
CHAPTER II
LITERATURE SURVEY

2.1 Quartz

Quartz is a simple, well-characterized,very common component of many 
ores and has been widely studied in the ore flotation literature. Quartz is 
primarily Si02 and is abundant in nature.

Gaudin and Fuerstenau (1955) studied quartz flotation with anionic 
collectors. In this study, the quartz particle size was the 48/65 mesh fraction 
obtained after crushing selected quartz crystals. Results of streaming potential 
experiments indicated that hydroxyl and hydrogen ions were potential­
determining ions for quartz. The adsorption of hydrogen and hydroxyl ions 
gave changes in the electrical potential at the quartz interface, upon crushing 
quartz, -Si-O-Si- bonds are broken and a very polar surface is created as 
depicted in Figure 2.1. In aqueous media, FI+ ions react with the negative 
oxygen site and OH' ions react with the positive silicon site. The surface charge 
originates from dissociation of H+ ions form this surface silicic acid. The extent 
of this dissociation can be simply determined by the concentration of the H+ 
ions in solution; thus, pH will be potential determining for quartz. When there 
is no dissociation of the surface silicic acid, the surface potential is zero; a zero 
zeta potential for quartz occurs in solution at pH 3.7 and at this pH there is no 
electrical double layer around quartz particles in water. Since the charge at the 
quartz surface is determined by the concentration of hydrogen and hydroxyl 
ions in solution, the pH of the solution will affect markedly the adsorption of 
electrolytes at the quartz-solution interface.
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Figure 2.1 Mechanism for the origin of the electrical charge at the 
quartz surface in aqueous solution.

2.2 Nature of Surfactants

Surfactant, which is an abbreviation term of surface-active-agent, is a 
substance. When present at a low concentration in a system, it has the property 
of adsorbing onto the surface or interface of the system and altering to a 
marked degree the surface or interfacial free energies, as shown by the surface
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tension. The term “surface” indicates a boundary between any two immisible 
phases when one phase is a gas, usually air. Surfactants have an unique 
molecular structure consisting of a group that has very little attraction for the 
solvent, known as a lyophobic group, together with a group that has strong 
attraction for the solvent, called the lyophilic group. This is known as an 
amphiphathic structure. In aqueous solution the lyophobic and lyophilic groups 
are called hydrophobic and hydrophilic group, respectively. When a surfactant 
is dissolved in water, the hydrophobic group in the water causes distortion of 
the water structure, thereby increasing the free energy of the system. It means 
that less work is need to bring a surfactant molecule to a surface than to bring a 
water molecule to the surface. This presence of the surfactant will therefore 
decrease the work needed to create a unit area of surface (the surface free 
energy per unit-area, or surface tension). On the other hand, the presence of the 
hydrophilic group prevents a separate phase, since that would require 
dehydration of the hydrophilic group (Adamson, 1990).

In a polar solvent such as water, ionic or highly polar groups of 
surfactant act as lyophilic (hydrophilic) groups whereas in a non-polar solvent 
such as heptane they may act as lyophobic (hydrophobic) groups. The 
hydrophobic group is usually a long-chain hydrocarbon residue, and less often 
a halogenated or oxygenated hydrocarbon or siloxane chain. The hydrophilic 
group is an ionic or highly polar group. Depending on the nature of the 
hydrophilic group, surfactants are classified into four main group as:

1. Anionic. The surface-active portion of molecule bears a negative 
charge, for example RCOO‘Na+ (soap).

2. Cationic. The surface-active portion bears a positive charge, for 
example RN(CH3)3+Cr (quaternary ammonium chloride).

3. Zwitterionic. Both positive and negative charge are present in the 
surface-active portion, for example, RbTlRCffCOO' (long chain 
amino acid).
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4. Nonionic. The surface-active portion bears no apparent ionic charge, 
for example RCOOCH2CHOHCH2OH (monoglyceride of long chain 
fatty acid).

Most natural solids including quartz have negatively charged surfaces. 
Therefore, if the surface is to be made hydrophobic (water-repellent) by use of 
a surfactant, then the best type of surfactant to use is a cationic. This type of 
surfactant will adsorb onto the surface with its positive charged hydrophilic 
head group oriented toward the negative charged surface (because of the 
electrostatic attraction) and its hydrophobic group oriented away from the 
surface, making the surface water-repellent. Anionic surfactant adsorption on 
negative surfaces like quartz generally requires addition of an activator 
containing a divalent cation, like Ca++.

