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I. PARTICLEC| & FA171?

« AFAA 21 : A very small piece or part.

s AAA ¢v] : Components of a finely divided substance.

("Fineparticle”< Brian Kaye’t #E838s I7% w <7 B particle?}ol £
o w37 Y8t TEod Azojolth, B g o] wej7t BHEHoZ A= L
dAE &)

flo

. oo gANE BFse ARANE e ge AE g%

- Aggregates : primary particle®] weak association.
- Agglomerate - 1) primary particle®] strong association.

2) aggregates’t % A.
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1.338 ¥ & ex)Microscope
2.sedimentation %%} : ex)BI-DCP
3. A7) A3 ¥4 1 ex)ELZONE 280PC
4353 34 - ex)PAMAS-2120, PAMAS-3120
5.LASER DIFFRACTION SPECTROMETRY(LDS)
6.LIGHT SCATTERING METHOD
1DSTATIC LIGHT SCATTERING(SLS) : ex)BI-9000AT
2)DYNAMIC LIGHT SCATTERING(DLS:PCS) : ex)BI-9000AT, BI-90

o] 7] A% micro$} submicro particle size &4l gutd oz dg o] &5 3l
N wsd e pws tRna o 29 tEeiA liquid%-of A &}
particle®] BAEA S DHE BAE U= zeta potentiald]l M= 23] A7
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ex) Video Microscope

IV.Sedimentation 2]

Zzolz BAA particle sizeS A8 AoiA 7 2.4 e 2 o] 3}
U7t 27 44 (sedimentation method)elth. of 42 Etol A HAHE AYE
*

A (spin fluid)E T3] HA3E particled] &



equation® ©| &38| particle® £4}3l+ Aot}

AZo = AIA7 8 (gravimetric  sedimentation)s 7 A & 734 (centrifugal
sedimentation)°] edl, AAIAZUE ALE&3IH ZAHAZDo] 2ddan Rae
3 Wl &L particle FA31717F w9 FEo o) E AL BEEr) 98
centrifugeE ©]§8] A A71E centrifugal sedimentation method”} 7= ¢
o},

A7 Disc Centrifuge Photosedimentation(DCP)& w274 3] ds}=
discE ©|&8to] particle sizeE ZFAd= RAolt) o] =AML microsize range]
UX ¥ X E high resolutiono 2 A& F Y= Ao}

ol?] 19 (Fig.4-1)2 spherical particle(p)e] 3 &= disc U2e HAHL AU

= A (spin fluid)E PAFoZ AZeE AL Yerd ol

N ' Fig 4-1. Centrifugal force fieldo] A
@) 2738} spherical particle(p).

T4

particle®] 2719 A(m)NA detector(ra) 74 =2atE AzHOES 712 Ao 9
8] $A39rh tSL centrifugal sedimentationo]A] ©] &%= Stokes Lawol A
g A e},

18nIn(ry/1;)
fo e (4 4-1)

® ! Z+& X (rotation speed)
N : spin fluid9 viscosity
Ap : particle’} spin fluid®] Y=z}
d : spherical particle®] diameter
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dAg Ajzre] A F detectord] T B3I particled) 23 XAMoju LED 9
ARHA EFE(EE F35)E ZA3H particle size®) A& Volume(wt.)

Distribution2 78 4 Ut}

Time = 0 minutes. Sample just injected into Time = 15.37 minutes. Sample has separat-
spinning disc. ed into bands which indicate different size
fractions (the size is a function of time).

Stokes WA A ol= &3 22 oJdrtx] Fag Zo] YExEo] 9o

1A tE 242 2ZM particle diameter,ds & 4 Qul.

2]arge particle®] A|ZFH 22 detectoro] WA E238l1l, small particle Fo] T
g3ttt o] =ZAIZHE particle diameter®] A Fol whul#E@th o Z M, particle
size H]&o] 10:10]9H particle ©] detector7}X] T23dt= d dagEs A7 v &L
1110001t} o714 & & AXo] o] FAHYPLE B 5ol o}F Hojyoh

4 micron 2719 particled] Z$odle WE7F L spin fludE AFLAY,
particle®} F=7} A9 B3t spin fluidE AM-&31A Ur, spin fluid® % (volume)<
E2 Ay, T+ disc rotation speed® RFoIA & 4 9t}

* Z3lpolystyrene latex9} Zo] WE7 o Ao =

o
A
)
ofr
rk
e

2 & size7t <F
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0.07 microns®la TiO¢t #& A=7t & particle e As Z2ARFAZ ¢ 0.008

microns©| t}.

