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lio or lyo - oil, solvent
hydro - water

philic - of finity
amphi — both
logy — science lipo - oil

pathic - love Rheo - fluidic
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e Surfactant Definition
(Surface Active Agents)

e Surfactants:

« compounds that lower the surface tension (or interfacial
tension) between two liquids, between a gas and a liquid, or

between a liguid and a solid.

« Surfactants may act as detergents, wetting agents,
emulsifiers, foaming agents, or dispersants.

 a substance which tends to reduce the surface tension of a
liquid in which it Is dissolved
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Surfactant structure

All surfactants are characterized by

having two regions in their molecular ".

structure: s, g
A) a hydrophobic group, such as a H-C-N
hydrocarbon chain, that has no affinity H=C-H Non-polar “R" Group
for aqueous solvents H-C-H  (Hydrophobic)
B) a hydrophilic group that has an . il

H-C~H

affinity for water. %
A molecular or ion that possesses this ‘ w o PolarGroup
type of structure is termed amphipathic (Hydrophilic)

(amphiphilic).
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Hydrophilic or polar moiety known as head

Hydrophobic or non polar moiety known as tail
:?S'A CM\ jJ
hydrophilic group(water loving , lyophobic, solvent hating)

hydrophobic group (water hating , lyophilic, solvent loving)




4

=
=

02)) P leaw

o Jlad Jal e (s laLu al 53

G.Lud\.zﬁ&.q\.c _x.::;\_.\muﬁﬁg‘eq;&}mjﬁwdﬁ@bué&\aquﬁ-
Sl (i G 5 a8l (6 adbie So LB (s pe Jliale G s AL
bl (ute Gl (Seae AL G g

C'_U\.A.céuLl\u\&.i‘)da}j@@ku&:d\zﬂu.ly\J‘Judyuass&\}e)‘jkﬂo

GlS ) Al ) el Sl g0 S yide Jaad oadan GRS aulgh Al b Guie S0
1A

il aga (90 Js8dg0 SO (Dled pal A 3 AL (5 anaia Gl il e
ol @l 8 93 S yidia Jaad oyl SO ol B ) SO Adied Y gara e




b Guie i 8§ Sl IS
J)Mdmﬂ)d

These molecules preferentially
position themselves at the water-
organic interface due to energetic
effects - they are surface active!

e.g. Stearic Acid: CH3—-(CH,),COOH
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Stirring

. b

35 mN/m 35 mN/m
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_.-Hydrophilic head

‘ Aqueous

solution
- ""Hydrophobic tail

Micell
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Concentration and Locations of Surfactants

MICELLIZATION

< Critical Micelle Concentration

Extremely dil. Dil. solution Solution at CMC
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Surfactants - Surface Active Agents

Definition

~Surface tension:

The molecules at the surface do not
have other molecules on all sides of
them and therefore are pulled inwards.
This creates some internal pressure
and forces liquid surfaces to contract
to the minimal area.

»~Surfactants: are substances that w s SRSSSSSRRRINy
water

absorb to surfaces or interfaces, HEES S S
causing a marked decrease in the

surface tension. %%

surrounding @ "biob™ of oil
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PROPERTIES OF SURFACTANT

2 Wetting

Bad wetting, high Good wetting, low
surface tension, big surface tension, small
contact angle contact angle

By

Contact angle reduction is the key!
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Schematic description of dispersants

PDMA-b-P EMA
Well mixed Poorly mixed »
system system
@ Tall

% @ % w PDMA-b-PEMA-b-PDMA
T A
K

P

Loop
P(DMA-co-PPGA) g
ai

2 Polymer Comb o » *
HO ,, ,,,Ys\c 2Hz

B Surfactant 3
@ -sio

- N ~ H’éy
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PROPERTIES OF SURFACTANT

2 Emulsifying Agent

Oil emulsified
» Surfactants allow us to mix substances of in water

different nature

» Very mportant applications
— Food industry
— Lubricants
- Paints
— Polymerization

- Cosmetics
Repulsion forces
between the head
groups avoid
coalescence of the
droplets
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DEFINITION :

» A plasticizer or softener is a substance incorporated in a
material (usually a plastic) to increase the flexibility,
workability,dispensability.

» It may reduce the melt viscosity, lower temperature of second
order transition or lower the elastic modulus of the product.

» There are more than 300 different types of plasticizers
available.The most commonly used plasticizers are ester like
phthalates, adipates and trimellitates.

Do Sdly ) sie 4 e Jld Jal 5o -6

INTRODUCTION

» A plasticizer is a substance which when added to a material,

usually a plastic, makes it flexible, resilient and easier to
handle.

