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Abstract: The migration and immobility of pollutants is affected by the deposition and release of colloid in porous media. In this study, a series of
simulation experiments were conducted to investigate the migration and release of montmorillonite in porous media at different solution ionic strength (1S).
The results showed that the transport and release of montmorillonite were significantly influenced by solution IS. The deposition of colloid increased with
the increasing IS, while the release of colloid adsorbed in the porous media decreased with the decreasing IS, and the total amount of released colloid
increased with the changing times of IS.

Keywords: ionic strength; montmorillonite; transport; release

B a5 B i B AH L o B A I
PRTEB U X0 18 B4 (O T 8 3 3 | SR A )

TEEIERUKIR R ) A0S R, T DASCHA o] DS i) Ji (A 70 B e 61 A 2 1o W B 0 e
JRE A ELA R ik 1) 2 T Ak 22 B, TR G, B AR HE 2 5L T A3 A2 (Saiers and Ryan,2006 ) . 11 % T B A4 K i

1 5|5 (Introduction)

HEEWE : FFERHSHETRIH L8 (No. 2006BAD09B04 ) 5 PYILRAMBLEIFERHIFL T (No. 07ZR044) ; VAL R 2 LR 3l
4> (No. 2010BSJJ072)

Supported by the Subject of National Key Technology Research and Development Program of the Ministry of Science and Technology of China ( No.
2006BAD09B04 ) , the Special Research Foundation of Northwest A&F University (No. 07ZR044 ) and the Staring Research Foundation for the Ph. D. of
Northwest A&F University ( No. 2010BSJJ072)

TEEB N INEHK(1977—), &, Y (H+) , E-mail; huiminsun@ 126. com; * BEE (FEEE), E-mail. xianqiongyin@ yahoo. com
Biography: SUN Huimin(1977—) , female, lecturer (Ph. D. ), E-mail;huiminsun@ 126. com; #* Corresponding author, E-mail: xianqiongyin@

yahoo. com



5 4 PNEREE B TR B S I ARTEAR TN 2 LA bz B -5 R A 52 R 1121

A TS QY Is 5, WG 575 Y ) A AR 22 [1]
P14 R O i o P GG AR 22 ] ) 2R 5 -0 e AR
J AT [ R 2 T ) S 5 - 8 o A DA B AR A 22 AL
S LB B I8 I 2 I IS RO - TR
SR FEIX — R AV R P B TE A B A DR
FIRE S BT 248 T R0 O T — PR AR AR
R B 1 2 3 FE A B — Ak 3h ) ik
(Amrhein et al. , 1993 ; de Jonge et al. , 1998 ; Saiers
et al. , 1994).

VFZIIRERY], RIEEZ AN BUh EH 22
Flt K 2 1950 ( Cao et al. , 2002; Elimelech and 0’
Melia 1990a; 2001 ;
Goldenberg et al. , 1989; James and Chrysikopoulos
2000; McDowell-Boyer 1992 ; Sutherland 2003 ; Wan
and Tokunaga 1997; Yao et al. , 1971; X K ¥ 4§
2007) . WEFEE WAL 25 PLsh X T A SR A4
JRAAR B 485 75 G 0y 1) JEE A 1) ST % R e B AT R
SRR S, PR AR T 2 AL B b IR AR TE RS
FE S5 — 2 A AT #2301 ( McCarthy and
Zachara 1989 ; Roy and Dzombak 1996) , {H >4 H i)
He— R K AEAZ I B A BORL Y A7 72 7 2t 2
AR I P S AR 2 e A BT DU R A iR
AT AR TESEBR IR BT A R 2 v, R - AR
b THEME K TS YA IR A R TR [E] Y pH
(EZS AR R A 5 38, 214 1 3 28 5 I /K oo ) ol
P - IEIREE b pH BRI 15 B K A s i
b i —Se A BT, A0 TCHUAS LB A A T
I BE S0 SR AR A 1 55 A SR IR it 2> e k. O HL
XA VRS R A IR S 2 N 2R Y,
JEEAA X 15 G ELAT 5k B A W B4 D TR BB A% 3l 1Y
bR B AR TS e W R I AL | T R R
R, FE M K IR A T . R, e T
it I ARTEAN [R) BRBE 258 1 3847 o b R ik L T AR
AL RERLARE , PRS2 i IR (A R i AN ORGP R
WX T SR I AR A LS BB b I A i A S AR TS
Wiz ®id Brp 2 WEMNRAHEEE X
( Grolimund and Borkovec 2005; Roy and Dzombak
1996).

