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Colloids and Stability — Introduction

el EF 2 colloid system0] Y11 SEE=0tE CHGHCE.

242 =SSt EAS 2 LB 0= Exz UFN =H =L

Aerosols, elmulsions, foams, Ilyophilic colloids, association
colloids € (t£Z C+ELL.

_12{Lt, formation, stabilization, destruction of systems =2 FAl
S&E %0l ALY,

Ol chapterOflAl D& X0l colloids®! small solid particles Ol liquid
medium £ = sols 0] }= BLE UEL.




Colloids and Stability — Importance

Nano-scienceE H| &
ot™d bio-science,
IT technology S
20 S2otAH &
HMot= st Y
A colloid 2}
colloidal
phenomena= [
Olat ESRE = &L

H 10.1 0| =0l list
O RUALE.

Table 10.1. lllusirative examples of the practical application of colloids
and colloidal phenomena.

AppﬁEatmn

Pharmaceulicals,' fimsmetics, inks_,_;ﬁa'i'nts, fmds.

lubrication, food products, dyestuffs, foams,

colloids
chemicals

Photographic products, ceramics, paper coatings,

Wetting of powders, enhanced petroleum recovery
getergency, mineral ore flotation, purification
by adsorption, electrolytic coatings, industrial
crystallization, chemical waste control, electro

Pumping of slurries, coating technology, caking,

Water purification, sewage disposal, dispersal of
aerosols, pollution control, fining of wines and
beers, radioactive waste disposal, breaking of
unwanted emulsions and foams

magnetic media, catalysts, chromatographic
adsorbents, membrane and latex film
production electrophotographic toners

photography, lithography

powder flow, filtration

\] Shin .

Principles involved

Formation and
stabilization of
agricultural

for end-use products

Formation of colloids
for use in subsequent
manufacturing
processes

Direct application of
colloidal phenomena
to processing

Handling properties
of colloids, rheology,
sintering

Destruction of
unwanted
colloidal systams
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Colloids and Stability — Importance
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Colloids and Stability — A Working Definition

Definitionol =0l size2t 22 22|12 RA0 2lotH EH< £ Metole &
SOt UCH [Metd & O gel8ez J2loH)| ? o M:

Il X DMty ot MIIHKl stateE OloHotH 2 At 2 AEl=
o] SE& 2 LIEtU = rigidity, fixed volumes under specified

— T o=

conditions characteristic phase transformations (melting,
boiling, and sublimation) S & 0] QUL.

2+t
=]

= o  —
st 27 A1) 0l=

Lc2le= L& atoms, molecules, solutionsOil CH
2H0l & Eot= &2 €1 /U2, bulk phase2 molecular level 2

“twilight zone” 0fl tHoll A= & 2ELH.




Colloids and Stability — A Working Definition

Homogeneous solution: =0t = A S0 2 A2 & 40 AL A
=2 3J|Jt R ALGLLCE.

Pure bulk material 1t molecularly dispersed solution AtO[Jt & Al
St phasell CtE phaselll 24t 3R &

=etst MO8 QIohA Che S JHXIS D2ist.
0

Structure: system? 24 | HEAH 2&EHH A2 AAHUJU=IL?
Size: system0f| 24t 24 R 3D

=] =
=




Colloids and Stability — A Working Definition

Colloid is a system consisting of
One substance (the dispersed phase —solid, liquid or gas)
- finely divided and distributed evenly
through out

A second substance (the dispersion medium or continuous phase
—solid liquid or gas)

F(liquid fat0] 20l & P) smoke (solid particleO| =
)fog (& droplet O] 2|0 £ +) paint (&2 DHIJb
MOl 24 jelly (2 protein & A B0l 24F) bone (calcium
phsphate O &2 X} collagen matrix0fl 2 &)

=] PS =

Ot= X= O0I0F)| off & AIL.




Colloids and Stability — A Working Definition

& = (classification)

Aerosol : solid or liquid in air system :
smoke ; solid in air
mist or fog ; liquid in air
Emulsion : liquid in another liquid
milk
Sols or colloidal dispersions : solid in liquid (SX)
paints and inks

Association colloids : (Hd{ JHQ (=98 =&) S ALl unitJ} E & XHIE
A M (dynamic 12l thermodynamic ot Al driven process)

cell membrane, certain digestive processes, blood
transport phenomena — 15& 0l Al XtAlGI....




Colloids and Stability — A Working Definition

&= & (classification)

Lyophilic colloids: & AHl& SH0|Lt =s0iU= =& (polymersS)0| &
IHECt & Y0l 2 ZRO0|C.
Ol =2 LA 2sSH0A A=A A LHELE.

Network colloids : 2| otJ|Jt { & LC}. 8t= systemO| LtE & system

ol N &S EElE ™ 20| solute] solvent 21 X|J} OHOHE2 S.

porous glass(air- - glass) opal glass (solid - - solid) gels and
gellies

ARIEQ GOt # 10.2 Off UL




Colloids and Stability — A Working Definition

Table 10.2. Examples of commonly encountered colloidal systems.

System

Fc: g,_mi'si"

smoke
Shave cream
Styrofoam
Milk

Butter

Toothpaste
(nongel type)

Faint
Opal
Jello

Liquid soaps and
detergents

Type

L':quiq:'[ aerosol
Solid aerosol
Foam

Solid foam
Emulsion
Emulsion

Dispersion

Dispersion
Dispersion
Gel

Micellar solution

Dispersed
Phase

Liquid

Solid

Gas

Gas

Liguid (fat)
Liquid (water)

Solid

Solid

Solid
Macromolecules
Micelles of

detergent
molecules

Continuous
Phase

Gas

Liquid

Solid

Liquid (water)

Liquid (fat)

Ligquid

Liguid
lid
Liquid

Liquid




Colloids and Stability — A Working Definition

Ol & DAl = 1Al type Ol 1JHAIl typeOl 40 U

Complex or multiple colloids: 210l HAlSt HItKAl type S0| 2Jt Xl

Ol SAIOl EMote A== 28t




Colloids and Stability — A Working Definition

Ol KDt Xl 2 & 2 (definition)2 2™
L A finely divided & O OF &tCt=0l Ol

CIAPROZ 1 --1000nm HEZ 00|
Ch

Paint 1} aerosols &
= £ 90 8

Fibers, clays, thin film
Z Mt O SA0 =

El.% X O| =

O —1

Colloid & 20| HLY}, colloid & #HSolH colloid 0| Ct.




