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m a r e  obtained i n  large quantity from the pulping of sof t  woods 

t o  make paper. Hoyt and Goheen (1 ) s t a t e  tha t  i n  1964 the yield of f a t ty  

and rosin acids exceeded 400,000 tons. Tall o i l  contains about 94% total  

acids and 6% alcohols. The f a t t y  acid fraction contains o le ic  - 24%, - -- . - 
< ZL; - 

1 inoleic - 19% and conjugated 1 inoleic acid - 4% of the Tall o i l .  The rosin ;.-. 5,. - - I 
acid fraction contains abiet ic  acid - 14% and related acids 53% of the 

total  (2 ) .  

Knowledge of the ready supply of acids from Tall o i l s  and the well- 

known colloidal properties of f a t ty  acid soaps was suff icient  encouragement 

to  warrant a comparison of the colloidal properties of carboxylates w i t h  
_r- - 

sul fonates in aqueous mixtures w i t h  petroleum hydrocarbons. A great body 

of l i te ra ture  already exists  tha t  t rea ts  the i r  colloidal properties ref.  (3) 

and (4) .  However recent advances i n  the measurement of interfacial  tensions -- -- 

by the s p i n n i n g  drop technique have made i t  easier to  investigate mu1 tiphase 
A-- 

-. 

systems. Cayias, Schechter and Wade (5) reported the measurement of low 

interfacial  tensions a t  variable speeds. Gash and Parish (6) described a 

spinning drop tensiometer that  is capable of hand1 i n g  several samples, 

simultaneously, a t  a constant velocity. For the work described here, sodium 
,- L ---2 - _--- - - 

2-- 

oleate was selected as the model for  intensive study of several 

other carboxylate structures have been incl uded 
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Experimental 

  he acids:  95 and 99% o l e i c ,  95% l i no l e i c ,  99% l ino len ic ,  99% e l a i d i c  

and cholic acids were obtained from chemical supply houses. Mixed rosin 

acids were a commercial 'product, ac intol  R type S ( 2 ) .  Sodium s a l t s  of - 
f a t t y  acids were formed by electrometric.'libration of an aqueous-ethanol 
-' 

solution w i t h  sodium hydroxide, evaporated t o  dryness t o  remove ethanol and 

stored dry o r  as  an aqueous stock solut ion.  A sample of mixed rosin acids 

was assayed e lect rometr ica l ly  with potassium hydroxide i n  benzene-ethanol. 

A stock solution was then prepared in water from a weighed quanti ty of 

acintol  R and the  amount of sodium hydroxide calculated from the assay. 

Other materials  were reagent grade chemicals. 

~ n t e r f a c i a l  tension measurements were made on one o r  both of the devices 

mentioned (5,6). Spinning of the samples was continued un t i l  successive 

readings were constant , .  usually 24 hours was su f f i c i en t .  

Precision of Measurements - Aliquots from a stock solution of 0.1 M sodium 

o lea te  ( f i v e  months o ld )  were used t o  prepare aqueous t e s t  'solutions t h a t  

were 0.01 M sodium o lea te ,  0.1 sodium chloride pH 9.5. In te r fac ia l  tensions 

were measured agains t  n-undecane without pre-equi 1-i brat ion.  The second 

solution was made and measured one week a f t e r  the f i r s t  and the t h i rd  solu-. 

t ion two weeks a f t e r  the  f i r s t .  The r e s u l t s  in Table I show the measure- 

ments t o  be r e l i ab l e  t o  one s ign i f i can t  f igure .  



Table I 

Prec is ion  of I n t e r f a c i a l  Tension Measurements 

0.01 - M Sodium Oleate ,  0.1 - M Sodium Chloride pH 9.5 

Run I Run I1  Run I11 

Mu1 t i  -drop 0.065 0.140 . 0.062 
cons tan t  vel oc i  t y  

0.058 0.070 0.054(a)  

Av. 0.068 + 0.009 0.085 + 0.022 0.064 + 0.008 

Single-drop . 0.098 0.094 0.080 
va r i ab l e  v e l o c i t y  av: 0.091 + 0.067 

( a )  Air' bubbles appeared. Results discarded , 

Sodium Oleate  Concentration - The observed i n t e r f a c i a l  t ens ion  was high a t  

low sodium o l e a t e  concent ra t ion  but above 0.001 - M t h e  i n t e r f a c i a l  t ens ion  

increase  a s  t h e  sodium o l e a t e  concent ra t ion  was increased .  