» They are colorless, odorless liquids produced by a simple
chemical reaction, where by molecules of water are eliminated
from petrochemical products.

» They are not just additives. They are major components that
determine the physical properties of polymer products.
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Schematic description of Plasticizers

Plasticizer
Polymer Chain

Tensile Strength (MPa)

n
o

No surfactant
15 S
Lecithin 5%
10 -
5 1 Span 5%
Tween 5%
0 T T T 1
0 10 20 30 40

Elongation (%)
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/- Foaming agents

A foaming agent is a material that facilitates the formation of foam
such as a surfactant or a blowing agent. A surfactant, when present in
small amounts, reduces surface tension of a liquid, reduces the work
needed to create the foam or increases its colloidal stability by

inhibiting coalescence of bubbles
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(Detergents) o g

PROPERTIES OF SURFACTANT

1 Detergency
= Detergents are surfactants used for removal of dirt.
= Detergency involves
Wetting of the dirt particles
Removing the insoluble dirt
as a deflocculated particle or

as a emulsion (oil soluble material)

* Washing




Detergency (S s)

&
g 777' ITTT‘I’??TTTT???T




4

=
=

Oy P lasw :
(Solubilizers)eaiS Ja mhaw Jlzd sl s -9

* Solubilization is the increase in solubility of a poorly water—soluble
substance with surface-active agents. The mechanism involves
entrapment (adsorbed or dissolved) of molecules in micelles and the

tendency of surfactants to form colloidal aggregations at critical
micelle concentration levels.

Water continuous

W

Gt
4

bicontinuous

Oil continuous
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)
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The mechanism for solubilization

&
B — &

W w

Solubilization is the process of incorporation of the solubilizate
into or onto the micelles.
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Classification of surfactants

Dependent on the molecular composition and the nature of dissociation of
their polar head groups the surfactants are classified as ionic (cationic,

anionic, amphiphilic) or nonionic.

- Low molecular mass surfactants

—> Nonionic
—> lonic

- Amphoteric
- Polymeric surfactants

—> Synthetic
—> Natural
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TYPES OF SURFACTANTS!?

= fonic
a. Anionic
1. Fatty acid salts (“*soaps™’)
2. Sulfates: Sodium dodecyl sulfate (SDS). ammonium lauryl
sulfate. sodium lauryl ether sulfate (SLES)
3. Ether sulfates: Alkyl ether sulfates
4 _Phosphate esters
5. Sulphonates: Alkyl benzene sulphonates
b. Cationic
1. Amine salt
= Alkyl amine salt. Alkyl diamine salt
2. Ammonium Salt
= Alkyl rimethyl ammonium salt
3.Benzalkonium chloride (BAC)
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In an amphiphilic structure there are
groups with opposite properties, one
group that has affinity to water and a
group that has affinity to lipids.

CHY} 2

CH2

In Water

Lipophilic Group Hydrophilic| Group

Counter lon

Nonionic Surfactants

’(‘H_‘CH,- . -Cuzcu,]locmcm nH)

Anionic Surfactants

o

@,(?H,---C.Hz(TH = 080,

Amphoteric Surfactants /———\
(‘H o+
CH,CH,***CH,CH,—+ N—CH,

Cationic Surfactants

CH,CH,*

-CH,CH,

CH:
\ 3
(HH\

— N—( H,

H} /

[
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Non-ionic surfactants

e Polyhydric alcohol:Tween, Span
¢ Polyoxyethylene

¢ Pluronic (Poloxamer)

& Sucrose esters (SE)

Non-lonics: Can be tailored to specific
applications (e.g. detergency, wetting agent,
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1.Nonionic surfactants
Tweens

Spans
Alkylpolyoxyethylenes (|:H3

H,C
H, CaEOm (

XI
w

( CH1 ]w}

H; )z -

C
l
C
I—o I
c|:_ 0
o)
l

~N

(CHECHz(I))H

e o Cth ON—ch,
o\— CH,~CH, ,
(cu._.cu,—/oh...»,. OH/E'J:)H Q?HycH?o]m OCH,CH,+0H
OH

HO—CH;~ CH, OH (O-CH‘,CHﬁ;OH
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2.lonic surfactants

(a)Aniomc i i i i i

CHy+CH,)—CH;~0— s O’ Nd

sodium dodecyl sulfate

(b) Cationic i i i i

°

CH
dodecyl trimethyl ammonium chloride

Diffuse
electric
layer
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Anionic surfactants

Salts of higher fatty acids (soaps)

Sodium dodecyl sulfate (SDS) (Sodium lauryl sulphate (SLS))
(widely used to produce o/w emulsions).

