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Abstract: The pH is an important factor which affects the transport of colloids. Kaolinite and montmorillonite were common types of experimental materials
in soil with different structural clay minerals. By indoor simulation and mathematical model analysis, this paper investigated the migration mechanism of
two types of inorganic colloids in porous media with different pH conditions. The results showed that the transport of kaolinite colloid was affected by pH
dramatically. The &-potential and particle size varied significantly with the varied pH, with significantly different breakthrough curves under different pH
conditions. In acidic condition, the recovery rate of kaolinite colloid was significantly reduced, while the pH had no influence on that of montmorillonite
colloid. It was reliable to simulate colloid transport in saturated porous media model by HYDRUS-1D model, and the simulated data had significant or
remarkably significant correlation with the measured data.
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B, B KIS e W) is B i BE B R i R
( Kretzschmar, 1999; McGechan and Lewis, 2002;
Ryan and Elimelech, 1996; William et al. , 1991 ; XI|
PR¥S R AIHE , 2005) , BB G, % /K 4= 3R 55 o B 4K i
PAIE 78 B HER 0, AT DA A T K A PR B s g )
AT g AL PR AR B

I AATE 22 FL A 5t v 19 32 7% 32 31 e A Re vk A i
Wy BEAE 0 A0 U AR A R S 2 R 1 R R ( Cao
2002; Elimelech and O’ Melia, 1990;
Gamerdinger and Kaplan, 2001a; Goldenberg et al. ,
1989; James and Chrysikopoulos, 2000; McDowell-
Boyer, 1992 ; Sutherland, 2003 ; Wan and Tokunaga,
1997; Yao et al. , 1971; X PK¥ %, 2007). & 1 ik
J& pH AE DL 2 £L BRI AR F R B R s 7 FT
TR IE — B 45 7R, A A 2l v P BT R A% 20 Al
A B AR 5 55 7K A BT 1) 2 T HE e 28007 46 5 1T X B
F i 72 P Y RO HL B IR A A 5 B ( Gamerdinger
and Kaplan, 2001a; 2001b; X JK¥45, 2007 ; 2008 ;
BERETE A, 2009). 53 4b, Je VA 1 32 B e L A AT A ik
RS AMIT T, e Bk 7 o8 O R 7 R 18 i S Y ]
B AL AR S A (B 45 40 TR ) AE 1 RN 2 LA
|y iz i 47 & ( Bradford et al. , 2003 ; Corapcioglu
et al. , 1999 ; Tufenkji, 2007).

LR 7L 3 e e o N o A A v ]
BB A 2 v JUAS 2 L A v W A B 5 M A
JEEAAR S A e b B TE ARG 1 S A AR R &
Serp oA )iz AW S e X P R R UL B L 3R TR
Jot 78 S B SR A A A T A TR ARG 0 W i A A
RWETER A A = A A SR A AR R 2 ALK
A0 I O S B, OSSN T pH (R A& 1 T AR 5 i
M2k, b Ak iz 7% AR K HL A, DUIn SR X5 3 48 26
355 vh A AT B AT O B 52 ) R R e B AR A2 S B )
15 B AL B A S

et al. ,

2 ##5 Ak (Materials and methods)

2.1 R AR

¥ 5.0 g 19 /5 08 A1 #1518 oK ( Cloisite
Na™ )23 3 A 1000 mL 2 8 7K b B Z0PR 3. 4R
Ji PR P 0 43 1 30 min B 1R G 156 A 1000 mL 1)
=MPeth, EE 24 h BT VRS R A R B
Vs Y00 P R R R B Rk AT A2 L S 56 BT
IS A Ay g TG A 5 T 32k 47 s R, A5 #0100 mg - kg
14 5 0 S 1K 78 Y R 200 mg - kg 'Y B2 A G 1R

5 28 375 S0 v A7 S b A g Z2 LA B, ki A
0.4 ~0.5 mm,LEFETA 0.1 mol-L~" NaOH Fil 455
T K AT V.

2.2 Bk

22,1 MirwmaRAkEs LBk FRT B
WA EAR 2.5 em, /2 15 em SRR A
SR T BCEERE N O T AR A G B R AR A H
AFEAR, B A R SR R R AR A T
JRHE 8 mL iz K b, S A T LL R 1 oem
ZEATAL TP BIH BE PR R P B AR R R T R
Je AR AN TN 8 mL 25 B R TR A 5 R 1 9
SECE B SR E] 1S em. REAMAE T B 130 ¢ £
A ALBAR N 0. 42 Zi .

