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INTERACTIONS BETWEEN POLY~ACRYLIC ACID) AND NONIONIC SURFACTANTS 

A.T. Florence, V .  Kerrasovitou and D.B. Hough", Department o f  
Pharmacy,University o f  Strathclyde, Glasgow G 1  l X W ,  "Unilever Research, 
P o r t  Sunlight, Wi r ra l ,  Merseyside L62 4XN. 

Polymers and sur fac tan ts  are f requent ly used together i n  formulations. 
there have been several  studies on the i n t e r a c t i o n  of nonionic or i o n i c  polymers 
w i t h  i o n i c  surfactants, there i s  l i t t l e  work t o  be found on i n te rac t i ons  between 
i o n i c  polymers and nonionic surfactants (Sa i to  and Taniguchi 1973). S ign i f i can t  
changes i n  the phys ica l  p roper t ies  o f  so lu t ions  of polymers such as poly(acry1ic 
ac id )  (PAA) occur on mixing w i th  sur fac tan ts  of the poly(oxyethy1ene) a l k y l  ether 
o r  a r y l  ether class. 
v iscos i ty ,  cloud po in t ,  conduct iv i t y ,  foaming and f i l m  t h inn ing  experiments, with 
v i s u a l  observations t o  construct  phase diagrams. 
and nonionic surfactants form t u r b i d  so lu t ions  a t  concentrat ions dependent 
on the ethylene oxide chain length  o f  the sur fac tan t  and on the  temperature of 
the system (Fig. 1); v i scos i t y  data usua l ly  i nd i ca te  an i n i t i a l  increase i n  flow 
t ime always fol lowed by a subs tan t ia l  decrease i n  v i scos i t y  (Fig.  2) as nonionic 
sur fac tan t  molecules adsorb onto the polymer chain, reducing the e f f e c t i v e  
charge o f  the polyanion. The subsequent increase i n  f low t ime i s  l a rge l y  due 
t o  the v i scos i t y  imparted by the sur fac tan t .  
d i r e c t  bearing on the drainage proper t ies  o f  foams prepared from the surfactant 
mixtures, as has been demonstrated d i r e c t l y  using foams and i s o l a t e d  t h i n  f i lms. 

While 

We have studied such in te rac t i ons  using surface tension, 

Mixtures of poly(acry1ic ac id )  

Such changes i n  v i scos i t y  have a 
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Fig.1. Phase diagram f o r  two non- Fig.  2. Re la t i ve  v i scos i t y  o f  
i o n i c  surfactant-PAA systems 
a t  2 5 O  and 5 5 O .  and absence o f  0.1% and 0.5% 

T r i t o n  X405 i n  the presence 

PAA . 
Surface tension data show tha t  there i s  an increase i n  surface a c t i v i t y  below the 
CMC o f  the sur fac tan t  on i n t e r a c t i o n  w i t h  PAA, bu t  the l i m i t i n g  surface tension 
above t h e  CMC i s  increased. on 
add i t i on  o f  nonicnic surfactant,  support ing the idea o f  decreased ion i sa t i on  
o f  the polyanionic species and phys ica l  b ind ing  o f  sur fac tan t  t o  the polymer. 
The mode o f  i n t e r a c t i o n  i s  thus l i k e l y  t o  invo lve  both hydrophobic bonding between 
the sur fac tan t  non-polar groups and polymer backbone and hydrogen bonding between 
the ether oxygens o f  the sur fac tan t  and the ac id i c  groups o f  the  polymer. 

The conduct iv i t y  o f  PAA so lu t ions  decreases 
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