+ Centrifugal Sedimentation Method®] & 4.

DA

_ disc rotation speed® 50091A1%E 1500074 WA Al A
submicron¥ micron size® particle® 3% & AUTh

- B3%5o] o}F #Hojuoh

- sadoz 29 Stokes Lawel 7123 3UoiA Q) & &= A Bo}o] JEIRE F)
AL gl

- g7 AE A LA A AR BT

_(‘)1_'
£

- A (spin fluid)S ¥1FFH HE, particled] HEE A3 A & ofof gt
- EF AE ) B o] B
- gury e g A A QAT At

100 ]
l’ e
’ 5 oso b oy :
=°= Y-
= ; —— Ditferential
= e’
5 0.40 b . meems Cumuiative
*
; ¥
1 \ A
000 1 FAYAN
=] 240 480 720 60 1200

Dlameter (nm)

Fig 4-2BI-DCPS Al&3ted 9 7}x LATEX SPHERE SAMPLES E¥3}e

A8 Weight Distribution.
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Table 4-1. Surfactant”} polystyrene latex 9]
Particle Size Distrubution®] "X+ <&,

Sample Surfactant dB\)am.d(::(g)
A Proprietary 157 156
(1.026) (0.028)

B  Witconate 141 . 140
AQS (1.037) (0.047)

C SLS 131 129
(1.110) (0.073)

1. d,, is the weight average diameter [rom the
BI-DCP.  The value in parentheses is the
polydispersity, .d,, /dy-

2.d,., is the average diameter from the
BI-90. The value in parentheses is the
polydispersity,  which s the normalized
variance of the diffusion cocfficient
distribution *.

Weight Fraolion
o
)

———

Dizameter (nm)

Fig 4-3.Surfactant”} polystyrene latex¢] ¢ E&Z(PSD)d| m]x =
48 MZABCE 77 Surfactant Proprietary, Witconate
AOS,SLSZ ¥rEojz Zolt}(Table 4-1 #11)

V.2 71 A& "4 (Resistive Pulse Technique or Coulter principle)

A71AE L particle size?t AFE A3 7|2y oz da o &Hu ¢

£ Zolth Coulter 92)& 219 ¥ ‘o), 2Agoly wHe) degen
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g
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o] Yg & &AX7}5 3% particle sizeranger 0.4 - 1300 micronse]th. 9 219

& orifice tube®l sensing zoneg YEFH Aot}
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- particle®] AU A%E HY & Uk
B8zl deh.
- particle®) £3¢ o8] 277 AAH=Z 2Pl G2 237} fk

[
e

224

~ A&} A (electrolyte) £4& =2 Fo},

- 3 orifice tube®] dynamic range’} &t}
(dynamic range:orifice size® 2 - 60%)

- Z 3 orifice”} & particled] 9] 23l

o] W& Halogen LampE& F9o2 A1&3te] AE AAo] WL zAstA
particle sizedl ‘3 3stE ¥ A7} Photo-Diode® ol %< 5 +=1), particle sizeol] u}
€ Adus e AABAZRH YEEIXE AT countd 5 Ui
3o},

$L

Operating Principle®} Optical systemo] taix s & IHEL ATFEE 3
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Particles,

-Photodiods
Collimated Light
Fig 6-1. Operating Principle.
APERTURE L PHOTQDICOE
APERTURE \ COLLECTION
U"_‘P . LENS \
¥ YU yn
ks
» I\ Naeermure
CONDENSER RELAY SENSING
LENS : LENS Y voLuME

Fig 4-2. Optical System®] Schemetic Diagram.
VI. Laser Diffraction Spectrometry (LDS)

Laser Diffraction Spectrometry ©}5 % 8.3t particle size ZAHolth o] @
Mol Fo EAL o] BWEE, =X range’t Wonw, 2 245E A7t
-]

