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Emulsions — Introduction
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Emulsions — Fundamental concepts
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Emulsions — Fundamental concepts
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Emulsions — Emulsion Formation
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Emulsions — Emulsion Formation
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Emulsions — Emulsion Formation
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Emulsions — Emulsion Formation

Table 11.1. Some general "mechanical”® methods of emulsification.

Method Energy input? Process? Drop formation©
1. Shaking L B T
2. Stirring
a. Simple
b. Hotor-stator
c. Vibrator
d. Scraper
. Pipe flow
a. Laminar
b. Turbulent
. Colloid mill
. Ball and roller mill
. Homogenizer
. Ultrasonic
. Injection
9. Electrical
10. Condensation
11. Aerosol to liquid

B,C

II_I_EE_
T

M
M
M

Cl -« nof <l O
L -

=
% -

E_I__—'Ibw, M = medium, H = high.
b B = batch, C = continuous.
¢ T = turbulence, V = viscous forces in laminar flow, C = cavitation.
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I

LHE=Z2] d&EXQl emulsion0lA O1E & IbAl(emulsifier)=
dropl AJ|2 & CtEAE S E0[otAH ot= 20| & KOtLt.
HMOZ T otLte EItM= &2 dropletl &&= E0|[oHA
Sdit ERst emulsion EEfE KNLole SH0| A= =
(O/W or W/O).

al

S o o

0 fr e o

U

emulsifier &£ = stabilizeret =22l= EIJHAHIC & JHXl J|2& 02l J|s

@ drop 84 UK E ZH ol Jls(ieEH HEEHS IS

@ bulk &2 Z¢2lAl2]1= drop reversion2 &2 X HAIZI= Jls
Ol EJIMle EY0l Jls= =&ot)| fIoiAM L-L HHO S=Z 0k
StCF.




Emulsions — Emulsion and L-L interface
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Emulsions — Emulsion and L-L interface

e A emulsionOl CH& emulsifier &£ = stabilizer2 Al Al
S&a 2 Ut O Z 41X JF AULE 0| U2 F=HE A
2l 25 FEWAH e E BEH=C.

d
30
rol
il
$0 (i
o

o Of
ol

ol 4>

oIr

Ly i

=

n A

= (non- surface actlve(ljlﬁl'j"%
= MHelotde HHES0 Hel &
Ol em uIS|f|cat|on HC| =&IA|TF
Z &8t drop AOIO EJ|ES2 OHES
system= Ot&83alole= O &= &L
systeml| CtEH 0T &= )I&IL
HE =0 AN 2&et = Atel HH°'EOILP HIE &= S JHAIBF OHA
2ol 2UE == HHE ’—‘1 £ M (dielectric constant,

viscosity, density

Ol =
=l 0| =
DA_IO

.
=
-
o
L
X

)=




Emulsions — Emulsion and L-L interface
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Emulsions — Emulsion and L-L interface
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Emulsions — Emulsion and L-L interface

Emulsion &8 E=2| 0|2 St 2t H 0l /L AH A flocculation it
coalescencel M&E 2 UsS E0UHAM CtE AO0ICH O] #OIA
emulsionl =& 222 2HUAN 1=2 d&= KA &Eot=
otCt emulsion @42 0|1l= A2 0| Ol0IE S YA ofH &
ol dropol S0 AIEECH ASHOI A2 B2 0I0 2ol 28

u

— —/ /)

EC o™ %'—?—OHA-I‘ 1 &9 droplet2 flocculation 1t
coalescence Sot(H 1 P‘*EQ bk = Hl Al

| Ab2t X OF StCt.
=z 2 5’\“\*8 1 atE skt 1) S Ol =0l & droplet 371!
S XI(EH)E 0 OFEHCY.

;




Emulsions — Emulsion and L-L interface
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Emulsions — Adsorption at L-L interface
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Emulsions — Adsorption at L-L interface

hydration S0 2
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Emulsions — Adsorption at L-L interface

Table 11.2. Typical molecular areas of common surfactants at
aqueous--oil interfaces and saturation adsorption.

Surfactant and oil phase Area (nm?)

