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Abstract

Montmorillonite is one of representative inorganic clay particles. As the characteristics of clay particulate matter in aqueous
environment determine the efficiencies of wastewater treatment and some industrial operations, it is essential to understand its

aquatic behavior in relation with turbidity. The change of electrokinetic potential of montmorillonite suspension shows that it
tends to negatively increase as the pH of suspension increases. In addition, it is observed that its potential is around OmV when
the solution pH is ca. 5. The turbidity of suspension is shown to be very low when pH is lower than its isoelectric point.

However, the turbidity gradually enhances according to beyond isoelectric point. These results reveal that the correlation
between electrokinetic potential and turbidity for clay mineral suspension is peculiar which should be fundamentally

considered for systematic treatment of wastewater.
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g g 4 QthPan et al.,, 2005).
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(Damonte et al., 2007; Ersoy, 2005). wWahd B o)A
= JEA FE2ZA MontmorilloniteE A O 2 3l o]
39 % pHY WSl WE Electrokinetic Potential ¢
HalE AEFH FAlYl 5Ys pHEAA Montmori-
llonite #AHA 9] B = WSE ZAMSIAL, o] JEH =29
ARQA F2Y 54 gAY o F AFHY FHHES
s starzt st

HEY FE Fol dlx3 <3 Montmorillonite Smectite®l
&R om Moy @2 BT =AM F& Yehal
F3dS wWe EZ0|th. Montmorillonite®] 8184
My(Al,Mg,)(Sis010(OH), - nH,0E, Si0.7} 50% ©]4& b
A I S22 ALO;, Fe05 9 AR o] &
o B4Rl FXRZ Tetrahedral(T) SheetZ} Octahedral(O)
Sheeto] T-O-T¢+ Zo] FA=0o] 9ltiCadene et al., 2005;
Mineral Data Publishing, 2001). ¥ ATFelAe] ol A

=
B dA5AE A 948 BAY A A% 2 285
AAN B Fad 712H AL AZHE + AL RO

Z AL "FHRoussy et al., 2005).
2. 7

21. 8=

4% pHel WE Montmorillonite®] Electrokinetic Potential
9 gx9 WsE #@s] 8 32 FRT 2L &9
(HNO;, Ducksan Pure Chemical Co., Extra Pure) &2 4t
SPUEE &9(NaOH, Samchun Pure Chemical Co., Extra
Pure)S 7ol @A FA3] H7MAA pH Meter(Orion pH/
ISE Meter, Model 710A)Z pHE 1.02, 2.73, 3.50, 5.60,
7.02, 9.44, 10.35, 2L 11.70] &4& Axsch £ A
ol e £93F Montmorillonite®] H]-8-& 20(mL):1(g) 2.2
243, pHE 1A 871 FE&AE 200 mLY H
H]A 10 g Montmorillonite(Montmorillonite K10, Aldrich
Chemical)E #H7lste AdS JIPSAHT}E Montmorillonite
BAA| = wHE7)(Changshin Scientific Co., C-SK6)E ©] &3]
200 rpm9] £EF 1083 LA F YAEY =
A5t FAAAT. 1A &, B4 W9 Montmorillonite
YAEC] o2 FFo] 7t FEE o] o]FAA ¢
st FEr7E =HAS |, EAAY JEHAA FEHLE |
cm ZoldA &A& AFstA EAE PS4

22, MEuy

Electrokinetic Potential®] &3 2 A7|FE Z437]7](Zeta
Meter Inc., 3.00)E °]&3tReH, 2 &S 39
= A& & 992 2P, T A 299 #s
oo W, & 999 ARz ZFIF Eibe] 2.000&
NEZ EAF 35, o] 2 ZAFA wiA A7 Y

=9 Fs At 48 A H L&A

o+ 3A AEl o] 9] MontmorilloniteE T3 EAHA
o] gxo] WslE =33t AF Turbidimeter(Hach Chemical
Company, Model 2100A)E ©]&3tAth A8+ 0.1, 1, 10

LI

2] 100NTU (Nephelometric Turbidity Unit)2] Standard
Solution®® RFEL I Fof ZHRon, oz FF
) A guith wtEF o7 A3 59 tHISO, 1990).