B

Zolt}h, T3E calibratione & F o7t glon A 22 5

fr



Fig 6-3. Particle Projection.

dg PoE A Pt

AWM & Fraunhofer Diffractiong o]&3%tt}. old] 2™ (Fig 7-1)2 F 39

o

o
e

A drrste HE adFe =&8 22 379 Al 73 particleo] 3EE Ao
= AL ved Aotk EAF ZEE particled] 93 AP W =3I} M2 HY
533 F focal plane®] 5A% & A A JAFHch oA

Zo] w2 3AH Y focal planed] A HE FHAFHE HET

359 Beugungstiqur
diftraction pattern

Lasaricht  Partikel  Streuficht
aser light particie scottered
light

Deteitocen detectors
+8lenden

AHA g FRFe A=) Fhol Ao} of A AFsE AT
Z39h 2 particle®) 9 LS4 HATH Y 2] P NAA P
=

HAM A 2AEE o 3l particles 2F A
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g 4 3o
FABYE e A7)9 A FIYA d& FL@E, Fig 7-2@A4 & 7 R
=o] 7} particle sizexol Wdl AFsE BT ZFez FAAD A7IM s
Bessel FuntionQ1dl 2717} AR ZAstE sine &5 Edelth of adAA &
g0 Moo E7pHE 2 peak7t Y} 9T 1 o L peakEel Utk ©l
a3 A F7F S AW A 2 peakd HAAE,

Xmax = 1.375 and x = 27as/AMf (& 7-1)
o]th. focal plane®] maximumZ7A 9] 7 8 (sma)E particle radiuse] W@}, o]
7] smax”t focal planeo] 1% photodetectorel o8l ZA W, § H7-1& °l&
3 ML Yo7 particled radius(@)E FICh FAIE Lo st A4
particle size® AE3A AT £ gtk ok & olfrz U A A% o
TRAWL laser 71%0] 28F Fo 24 ]2 & JA HUG

Qa8+

H

Q.61

INTENSITY {2 Ji{x){x)

0.2+

TIGHT ENERGY E —

3.83 7.02 10.17 13.32

l

o 2 ¢ s 8 w12 %
Xz2mwa s/Af —=

itas
Y

(A) (B)
Fig 7-2. 313 FH(Diffraction Pattern)




o, YEEHO o] 7]1&g o] &3H A laserd WAL particle sizeZTH H Zo}

2z e ALo: Mie scattering®] dyA @At laser ¥ I

Particles in
suspension

2

Stir H
f:’) «
n_ e

Ceantral
processor

Uttrasonic

Pump

Receiver [——1

Fig 7-3.Laser Diffraction Instruments®] &2

Fig 7-4% particle sizeol wg 3Adzte] 2t HogFE Zoltt large
particled laser beam? 22 ZI=2 3 AMA|7]1l, small particle
Zte 2 HAANTGE AHEE d7iM & F At IEE 42 I=2E FHEY
focal plane] E2&t}d olu large particlee 2 FAHFHE wE, small

particle® Atz oz Z IHLHE VET.

fo
oy
=
)
o
fu
ru




Laser beam

»

Large particie Small paricle

Intensity at each getector element \\/ ) b
is summation of intensity from Muiti-element
all partictes of a given size fng detsactor

Fig 7-4particle sizeol wet @&A& 347

* Diffraction Methodd] G4

DAA

33

- Operation®] 7+& 3},

- Reproducibility 7t £t}

- liquid®] ARl A9 AFE ¥A gehddld 228,

- BAo £8FH%E Az7te] &t 2184 On-Line& 2% F&3th
- Calibration® & 27} gt

224

- Accuracy ¢ Resolution©] Sedimentation 4]l v]3)] Yt}

- sample® #33& =49 w2l dolelzt ¥ 4 glon, 53|small particled]
AL olald g3L Ho] W=t} 122 E Mie scattering correctiong 3| F]
oF g},

- ¥BFE2ANPD 1 AAF 2L FEAY Oil in Water Emulsion® ¥ particle#
liquid®) @ &) ¥xd ZA s ARsA o



Intensity Pattern from

a Single Disc or Particle

Intensity

(222

0 | 4 6 8 Distance



Relative
ntensity

Intensity Distribution
and

Particle Size

200 microns

60 microns

10 microns

0O 5 10 15 20 25 30 35 40 45 50 55 60

S (distance from centre of detector) mm

ag 17

¢} 2¥8-e particle sizeol W& AthE ¢! Intensity Distributiong e Ao

t}. particle size?} T4 %o wg} relative intensitys ZHOFA I detecter FAH o2

g Azle BojAr



Intensity Distribution
and

Particle Size

@\

For N particles of radius ri, N2 particles of radius r2 etc.

