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ABSTRACT 

This paper discusses the main factors that play 
an important role in the formation and stabili- 
zation of  emulsions containing finely divided 
solids. The influence of contact angle, parti- 
cle size, particle interactions, and surfac- 
tants on emulsion behavior is discussed, and 
the state of the art in experimental techniques 
and fundamental research work is described. 

INTRODUCTION 

The production of clean fuel from crude oil, coal-derived 
liquids, shale oil and tar sands-bitumen generally involves a 
numlwr of separation steps for the removal of impurities. These 
impurities include water in the form of water-in-oil emulsions and 
solid particles that are either freely dispersed or entrained on 
thr surfac,e o f  emulsion droplets. The demulsification of such 
emulsions and the removal of fine particles prior to downstream 
proressing is imperative not only to recover clean oil but also to 
dec.reasP oil viscosity and prevent fouling of processing units. 

Solids-stabilized emulsions of  water-in-oil (W/O) are formed 
during petreleum recovery due to the shearing of oil, water, and 
mineral particles at wellhead chokes and valves. The mineral 
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2132 MENON AND WASAN 

fines often form strong interfacial films (skins) around the water 
droplets resulting in extremely stable emulsions. In addition to 
mineral fines, the emulsions may also be stabilized by wax parti- 
cles that are precipitated from the oil due to changes in tempera- 
ture during processing.(l) 

In the hot water extraction process for tar sands, the bitu- 
men is leached from the surface of sand particles using a hot 
caustic solution. During this process, sand and clay particles 
that are intrinsically present in the system form stabilizing 
films at the surfaces of bitumen-water emulsion droplets. The 
solid particles are attached to the bitumen droplets by surfactant 
molecules and polar moeities present in the oi1.(2) 

During synfuel productinn from coal and oil shale, the remo- 
val of  fine particles from the oil is usually accomplished by 
dispersing water inti, the oil in a mixer, thereby forming solids- 
st-abilizrd emulsions. These emulsions are subsequent.1~ separated 
from the o i l  hv  electrocoalescence and sedimentation.(3,4,5) The 
advantage (if i t i i  h an operation is that fine particles which sedi- 
ment very s i i i w l v  are transferred to the surface of water droplets 
whose sizes are much larger than those of the particles, thereby 
accelerating the separation process. 

In addition to the above examples, solids-stabilized emul- 
sions are also encountered in pharmaceut ical formulat icins. filild 

products such as mayonnaise, pestic,ides, and inks. In t h e  energy- 
related industries, these emulsions are usually drtrinirnta: t i '  thr 
process and need to be demulsified, whereas in some o f  thr pt.arma- 
ceutical and food industries, they are desirable and often f o r m e d  
intentionally. 

In t.his paper we discuss some of the factors affecting the 
stability of solids-stabilized emulsions. For recent reviews on 
the subject see references ( 2 )  and ( 6 ) .  

FACTORS AFFECTING EMULSION STABILITY 

The formation and stabilization o f  a solids-stabilized emul- 
sion occurs in three stages: (1) approach of solid particles to 
the droplet surface, ( 2 )  entrainment. of particles at the oil-water 
( O / W )  interface, and (3) interfacial Stabilization by forming 
particulate networks (films). The first stage is a function of 
particle size, concentration and density, continuous phase viscos- 
ity, and mixing energy. The second stage depends mainly on the 
t.hree-phase cqntact angle, O / W  interfacial tension, interfacial 
viscosit-y, s~rfactant and/or demulsifipr type and concentration, 
and pH. The formation of partiiulate networks at the interface is 
dependent on the magnitude o f  partiLle interactions, which in turn 
is a func.tion of some of the ahcive paramotrrs. A brief desc,rip- 
t~ion of some o f  the major factors is givrn tielow. 
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SOLIDS-STABILIZED EMULSIONS 2133 

Water 

Fig. 1. Definition of the three-phase contact angle. 