Colloids and Stability — A Working Definition

Coagulum : tight ot dense 8t ®+ZX£ 2 colloid system2| instability
Ol 2ot & & aggregate OICt. HE = irreversible o2, & =2l
HH 2 ==50| 2 Kollh.

Coagulation : the process of forming coagulum

Creaming : The separation of coagulum or flocs from the
continuous phase (aggregate 2| Y &It = =Ct.) emulsion 0 A
Q= CIE definition

Floc : An aggregate of individual collooidal particles related to a
coagulum (loose and open structure O|Ct. 2 &It &2 & HY). Can
be reversibly back to continuous phase.

Flocculation : The process of forming flocs.

Monodisperse : having all particles in the colloidal system of
approximately he same size (ie, a narrow size distribution)

Polydisperse : broad range of particle sizes

Sedimentation : Creaming 0l Al aggregateJt dense ol XIH A 2 0ff It
ct 2t =L




Colloids and Stability — mechanism of colloid formation

Top-down

2 A2 EH XA 8t== 2 (comminuton or dispersion)

Down to Top

Starting w/ molecular dispersion and build up the size by
aggregation (condensation)




Colloids and Stability — mechanism of colloid formation

2 Z0lM bulk 2&2E AN SFli2 L O WX 3 UAH S
0l lH4 XIZ2 surface free energyct 0| 0kJ| StLCF.

OIPJ RB= 31I+OP71I lH S G X S PE HZ ™ energy (o) 0ff H=X
stekol =0l =Lt

OI‘?—_* W= 31I—~0P04 = At level DXl ot H

0l2 &2 22 energy of evaporation , sublimation, dissolution
(depending on the situation) 0| Ellt. =& &ME H 22 &0 &
2ot X8t (grinding or pulverizing process2 & &£M S..))




Colloids and Stability — mechanism of colloid formation

Colloid sizeZ2 =0|=0l 2Rt 22 1 =& 2| surface energyil 8l dl
StCt. High surface energy needs more work!

SizeE€ =0|= JI20 01=0| S HXl= Z0| ULt 5ol &Z0[LE inert
conditionOl M Ol&d Zef0| ZotCH Ol& process@! “clumping”
L = sintering2 S8&8 2 Z | SR otlt.

Liquid g 2t €= 0|&d process It EHSH S CH S JHXAl 0

&M M surface energy £ = QI L.
amaker a8 “Haol" ol Y AS2H0 EOotYJl=

&t 220 liquid AEH0IAM %=




Colloids and Stability — mechanism of colloid formation

Colloid sizeE€ =0l= €= | S dAle 3t &

Ct. = stability2l 2XHID . NS oHZol)| fIoHA MZ
&£ componentE JIoHAl .
(surfactant, polymer, small particles, etc.)

Ol 22 =0l EHH S=0| ™A electrostatic or steric barrierE Bt
=W =0 A sticky collisionE & Al stCt. L2t A colloid JF 4 ot3
otAHl S Ct. Ol EILMHIE dispersing aids or agentsct2 0| OFJ|
StCF.

Liquid phase & comminution ot= 2= & A O|0F)] E Ho| Y
st A2 Z emulsificationO|2t) StCH DA B2 OE M B2
A0 /U_S = /UL, HI| Wl = spontaneous emulsification,
electroemulsification microemulsion formation 0| ULC}.




Colloids and Stability — mechanism of colloid formation

OFXI & SRSl =28t sol &4 processs A8 XS formation of an

emulsion or a liquid aerosolO| Ct.

Suspension or dispersion polymerization% monomerE = 4&tot

LIS

2ol= A& BtE O3 20| S4EAIZ21 JH Al FI(initiator)E 0| &6t
04 D= Xst ot AO0ICH 22 *_I drop LHOIA B DEXSHIE & |
=20 220t 0'7‘* ol Al 5' Ct (201 €23 X2 emulsion sizef
AN, particIeOI %“\*QE) Emulsion 2t&E= W E 0N stabilizer
£ FOlstCt. e surfactantO|J1 Lt silica 2 2= &= 2 AH0| C}.

2 solid JI & =
OIEP Ol Z vap FE 0l 2 A0 P7 O O*OH J_JHIE l,
=S E ot Hl =l Ct. 01I§ polymer particle2 Bt
monomer 2t H | HIE solution &ElE Al & DE XS
A2 A28 U2 SAE E*E F. 2120 3=20= titanium(l
ethoxide2t Z & precursor £ = TiO, colloid & XE B!
C}.

o]

U
=
—

> oy ol

NS SHorr >y



Colloids and Stability — mechanism of colloid formation

Dispersion O|L} aerosol @ &0 =2 AIZ0t1], emulsion 0l= AFZ 6k
= 3Rt HQl &lCt.

ol =

Fog formation (for water and chemical )
Silver halide “emulsions” (really dispersions) —At&l &

Crystalization processes
Colloidal silica

Latex polymers

Etc.

11%




Colloids and Stability — The “Roots” of colloidal behavior

Bulk : EHU U= SXIH AUHECZ 01 &L T
bulk & &0 JtIR XAl =l L.

LAl IAJIJF X3 ZOMKIAH ©H 2 SIF XS HAHAM
= CF.

HE &9, =& 22 S &0 UiotH === HAl=

SOHEA S A 20[0 etdl sttt &9 &

H “specific surface area” = 6/pd O|Ct. HI|IN pE £ =

& XtS| dimension (=#= diameter, cube= edge Z

H A S22 20[0F x O|H 21 = x3 (sphere= (4/3)rtx2 0| Ct), =X
Ol JH &= 2A2 =2&2 U= 6(x/d)0IC. (Ul T £ul O[Ct.)

X=0.4 nm¢! &0l tHotH, d=1 cm@! &S 0.000025% (1 in 5 million)
Of A AU /A =Lt

FOHHMOF Z2H USOHAH 1000 nm edge 0]/2,1/400 (~0.25%)JF &l 12,
d=10 nmO| ™ 25%J} AN UH & CF.