Total light energy between S; and S2

Lszs: = NiALy + NoALz + ... + NAL;
= INAL;

VI.Light Scattering Method

1) Static Light Scattering(SLS)(= ELASTIC LIGHT SCATTERING: &/ 31t &)

Classical light scattering®lZ1%E E2$E o] ¥y Add 49 F=E 3



TFatela s AR FFS TR Fornz Fa A W oyx Wl 7
of ¥x g1 AR FEE FAHHA HEIZ wgdPAdolgts g 287t
glofok 3halch.

Fig 8-1¢ R<l uts} o] Wo] o) w3 olF & Qixlo] Wid GA%
(T4, Fagv)e]l YAHE W YA HIFLe 292 e FuFR AFsHe 4
SAE FEAIA D) olw PR/ BEH o7 FuA (isotropic)ol W L A2 A}
T QA A1 #WE (vector)$t e wWo] Huj(zF), I A7)E 48-14F
vebol ot

U = dE = aEp cos(2mvt) (4 8-1)

a : Polarizability of particles
E : Amplitude of electric field of incident light

o) AF AIAE 1 ANZA AHE BEE Bo] Ho We Wi of

Yol whz Aol Hud 1 IR ZEE Ag-24Y Fojan,

16n%a? sin’
L) = o —————————— (4 8-2)

Io : Intensity of incident light
r ! Distance from sample to detector

282 BAAAFAR 9 dAA FEQA ZHWHo] xyd AL treat o] uk
stg 4 Qg
8 1%
L B =1 T (1 + cos’0) (4 8-3)
A



Observer

Fig 8-1. Scattering of radiation by a particle. Only the electric vector of the
radiation scattered in the particular direction given by 6 and ¢ is
shown. Radiation scattered in this direction is polarized in the plane

defined by the Z axis and r.

o714 0% BE BAd APolA Aol FHn YA AWIEH B
Zgo] o] T Zoh,

28-32 7149 Afole & Eo Ry SFLF dAY 1A Zfd=
a

A wide] LS ZHAA Hol e dAE AleldlA Add HE Aleld b

A (interference) @4e] o] wFolth AAZ mAY A A AtdFo

@Hs W ZEe gud S oA "o U7 BAE FE e 2ER
SN REA AEEY Aol Ax FHAC] gl olEo o8 4gd o
Arolel RS FAY £ e WE Aol 3¢ AVREES RolA B ol
ASol nEAe] @ FuE dodw HA SAINe] BIgolN ol Ao
pRe W £ Y 23] A% A ZEE SAFA} 4 £IEL B

e %ol FA&(refractive index)® X3 ohe7 e A



Is(8) 2°n%(dn/dc)’(1 + cos®0)cM
e (218-4)

1(8) : A&zt oA o] w9 its H
ng : &g 2HE
M D EA(F,2EANY BAE
Nav : Avogdro .
dn/de: 3 Ec(g/emd)ol g &) 24 & nol W3}

(specific refractive index increment)

9% FYRBLE,

A8-4E ta EFSEZ #A<HHOZ Rayleigh ratio, R(O)EHE wi/NESE A}
43t g 22 3asE A4S go] Agsted,

Kc 1 L(®) r
————— = - R(O) = ————— ———mmmm
RO® M Ik (1 + COS™)
on’n’y(dn/dc)? Kc
A Nay(1/M) (1/M)
2n°n%y(dn/dc)?
I (418-5)
A2 Nay
o714 RO)= HBEX, MEF detector Aol A YAMFS] FEE 7S A
RN A TeH SALR ] FZRE 1ty FFIY ATPEol1 KE