Cationic surfactants have many types. Quaternary ammonium salts are 
once type of cationic surfactants, for example (RNCH3)3+Cf or RN(CH3)3+Br' 
(n-alkyltrimethylammonium chloride or bromide), and n-benzyl-n-alkyl- 
diammonium halides. This type of cationic surfactant is unaffected by pH 
changes, where the positive charge remains whether in acidic, natural, and 
alkaline media (Adamson, 1990). Thus, a quaternary ammonium salt was 
chosen for this study.

2.3 Critical Micelle Concentration

Micelle formation is one of the most important properties of surfactants. 
When the aqueous solution contains a large amount of surfactant, surfactant 
molecule will nucleate to form aggregates of colloidal size in the solution. The 
surfactant concentration at which this phenomenon occurs is called the critical 
micelle concentration (CMC). For aqueous system, micelles form with 
hydrophobic groups in the interior part and hydrophilic (polar or ionic groups)



9

exposed to water. These aggregates may be spherical, rod-like, cylindrical, 
disk-like or lamellar structures as shown in Figure 2.2. Aggregate formation 
always result in removal of the hydrophobic group from the contact with the 
water. Figure 2.3 shows physical properties of aqueous solution with respect to 
the CMC value.

Figure 2.2 Structures of micelle formation.

A discontinuity in the slope of the curve of almost every measurable 
physical properties as a function of surfactant concentration is shown in Figure
2.3. Determination of the value of CMC can be carried out by use of any of 
these physical properties. Electrical conductivity, surface tension, and light 
scattering, (or refractive index concentration) are commonly employed in 
determining CMC values because of the simplicity of measurement of these 
physical properties. Figure 2.4 illustrates the plot between surfactant 
concentration and surface tension. Theoretically, the value of surface tension 
remains constant above the CMC value. For a surfactant concentration below 
but near the CMC the slope of the curve is relatively constant. The continuing 
reduction in the surface tension is due mainly to the increased activity of the 
surfactant in the bulk phase rather than at the interface (Van Voorst Vader, 
1960a). It is important to note that surfactant readily adsorbs at the air/water 
surface at concentrations well below the CMC. It would be expected, therefore, 
that surfactant would also adsorb on hydrophobic surfaces below the CMC.

Spherical Lamellar Cylindrical

Disk-Like Rod-Like
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Figure 2.3 Physical properties of an aqueous solution in the 
neighborhood of the critical micelle concentration of 
sodium dodecylsulfonate (Rosen, 1989: p. 110).

linear

Bulk concentration of surfactant
Figure 2.4 Relationship between surface tension and bulk phase

concentration of surfactant.



2.4 Surfactant Adsorption Isotherm

Somasundaran and co-workers (1966) studied adsorption of anionic 
surfactant on alumina and proposed the reverse orientation model for surfactant 
adsorption which is shown in Figure 2.5. The adsorption isotherm is divided 
into three (or four) distinct regions as follows:

Region I. The surfactant molecules adsorb individual molecule. The 
driving force for the adsorption is electrostatic attraction between the positive 
charge on the alumina surface and the negative charge of the head group of the 
surfactant. There is little or no interaction between individual adsorbed surface 
ions. The adsorption isotherm sometime referred to as the Henry’s Law model. 
Scemahorn, et al. showed that the hydrophobic tail/surface interaction also 
affected the adsorption.

Region II. This region corresponds to the onset of surfactant aggregate 
formation on the mineral oxide surface, as indicated by the sharp increase in 
the slope of the isotherm. There is very strong experimental and theoretical 
evidence to indicate that these aggregates form locally on the surface (i.e., by 
patchwise adsorption). The aggregates are referred to as hemimicelles or 
admicelles to emphasize the micelle-like aspects of its structure and behavior. 
For hemimicelles, the surfactant molecules are pictured as oriented with their 
charged head portion toward the solid surface, while the hydrocarbon chains of 
the tail portion protrude into the aqueous phase. This results in forming 
hydrophobic patches on the solid surface, thus facilitating particle flotation. For 
admicelles, the patches are surfactant bilayers on the solid surface which 
expand in Region II eventually to form a more or less complete bilayer. It is not 
obvious why bilayers in Region II would facilitate particle/bubble adhesion.

