CHAPTER II

THEORY AND LITERATURE REVIEW

2.1 Structural Features and Behaviorjof Surfactants [5]

Surfactant or surface-active age cteristic molecular structure

hydrophobic (lyophobic) guou] v ical st grouping suitable as the
hydrophilic and hydréphobi€ pértions of ctant le, which vary with the

charged, such as alky[Ben cne B Cationic surfactant is a

surfactant molecule whgse polar group 1sqgos1t1ve charged, such as quaternary

ammonium cﬁ%ﬁ@)ﬂlﬂ% ‘%) wxﬂ@ﬂ ?urfactant molecule

whose polar grﬂ'llp contains both negatxvely and Qamvely charged‘groups such as
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whose olar group is not electrically or no appear ionic charged, such as
monoglyceride of long-chain fatty acid (RCOOCH ,CHOHCH,OH).

Surfactant monomer is a single molecule of surfactant and at sufficiently

concentration in solution, monomer or surfactant molecules will nucleate to form



aggregates called micelles. This process is called micellization that is illustrated in

Figure 2.1.
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certain size within a second, immiscible liquid. Two immiscible, pure liquids can not

form an emulsion. For a suspension of one liquid in another to be stable enough to be
classified as an emulsion, a third component must be present to stabilize the system.

The third component is called emulsifying agent and it is usually a surface-active



agent. An emulsion can be distinguished among three different types of emulsions
based upon the size of dispersed particles as [5].

1. Macroemulsion

2. Microemasion

3. Miniemulsion

aqueous phase (W). The g water is a continueous or
outer phase. O/W emulsigh ents that are more soluble
in water than in the o1l ph@sesw Stead W / re produced by emulsifying
agents that are more so le C if .'_. ‘

Microemulsion is" trafisp _ﬁ}l ining two immiscible liquids
with particles of 10-100 nm (0.0150:— er. They differ markedly from both
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macroemulsion and I:‘memulalon gecausé these s age"dependent upon intense

water-in-oil  (W/O) et‘glsion,' or aspect ofmnicroemulsion remains

controversial, such as thefnature of the interfage’(discrete or bicontinuous) between the
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whether they contam one type of dispérsed particle emmicelle, or more/ Fig 2.2 shows
types afaﬂo’gﬂa ﬂxnjam uiﬂ ;:)] ’g nﬂ;;lia a)erature for
nonionic surfactants The three-phase system of microemulsion consists of middle
(surfactant) phase, a nonpolar phase (O) and an aqueous phase (W). If the
concentration of surfactant is increased, the middle phase incorporates both the O and
W phases into a single (microemulsion) phase or type-IV microemulsion. For nonionic

surfactants, when the temperature increased, its solubilization of nonpolar material O



increases due to increase of dehydration of nonionic surfactant chain and increases the

lipophilicity of the surfactant.
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Figure 2.2 Schematiciagra L I1L 11, and IV microemulsion [7]

Further increase in tempera 1¥€, -2 NoNi %-\:.-. ur : becomes more dehydrated and
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surfactant chain, incren eﬂinity of the cloud point of

the nonionic surfactants Iimcelles together w1th solubilized material separate into three
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increased, the g'}stem becomes a s?gle phase as shown in Flgub 2.2. For ionic
="
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consequ‘:nt reduction of the electrical interactions of the ionic head groups can cause
the surfactant to change from hydrophilicity to lyophilicity. With increasing salinity
such systems may show changes in phase, solubilization and interfacial tension the
same way as nonionic surfactant with temperature change.

Miniemulsion is blue-white semiopaque emulsion of 100 -400 nm (0.1-04 pm)

droplet size. The emulsifiers are a mixture of an ionic surfactant and a cosurfactant,



where the latter is generally a long-chain alcohol. The chain length of the cosurfactant

is at least 12 carbons, in contrast to the considerably shorter length used in

microemulsion.

2.3 Wax Emulsion and Emulsifier

A wax emulsion may be defined as a stabilized dispersion of solid wax

W mulsifiers stabilize the dispersion or
emulsion. Although, wax h ' h as water repellency, it is solid

at ambient temperature w : ace. On the other hand, wax

emulsion flows at ambiern nperajure land is eas use. Wax is naturally water

particles in water. A certain chemi

immiscible. It is necessag wax dispersed in the water
phase. Emulsifiers or su art a charge or polarity to
the surface of the wax paticlg ¢ wax particles when come
into contact or prevent agg L he water phase but remain
dispersed as discrete particlgs. Emuii] ot osen to give either negative or
positive charges to the pértic{j?_é%gj is applied across a dispersion of
negatively charged&uilx partigfég::’ t"ﬁéy\;ﬁﬂ flow to angde. Such a dispersion or

cathode and the dispe@m is catio ype of an aulsiﬁer however does not

impart a charge but sufrounds the wax patticle with polar groups. An electrical
A

potential Will%\ulﬂ@tm ﬂﬂlﬁrﬂﬂ ﬂ i called a nonionic

dispersion. Obviously, anything with upsets or chianges the electricdl balance will
cause& ﬁaﬂas\iﬂgﬁnm ﬁJ ﬂ@g i EJ ;laﬂlg-l