Sodium glycocholate

Sodium taurocholate

Alkylbenzene sulfonates (detergents)

Sodium Oleate:

CH3(CH,);,CH=CH(CH,),COO - Na*

Sodium Dodecylsulphate:
CH3(CH5),,S0O, Na*

Sodium Dodecylbenzenesulphonate:
CH3(CH2)] 1 C6H4SO3_ Na+

Sodium Stearate:
CH5(CH,),,COO Na*
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(b) Betaines

CH, CH,
| _ Hcl |
CHs4CH,) =CH,—N—CH,CO0™ ———>= CH+CH,) =CH,—N"—CH,COOH
n2 3 Z 3 2/p-2 73 2
NaOH |

AMPHOLYTICS:

Dodecyl betaine:
C,5H>sN (CH53),(CH,COO)
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c. Zwitterionic (amphoteric)
1. Quaternary amine group and a carboxyl group containing

surfactant
« Alkyl betaine
« Alkyl imidazoline
2. Quaternary amine group and a sulfonic group containing

surfactant
» Alkyl sulphobetaine

3. Phospholipids surfactant
« Phosphatidyl serine
« Phosphatidyl choline
« Phosphatidyl ethanolamine

4. Carbohydrate-based surfactant
= Alkyl Polyglucoside
« Alkyl Glucamide
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Surfactant type Example Use
Anionic Alkyl sulfates, soaps, Calsoft®, 50 % of overall industrial
Texapon® production, laundry detergent,
dishwashing liquids, shampoos
Cationic Quaternary ammonium salts Used together with nonionic

surfactants but not with
anionic, softeners in textiles,
anti-static additives

Nonionic Ethoxylated aliphatic alcohol, 45 % of overall industrial
polyoxyethylene surfactants, production, a wetting agent in
Triton™ X-100, Span®, coatings, food ingredient
Tergitol™

Zwitterionic Betaines, amphoacetates Expensive, special use e.g.

cosmetics
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Propert|es of surfactants i—i—ﬂ-—arwa er interface

Ve & S

A

+ Critical micelle concentration (CMC)
+ Hydrophile Lipophile Balance (HLB)
H,C
H2

surface lension

HLB =20*M(hydrophilic) /M(surfactant)

C—

O— CH,—CH,
cribical micalle conceniralion
m-2

(CH,CH,—0)
.
HO— CH;— CH,
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INTRODUCTION

Surfactants - behavior

Below CMC

Above CMC

Below the CMC, the molecules are

free, swimming around seeking
areas to attach and forming mono-
molecular layers to (adsorb)

Above the CMC, they form the

mono-molecular layer. When all the
area has been covered they stick to
one another instead, forming the
micelies. The more you add, the
more micelles you form.

The surface tension now does not
decrease with increased surfactant
addition. The micelles form and
disintegrate 1000 times per second

-




Surfactant molecule }Hydrophobic portion
@ Hydrophilic portion

Critical micelle
concentration
(CMO)

=
.
=
E
=
R
w
, =
D
-—
D
(-
(48]
=
-
v

=7 ™=
Surfactant Surface Micelles
at surface saturated formed

Surface

Water at 20 °C

10 100
Concentration (mg/L)
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Micellar Structure and Shape

(a) lonics

inner core — liquid
phase hydrocarbon
Shell

diffuse electric
double layer

(b) Nonionics
inner core — liquid
phase hydrocarbon
Shell
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Shapes of micelles and vesicles

e % -
g’ I “organic

solvent

ellipsoid
cylinder

inverted micelle

Z AW EZZ

planar structure
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MICELLIZATION

Sphencal Rod-shaped or Lamellar

cylindrnical

The structure and shape of a micelle depends on:

Temperature

Concentration

Type of surfactants

Electrolytes

Other water soluble organic compounds (e.g. alcohols)
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MICELLIZATION

STRUCTURE OF MICELLES

Shear
surface

Li (=l=2 S =lanl__

e

cytindrical larmeilar strocture
rmwcoiie

Nmverse Mmiceiic

Blicontinuousrs structusre

Cross section of micelle
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ll. In polar solvent-
The hydrophilic "heads" of surfactant molecules are always
contact with the sequestering solvent and the hydrophobic single
tail regions in the micelle centre called normal micelle (oil-in-

water micelle).

in

Micelle

Fig.- Micelle In Polar
Solvent

Bilayer sheet

e
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A- Osmotic Pressure B-Solubility C- Scattering
D-Surface Tension E- Conductivity

