  " P h y s i c a l -  

C h e m i c a l  P r o p e r t i e s  of  T a l l  Oil  S o a p  S o l u t i o n s ' '  b y  Sne l l  a n d  
Reich ,  w h i c h  w a s  p u b l i s h e d  in  t h e  M a r c h  1950 i ssue . ]  

acid mixture  as compared with the corresponding 
oleic acid-rosin mixtures.  

Preparation of Soaps 
Sodium oleate was p repa red  b y  neutral izing " L o w -  

Titre White  E l a i n e "  of the grade shown in Table I 
with C. P. sodium hydroxide in methanol, distilling 
off most of the methanol, then drying under  vacuum. 

Sodium rosinate was p repa red  by  n e u t r a l i z i n g  
" W y t e "  wood rosin of the grade shown in Table I 
with C. P. sodium hydroxide,  using enough alkali to 
saponify the small proport ions of esters present.  The 
reaction was carr ied out in methanol, which was then 
removed by  distillation and vacuum-drying.  

TABLE I 

Constants of Materials Used for Prepar ing  Soaps 

M~nufactur- 
er 's  Speci- Found 

fication 

Oleic Acid (Emery Industr ies Low Titre 
White Elaine, 0-21 ) 

Acid number ................................................... 
Color (Loxibond) ............................................ 

% Unsaponifiables (15Y 1 � 8 9  ..................... 
Wood Rosin (Newport Industries 

"Wytu" Grade) 
Acid number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Saponification number.~ .................................. 
% Resin acids ................................................. 
% Unsaponifiables .......................................... 

Tall Oil (Union Bag and Paper 
Corporation Unitol R) 

Acid number  .............................................. ~ .... 
Saponification number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iodine number  ........................................ ~ ....... 
% Resin acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% Fatty acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% Unsaponifiables .......................................... 
Color (ASTM-Hellige Comparator) ................ 

Unitol R Resin Acids Fraction 
Acid number ................................................... 
% Resin acids ................................................. 
% Fatty acids .................................................. 
% Unsaponifi~bles + Esters ........................... 

Unitol I~ Fatty Acid Fraction 
Acid number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% Resin acids ................................................. 
% Fatty acids .................................................. 
% Unsaponifiables + Esters ........................... 

195-199 
15Y, l i a r  

(5~4") 
< 2 %  

168 (Av.) 
172 (Av.) 

92 (Av.) 
7.2 (Av.)  

'160,170 
165-175 
160-170 

46-54 
40-48 

6-7 
4.0-5.0 

163 
94.0 

6.0 
None 

184 
6.6 

93.4 
None 

197 

166 
167 

88 

165 
169 

49.5 
43.7 

6.8 

289 

Sodium tall oil soap was p repared  in the same man- 
ner  as the sodium rosinate. Specifications for  the 
tall oil are in Table I. 

Sodium soaps of tall oil  resin acids and tall  0il 
f a t t y  acids were p repa red  by  preferent ia l  esterifica. 
tion of tail oil with methanol (3).  The objective set 
was bet ter  than  90% pur i ty  in each fraction. 

A batch of 150 grams of tall oil was mixed with 
100 grams of absolute methanol containing 5 grams 
of sulfuric acid. The mixture  was refluxed for  one 
hour, cooled, and diluted with about  500 ml. of water. 
Under  these conditions the f a t t y  acids are preferen-  
t ial ly esterified. The mixture  of unesterified acids. 
methyl  esters, and unsaponifiables was dissolved in 
750 ml. of ethyl  ether, and the e the r  solution was 
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T A B L E  I I  

Launderometer -E valu ation Condi t ions  

Machine ............................................... 

Amoun t  of solut ion per jar ................. 

Speed of rotation ................................ 

Mechanical  w a s h i n g  ass i s tan ts  .......... 

Temperature ....................................... 

T ime of washing. . :  ............ : ................. 

Rins ing  procedure .............................. 

Soiled fabr ic  per  j a r  ........................... 

Raflectometer ..................................... 

Atlas launderometer, holding 20 
1-pint Mason jars 

100 ml. 

40 + 1 r.p.m. 

1 0 1 ~  ,, Monol metal balls per j ar  

60~ 

15 minu te s  

P o u r  off de tergent  solution, rotate  
in  mach ine  1 m i n u t e  wi th  100 
ml. of wa te r  of same hardness 
as in  de tergent  solution, a t  60 ~ 
C. P o u r  off water  and  r inse  a 
second time. 

1 s t r ip  2 x 4 of standard soiled cot- 
ton cloth No. 26 suppl ied by the 
General Dyestuff  Corporat ion.  

