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Leaching properties of cement-solidified lead-contaminated clay via semi-dynamic

leaching tests
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Abstract: The leaching characteristics of cement solidified/stabilized Pb-contaminated kaolin under different pH of leachant are
investigated via a series of semi-dynamic leaching tests as well as quantitative evaluation of the effectiveness of
solidification/stabilization treatment in remediating Pb-contaminated kaolin. The designed initial pH of leachant is 2, 4, and 7.
The results show that the accumulated leached Pb mass at leachant pH of 2 is 47 to 106 times that at leachant pH of 4 and 7.
Nevertheless, the difference of the accumulated leached Pb mass between leachant pH of 4 and 7 is marginal. When cement
content increases from 12% to 18%, accumulated leached Pb mass decreases by 28% to 68%, indicating that the increasing
cement content will enhance the immobilization of Pb. The diffusion coefficient (D.) of Pb is back-calculated by conducting a
theoretical analysis of the relationship between the leaching time and the leached mass ratio. It is found that the values of D, of
Pb at leachant pH of 4 and 7 are very close; and those of Pb at leachant pH of 2 are 3 or 4 orders of magnitude greater than
those at the leachant pH of 4 or 7. In addition, an increase of the cement content from 12% to 18% results in a decrease of D, by
17% to 99%. The present results indicate that the strong acidic leachant (pH<4) and the increase in cement content have
significant influence on the leached mass as well as diffusion coefficient of Pb for the cement-stabilized soils.
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DA 1 DX A BRI R I o0, 2011 4R 5T A TITRE Y
SFE) pH b 5.02, BRMARFILH] 30%LL EY, Du P
TR, BRI AIS R KV [ A G 1 1Rk AL
SN, AT RSB B PERE . S e e o [l ks G
TrIE B I S — EESHOE s B i E R E
(D)o WAL, AT s VPO /A E A 4 e v e
TR BT A, LB E /A et E A R
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VBN A WRIEIRE: (semi-dynamic leaching test) T
DURFUL I A4 /B2 e AL v 42 b B 4 S e R A
HLEL. de Groot Z=FURI Moon 2V Hi K 43 /K Y [ 4k,
IR 4 R v G v E e v Ol B s
ile Moon 25t A= 47 A R I 6 [ Ak fier . 4y e 13k
AT TSI 7. &5 RR, . BT H
WU AP AR, R0 Tk g pH. [
A FAE B0 EE 4 JR A A AR I S A R P AN B A

SO B IE RS, BSOS pH XK
Vel Al B4 S AT e LA R R A AR
JE ([Pb]) BEWKSER pH FIIbK 8 I (8] 1) A AR AEEAT T
M RS TWRIEM pH KoKVt st [E AL A
T HR B .

1 REMBERE
1.1 RIEwr#t

TR P LR AR M 45 SRl b LT AR 1)
e (325 H UL FRRLS 7 <0.5%). JLEZ Rk
SRR HE Gyl 2.66, VPR we o 34.5, BAFR wp
1 23.0,pHOK L 12 1) 8.77, Bk & &4 33.0%,
KL B 63.3%, WKL T A 3.7%. HB Wi,
G A SRR T 96%; &ouHE S il X L9t
BEACIE R EALE, (Ca0) 0.41%, —SALEE (Si0y)
42.73%. EAES (ALO3) 33.76%. 7Kie A 7 5t 12
IKVEAT B2 W) A= I8 PC325 A kIR 3R /K e
H A B E N R CaO 44.37%, Si0,27.41%, ALO;
13.09% - 4> J& V5 45 W) i Ak 2 2 BT 910 TR A
(Pb(NOs),) Biil, DDA IR AR K e KAk s p
Pl N RIS FR AL 22 M FTAHIR. (HNO3) #f
FETC 1T 8o
1.2 RXHEHE

AR SCHRIOT AT 25 A, v T k37 35k
SRR EE T AL F) 10605 me/kg, HEEE . A
R B IR FE R 20000 mg/kg: 2 SCHR[10], AHT
FOKRBEBT N 12%HM 18%. 1RG4 2 Falht:
C12Pb2 CUKJEH = 12%, HHWKIE 2%). CI18Pb2 (UK

BB E 18%, HKIE 2%). Hf, /KB EMEKE
IR T s RFE BRI 45% X1
5KV R Z R,

TRIG AL 1 Sk — e R (e T R Bk
FHIFN R B Pb(NOR) SR &, HE S AR5
W TR IKYER AN 75 g Lrp, BiERE
A B ¥ RS 5 EEAAME A 50 mm, 554 100
mm [¥] PVC F R v, &3 S8 5 T35 S Mg 5 1
FEI AR . BREIESE S, H PVC & 35 LA
I, AN — 2R LA . B E A
OYYLRENIBE A R, NI N 20°C, ARG N
95% I kRUETR Y S Hh IR9 28 d BUFRYT 28 d L REAEL,
B P, M= AARRS, ST L.