VARGV 22 01 58 70 B0 1A 2 375 1 42 I 3l 3
N T L S R, 7 D R G A 1) Je A
SUES R T, MR A o i S 1 AR A R Y I
RAE R AEA T 25 IRt A B 90 DA 52 0 A e AR A
SFFEXS G T8 Ak A A SR AT O S WS

Gamerdinger and Kaplan

TR0 FEL P T R A X I A T PR R ), g T K
P TS Y AT S BRI, T Yy + 0
A% O REAS AL P (4 T 2 A B S NS HSH

2 #M# 57 iE(Materials and methods)

2.1 BEAH

B 5.0 g 5 A AR K K ( Cloisite Na*® ) Jill A
1000 mL 5K R ZUIR 57 , SR FH A5 00 R
30 min, BHIREAYIHEA 1000 mL () =ML, #E
24 b U b A L AR T VS R B E R
BB A 00 . 2 30 v i P RS AR 1 o 4 vk
R AEBEAAAE 2 43 3 KCL ¥R i 86 T
BT SR 0.001,0. 01 F10.1 mol - L™" % 200
mg kg " I SEMLA ARSI, ) ZetaPlus HLA Bk
BE 4y B AL ( Zeta-PALS,
Corporation, Holtsville, NY){W%HQM:E/‘J & HLV TR
().

Brookhaven Instruments

x1 TRBFRESFG TRENTFHIMMAZM £ B
Table 1 ~ The particle size and Zeta potential of colloid in different

ionic strength

IR EY YU
T :
/ (mol-L-1) T RDRL L
/nm /mV
0.1 1771.43 -42.86
0.01 336.05 -32.26
0.001 221.05 -31.61

FEZE B S T A b S 2L I, R AR
0.4 ~0.5 mm, I HTH 0. 1 mol - L' NaOH FlZ 5
TFOKHEAT R UE.
2.2 ERFk

SCU AT BB AE A BAR N 2.5 em, B 15 em,
R PR B A YD T B A . o T FE 2 S A 3
PR RRE A A=A S0, o S/ i 1) A0 e b
R BR8] A BIFEFIEHB 8 mL AIZEIE K, SR b T
WIRLAT 1 em ZE47 40, 5 FH 3% B 08 H1 i 384T b iy
W SRS ARSI 8 mL 2585 Tk TAE v % IR i
T 7 B S [RIRE 7 i e 1, B AE A 8 15 em.
FAET R Z) 130 ¢ Z247, FLBR N 0.42 £ 4.

HEETFRKMUEH, EHRBREEZ G, 4
S FHAS[A) B T3 B 1) KCL IR yeRbAE 5 h, 2444k
(R F it B SR AR RE 2 5, VI35 b+ ] 5 156 B8 11
ARV TR 6 26, R AR 1 b, SR 5 4 A
[F] 15 -5 B ) K VAV T 2, S s o A B
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TFOREAA. MR AE Z LA T 1) 25 35 o R 4
Z 5 B R B AL AR B Y O =X R
FERDRE P B A A7 A . BV i A ) e B e it Il
VR A ARt R LR P A AT v B 1Y
P AT, - L 422 B — 2 10 e B0 3 3o ik, 1 39 T 2%
TR e, 00 e U - A ) BB S A 1 9 1
S, BAR X T 0.1 mol - L' AR 5535 W0 A 45
W5, FH0.01 mol - L™ KCl 7AW Mk 2 h, 285 7
FH10.001 mol-L~" i KCI %W W% 2 h, feJ5 75 4l
IKIPYE 2 b, FOAh B T3 B A AR R . A S50t
PR BRI 0.2 cm-min ™", VW T A SR LS
AR, BE 6 mL 1 YRR, M AR HE R P e A v
JE VA e B 1 0 22 SR 48 143 D6 0 BE AR U 243
nm Ab H 430 52 ( Anderson 2005) .