Region III. Region III is indicated by a decrease in the slope of the 
adsorption isotherm as to the plateau region (region IV) usually near the critical 
micelle concentration (CMC). This decrease is believed to arise from either the
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electrostatic repulsion of ions from the interface because of a change in the sign 
of the surface charge, from the distribution of patch adsorption energies, or 
from a Langmuir-like competition for surface sites between aggregates.

Region IV. The region called the plateau region occurs above the CMC 
or upon completion of bilayer coverage of the surface. Most surfactant/mineral 
oxide systems exhibit either an adsorption plateau or an adsorption maximum 
above the CMC. Scamehorn (1982) accounts for the plateau adsorption by 
describing the micelles as a chemical potential sink for surfactant monomers. 
Thus, as the overall surfactant concentration increases above the CMC, the 
additional surfactant molecules will contribute only to the formation of 
micelles while the monomer concentration and the adsorption density remain 
constant. The boundary between the region III and the region IV is, generally 
very close to the CMC determined by surface tension measurements.

Figure 2.5 Schematic diagram of a typical adsorption isotherm for the
reverse orientation model.



H a rw e l l  et al. (1 9 8 5  a n d  1 9 8 8 ) s u g g e s te d  th e  b i la y e r  m o d e l  to  th e  
o r ie n ta t io n  o f  th e  a g g r e g a te  in  R e g io n  II. T h e  m o d e l  is  o n ly  s l ig h t ly  d i f f e r e n t  
f ro m  th e  r e v e r s e  o r ie n ta t io n  m o d e l  o f  F u e r s te n a u  a n d  S o m a s u n d a r a n .  T h e  
b i la y e r  m o d e l  c o n s id e r s  th e  a d s o r p t io n  i s o th e rm  h a v in g  fo u r  m a in  r e g io n s .  In  
R e g io n  I, s u r f a c ta n t  m o le c u le s  a d s o rb  o n  s o l id  w ith  e le c t r o s ta t ic  a t t r a c t iv e  fo r  
th e  s u r f a c e .  In  R e g io n  II , lo c a l  b i la y e r  s t r u c tu r e s  o r  a d m ic e l le s  fo rm  o n  p a tc h e s  
o f  th e  s o l id  s u r f a c e  a t  a  c r i t ic a l  s o lu t io n  c o n c e n t r a t io n  w i th o u t  h e m im ic e l le s  
f o r m in g  a t  lo w e r  c o n c e n t r a t io n .  R e g io n  III o c c u rs  o n ly  w h e n  th e  s u r f a c e  
b e c a u s e  s u b s ta n t ia l ly  c o v e re d  w ith  a d m ic e l l s  b e lo w  th e  C M C .

G u  et al. ( 1 9 8 9 - 1 9 9 1 )  s u g g e s te d  th e  s m a ll  s u r f a c e  m ic e l le  m o d e l .  T h e  
m o d e l  is  m u c h  d i f f e r e n t  f ro m  th e  r e v e r s e  o r ie n ta t io n  m o d e l .  T h is  m o d e l  
c o n s id e r s  tw o  s te p s  o n  a  l in e a r  s c a le  a d s o rp t io n  is o th e rm . F o r  th e  f ir s t  s te p ,  th e  
s u r f a c ta n t  m o le c u le s  a d s o r b e d  o n  th e  s o l id  b y  e le c t r o s ta t ic  a t t r a c t io n  w h ic h  is 
th e  s a m e  a s  R e g io n  I o f  th e  r e v e r s e  o r ie n ta t io n  m o d e l  e x c e p t  a g g r e g a te s  a d s o r b  
r a th e r  th a n  m o n o m e rs .  In  th e  s e c o n d  s te p , s u r f a c e  m ic e l le s  a re  a d s o r b e d  
b e tw e e n  th e  a d s o r b e d  s u r f a c ta n t  m ic e l le s  f ro m  f i r s t  s te p . T h e n ,  th e  s m a l l  
surface micelles a re  fo rm e d . T h e  s m a ll  m ic e l le s  a re  c lo s e ly  p a c k e d  a lo n g  th e  
a d s o r p t io n  is o th e rm .