Cant-act Angle 

While  i t  was known s i n c e  1 9 0 7  ( 7 )  t h a t  s o l i d s  p r e f e r e n t i a l l y  
w e t t e d  by w a t r r  t ended  t u  s t a b i l i z e  OjW e m u l s i o n s ,  i t  was t h e  
expe r imen t  a 1  work of Schulman and L e j a  ( 8 )  t h a t  d e m o n s t r a t e d  
c o n c l u s i v e l y  t h e  e f f eL t .  of con tac t .  a n g l e  on emuls ion  t y p e .  They 
measured t h e  r , ) n t a c t  a n g l e  o f  benzene and w a t e r  on c r y s t a l s  of 
ba r ium su1fa t . e  i n  t h e  p r e s e n c e  of- a n i o n i c  s u r f a c t a n t s .  At. c o n t a c t  
a n g l e s  g r e a t e r  t h a n  90° (measured th rough  t h e  aqueous p h a s e )  emul- 
s i o n s  o f  W/O were s t a b i l i z e d  w h i l e  a t  c o n t a c t  a n g l e s  l e s s  t h a n  
90 ' .  O/W e m u l s i o n s  were f a v o r e d  ( s e e  F i g .  1 f o r  d e f i n i t i o n  of 
c o n t a c t  a n g l e ) .  T h i s  r e l a t i o n s h i p  between w e t t a b i l i t y  and e m u l -  
s i o n  t y p e  h a s  s i n c e  been proven e x p e r i m e n t a l l y  and t h e o r e t i c a l l y  
by many r e s e a r c h e r s . ( 9 , 1 0 )  

The c o n t a c t  a n g l e  i s  a funr t i o n  o f  t h e  s u r f a c e  e n e r g i e s  a t  
t h e  o i l j w a t e r ,  o i l j s o l i d ,  and w a t e r i s o l i d  i n t e r f a c e s .  These s u r -  
f a c e  e n e r g i e s ,  i n  t u r n ,  a r e  d e p e n d m t  on t h e  c o n c e n t r a t i o n  of 
s u r f a c e  a c t i v e  s p e c i e s  p re sen t .  a t  t h e  i n t e r f a c e .  I n  c r u d e  o i l -  
w a t e r  s y s t e m s ,  t h e  w e t t a b i l i t y  i s  a s t r o n g  f u n c t i o n  of  t h e  concen-  
t r a t i o n  o f  a d s o r b e d  a s p h a l t i c  s p e c i e s  on t h e  p a r t . i c l e s .  A s p h a l t -  
e n e s  a r e  l a r g e  p o l y c y c l i c  compounds w i t h  a l a r g e  number of h e t e r o -  
a t o m s . ( l l . l 2 )  P e t r o l e u m  a s p h a l t e n e s  have  m o l e c u l a r  w e i g h t s  i n  t h e  
5 , 0 0 0  t u  6 , 0 0 0  r a n g e ,  w h i l e  c o a l  and s h a l e  a s p h a l t - e n e s  have molec- 
u l a r  w e i g h t s  t h a t  a r e  around 3 , 0 0 0 .  A s p h a l t e n e s  a d s o r b  i r r e v e r s -  
i b l y  o n t o  ( . lay and m i n e r a l  s u r f a c e s  and a l t - e r  t h e i r  s u r f a c e  c h a r -  
a i ' t ~ r . ( 4 , 1 3 !  F i g .  2 d ? p i c , t s  t h e  t h a n g r  i n  r-t intact  a n g l e  o f  an 
i n i t i a l l y  h v d r o p h i i i t  l a y  due t o  t h r  a d s o r p t i o n  o f  a s p h a l -  
t e n e s . ( 6 )  The c0n tac . t  a n g l e  was measured u s i n g  t h e  s e s s i l e  d rop  
g o n i o m e t r i c  t e c h n i q u e  on a d i s k  of  t h e  p a r t i c l e s .  T h i s  d i s k  was 
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Fig. 2. Effect of petroleum and shale asphaltenes on the contact 
angle of sodium montmorillonite (6). 

prepared in a stainless steel potassium bromide die whose surfaces 
were finely polished. For details of this technique see Refer- 
ence (4). The clay, sodium montmorillonite, has been known to 
stabilize O/W emulsions in the absence of any adsorbed asphaltic 
layers.(l4) The adsorption of asphaltenes renders the c l a y  parti- 
cles hydrophobic and they stabilize W/O emulsions.(4) 

The effect of contact angle on emulsion type can be summar- 
ized in the following statement:(15) 

Solid particles wetted by phase A in preference to phase 
B. will promote and stabilize emulsions of B into A and 
inhibit or break emulsions of A into B. 