AR g % A 420 we ARHE F5oloh
Debye: §9) o] 3¢ melsted AAF o2 WEsted,

Ke 1
-—— = -— +2Bc + ... (218-6)
R(9) M

714 BE A288ld Al (viral coefficient)Z ©] zto] 02 W& 8 condition®] 2+

I REr A8 Abge] oA JHeA EXE o]FH 0BT AXYE #3483
Bl & w) A2 (excluded volume)E 7}A A HE 49 good solvent ¥9 o2 &
o7tA €t} 9t E B 0BT Bow Exlgo] & mEE gAd] SEA 2



S3 AR Dol He Rolth WA v AFZREH FATEAIA
o gujst mEPAL AR YAE ATT & Atk

gee & & A ol §49 2AF] ZU3
R

RO Foz B 4 gu mtd foXE BAZFS FA I EAF(weight
average molecular weight)e] Bt A&

& TEA §AojA Z4 DEA ¥
o} ZAgole} olui= 2B8-58-6LERE
cosB9] QA7 AuREe ZE 4EAL Holy ol WFWIF FHWY 7=
s A7l= ASE Fig 8-10148 o] 2%z AFE dAge ZA¥c A=
A s Z2HEGE g AFFEE FADYG 2 FL& F4E AHEst
Hete Exige] & uEzs} o] ¥ Adde 9 A77F AA
Ao vt REozxE Ad® W Apolo] zhA @idel A7IA Hol AvFe
7tz oj&Ao] A7A Bk o] ZE gEAL dANB[AA T YATFRAH
A4, P@)EE 42 dehiH g o] HFoEn

)
)
2]
4
¥o
it
S
R
o
rl
>
o
lo
ol
o

s}
mL
flo
jincA

A0l Yew ARG A Y HAFE
P(B) = —---—mmmmmmmmmmmmm—mssoooooooooooo (418-8)
Aol glev AudeclA Y FAFE
JAdEALE & AARlA dojd & Y= RE A #ouREH T
HARL Fatd ANEY QA o] FriFol ohlW AREY ZE B
deiA BEFolok d. PO)E A8 ZFe) Yol thatel A=A g1 A
o Bge 9W We 7R A HVPEES FAs T Fiel RFo) AR
718 A dobd £k ALE Yo BF Jolo 2ok AxE A7)
2 Ul uAEse B3 W9 A (radius of gyration)RgE AR s = FE
AT PO)S RgAtolols the e BA7 Yok



16n° Rg’

P@®) =1 - ———--——- sin’(8/2) (218-9)
3)\2
PAE APE E3td POE ASzZe Iz FEW nEAS AVE Uede

Kc 1 1
e = === [ === + 2Bc + ...]
P@®) P(O) M

=[1+ - sin’8/2) 1 [ --- + 2Bc 1 (218-10)
3)? M

o oagry <<'1 Ao,

A7 M PR 7], & Rerh QAR HFRT 4 AAY 43707 Hobx ™

FAEAS FAL F QA B¢ ¢+ Atk TAEE ofF He A=A Ko/P

O 243U AV 002 JuH ARH ez BAuIG A A

z7o] 7hsan] WUE 223 e FEM K/POF AAY FE 002 573

N2 oastE BASY B2 270 9@ ARE 92 F A B olRy F
zZ

WS A dtvel EEoAN E4dte Bl 1 /BT

P

imm ploto] t}.
2)Dynamic Light Scattering(DLS)

DLSE ¥4 334 (quasi-elastic light scattering), 3 ¥AH#E3 ¥ (photon
correlation spectroscopy’PCS)2 2% EZ&d|, o] FATYP L Y& ATA7= A
HAE9 Yol g At&F9 Doppler broadening g ©]&3te Y5 A4t
Ay o)A THrelaxation time)sE ZH3e WHolth DLSOIAM

o
-

A5
Doppler broadening< 0 - 100 kHz A =& band width7} Zto} EAboly} 7+ Al



Kec /Ry

Plot of XcfR, versus
A conceutration for sin*(8/2)=0

’////,/////,/’// . L aner21e0
/ c, o \*mn 028
4 3 < 1
- N
e
1/&_{
Plot of KciR, )
sin (6/2)

versus sin*(8/2) Concentrotion, ¢

ce Fig. 7-24  Plot of Ke¢/R, versus
sin?(8/2) for ¢=0

L

Ke /R,

Concentration, ¢

Plot

of KciRe
versus concentration (c)