F a n  et al. ( 1 9 9 7 )  s tu d ie d  a d s o r p t io n  o f  a lk y l t r im e th y la m m o n iu m  
b r o m id e s  o n  n e g a t iv e ly  c h a r g e d  a lu m in a .  In  th is  s tu d y , th e  a d s o r p t io n  i s o th e r m  
o b ta in e d  w a s  in te r p r e te d  to  a g re e  v e ry  w e l l  w i th  th e  r e v e r s e  o r ie n ta t io n  m o d e l .  
T h e  r e s u l t s  s u g g e s t  th a t  th e  a d s o r p t io n  r e g io n  III  s t i l l  e x i ts  b u t  th e  d i f f ic u l ty  in  
d e te c t in g  it f ro m  th e  a d s o r p t io n  i s o th e rm  is p r o b a b ly  th e  r e s u l t  o f  s im i la r  s lo p e  
fo r  r e g io n s  II a n d  II I .



14

2.5 W etting  Phenom ena and C ontact A ngle

A c c o r d in g  to  A d a m s o n  (1 9 9 0 ) ,  th e  te rm s  “  w e t t in g ”  a n d  “ n o n - w e t t in g ” 
a s  e m p lo y e d  in  v a r io u s  p ra c t ic a l  s i tu a t io n s  te n d  to  b e  d e f in e d  in  te r m s  o f  th e  
e f f e c t  d e s i r e d .  U s u a l ly ,  w e t t in g  m e a n s  th a t  th e  c o n ta c t  a n g le  b e tw e e n  a  l iq u id  
a n d  a  s o l id  is  z e r o  o r  c lo s e  to  z e ro  a n d  so  th e  l iq u id  s p r e a d s  o v e r  th e  s o l id  
e a s i ly .  In  c o n t r a s t  n o n - w e t t in g  m e a n  th a t  th e  a n g le  is  g r e a te r  th a n  9 0 °  so  th a t  
th e  l iq u id  te n d s  to  b a ll  u p  a n d  ru n  o f f  th e  s u r f a c e  e a s i ly .

F u e r s te n a u  et al. ( C h a p te r l  in  R e a g e n ts  in  M in e ra l  T e c h n o lo g y  e d i te d  
b y  S o m a s u n d a r a n  et al., 1 9 8 7 )  p o in t  o u t  th a t  o re  b e n e f ic ia t io n  b y  f ro th  f lo ta t io n  
is  b a s e d  o n  d i f f e r e n c e s  in  th e  a f f in i ty  fo r  w a te r  e x h ib i te d  b y  m in e ra l  s u r f a c e s .  
M in e r a l s  h a v in g  l i t t le  a f f in i ty  fo r  w a te r  a re  c a l le d  h y d r o p h o b ic  a n d  e a s i ly  
a t ta c h  to  a i r  b u b b le s .  H o w e v e r ,  th e re  a r e  fe w  m in e r a ls  h a v in g  n a tu r a l ly  
h y d r o p h o b ic  s u r f a c e s ,  e x a m p le s  b e in g  g ra p h i te ,  s u lfu r ,  ta lc ,  p y r o p h y l l i t e ,  
m o ly b d e n i te ,  a n d  s t ip n i te .  C o a l ,  w h ic h  h a s  a  c a r b o n a c e o u s  s k e le to n ,  a ls o  
e x h ib i t s  n a tu r a l  f lo ta b i l i ty  u n le s s  its  s u r f a c e  is h ig h ly  o x id iz e d .  T h e s e  m a te r ia ls  
a r e  h y d r o p h o b ic  b e c a u s e  th e i r  s u r f a c e s  a re  n o n -p o la r .  B e c a u s e  m o s t  m in e r a ls  
a re  h e ld  to g e th e r  b y  io n ic  o r  c o v a le n t  b o n d s ,  th e ir  s u r f a c e s  a re  h ig h ly  p o la r .  
B e c a u s e  o f  th e i r  p o la r  n a tu re ,  m o s t  m in e ra l  s u r f a c e s  a r e  h y d r o p h i l ic  a n d  
c o n s e q u e n t ly ,  th e i r  s u r f a c e s  e a s i ly  b e c o m e s  w a te r  w e t .  In  a p p ly in g  f lo ta t io n  
p r o c e s s  to  h y d r o p h i l ic  m in e ra ls ,  th e y  m u s t  b e  t r a n s f o r m e d  in to  n o n - w e t te d  
s u r f a c e  b y  a d d in g  s u i ta b le  s u r f a c e - a c t iv e  a g e n ts  ( c o l le c to r s ) .