The extent of stability generally decreases as the contact angle 
deviates f r o m  90'. 
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Particle Size 

Bechold, Dede. and Reiner conducted an extensive investiga- 
tion of the effect of particle size on emulsion stability.(l6) 
They found that a decrease in particle size resulted in an 
increase in stability until a critical size was attained. Below 
this size. emulsion stability decreased. Kitchener and 
Musselwhite showed that it is the relative size of the droplet 
with respect to that of the particle, and not the absolute parti- 
cle size, that is imporrant.(l7) The absolute size of the parti- 
cle becomes impnrtant only when the particles are so large that 
sedimentation time. are much shorter than the half-life, or when 
the particles are so small ( <  0.001 pm) that Brownian motion 
inhibits particle transfer to the interface. 

Thermodynamic analyses of the mechanism of emulsion stabili- 
zation have heen tarried out by many researcners.12.4.18) While 
solids-stabilized emulsions are known to be thermodynamically 
unstable, their shelf life is often of the order of  6 months or 
more. Hence, these emulsions can be treated as being metastable, 
and equilibrium thermodynamic arguments can be applird without 
significant error.(2) The results of such analyses have revealed 
that the ease of emulsion formation and stability increase with a 
decrease in the ratio of particle size to droplet size (n). In 
our analysis we found that the effect of n' on emulsion st-ability 
diminished below a value of 0 . 0 1 . ( 1 9 )  

Solids Concentration 

An increase in the concentration of solid particles usually 
results in an increase in emulsion stability, until the O/W inter- 
face becomes covered with particles. It has been reported that in 
cases where the solids concentration is in excess of that required 
for complete interfarial ( overage, the di.'plet size decreases s o  
that all the particles can be accommodated at the interface. (20) 
The diameter at which all particles are acr.omodated is sometimes 
referred to as the "limited coalesrpntr diameter."(21) There are 
practical limitations to the size a liquid droplet can decrease or 
increase to, hence, the concept of limited coalescence diameter is 
valid only in certain size regimes. From a study of toluene-water 
emulsions stabilized by carbon black, Gelot, Friesen, and Hamya 
concluded that the size of the droplets bears an inverse relation- 
ship to the amount of powder added, and the volume of emulsion 
formed bears a direct relationship with the amount of powder.(20) 

The effect of solids concentration on emulsion stability is 
closely related to particle size and the magnitude of interpar- 
ticle interactions. The number of particles that can be accommo- 
dated at the interface is a function of these two variables. The 
decrease in free energy associated with the transfer of particles 
from the continuous phase to the droplet surface is proportional 
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Fig. 3. Variation of coagulation rate constant with solids 
concentration for a water-in-shale oil emulsion (3). 

to the number of particles. This also implies that the magnitude 
of the free energy barrier for coalescence is proportional to the 
solids ioncrntration.(6,22) Fig. 3 shows the change in coagula- 
tion rate constant of  a water-in-shale oil emulsion with an 
increase in the solids concentration in the system. The solids 
were hydrophobic shale dust particles with an average diameter of 
4 pm. The rate of coagulation decreased by a factor of t w o .  for 
an increase in solids concentration from 0.1 percent to 0.5 per- 
cent of the o i l  phase. 
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A s  t h e  i n t e r f a c i a l  s o l i d s  c o n c e n t r a t i o n  approaches t h a t  c o r -  
responding t o  monolayer < 'overage,  t h e  energy requi red  t o  l o c a t e  an 
a d d i t i o n a l  p a r t i c l e  a t  t h e  i n t e r f a c e  hec.omes l a r g e  and t h e  n e t  
f r e e  energy change becomes p o s i t i v e .  A t  t h i s  s t a g e ,  two events  
can o c c u r ;  t h e  l a r g e r  d r o p l e t s  can break up i n t o  s m a l l e r  ones 
l e a d i n g  t o  a n  i n c r e a s e  i n  i n t e r f a c i a l  a r e a  thereby  a l lowing  a d d i -  
t i o n a l  p a r t i c l e s  t o  adsorb ,  o r  t h e  excess  number of p a r t i c l e s  can 
form a d i s p e r s i o n  i n  t h e  cont inuous phase.  Experimental  evidence 
s u g g e s t s  t h a t  b0t.h t h e s e  mechanisms o c c u r .  