J
J




Colloids and Stability — The “Roots” of colloidal behavior

AN dHSt A 20| colloid 3I|JF 24
surface energyJt HKAIAH = Ct LA Ol

H =IC}.
Lower limitll A= S A2l 312 Hl=<otAH &I TH=20l, 0|21 0| suface

OIXl bulk 21X[JF 20| Hed& ERIE ULt =0l polymer 2 &
fol= 0= AU, 0ledst 0lR0lAH Ol&d systemS lyophilic

colloid2 &&stC}.

OofAHl &/ ZHS It A &Lt
HI X

colloid sizell Al Z& &




Colloids and Stability — Ground rules for colloidal stability

Stable colloids 2 stability 0l CH8t 2 BtX 01 0| 0FJ[E & Al LY.

N
=Xl EASH) M system 2 total free energyJt £ A5 & 1)
Ct.

ZHsSH2 kinetic (A Al 0led A0 20 K=hH=e & = 8L
[t 2t A meta-stable St & 2 CgOtQl el e Ol

18 10.20 M
Putting green it
Bottom of the cup

Ol AFCH A Ol free energy &= I_H*__ﬁl_
_ elative enargy levals
AG, = mglQh (10.1)

Figure 10.2. Schematic illustration of the "golf ball® analogy for
energetic considerations of colloidal stability.




Colloids and Stability — Ground rules for colloidal stability

ol

Ol A EZ AUH = L.
=N CHEE C /X Z JtAH €L
© ™ CtAl roll back ot A2 22 energy

0

or 0w

b

2 o L2
JQ ML (i
ol
HT 0% Mo

o

.

=)
HU

o0
i HU

=
HE S
4

IOt AH &1 B XM EXIGHA &2 = 12| energyE %
= AEHO UA & X)0tst &0l&E holetl ZE O Al HLE
green2 £ LA LA = LC}.

s
1

. 1®]
_ . [

Relative ener gy lavals

Figure 10.2. Schematic illustration of the "golf ball® analogy for
energetc consigarations of colloidal stability s




Colloids and Stability — Ground rules for colloidal stability

Reaction coordinatefil&E A &8st 2SS HE28

energyE 2 HA systemOI transformation 0| &
Hoz HZol ULH FA=0| =2l- 9%%”-‘19@
(kinetic, electronic, vibrational etc) 21 U2 ™ B-SO0
If not, system will remain in the metastable state.
S0[ 1IHIt o"'OICiI X2 LBEA Ol colloid system QA&
= A= 0| 2&E T UL %‘—‘?’—t QUK HSE ¥
01IL-IXIE =1 Y2 H Of SHESCZ 22X
.G %—i’—é UKD F=HAEH & tsg =& UL 0]
equilibrium 2 4 &

O i oz tou

|j+<:’OI M2 53

< &t —?—OH
Ol&d processJt 22| &
ULCE.




Colloids and Stability — Ground rules for colloidal stability

H El, ol e Al Ol AXIDJF = a2 of

rin ri
40 to po [
I HU oZ

| 12 ™ colloid= =22t & &t sys
hase separationO| °'O1LU1I =
1 0ff 28242 barrier €

E= o0l SE¢et Al

c=
=




Colloids and Stability — Ground rules for colloidal stability

Stable, unstable, meta-stable| CH &t 2 0.
Ol=0ll Ciet A2l = energy Ol A& 2 0ICt (not time)
AHECZ A2 BR ESAH2 HO| UL
2 & stable &t A P |0f| S 28t Al2t=S 0t
Unstable &t 24 & X| AlZ2H OILH Ol colloid
OFot
St system 0] 2
P% sS=20l= 2'&'

et 0l CiotGd

Colloid= meta-stable ol C}

Lyophilic and association colloids
perturbed).




Colloids and Stability — Ground rules for colloidal stability

Colloid system 2 meta-stabledtCt.
HE 08 ZR0= 100 B EH
=0 € 0{0F & barrierJ}t
2totH = L.
Golf2] 3 0l= golfer JF 4 XIE Jtoll =CF.
Colloid system?2| &< thermal energyl /8t random collision 0l

Olotd Gl XIJF Jtol Xl Al =l Ct.




Colloids and Stability — Ground rules for colloidal stability

Brownian motion0f| 2|8t collision0fl 2|5t colloid particle0ll Jtol Al
= average translational energy= particle & (3/2)kT O|LCt.

298 K (room temp)0il Al average particle_J energye= 5 X 10 J 3%
Ol Ct. Head-to-head collision 2| < 1020 J & = Jt Jtof Xl Al = Ct.
Ol gt= AHOMXLE BZEL0l112 energy distribution2 Maxwell-
Boltzman distribution= &t L.

kT2 n 8l Bt22| 0l XIE 2= energy barrierJt &l &t

b energyE 211 0] barrier€ 2 %= U= collision?

SHE2 EE HOACH — F n 80l AEXE 5 particle=0|
contact € E&0| 20 =L

n=10 O|™A colloid= EHJ'HI"*OE & ot Ct.

n O] 101l D& HHE gt 0] &IH =e-E ol &lLCH.

Energy barrier€ ¥ &= 2212&= 2% (not much), nature of
barrier, solvent properties, pressure, electrolyte content.




Colloids and Stability — Ground rules for colloidal stability

& & 2XA012 1=

Jl= 80| negativect) H2IE 6lH 2 4 0 &l system 2| 0f
HXl= 09t 2 HOICH Hel dUA e AR0UWX= ChEd 20l
= =00




Colloids and Stability — Ground rules for colloidal stability

AE OlE0 THS 2 20l Ho T ACHEEE 2

Mz UE 5= =&Z110200 GiotH A= Lisdt &

' 3
A12 — 4h(V1V /V1 Vz)a1a2 (10.6)

Z a0l Tiek
SJtotH
& 10.30 A2




Colloids and Stability — Ground rules for colloidal stability
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Colloids and Stability — Ground rules for colloidal stability

rg

)

=
n
e
a
-
o)
_
5 0
-
2
1%
[ ==
a
et
L=

Separation distance, H

Figure 10.3. "Typi:_:;al" Interaction energy curves for two interacting
“”'tsf (1) the attractive potential; (2) the repulsive contributions: (3) the
total interaction potential.




