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A Study on the Stability of the Ca-Bentonite Colloids Using
a Dynamic Light Scattering Method
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’R&D Department, HANS

ABSTRACT

In this study, the stability of Ca-bentonite colloids from Gyeongju area was studied by investigating the changes in the size
of the bentonite colloids using a dynamic light scattering method depending on the geochemical conditions such as pH and
ionic strength. Kinetic and equilibrium coagulation behavior of the bentonite colloids was investigated by changing the pH
and ionic strength of the bentonite suspensions. The results showed that the stability of the bentonite colloids strongly
depended upon contact time, pH, and ionic strength. It was also shown that the bentonite colImds were unstable at higher
jonic strength greater than 0.01 M NaClO, at whole pH values considered. In addition, the stability ratio W and the critical
.coagulation concentration (CCC) were also calculated using the data from the kinetic coagulation experiments. The
stability ratio W was decreased as the ionic strength increased and varied with pH dependmg on the ionic strength. The
CCC of the Ca-bentonite colloids was about 0.05 M NaClO, around pH 7.

Key words : Ca-bentonite colloids, Dynamic light scattering, Kinetic coagulation, Stability ratio, Critical coagulation
concentration
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AREEIARE It TFEPPAMIHTIE AHES
I Qe RS ARAF A Al
A A7 IES B4 HE-87(canister)l] T o]
At 4= 9 vlEel] fix|ske= AehlAe] AE-go Hx]=
<, o] W AHFE-E71t AT 8 Alele] Ik QW
YA ~El(Engincered Barrier System, EBSYS 1Al
A5A (buffer) B2 AEZOZ WA, XL HEL
SRR (backfil)= NHAA Bk, A8 H $o o
Ha Qe X3 BEES A7 Al 23] X
SEA E Aotk Be F7EA e 5, & &
A, A DEEA, AdelMe U Fo= ds) 4
EUo]E (bentonite) HEZ} LFIAVIHIE 2E-S 9
3t X|gpxEte] A BAE #HolA $iek(Smith et
al., 1980).

AF7HA] At Rk} Ask FollA ARl Rgke
FZol=r} WRAEIE] oFo) A= gl tisiMe
B AFEo] FaEA ot AR A3
ko] AN A 4 Qe WIELUR|E ZEZo|so
e B2 Bilo] JUTHPusch, 1999; Grindrod et
al, 1999). 23&7ge] gz kel ZHA|(F, WELt
o|E7} A5} HE3e AHpiA HEUE F=20]
o] ule HARThE BaldelgEo] e o|Ee 7}
3 3=7] wiZel] HAPIEE] olFel o] wie- F
g3ttt slch. &2l ofegt XEde] Aot T &
He] A SEAERE HEUCE F2o=rt A
ol o TEs wet o] FEHETE ofel Aol &
WAMISEES] o5& 7HESAZIvhE Bt itk
(Mori et al.,, 2003; Missana et al., 2003).

olgfgt HIEUe|E FRo|=rt HAIHZE HiEge
2R FEZS It /EAE T et ke B4
g adsh] fEike FRol=e] WA, <A, el
FEAZE WE ol 54 3ol Ui d7E deg &
o A7 298] FRol=e} AFSINS Wl ¢ 71
ABE o)sditte B2 R1uEo] thBuddemeier and
Hunt, 1988; Penrose et al., 1990; Kersting et al, 1999).
v F2o|=0] AejA|Re] o)eigt ZIE3lE ofse] &
Hollrd B F2o)|= oFgA, 71994 -3 (coagulation) T
= 33 (aggregation), 12|11 o}F o}FH} HlwETISH A7t
tiell A 3ol 48 5 7Kl FRo|=ERe] F93h
Talo] =k 3t Hesterberg and Page, 1990; Frenkel
et al.,, 1992; Heil and Sposito, 1993; Kretzschmar

=

et al., 1998). Sfdte BRFESt E20l=5L Ax 3
E(aggregates)s F/381 FAAEHAY AFE] olFE
7] wiEelch(McDowell-Boyer, 1992).