P a r t i c l e  I n t e r a c t i o n s  

A s  discussed  i n  t h e  prev ious  s e c t i o n ,  t h e  number of p a r t i c l e s  
t h a t  can  be accommodated a t  t h e  d r o p l e t  s u r f a c e  i s  dependent on 
t h e  p a r t i c l e  i n t e r a c t i o n  energy .  The s t r e n g t h  of  i n t e r f a c i a l  
f i l m s  observed on d r o p l e t s  of s n l i d s - s t a b i l i z e d  emulsions i s  a 
consequence of t h e  p a r t i c u l a t e  network t h a t  i s  formed a t  t h e  
i n t e r f a c e .  Such networks have been observed i n  O/W and W/O emul- 
s i o n s .  Tsugi ta  e t  a l .  observed t h a t  networks of sodium montmoril- 
l o n i t e  formed on t h e  s u r f a c e  of O/W emulsions cons iderably  
enhanced emulsion s t a b i l i t y . ( l 4 )  The networks were s t a b i l i z e d  by 
romplexat ion r e a c t i o n s  wi th  t h e  aqueous phase a s  w e l l  a s  by an 
i n t e r p l a y  of a t t r a c t i v e  and r e p u l s i v e  f o r c e s  between i n d i v i d u a l  
p a r t i c l e s .  I n  s t u d i e s  of W/O emulsions,  we observed t h e  format ion  
of p e r i o d i c  c o l l o i d  s t r u c t u r e s  of c l a y  p a r t i c l e s  on t h e  s u r f a c e  of 
water  d r o p l e t s . ( 2 3 )  These ordered  s t r u c t u r e s  normally form a s  a 
resu l t .  of long-range e l e c t r o s t a t i c  i n t e r a c t i o n s  between p a r t i c l e s .  

We conduc,ted i i r r g l e  drop coa lescence  experiments  w i t h  a 
p l a n a r  O/W i n t e r f a c e  t.hat was covered w i t h  d i f f e r e n t  concent ra -  
t i o n s  of f i n e  p a r t i t l e s . ( 6 )  For s p h e r i c a l  g l a s s  beads coated wit.h 
a s p h a l t e n e s  (diametei-  = 4 pm, c o n t a c t  angle  = 150°), t h e  p a r t i c l e  
i n t e r a c t i o n  energy a t t a i n e d  i t s  maximum ( r e p u l s i v e )  va lue  a t  an 
i n t e r f a c i a l  s o l i d . :  I onr ent r a t i o n  t h a t  approached monolayer ( 'over -  
age.  F i g .  4 shows t h e  v a r i a t i o n  i n  t o t a l  i n t e r a c t i o n  energy f o r  
an ensemble of p a r t i i , l e s  a t  an O/W i n t e r f a c e  w i t h  change i n  s o l i d s  
c o n c e n t r a t i o n .  The i n t e r a c t i o n  energy was c a l c u l a t e d  f r c m  niras- 
urements of i n t r r f a c i a l  t e n s i o n s  o f  t h e  c l e a n  and s(ili,.<s-( t 'vered  
O / W  i n t e r f a c e .  D e t a i l s  of t h e  exper imenta l  t-echnique a r e  provided 
e l s e w h e r e . ( 6 )  

E l e c t r o s t a t i c  i n t e r a c t i o n s  between p a r t i c l e s  i s  a major con- 
t r i b u t - o r  t o  t h e  o v e r a l l  p a r t i c l e  i n t e r a c t i o n  energy because of t h e  
presence  of i o n i c  s u r f a c t a n t s  i n  a lmost  a l l  t h e  systems o f  indus-  
t r i a l  i n t e r e s t .  I n  petroleum and s y n t h e t i c  f u e l  systems,  t h e  
p a r t i c l e s  a r e  of c l a y  o r  minera l  o r i g i n .  Hence they possess  s u r -  
tac.e charges  t h a t  can be of t h e  o r d e r  of 2 10-60 mV. The s u r f a c e  
charge i s  a l s o  a s t r o n g  f u n c t i o n  o f  t h e  s u r f a c e  a c t i v e  s p e c i e s  
adsorbed on t h e  s u r f a c e .  For example, a s p h a l t e n e  a d s o r p t i o n  on 
c l a y  s u r f a c e s  i n c r e a s e s  thP s u r f a c e  charge ( o r  z e t a  p o t e n t i a l )  due 
t o  t h e  presence  of  ionic. groups p r e s e n t  on t h e  a s p h a l t e n e  moei- 
t i e s .  F i g .  5 shows t h e  v a r i a t i o n  i n  z z t a  p o t e n t i a l  f o r  i l l i t e  
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Fig. 4. Effect of interfacial solids concentration of asphaltene-coated 
glass beads on particle interaction energy (24). 
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Fig. 5. Zeta potentials of illite in bitumen/toluene solutlons. 
(0) calculated from streaming potentials; (0) calculated 
from electrophoresis data (25). 
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SOLIDS-STABILIZED EMULSIONS 2139 