¢=Q
ud a
cs ‘|Qn,.‘$_ITL
< 3A
|/~7_'
T

Zimm plot

wn2(g/2)

04 (8/2)
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7 ol Athelm, 1 AES W ARE FPely] W oY FHol AT
2 9 % gk ogpge AN AEHE ERWS FIAFREFYEPCS)ol2t

0] lasers] S47 HEo] A¥o] AT lasers BATE laserdA

(o)
o

ofd
o

Doppler effectell 1@ Ar&k#9] spectrum® band width& A& 8
2ZRE JdA HEg Adge] 7Tt Alztel wEl wWalsie olfE tsH Zolk
Agg & o ATHA F YA M2 SHHoZ FHole AFE AL

].

o]
-
ATAA Agd Lo AL F AFAI FHYeA wEt A7he]

wa %
Meh wekA H1 oehd A ZE EF Aol me @il g ol
AT QFEEE GAT SHole &, 3 BASEA oo} wHAEY B

B £34) 93 WA (translational diffusion)e] ¢ FAHAISFE,

D= -—--- (418-11)

f=6mMR , for dilute solution

f : friction constant

R : hydrodynamic radius of particle
M : viscosity of solvent

k : Boltzmann constant

9} o] Hu] Fe At A= & JARY AP v i W 8 53HA
Lh=
%A AE} WSHE HBBY ANLBEF, GOE FARA FUAFE o

A Hed G ©&3 Zo] Aojdr



A SM@LL PARTI_CLES B LARGE PARTICLES
= {ast fluctuauons . . " =slow fluctuations

AU : V(1)

TIME (1) TIME (1)

Fig 8-2. A typical light scattering signal detected by a

photomultiplier tube.
G(1) = < IWIt+T) > (218-12)
< > . time average
I(t) : intensity at time t

1(t+1) : intensity at time t+T

AR AN E digital correlatorztE 71715 AR&3te] G(1)E delay time,T

o

gz A We IVNTE YAES 277 2YSY BYY G4

FE RolE A GEe AT gash ok
G(t) = exp(-T1) (218-13)
X 7+ A £ (exponential decay rate),[ & BiHAFS} &3 2& BAE JHRth

r=2Ddx (A18-14)

SR RABANG 2L IUE sHAE AT W

(e

o714 De iATell q

— 95 —



F7124 Ataztze 4olth 1222 Fig 8-30] ®lupe} o] =7} Fe
AAIS o o Atghpe AVAB|IFE A7V  AREY BFEY #wE A
A FH3 o] FgFolAM gg T FAAFS o volrt AR AV E ALE
AA "ok

&

G(ty=zexp P

G (1)

Fig 8-3.Autocorrelation functions of particle A and B in Fig8-2

AAE 9 =77} YA && FA$-oes A7ABgr7 o8 NS5y go=
Yely data fittingoll &3t F 787 ol JEEEE dobd 4 gt
G) = ) exp(-Tit) (218-15)

YA FEd FAASE BHBABANGG vpAANZ Ao vo]aye] e
st T Zol 9L WA Ak

D=-—— (1+2Bc+3Ct+. ) (28-16)

€90l AHAE & YAEY ESAZ U3 vpAAF] W E uysidol Hu
2 A8-113 22 ANl ¥ A F= 022 IitE 3t dojx e
A2 58 hydrodynamic radiusE Tatojol @t EF 28-1494 HQ u}
b Zeo] ©hE AdZA HHH Te ool vAse FAgae] BFeon F2 A
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Yair) wWEol SR 2ol MmHel F YA W Bage 2 »

&1} o] 3]A &AH(rotational diffusion)e]yt ¥ % (internal motion)s & %2

2} A}

KX
—

| 242 a7t 9t A9t 45 9848 %A Yot UvkFig

rx'lo-‘.
(i/sec)

l\\

1

Dx10
em¥sec)

[N

L
4

o

Conc.(mg/ml)

A: Plot of decay time constant U vs. q* for polystyrepe in
toluene. @ ; 1.9%mg/ml @ ; 4.2lmg/ml @ ;5.48mg/ml

B: Concentration dependence of diffusion coefficients for

the same sample as in A.



olgjzd e Aue 7|2F2E Jebd Rolk(Fig 8-5).