Pfal~z and Bauer  Gloss Meter  set 
to read  disperse reflection and 
ad jus t ed  to read  100 un i t s  on 
the unsoiled portion of the 
standard cotton fabric.  

washed with one liter of 5 per  cent sodium hydroxide 
solution in a 2-liter separa tory  funnel.  The free acids 
- - p r i n c i p a l l y  resin ac ids - -a re  saponified and enter 
the water  phase. The water  layer  containing soaps 
plus excess sodium hydroxide was drawn off and 
diluted to about  1,500 ml. to avoid troublesome emul- 
sions later. The water  solution was washed 6 times 
with 100-ml. port ions of ethyl ether to remove any 
remaining methyl  esters. I t  was then acidified with 
hydrochloric acid and the l iberated acids extracted 
with ethyl ether. Af te r  removing moisture with an- 
hydrous  sodium sulfate and evaporat ing the ether, 
the crude resin acids were dried at 110 ~ for  5 hours. 
By  the ASTM method, they gave a resin-acid value 
of 158, or 85% of resin acids calculated as abietie 
acid. 

Fu r the r  purification of the crude resin acids was 
accomplished by  a second esterification, alkali extrac- 
tion, and acidification, using the same proport ions of 
materials.  The repurif ied acids had a resin-acid value 
of 174, corresponding to 94% of resin acids calcu- 
lated as abietic acid. This product  was the tall oil 
res in-acid  f ract ion used in subsequent work. I t s  
chemical constants are listed in Table I. 

The sodium soap was made by  neutral izing the 
resin acids exactly with sodium hydroxide in meth- 
anol, drying,  and extract ing any  remaining traces of 
methyl  esters or unsaponifiables with petroleum ether. 

The tall oil f a t t y - ac id  fract ion was p repared  by  
t rea t ing  the ether solution of m e t h y l  esters f rom the 
first esterification as follows: The ether solution was 
washed with six 100-ml. portions of 5% sodium hy- 
droxide solution, and finally with water  until  free of 
alkali. Thus any  remaining traces of free acids were 
removed. Af te r  dry ing  with anhydrous  sodium sul- 
fate  and evaporat ion of the ether, the methyl  esters 
were saponified with an excess of 50% aqueous po- 
tassium hydroxide,  diluted with water,  and extracted 
with ethyl ether to remove the unsaponifiables. The 
remaining soap solution was acidified and extracted 
with ether to recover the f a t t y  acids. The ether was 
removed by  evaporation. The dried acid had a resin 
acid value of 12.3, corresponding to 6.6% of resin 
acid calculated as abietie. This p roduc t  was the tall  
oil fa t ty-acid  f ract ion used in subsequent work. I ts  
chemical constants are listed in Table 1. 

The sodium soap was p repared  by  exactly neutral-  
izing the f a t t y  acids with sodium hydroxide in math- 

anol, drying, and extract ing any remaining traces of 
unsaponifiables with petroleum ether. 

F r o m  the acid numbers  of the unsaponifiable-free 
tall oil f ract ions and the percentage composition of 
the tall oil listed in Table I, the acid number  of the 
original tall oil is calculated to be 161. This is in 
sat isfactory agreement  with the value actual ly  found, 
165, when allowance is made for the probable  error  
in determinations of resin acids. 

The detergent  per formance  of the t a l l  oil fa t ty-  
acid soap and of the tall oil resin-acid soap could be 
al tered only slightly by  the small percentage of" soap 
of the other acid present.  The two soaps are refer red  
to as though they were pure  soaps. This is less seri- 
ous than  the complications of calculating on the basis 
of the t rue compositions of these two soaps. The tall 
oil f a t t y  acid and resin acid soaps as p r epa red  are 
free f rom unsaponifiables. 

Launderometer Results 
Determinat ions were made in tr ipl icate according 

to the conditions of Table I I  on each of 12 soaps and 
soap-mixtures at each of the following concentrations : 

0.1% soap in distilled water 
0.2 % soap in distilled water 
0.3 % soap in distilled water 
0.3% soap in 15-grain water. 

Experience indicates tha t  samples run  simultane- 
ously, using soiled fabr ic  f rom the same batch, usu- 
ally check to 0-1 reflectance unit,  occasionally 2 units, 
ra re ly  more. Separate  runs  using the same batch of 
soiled cloth with care to mainta in  temperature ,  time, 
and rinsing constant, may  nevertheless va ry  consid- 
erably  in absolute values al though relative values re- 
main about  the same. Hence all soaps were compared 
in parallel  b y  a launderonleter run  at a single con- 
centration. The run  was repeated twice more, the 
whole procedure forming a group experiment.  

The procedure was repeated for  each soap concen- 
tration. Each of Figures  1-4 lists results for  the 
series of soaps at a single concentration, hence for  
one integrated group of launderometer  runs. Com- 
parison of readings at different concentrations is not 
as jus t i fab le  as at the same concentration because 
they refer  to different sets of launderometer  runs and 
could be subject  to systematic variations. 