p a r t i c l e s  a s  a f u n c t i o n  o f  bitumen c o n t e n t r a t i o n .  ( 2 5 )  The magni- 
tude of z e t a  p o t e n t i a l  v a l u e s  i n c r e a s e s  wxth i n c r e a s i n g  bitumen 
c o n c e n t r a t i o n  and l e v e l s  o f f  a t  high c o n c e n t r a t i o n s ,  presumably 
because of s a t u r a t i o n  of s u r f a c e  s i t e s  on t h e  c l a y .  A s i m i l a r  
t r e n d  has  a l s o  been observed f o r  t h e  z e t a  p o t e n t i a l  of a s p h a l t e n e -  
coa ted  montmor i l lon i te  p a r t i c l e s . ( 2 6 )  

I n  a d d i t i o n  t o  e l e c t r o s t a t i c  i n t e r a c t i o n s ,  van der  Waals, 
c a p i l l a r y  and s t e r i c  i n t e r a c t i o n s  a l s o  c o n t r i b u t e  t o  t h e  t o t a l  
energy .  Approximate e s t i m a t e s  of t h e  magnitudes of each of t h e s e  
components f o r  p a r t i c l e s  a t  an O / W  i n t e r f a c e  have been made by 
Levine ,  Bowen, and P a r t r i d g e . ( 2 7 )  Thei r  c a l c u l a t i o n s  sugges t  t h a t  
t h e  depth  of t h e  energy w e l l  i n t o  which p a r t i c l e s  a r e  d e p o s i t e d  a t  
t h e  i n t e r f a c e  i s  two t c )  t h r e e  o r d e r s  of magnitude h igher  than t h e  
c o n t r i b u t i o n s  from p a r t i c , l e  i n t e r a c t i o n  energy.  From exper imenta l  
measurements of p a r t i ( 1 e  i n t e r a c t i o n  energy a t  an O / W  i n t e r f a c e ,  
we o b t a i n e d  v a l u e s  t h a t  were o f  t h e  same o r d e r  a s  t h e  dept.h of t h e  
energy well. The s t r e n g t h  of t h e  i n t e r f a c i a l  s k i n  w i l l  drpend on 
t h e  charge  and magnitude of t h e s e  i n t e r a c t i o n  e n e r g i e s  a s  w r l l  a s  
on t h e  chemical  i n t e r a c t i o n s  t h a t  occur  between t h e  par t  i ( , l e s  and 
t h e  two l i q u i d s .  

Sur face  Act ive S p e ~  i e s  

F a c t o r s  si1c.h a s  c o n t a c t  a n g l e  and p a r t i c l e  i n t e r a c t i o n  energy 
a r e  dependent t o  a g r e a t  degree on t h e  s p e c i f i c  chemical func-  
t i o n a l  grou1ss t h a t  a r e  p r e s e n t  a t  t h e  i n t e r f a c e .  Asphal tenes  
r e p r r s e n t  the  majiJr nat.ura1 surfac e a (  t i v r  sprc , ies  p ~ - e s e n t  i n  most 
petroleum c.rudes and s y n f u e l s .  They possess a predominanrly a ro-  
mat ic  s t r u c t - u r e  w i t h  hydrophi l i t  s r i  t ions  housing t h e  oxygpn, 
s u l f u r ,  and n i t r o g e n  mole( u l e s .  T h r  a.;jihaitenes s t a b i l i z e  emul- 
s i o n s  e i t h e r  by adsorb ing  a t  t h e  O / k '  i n t e r f a c e  d i r r c t l y ,  O L  b y  
adsorb ing  on minera l  O L  I l ay  par t  i l  l r s  w h i L h  i n  t u r n  s t a b i l i z e  t h r  
i n t e r f a c e .  