C o n ta c t - a n g le  m e a s u r e m e n ts  h a v e  b e e n  t r a d i t io n a l ly  u s e d  to  a s s e s s  th e  
f lo ta b i l i ty  o f  m in e ra ls .  T h e  c o n ta c t  a n g le ,  9 , o f  a  b u b b le  o n  a  s o l id  is  d e f in e d  a s  
th e  a n g le  m e a s u r e d  a c r o s s  th e  l iq u id  a t th e  b u b b le  p o in t  o f  s o l id  c o n ta c t  ( F ig u r e  
2.6).
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Figure 2 .6  S c h e m a tic  r e p r e s e n ta t io n  o f  th e  e q u i l ib r iu m  c o n ta c t  b e tw e e n  
an  a ir  b u b b le  a n d  a  s o l id  im m e rs e d  in  a  l iq u id .

I t s  m a g n i t u d e  is  d e f i n e d  b y  th e  Y o u n g -  D u p r é  e q u a t i o n ,

T scy YsL = c o s 9  ( 2 .1 )
y  LG

w h e r e  y SG, Ysl> a n d  YLGa re  th e  in te r fa c ia l  te n s io n s  ( s u r f a c e  fre e  e n e r g y  p e r  u n it  
a r e a )  o f  th e  s o l id /g a s ,  s o l id / l iq u id ,  a n d  l iq u id /g a s  in te r f a c e s ,  r e s p e c t iv e ly .  I f  a  
m in e r a l  is  h y d r o p h i l ic ,  its  c o n ta c t  a n g le  is z e ro  in  w a te r .  M in e r a ls  s u c h  a s  
m o ly b d e n i te ,  g r a p h i te ,  a n d  s u l f u r  e x h ib i t  c o n ta c t  a n g le s  o f  a b o u t  8 0  °, w h i le  
th a t  o f  p a r a f f in  w a x  is 110°.  E x c lu d in g  g r a v i ta t io n a l  e f f e c ts ,  th e  f r e e - e n e r g y  
c h a n g e  (o n  a  u n it  a re a  b a s is )  fo r  th e  a t ta c h m e n t  o f  a n  a ir  b u b b le  to  a  m in e ra l  
p a r t i c le  is  g iv e n  b y

A G  f lo t =  y S G  -  Y S L  ~~ y L G  =  (co sO  -  l)y  L G  (2 -2 )
T h u s ,  th e r m o d y n a m ic a l ly ,  f lo ta t io n  s h o u ld  ta k e  p la c e  w h e n e v e r  th e  c o n ta c t  
a n g le  is  n o n -z e ro .

2.6 Foam

Foam is produced when air or some other gas is introduced beneath the
surface of a liquid in the presence of a foam stabilizing agent such as a
surfactant. Foam has a more or less stable honeycomb structure of gas cells
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w h o s e  w a l ls  c o n s is t  o f  th in  l iq u id  f i lm  w ith  a p p r o x im a te ly  p la n e  p a ra l le l  s id e s . 
T h e s e  tw o - s id e d  f i lm s  a re  c a l le d  th e  la m e l la e  o f f  th e  fo a m . T h re e  o r  m o r e  g a s  
b u b b le s  c o m m o n ly  m e e t  to  fo rm  w h a t  is c a l le d  th e  p la te a u  b o r d e r  o r  G ib b s  
t r ia n g le s  ( s e e  F ig u r e  2 .7 )  (R o s e n , 1 9 8 8 ).