The probable  error  was calculated for  each average 
of three replicate determinations on the same solution, 
as follows : 

E ~ 0 . 8 4 5  ~ d i  
l=x 

n ~/n--I 
Where E~probable error 

n 
d i ~ s u m  Of d e v i a t i o n s  f r o m  m e a n  

i=l 

n : n u n l b e r  o f  o b s e r v a t i o n s  ( t h r e e ) .  

Altogether 48 averages and 48 p robab l e  errors  were 
calculated, represent ing the 12 soaps and soap" mix- 
tures  at  three concentrations in distilled water  and 
one concentration in ha rd  water.  The average prob- 
able error  was 0.65 unit. Of the probable  errors, three 
were smaller than  0.3, 40 were between 0.3 and 0.9, 
and 5 were greater  than  0.9. 

I t  should be noted that  these probable  errors are 
measures of the deviation of non-grouped runs. They 
app ly  to data taken f rom three different runs r a t h e r  
than  the same run. In  s tudying individual  curves 
which compare different soaps, relative errors  will be 
smaller because of the group design of the experi- 
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merits, whereby uni form errors associated with entire 
runs cancel out. .  

At  0.1% concentration in distilled water,  as shown 
in F igure  l ,  s t ra ight  sodium oleate reads 88.7 while 
s t ra ight  sodium rosinate reads 76.6. The former  read- 
ing represents  good detergency. The lat ter  is poor. 
Mixtures of the two soaps give intermediate read- 
ings, the value vary ing  l inear ly with the proport ion 
of oleate. Tall oil fa t ty-acid  soap reads 85.7, 3 units  
below sodium oleate but  9.1 units  above sodium ros- 
inate. Tall oil resin-acid soap reads 75.3, 1.3 units  
below rosin s o a p .  Although oleate and resinate soaps 
respectively are bet ter  than  tall oil fa t ty-acid  and 
resin-acid soaps, mixtures  of the la t ter  pai r  are bet- 
ter  than  corresponding mixtures  of the former  pair ,  
over the range of 20-85%. So tall oil fa t ty-acid  and 
resin acid soaps appear  to have a synergistic effect. 
As the proport ion of resin-acid soap is increased f rom 
0 to 25%, the reading rises f rom 85.7 to 87.3, and 
only when the resin acid reaches 42.5% has the read- 
ing declined to 85.7 again. 
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8-  TALL OIL Soap withunsaponifi~bies e.trotted 

Fro. 1. Cotton-washlng tests using 0.1% soap solutions in 
distilled water at 60 ~ . 

Tall  oil soap containing unsaponifiables reads 78.2, 
equivalent to a mixture  of 14% oleate and 86% ros- 
inate soap. With  unsaponifiables removed, the tall 
oil soap becomes a mixture  of 54% resin-acid soap 
plus 46% fa t ty-acid  soap. The detergency reading 
of this soap interpolated f rom Figure  1 at 54% resin 
acid, is 83.8. This equals the performance  of 60% 
sodium oleate plus 40% sodium rosinate. Thus re- 
moval of the unsaponifiabte mat te r  improves deter- 
gent per formance  markedly.  
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FIG. 2. Cotton-washing tests using 0.2% soap solutions in 
distil]ed water at 60 ~ 

At  0.2% solution in distilled water, F igure  2, the 
oleate-rosinate curve is no longer a s t ra ight  line. As 
before tall oil fa t ty-  and resin-acid soaps are some- 
what  lower in detergency than oleates and rosinates, 
bu t  mixtures  of the tall oil soaps in the range 50% 
to 75% fa t t y  acid are as good as the corresponding 
oleate-rosinate. 

90 ~ 

E ! ! l l l  

7510 ~ ' 
0 

75 50 25 0~ Fatty Acid 
25 50 75 I00~ Resin Acid 

A -  TALL O iL  Soup 
8 -  TAL L OIL Soap with unsaponlf~ob|es ex~#-Qc~ted 

FIG. 3. Cotton-washing tests using 0.3% soap solutions in 
distilled water at 60 ~ 

At  0.3% concentration, F igure  3, the oleate-rosin- 
ate soap mixtures  are always bet ter  than the  tall oil 
soap mixtures  al though here also the differences are 
smaller for f a t t y  acid-resin acid soaps than  for  the 
s t ra ight  rosin or the s t ra ight  fa t ty-acid  soaps. 

] 
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5 0  25 0~ Fat tyAcld 
50  75 100~ Resl. Acld 

A -  TALL OIL Soap 
B-  TALL OIL Soap wHh unsoponlf~ables extracted 

Fro. 4. Cotton-washing tests using 0.3% soap solutions in 
15-grain hard water at 6 0  ~ 

Figure  5 is a composite of the results ob ta ined  
in distilled water  at  0.1%, 0.2%, and 0 .3%,  so that  
each point represents  the average of 9 determina- 
tions covering the typical  use concentration range 
in soft water. Sodium oleate is good, reading 88.6. 
Sodium rosinate is poor, reading 77.3. Tall  oil fa t ty-  
acid soap reads 85.9 and is lower than the oleate but  
much h i g h e r  than  the rosinate. Tall  oil resin-acid 
soap is lower than rosinate, reading 74.9. 