Temperature Controlied
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_|Ampd} Photo—pt
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1 Display
* |Moniton
Corraiator{| Computer]] prinis
R SR PRT I e R

Fig 8-5.PCS instruments®] Schemetic Diagram.

thgoA @71A g E°f PCSE =
At NAsT F A B &
o] E23t= W9 intensitys T YAl o3 AFH o] =EdtE W9 intensity ]
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Autocorrelation Function(C)elgtx -t} CE& F#3A EUAFE 78 5 Az
Stokes-Einstein WA (A8-17)°] 93] A A7IE & F Yok 1 AL g

3 2ok

R=-——-—- (A8-17)
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R : Particle diameter

K : Boltzmann contant

n : Liquid9] viscosity

D : Diffusion coefficient

T : Absolute temperature

X.ZETA POTENTIAL

* Brookhaven Instruments Corporation

MODEL:ZetaPlus

ZRol=9 AHAL FR2o|=A2 zeta potential®d A H A A Yt
Y29}  zeta potentiale] ZH FIRo|=AE AT AHE ESAT. vz Yxt
o] zeta potentiale] A o® oW 1 F2ol=A = BeAEY aggregationd
dodt FBLE THEFINE QAT F2o=F BE7E Y3t=g 259 A
AAX JAE S zeta potentialE FA3A ol AL olF Fesdun & 5 gl
Art.

zeta potential& &3+l ELS(Electrophoretic light scattering) 71&%
=
[s]

ol gt HolE AZATAA olFdE JAEY &R YAl 95 o

microwave radiation®] Doppler shift(®2& frequency change)& ZA 3t & &
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Atk ELS71&2 HAloA d71AA Gl s ojFst= Akl o3 Ad"

S

¥

@ o] X F2 Doppler shift® #2389 electrophoretic mobilityE &A= Aol

o

o] 7) A electrophoresis® ZAolE 7|33 ol A9 liquid-borne particles®] &%

gt oj9} & UAEY FE o] &3 electrophoretic mobilityE AL

P

A Z2ol=9l T3S FopdA wlg AF ALE-EHE zeta potentialS AAE
vt a2 (Fig 9-1)2 FRAA o2 sdd A& FHo Y Ao
% % (electrical double-layer)& YEH Heolt).

Inner Helmholtz planed &2 o252 THOZAN I o]LEL dx W
of Aoz A¥gHo] Ut} Outer Helmholtz plane T Stern planed
hydrated counter ions®] o}5 7MgA A EHE YElE Aol Shear
Boundary(Q A E W] o]&Zo] Y=o Ql= 7149 inside plane)= Stern layer
9] outside®] EA)3c}. bulk solutionol th¥ Shear Boundaryoll Aol #A71A 49
£ ZETA POTENTIALol&2 go),

Starn  Gouy or Ciffuss Bulk
Soid fayer fayer somnnon

%% &

\\\u

5\ i
!

if -

@ Soecicaily adsorbed co-on
@ Caurer-on usuaty hycraiea
@ Sorvers mowscuis (waten, snawing cirecuan of Cioote

Fig 9-1.The structure of the Electrical Double~Layer according
to the Gouy-Chapman-Stern-Grahame Model

Fig 9-2& ¥ potential& BFE 3ot o] ZyeME od7ix B9
3 F2ol= <Ate] electrical potential-distance curve® WERAATH zeta

potential®] =7} surface charge, co-ion® counter iond FX¢ T, d&4
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VI3 Distence from
particle surface

Fig 9-2.Potentials associated with colloids.
electrophoretic velocity @714 Al7le) w3, olgfolA B 4 Ko,

o] electrophoretic mobilityZHe ®l&l3+E 24 €0

f ELECTROPHORETIC MOBILITY

— —>
Vep = HepoE

where,
—>
Vep is the Electrophoretic Velocity

__.)
E is the Electric Field Strength, and

58 is the Electrophoretic Mobility.