AeE me} o)Fdhe F2o|=rt FE AIA §
A AUA] ofH A ZAA= F2ol= AR A
719 A, EHSEHY 54, 898kt B4, 7S
BE BA T A8 71 sl oEsitt neir] S2
o= HA{-E9] PP R £EEFS (kinetics) A
o AZdEdal stk HES] -$FAE tist A7E 9
3 AME VIEEL vl okt A 48 o]83)
= WP(Chen et al, 1990), $3-Hd HFPL ol gsh=
W, photographic 7]&(Lasgow Glasgow, 1989), Bl
(tubilidimetry) 71&, @3 A3 F4ite(static light
scattering) =5 5334 (dynamic light scattering) 7]
&8 o]83l= W (Ledin et al, 1993; Tombacz et al.,
1999; Holthoff et al, 1996; Missana and Adell, 2000;
Novich and Ring, 1984; Virden and Berg, 1992) .5°]
AMEE]0IA] gt} HZole LIBD(Laser-Induced Breakdown
Detection)|E}iL Bel= A3 o] F2ol=9] 94
Aol AEE7% ST (Bitea et al, 2003). -

wEbA B AFeME DEAMIEVIE HEge] 7
AR A SR 3T I AT ZaiEY
o|EE o83l AgElE 27 Bl mE ZFRol=9]
S8 3 5AS TEIE PHE o83l 13
o 2x WAMIEE 2 FE4T 22 R9E o) v
e HEUe|E FRoj=9 M3E sl gt

o

2. 4

2.1. AFHELO[E

£ Aol AR HIEURIEE AAAEE 73Tl A4t
ZH oz “FFHEUo|E el REY. FAFHEU|E
o] F8 TAFES Xeray diffractometer(XRD, D8 Adva-
nece, Brikker)S ©]&3l] HA51P o, BAA5 oF 59%
9] ERERo]E (montmorillonite), 37%%] YHO|E
(albite) X 2] MY (quartzy?} FelEEZel0|E (clino-
ptilolite) 522 =0} UthFig. 1 F=). FFHEL
o]EQ] <ofol2 w3F(CEC, Cation Exchange Capa-
city) 71 meq./100g0]L, A%2] Na* o] & g3l
UAARE AfAR] o}2wE ofol2d CaE Ll Evo]
Eolrh &7 5, 1999). ol AFHEVelES] A
UET 274 gem®™|3l F HIHAAL 3476 mYgE ZF
HAHELZ 5, 1999).
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Fig. 1. XRD result of the raw Gyeongju bentonite.

2. HIELO|E E20|=2 M= % §M

o]#f3t WEUO|ES A (sieve)2 64 um ©J31] YRS
T 23 ¥, 1:209) BI&E 50 go] WELo|ES} |
Lo] Milli-Q Z&43(182 MO-cm)E & &3t 5 3¢
¢ GAHT 2E(25°0)F FAB whig & 4R
715 ©)8319(12000 rpmeE 30%) T W AH3IAT.
AXHE HEYClEE ST HIEE g A B
Az, 7000 rpmollA 208 B AAREE ¥ 2=
o|=F XL e A T Be Fo] 5 ALE
g 714 4°C Yol BAsIHT

THE EHEUO|E FZols H{ds QB
105°CE 3Y 3Rt Axs & ALg |83l F-Rae
TEE FEYPoE 4% A7 oF 1920 mg/L] ASE
FEHATH & XRDE ©183)] FHHES B3 2w
HEWC|E FR2oles ks FHEL BErdayo)
E ol t& F3FELE A9 glv AoZ YeldthFig
2 Z2). Polewdse ¢tFuol AZ(Thermo Orion)S
©]-8-5}](Busenberg and Clemency, 1973) NH,CH-
EuolE9] o)eng Yol sl sl oF
93.3 meq./100 g&l ZLE ZHEHUTt Ao ALgH Wl
EUelE FZol=e] HF FE(C) 1000 mg/Lols ¢
o] YAE AF3] A8l AMESIGH F20l= Rpd
9} oleAd=E HA ] NaClO, &L ]R3l 243}
A3, pHE FF3 F59] NaOH = HCIOZ 378t
of 24319t

Z

NL

23. 37| &
AIZE Higlol mE HEUS|E E8o0lE9] H7E &3
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Fig. 2. XRD result of the prepared Ca-bentonite colloids.