Figure 2.7 P la te a u  b o r d e r  a t  p o in t  o f  m e e t in g  o f  th re e  b u b b le .
T h e  p r e s s u r e  d i f f e r e n c e  a c ro s s  a  c u rv e d  in te r f a c e  d u e  to  th e  s u r f a c e  o r  

in te r f a c ia l  te n s io n  o f  th e  s o lu t io n  is g iv e n  b y  th e  L a p la c e  e q u a t io n :

w h e r e  R | a n d  R 2 a re  th e  ra d ii  o f  c u r v a tu r e  o f  th e  in te r f a c e .  S in c e  th e  
c u r v a tu r e  in  th e  la m e l la e  is  g r e a te s t  a t  th e  p la te a u  b o rd e r ,  th e s e  is  a  g r e a te r  
p r e s s u r e  a c ro s s  th e  in te r f a c e  in  th e s e  r e g io n s  th a n  e ls e w h e r e  in  th e  fo a m . S in c e  
th e  g a s  p r e s s u r e  in s id e  a n  in d iv id u a l  g a s  c e ll  is  e v e r y w h e r e  th e  s a m e , th e  l iq u id  
p r e s s u r e  in s id e  th e  la m e l la e  a t  th e  h ig h ly  c u r v e  p la te a u  b o r d e r  (A )  m u s t  b e  
lo w e r  th a n  in  th e  a d ja c e n t ,  le s s  c u rv e  r e g io n  (B )  o f  th e  p la te a u  a re a . T h is  c a u s e s  
d r a in a g e  o f  th e  l iq u id  f ro m  th e  la m e l la e  in to  th e  p la te a u  b o r d e r s  ( R o s s e n ,  
1 9 8 8 ).

A b s o lu te  p u re  l iq u id s  d o  n o t  fo a m . F o a m  fo rm a t io n  is a l s o  n o t  
p r o n o u n c e d  in  m ix tu r e s  o f  s im i la r  ty p e s  o f  m a te r ia ls  (e .g . a q u e o u s  s o lu t io n s  o f  
h y d r o p h i l ic  s u b s ta n c e s ) .  B u b b le s  o f  g a s  in t r o d u c e d  b e n e a th  th e  s u r f a c e  o f  a n

(2 .3 )
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a b s o lu te ly  p u r e  l iq u id  ru p tu r e  im m e d ia te ly  o n  c o n ta c t in g  e a c h  o th e r  o r  e s c a p e  
f ro m  th e  l iq u id  a s  fa s t  a s  th e  l iq u id  c a n  d ra in  a w a y  f ro m  th e m . F o r  t ru e  fo a m in g  
to  o c c u r ,  th e  p re s e n c e  o f  a  s o lu te  c a p a b le  o f  b e in g  a d s o r b e d  a t  th e  L /G  in te r f a c e  
is r e q u i r e d .  T h e  p re s e n c e  o f  th is  s u r f a c e - a c t iv e  s o lu te  p r o d u c e s  la m e l la e  
b e tw e e n  th e  g a s  c e l ls  o f  th e  fo a m  th a t  h a v e  a d s o r b e d  m o n o m o le c u la r  f i lm s  o f  
s u r f a c ta n t  m o le c u le s  o n  e a c h  s id e  a t  th e  L /G  in te r fa c e .  T h e s e  a d s o r b e d  f i lm s  
p r o v id e  th e  s y s te m  w ith  th e  p ro p e r ty  th a t  d is t in g u is h e s  f o a m in g  fro m  
n o n f o a m im g  s y s te m s  - th e  a b i l i ty  o f  th e  fo rm e r  to  r e s is t  e x c e s s iv e  lo c a l iz e d  
th in n in g  o f  th e  la m e l la e  s u r r o u n d in g  th e  b u b b le s ,  w h i le  g e n e ra l  th in n in g  o f  th e  
la m e l la e  p ro c e e d s .

F o a m  s ta b i l i ty  is  im p o r ta n t  in  th e  e f f e c t iv e  r e m o v a l  o f  a  s u b s ta n c e  b y  
fo a m in g  te c h n iq u e s .  M a n y  fa c to rs  a f f e c t  fo a m  s ta b i l i ty  s u c h  a s  c a p i l la r y  
e f f e c ts ,  h y d r o s ta t ic  s ta b i l i ty  o f  fo a m s , b u b b le  s iz e , t e m p e r a tu r e  v a r ia t io n ,  
b u b b le  l i f e t im e s ,  g a s  d e n s i ty ,  p H  a n d  c o n c e n t r a t io n  o f  e le c t r o ly te  in  s o lu t io n  
( C la r k e  a n d  W ils o n ,  1 9 8 3 ).