GHE(GHE}G S.'thla - n -hexane 0.45

--n -octane 0.48
--n -gdecane 0.49
-n -heptadecane 0.51
--benzene 0.65
--carbon tetrachlorige 0.53
—-1-hexene 0.57

Na diisoctylsulfo-

succinate - n -heptane 1.11
Na lauroyl taurate -- 2 0.57
CHa(CH2)190S03Na --benzene 0.57

MNa laurate--n -heptane 0.45




Emulsions — Adsorption at L-L interface
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Emulsions — Adsorption at L-L interface
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Emulsions — Emulsion Formation and Stability
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Emulsions — Emulsion Formation and Stability
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Figure 11.1. lllustration of the "fates" of emulsions: (a) coalescence; (b)

breaking; (c) flocculation; (d) creaming




Emulsions — Mechanistic Details of Stabilization
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Emulsions — Mechanistic Details of Stabilization
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(2) Solid particle
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Surfactant Structure and Emulsion Performance
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Liquid Crystals and Emulsion Stability

emulsion2 Ct&SI6l= EH 2o JHE 2 &= system & A OHH
SOl S8 d&2 D& . liquid crystalline &2 s&Jt &
2 EEYUHA Z2FHO0 st systemlE Z M A4 sl
Ct. Rigidity= I,
O/W HH O XXHOFEPE:'

Figure 11.2. Schematic illustration of the probable mechanism by
which liquid crystals stabilize liquid--fluid interfaces (ie, emulsions and
foams) by the formation of relatively rigid interfacial barriers that retard or
prevent interactions leading to coalescence or breaking.
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Mixed Surfactant systems and Interfacial Complexes

=&d ¥ XIS 4 surfactant 2| &= emulsion system2&
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Figure 11.3. Schematic illustration of the formation of interfacial
complexes between water- and oil-soluble surfactants, which may
produce a greater degree of emulsion stability.
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Emulsion Type
Oil — water 0l A ﬁlm%

2 42X filme oF
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Ol: fatty acid soap2l alkali metal salt= O/W system & &
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Emulsion Type

Interface0ll M 2| close packing type0ll 2l6t0 Z2& 5|E
o Jloted X Z2HECZ HESHCH O 1
Z 0l polyvalent soap2 & &4 E W/O system %

F P E S E

b i TS

Metal soap

Figure 11.4. Insoluble metal soaps at emulsion interfaces: the limited
solubility of metal soaps in water favors the formation of water-in-oil
emuisions, in which the adsorbed soaps may form a strong, resilient
interfacial film.
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Emulsion Type
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Emulsion Type
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S0l 380l 2 2= | HAIH =L
1HE2Z, 0| phase Jt dispersed phaseJt =l L.
== 0l 2lJF ALY

Olgl d2=2 dailt Ot 738 == UL (0IERL22E)
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Emulsion Type

Oled EIOAHIS aterd ZAX&F0E OfLl 1), & phase 2| A& Ol
ot Ct.

Emulsion0| &= 3J|2 &tHst 1 droplet2 —T“\*EIO1 UACH
dispersed phasel maximum 2L &2 74.02%0|Ct. S OIC‘E}
L2 22 DA /™ phaselt inversion € Ch= 21 0| CF.

U, Ol20 2 €0 & systemO] R XIJtE == UL
N

Mono dispersed &[0 LAl ] =2 O0l[Lt. ol 18UA X E
&2 dropletO] 2 dropALOINl EMHE &= U NO0[CH OlE Al &
™ total potential packing densityJt .

70| OP‘é‘ —+— QULt= AHOICH sHLE &l JHRI It
Jtsotlh. 28 0led Eil=S0| 2 oalescence
g g QJID“OLP HE 3 RAE
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Emulsion Type

Figure 11.5. Because of the polydispersity of most emulsions, it is
possible to obtain a packing density of the dispersed phase greater than
that theoretically possible for monodisperse systems. The situation may
be further helped by distortion of the drops into polygonal shapes,
provided that the interfacial film is sufficiently strong to protect the
increased interfacial area.
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Hydrophile-Lipophile Balance (HLB)
st & A X2 surface activityE Aoz A& X2 = U=

O] @i D2t St HARE O [CH Ol 840l A emulsion &0 Al
& =22 41 Ol AHRCEH. Griffin0fl 216X hysrophiile-
liphophile Balance (HLB) system0| H: & 4382z AEL
O ™A Ct.

