
E F F E C T  O F  T H E  T E M P E R A T U R E  ON T H E  D I F F U S I O N  

R A T E  O F  C E R T A I N  S U R F A C E - A C T I V E  S U B S T A N C E S  

S O L U B L E  IN W A T E R  

M. K h .  A k h m a d e e v  UDC 532.72.181,1+622.276.661,185,1 

Resul t s  a r e  shown o f  diffusivity m e a s u r e m e n t s  involving su r f ace -ac t i ve  subs tances  (OP p r e -  
pa ra t e s )  in aqueous solut ions within the 293-363~K t e m p e r a t u r e  range.  

The use  of soluble s u r f a c e - a c t i v e  subs tances  (surfactants)  such as polyoxyethylene e the r s  of alkyl 
- -phenyls  (OP p r e p a r a t e s )  is nowadays widespread  in va r ious  s ec to r s  of the national economy.  The pos i -  
t ive r e su l t  of using such su r fac tan t s  in one or  another  technological  p r o c e s s  is that  they reach  the i r  intended 
destination,  in many c a s e s  by m o l e c u l a r  diffusion, just  at the appropr ia t e  t ime.  F o r  instance,  the deemul -  
s if icat ion ra te  of pe t ro l eum depends l a rge ly  on the diffusion ra te  of su r fac tan t s  soluble in water  [1, 2]. In 
view of this ,  it would be of p rac t i ca l  in te res t  to study the diffusive c h a r a c t e r i s t i c s  of sur fac tan t s  f r o m  all 
poss ib le  aspec t s .  

The t e m p e r a t u r e  c h a r a c t e r i s t i c s  of the diffusivity a re ,  in the case  of an OP p r e p a r a t e ,  not ve ry  well 
known yet .  The object  of th is  study will be to explore  that  p rob lem.  The dfffusivity was m e a s u r e d  by the 
conventional method shown in [3], namely  be de te rmin ing  the in tegral  concentra t ion  of the a l ready  diffused 
substance  in cap i l l a r i e s  which had been i m m e r s e d  in the solution of a given surfactant .  

The diffusivity of a 2% OP-10  solution in dist i l led water  is shown in Fig. l a  as  a function of the t e m -  
pe ra tu re .  F i r s t ,  as  the t e m p e r a t u r e  r i s e s ,  the dtffusivity i nc r ea se s .  According to theory ,  this  i nc rease  
in the diffusivity of a d issolved subs tance  under  a r i s ing  t e m p e r a t u r e  can be said to follow the relat ion 

D = D O T . % 

The diffusivLty has  been ca lcula ted  for  t e m p e r a t u r e s  up to 363~ with the diffusivity of OP-10 at 
293~ equal to Do, accord ing  to this formula .  The r e su l t s  a re  indicated in Fig. l a  with a dashed line. Be-  
ginning at 333~ the t e s t  data diverge f r o m  theore t ica l  values .  Within the 353-358~K range the diffusivity 
d e c r e a s e s  apprec iably .  Inasmuch as  358~K is the turbidi ty  point for  a 2% OP-10  solution [4], this  dec rease  
in diffusivity is apparent ly  due to the dehydrat ion of molecu les  and the sharp  dec r ea se  in the i r  solubili ty.  

An analogous t rend  is noted in the ca se  of grade  OP-7  surfactant ,  except  that the anomalous  t e m p e r a -  
tu re  range he re  shif ts  8-10~K downward. 

The D : f(T) curve  for  a 1% OP-20 solution (Fig. lb) a g r e e s  c lose ly  with the cu rve  calcula ted acco rd -  
ing to the given formula .  Apparently,  with a l a r g e r  number  of oxyethylene groups  in an OP p repa ra t e ,  the 
t e m p e r a t u r e  range  of anomalous  diffusion continues shifting upward. 