Colloids and Stability — Ground rules for colloidal stability

20N =H&E Al =22H HEH Rcle SAE

j—lEH St I | /\I-g J;I-SRO.” EHol- I‘l CIE

ot 0f] Jt& 2tEst 2HE =2

FEHOIIA &8 24 GHOl A

HelH 83 ¢ . Hamaker= 0|2 &
POl & HA 200 B0

AG™ =-A, /(1271 *)
O IIM A = Hamaker & ==0|10 A =A%t C

A, :%hva’zﬂzqz = Aq’ (10.10)
Al 101000 A gi= B9 ST AN A & XLF 2K 20|,




Colloids and Stability — Ground rules for colloidal stability

| S alll tHold, H/a<<10l A R ALSH SEHE

AG" =—(A,a/12H)[1+ %E + higher terms] (10.11)

= 1z
om
~ JA

=
o

= HBEAMOIE lle A=

HelOoll Chottd & &

(1
Xt

qrlr
=

([
=2

1112k g
_|

in 0F

Il
Ol
—u

"
=
Xl
il
—
=3
A

W

Waals &5 &S
=222 0|E0AMHE
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Colloids and Stability — Ground rules for colloidal stability

IE HelolA, ALl S&A 20 2lst
SOz AEG H]4 O tEAH =
O1XIE|, &XP U Ho ek MI)|l= 8XI|E AlSs= EA %'OH
O|E 2 XS0 S&S 0IXI2, 0] H3IIF CHAl =012 Kelel Xt
ol & %'E‘é OIXIAH &l =0l AIZ2H0] He & & ZelH S 0l Al2+0]
original dlpole ol MMM 2&t lifetime 2CH AHE S 2 2L} Ol &
el MAE dipolell 28t attractive forceE Z2AAlI|=
2| Ot Al StLt.

etardation effectet &tCt. XL S XS R0 = &S
Al M| 20 He SAIZ L, colloid Ut surface2l &

SIS E* Nelol=E S&0] 013 == JAJ| 20 == 0otLt.
Ol =2 attractive force Jt H?22 2 S A= A0| OtL|2h H32z ENHA
C}. O*XP At MO Z AS HZE Hatole BR0l= SotU, A=

Ho SHUA= UE 20l dlot S otAl &L

dipole & fluctuation 8
Ol XIH =l CH Hel ot &




Colloids and Stability — Ground rules for colloidal stability

DedotH & 10.3 9 curve 32 S AFsH HER S
rveE & H| = L.

€ B R0l=, primary maximum@! AGmax 2
IS0l AHl maximumO| &= JIE 2 H & C

Ol MMt K= &ZS0ILt inert mediumWl AL &S CHF UL
systemOl A= Oled XS0l S2H0 N S0 Ji= HES] S

= R oLt




Colloids and Stability — Ground rules for colloidal stability

Ol MM Kl= HS0ILE inert medium 0l A 2
systemOlAl= Ol&d S0l S2H0 I
HEA CHE AHCIILE 0|0FD| & AlICE.

Olgd BHEOI DI S Il ASEE9| 3D}

MZ2 0H& 0l =3It 3JH2] componentsE Ct
L= S&otH =

8 104 0l U= AXKHE, 22 1 2 5 HXIF 0HE 20 =
B RE 2ol SAIC

Distance —a Distance —a=

flgure 10.4. Two particles of phase 1 interacting in a medium of phase
<: as the nature of 2 approaches that of 1, the attractive van der Waals
interaction between the two particles is reduced, as is the distance |-1.-r;r
which it acts. e




Colloids and Stability — Ground rules for colloidal stability

& X0l CH et effective Hamaker constant (A 6=

Agy = [(AH(IO))I/Z_ (AH(zo))l/zjz (10.12)

component 1 2 MZ5t0l A2 Hamaker & ==, A, 0= 20il U

| Phase 2

—

Distance —p= Distance —a=

F_igure 10.4. Two particles of phase 1 interacting in a medium of phase
2: as the nature of 2 approaches that of 1, the attractive van der Waals

intgra;tiﬁn between the two particles is reduced. as is the distance over
which it acts.




Colloids and Stability — Ground rules for colloidal stability

O Z2HAMOUHM =&t A2 T D0 M2 Hamaker &It = A
effective Hamaker constant (A M) 2Jt 0 Ol Dt & Ch

Agy = [(AH(lo))l/z_ (AH(zo))l/zjz (10.12)

=, A2 &0t )= &0l 20=C0 £t HEs AG,, .
L L5t repulsiveterm gt& 20| S0 SH &Lt
NZ gJl= 80l E20HE= X= & 0/E6tH colloidE

=
o

edium 1 0l 2IotH E
- =22 0 -
curvelt medium AL &s &EZ ¢
_ 0l —

al
I)d

O
rl
sy 1O

=




Colloids and Stability — Sources of Colloidal Stability

Knowing where the attractive interactions b/w colloidal particles
stem from, we must address the question of where the free
energy maximum comes from, which gives a system what
stability it may have.

Two Stabilizing Mechanisms:
Electrostatic repulsion : for lyophobic collooids

(electrical double layers 0| &)
Steric or entropic stabilization :




Colloids and Stability — Sources of Colloidal Stability

Chapter 50l A JI =& Q1 24 CHRE UL

Olad EHIIHOI QAIF HE A colloid system 0l oA &
SOt Al L.

Sl €N RUes colloid YAt (flat EH = 2210 JAAHUL
Ol HMH MGIE 2t 1) UM electrical double layer
= 3R E 2ol EA

Kinetic stabilityE M2to 2™, system Ul Al coagulation Of Lk

flocculation O] 2 O{LIAl Z= MKl identityE = Xlot= A Ol Ct.

Aggregation0] 2HUtAH, & & XtI} collide ol OF ot H, S = et
energyE 21 UAAHA collision0] effective L= “sticky” 04 Of
StLt.

LIS SIHE 2ot OF StLt:

The number or frequency or particle collisions

The effectiveness of hose collisions.




Colloids and Stability — Sources of Colloidal Stability

18 1050l ME8 & &otE 210 U= A E26HH two charge
cloud &= electrical double layers (EDL) Ol & & XIJ| Al & &tCF.

Figure 10.5. Schematic illustration of the interaction between two
electrical double layers: (a) two positively charged surfaces with only
counterions dissociated from the surface in between; (b) the counterion
density profile (1) and the electrostatic potential profile (2).




Colloids and Stability — Sources of Colloidal Stability

(EDL) ol &olot 20| a0 As&E82 = (repulsive force)2 &2 &
ottt ek, & e Ak2tel &8D] potential 0l SItotJ| Al &8t L.

electrical potential V = W/Q : the work required to bring a
charge Q from infinity to the point.