Griffin2 d&&8o =2 =& emulsionsS CHESH A2 = UeE X H9
non-ionic surfactantE 1N12= AT E 61QLE &A™ X F £ H

HLB number& Al &tot 2, O] =2 24L&l O Xl = oil phasel| HLB 2F

SEE=Ch O] system2 & E S4A2=2 £H 0 £H 20 IHAl €22

scale= 0|EolH =Xt 20| ol Eol= HLB =& Hl&FSELE.
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Hydrophile-Lipophile Balance (HLB)

8~18: =0l st Eoll =JI =2 hydrophilic surfactant.
2N & o= &, detergent(Al AHl), O/W emulsion 0f
CH8t stabilizer2 A & E.
3~6 W/O2 solubilizer2 Al & &3dl= surfactant
W/O emulsion stabilizer2 A £ Lt.

I S2U4E He =2ES2

& 0| XI 8F, emulsion & Xl
mulsion system2 ¢& s
rfactant2] HLB 2} oil & AFO| 2]
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Hydrophile-Lipophile Balance (HLB)
polyoxyethylene(POE) solubilizing group=2 JI&l H|0| 24 surfactantl
et HLB= TSt 20| Hl&tg = UL

HL B = (mol % hydophilicgroup)/5 (11.3)

Ol Hate & X285 X 22 polyoxyethylene glycol2 HLB = 20. £11.3
glycerol monostearate 22 polyhydric alcohol fatty acid esteril =2
St surfactant= CHE 2| 2t H 0| C}.

HLB = 20(1- 9A) (11.4)

S : saponification(Jt==&0ll) number of ester

A : acid number of acid

Gl: Tween 20 (polyoxyethylene-20-sorbitan monolaurate) with S=45.5
and A=276 0| HLB=16.7
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Hydrophile-Lipophile Balance (HLB)

Table 11.3. HLB values for typical nonionic surfactant structures.

Surfactant
Sorbitan trioleate

Sorbitan tristearate

Propylene glycol monostearate
Glycerol monostearate

Sorbitan monooleate

Sorbitan monostearate
Diethylene glycol monolaurate
Sorbitan monolaurate

Glycerol monostearate
Polyoxyethylene(2) cetyl ether
Polyoxyethylene(10) cetyl ether
Polyoxyethylene(20) cetyl ether
Polyoxyethylene(6) tridecyl ether
Polyoxyethylene(12) tridecy| ether
Polyoxyethylene(15) tridecyl ether

Commercial name

SPAN 85

SPAN 65
"PURE"
ATMUL 67
SPAN 80
Span 60
GLAURIN
SPAN 20
ALDO 28
BRIJ 52
BRIJ 56
BRIJ 58
RENEX 36
RENEX 30
RENEX 31

HLB

1.8
2.1
3.4
3.8
4.3
4.7
6.1
8.6
11
2.3
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Hydrophile-Lipophile Balance (HLB)

IAEEHE £ 2s SHN NS S AS X
HLB=(E + P)/5 (11.5)

E : oxyethylene chain2] wt%
P : polyhydric alcohol2] wt% (glycerol, sorbitan etc.) in molecule.

Griffin0| HICtst system formulation chemistsOl Hl= 1R R
ciLt theoretical 20| S $£=06tL.

Davies and Rideal2 2! group 2 JIH{ =0l Hl&SHH HLB =& &2 RULE.

HLB =7+ ) (hydrophilic group numbers) -

Y (hydrophobic group numbers)
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Table 11.4. Group numbers for the calculation of HLB's acording to
Davies and Rideal.

Group HLB Number

Hydrophilic
—--504Na
--CO0K
—CO0ONa
—N (tertiary amine)
Ester (sorbitan)
Ester (free)
—--CO0OH

-0OH (free)
_-.D
—0OH (sorbitan)

Hydrophobic
—CH—
--CHg--
—CHjy
=CH-—

OF 5~
~CFy

Miscellaneous
(CHaCHo0)—

—{ CHsCHxCH0)
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Hydrophile-Lipophile Balance (HLB)
?lst = H 2| emulsifier system=2 &= A2

SAHet S22
o EHII=e & surfactantS2] X8 0|20t =&
O A2 AlIZ2H0] (et A creami

2HE = 0|12H, 882

oI5t =& stLlt.
Surfactant mixture= 22 3% Y4 surfactantE 0
S OFEC(C}. Surfactant mixture0f CH8F HL

emulsion= Bfr=

Jé}xl-

H A A2l Weight & 0| Lt Of 410l Of==
HE= 0lEotH et

(—
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Hydrophile-Lipophile Balance (HLB)