When tall oil resin-acid soap is added to tall oil 
fa t ty-acid  soap, detergency is not reduced until  the 
proport ion of resin soap exceeds approximate ly  40%. 

Tall  oil soap reading 81.0 is significantly bet ter  
than sodium rosinate reading 77.3. I t  equals 16% 
oleate plus 84% rosinate. Tall  oil soap with unsa- 
ponifiable mat te r  removed is in tu rn  bet ter  than  
s t ra ight  tall oil soap. I t  reads 84.3, which is equiva- 
lent to a mixture  of 43% of oleate plus 57% of 
rosinate. 



2 9 2  T H E  J O U R . N A L  O F  T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y ,  AuousT, 1 9 5 0  

T A B L E  I l i  

Foaming V a l u e s  of Soap Solutions 

Agent 

Sodium Soap of Ta l l  Oil Resin Acids 

7 5 %  Soap of Ta l l  Oil Res in  Acids  
2 5 %  Soap of Ta l l  Oil  F a t t y  Acids  

5 0 %  Soap of T a l l  Oil Res in  Acids  
5 0 %  Soap of Ta l l  Oil F a t t y  Acids 

2 5 %  Soap of T a l l  Oil R e s i n  Acids  
7 5 %  Soap of Ta l l  Oil  F a t t y  Acids  

Sod ium Soap of T a l l  Oil F a t t y  Acids  

Sod ium Rosinate 

2 5 %  Sodium Oleate 
7 5 %  Sodium Rosinate 

5 0 %  Sodium Olea te  
5 0 %  Sodium Rosinate 

7 5 %  Sodium Oleate 
2 5 %  Sod ium Rosinate 

Sodium Oleate 

Sod ium Soap of T a l l  Oil  

Height of F o a m  in era. Af t e r  I n d i c a t e d  T i m e  in  M i n u t e s  

Solut ions  in  Dis t i l l ed  W a t e r  

At  30 ~ At  60 ~ 

0.2% 0.05% 0.2% 0.05% 
0 1 5 

min.  min .  min .  

10 8 3 1 

13 12 11 9 

22 18 16 11 

23 20 18 11 

24  21 19 15 

1 1 . . . . . . . .  

17 15 14 12 

22 18 17 16 

23 19 18 17 

23 21 18 15 

13 11 9 7 

10 0 
min .  min .  

2 

10 0 
rain.  min.  

.... 7 

1 5 
min .  min .  

10 0 
min .  ra in .  

.... 0 ,5  

5 8 

9 17 

5 20  

17 14 

.... 1 

9 11 

18 19 

20 20 

19 21 

1 3 

1 5 
min .  rain.  

1 .... 

5 3 2 

9 7 6 

18 15 14 

21 17 17 

ni l* . . . . . . . .  

6 5 4 

13 11 9 

12 11 10 

19 16 15 

3 2 1 

2 21  

6 23 

13 23 

15 25 

.... 7 

4 22 

9 23 

9 26  

15 26 

.... 21 

5 1 

18 14 

21 21 

21 20 

22 21 

4 1 

19 13 

21 20 

21 20 

21 21 

19 6 

1 5 10 
m i n .  ra in .  ra in .  

7 1 l 

15 6 3 

18 5 4 

12 6 1 

9 1 .... 

17 15 3 

18 16 5 

20 18 8 

2 1 .... 

* F o a m  b reaks  a t  once. 

In  F igure  4 results for  soap solutions at  0.3% 
concentration in 15-grain water are listed as typical 
of a hard water. The hard water contained 0.698 
gram of anhydrous calcium chloride and 0.425 gram 
of magnesium chloride hexahydrate per gallon of 
New York City tap water, which already has a hard- 
ness of 2 grains per gallon. Hardness of 15 grains 
per gallon and greater is encountered in some sec- 
tions of the United States. 

Straight oleate soap at 0.3% concentration reads 
89.5 in distilled water, and 80.6 in hard water. The 
15 grains of calcium carbonate per gallon is stoi- 
ehiometrically equivalent to 0.15% of sodium oleate. 
Therefore, only half of the 0.3% of the soap would 
be converted to insoluble oleates. The remaining 
0.15% might have been expected to give a compara- 
tively high reading since in distilled water 0.1% 
reads 88.7 and 0.2% reads 87.7. I t  is thus seen that 
the insoluble calcium and magnesium soaps exert a 
harmful effect on detergency over and above the stoi- 
chiometrically calculated loss of soluble soap. This 
is not surprising. The insoluble calcium and mag- 
nesium soaps must be dispersed and suspended by 
the remaining sodium soap, thereby sorbing some of 
the soap, so that a considerable portion of the  latter 
is not available for ordinary detergent action. Fur- 
ther, some of the insoluble soaps may deposit on the 
soiled fabric and hinder soil removal. To match the 
readings obtained with distilled water, a soap concen- 
tration of 0.5-0.6% would probably be required. 