As a first approximation, we can assume that the potentials of the
two surfaces are additive (O'EM Hol U= HotIt =8 HHH S
HE &H2sthh . 01, 84 Xl AR electrostatic

interaction potential 0| = AtotCh.

Electric potential 0] SJtst X2 systemQ| total energy Jt 2
O|0lot)| H20ll, & At B20t= barrier2 & &6t

==t energy)t JloH XX &S
&820] HHAHR flocs £E=
coagulum O] MAEI Xl £=C




Colloids and Stability — Sources of Colloidal Stability

S At E26tH &S, BHE 208 4SEHZ0| EXHSHCE: repulsive
Interaction, van der Waals attractive ineractions.
&AWl Kl= 0] =2 g 0|LCh.

A Gtoml — _A Gatt + A Grep

&SIl 0l=S0ll 2let Br& s

= %2 =0 2L, Reerink 2F OverbeekO]

approximate equation2 Ct3 1+ &2 C}.

AG* =(Bek’T*ay’ /| z*) exp(—KkH)

(H JI A H: distance b/w spheres of radius a.
B: 3.93 X 10%° A?s 2

z . the charge on the counter-ion

e : the unit electrical charge

y =[exp(ze W,/ 2kT)—1]/[exp(ze W,/ 2kT) +1]
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Al SRotH HEotle =& dAHl= EHUHAMS &AH () El=
Stern layer Ol A2l & Al (. ) OICH.
Attractive interaction2 10.110] O1M92§, a2

AG =[(Bek*T*ay’ | 2*) exp(=kH)] = [ A /(12T ()]

(10.16)

1.0 Electrolyte = & 0f
& IS summed
interactionS L} EHLY

curve =
“1&l 10.6 0f RJULCH.

Surface potential, v

/K4 ik, 1VKy
separation distance, £

Figure 10.6. Repulsive interaction curves for electrostatically stabilized
particles at various electrolyte concentrations; (1) low: (2) medium; (3)
high



Colloids and Stability — Sources of Colloidal Stability

Barrler height £ Z2806l= JI&E S28F A= electrolytel s&
ot (valency)Ol Ct.

Electrolyte 2| =& J SJtoltH™
repulsive electrostatic interaction2 =0 33| = C}.
reducing the energy barrier
facilitating effective particle collisions
the system is less stable

Rapid coagulationO| & &&= 0 approximation
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Barrler height £ Z2806l= JI&E S28F A= electrolytel s&
ot (valency)Ol Ct.

Electrolyte 2| =& J SJtoltH™
repulsive electrostatic interaction2 =0 33| = C}.
reducing the energy barrier
facilitating effective particle collisions
the system is less stable

Rapid coagulationO| & &&= 0 approximation
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1B O = Al10.162 attractive interaction= overestimate ot % Cl.

- retardation effectE 11240tk ZUJ| 20

Ol: repulsive ft. 2 Hel H (UIEF & D] Ol
attractive ft. 2

=2 SH BE)Q N4aS
Hel H (e &1 0155 &

H HE)Q inverse square.
Summary :

Barrier Height =

stern layer 2| surface potential (W.) 2F
thickness of double layer (1/k)0l I3t 2 &
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Historically emulsions and dispersions :

experimentally accessible

reasonably firm theoretical basis
(advantage: preparation, manipulation and interpretation)
(disadvantage: purification, contamination, specific solvent effects)

Fundamentally, the same theoretical consideration apply to both solid

dispersions in liquid medium, aerosols, emulsions and foams.
Modification required.




Colloids and Stability — COAGULATION KINETICS

St M2te

=2 M It 8 26t0 coagulation &l = kinetics il T

= O

coagulation barrierJt /l=2t? 0l A Al 2o OF tLt.

W/O any barrier:

&d=061)| 0|80l e interactionC i Ct. — Zero activation E.
T MASHEE S0t = collision 2 sticky ot=5 S&0| 2

7 o= o0

potential well 2 9*7 O'EPD_ 2Ct — floc 4

Rate of coagulation2 diffusion controlled. (analogous to a diffusion
controlled bimolecular reaction)

Figure 10.7. Schematic illustration of particle diffusion and flux in
colloidal coagulation process
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Smoluchowski Theory
Begin w/ Fick’s first law of diffusion:

J =4ra’D(0n/da) (10.17)
Where: J : “flux” or number of collisions per unit time b/w particles in
the system. - a: radius of central particle, D: diffusion coefficient
Hel r 0l CHE particle O] 20t r, (critical dist.)Jt & & & =0otH A
coagulation0] & HCt Monodispersed particlesOl M, r.=2a 0[

collision diameterO|Ct. O] 412 2|0|E &Y ot 2 0tct.

Aol O|0|= = At HAE
& Xt diffusion &= DO
= Ab=2| H3} gradient
Ol Bl StLt.

Figure 10.7. Schematic illustration of particle diffusion and flux in

colloidal coagulation process, “M ﬁhln . Hgnglh | |n|“ﬁiﬁ|i“
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=
rJ
—

—’F— Hel @HE (r »oo)systemU 2 & Xs
Ol Helr, OliAM=n=00[Ct i =

FA PO|9-| CHOIAI2HE SEAS (42 20| LIEFY

(10.18)

c
=
Al
(]
AL
=

Diffusion coefficient D=

D =kT/67ma (10.19)

n € dispersion medium?2| viscosity.
D =D, + D, (for particles of different radii), 2D (for identical particles)
The kinetic eqn for the disappearance of primary particles

dn/dt = -8zr Dn’ (10.20)

n . concentration of primary particles
dn/dt : rate at which they disappear
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Primary particle0| 8t2 2 == half-lifec=

25 °C 2| =0l A Half-Life gt& ?
t,,, =3n/4kTn, =
3%(1.09%10gcm™ sec™" poise")/4(1.38x107"° erg/molecule K X 298K )n_

=2x10""/n, sec (10.22)
2 Ut M0l dilute dispersion 2| 3 102t o] A XE cm= 0l =D
Half lifeC] 2H?l= CHeF 0.2 0l A 1 sec &</ 0|LCH.
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g2 )] 0.20l A 1s2] B?l= O &2
S 5E0] Sl S40 CHoll & ARt
AMEHE L), E2&E &2 =2F0|C. )_C.'_IZP