T I 1A it 2 R 2 9 i A HNO, Fl NaOH 5
RV pH E, JB2 A 8 9 1) I 3 A B H B A T T
T3 9 355 2l % Ok HEAT 45 A AR N il R 1) R
gy e EE KA, 2 R 25, gk
S AR pH AE A K3 e YE RS FE , AR AR Y
pH E R BIRRE Z i, V4 S # [R] pH{E A0 B8 MR 38 9
TrG e, et R W 1 b, SRS A [R] pH
K e 2 h fE e 2 i PR R B AE 1Y pH
A AN G B AR 9 0.2 em e min T
TR H 3 ER o W e R 32, B 6 mL i — U AE
L DR R AR o T e R g M R SR D
SRR BE TN E | 0 A1 JEARAE B I 350 nm Ab EE
@IRE , S AL DI 243 nm AE H AT E .

e
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Fig. 1 Schematic apparatus of the sand column leaching experiment
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TR IR VR 5 08 S S 5 v S AR A ) A ik R
DRAE— B0, = 08 A1 IRV 5 5 100 mg-kg ™', 52
A7 I VAV #4200 mg-kg ™' ] ZetaPlus Hi fir
ki BE 4y 14X ( Zeta-PALS, Brookhaven Instruments
Corporation, Holtsville, NY) jll i iR B & H 57 A
IR

YT RS I Ak B b Ao e b UKL 2 T Y Sl
FRAE 0 FC e T i b AT I sE . AN TR pH (AR E T
AT YLD HORL I & VB A0 A7 S i 3 TR A 1) ~F- 2k A2
I3 B RE J7 5 A0 - FRIBCAL BT i A S b T,
BT 50 mL =M, A 12 mL AR TE pH {E Y
IK WG, AR R P B 23 1 20 min, 2R )5 % R
U mL B35, % pH B9 7K 6 WOR B 10 1% )5 647
] 52 ( Tufenkji and Elimelech, 2004 ) ,& i {v; 1k £2
€ 7 i ) |
2.3 HEpHE#M

ABIE ST B R — 4E XU — YR R A
V789 B L 2 A, PR 3R Rl 47 ) T A4 7 A A 22 £L
b s i A, AR R
ot 0 ot ox ox
2, C 2B PR A B (mg- L), C 2 [ AR
P B B i (g ') L p 2 ALY R I B
(grem ™), 0 JEMAIE KR (em™em ™), D R HRHL
FB(em®™min ") v R FBRFE R (em-min ).

(5] T e AT F M A v 32 72 A T TR X 3R0

aC. C
L—’:k( _;‘)C 2
T 1 " (2)

A,k O RO B 1% W B (min ™) X g Z LAY
JFH R R 3 S A (mgg ™).
JEEAAR 32 B8 B W) 1 A1 SRR A AT

PhEAR S pH KRG 0 W AR AE 1 22 AL A B R E RS B R R 421
C,(x,t) =C o (x),C(x,0t) =Cy(x),6 =0
C D 9C, =C =0
v w o 67_1] winl 9 X = (3)
aC,,
=0, x =L
dx

SRRV AL T7 5 0, | e Hs B B0 CL Y
3% BE L T RCBUOR B € D, R RE 2 LA Bt
I BEAR FIAE SR 7R BRI Br ™ 5 C1™ (94 Bk R
(D) R—FER, B350 0,v Al p I, 50D
e eI %% 2 801 HYDRUS- 1D B4, Gl i fig ok 1
P 07 A a8 RS A B K I A R AR,
S5 (X -9R B R (CDE) 3845 Br™ 5 C17 R AR 1Y
FEM LIRS (Yao et al. , 1971).

3 #R 54 (Results and analysis)

3.1 F R pHETH £ 4 ki sh i i
ANTR] pH Z5AF T B MR 14 - 35 R KL A R € FL A
SRR L R L R R LUE 5 TR Tk 2
Wi 3] 47 S 4 AT % g 0 7 B RLAR, BEE pHL (R A B
%, B A S I 4, 2 pH EFEARE] 4 LUR I, &
e 7 T A R Ay Db 2 B T A 1 05 SR B 4%, i ¢ i
A1 MR AR HE A A 32 7 W pHL IR B2 . A A TR 9 T
AT SRR & 02 o A (HAE A [F]
19 I A% 2 B HE AN [ B9 R AIE . pHL DA A7 e 1 11 g 0
A & AR FE B, R B pH fEL A9 B,
EMLAZ IR/, T pH 0 S AT ) & R IR WA
RN

FhT T 2 10 R A L K, OR8] 114 HE 5 1 FH Aol e
5i , URE 5y 73 I, 0 RE L AR E M .y it er L
A7 BERD G W A7 52 9 WAL 24 A5 PRS2 R 20 2 R R