O/W emulsion2 2tE =0 2tH6HAH surfactant € D= A 2 H
A2 0 ™ 20|41, HLB system2 = &l system Ol CH st &l
=Xl 28tCt HLB system surfactant Jt continuous phase 0l
= &2 DoKXl LXUCH =3l rheological 4 0l ol = &6
AL X EULCH &N Jl= oYU =0l, continuous phasel viscosity=
creaming ratelll &YYo 2 == O|&ICH Of&st A= &S UE

[

HLB 2t JIX D& O =l emulsionsS Bt =5 QUL

Cohesive energy density2| J1E= &JIolH, Ol A&HQl A= Ab]
St 2 S0| HE S| O SHCH.
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The Geometrical Approach

Surfactant2 72X 2t emulsion formulation2 H2tAlZ|= SMIE & 206t=
O UM FILEQC 8IYUHOZ Israelachvilli, Mitchell and Ninham
Ol Hotst s 2X&EQ2l HStR A (geometrical contraints) Jt
aggregates (8|2 micellization) LI HH AS&HES X&8e = U= H
et d N A2l S40| &L= 20| C.

Aggregate size, shape, curvature S surface active material 2 4 1t
= A Ao HHE MAS2 Ch8 42| geometrical factor, F, & &
O| L.

F=vlal. (11.8)
HJIA v : molecular volume of the hydrophobic group
a, : head-group area
| : the crictical lenth of the hydrophobe.
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The Geometrical Approach

F factor& 232 HLB numberZ =2 % RUCt. Hydrophobel weight
fraction CH&l Gl volume fractionO] =01Jt12, hydrophobic chain2| J|
otst& 2 A0 2HeEH.
= Ate| Jlotstd &0 2Hot)| =0 €8st =4 2L£8 A
HE S22l emulsion0] & =+ O'EL s & = UL

F<1 ; the curvature of the oil- water interface should be concave

toward the oil phase leading to an o/W emulsion
F>1; the reverse

F=1: critical condition is expected where phase inversion would occur,
or multiple emulsion formation
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Phase Inversion Temperature (PIT)

Emulsifier Lt stabilizer2 = 2 8t surfactant= Al nonionic
polyoxyethylene (POE) adductJt QUL Ol SEF2 &2
chaint hydrogen bonding2 Sadt0{ ¢t& g &l C}.

Chapter 40l A O|OFD| & &0, 2 25 JF SchIHH
Ct. Non-ionic material2 [t2t Al inverse temperature— solubili
relationshipE 21 ), 0|l HE0 O0l&d E2&E =2 cloud point&
2

Surfactant®| cloud pointe &2t 250 AJ| IHZ 0, HLB, CMCS 1t

T g&il= += UL

O0lgd =& 2 hydration (or H-bonding)O0| solubilization2| =2 &t
mechanismO|J| (120 =<0l 2l&Zot, 0led &2 2ot
emulsifierLt stabilizer& A 2] &4 & (activity)= 250l 21 26HCH Ol &
O/W 2t W/OZ 8Bt HLE g d= 0| A Bt = 25 B2 01
L S 0] 2= 0 M emulsion typeOl BFH H S Ct 0led A E phase
inversionO| 2}l 6l 2 0| 2= E phase inversion temperature (PIT)2t st
Ct.
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Phase Inversion Temperature (PIT)

Shinoda 2 Arai J} 0] A= SRS ClAIGHH emulsion system 0l A
surfactant £ H)lot= & H QI 2-HN PITE 0| S0t Lt.

2 BtA 0l procedure2 Hdd == 0|l A oil, agueous phase 2} 2F 5%
surfactant € 4 =0 Bt= emulsion= Bt=LCH O/W Ol W/OZ
B = &8 11 system 2| PITZ &2| &tLt.