w3 zeta potentiald electrophoretic mobility$} BlE|FAY  UTh.  zeta

potential® YAE7TF2] repulsion strength® ZA AT AR2A ELSe 23]
=239 mobilibyZFE F& 4 9t} zeta potential® mobilityste] #A = oL
Zro]l YEld 4 9lt}
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ZETA POTENTIAL

Hep = €r€0C/1 where,
Hep is the Electrophoretic Mobility,
€r is the Relative Permittivity of the Liquid,

C, is the Zeta Potential,

T  is the Viscosity of the Liquid. -

diffusional broadeninge YA+ Z71¢} whalE FAZE 3, A& A7) A&

DIFFUSION BROADENING
The following table gives some typical examples:

d(nm) I's (Hz) I'(Hz)
10 81.8 2,400

20 40.9 : 1,200

50 16.4 480
100 8.2 240
200 4.2 120
500 1.6 48
1,000 0.8 24
2,000 0.4 12
5,000 , 0.2 4.8

0.1

zeta potentialZ 7Aoo 2 AAstE EAAL AL EHAFE AAR
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A thgs gol 2ok 4 Ytk

ZETA POTENTIAL

Indicator of propensity for stability of dispersions:
high — stable
low — unstable

Rule of Thumb:

Electros atic stabilization requires:
> 5 mV for oil/water emulsions
>18 mV for polymer latices
>40 mV for oxides

v >70 mV for metal sols

Increasing
Dielectrlc

Note: The zeta pofential is not the surface charge

o] A4 =AFH+E= Doppler shift frequency(®s)= electrophoretic velocitye©ll
Hl#dled, 2 ¥ HASE laser®td, g FHE 9 Agzhe) ggoln) o)
3 BAE ool eI

4 DOPPLER SHIFT

___) _)
ws= Vepx g Where,

]‘d’l = (4nn/Ag)sin (8/2) where,

n is the Refractive Index of the Liquid
Lo is the Wavelength of the Laser, and |
6 is the Scattering Angle.
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electrophoresis® ¢13 Yzte] 0|53 fio] Hed ¢F X F2F AAZ
Zgast, Bae %o 98 dASe e ZAHE mobility distributions
a

Wal= a7t ot ofd

f

O

Movement due
to charge peesmemm—

due to Brownian motion

Fig 9-3. Frequency of laser line broadened by Brownian motion

of scattered particles

AE BEAAY HASAE FH FAAFIH zeta potential S ¥
A zeta potentialE WEAIA YAIEHS EAS vE ¢

32 wa P YAE cationic surfactantZ A FsHA
T Fdo AAFNE W YAE anionic surfactantZ A E S zeta potentials
e} 4 gtk 71A] A=A, 48 AelA polymeric flocculant®] 4
ET = zeta potential& 022 ZAA7lE FEolth (FHAIEP). flocculantE A
UxA #F @rhstd AGALE AN F Atk oldE ©A zeta potential 2l

$57 Mz wETHE e Yo2 Fe S0,

flo
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Fig 9-4. Zeta Potential Analyzer® Schemetic diagram.
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Effect of Electrolyte Concentration

on Particle Charge

\

PARTICLE CHARGE

ELECTROLYTE CONCENTRATION
LOW <

\ 4
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Attraction and Repulsion

between identical microspheres

Total potential energy

~ —— ——— — Van der Waals attraction .

————— - Electrostatic repulsion

-

Overall
repulsion
between
mlcrospheres
in this regxon

SEPARATION DISTANCE.H W

Strong positive attraction // Secondary mmxmum
. between mlcrospheres// positive attraction between
in this region - microspheres in this region

INTERACTION ENERGY
' '®)
2

|
\
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TOTAL POTENTIAL ENERGY

Effects of ionic strength

on attraction and repulsion

' Oispersed particles
Repulsien | 7 7\ —=—a- Slow coagulation
— == Rapid coaqulation
3 .
SkT range
y
Attrcction .
. Increasing electrolyte’
concentration

DISTANCE OF SEPARATION —
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