E l r y ,  H o y ,  and LPP have stuclircl t h e  rhecilogic a 1  pr(ipri.r ir.; ~ ' f  
V / W  i n t e r f a c e s  c o n t a i n i n s  ads(iili+d a i ; , h a l t t . n r  f i l m s .  ( 2 5 )  T h r  
c ' r rep curves  w v r e  found t o  rxhi l i i t  d i?aranc ,y ,  with t h e  shape of  
t h e  curve  depending on t h e  coni - rn t ra t  i c i n  t>f a s p h a l t e n e s  a t  t h r  
i n t e r f a c e .  Thry a t t r i b u t e  some o f  t h e  i r e e p  p r o f i l e s  t o  t h e  
presence  of f l o c c u l a t e d  a s p h a l t e n e  p a r t i c l e s  a t  t h e  O / W  i n t e r f a c e .  

The t h r e e  types  of n a t u r a l  a n i o n i c  s u r f a c t a n t s  pr rsen t .  i n  
bitumen a r e  s u l f o n a t e s ,  s u l f a t e s ,  and c a r b o x y l a t e s .  The d i s s o c i a -  
t i o n  of each of  t h e s e  s p e c i e s  i s  a s t r o n g  f u n c t i o n  of t h e  pH, a s  
i s  t h e  d i s s o c i a t i o n  of i o n i c  s i t e s  on c l a y  and minera l  p a r t i c l e s .  
Hence, t h e r e  i s  a tendency f o r  such s o l i d  p a r t i c l e s  t.o form com- 
p l e x e s  w i t h  t h e  organic  s p e c i e s  i n  t h e  o i l .  Tauhman and K o r e t s k i i  
a t t r i b u t e  complexation r e a c t i o n s  t o  be one of t h e  major causes  of 
emulsion s t a b i l i z a t i o n . ( 2 9 )  Tsugi ta  et. a l .  a l s o  a t t r i b u t e  
r e a c t i o n s  Iietwpen s i t e s  on t h e  c l a y  and OH- groups p r e s e n t  a t  t h e  
O / W  i n t e r f a c e  t o  c o n t r i b u t e  t o  network format ion .  ( 1 4 )  
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The d e s t a b i l i z a t i o n  o f  s o l i d s - s t a b i l i z e d  e m u l s i o n s  i s  u s u a l l y  
act .omplished by a d d i n g  d e m u l s i f i e r s  t o  t h e  sys t em a n d / o r  chang ing  
t h r  aqueous phase  pH. The d e m u l s i f i e r  m o l e c u l e s  e i t h e r  d i s p l a c e  
t h e  s t a b i l i z i n g  s p e c i e s  f rom t h e  i n t e r f a c e  due t o  t h e i r  s u p e r i o r  
s u r f a c e  a c t i v i t y  o r  a d s o r b  o n t o  t h e  p a r t i c l e s  and change t h e i r  
w e t t a b i l i t y  o r  i o n i c  n a t u r e .  S v i t o v a ,  Sp i rodonova .  and T o l y s t a y a  
u s r d  w a t e r - s o l u b l e  po lymers  t o  b r e a k  W/O e m u l s i o n s  s t a b i l i z e d  by 
a s p h a l t i c  l a y e r s . ( 3 0 )  They found t h a t  d e m u l s i f i c a t i o n  o c c u r r e d  a s  
a I m s e q u e n c e  o f  w e t t a b i l i t y  a l t e r a t i o n  due t o  t h e  a d s o r p t i o n  of  
p ~ i i v m e r  m o l e c u l e s  on t h e  a s p h a l t e n e  p a r t i c l e s .  G e l o t ,  F r i e s e n ,  
and Hamza e v a l u a t e d  t h e  e f f e c t  of  a c a t i o n i c  d e m u l s i f i e r  on W/O 
e m u l s i o n s  s t a b i l i z e d  by i o n i c  p a r t i c l e s  such  a s  c a l c i u m  b e n t o n i t e  
and c a l c i u m  k a o l i n i t e . ( 2 0 )  ‘They r e p o r t  t h a t  t h e  mechanism of 
d e m u l s i f i c a t i o n  a p p e a r s  t o  be due t o  t.he a d s o r p t i o n  cif t h e  
c a t i o n i c  s i t e s  of  t h e  d e m u l s i f i e r  o n t o  t h e  n e g a t i v e l y  cha rged  c l a y  
s u r f a c e s ,  t h e r e b y  c h a n g i n g  t h e i r  w e t t a b i l i t y  o r  s t a t e  of  a g g r r g a -  
t i o n .  