3. Zut H IH

3.1. pHof| hZ Electrokinetic Potential2| 3}

2 dFdAME FF9A4 F8% 988 s 48 E
FEY Ass AHEY] 98 HEAE FER Montmoril-
loniteE 22 pHY Wsle] W2 H71H AsH gx9
W3 s AT EgT

pHS] H3s}e] wWE Montmorillonite ¥4 9] Electrokinetic
Potential®] W3}S Fig. 13 Z°] YeRf St pH4 ©]3t9]
2Hdol = Electrokinetic Potentialgko]l %9l 2 FX3
th pH2. 7391 E 10 mVE HE 114 mVE YeERN SR
ok o] 39] pHQl 3594 847 mVE EElAo] %9 gt
& FASE Ziste AEFE YESATE pHZE "R S0t
S A pHSo| 717k A A A Isoelectric Point! 0 mV 7}
A2 A} Isoelectric Point o] Aot FEE = pH o] %
FHEe 249 ZrlMdol 59 oz #FEHINSH pH
7} $7}4= Electrokinetic Potentialgto] HxF <9 W&
o2 Frtste AFol vEtEth olEe 59 WEFeR
Z7Fe pHS.590 A 97FA Bk pHY o] F9] d7]del =7Ad
A o FEEHA deide Ao #FHACH Azt £
FA F G710l Mg ZEE pHILTAA 28T Elec-
trokinetic Potential -16.33 mVo]3lth. ©]¢} Fo] #FEH
Isoelectric Pointe= @A 7HA] thdet A9 Aot FALs)
TH(Delgado et al., 1986; Itami and Fujitani, 2005). Mont-
morillonite #4419 pHoll WE Electrokinetic Potential 9]
A& Montmorillonite YAFe] FH wjFo] ofd T g <]
A5t &l wE Aojztal mhetdt)

Montmorillonite YA THL FHHE YepdT ol &
A S gk ASF Octahedral Sheetell 3= Al'o]
Mg>oltb Fe?'® X353, Tetrahedral Sheete] ZEAjsts

]
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Fig. 1. Variation of the electrokinetic potential of montmori-
llonite suspension according to pH.
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Fig. 2. Status of the facial charge of montmorillonite (a) before
and (b) after adding montmorillonite to water.

Site] A2 ulA =7 wEo|tZarzycki and Thomas,
2006). Montmorillonite®] ¥4+ Atolol= <k 1~2 nme| 23t
o] EAjsl o]RoE o]emFo] 7H53 Na', K', Ca®" &
TS Fol2Eo] EAstaL 3t} ol s o] 25 Mont-
morillonite?} &ol2 wIEEo] HojuHA  Montmoril-
lonite®] FH FHe St Ao WA HAhFig.
2(a) &=). 28Y Montmorillonite”} 5ol EA131A =4
F37F ZFE Naold Kol o)A UsiA =H9A Fig.
2(b)ell YreRd A3} 2ol YA EHol S48k wA Hrh
Montmorillonite #4414 Pdd 7 #HfA 7HE 8
S A4S st AL pHE A Wl EAlstes HE=E &
# A AtHTombacz and Szekeres, 2004). ©] 7}2Hl, pH7}
Montmorillonite®] ¢8/43 #FHI} Y T8 4TS =
olff= EAHA W9 pHel wet yehdes B ZEol
Montmorillonite®] E¥ THAE AZA= YA EAE Y
Astd g F7] dEo]ti(Garcia-Garcia et al., 2009).
<, Montmorillonite Y#+e] EAF] FE2 #go] EAst
£ Si(0-Si-0)¢ Al(0-Al-0)8] AFEo] #ZolA Si'y Si-O
el 2 ZA)3h. o] u], Montmorillonite2 ol HFA]A
AL FHsHA 4 (DHelv )Y whgo] dojyHA Si
Si-OH(Silanol)&, Al2 Al-OH(Aluminol)S AA%ch
(Kinsela et al., 2010).

1 &
X

Al

Mo dr ox r
R

Si"+H,0 < Si-OH+H" 6))
Si-O +H,0 < Si-OH+OH 0}

Isoelectric Point2 o 22 pHS A% ()T 22 Hkgo]
dojuHA  Si'(ZL Si-OH,)7F @A Ho]  Electrokinetic
Potential®] &¥9 S Yepdth WHE Isoelectric Point
Bt} & pHY E2HE ()9 w8o] YelEA Silanol
Group®ll A Si-O" (& Si-(OH); U Si-O-H0)¢] AF =,
O]2A] Isoelectric Pointo] oA+ &< Potentialgte] 2
HE Zolgta AlgdETh o] &S vEeR 54 Montmo-
rillonite ¥-2FA 2] Electrokinetic Potential< Montmorillonite
9] Fxo wgt o A% 2ol ZJF F Aot #d
HoHDufan et al., 2000).