Table 2 

I n t e r f a c i a l  'Tension ' a s  a  unction of 'Sodium'Oleate '  Concentration 

0.1 - M sodium ~ h l o r i d e ,  pH 9 . 5 " s  -- n-Undecane 

Sodi um ' 01 e a t e  " I n t e r f a c i a l  Tension 
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Sodium Chloride Concentration - Sodium chloride concentration had a negl ig ible  

e f f e c t  on in te r fac ia l  tensions (see  Table 3 ) .  

Table 3  

In terfacia l  Tension ' a s  a Function 'of  'Sodium Chloride 

0.1 - M Sodium Oleate, pH 9.5 vs - n-Undecane 

Sodium Chloride Interfacia l  Tension 

Effect  of pH.- A dramatic e f f e c t  of pH was observed a t  the lower (0.01 - M) 

sodium o lea te  tes ted .  Less e f f ec t  was found a t  0.1 - M  sodium o lea te  (see  

Table 4 ) .  

Table 4 

In te r fac ia l  Tension as  a Function of DH 

0.1 - M  Sodium Chloride vs Undecane 

pH 
0.01 M Sodium Oleate 

In te r fac ia l  Tension 
(dvneslcm) 

0;1 M Sodium Oleate 

9.5 

10.4 

11.4 

12.4 



A  t e s t  o f  t h e  a c i d  s i d e  was made by us ing  a  m i x t u r e  o f  sodium o l e a t e  and 

o l e i c  ac id .  The observed i n t e r ' f a c i a l  tens ions  v a r i e d  i n v e r s e l y  w i t h  t h e  

amount o f  o l e i c  a c i d  added. However, i t  i s  n o t  c l e a r  t o  what e x t e n t  t h e  

t o t a l  o l e a t e  concen t ra t i on  has a f f e c t e d  t h e  r e s u l t s .  

. . We p lan  t o  r epea t  t h i s  exper iment . . a t  cons tan t  . . o l e a t e  concen t ra t i on  

and measure t h e  d i s t r i b u t i o n  of o l e a t e  between t h e  two phases. Th i s  t e s t  

(Table 5)  was r u n  w i t h  5% i s o b u t y l  a l coho l  i n  t h e  aqueous phase and t h e  two 

phases were e q u i l i b r a t e d  before measurement was made. 
. .  . . . . . 

Table 5  

I n t e r f a c i a l  Tension as a    unction o f  Added'Ole ic  Ac id  

0.01 M Sodium Oleate, 0.1 M Sodium Ch lo r ide ,  5% I s o b u t y l  

A lcohol  P r e - e q u i l i b r a t e d  w i t h  0.25 Volume o f  

O l e i c  Ac id  Added 
(m. 11. aqueous) 

0  

0.001 

I n t e r f a c i a l  Tension 
(dynes/cm) 

0.6' 

0.5 

E f f e c t  o f  Added Alcohols  - The a d d i t i o n  o f  a l coho l s  has had r e l a t i v e l y  l i t t l e  

e f f e c t  on t he  measured i n t e r f a c i a l  tens ion .  



Table 6 

E f f e c t  o f  Added Alcohols  

Sodium Oleate, 0.1 M Sodium Chlor ide,  pH 10.4 
vs n -~ndecane 

Sodi urn 01 ea te  CZ-Sol ven t  I n t e r f a c i a l  Tension 
(m/R % Aqueous (dyneslcm) 

0.01 None 0.2 

5 - i  sobu ty l  a l coho l  0.6 

0.1 None 0.3 

I n t e r f a c i a l  Tension w i t h  Var ious Alkanes - Minimum i n t e r f a c i a l .  tens ions  were 

found w i t h  d i f f e r e n t  hydrocarbons (see Table 7 ) .  The minima observed w i t h  

carboxy la tes  were n o t  so dramat ic  as those t h a t  have been repo r ted  f o r  

su l f ona tes  and d i d  s h i f t  w i t h  t h e  s t r u c t u r e .  The abso lu te  va lues o f  i n t e r -  

f a c i a l  tens ions  v a r i e d  w i t h  s t r u c t u r e ;  l i n o l e a t e ,  l i n o l e n a t e ,  and e l a i d a t e  

were h i ghe r  than  o lea te .  