A 75 oleate-25 rosin soap is roughly as good as the 
straight oleate soap at 0.3% concentration in hard 
water. The detergency then drops rapidly with in- 
creasing proportion of rosinate. The corresponding 
curve in distilled water begins to decline rapidly 
only when the rosinate has reached 75'%. 

Tall oil fatty-acid soap in hard water reads sub- 
stantially the same as sodium oleate. So tall oil fatty- 
acid soap is less sensitive to the effect of hardness 
than oleate. This is logical since the unsaturated 
acids in tall oil would yield more soluble soaps. 

Similar ly tall oil resin-acid soap is less sensitive to 
hardness than  sodium rosinate and is superior  to the 
la t ter  in the 15-grain water.  The synergistic effect 
noted in distilled water  is not in evidence here. Read- 
ings decline steadily as the proport ion of resin soap 
is increased, and the oleate-rosinate mixtures  are 
superior  to the corresponding tM1 oil f raet iou soaps 
through most of the range of ratios. 

Tall oil soap in ha rd  water  reads 68.3, matching 
32.5% oleate plus 67.5% rosinate. Tall oi l  soap with 
unsaponifiables removed reads 71.0. This is equiva- 
lent to 40% sodium oleate plus 60% sodium rosinate. 

Foaming Values 
Foaming  power has been considered loosely as an 

index of detergent  power. Frequent ly  there is cor- 
relation, but  good foaming agents can be poor deter- 
gents, and vice-versa. Foaming  is of psychological 
importance because housewives and l aundry  foremen 
often judge a detergent  largely on its foaming prop- 
erties. Numerous methods for  measur ing foaming- 
power have been described in the l i terature.  The 
technic of Ross and Miles (6) involves allowing 200 
milliliters of solution to fall  through a special orifice 
into a s tandard  cylinder which a l ready contains 50 
milliliters of the same solution. The height of the 
foam layer thus generated is measured immediately 
af ter  pouring and af ter  1, 5, and 10 minutes. 

In  Table I I I  foam heights of soap solutions at 0.2% 
and 0.05% at  30~ and 60~ in distilled water  arc 
listed. Values at  0.2% in 10-grain water  were also 
determined. All determinations were run  in dupli- 
cate. Differences between check determinations were 
general ly 1 cm. or less, sometimes as great  as 2 cm. 
and over 2 cm. only in 2% of the determinations. The 
average of all differences between check determina- 
tions is 0.6 cm., which makes the average value for  
average deviations f rom the mean 0.3 cm. Hence a 
difference of as much as 2 era. in foam height is very  
p robab ly  significant. 

Since the large number  of values in this table make 
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it difficult to follow trends, a cumulative summary is 
provided in Table IV. Each value in Table IV is the 
sum of the 0-, 1-, 5-, and 10-minute values listed sep- 
arately in Table I I I .  These values depend on both 
the amount of foam generated during the pour and 
the stability of that  foam. Both are involved in the 
concept of foaming power. Table IV also includes 
summaries of values in 10-grain water. Only the 
values in Table IV  will be considered in fur ther  
discussion. 

Figure 6 shows the cumulative results for the soaps 
in distilled water - - the  sums of all values at both tem- 
peratures and both concentrations as listed in the fifth 
column of Table IV. They furnish a statistical meas- 
ure of general foaming power. 

Let us consider a washing machine or other device 
which generates foam continuously. While operating, 
it will generate foam at an approximately constant 
rate, Kg. Foam will be destroyed, not at a continu- 
ous rate but  at a rate approximately proportional to 
the amount actually present. The rate of destruction 
is thus the product  of a destruction-constant and the 
amount of foam present, K~F. 

A t  the start, F = 0, hence the rate of destruction is 
zero. As foam is generated, K~F increases until  it is 
eventually equal to the rate of generation. At this 

K, 
dynamic equilibrium point, KaF ~ K~ or F ~ - -  

Ka 
and so the amount of foam depends on both constants. 

Both rosin soap and tall oil resin soaps are very 
poor foamers although the tall oil resin soap is slightly 
better. The small percentage of fa t ty  acid soap pres- 
ent probably accounts for that. Oleate soap is very 
good, tall oil fat ty-acid soap slightly poorer. Over 
most of their ranges the curves for the two soap series 
parallel each other. 