®1 TF pH &G TREMFHHMAEM £ B
Table 1  The particle size and zeta potential of colloid in different pH

I BTk Fiv e 1 ST
pH -4 WL £ - LA 7 £ -4 BB £

/nm /mV /nm /mV /nm /mV
pH <4 2049.9 -6.16 1547.23 -16.43 246.15 -22.63
pH5~6 348.8 -18.57 747.15 -22.81 215.05 -25.39
pH >9 378.17 -29.48 650. 15 -48.42 253.8 -23.92
WAL (pH <4) I, IR Z [0 A BRI SR EE MEIBA .
REJy, MR e P T R SEBA RS T 201 Bligfk 3.2 FRE pHETH LT HREAERM ZIANR
206 T ARl A, oF R e A e LA AR 68 1 2% B A B R
fiE

T3, VI pH AR IR 8 Al X B A 1Y) 51 e fiE ) AR

ANTA] pH B A5 AF R 8 U8 A T8 1A A0 58 M A IR A
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A 052 8 A7 I A A 2 5 ik e v 32 pHL 52 ) 22 S AR
R 57 BRI Bre™ () % 125 2 FLAE, 5 0 A1 AR AE
T4 pH A& AF T, 5 37 i R (K T Br ™, T 5¢
A A 114 257 3 o A 50 B AR B CIR B, A ) pH
TEACPE T 1 %0 37 iy 43 th B {E v T 78 B35 Br .
Br™ f£12 7% i #2 o JC W B | DU3E S L A AR [l i ]
IBE 100% 38 3 75 85 50 20 37 ith 2 nl DLTE 5 kL 1 19
JK Ui E L B O S5 K Bl g 28 TR U T
W A 16 22 AL A T 198 8%, — 58 A7 12 4 B AN T3
AR A R A pH A IR R A 1 18 B L 3 A
FHB S RE , 52 M A JBe 1R 7 A% i ok i v, D0 98 A 0%
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—e— Br
1.0 -
O pH=3.86
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\ Fa 7.
0 [@ o4 YAAAAAA
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WAy AR AR R 2R R R T 101 TR ik
s A A LA 9 7 A R AR 3 T ) R S 1
I a3 e s S e AT R i R S 1]
SEATIB R g 201 TU N7 B i A 235 4, B AR ST Al v iy
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Fig. 2 The break through curve of colloid in water saturated sand column with different pH perturbation

W& pH A A BEA , w5 08 A0 AR 1Y is 76 78 2% | 1
{EI8/N. 76 pH 2y 3. 86 B, = U4 A1 JBE A 1 W (5 ANy
0.06,1fi pH & 6.02 F1 8.92 i, Ho %2 35 il 2k s {H 35
0. 88. 38 b BT it~ AE TR, Y AR AE pH Ry 3. 86
AT BB, S8 95% 7045 1 I 1A 8 1E i A
H, T2 pH {E T 3] 6. 02 B (U 10% 245 5% i
TERD AT, 4k 2 T pH fH, 5k B & B A T b
(2R 2). ULBIFERR TR A5 1, 2 5 0t 410 o] 2 0 A Ji
TRTE A7 b A J5T o 04 A% T o M BT S5 R T
ARZE i %K. 32 1 Al A, m e f AR € i 5
AVERPIY € AL R A5 (- ), H o7 48 X {R B K
HEFR oo, 4 RHE/IN HE R 3/ AEAR pH B, 5 08 A7
A Sib & A 4o XHE A /N A B HEF /N AR T8
WA R A B A e b 3 UL R, 53 40, FEAR pH A%
T A AR (1 - 38 ROk R AR K, TR s B i R
H R A S, BT DA, AR A [ 32 el T R R
XoF G R P W A T RIS A SR ) 390 o A . 4 9

1 pH 3§ I, B0k 2% 7 iy 7 6 Fi iy 250HE 38, X0
JE TR T3S, TR 2B A R ARG, T LA, I s
LT SR AR DK /0N T A Gy W R 3 5 o ARG R T R
SR, DRI, 2 5 X JE A ) W5 R A T 9 e A T A
f14 18 R 32 2R [ el T M BORE B LR A . 0 T 52
Joi A AR R U, 2 pHAE 3. 75 T £19. 40, H 5

R2 AEpHEFGTREE@MDHE D FENEYRE
Table 2 The recovery rate of colloids transport in water saturated sand

column with different pHs perturbation

K09 pH [ g %
e 3.86 5.83%
6.02 89.81%
8.92 90. 12%
S A 3.75 102.50%
6.80 111.00%
9.40 130. 50%
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4 112 ( Discussion)