Olddet =2 = M Ols= & e &
010l A= SolventE2A==2 LHUW= R0| & L6tHCE.
E S & AEH (A 10.22)0HIH E X termOl 2/ 6H A 34I
B2 HelWAMeE(EXAXAUAM) S=6t 3 A= OIDI "*ié

OII [ —>.j
U uin

—_—

Jd A
O r2 & =

T

C

—_—

110 -

O] Ct=EICH, AN AtS2H9 3“\*3#* D= D, + D2t ZXl &
Solventll O|AI&EQCI = B Eél °'O1LPEH 2 Al
OO 2AE =E 2 CHIF2HCHD st

fUIﬂ
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Ol & “hydrodymanic effect” 2| &
BeE, NS0l 22 5 HS —_rlOﬂ

BIIM s=r/a O|Ct. &8 X 2=, Ol &t hydrodymanlc effect= (/A.
Olol A S=S5E2U UE L AN HdEEL 2=
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| CHoll n, r otJ|0ll= (A =0l

Cc
| 2H &= i EtAHE EX £

dn /dt extrapolatedtot =0

=
R=.
o
o |
|._.

Time—¥

Figure 10.8. Schematic illustration of experimental results for the
determination of coagulation rates from turbidity data.
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e HUX &
FOIl LA IO QU
S AEO

so @ 19
2 oy L2
i 2
e =
oy 02 L

o MI

EE - 2 N

ol

o
1
30
[m

01N V,,, =22

=) =gl S12 . 1

exp(-V o /KT) Bt 3
2 =0, 4/10.20

0.24)2 HY 3| exponential 2 2~
Ch. 800 E0] O a0 QoA = X
2422 LI5™ stability ratio, WE &

W =exp(V,_

JkT) (10.25)
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W =exp(V._ /kT) (10.25)

WHEO| 2=2e 2XA=0| E=olH dli=solt

max

oIIO|daI systemUl Al & XIS ALOI2] A
(10 100nm vs 0.1 ~ 1.0nm 2+2 HI W& C

Ct4 20 Hel Helol A &S &t
IO L 0lset &5 9]
&0 A=S0| &S
= ZdAatl) S=
S (=
Ololl A &

I
=
ro]
o
g

r—4
cC_
— 1
&t

=

S
gt
=
—
-
|
=]

Ol (kA c;_l_= B
&l hydrostatic effect(ﬁxﬂ

)
S Ul A
2= ST
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S= UEHNUHA 4SEE potentia
stability ration, WOll Cist o &

7=00

=7 j (1/r*)exp(V () /kT)dr (10.26)

HIIA VN2 & 22X SA0l Hel r2 E0H UAsS [
potential O Ct.
LS A &) BrEE 0 CHol, stability ratiol] &2 A

w=Q0/kr,)exp(V_. /kT) (10.27)

max

HIIM k= &IJIA 0l=
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SSHZANAN ASEHE potential 2] A &S

| &
stability ration, WOll Cist O &etst H&=2 U

W=r r].“(l [ r*)exp (V (r)/kT)dr (10.26)

r=2a
HIIM VN2 & X2 =S40 Helr 2 E0H M UAS M
potential O Ct.
H&I|A steEsE )10 A= otdE 2 A=0ll CHol, stability ratio 2l

OAX Al

w=Q0/kr,)exp(V_. /kT) (10.27)

HIIM k= &IJIA 0l=
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S O A o) fIloiA & 10.242 2L O =

InW =-Inkr, +V__ /kT (10.28)

max

Vmaxe= systemHil A Mol 22 s (Cy)2l LHEA QI
i A InW vs InC,2| plot E£8F CHEFE Q1 A& 0| Ct.

SHAEES S (hydrodynaic effect) = ideal curve®

JOoHES O0FJ|8tlt.
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4] 10.282] &S AH 0 Uiet &E8 AEO 2N, HAHSUs5 (CCC) Ol A
charge stabilized colloidal system2 St A 0| JUCHLD 2t=stCt &
HE1NsEke= 0l =% O0|&0l M= rapid coagulation0] €dHULIE =
& 0| Ct.

CCCE 2= HE 2 InWvs InC, 2 curveE InW = 0JtXl 2| & &tCt.

—

G

=, CCC2| &EH AME2 220/ O[EH Q! termO| 2/0lot= Bt
FAZN?
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colloidal=24He] SHE A0 CHolAl= &Ot=l &oH & 9
EXM0|) AHQl AAM2 1856E (O N &
S0t AAS T =736t1)) FaradayOll 2|61 A
) OleH= colloidal science® O|EX QI HEEHO
2t AFE JIsEt 0|22 42 WsHA &0

B

O &A= AO|CH




Colloids and Stability — COAGULATION KINETICS

colloidalZ 4ol CHA MG CHolM= EIt=l &Mool &
EXM0|) AHQl AAM2 1856E (O N &
E0|JF AU S = S16t1D) FaradayOll 2AHA 210
surface and colloidal science OleiiZ, S8 A9 0| ol 2t
Sl ol = &= U= 0IESUH Uit A2 E=SE UL
MIDJIJF BE = Mol 230t Schultzel HardyQl H 3= BHIH MD| & &
9| colloidal0fl CHoll MoH& 2 = 1t
NolE 2= X} EILEl = 0|22 | Xt

W o 2

S R oLt

== & ot
Mot E = ER0=: FAIE SRotAl &L
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Schultze?} Hardy2] 3 1= Schultze-Hardy rule=

O
ELE
:|

X

: colloid® CCC= Bt 0|22 off 2ol ==

o
%:E, SE go IAIAE—I}” III-El

22 o0 2 A
CCCII & AtIte 6 = &2 10 dldletCt. cCCC= & Xt 1
electrolyteOll CHotOd 1: 0.013 : 0.00162] Moll& HIE=2 LIEHHCE.
2AXOF 201 CHAH KI2=DF -6.27 (& 2 627)0| 2 | XHJF 32 -5.85 (% 3~
585) O| Ct. (-60ll Al 22t CHE gtE H=CL)

=2 X
NIt 88Oz 2AHL= A2 EX 2H0llA Ol2=2 d& 2 ionic

radius 2t hydration(==2t) radiussS 0l et A BFE L= AR O A SR E
S cHE CH — hydration HXIS CCC Ml &t gt 20 S

ZUECE, FER HHHF0 Uiet 2lxg 1

A}F
mterfaceOﬂA-IE S&, 1=2 & "EiQ 0l2etE,

=M &l colloidal systemil CH8t CCCES2 =0
':"'§P°* A 0| C}.