Tall oil soap shows appreciable foaming power. 
Tall oil soap with unsaponiflablc matter  extracted is 
very substantially better than when unsaponifiables 
are present. 

The data for the soaps at 0.05% and 0.2% at 30 ~ 
show that in both series of soaps, foaming values 
drop more rapidly with increasing proportion of 
resin acids at the lower coneentration. This parallels 
launderometer readings. Foaming of tall oil resin- 
acid soap becomes almost nil at 0.05% concentra- 
tion. Rosin soap is practically nonfoaming at either 
concentration. The fatty-acid soaps foam only rood- 
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erately less at 0.05% than at 0.2%. Tall oil soap 
practically loses its foaming power at the lower con- 
centration, but with unsaponifiables removed it foams 
moderately. 

At  30~ and 60~ with 0.2% concentration, the 
higher temperature causes a limited increase in foam- 
ing power for both series of soaps and a relatively 
smaller increase for straight tall oil soap. 

Reducing the concentration from 0.2 to 0.05% at 
60 ~ reduced foaming of the  oleate-rosinate soap series 
roughly by  the same amount at 60 ~ as at 30 ~ . 

The reduction for ta l l  oil f a t ty -ac id  soaps and 
mixtures rich in them is much more severe at 60 ~ . 
Hence these mixtures, and also tall oil soap, are low 
in foaming power as compared with oleate-rosinate 
soaps under these conditions. Tall oil soap is con- 
siderably better in foaming properties in distilled 
water than rosin soap, part icular ly when unsaponi- 
fiable matter  is removed. 

In  hard water the foaming powers of the resin 
soaps at 0.2% concentration and 30 ~ are practically 
nil. The tall oil soaps show no foaming values since 
they are too low in fa t ty  acid content to foam in 
hard water  at those soap concentrations. The fa t ty  
acid soaps foam moderately, tall oil f a t ty  acid soap 
being about equal to oleate. At  60 ~ none of the 
soaps shows appreciable foaming power. 

Effect  of Unsaturat ion  
Soaps of highly unsaturated fa t ty  acids are, in gen- 

eral, of lower detergency than more saturated com- 
pounds. The generally lower detergency of ta l l  oil 
fat ty-acid soap than of sodium oleate can be ascribed 
to the greater unsaturat ion of the former. To dem- 
onstrate the effect of degree of unsaturat ion on deter- 
gent performance of soaps, Table V shows a series of 
launderometer readings on soaps of varying degrees 
of unsaturation. The iodine values a r e  manufactur-  
ers '  specifications. 

Detergency decreases steadily with increasing un- 
saturation, with the greatest differences at 0.05%. 
Tall oil fatty-acid soap falls between oleic acid and 
linseed oil soaps, as would be predicted from the de- 
gree of unsaturation. 

General  Discuss ion  
The launderometer and foaming results show the 

marked superiority of tall oil soap to rosin soap. As 
a first approximation, it appears proper  to consider 
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T A B L E  I V  

Cumula t ive  Foam He igh t s  After  10 Minu tes ;  Condensed F rom Table I I I  

Agen t  

Sodium Soap of Tall  Oil Resin  Acids 

75% Soap of Tall  Oil Resin  Acids 
2 5 % Soap of Tall  Oil F a t t y  Acids 

50% Soap of Tall  Oil Res in  Acids 
50% Soap of Tall  Oil Fa t ty  Acids 

25% Soap of Tall  Oil l~esin Acids 
7 5 % Soap of Tal l  Oil Fa t ty  Acids 

Sodium Soap of Tall  Oil Fa t ty  Acid 

Sodium Res ina te  

75% Sodium Res ina te  
2 5 % Sodium Oleate 

50% Sodium Res ina te  
50% Sodium Oleate 

2 5 % Sodium Res ina te  
7 5 % Sodium Oleate 

Sodium Oleate 

Sodium Soap of Tal l  Oil 

Sodium Soap of Tall  Oil wi th  Unsa-  
ponifiables Removed 

Solut ions  in Dist i l led Wate r  

At  30 ~ At 60 ~ 

0.~ 0.05% 0.2% 0.05% 
22 3 

45 12 

67 23 

72 60 

79 70 

2 0 

13 0.5 

58 17 

74 41 

69 47 

85 33 

10" 1 

Summat ion  of 
All Values in  

Dist i l led Wate r  

Solut ions  in 1O-Grain 
H a r d  Wate r  

58 19 

73 42 

77 42 

77 65 

40 6 

62 25 

63 21 

82 54 

87 59 

87 67 

47 6 

68 38 

38.5 0.5 

130 0 

210 1 

248 17 

267 52 

15 0 

161 0 

251 1 

245 29 

276 46 

99 0 

198 .... 