(43102+2CA1203)
Ccdgo = f (3)

Montmorillonite 24H412] pHell w2 Electrokinetic Poten-
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tial¥ AFE ulFOZ Total Interaction Energy$} 39
¥ # 58 =5 F Atk 2HY THAHY FE, o
£ T3] A 2e2 de AAXRFEC] FHP] WE
o WAl T Fopd F vk FAV EAIT
(Bergaya et al., 2006). Lz} #AFA 9] Total Interaction
Energy+ Derjaguin - Landau - Verwey - Overbeek (DLVO)©]
2L o838 Vi S =5 Wol YEkd F jlen FHZ
A 71€9 DLVOolES #HAste] EAS= o
(Benitez et al., 2007; Shaw, 1992). Vr(Total Interaction
Energy)= van Der Waals Attractions UYEM+= Va9
Repulsion Electrostatic PotentialS YEME Ve Fo=z
2 (4% Zol Yerd 4 UAth(Liang et al., 2007).

Vi = Vs + Vi )

van Der Waals attraction<= 2] (5)¢ 2¢] 3% & Utk

(Benitez et al., 2007).

V. — _é{( 24’ )+( 24° )+ n( H2+4aH )}
A 6 |\H244al | \H2+4aH +4H2 H2+ 4aH +4H2
(%)

o] wW] AXx Hamaker <2 Montmorillonitedl] 2 ggt
225x10%°] & o] 239t Hamaker 4= UAZF Attrac-
tionZt #HHo] Qlo] FFY ol FHETE YAY
Attraction®] Z718E UERd thHelmy, 1998). 2lolA9] a
= YA HIxE S Z Montmorillonite®] 3% T4H9
TZ5 7K Q7] W&ol Cadene 5(2005)2] AT-ollA
=33t Montmorillonite®] =719 HF(360 nm Zo], 250
nm WH], 1.2 nm ¥ FIE 79 FIZ AFAA ut
AF F(29.54 nm)e YERARATE Aol HE dAREe
A8 E 9ru|gte). Repulsion Electrostatic Potential & YERY
= Vr2 923 Zo] XAt Quemada and Berli, 2002).

Vi = 2meap, In [1+exp (-kH)] (6)

714 e WA FALE 8854x107 F/molH, y.&
Stern Potential & <H]st} ©]& W48t  Electrokinetic
potentialZt & WYS7IE FHAdamson and Gast, 1997).
A WY ke dA FH H70lFF9 F/ &2 Debye's
Lengthd] k'€ UehlE 4] (7)€ ol&s) 7& F KGarcia-
Garcia et al., 2009).

ekg T

—-1__
TV ok )

o] o, ke BT AF(=137x10"JK)E, TE AL
E(298K)E, et Electron®] Charge(=96500c/6x107)E,
Z 3 F& Fdo] A(=96485c/mol)E 2 m|3ich,

1= ézcizf @®)
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Fig. 3. Total interaction energy diagram of montmorillonite
suspension with different pH ((a) pH11.7, (b) pH10.35,
(c) pH2.73, (d) pH3.5, (e) pH9.44 and (f) pHS5.6).

A (DAAY I o9 AZIZ 4 ()T 2ol EIHH
ol § ce EFEE, z& AsHE N A9 AES 9
£3to] pHell wE Montmorillonite E4FA ] Total Inter-
action EnergyE Z733 ZF Fig. 3% o] Yelygth

Montmorillonite #4F#1 9] Total Interaction Energy®] 7

A2kl A7E 049 e

e Avny, g 29 Wgoz
RS e F7htaA o

o]F, YAt A7t
3 2 Z7}3h7} Electrokinetic Potential 8k
of Mt = FE AYrt HW 022 FH= TS U
BRI ATh Fig. 32 Electrokinetic Potential®] x}o]7} =}
A ojd 9FE FeA &7 98 0FH 2.0 pm
744 JeRd Ao|th Total Interaction Energys H-4HA] <]
pHE 2 =% % Electrokinetic Potential Z232] Huv)gtd H]
#3tA UElth =, Electrokinetic Potential®] kol =LA
Uehd pHI1.7(-1633 mV)e EA7F 7Hg 2 Total
Interaction EnergyS WERH 2™, Aojgke] 7Hg &2 -4.64
mV(pH5.6)Q1 E4HAAA 7Hg &2 oA gho] FHATH