=
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ot RAXEOEO0lI=0l CHoll S& ot © colloidS 0l &

Cs*>Rb*>K*>Li*

Ol Ct.

20t AKX L0222

Ba2+>Sr2+>Ca2+>Mg 2+

OlCt. Ol=2| S50l CHet Ol A 4 L} 2 |yotropic serieset) 2
el Ct

CCCe Ed MY MI|EC lloidal2| 9tA &= system LH Ol
N BtOHOl=22 & Gt2t Ct. 2 M= colloidal stability 0l
2 ZEDE BE = 210l 0™ typel 0|20

JtoteE A0t MHEZ2sys | AEAMOZ (= JIsst
modelO|] & &= =t ot
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colloid2 M XX QI stabilitye=
HLE gtefot=E I Al g2l
SAUCEH EEHOU= A
HEZIEOZ L} HENHEQI

=

Waals £ = 1t Bt .

bulkst C, 011 JAIF zI10H 101 & L (excess
charge density), p = potential 2 & J| Ol ™ X| & 0f
N CtE2 0 20| =0 &L

[c" —c ]z=p=2zc [exp(—zeW | kT)—exp(+ze | kT)] (10.29)

Poisson’s egn of electrostacs relates r to the variation of g with
distance to he charged surface, x in the form

0°Wox* =-pl& (10.30)
HJ| Al € = permitivity of the mdium O] C}.
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10.29 2 4! 10.30=2 & Xl H &/™ Poisson-Boltzman4!0| € C}. 0] A2
EDLOIOI Al potential2 HEl0l TGt X &0z EZHSH &
Ct. Ol X2 dUHECE =2 EM potentialt EHOZLRH 22| E(
&l system Ol CHotH & &st A 0| Ch,

v = (4kT/ze) exp(-kx) (10.31)

10.310l M k= EDL2| S H O|Ct.

el Chote LXSU CHotH, = A0Sl HElJdt 2EHSHAM, & & |
OIS0l XX AlIESC. S ™A= 0552 &I
potentialO| Lol K[J| AlI&ESIHA &KXl At=0lU X0l A electrical St
=22 JHZIF SItettt. =& I M= repulsive term2 &
system? energyS ZJIotH &tCh EDL overlap Ol 2|8l M=
potential2 EH N U= Hel, H,0l CHotH CHEF exponential 6t Ct.




Colloids and Stability — COAGULATION KINETICS

S S

grEs s gAY

AG, =[(64¢ kT/x )exp(-x H)]~[A4,/(1278%)] (10.33)

01 J1 A A= colloidal material 2] Hamaker 4f==0|C}.

Al 10332 O 24JHKl SF 2| electrolyte concentration0l CHotd 2™ 1
1090 A2 &2 LEHE Ol SEI=0] & O &L

Maxima= ELDO| 2/otH &4 &= coagulation barrierE LIEFHLE.
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(a) | (b) ©)

High

Figure 10.9. lllustration of the effect of electrolyte on in'?eraction energy
curves for electrostatically stabilized colloids (see Figure 10.3): (a) at low
concentrations, a relatively high energy barrier, P, prevents coagulation;
(b) as the concentration is increased, the barrier is lowered, making it
easier for the particles to pass into the primary minimum, M; (c) at
critically high concentrations, the barrier is removed and the system falls
directly into M, leading to complete loss of stability.
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Of JAdUIA & = A= A2 electrolyte =
bt ZOtKl= A 0| L.

Rapid coagulation € AG.=0 0|

sstmoz
¢ (CCC)O1/(432°) (10.34)

2 dAG,/dH=0

Al2 Schultze—Hardy 2! 0F St

2N
2= Ui

0.016 : 0.00142] Hl&= &
o & XletLl}.

O
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Al 10.342| & HE ’a" 1= Hamaker constant (particle 2| attraction Ol
A E A=), AL SIOHE0 et 22 dI[He SE4d= Ikl 24t
Ol CHet CCCe &4 HOICE Ol X2 Z colloidal E¢t2 EXtZ &
CtE ot A E AO|LH.

MO HAIS HHSH, O & 0l A2 Hamaker constantE MIB0 A2 DHE
SAEE Q1 THO) ”*SZP 9] JC3*OIE} el HE Ut E4HE phasell S

I}
X2 H =510 HEIHA. A otH & = OII:} 12|22 system2l
oL S & 240|C}.

DLVO 0|2 Schultze-Hardy2l #22 HYoIHA OIOIEJIOHZP & JIX
=28 1t JP@ES QXE €42t JIXLD ULCH O
potential{l A=, 0] O|E2 CCCIt z6 2Lt z2 0f IZ-I IjIE1I
1) Off A St

ol A= & H &=t

ol &¥3=2{™, specific ion adsorption 1t hydration
effectE 14 otH = C}.
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DLVO Ol E20IM O S tls2 Us2 2A40|L.

St colloid 7t Dt A Q1 211 (reversible flocculation, potential Ol L4 Xl
S0l &% secondary minimum= JtAl=)E HE = A= 0| =0t
A 0|Ct. Secondary minimum?l| EMe= A& Z 2 &= UL
1) potential® 2 & DLVO 0|22 ER&t 0|EX0|10 AEAOI
= JtXIJ| TH=0l OFeHofl 2tZatAHl Ol 0FJ = 21 Ol Ct.

Colloid&tAt2] H 22| DLVO 0|22 2 JtXl= colloid potential2| & J| A
Ol 4& O Olole SR4HdE EH= &= U= AO0|Ct E£8t colloidIt X

T AN
FO|Z2RQ &8l gl SsRdE: EHE &= RULL

— /) _
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Sll&] iz #Est S2=20/& tE L0 Oist Ml A0 ML 215 =
A0S =&t dsH=E2 U Al 280l 29 secondary
minimumet 22l R0l EMEC= A0l12 0] XS M40 Heg o
Helof -4ECH(O810.10) 2 EPrimary minimum 20 S0 Jt
N OHE X Ol AEHDJL EC. (the cup in the putting green) J1efLE &H
S 8HID| Jl 220/1&E= &1 &2 =0, few kT 8 =2l energy
minimum1t Bte =& RULE.