3l7] $1sled F2BAHHDLS, Dynamic Light Scattering)
Y+ Quasi Elastic Light Scattering(QELS)S ©]-&3)=
PCS(Photon Correlation Spectroscopy) "2 ©]-83153
THZetaPlus BI-MAS, Brookhaven). AFE #lo]&= 15
mW TAPIE] BlolA(solid state laser)o)il =37V53%h
HAZ7] M9 2 nm~3 pmo]x, FEEE G
(monodisperse) PAE sl ¢F 1~2% H=olx A|H
& o 12%°]th. 579¢] AEdE 98 100 nm XE
B2 AR E(Interfacial Dynamics Corporation)s ©]-8-3}
o FHVVIE BEs)

I oox

3. &3 % pE

3.1. 23 B WY

DLSE ©]83ld Sg=e 8 4 % Aol £
AHE 2Re YRIES] 2B A (translational  diffusion
coefficient) DOJt}. YA} Z7)e T30l 713 3lollA
Stokes-Einstein #A2-& #8381 (Van Olphen, 1977),

kyT
"h” 6D )
A7\, ky= Boltzmann®] 4570]31(1.38054 x 1076 ergs/
deg), 7= HUl2%=0]3(K), 7= HAS] HEo|il(centi
poise), ri= WA] W30tk DLSE ¥e AS9] ukA
< $E5PH 9 (hydrodynamic radius)O|th. =, 94X}
T WET o]FZe] FAE Ut ol
F2ole FAtle] 334 % (coagulation rateye B
A AR (= 0) AIZE 2] Sl | et
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A upde] Wgls Z43to A S=8Et), A7l ulsk
2ol= YRE w9 %v] Wk SRS &
7} YAFE= ol BlEIFTH(Holthoff et al., 1996).

B

dr
(7;'),_)0 = BkC @)
A7 g AAel W, Azt g 5ol gEehe
FaRIAloItt. wkeF o] TB7F me/Lela, 7SS
o] &7t nnvsEhE &) @91 (nm - L)(s - mgyt B A
ojc}.

Zrolsel $YEEE 23 MEE A9l 23
&% ol gidl Aral oz A QPu|(W; stability ratio)
gl Ede A ko g FHBTHKretzschmar et
al,, 1998).

€)

A7\ ke AHEIL YE F20)E AR IREENT
ol o= ERo|=-ZFZo|= ko] E-2E-8-(attachment
efficiency)°|t}. #E SHEEAATR /e o|88 #d
T5 I, Smoluchowski &%) WRE 3FH N =
e A4 Y T A WA 28T E20]
7t Fo1 oA gehd FIESE el e A
A AXA 2 Aoz, wE ol Lojdthd e 19
e 71 Aol

21 @yt ARsitke 71 sl Bl we S
(coagulation curve)®] 7] 71&712HE th53 Zo] |
A g 4 ArHKretzschmar et al., 1998).

[(dry/ds),_, /1
W=20 ()

[dryan,_, /Cl
714 382 f= we $RIHAINY S8E gt
th SAZA (dry/ db) (— o 27] 7187 A7) e
Z2ol=9 Hit W0l Frkske §3 A% 7] WAl
AN 78 A2E o AY(fiting)dte] T}

32. 855 EN 33 54

Figs. 3~50le Z} ol 5xollA WEUo|E EFol= ¢
2= Azl e S3F4E JeRAITE Fig. 300 B
o] AE AXY 0.001 M NaClO,8] 2 o]l
HEUolE FRol= RlEe] Ar|= vlE 11 Wspl A
Ae FA ZE pHolA Algto] Z715tel wel Z7)s)
I S-S BHoFET meby B o] 23 TA WEUo]

400 ’
e pH=42
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Fig. 3. Coagulation curve for the Ca-bentonite colloid suspen-
sions at I = 0.001 M NaClO, with varying pH.
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Fig. 4. Coagulation curve for the Ca-bentonite colloid suspen-
sions at I =0.01 M NaClO, with varying pH.