3.2. pHoi| }E EtE2| H3}

pHe Wslo] wWE Montmorillonite &4 9] Bx W3}
FFs AHEAR Fig. 13 5YS pHY A =
Z45tAtHFig. 43 x). AAH o2 BAAY pHF S/
F=2 gLt F/keke Ae2 #FZH AT Isoelectric Point
ojgte] EAHAY B, pH 10294 = 7 09l 72
0.01 NTU, pH2.73914+ 0.16 NTU, Z28]3 pH3.591A4
045 NTUS} gko]l FZHU. °l BF 1 NTUE ¢ 5=
#HoR 8QtoRE= A pHY BEE FESE= 2o Bils
StATh 23 Y Isoelectric Point o] &= €©%9] zto] &
AsHA S7tote &S UESIth pHS.694 = 4.2 NTU
o]ou} o]F pH7.02914+ 11 NTU, 283 pH9.4490 A
£ 17 NTUE YEEA EA7F JAAH ez gaix=
AES g F AU pH9 ©]F<] Electrokinetic Poten-
tiale] ¢ HFoeR FA4S F7HE JeEbd AF fAH

80

--- Expected Variation

Turbidity (NTU)

Fig. 4. Change of the turbidity of aqueous solution with
montmorillonite clay according to pH.
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2 |

YEPd Montmorillonite E4H419] pHol W& gxo] Wsie
Electrokinetic Potential®] ZA¥}¢} v}37FX] 2 Montmorillo-
nite 2+ 2AF ] pHl @& Ast G wste] 9t A
olgta AL "L B9 pHY} Isoelectric Point ©]3}2]
A$9 = Montmorillonite =AE F&9 HAsirt FAE
A HHA SH}E W 4R THAY SHol Yot
A2 F7A 2 RAoltkFig. 5(a) FX). ol o] YA
SHo] dAYUA HHE EAAY g JFE Fo 42
&9 g=7F UetyA 2 Aolgtn AAE 4 vk 18
U B4 U9 pHZF Isoelectric Point® T 2 FkolH
Montmorillonite EXE7} © o)A 4ASE w2 LA FH
WA BAZE Ee ZH HA s YERGA =
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Fig. 5. Change of the agglomerating status of montmoril-
lonite suspension according to pH.
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dity of montmorillonite suspension.

£ Fig. 63 Zo|l Yehfidich. gwdd ¢
A EZAE9  Electrokinetic Potential¥} B X9 A=
Electrokinetic Potential®] 0 mV<&l A FelA 0 NTU®| 7}7}h
& 855 Uehlin olF A EAHLRE o= 4 9%
2 2% g4 o] YeEldti(Benitez et al., 2007).

T = Ty+al+by’ ©)
o] W, t& Y% Zo]H, 1y Electrokinetic Potential®] 0
o ¢ g=&, 12l (& Electrokinetic PotentialS 2]H]

' ATl R Montmorillonite 9] 2]
AgH 22 2347 dehA gdske

T=a+bt (10)
Montmorillonite ¥4+ 2] 2%,
tialodl A= 2 ko] &9 wFo=
Z7lele AEFE UeW oy, 49 Electrokinetic
Potential Zt< HJ 0 NTUEES A8t Aoz #AHY
o} o]#|g o]+ Montmorillonited A} ZAE S A3FS
o] pHell uwet ‘59}5}7] golzta B4 4 Stk Fig. 5
o 28 T 59 #*E 7IA £ Electrokinetic Potentialoll
E 859 His AHE AP gX9} Electrokinetic Poten-
tialZtell 4 (10)%F 22 12 $F4 e =T F ANeH
olmf agkS -6.653, bt -4.4619% LFEFRETHR’=0.9556).

2 9] Electrokinetic Poten-
FHe5s awt 44

Z—]Oi

4 2 B

2AHN SREEASSA| M2 X235, 2010

=9 ¥gE gels) Bzt stk pHol wE &4k 9
Electrokinetic Potential& 3] & 23, Isoelectric Point
2 FTEE pHS 22 FREHUY dubd oz YEr
U+ Electrokinetic PotentialZ EX¢to] FA G 2
Montmorillonite #4A1¢] 7 Isoelectric Point ©]35+¢] pH
A= ALY 1 NTU ©o]ste] 4 g&r7 &=
°|F pHAlX = FAT B9 F77F ERl= At ol
Electrokinetic Potential¥ %9 ZAg2 pHel wet W33t
£ Montmorillonite ¥A+ 242 ] HAsto w& Aol At
BHET

AF AL

o] =EL 20099% FH(m&HAE
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