2.7 Previous W orks

D e  B ru y n  (1 9 5 5 )  s tu d ie d  th e  r e la t io n s h ip  b e tw e e n  th e  f lo a ta b i l i ty  o f  
q u a r tz  in  v a c u u m  f lo ta t io n  a n d  th e  a d s o r p t io n  d e n s i ty  o f  d o d e c y la m m o n iu m  
a c e ta te .  In  th is  s tu d y ,  g r o u n d  q u a r tz  w a s  u s e d . T h e  q u a r tz  p a r t ic le  s iz e  w a s  le s s  
th a n  100 m e s h  f ra c t io n .  I t w a s  fo u n d  th a t  th e  in c ip ie n t  d o ta t io n  o f  q u a r tz  to o k  
p la c e  a t  a  s u r f a c e  c o v e r a g e  o f  5 -6  %  o f  c o m p le te  m o n o la y e r  o f  D A A  a t a b o u t  
n e u t r a l  p H .

G a u d in  a n d  F u e r s te n a u  (1 9 5 5 )  s tu d ie d  q u a r tz  d o ta t io n  w ith  a n io n ic  
c o l le c to r s .  In  th is  s tu d y , th e  g r o u n d  q u a r tz  p a r t ic le  s iz e  w a s  th e  4 8 /6 5  m e s h  
f r a c t io n  a n d  a n io n ic  c o l le c to r  w e re  s o d iu m  c h lo r id e ,  s o d iu m  n i t r a te ,  s o d iu m  
h y d r o x id e ,  h y d r o c h lo r ic  a c id ,  s o d iu m  la u ra te ,  s o d iu m  o le a te ,  b a r iu m  n i t r a te  a n d
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a lu m in u m  n it r a te .  T h e  r e s u l t  s u g g e s te d  th a t  th e  fa c to rs  c a u s in g  io n s  to  a d s o r b  
o n  q u a r tz  a re  p H , io n ic  s tr e n g th ,  a n d  th e  v a le n c y  o f  th e  io n s .

B a ll a n d  F u e r s te n a u  (1 9 7 1 )  s tu d ie d  th e r m o d y n a m ic s  in  th e  a d s o r p t io n  
b e h a v io r  in  th e  q u a r tz /a q u e o u s  s u r f a c ta n t  s y s te m . In  th is  s tu d y ,  th e  g ro u n d  
q u a r tz  p a r t ic le  s iz e  w a s  a g a in  th e  4 8 /6 5  m e sh  f ra c t io n . T h e  s tu d y  w a s  to  
d e te r m in e  th e  e f f e c t  o f  t e m p e r a tu r e  o n  th e  s u r f a c ta n t  a d s o r p t io n .  It w a s  fo u n d  
th a t  th e  m e a s u r e d  e f f e c ts  m u s t  b e  d u e  to  c h a n g e s  o c c u r r in g  a t ,  o r  a s s o c ia te d  
w ith ,  b o th  th e  s te rn  p la n e  a n d  th e  s h e a r  p la n e .

T a k e d a  a n d  U su i (1 9 8 6 )  s tu d ie d  a d s o r p t io n  o f  d o d e c y la m m o n u im  io n  o n  
q u a r tz  in  r e la t io n  to  its  f lo ta t io n .  In  th is  s tu d y , n a tu ra l  h ig h  g ra d e  q u a r tz  w a s  

g r o u n d  to  h a v e  a n  a v e ra g e  s iz e  le ss  th a n  10 p m . It w a s  fo u n d  th a t  a t  p H  5, 
c o m p le te  f lo ta t io n  o f  q u a r tz  r e q u ir e d  th e  a d s o rp t io n  d e n s i ty  o f  D A A  o f  o n ly  
a b o u t  1 %  s u r f a c e  m o n o la y e r  c o v e ra g e ,  w h i le  a t p H  9 .8  th e  c o m p le te  f lo ta t io n  
o f  q u a r tz  r e q u i r e d  th e  a d s o rp t io n  d e n s i ty  o f  D A A  to  b e  m o re  th a n  th e  
e q u iv a le n t  o f  m o n o la y e r  a d s o rp t io n .