Displacement  o f  a s p h a l t r n e  f r a c t i o n s  from t h e  i n t e r f a c , e  d u r  
t o  t h e  g r e a t e r  s u r f a c e  a c t i v i t y  of  d e m u l s i f i e r  m o l e c u l e s  w a s  
l ibserved by E l e y ,  Hey, and Lee.28 They o b s e r v e d  a d i r e c t  c o r r e l a -  
t i o n  between d e c r e a s e  i n  s u r f a c e  t e n s i o n  due t o  t h e  p r e s e n c e  of  
d e m u l s i f i e r  and i n c r e a s e  i n  a s p h a l t e n e  d i s p l a c e m e n t .  I n  s i n g l e  
d r o p  c o a l e s t - e n < - e  e x p e r i m e n t s  conduc ted  w i t h  s h a l e  d u s t  p a r t i c l e s  
a t  a p l a n a r  a/K i n t e r f a \ ? .  we found tha t .  an a n i o n i c  d e m u l s i f i e r  
mcrdif i rd  I > I \ + ~  t h t  <I , \ ;  i n t r r f a c . i a 1  t .ension and t h e  p a r t i L l r  i n t e r -  
a <  t icin energv.(6) T h i s  i m p l i e s  t h a t  some o f  t h e  d e m u l s i f i e r  mole- 
t u l r s  L i i s l ’ l ace  o t h r r  s u r f a r e  a c t i v e  s p e r i e s  f rom t h e  O/W i n t e r f a c e  
w h i l e  \ i t n r . r s  adsor11 on t h e  s o l i d  p a r t i \ l e s  and a l t e r  t h e i r  s u r f a c e  
i h a r a i . t e r i s t  it s .  The s p e c i f i t  mechanism Iiy whic h d e m u l s i f i t  a t  i o n  
< i f  s i i l i d s - q t  a l i i l i z e d  e m u l s i o n s  o c c u r s  i s  a s  ye t  u n t . l r a r .  

Summary 

T h i s  p a p r r  d i s c . u s s e s  some of t ~ h e  f a c t o r s  a f f e c t i n g  t h e  forma- 
t - i on  and s t a b i l i t y  o f  e m u l s i o n s  s t a b i l i z e d  lly f i n e l y  d i v i d e d  s o l i d  
p a r t i c l e s .  The c :u r r en t  s t a t e  of r e s e a r c h  in t h i s  f i e l d  i s  r e f e r -  
enced  and t h e  m e r i t s  and drawbacks o f  some o f  t h e  e x i s t i n g  
a p p r o a c h e s  a r e  d e l i n e a t e d .  T h i s  p a p e r  i s  meant t o  complement two 
o t h e r  r ev iew a r t i c l e s  on t h i s  s u b j e c t  ( 2 . 6 )  and h a s  a t t e m p t e d  t o  
a d d r e s s  a r e a s  t h a t  have  no t  been  d i s c u s s e d  i n  d e t a i l  i n  the e a r -  
l i e r  work. F a c t o r s  such  a s  c o n t a c t  a n g l e ,  p a r t i c l e  s i z e ,  p a r t i c l e  
i n t e r a c t i o n s ,  and t h e  p r e s e n c e  of  s u r f a c t a n t s  p l a y  an  i m p o r t a n t  
r o l e  i n  d e t e r m i n i n g  t h e  f o r m a t i o n  and s t a b i l i t y  o f  s u c h  e m u l s i o n s .  
O f  t h e s e .  c o n t a c t  t h e  e f f e c t s  of a n g l e  and s u r f a c t . a n t s  h a s  been 
known f o r  a l o n g  t i m e ,  b u t  i t  i s  o n l y  i n  r e c e n t  y e a r s  t h a t  t h e  
s i g n i f i c a n c e  of p a r t i c l e  i n t e r a c t i o n  e n e r g y  i s  b e i n g  r e a l i z e d .  
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