E F2o|= YAES U] pH Fo0lA A AE
& 4 U

Fig. 49l= 0.01 M NaClO,9 « pH w3}l w2 #
EUe|E 2ol YAEY £58F 3AEE BoF
I Aok ARE ST mjel HEUolE FRolE YRE
9] =7] H37} 0001 M NaClo, & o B} AR, 2
Hele] F7)e Yol dYelEn 2ol o ZA
UeRdT o]7e EREZ0|E HEYRIEC] ¥Ze] 3
SHolMe B FEUAES] 2R (edge sites)©] 31
sHE WA =3, F2FOoF ol X2 o5 FAHH
2 Sk AR 5Y 3l 7IRA Hol sl
WA, A Aol Me HEYAES] BAEFOA szt
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Fig. 5. Coagulation curves for the Ca-bentonite colloid suspen-
sions at I = 0.1 M NaClO, with varying pH.

B 33t S35t A2 e AskE wA Hol A
EQRse] M2 334 8Eo] F718P) wiEolth(Lagaly
and Ziesmer, 2003; Tombacz and Szckeres, 2004).

Fig. 591 0.1 M NaClO,2] &2 ©|l2%4=d 9 pH
W3l WE HEUolE F2ol= AR5 £584 §

HAASS BAFa 3l A7ke] F7Hgel et dEvo]
F2ol= YAES A7t BAY] STk Hoigk
TGS & YA} Asle AES EE pHolA BoF
ok Web 0.1 M NaClo,s] §& o= e
EUo|E Z2o]|=So] pH dAgle] vig- Eeith

33. BN 33 58Y

Fig. 6ol &F 19 5 982171 H3gelollA o]
9 pHe| W3] ME edEUe|E FFolse] 4
7188E JERAQITE. 0.001 M NaClo,8] wh-$- 22 o]
e MEvelE Bzols UABS Pt 2
FollA JR=ATI} AY vISEbH, tiFEES] pHell thal
F2ol= YAlE] S doluA] ¥t Wb HE
Uo|E FRolE IAELS v ol wolMe tii-Ee]
pH GGollM FAHYE & 4 Arh o}&e] HIEUR|E
IAI=ES] FAHT2| 7 (effective average diameter)S A
A =7 AZFE 230250 nm HAYE BHFT ok
T2y pH 4.29] ¥ pHOlME HEUC|E E2o|=F
o 7L 7k e AsS Holg AL vi¢
ZulE) o) Y& pH 99org] 33 A2 2R
Io|E HEJRSS] PZC(point of zero charge) ©]

2l

b1
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Fig. 6. Effects of pH and ionic strength on the effective
hydrodynamic diameter of Ca-bentonite colloids at equilibrium
after contacting 1 day. The vertical bar in data means a range of
measured values.

r

Rl
+ EF
1 Ao

ske] pHolA HEYPAES] EXEFdA B
kol Z7F 23} A1e]9] Coulombic (1ol &
(edge-to-face) E1A-8-7 (heterocoagulation)l] ]
2 o’ EH(Tombicz and Szekeres, 2004).
et o757t 0.01 M NaClog2 A3t Z71gtoll
e} AAES] §Flo] A pH FHoll 2AH dofst=2
o Fo} HEUO|E A=Y REHT27S pHll met
0.5-4 pm FEL Reg vehgrh aa k3 pH
<5.0) 2 42| GS (pH > 10,0004 F=2ol= YA1E<]
Sl ot =271 FPF @8l el ok A
Ze] Fdolxe & BAMHEY Sk} Fte]
S M2 0 -F-Fr(ion-pairingell I3 AFE < 9l
7] i Ao® siMEct ME e W FHFE 7R
= BERUZVIE QAEL F7[olFF (electric double
layer)?] A}32F8ol 93t FF(face-to-face) T&-8-F (homo-
coagulationys SFAIETH(Lagaly and Ziesmer, 2003).
ol&A=7t ¥ F7Kl4 0.1 M NaClo,d We BE
pH GYoilr HIEYClE FRol=9] A7|7} 3A SVt
o YEUeE QIRIES] FEHTHEL pHol wet oF
7-10 pm BT Ze® yephth T8y ddide=
pHY] g3 FA Jehial S-S Hol 5ot ol%
Ol RAE Zlel WE HIEYC|E FRol=9o] EQFYA
& oleAE FV wE BERIRUo|E HEURES
F71015%2] L= (compression)oll &3+ A ¢ (overla-
pping)?ll 71918 2102 ol/dETH(Tombécz and Szekeres,
2004).
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Fig. 7. Stability ratios as a function of the pH with varying ionic
strengths calculated from the coagulation curves plotted in Figs.
3-5.