F a n  et al.{ 1 9 9 6 ), s tu d ie d  a d s o r p t io n  o f  a lk y l t r im e ty la m m o n iu m  
b r o m id e s  o n  n e g a t iv e ly  c h a r g e d  a lu m in a .  In  th is  s tu d y ,  a lk y l t r im e th y l  
a m m o n iu m  b r o m id e s  (d o d e c y l t r im e th y l - ,  te t r a d e c y l t r im e th y l - ,  a n d  
c e t r y l t r im e th y la m m o n iu m  b r o m id e )  w e r e  c a t io n ic  s u r f a c ta n t  a n d  s o l id  
n e g a t iv e ly  c h a r g e  w a s  a lu m in a  in  a q u e o u s  p h a s e .  C a t io n ic  s u r f a c ta n t  a n d  
a lu m in a  w e r e  u s e d  fo r  s tu d y in g  a d s o r p t io n  a n d  f lo ta t io n  a t  pFI 10 a n d  a t  a  
c o n s ta n t  io n ic  s t r e n g th  o f  0 .0 3  M  N a C l.  In  th is  c a s e ,  o n ly  th r e e  d is t in c t  r e g io n  
w e r e  o b s e r v e d ,  r e g io n s  I , I I ,  a n d  IV  in  th e  a d s o r p t io n  is o th e rm . T h e s e  s e e m e d  
to  la c k  a d s o r p t io n  r e g io n  III (b u t  s t il l  e x is t) .  T h e  e x is te n c e  o f  r e g io n  III  in  th e  
p r e s e n t  s y s te m  c a n  h e n c e  b e  c o n c lu d e d  in th e  b a s is  o f  f lo ta t io n  e x p e r im e n t .  
T h e  d i f f ic u l ty  in  d e te c t in g  it f ro m  th e  a d s o r p t io n  is o th e r m  is  p ro b a b ly  th e  r e s u l t  
o f  s im i la r  s lo p e  fo r  r e g io n  II a n d  I II . A c c o r d in g  to  th e  o r ig in a l  fo u r  r e g io n  
m o d e l ,  r e g io n  III s h o u ld  h a v e  a  s m a l le r  s lo p e  th e n  re g io n  IF  In  r e g io n  II, 
a d s o r p t io n  is  f a v o re d  b o th  b y  th e  s t r o n g  e le c t r o s ta ic  in te r a c t io n  b e tw e e n  th e
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h e a d  g ro u p  a n d  th e  h y d ro p h o b ic  a t ta c t io n  b e tw e e n  th e  ta i ls .  In  r e g io n  III , o n ly  
th e  la t te r  a t t r a c t io n  e x is ts  w ith  e le c tro s ta t ic  r e p u ls io n  b u i ld in g  u p  a s  a d s o r p t io n  
c o n t in u e s .  F o r  th e  t r a n s i t io n  b e tw e e n  re g io n  II a n d  III is n o t p r e c e p i t ib le  o n  a  
c o n v e n t io n a l  is o th e rm , w h ic h  im p lie s  th e  p re s e n c e  o f  s im i la r  fo rc e  fo r  
a d s o r p t io n  in  th is  r e g io n . T o  a c c o u n t  fo r th is ,  th e  h y d r o p h o b ic  a t t r a c t io n  in 
r e g io n  III is p r o p o s e d  to  b e  m u c h  s t r o n g e r  th a n  th a t  in r e g io n  II so  a s  to  o f f s e t  
th e  e le c t r o s ta t ic  a t t r a c t io n  in  r e g io n  II . A  p e n e t r a t in g  a r c h i te c tu r e  w i th  h e a d - in  
a n d  h e a d - o u t  o r ie n ta t io n s  in  th e  a d s o rp t io n  la y e rs , r e s u l t in g  in  a  s t r o n g  
h y d r o p h o b ic  in te r a c t io n  in  re g io n  II I , is p r o p o s e d  to w a r d  th is  p u r p o s e d .  T h is  
w a s  a t t r ib u te d  b y  th e  a u th o r s  to  th e  lo o s e  a n d  in te r p e n e t r a t in g  s o l id  s t r u c tu r e  in  
th e  c a s e  o f  th e  a n io n ic  a m in e /p o s i t iv e ly  c h a r g e  a lu m in a  s y s te m .
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