Non-ionic surfactant2| solubility0fl st &2 H&2 & 2 H U
&, PIT phenomenadl tist 22|& Q! |el= bt & = UL

CMC, micelle size, cloud pointS non-ionic surfactant2| solution
characteristcs= 22 =& 2 0t= emulsion8 PIT2t H2Z2Z HULH
Bt O Z increasing in PEO chain2 PIT £ SJtAIZICH et PITE
emulsion?] StE A B2 A20] & HULH Ol JHE2 HLBELCH

M MZ22 80|, S0 Al A2AH S 1) ALHFH A set 0ff &

o

23 Ul A).
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Application of HLB and PIT in Emulsion Formulation
=0 & application2 218 E & & emulsifier sytem=2 1DE2= O0l=
Chemical Factors : optimum HLB, PIT S
Three “e” Factors : economic, environmental and esthetic factor
I 11.500 HLB =2 applicationO] Z L} 2t C}.

Table 11.5. HLB ranges and their general areas of application.

Application

W/O Emulsions
Wetting
O/W Emulsions

Detergency
Solubilization
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Application of HLB and PIT in Emulsion Formulation
Application0l & &3t7|0l= surfactant 2] <0t U2 S Ct. BecherJt Xt
NI SHA table‘é Ot=0 =QULH dH L AXNE HEot=
HLB 2=J} 2 OtL EP Surfactanta 4\49'3_4 &

rlr i

by
00 o my

2%' Jt 0] UL
cial complexes,

Ct.

o
B
3

rir

J
int

0

o o

i

gg

ol FA xo

U0 = i
e

rly =
09
o
ulo

Jim
o<
2 FO

b

10
ne
ir &

=t

7H9| H

L
4 2C

12 HLB&'2 X 11.42 0|23t HAHSEA L,
Ao g 18t . O|I S| HLB a,tOI A X | ™ surfactant LF 0| =
O] mixture2 HL SAIIHA XEXZAHE =0 H11.60 EE

0il2 HLB 20| U
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Application of HLB and PIT in Emulsion Formulation

Table 11.6, HLB numbers for typical oil phases.

Qil Phase MNominal HLB
Lauric Acid 16
Oleic Acid 17
Cetyl Alcohol 15
Decyl Alcohol 14
Benzene 15
Castor Qil 14
Kerosene 14
Lanolin 12
Beeswax Q
Carnuba Wax 12
Paraffin Wax 10

Ol &2 O/W emulsion Gl Cier gt0l ), W/OOI CHet eft=2 == Ol 2L
&L
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Application of HLB and PIT in Emulsion Formulation

HLB= non-ionic surfactant0l] =2 & Z =l C}. lonic surfactantl & <0

HotliE0l HLBE &&ot) |t (HE Al & )| L. dotJt tE-d 0l JI O
AtE0HH =

of= 7400“_,
Ct. Ol =2 micelle2 2 & Q2! packing0| A A7 E8 emulsifierJt
= SPAEP.
Ol: sodium trialkylnaphthalene sulfonates 2 dialklsulfosuccinates

OIE2 2NN A 2 sizel micelleE CH= X 2812, sodium

=T T O
dodecylsulfate 22 = &2 2 9tEGIHA droplet5|ze0ﬂ/\-| 2 Z 1t
g &t
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Some Other Factors Affecting Stability

Emulsion®| stability £ & MU=

1. Possible mechanisms of stabilization

2. Time frame of the stability requirements

£ 24 2toff OF stLt.

Stability= internal factor & ! X| Bt, external factor2 2l
= ACH(UZ 22 S, 2&Xt- €3, bacteria )

Time framell H¥l= U SHMH HE = otLIZ O|0FJ| & = SiL}.
= CtA &t emulsion Brownian motion, convection currents, 1 2| 2|

random disturbance0ll 2/5t0{ &2 dropletOl & X Xl H A T} = Ct. O
S HHHd2 =x0A =222 0 WL

O O - T
Ot et emulsionl R 0U &L 0led £ES0] }_ALUL, continuous phasell
rheological et & & 0| O|=& L“ 2|l o], interfacial barrierJb 24 1) ol

N BlWE 21 AI2tS0F (=Al2H, =< 0| &) HE HE = AISHLY.
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Some Other Factors Affecting Stability
Interface Energy 2t mechanical action 0|2/ 0| &=

“Ostwald rlpemng 'Oz 22|l 84 2 dropletS S| MotHAM 2 drop
Ol Xtet=

Oled a2 crystal OlLt emulsionOll A = AtLE 2t 2 2 A+2| chemical
potential0| 2 it CtE2J| MI20 80| = & & 0| L.

Ol Xt0l= drop & oHF -2 (Ap)Jt, drop BHE(r )0l BHHIHIBHD] THS Ol
M 2ICH (Laplace equn.)