3.4. 2H| ¥ AISRET

Fig. 7ol o] 2Z= 2 pHY] Wslo] w2 kgl w
= Fig. 6o AXNE 524 A AraRE] 2
(4E o183t Alkksle] et ekgHlE oles
7} 27Vl wet Aashe RS FElekl Ve
ot Zely pH ¥dlel wE w gke] ®igls o}yl
e} e FFs Bolxn ). gwkdoz wiEe|E 2
2ole YA BMEHELS PZC 0)8k] pHollA] %R
5 Wi, PZC o9 pHolME S48l A °E R
o]cH(Van Olphen, 1977). Fig. 7914 Rei=l= pH ¥}
o ME 83 As2 2] AHlYHo|&E, BAg
EHe PZC) 0.001 M 2 0.01 M NaClo,8] ole7s
oA oF pH 8 A THHT Itke AE BaFEn
At o]eist Aal= Fig. 7904 pH 8 XA W 3te)
AR 71&719 WHEE Bi #3245 do
(Kretzschmar et al., 1998).

UAE-F'F = (Critical Coagulation Concentration, CCC)
= Fol M S-S A=) el K7 w3
Wl o]2d] HAFEE HPoldgw ZFo|=o XS
Tk a3 44 59 shioltk(Hsu et al., 2006).
3 CCCe = 347 WE 7 ZMo] w3}
Rolxe] mjde] ojlPTE W3t} pH 794 ol
Ve Wslol| whE obgn] w gk 78k Fig 8o Uk
At Fig. 8l 2j&bA pH 7014 HIEU0|E Z2o|=
o tal ccceE 9F 0.05 M NaClode & 4 9t}
o] g2 B Uvt AAALIN BSHE Aslg] ole

¢

ir =

o

IEU|E FR0]=9] Qg /e tigk S 17

Stability ratio, log W

pH~7.0

1 F CCC ~0.05 M NaClOy4

-4 -3 -2 -1 0
Concentration of NaClOy, log Cyy,cio4 M)

Fig. 8. Stability ratio vs. NaClO, concentration for Ca-bentonite
colloids at about pH 7.0.
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EAE Aoz ot
5.4 =
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Bt ot £524 2 HYE SREHLS Fols
PA=71e] WEls FAAE WS o)l BEdho.
2A T A DEHlELR)E Z20)59] obgAdo)
U3 A7 ST A8 dgEUolE 22
ol=9] YL HEAI 2 vjAe ole3 T} pHo)
ulg- FA 9EekS Hom 0.01 M NaClO, olAke]
o] Gl ME pHell AHglo] WEUe|E Z2o)sy) B
S HAk ol UHHlEUolE E=ol=9) o}
ol we oA} gl ulek Ashe AES =
SeHA Jepile™ pH Wglel] we ko] Wghs o
2= Wt tE IS BT, AFE dEolE
Holeso] WAMEHES pZC7} ¢F pH 8 THAL A
BHZHE {53 5 AUk E pH 7 SAH A HE
o|E FZol=9 CCCE ¢F 0.05 M NaClO, QS &
AR

mebs B Ae] ZREe dA) WA IE X8}
9] IS Adsle AAE dEAE aEET Qs
S AT A EVelERRE HlEU|E o)
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