This anomaly  in the t e m p e r a t u r e  c h a r a c t e r i s t i c  of diffusivity mus t  be taken into account in prac t ica l  
applicat ions.  Fo r  instance,  the D = ~o(T) curve  for  OP-10  indicates  that,  in t e r m s  Of acce le ra t ing  the 
t r a n s p o r t  of this deemuls i f i e r  to the in te r faces  in a pe t ro l eum emuls ion,  the opt imum t e m p e r a t u r e  at which 
it should be added l ies  within the 333-343~K range.  After  a definite t ime  of contact ,  the deemuls i f i e r  b e -  
gins to dislodge s u r f a c e - a c t i v e  e m u l s i f i e r s  f r o m  the sur face  of drople ts  and to aid the coa lescence  p r o -  
c e s s  [5]. The f a s t e r  the deemuls i fying sur fac tan t  diffuses and r eaches  the in terface ,  the sooner  will the 
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Fig. 1. Diffusivity (m2/sec) as a function of the t empera tu re  
(~K), for  (a) OP-10, (b) OP-20; the solid l ines r ep resen t  ca l -  
culations, the dots r ep resen t  tes t  values.  

natural  emuls i f ie r s  be dislodged. At the instant when droplets  begin to coalesce  intensively, the i r  su r -  
faces  are  saturated both with sur face-ac t ive  emuls i f ie rs  constituting a s t ructuromechanical  b a r r i e r  and 
with deemuls i f iers .  The total in ter face  a rea  dec reases  while droplets  coalesce,  causing the concentrat ion 
of surfactants  and emuls i f ie rs  to increase .  Naturally,  the i r  concentrat ion cannot be higher  on the surface  
of eve ry  droplet  than the overal l  saturat ion concentrat ion.  As the interface a rea  decreases ,  the re fore ,  
par t  of the emuls i f ie rs  diffuses into the pet ro leum phase while par t  of the deemuls i f ie rs  diffuses into the 
water  phase, i . e . ,  into the droplet  volume. 

If the solubility and the diffusion rate of deemuls i f ie rs  are  lower than those of natural  emuls i f ie rs  in 
petroleum, then it is mainly the emuls i f ie r s  which will leave the surface  of droplets  and enter  the bulk 
phase.  Such a dislodgement of the s tabi l izers  will fu r ther  intensify when the deemuls i f ie rs  a lmost  cease  
to diffuse into the droplet volume. This can be achieved by rais ing the t empera tu re  to 358~K in the case  
of OP-10. According to the D = r  curve,  the diffusivity dec reases  rapidly at this t empera tu re  and OP-  
10 molecules  will sett le mainly on the interfaces .  

Since the surface activity of OP-10 does not decrease  at this t empera tu re ,  while the diffusion rate  
of emuls i f ie rs  soluble in pe t ro leum increases  with higher  t empera tu re ,  according to theory,  hence such a 
reasonable  adjustment of the operat ing t empera tu re  during dehydration of pe t ro leum is equivalent to a 
more  efficient deemulsif ication and contr ibutes to lower deemuls i f ier  consumption. 

D is the diffusivity; 
T is the tempera ture ;  
~? is the viscosity;  
D O is the diffusivity at t empera tu re  To; 
~0 is the v iscos i ty  at t empera tu re  T 0. 

NOTATION 

1. 
2. 
3. 
4. 

5. 

L I T E R A T U R E  C I T E D  

G. A. Babalyan and M. Kh. Akhmadeev, Dokl. Akad. Nank SSSR, 179:, No, 1 (1968). 
G. A. Babalyan and M. Kh. Akhmadeev, Inzh. Fiz.  Zh. ,  14, No. 5 (1968). 
I. V. Krichevskii  and Yu. V. Tsekhanskaya, Zh. Fiz. Khim. ,  30, No. 10 {1956). 
D. N. Levchenko et a l . ,  Pe t ro l eum Emulsions in Water and Methods of Thei r  Breakdown [in Rus-  
sian], Izd. Khimiya, Moscow (1967). 
P.  A. Rebinder  and K. A. Pospelova,  Introductory ar t ic le  to the book "Emulsions"  by Clayton [Rus- 
sian translat ion],  Izd. Inostr .  Lit. (1950). 

440 