At 30 ~ At 60 ~ 

0.2% 0.2% 
7 

0 

0 

0 

2 

0" 

0 

0 

0 

7 

0 

soap made f rom acid-refined tall oil without u n s a -  
ponifiables as the equivalent of a mixture  of rosin 
soap corresponding to the resin-acid content and 
oleic-acid soap corresponding to the fa t ty-acid  con- 
tent. Unsaponifiable ma t t e r  can make tall oil soap 
poorer than such a rosin-oleate soap mixture,  al- 
though still decidedly bet ter  than  rosin soap. At  low 
concentrations tall oil soap without unsaponifiables is 
mueh more effleient than  would be predicted f rom 
results on f a t t y  and resin soaps alone, due to the syn- 
ergistic cooperation. 

A complete prediction of performance  of tall oil 
and rosin soaps as fract ional  constituents of tallow 
bars  cannot  be made f rom these data. The marked  
super ior i ty  to the tall oil soap to rosin soap indicates 
s trongly that  tall oil would be a superior additive. 
This is logical in view of the fa t ty-acid  content of 
tall oil. 

Differences in launderometer  readings become most 
pronounced at  low effective soap concentrations. How- 
ever a concentration of 0.3% in hard  water  may  be 
effectively as low as 0.05% in distilled water.  Not 
only the soap precipi ta ted by  the metal  salts but  also 
the soap sorbed b y  tha t  precipi tate  must  be consid- 
ered as lost. 

Many detergents differ widely in effectiveness at 
low concentrations bu t  reach approximate ly  the same 
max imum value at higher concentrations. Tests run  
at higher concentrations may  thus fail  to demonstrate  
differences which can be very  impor tan t  economically. 
To take a simple example, a s t ra ight  tallow soap 
would yield approximate ly  the same washing test 
value as a mixture  of 80% soap and 20% sand, if 
both were used at 0.3% concentration. This is s imply 
stat ing tha t  there is little difference between 0.3% 
soap solution and a 0.24% solution. Yet, if both  were 
used at  0.05% concentration, a difference would be 
noted. 

Even when soap is used at a high concentration, 
the final concentration under  pract ical  conditions may  
be quite low. Some soap is precipi ta ted by  hardness 
in the water, some is sorbed by  the soil and by  the 

fabric. Overall  efficiency of the washing process af ter  
loosening of the soil depends on abil i ty of the soap 
solution to keep soil dispersed and suspended to the 
end, bear ing in mind tha t  the soap solution is fu r the r  
diluted dur ing the r insing stage while some soil is still 
present.  

At  0.2% and 0.3% concentrations, the effectiveness 
of sodium oleate does not appear  to be impaired  by  
replacing substant ial  f ract ions of it with sodium res- 
inate. At  0.1% concentration, detergency falls off rap- 
idly as rosin is added. The analogy with the soap-sand 
situation suggests itself. 

Thus the tall oil studied is a detergent  fal l ing ap- 
proximate ly  midway between the h i g h  per formance  
level of oleates and the low performance level of ros- 
inates. This is accounted for  b y  its composition and 
by  an appa ren t  synergistic cooperation between the 
f a t ty  and resin soaps. 
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Summary 
A study has been made of the detergency and foam- 

ing power of soaps made f rom a typical  acid-refined 
American tall oil. Sodium soap of tall oil, s t ra ight  

T A B L E  V 

Laundorometor  Resul ts  for  Sod ium Soaos Va tT ing  in  S a t u r a t i o n ;  
Averaged  Reflectanee Values  for  Washed  Soiled Cotton 

Fabr i c  (Unsoi led  ---- 100)  

Fa t ty  Acid 

Stear ic  A c i d  

Oleic Acid 

Tal l  Oil F a t t y  Acids 

Linseed  Fa t ty  Acids 

Commercial  
Des igna t ion  

Nee-Fat  1-65 
A r m o u r  & Co. 

Wate r  W h i t e  Ela ine  
0-0"1, E m e r y  In-  
dustr ies,  Inc .  

P repa red  from 
Uni to l  R 

Weeoline L, E. F.  
Drew & Co. inc. 

Iod ine  
Value 

3 

93 

125-140 

175-186 

Launde rome te r  
Read ing  of 

Sodium Soaps 

0.0"% 0.05% 
87.3 85.5 

87.0 84.0 

86.3 80".0 

86.0 81.0 
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tall oil fatty-acid soap, and straight tall oil resin- 
acid soap were evaluated. The effect of fat ty acid- 
resin acid ratio was determined by using mixtures 
of those soaps. Sodium rosinate, sodium oleate, and 
mixtures of these soaps were used as comparison 
standards. Curves plotted show wash-test data and 
foaming values as functions of the ratio of fat ty soap 
to resin soap. 