/q\nionic emulsion, the surface-active portion of the molecules bears a negative
charge, such as alkylbenzene sulfonate (RC,H SO, Na") though stable in alkali (high
pH) condition, is not stable in an acidic condition where the pH below 7. They do not

have excellent shear stability, can be stabilized over relatively long periods of time,



and have a tendency to foam with even mild agitator, but are not tolerant against
electrolytes and hard water.

Cationic emulsion, the polar portion bears a positive charge, such as salt of
long-chain amine (RNH , CI"), quaternary ammonium chloride(RN(CH3)3+Cl') which
are acid stable, will break in alkali condition at pH greater than 7. At relatively low
viscosity, they display good stability in hard water and have only moderate stability

against electrolytes.

Nonionic emulsion, apparent ionic charge, such as

monoglyceride  of fltty —aeid= (RCOOCH ,CHOHCH,OH),

2.4 The Counterion of Ionic Surfactants : Degree of Binding to the Micelle
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the greater the degree of binding of the counterion. The surface area per head group,

valence, and

decrease with increase the length of the alkyl chain of the surfactant and increase with

increase in the bulkiness of the head group.
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Figure 2.3 Schematic diagram of wax emulsion manufacture
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2.5 Effect of Electrolyte on Surfactant Solubilization

Addition of small amount of neutral electrolyte to a solution of ionic surfactant
appears to increase the extent of solubilization of hydrocarbon that are solubilized in
the inner core of micelle [8] and to decrease that of polar compounds that are

solubilized in the outer portion of the palisade layer. It can be explained due to neutral

electrolyte decrease the repulsion between the similarly charged ionic surfactant head
group, thereby decrease the crific: W oncentration (CMC), increase the
aggregation number and vol micelle. ase in aggregation number of the
micelles presumably resulfs i crease in@ solubilization in the inner
core of the micelle. Ty - ’ ioni

closer packing of the Eculehi 5! er and results in decrease

micelle. For noniontefsurfactants the eff e increase appears to depend

on the nature of solubilizate. Nonpolar materials are sollﬂilized in the inner core of

micelle, appea (T;ogj;li iﬂwg W tEjp@T‘fT fﬁraised, the increase
pidatthe ?l a
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In the destabilization, such as two-phase emulsion goes through several

consecutive and parallel steps the final stage of separation layer is reached. The first
step, the droplets move due to diffusion or stirring and if the repulsion is too weak,
they become aggregated to each other, flocculation has taken place. The single droplets

are now replace by twins (or multiple) separated by a thin film. This step is important
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because the stabilization process now passes from the realm of particles in random
motion in a medium to describe the phenomena in a thin liquid film of colloid
dimensions. The thickness of thin film is reduce due to the van der Waals attraction,
and when a critical value of its dimension is reached, the film bursts and the two

droplets unite to a single droplet. Coalescence is occurred. Figure 2.4 shows that the

destabilization of an emulsion passes through the several stages, flocculation,

‘ ’p/separation is occurred.

_..‘

coalescence and creaming before the

distribution

Creaming
!
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continuous phase. This process is enhanced by the fact that larger droplets or
aggregates move faster through the medium; in dilute suspensions, the velocity is
proportional to the square of the radius. As consequence, lager droplets pass the

smaller ones, causing sedimentation-induced flocculation. The final result is a highly

concentrated emulsion at the top or bottoms of the container and the increased number
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of droplets per volume increase the flocculation rate in the most decisive manner. The
flocculation and coalescence process lead to larger and larger droplets until finally a

phase separation has occurred.