Kelvin 2] A1t EHEE D=2 6104, 0l&d processOl A BtH 2

IN(S,/S,) =0V /RT(/r,-1/T,)

HIIM S, oS, == 8t r, 0t r,0 AR &
crystal9| LH £ molar volumeO|Ct.
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Some Other Factors Affecting Stability

Kelvin relationship2 & foami 20| gas2l solubility ) & X
ol 2 Z2R0= 3H &EZstLlt.

IN(S,/S,)=0 V/RT(L/r,-1/T1,)

ol X0l 2I| tH20 vV Ot el HE = UL},

= T AA

Emulsion2| &% solubility = & X8 HA0l €dHE = JULE.
o]|

0l 82 emulsifierLt SHEKHIE EH =UHA, drop 2H0ll }= & A=0|
continuous phaseZ& it Lt It Xl =Z6tH oA Of proce ssE & UE =+
ULt £3l multiple emulsion systemUl Al S26tCH (CHS 20l LIS)

LHE 2% RO Z= bacteria LE CHE 0| = 212l 1) freezing Ol Ct

O/W systemOfl ). Continuous phase0l Al freezing0| 2Lt ice J} &
A L™ emulsion drop=2 2 2&8 22 Z2UHZ2 1, interfacial film= M
LA A rupturedt € 0Lt coalescencelt 'é”&ﬂé*l]. Oled 0| 2Mol=
A2 2o 4™ interfacial filmO| & &3d| 2ol OF StCF.

o]
J
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Some Other Factors Affecting Stability

Bacterial action2 84!, oI E I &S

uf &
22 HE TEot= emuIS|onO1IA-| 3

rotein, Ol Lt natural gum

I p
F = 0FO0|C}. Anti-bacterial

[ —}

agentsL}t anti-oxidantsE 2 0| M ol Z StC}.
Bacteria &2 & MI|= 24&=0| —-—HIJP IE 3T
curdling 0| &= 3 < 0l= bacteria J} &0t SN
= oA

Ct. 89 R0 = casein0] O/W emulsion=S 2l

& Z25tLE pH JF £ 0K ionization & & JF %OFAIH A 8*

X &tCt MilkE coffeelil € 2™ coffee Jt acidic
22 225 6t milk It Tt = CF

@ Jj—l' e I — )
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Multiple emulsion Ol CHet H = 12| Al & /ULt

Multiple emulsion : droplets of one liquid diespersed | larger droplets

of a second liquid, which is dispersed in a final continuous phase.

QU™ © = internal droplet2 continuous phase2t 2 HU == 2 & 0| C.

W/O/W 2t 22 systeml& & 11.6 10t 22 HEHO|LH.

o

2] Aqueous phase pEux: 3 | phase

Figure 11.6. Schematic illustration of a water-in-oil-in-water multiple
emulsion.
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MULTIPLE EMULSIONS

O/W/0O2t &2 system& Jt=0otLL.
Z 20 A 0l8d systemO| & 230l &S| ACH

drug delivery, emergency drug overdose treatment, wastewater
treatment and separation technology.

Ol system 2 (Hd SF 2 interface £ & 1) Nl
Ad= 21 ULEH Long-term stabilityE 2 &

phase 2} surfactantsOﬂ et Ed= & 334
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Nomenclature for Multiple Emulsions

S &6t system 0|2 & HH0| S L0HCH.

W/O/WS| B OFXIE WD}t continuous phaseZ 2/0(&tCt. Primary
emulsion2 W/O emulsionO|Ct. O primary emulsion=S t&E=0| M0l
surfactantE primary surfactant2t ) £ EC}.

Oled =&t systemllA L= St LR, subscriptE Al
Ct.

W/O/W2S| &< primary emulsion,W,/O, 2| agueous phase, W, 2 Z HA|
gt &= QUCt The second aqueous phase= W, & HAIStCH [etM, &
Xl system= W,/O/ W, 22 H A|&tC}.

2 0,/W/ 0,22 EAIE 4 QUCH
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Preparation and Stability of Multiple Emulsions

Multiple emulsion2 J|£2| emulsion 2 StE= Y E JUHE AIEE
A Lt: sonication, agitation and phase inversion.

Ot = 22 &Yo|l =2/ & Retll.