The data indicate in terms of detergency : a) tall oil 
soap has a higher value than sodium rosinate; b) so- 
dium oleate is better than tall oil fatty-acid soap, but 
the latter is approximately equivalent to soaps from 
various unsaturated vegetable oils; c) both tall oil 
resin-acid soap and rosin soap have low detergency 
on cotton; d) the detergency of most mixtures of tall 
oil fatty-acid and resin-acid soaps at lower concen- 
trations is greater than would be predicted from the 
individual soaps, indicating a synergistic effect. 

As a rough approximation, tall oil soap without 

unsaponifiables is equivalent to a corresponding mix- 
ture of sodium oleate and sodium rosinate. The pres- 
ence of unsaponifiables lowers both detergency and 
foaming. Tall oil soap is somewhat less sensitive to 
hard water than sodium oleate. 

Significant differences between detergeneies  of 
soaps, and especially between soap mixtures, are ob- 
scured when launderometer tests arc run at moder- 
ate soap concentrations. These differences are read- 
ily detected at lower concentrations. 
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Characteristics of Solvent-Extracted and Hydraulic-Pressed 
Okraseed Oils 
S. A. HUSSAIN, State of Hyderabad, India, and F. G DOLLEAR, Southern Regional Research 
Laboratory, 1 New Orleans, Louisiana 

T HE okra plant, Hibiscus  esculentus  L., may be 
grown throughout most of the cotton belt of the 
United States. Research has recently been di- 

rected towards breeding non-shattering varieties of 
okra with seed adapted to mechanical harvesting and 
having a higher oil content than those usually grown 
for edible purposes. Although okraseed is not at 
present a very desirable seed for oil and meal pro- 
duction, research may be expected to yield improved 
strains which may take their place with or possibly 
replace cottonseed as an oilseed crop in some areas 
of the South. 

The production of okra for industrial uses has been 
discussed by Edwards and Mi!ler (1). In processing 
this seed, the problem of decortication requires more 
attention since the present methods are not effective 
in separating the kernels from the hulls (2). Ed- 
wards and Miller (1) reported that okraseed oil could 
be refined, bleached, and deodorized by the usual 
methods without any serious problems. They found 
that the okraseed meal is comparable to other meals 
now in commercial use for feeding livestock. 

Analyses of okraseed and extracted meal have been 
reported by Kilgore (3), Halverson and Naiman (4), 
Edwards and Miller (1), Markley and Dollear (2), 
and Clopton et al. (5). The characteristic properties 
and composition of okraseed oil reported by Jamieson 
and Baughman (6) and others (2, 5), have been 
compared with those of cottonseed and peanut oils. 
The reported composition of okraseed oil determined 
by chemical methods is approximately, 25.5-29.7% 
linoleie acid, 41.5-41.9% oleie acid, and 28.8-29.7% 
saturated acids. However the fact that discrepancies 
have been observed between these results and com- 
position as de termined  by the spectrophotometric 
method has been reported by Edwards and Miller (1) 

I One of the laboratories of the B u r e a u  of Agr icu l tu ra l  and  Indus-  
t r ia l  Chemistry, Agr icu l tu ra l  Research Adminis t ra t ion,  U. S. Depar t -  
ment  of Agricul ture .  

and Clopton et al. (5). The amount of linoleic acid 
spectrophotometrically determined by Clopton et al. 
was 13.2% although calculation from the iodine and 
thiocyanogen values and calculation from iodine and 
saponification values of the distilled methyl esters, 
gave 27.1% and 26.1% linoleic acid, respect ively.  
The reported linoleic acid content of 27.1% calcu- 
lated from the reported iodine and thiocyanogen val- 
ues appears to be too low, probably because of an 
error in the calculations. The present authors have re- 
calculated the composition of this okraseed oil using 
the equations adopted by the American Oil Chemists' 
Society (7) and the iodine value (Wijs) and thio- 
cyanogen values reported by Clopton et al. (5). When 
the factor 1.046 is used to convert the results from a 
glyeeride to acid-in-oil basis and the saturated acids 
are corrected by subtracting the percentage of un- 
saponifiable matter, the content of fat ty acids in 
the oil is 37.1% linoleic acid, 25.7% oleic acid, and 
31.6% saturated acids. 

No processing data for okraseed oil have been re- 
ported in the literature, and the data with respect 
to the fatty acid composition determined by various 
analytical methods are not consistent. In the pres- 
ent communication the results of a comprehensive 
investigation on the production, characteristics, com- 
position, and stability of solvent-extracted and hy- 
draulic-pressed okraseed oils and their hydrogenated 
products are reported. 

Experimental 
Material .  The okraseed used in this investigation 

was of the Louisiana Green Velvet variety, grown at 
the Louisiana State Penitentiary, Angola, La., in 
1947. The samples of cracked seed, hydraulic-pressed 
oil, and press cake were obtained during a mill scale 
processing test at the Southern Cotton Oil Company's 
oil mill, New Roads, La. The composition of the seed 
used for solvent extraction and hydraulic pressing is 
given in Table I. 