3 ZR 55 (Results and analysis)

3.1 REEZIANFFHEHALE

1 RSN A R AARTE AR B T o N i i
2k WNEIR AT LA Y, HG2 B 00 R 2 b 25 TR TR RS
T B T, AR 2F 3 i 2 ) W A R AR, 2 8 T
SREEIAF 0.1 mol- L"), IRAKTEZ LA Birhic B 2
P AR A B TR I T4, L R S
Elimelich(1990a; 1990b) . Xl K ¥ (2008 ) &5 JUr 15 i
SR B AN TEANR B TR AR T, AR
TR SEAAAE] 2976 1 LR AT AT A
TR T, 5 AR A 28 35 i R B X RR, 1%
A" e LA, it — 2 Ul B B 7 5RE h Tt
i, A T AN Z A LA 52 R) R B 2

08 ——Br
O 18(0.1 mol-L™")
§ 06 A IS(OOl m01~L'1)
© O 1S(0.001 mol-L™1)

4 s 6

FLBRARR

1 AEBEFRESHTERREREEENDERNETE
H 2

Fig. 1 The break through curve of montmorillonite colloid in water

saturated sand column with different ionic strength

perturbation

(e A3 AR A i~ 3 o M R 2 i

AT RSy, I ARSR AR, AT DL LR 7 [0 0 1) i
A i A BRI LR OB 3 AN AN TR B TR B Y 2
BRI (LR 2) , B 58 BRI , R ] g 3
. B FIREE A 0,001 mol - L, B A [l g 2K 7] 3k
£ 100% , i 45 T BEHE N E] 0. 1 mol « LB, I
TR 2RI I 2 s 3 o 2. SR A e Ay 201 TR
AR TR FARSE R T R A oy [ R AR T AR 1
AT 5 i HA 5 Y BH S s et R, R
IR A BT | HL2 B fol JURE 53 24 AR 4 1) 4
R, BRI A b A o B A B i HE R 7. 24
VAT -5 E I ST 0 ) S AR - AN W 22
AN T AT TR 2 P i g S N E @& 2 (i

®2 AEBETFRESFHTREEGMEDFENEKE
Table 2 The recovery rate of colloid transport in water saturated sand

column with different ionic strength perturbation

[JZE B BEE/ (mol- L") &S
5 0.1 0
Bt 0.01 97.51%
fi 0.001 104.32%

3.2 REELSIANFFHERAE

FEL A T 0 ) 328 Ul it R 2 R T i A R T i
A —ANEERNZE. fE 2 i fLERIARFIR 0 ~6 B,
AN TR B T AR IR IR R B 4, Z )5 1 4
AFLBRABUN 1 WA 1 B B, PR I 2 425 i 2
A4y = AH O A — 5 B 5 B I B T
Qi AAH [ B -5 32 11 Fh P IO T 5 DD A R A1 5
58 JEE P L SOV VR R ZE AR K. FRATT AT A R B A R
B R B R A A R YRR T, AL R R A R i
MBI 2E 5. B RN 0.1 mol - L' A, Fifi
R 2T AR RS AR i i e iy Ve (3R IR
R 1 G /NT g 2 FE 3 (& 2a). R 1 AT, SR
JIR AT IS 4 B R 4 0. 1 mol - LB, & Hafir Hy
—42. 86, Ut LB 1A By FLRR e, i >4 L B8 o B e
#0.01 mol-L~" i, & LA AEH - 32. 26, KA
FEPEREAR, M 7E A8 FL B 58 B 0. 001 mol - L'
i, g LA - 31061, iR ARTRE AR LA K. #h4k
FRYIE(E 1 B F5REH 0.1 mol-L ™" 284k 4 0. 01
mol - L™ (1 A8 rh T B A BRE A, Hh 1 22 LA o) A
AR R A FREA T, 1 T A 0kt o R v s g il it £
(R AT | B 25 5 1 3 2 1) 32 T /N, 22 LA Tk
A 118 I I 3 32 0 5553, S M R I 8 348 K. &1 2b
il 2c v MR EY & HLAZ A T B B (0 AR 4k, d B
JE ARG M 22 S AN R, DRLITT i 4 T 4 300 S 1) G 4%
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The curves of montmorillonite colloid release in water saturated sand column

FBIKT 100% . X 7] Ge & T 2 LA T N A
P LA SR VA VR B A R AR K B T ) S PR AT
A RE S A S b i EL A IS 1 S5 ) /N R R T
KBl K i & % 3 FE ( MeDowell-Boyer ,1992) , B
PRI R A o i — 2D S8 UE B,

®3 TREBMMERERARERERE

Table 3 The release rate of montmorillonite in different release stages in water saturated sand column

BFIRE/ (mol-L") B 1 RERAR 2 R 3 BRCR SR
0.1 22.35% 79.63% 32.25% 134.23% 134.23%
0.01 11.51% 16.05% 27.56% 125.00%
0.001 8.54% 8.54% 112.86%

