CHAPTER 11

THEORY AND LITERATURE REVIEW

2.1 General structural features \l

A surfactant (a contractio tlve agent) is a substance that,

when present at low concenma syﬂem perty of adsorbing onto the
surfaces or interfaces of € systet | of al e\%ked degree the surface or

interfacial free energies of stiface ' interfaces). The term interface indicates a

Surface-active agefits have a ¢ eristic 1 structure consisting of a
structural group that has very li fo known as a Iyophobic group,

together with a group that has stron
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This is known as an anﬁhlpathlc stl‘uC&ire V9 A gt

e act;(e agent is dissolved in a
solvent, the presence of the tyophobic @ n the interios the solvent may cause
distortion of the solvent ;\;jui&_'s acture, increasing the ee@ergy of the system. In an
aqueous solution of a sq,rf tant this dlst n of the water by the lyophobic
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system when it is &Lsolved means that less work is neged to bring a sxﬁglctant molecule
o v WS GR T BN e e
Since less %vork is now needed to bring molecules to the surface, the presence of the
surfactant decrease the work needed to create unit area of surface (the surface free energy
per unit area, or surface tension). On the other hand, the presence of the lyophilic
(hydrophilic) group prevents the surfactant from being expelled completely from the
solvent as a separate phase, since that would require dehydration of the hydrophilic group.

The amphipathic structure of the surfactant therefore causes not only concentration of the
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surfactant at the surface and reduction of the surface tension of the water, but also
orientation of the molecule at the surface with its hydrophilic group in the aqueous phase

and its hydrophobic group oriented away from it [S].

2.2 Type of surfactants

The chemical structures of groupi suitable as the lyophobic and lyophilic
portions of the surfactant molecu@ of the solvent and the conditions
of use. In a highly polar solv wags' 1c group may be a hydrocarbon

or fluorocarbon or silox

andﬂr-—r pe len%j‘a less polar solvent only
some of these may be s er, ionic or highly polar

groups may act as lyop

may act as lyophobic

The hydrophobiC group is usually a -v— parbon residue, and less

ane;-the hydrophillic group is an
ionic or highly polar group. Dependmg on the nature of the hydrophilic group, surfactants
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1. Anionié) The surface-active })ortlon of the molecule bears a negatlve charge,
RN THHR T TR
2. GCationic. The surface-active portion bears a positive charge, for example,
RNH;CI’ (salt of a long-chain amine), RN(CH3)3+C1' (quaternary ammonium chloride).
3. Zwitterionic. Both positive and negative charges may be present in the
surface-active portion, for example, RN+H2CH2COO' (long-chain amino acid),
RN'(CH,),CH,CH, SO, (sulfobetaine).



14

4. Nonionic. The surface-active portion bears no apparent ionic charge, for
example, RCOOCH,CHOHCH,0H  (monoglyceride of long-chain fatty acid),
RCH,(OC,H,) OH (polyoxyethylenated alkylphenol).

2.3 Properties of surfactant

2.3.1 Surface tension

The tension acting in gsase directed towards the interior of
the phase is caused by intermoie 7 ' i he molecules at the surface and

those located the surface. ion at the interface between

two phases.

e of the most commonly
measured properties o s iti ince it depends directly on the
replacement of molecules . les of surfactant

quid have potential energies greater than
those of similar molecules id. This is because attractive
interactions of molecules at the smjager.;\yn? e interior of the liquid are greater
than those with the ed m ase. Because the potential
energies of molecules at the interior of the phase, an

amount of work equal to thls dlfference in potent1a1 energy must be expended to bring a

molecule from ﬂrﬂcﬁ]ﬂﬁ: ﬁﬁ WW %j ﬂeﬂ ﬁ unit area, or surface

tension, is a measiire of this work; it 1s the memum amount of work requlred to bring
R TN e ﬁ‘lﬁ‘ YT B Ao
more corréctly thought of as a surface free energy per unit area, surface tension is often
conceptualized as a force per unit length at a right angle to the force required to pull
apart the surface molecules in order to permit expansion of the surface by movement into

it of molecules from the phase underneath it.
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At the interface between two condensed phases, the dissimilar molecules
in the adjacent layers facing each other across the interface also have potential energies
different from those in their respective phases. Each molecule at the interface has a
potential energy greater than that of a similar molecule in the interior of its bulk phase by
an amount equal to its interaction energy with the molecules in the interior of its bulk
phase minus its interaction energy with the molecules in the bulk phase across the