4.1 BHEREMEMREEZH N X R

DLVO g I FI R fifk B Je A4 G s 1 AR HL it o 2
(i) P9 A 52 ) 79 3L e pl i BROR AT A, AT A AR EL AR
FH B RE T 22 [B] BB A7 AR JO AR Ty, 24 Y JURLHE S ey
i I, R 2 A 0 3 B g W 51 g, 2 UKL A [ A
H A I, R JE AR 3R B HE R U DLVO BHg IE
Je R A 34 JURE 18] 3 b HE v 1 B K dy 23 1 1Bk 18] 48
WA 7 R R AR AR 5| Oy iy S R AE . 7E3E Y S5 A
T BURLAE F TA) R R RN B i s, HE R AR O R T
W51 g, DT AE G A JH B8 55 1 F 1) B Y G & it 46
IR AR 2, R Ry HE R B g2 mT B
AR BRI, 30 00 I M 1A 2R AR E T B R R L

v U T T A R 558 I A TS AR T T 0 2 I R AN
[vi) , PRI 7 A v A B9 AL R A (), O sl AR pHL (B Y A2 4k
23 W0 5 ) e U A B AR R TED A R, 7R PR P AR 1
T A I I A S GO0, AT B B T e [ A
T8 3l , 52 It A1 AR T B K A HL i, BE AR Z U
TR pH (B 52 R i 08 A T4 118 v 3y H 67 T 2
KOREAR B W pH A A8 728 10 ) 20, LR AR £ 1 J
TEAI T 5 i A B 25 IR AR A 22 LAY o b 4% sl i i
T, B P e Y S A, Hos #% 3 IS B R i [m] ik
HRFAGE , AR E AR 1 S Ak, 72 2 £L A o %
AR pH H R oE H R FE R R Z —.
4.2 FF pH &MU TREZHINE RS HHE

HYDRUS-1D J&—-> 1] DL FH SR A5 4804 A A 1o
FB UL XK 3R e 22 T I o 7% i B . A5 0 v
FRMR R R A BROT i, T TR H0K Rl 1k
W A BTG S BT RS S e A e

ANTE) pH Z5 4 A 18 B i BE 7Y, 2 R 2R R
Br Rz A7 5 1 A1 A SE RN AE A IR B R B (D) BT
B Bro my i th 24U 5 B F) 0. 97, i1 D
{4 0.096 em™ min ™" (£ 3) 55 H] 56 B 55 2 38 {5 AR
{1 (Gao et al. 2004 ; Lenhart and Saiers, 2002) . A4S [A]
pH Z5 1 1Ry W A7 102 A R 552 56 A Je AR 480 i o A A1
)5 58 5% 52 0 BOHR AR B IS (R 3) R Ak )
0.96 L I-.

T AR 138 F% 32 A v, 320858 B S50 1 ~F- 4 A 2

D32 R 2 7] A L 0 e 0 A AR B AR RS 1 3
J1% -5 % BCRE & pH 9 T R 4 BN 0.0097
0. 0005 F10.0005 (min~") i 52 B 1 6 1 11 5 £
LA Bl Ty 2 15 % 505 R 3..05 x 10 7° (4. 88 x
10771 2.44 x 10 7° (min ™" ) (3 3). HAE 14 44 A
S AR A A Z R PO, B v LA 1
pH {E ] 7 I 7 5 Wi 58 210, 1o RS- A R B T T SR
A TR pH (E £ 14 X = 18 528 #8610 52 ) 4 N
R F.

%3 T pH EEATREEESH
Table 3 The parameters of colloids transport in water-saturated column

with different pHs

Dy,

pH J(entomin-1) k/min ! R?
Br 0. 096 0. 9700
e 3.86 9.68 x10 2 0.9672
6.02 4.98 x10 3 0.9952
8.92 5.00x10? 0. 9962
S 3.75 3.05x10°° 0.9972
6.80 4.88 x107° 0.9853
9.40 2.44 x107° 0. 9795

5 #i2 (Conclusions)

1) W0 pH A% 1R 23 56k B 82 i g 0 £ JI P 1Y) ¢
RO e JURRE A | 6 552 A 52 0 A K.

2) AR pH Z0E T o 0 1 R 1 50 55 i 26
2SN TERRIE 2 0F T, A [l g ¢ 2 35 B A, T
pH A5 X 5 A1 I 1R 32 B S AR TR .

3) A A HYDRUS-1D A5 U AF AU F1 2% 1 1 I
WAEZ AL i B AR W AT SE Y, Rl a4 2R 5
5 K dle =2 1a) 4F  UE .

REEEEN R EROIT—), 5, H, AL, ARXIT W
K+ 3T 4 5 % £ . E-mail . xianqiangyin@ yahoo. com.
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