Primary emulsion2 Bt = vigorous treatmentE secondary emulsion
2 E =0l AFSOHA © S primary emulsion2S IH & & UL

Multiple emulsion2 StE = B 2|8t 88 © 2 = phase inversion
technique2 0| &Edt= X 0ICH JH U, A XX £&= system=
o= Het&O0|CH etE El system= BtSJ| oAM= SHE St
surfactantE & 16t OF StLCY.

W/O/W multiple emulsionS 2t&= ZBHA Q| procedure= water-in-oil
primary emulsion2 2tE &= surfactant £ & & &t surfactant £ & &6}
O emulsion 2 BtEC 2 BHA O Z oil soluble surfactant (HLB (2—
8))E AtEZ¢etCt. 0] emulsion= second aqueous solution Wil disperse
AlI21Ct 0| 82 surfactant= (HLB 6—16)= A= StLl.




Emulsions — Multiple Emulsions

Preparation and Stability of Multiple Emulsions

Primary emulsion0| 2 t& & == JJ| =0/l secondary dispersion
method 8 &0l =2/ E J|=2 ¢ OfF 8tCt. High speed mixer Lt
sonication € primary emulsion= coalescence ot Hlot0 &2
oil dropletS Bte= ZUE 2 H St

Multiple emulsion ©t2| dropletl &3 2 primary emulsion®| stability
ot sizel &4 UCH. Florence2t Whitehill W/OW system 0l A Al JFA
S 52| dropletJU Lt & F ot L.

Type A (118 11.7a): one large internal drop encapsulated by the oil
phase

Type B (118 11.7b) contains several small, well-separated internal
drops

Type C (118 11.7c) contains many small internal drops in close
proximity

H™ systemOlA LI OIS ot JtX[Jl == &l system
0| =l Ct.
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Preparation and Stability of Multiple Emulsions

Primary dispersed phase
Secondary dispersed phase Eiseg
Final continuous phase g

Figure 11.7. Classification of multiple emulsions according to the nature
of drop dispersion in the primary emulsion.
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Primary Emulsion Breakdown

Multiple emulsionO| It J| &l = Gl 0l = several pathwayJt QUL

Ol LI O 11.80 AJHE O ULH.

Hdd JHK 20| A2 L, &4 interfacial areaE =0 Al free energyE
=0l &gtz MAH=ECH HH M= £HU SE0otH free
energyE =0|= S& = otll.

M A Ol multiple emulsion systemOll A short term instability=
primary emulsion2| coalescence 0 §Ct. M2tA primary
emulsion? tE L2 &2 & £ Q= surfactantLt mixtureE & &6t=
20| =L otLt.

“filled” emulsion dropletS &= & M S K8t pathway= oil
phaselt & H XM AN, S5 2 sizell water droplet2 continuous
phaseZ 2 Hl= mechanismO|Ct. & 3| 40| X &= systemO|
OtLI2tH, internal phase® continuous phase AFO| Ol &= X} O}

ZM St bulk phaseZ 2| mass transferJt 0|20 &CH & drop &
=5 20| =0tA 2 drop OlLt continuous phaseZ 2| 0| S 0|
Ol = &L
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Primary Emulsion Breakdown

Primary
emulsion

Figurfe.- 11.8. Important pathways for the breakdown of the primary
emulsion: (a) coalescence of secondary emulsion drops; (b) coalescence

of primary emulsion drops; (c) loss of primary emulsion dispersed phase
to external phases.
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Primary Emulsion Breakdown
OtXI&2 £, oil soluble surfactantJt &M &tCte A
in

micelleg & 0| Jtsollt= A OIEP Ol 2 QIoH A,

phaselt oil 0l == = UUE= | CF.
"' &= ? ot e mechanism3

2 &4t reversed
nternal agueous

Ol & solublllzatlon process= =2

L0l Ol2H == mechanism& diffusion control
|O1OIE st E=0| 2R HO| MEEAH ZIHA st

= UL

Ol ; &

Ol E= A= &XIH:
System oil phasel| &2 1}, primary and secondary emulsifier
systerm?2 £4, internal and continuous phase AFO[2] 2t 0ff

oj&=ti= A0|C
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The Surfactant and Phase Components
Non-ionic O 20| M QIC}.

S8 20H Meh S&, M2a

y T Oy

, & S= Jdol0ok