\x\///

If we now a em of 1b1e phases (e.g., heptane and

wtween them, it will orient
D toward  (hewwater and the hydrophobic

water and/or heptane

water), a surface-active age
itself there, mainly with

group toward the hepta

molecules of the original iferface the inie i i | ACTOSS \'é*herface is now between the
hydrophillic group of the s ang a d e side of the interface and
between the hydrophoblc group 0 e ne on the other side of the
interface. Since these interaction > er than the original interaction
between the highly dissimilar he';gp?jm molecules, the tension across the

of molecules that are non, - 10N by surfactants at the air-

is similar in many respects to inteffacial tension reduction at

the heptane-aque;

Measur@ m Z] ﬁ l\c‘:xg tension g liquid system is
accomplishe dily, ﬁ ﬁ precise for
solutionﬂmﬁ Qﬁilgge grjom[mg t n lmy plate methods An

excellent discussion of the various methods for determining surface and interfacial

aqueous solution interface

tension is included in the monograph on emulsions[5, 6].
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2.3.2 Critical micelle concentration (C.M.C.)

A property of surfactants that may be as fundamental, and certainly is as
important, as their property of being adsorbed at interfaces. This property is micelle
formation - the property that surface-active solutes have of forming colloidal-sized
clusters in solution. Micelle formation, or micellization, is an important phenomenon not

only because a number of important i ial phenomena, such as detergency and

solubilization, depend on the existence of olution, but because it affects other

interfacial phenomena, such ass ion reduction, that do not directly

involve micelles.

Almost the properties of surfactant

solutions (actually, so eir bulk properties were

unusual and indicated

smoothly decreasing curve chamté@m-

S e

unit charge of the matenal 1n solution, is 1nterpreted as evidence of the formation at that

point of mlcellﬁxﬂﬂsjmas%(ﬂ%ﬁew ﬁ{]am part of the charge of

the micelle neutralized by associated countenons

QW’]Mﬂim UAIINYIAY
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N3 B~ {nonsurfactant electrolyte)

Equivalent conductivity

Figure2.1 Plot of'eg ‘ onductivity versus ( normality of

solution) ' fof and solution urfactant of type Na'R.

micelle concentration (C. f imilar, breaksin ‘al ,‘: every measurable physical
property that depends on size er-of pattieles in solution are shown by all types of

surfactants - nonionic, anionic, catioaie. yitterionic in aqueous media.

The d,ef minal : of the CIM.C. can be made by use of any

egtrical conductivity, surface

tension, light scattering,B refractive 1centration c-@ves have been used for this

purpose. Critical micelle coneentrations have also very frequently been determined from

the chango n m%uﬂa’rltm H3 P& dlkodre surtctant somtion

when the C.M.C. of the latter is reaclied. However this method is opeén to the serious

s be Rl d koo e e bkt EMEC
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2.3.3 Detergency
The term detergency, as used to describe a property of surface-active
agents, has a special meaning. As a general term, it means cleaning power, but no
surfactant by itself can clean a surface. The term detergency, when applied to a surface-
active agent, means the special property it has of enhancing the cleaning power of a
liquid. This it accomplishes by a combinv of effects involving adsorption at interfaces,
wil

alteration of interfacial tension }xlmﬁcation, and the formation and

dissipation of surface chargeéi ' 4

—

7 ‘
MechaniSts ' i

Three elément§ sent indg ing process : (1) the substrate

(the surface that is to b

is to be removed from the

The difficulty d@d@ng 2 unifié hanism for the cleaning process

lies in the almost infinite varletyﬂm‘i’f&fu';( two elements, the substrate and the soil. The
ike that of a glass plate to a
soft, porous, complex surfac ytton ﬁwbol yarn. The soil may be

liquid or solid, ionic or n(?pola.r finely or coarsely ground, inert or reactive toward the

cleaning bath. ﬂ a‘ﬁﬁo{}%ﬂ%ﬁg cngaﬂaﬂﬁsous there is no one

single mechanismof detergency, but a el;umber of dlfferent mechanisms, dependln g on the

@ RGN FOHU PR P e e

collectivély called the detergent, in the cleaning liquid. Except in the bath is water.
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In general, cleaning consists essentially of two processes:
(1) Removal of the soil from the substrate.
(2) Suspension of the soil in the bath and prevention of its redeposition.
This second process is equally as important as the first, since it prevents

redeposition of the soil on another part of the substrate.