MICELLIZATION

Surfactant molecules
/ accumulate in surface
Iayer

Micelles form at
critical micelle
concentration

Magtude of property

'Og C O 1 /2
c, log c or c* /2

Figure 4.7 TJTypical plot of the sasnfacae Figure 6 .21 Solution properties of an ionic surfactant as o
TRFTSICOR SIGS) IODarIETE -Of " St irtametayk function of concentration, c. A, Osmotic pressure [oagainst
- o = _ ati ool g~ ing = iticad o o - —3- a
et e bl I:‘ncejlloewﬁmé gﬁtf’;'tt"gﬁ c}): B, solubility of a water-insoluble solubilisate fagainst c); |
C., intensity of light scattered by the solution [against c); D,
surface tension [against logc); E., molar conductivity

[against c173).
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Solubility Of Hydrocarbon Derivatives in Water

e Decanoic Acid.....

e Decan sulfoniC ACId....veeeeeeeeeieeeeeeeeeeeeaen,

* Na Decanoic acid
e Stearic acid..........

® N STeAral ..t e e eeeeens

e Sulfonic Stearate

insoluble in water

Solub

y soluble
e in warm water
e in Cold water

e
nle
e in soft water

e in Hard water
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Hydrophile-lipophile balance (HLB)

. Hydrophile-lipophile balance: surfactants contain
both hydrophilic groups and lipophilic groups with
one or the other being more predominant, the
hydrophile-lipophile balance (HLB) number is used as
a measure of the ratio of these groups. It is a value
between 0-40 defining the affinity of a surfactant for
water or oil. HLB value of nonionic surfactants ranges
from 0-20. HLB numbers >10 have an affinity for
water (hydrophilic) and number <10 have an affinity

of oil (lipophilic). HLe

0 10 20
lipophilic == ="2= hydrophilic

-
...
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Calculation of HLB Values of Surfactant
Mixtures

The HLB values of the surfactant mixtures were calculated
according to the following
equation:

(C, x HLB)) +(C, x HLB, )+ (Cy x HLB,). ..

Cro!al

HLBmix =

where C1,C2,C3 are the percent of component proportion and
HLB1,HLB2 ,HLB3 are the HLB
values for the each component (2 3).
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I to 3: Antifoams

3 to 8: Water-in-Oil Emulsifiers

7 to 9: Wetting and spreading agents
8 to 16: Oil-in-Water Emulsifiers

13 to 15: Detergents

15 to 18: Solubilizers
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Surface Tension versus
Temperature & No. of Carbon

. cMmc

Surface Tension
of Water

507
o E—

1 1 1 1 L 1 1 L 1 10-5 104 10-3 10-2 101 100
20 40 &0 20 100 C [mM] '
Temperature (°C) air

water © | 000

adsorbed surfactant

{ . - 60
i micelles




7 Ol Surface Tension vs Number of
Carbon Atom

B 13-6-13
® 13-8-13
A 13-10-13
60 - O v 13-12-13
£
=
=
=
O
D
[
DL 45
(b
(b
SO
S
(78]
30 || I | | | | 1
-5.5 -50 -4 5 -40 -3.56 -3.0 -2.5

log cC
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Surfactant solubility
temperature dependence

.ol 1 1
Surfnciani Conceniration {wi%s)

‘ensiog (M
!LI‘: 2 =2
/\ﬂ
Solubility [mol/kg of H,0]

Carbon number of fatty acid
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Kraft point

Krafft temperature Is defined as the temperature at which
the solubility of a surfactant is equal to the surfactant’s critical
Micelle Concentration (CMC). It is named after German
chemist Friedrich Krafft. Below the Krafft temperature, the
maximum solubllity of the surfactant will be lower than the CMC,

meaning micelles will not form. The Krafft temperature is a point
of phase change below which the surfactant remains iIn
crystalline form, even In agueous solution. Visually the effect of
going below the Krafft point is similar to that of going above
the cloud point, with the solution becoming cloudy or opaque due
to the surfactant molecules undergoing flocculation.



https://en.wikipedia.org/wiki/Critical_micelle_concentration
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Kraft Point & CMC

Concentration

Solubility limit

¥
oy

CMC line

S

Krafft temperature /‘)‘

w/j

Temperature

<
to

¢/mol dm™

<
—

—

Hydrated

crystals

— solubility curve

- -—-——————--

Micelles

CMC curve _

/.

A

unimers
|

10

30

40



Cloud point
Critical Micellar Temperature

« Cloud Point Micelle formation occurs only above a critical

temperature
* In liquids, the cloud point is the temperature below which a

transparent solution undergoes either a liquid-liquid phase

)
[

separation to form an emulsion or a liguid-solid phase transition
to form either a stable sol or a suspension that settles a

precipitate.
e Critical Micellar Temperature (CMT) Is the first temperature
point of micelle formation. Each surfactants has a CMT point.
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Thanks For Your
Attention