Figure 10.10. Schematic illustration of the secondary minimum, M', in
electrostatically stabilized colloids.
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Primary minimumOl A 2| coagulationt CtE €St secondary minimum
2 SlU= 4 UHEZI gtz S EA= U LiotH
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Figure 10.11. lllustration of the effect of the secondary minimum in
reversible flocculation: (a) a flocculated colloid with two phases---a
concentrated flocculated phase and a dilute dispersed phase; (b) after
agitation the system returns to a uniformly dispersed, single-phase
system.
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LE BRE 4HEHY,
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Ct= A OICH = condensation O|Lt crystallizationO|
critical sizeE€ &€ dotJ|0l= aggregate == JI S=0|
£t 2= AO|Lh.

0z =2
g MM so

a2
OF rIr AT M3 40

FE > HT S 17

2

H1 0x
JH




Colloids and Stability — Steric or Enthalpic Stabilization

OlH NtXI2 CtH A0 &24&AE mechanism=
ELDJt kinetic stabilityE S Holl =)<l 8t barrierE
< 0| Ct.

T LE er¥et HAHLISZ == NI seHil HA[T 2L =20 O[22 A 0O
EHOI A2 Ololi It &l JI Al&st ZH0ICH Ol HizLIS= A E£H
Hl &20] &S M lyophilic colloidE & 46t =, 01=0| €Al &HOHE
MSotHL HEZL|A AHE LS NSotAH =L (SMEOHE U HE
ZU|H OHEH0| 22 0K =&t0| H2/UALLI IS EEUAN &

S ANEE +=JA=ME2= AFESHLE)

India Ink & AHDL20 =24 S0 A =S4t
Ol & 224 & colloid stabilization &
X1 8H) 0| Ct.

O] &8 0l20l% “protective action” 2 lyophilic colloid
(protective colloid)E 0|06t &0l bt= o= colloid= ol

EJ\OI'_
= T M .
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=cl| 0

(a) (D)

Figure 10.12. The effect of polymer adsorption on colloidal
interactions: (a) the distance between particles, H, is greater than twice

the adsorbed layer thickness, 8, there is litle or no interaction; (b) when H

< 26, interpenetration of the adsorbed layers results in repulsive
(entropic) interactions.
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0|2t &2 & =2 FIHA Z2UE =L,
. Osmotic effect : due to an increase in the local concentration of
the adsorbed species b/w the two particles

Entropic or volume restriction effect : interacting species befin
to lose certain degree of freedom due to crowding.

Ol & JtKAl 25 entropy € ®&Ct. Unfavorable
Osmotic effect= BHEHO| SO & HFHUA Eol =)t ZO0A= 2=
St unfavorable enthalpic effect= UAH = CF.

2 O{H &l entropyE regain
0N & 8L = U ZF0{0F otMH, S0HOF e unit=
S

re-solvateol =0{0F otC}. (et Z2HE 22 barrierJt 2 A=S0| &
= A2 ANAAIAFTLD =82l 9FE mechanismO0| =l L.
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1, 2= He HO| layer
thickness Jl 4 S 2

Distance of separation

Figure 10.13. lllustration of the effect of steric stabilization on the total
interaction energy: for curves 1 and 2, significant stabilization is attained,
although they differ in effectiveness due to differences In adsorbed layer
thickness or density; for curve 3, the thickness and/or density of the
adsorbed layer is insufficient to prevent coagulation.
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MM S UE EYE! interaction 0] 9= &R

10.101F 20| s &= /UL = van der Waals
steric interaction2 &0| & EP

AG total AG steric AG att (1 03 5)
ROl MO LIRHE A

SI& 0] Zdo DAE LIHAI &0 &
(==

ions PO 80 U&8E R0 = el JHAl

protective action=
loop= S &olH & L.

EOO

Loops
Trains

(a) (b)

Figure 10.14. lllustration of various modes of polymer adsorption: (a)

tails only; (D) loops, trains, and tails.
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F=H& 2012 polymer0l CHol Al
one-point attachment® B H 22| expand& Al £2 protection=
= = UL

LoopE & 4ot= N2 HelolA 28t protection2 & &= QUL

1, & H systemUlAd= St

(@) o)

Figure 10.14. lllustration of various medes of polymer adsorption: (a)
tails anly; (b) loops, trains, and tails
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—

Lt Ol = =7

Long Ioop and tail = formation of thicker protective layer

Very high M.W. polymerQ! 3?

“overkil’ — LhE & AE 5 0 A sensitization and bridging
flocculation £3l| particle® =%=Jt polymersE 20 AHECSZ

WEE = X&0| 2 22 0| flocculationdl CHotH 2 protection

-
2

Figure 10.15. lllustration of the mechanism of bridging flocculation:
when the ends of widely spaced segments of a high molecular weight
polymer bind to two or more particles, the system becomes sensitized
and flocculates since the process draws the particles closer together than
may otherwise be the case, helping to overcome any inherent stability.
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Polymer J} HEH0 & ¢ &AL, H0l otEl A= 0ll= depletion
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(a) (b)

Figure 10.16. The origin of depletion flocculation: as two particles
approach, weakly adsorbed polymer in the area between the tw;:m
bemm;—rs desorbed, leaving a bare area so that attraction between the
two Is Increased. The effect may be further enhanced by the fact that
:}smgtrc forces may cause solvent in the intervening space to flow out
creating a suction effect. ’
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Figure 10.16. The origin of depletion flocculation: as two particles
approach, weakly adsorbed polymer in the area between the tw;:m
bemm;—rs desorbed, leaving a bare area so that attraction between the
two Is Increased. The effect may be further enhanced by the fact that
:}smgtrc forces may cause solvent in the intervening space to flow out
creating a suction effect. ’
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In terms of colloidal stability, thee temperature at which the solvent
character changes from ‘good” to “bad” is referred to as the

critical flocculation temperature (CFT) of the system.
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Collapse

Figure 10.17. lllustration of the role of solvent in steric stabilization:
curve 1 represents a good solvent --- effective stabilization is obtained:

curve 2 is for a © solvent; curve 3 represents a poor solvent in which no
stabilization occurs.
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