Table 7 

I n t e r f a c i a l  Tension o f  Carboxy la tes 'vs  Alkanes 

Sodium ~ a r b o x y l a t e .  0.1 M Sodium Ch lo r ide  pH 9.5 

vs A1 kane 

n-A1 kane - I n t e r f a c i a l  Tension (dyneslcm) 

Hexane 

Heptane 

Octane 

Nonane 
. . Decane 

Undecane 

Dodecane 

T r i  decane 

Tetradecane 

01 ea te  L i n o l  ea te  L i n o l  enate 
0.01 M/R 0.1 M/R 0.01 M/R 0.01 M/R 

E l a i d a t e  
0.01 M/R 

Pentadecane 



Rosi na te  and Chol a t e  - These carboxy l  a tes  were i n c l  uded because o f  t h e i  r 

d i f f e r e n t  ( f rom f a t t y  a c i d )  s t r u c t u r e ,  r o s i n  ac ids  compose about h a l f  o f  t h e  

t a l l  o i l  ac i ds  and c h o l i c  a c i d  i s  a  r e p r e s e n t a t i v e  b i l e  a c i d  t h a t  i s  impo r tan t  

i n  t h e  animal metabol ism o f  f a t s .  S a l t s  o f  these ac ids  had i n t e r f a c i a l  t ens ions  

t h a t  were s i g n i f i c a n t l y .  h i ghe r  than o lea te ;  no minima were found. 

Table 8 

Rosi na te  and ChoS a t e  

Sodium Carboxylate,  0.1 - M Sodium Chlor ide,  pH 9.6 

n-A1 kane - I n t e r f a c i a l  Tension (dyneslcm) 

Rosinate Chol a t e  

0.01 M I R  0.01 M/R 0.1 M/R 

10 

10 

10 

9 

10 

Hexane 

Heptane 

Octane 

Nonane 

Decane 

Undecane 

Dodecane 

T r i  decane 
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D iscuss ion 

The sources o f  e r r o r  i n  t he  measurement o f  i n t e r f a c i a l  t ens ions  by t h e  

. sp inn ing  drop method remain a  problem. A  t e s t  was made (see ~ a b l ' e  1 ) -  t o  

c o n t r o l  as many v a r i a b l e s  as p o s s i b l e  t o  es t ima te  the' r e p r o d u c i b i l i t y  o f  

t h e  measurement. The r e s u l t s  ob ta ined  do n o t  j u s t i f y  r e p o r t i n g  more than  

one s i g n i f i c a n t  f i g u r e .  

Among the  v a r i a b l e s  s tud ied  so f a r ,  t h e  pH o f  t h e  d i l u t e  aqueous 

sodium o l e a t e  produced t h e  most dramat ic  e f f e c t  on i n t e r f a c i a l  tens ion ,  

(see Table 4 ) .  I n  m ix tu res  c o n t a i n i n g  s i g n i f i c a n t  q u a n t i t i e s  o f  f r e e  

o l e i c  a c i d  (see Table 5 )  t h e  i n t e r f a c i a l  tens ions  were u n i f o r m l y  M. /rb-. 
Among ou r  c r i t i c s  a r e  those who a r e  d isappo in ted  t h a t  these 

ca rboxy la tes  do n o t  g i v e  so low i n t e r f a c i a l  tens ions  as t h e  su l f ona tes .  

One obvious answer i s  t h a t  o l e a t e  i s  n o t  so h i g h l y  branched as t h e  

su l f ona tes  w i t h  which i t  has been compared. Other unsa tu ra ted  18-carbon 

a c i d s  a re  compared w i t h  sodium o l e a t e  (see ~ a b l b  7 ) .  Whi le  minimum a1 kane 

numbers were observed, sodium o l e a t e  s o l u t i o n s  gave lower  i n t e r f a c i a l  

tens ions  than t h e  isomer and t h e  analogs. 
. , 

Two o t h e r  carboxy la tes  ( r o s i n a t e  and c h o l a t e  . t h a t  a r e  c y c l i c  i n  

n a t u r e )  were t e s t e d  (see Table 8 )  and found t o  have h ighe r  i n t e r f a c i a l  

tens ions  than  sod i  um o lea te .  

It must be po in ted  o u t  a t  t h i s  t ime  t h a t  t h e  approach t o  e q u i l i b r i u m  

i n  these m ix tu res  can be q u i t e  s low ( r e f .  3, p. 142, r e f .  4, p. 181). 

Obviously,  s low e q u i l i b r a t i o n  can be impo r tan t  t o  l a b o r a t o r y  measurements 

and t o  ac tua l  p r a c t i c e  i n  t h e  f i e l d .  S tud ies  a r e  be ing  con t inued  on t h i s  

p rob l  em. 
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