2.8 Literature Reviews

Many work of wastewater treatment is interested at the presence, especially

|

wastewater from oil industries. T f/ he oil removal is consisted of physical
it electrolyte, cationic and anionic

@ Other work used surfactant

separation and chemical trea
polymer and consequently 0i

in a froth flotation proc

used to break the emulsion and ag.}eﬁﬁo '_—_l P QL-Z-E-2706) was used to enhance
i T —

as a coagulant. Thefexperiments, jar re-performed for selecting

chemical type, dosagmnd treatent conditions. Batch ﬂ(ing tank experiment was
conducted afterst ‘}')1 i ﬁf j ,.'1 ts showed that the
effluent O/Gﬁauﬂﬂon Otjﬂﬁo 2ﬂﬂor ﬂiolymer system and
from ~forsa si . i 'm’;ﬁﬂé/ ccurred in a
relatixﬂjﬁz:)i/ag ﬂﬁm;reﬁ‘:]m K equ ire] :Elgle cationic

polymer. Both dual polymer and single cationic polymer systems were sensitive to pH,

however, the dual system was more sensitive.
Benito et al. [12] studied integrated process for the removal of emulsified oils
from effluents in the steel industry. The researcher investigated two-staged treatment

of emulsified oils. The process consist of either a coagulation or flocculation stage
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removed the oil layer and followed by treatment of resulting water phase by
ultrafiltration. Two types of emulsified oil studied were Qaukerol that is water
miscible oil and Tinol which is an animal fat and becomes solid at temperature below
30°C. Inorganic flocculants were DK-1014 and DK-1018 and contained prehydrolyzed

aluminium salts. Organic flocculant, N-7723, which contains ZnCI2, CaCl2, and

NaOH in its formulation, was a quaternary polyamine. Ultrafiltration membranes were

0) leaded to destabilization of

ﬁnot effect the suspension. The
——

flocculant N-7723 gave be /than' the inorganic gompound. The addition of
NaOH in the integrated f th nt.gave 90% oils removal and
75% COD. The treatme --; : DK-1014 flocculant and
subsequent ultrafiltratio dd fre; § | gave the COD values exceed

en the effluents were treated at

o Lty
60 °C. In contrast COD value btained or N=77. robably due to the presence of

B
an excess flocculant dissolving if-w: =
A
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Pondstabodﬁaet al. [13] studi “d"éﬁ" 1¥'ion formation on cleanup

of oily wastewater By froth flotati lorobenzene was used for

studies the efﬁciencyB oil remova Dy batc@roth flotation experiments.

Three types of surfactanf, s9dium dodecyl stilfate (SDS)]:odium salt of mono- and
[ ‘ ) L | L
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and NaCl as electrolyte were used” for study migroemulsion phasé behavior. The
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from the phase boundary measurements. The removal of oil increased with increasing

dihexadecyld

salinity, decreasing oil/water ratio and increasing surfactant concentration. The
percentage of oil and surfactant removal tends to increase with decreasing oil to water

ratio.
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Wungrattanasopon et al. [14] used foam flotation to remove tert-butylphenol
from water. Cetyl pyridinuim chloride (CPC) and sodium dodecyl sulfate (SDS) were
used for adsorptive a bubble flotation processes in batch mode to remove tert-butyl
phenol (TBP) from water. The percentage of TBP removed showed a maximum
around the critical micelle concentration (CMC) with SDS as the collector and

maximum at a concentration a little lower than CMC with CPC as the collector.

Phoochinda [6] studied rem !«t
AL
flotation. A mixture of sodiuk‘@;
=
(EO),,) were used for Wroedllm

(ODCB). The effect of N

Isified oil from wastewater using froth

and nonylphenol ethoxylate (NP
n of ortho-dichlorobenzene
hase system has been studied

and showed that addi ed ODCB removal. The
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system. The emulsmgi a mixture of | he;ﬁanMa;ﬁ

ized by sodium bis (2-

d phases in Winsor I

arp

system. For up to 0. Og M NaC ing rate decréase with salt concentration,

with no Vis}bﬁlij()f cbaldscence. Above 01035 M NaCl and a proaching the phase
S NN NS
coalescence become ﬁrecmble At‘hl h NaCl cofieentration, due fhdinly to the low
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significant, flocculation occurred which lead to coalescence instability.

inversion sal uite markedly and

Paton et al. [16] studied colloidal flocculation of micellar solution of anionic
surfactants. They reported that a-olefin sulfonates C ,€ ,, (AOS) and laulyl sulfate
(SDS) micellar solution was flocculated at the present of AT’ ions. The concentration

of AL,(SO,), are 0.035 M for AOS, and 0.023 M for SDS lead to flocculation of
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surfactant micelle. SDS micelle was flocculated faster than AOS micelle. The behavior
of AOS and SDS micellar solution were precipitated in the present of cation, following
a mechanism by which initially cation bind themselves to the micelle surface. A higher

cation concentration unbound cation precipitate with surfactant monomer.
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