B 1.2 3 = FRREUZS B 15 BE ST R A A it/ 0 ARSI S < 100% , ik i 38 = SR IR 1 ImDICER + SRR 2835 iih 42 i i

ENES T

4 1318 ( Discussion)

A Z AL R T R s T — R4
Y E R B L ot AR, B AT T e 0 B ) B
7%, LR B BIS A 4 8T 98 #Lg | DLVO HE
WA

PG A I A 5 i B 18 2 AR S A 15 A Joi 3 T

AFAEARFAE T, RIS 1 A AR 550 TR 54 ot
TUR. K A REATE 5 8 B 558 1 FH IS T 7 A4 ) W RS S )0
ZHIS T &8 iz W TR 2R IR T A £
FLAY 5T R 1 AR B 77 %% (Elimelech and O Melia,
1990a; Tufenkji and Elimelech, 2004; Yao et al.
1971) . SR AT AT S TAER B 2o P8 BRI 75 10
TAHRFIBURL A BT (Y B SR A B 7T R 7 8 14T AR
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W) & 1E ( Bradford et al. , 2006; Johnson et al. ,
2007; Ren et al. , 2000; Xu et al. , 2008). A Kk
FEPER DLVO BISHE A T F A AR H Re S5 /R
[ BE YOG 2R L3z HI DLVO B8 AT A 450 B8 1 1A 1 Wit
BEERZ. (EAA F5E 4R, DLVO FRIp X F Rl g
FAF T IR R TR AR A A | 3 — FE 1 1
FAATS BAT — 7€ 1 JRy R .

BT 1 5 B X 5 A I AT £ £L A B s
R VBT T2 10 52 0, AR 40 G A 3ok i B0, 7 Ui 3
2 AL AT TR 28 v, e A 1) W8 RS 2 I 40 455 7 A 20
O < J A 1o [ AR T P S0 A% L % G A 55 T A 4 T )
AAEAE . 3 4 FH 2 52 200 it | 9k i LA B Je A
] AR RURE 25 Th0 A4 P 1 52 . 3 BRI Dy T
BSR4 A IO AR AN R 3 b =X B A A A
UKL TAT . T AEA [7) 25 18 B A AN [ 19 52 el DR 2R
FEAER, anoxt T 4i /N ook, 38 B 4R ] £ 22 9 HUfE
FHEE, WX T RAURE | 2% 2 W R 1K, Do 2
FEAEHT, M ELBURE BLAR BOR A PR S Y (22
HAXHTH, 2006 ) . Bl B 5 B RS0, AR SR
TET )47 FBOBLFEL J2 B V52 B4 4 s 0, 552 il g 1A 3 1 P
) L ER AR S5 eSS W5 W e LS LR R e S DA I
ARG A 0 e A 1 A A2 TR /DN S5 18 A R i S A
DUVER F 2 . F4 A48 DLVO B & #Ie , fINES
IR AR 4 BIOBFR, J2 R R (A0 (1] HE
Fe i AR T S AR A E , BE A B TR
RGN (S A5 J AR ™ 00U FEL )23 JBE B A /0N | I A R
() XSUEEL 2 HE T T B AR 3 T 28 A AT ) 7 I A ) 2R 5
DUGE. & iRk — EREZ T, KPR Z
[ AHERR I 2%, s ) J i 5, S py AR )
GRARI N5 T, Ik A A ) A 2 W B 2% A7
JEEAARTIURE 42 AR T AR 3 A S5t 2 THI. 1 7o RV 7 il 38 T
TS LR T A% 3l B vh 25 A R B, B AT F S
TR 58 3 1 14032 B IR, LA O 4 il A 4%
Fh 25T IEAAAE 2L 5 v B W B e 2.

5 #5i8(Conclusions)

1) FEE VAR 1 5iR JBE B 3, 52 5t A TR A ) ot
RDRIAR I A, AR AE 22 AL A1 B B 0 A S o 1 oK
SR FUS A 52 AT VR B B A, 2 8 i K 2
0.1 mol - L', F B 3 ZUAY BE R, OF HIE WAy
KRR e A, LI 552 A Jie M 4 3 U AR ZE
EZ{WIriG

2) R AL 2 i 5 M) 55 I A JE A

AR I e 3 VI AR S 1 5 B AR R ARG A 2> (T
FREZ AL B P Y SR A LURE i, JF EL g 15 L
RUHE 2 | B B R K.
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