ope ie@ﬂts that are directly related to

—
micelle formation is solubilization.- Solubili defined as the spontaneous

dissolving of a substance«s interaction with the micelles

of a surfactant in a so le isotropic solution with

. Although both solvent-

as the formulation o aﬂ ducts cont: ingredients, where it can
|

replace the use of orgaric solvents or cosolvents; in detergency, where solubilization is

believed to be ﬂeﬁ Ei‘ %waﬁwﬂ ﬂ1 ﬁ ?oval of oily soil; in

micellar catalysisjof organic reactions; ;n emulsion polymerization, where it appears to be
= e/

R T AN T I H TN TR e

or analytical purposes; and in enhanced oil recovery, where solubilization produces the

ultralow interfacial tension required for mobilization of the oil.
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2.4 Sulfonation of aromatic compounds

The sulfonation of aromatic compounds can be handled with oleum, sulfuric acid
or gaseous sulfur trioxide. The sulfonate group is introduced into the benzene ring
primarily in the p-position. The process may be operated either as a batch or continuous
process.

The detail mechanism of sull onation is a type of electrophilic aromatic

substitution. Aromatic sulfonation plac: s 2 sulfoh: oup (-SO,H) onto the benzene ring.

It accomplishes this by the use 0 sulfur triox: >presence of sulfuric acid (Figure

(a)

+ HO
2

ARTAINTANNINGIA

Figure 2.2 Reaction of Aromatic sulfonation of benzene.
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Sulfur trioxide gas is dissolved into concentrated sulfuric acid at 20% to give what
is called "fuming sulfuric acid" which earns its name by billowing out white plumes of
smokey SO, fumes when the bottle is opened. The sulfur trioxide (SO,) serves two
purposes. It acts first as the sulfonating agent, and it prevents the unfavorable reversible

of this equilibrium by reacting with and effectively removing the water product thus

72

--,,.—-‘JSO

The sulfonation mplished without the sulfur trioxide by using excess
£ 71 NN

driving this equilibrium to the right.

sulfuric acid (Figure 2. act as a dehydrating agent

absorbing the water an equilibrium. This is not as efficient

as the sulfur trioxide so t

The reaction mechanism i -r presen ¢ sulfur trioxide differs by that of

excess concentrated sulfuric acid i e mechanism shown in Figure 2.3

below is not necessary.-aid-the-imechanisin-begins-essentially with step 2. In both
v, Vo P

environment the SO, is ﬁ) : st@Z in Figure 2.3) [7].
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1. H-O-SO3H e H-O-SOaH ES SO3 s H3O+ o HSO4_

A A

SO~ | SO_H
3 3

ﬂuaqwawswa' 5
ﬁmnimn Ao

Figure 2.3 The reaction mechanism of aromatic sulfonation



23

The sulfonation can be carried out as a batch or a continuous process. The main
variables, which are likely to have a significant effect on the quality of the product are

1. The ratio of sulfonating agent and alkylate

2. Sulfonation temperature

3. Reaction time ( a combination of addition time and digestion time for batch

process) [7,8].

Table 2.1 Suggested sulfonz

Sulfonating Quantity Digestion Time

Reagent Reag 4 peratur Temperaty (mins.)

Molar
Gaseous SO, 5-20
22.5% oleum 90
98%H,SO, 180-210

AU INENINYINS
RIANIUNRIINYAY
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2.5 Literature Reviews

Chakradhar D. [9] invented the new ether type condensation reaction products
prepared from phenol having unsaturated and /or saturated hydrocarbon substituents on
the nucleus, such as those present in the cashew nut shell liquid group. According to the
present invention, non-ionic surface acti ygents are produced by incorporating an

alkylene oxide for example ethy oxide or the like in the hydrophobic

long chain phenols which

ed,’y I% of cashew nut shell liquid,

Bhilawan Shell liquid t of alkylene oxide may be

between 80 and 200
nitrogen. The catalyst

organic bases and the li

Dohhen K. C. [10] i od the 1 s'for preparation of sulfurized calcium

k .
distilled CNSL is rea: -f:_.-..;_::..;...--:; -------------------- the presence of promoters to

obtain a reaction mixturﬁ The reactio sub ecteﬂo the step of carbonation to

obtain basic sulphurized cglcium phenate. Suc&} calcium phenate is added to lubricating

mwmm%%ﬂ%%ﬂﬂﬁﬂﬂﬂﬂﬁ
VAR TSI LG B

liquid byqsulfonatlon using chlorosulfonic acid. Then it was followed by neutralization

with sodium bicarbonate to give cardanol sulfonate in 61.34% by mole.
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