T1ORBER AP

Table 1 Basic physical characteristics of soil samples

TY nR ) Ry & T
B3] 5 W% pal(grem )

PRUEFEY 28 d 38.9 1.27
FRUEFRY 39 d 41.2 1.25
C12Pb0 pH2* 43.8 1.23
pH4* 42.5 1.25
pH7* 423 1.24
PRUMEFEY 28 d 40.3 1.29
PRUEFEY 39 d 40.7 1.29
C12Pb2 pH2* 45.1 1.24
pH4* 42.8 1.27
pH7* 42.9 1.26
PRUMEFEY 28 d 39.3 1.27
PRUEFEY 39 d 41.0 1.26
C18Pb0 pH2* 42.0 1.26
pH4* 413 1.27
pH7* 40.9 1.27
FrufEFEPT 28 d 41.0 1.27
PRUEFEY 39 d 40.3 1.28
C18Pb2 pH2* 42.4 1.26
pH4* 41.6 1.27
pH7* 41.2 1.27

W *FRONARETEY 28 d JEHHT S AW EIR G, g

WI4f pH .
1.3 REH*
LENAWIEIRIE S ASTM C1308-08M1, 1)1 T
WRIEHR pH=2, 4 IR pH=T7 123 317K
AFWILE pH 454F T, 2T 4 40P CFid
RIS BN 4 D PATRERE D X% R 9.5 1
WRIER AT S L RER AL (mL/em®), A
B 1660 mL, [E4k AR KR HFNL 175 cm®s W56
AR CnE 1 ). WA (2000 mL) 144k
JEVE pH VR, B FEP 28 d T REAE SRR R Y
PUZIK AT (@50 mm) b5 FFERTHIN IR Gept % B . @2 h
Jei . B MRAHFEIRIGG pH Ik IER, I pH. i
J&E s UHE AT — MR IEI T I RN B R E VL, SRS
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S5, MG pH WRE, FEEURELLIR HNO; 21k 2
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“{j_'\o

o goaew  HAF
/-\ ﬂ#mﬂ[{’b] /-\
I - | 1660 mL -
m
1660 mL WA pH

WhpH
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Fig. 1 Schematic diagram for semi-dynamic leaching tests

WIETRIG S5 AT, IOMIERE SO A (20°C AT
TRRE 95% 251 R 39 d AR W =AHFEAR, WA 1.
I A AU AU P v A SO

A =22, % VL,i ’ (1)
A A W BPEE TR (mg), ¢ NE § OHIE
JEUEHIEPL] (mg/L), Vi, Ak IEBIAAR (L, A
WA 1.66 L).

RI6H pH iR % ] HORIBA pH/COND METER
D-54pH . [Pb]2X ] Thermo Scientific ICE 3000 Series
Atomic Absorption Spectrometers HEATMIiK. [Pb]lik
i, 0.45 um SEMEXS PR (£ 10 mL) AT 8,
I HNO; IRfL = 1 pH<2, LAFH 14 B S8t
eI AR,

2 WIWLER

Kl 2 RoR[Pb]HMRIE TR OC R, HIE 2 T4,
C12Pb2 X FF 98 H Y [Pb] BE I W) 2 5 B JH)E R
B, B IRFFARRT RS E s T C18Pb2 B Ff JE H ¥[Pb]
BE A AR RS, HAEW IR YIGG pH=4, 7 KT,
MEE 7 d WRIERTAGE, [PblCEEIEE, WL Pb
TR IRAEAS o WRIEVRIUn pH=2 B, HILRWRIERT B
(AT 5 YOBHFE C12Pb2 8 H ¥ [Pb] ] & = T C18Pb2,
B G BT, C12Pb2 1 C18Pb2 WAL FEIEH!
WP 4> WIAE 6~27, 2~18 mg/L YuE N WIEHH]
& pH=4, 7 W, C12Pb2 ¥ u&H M [Pb]W & & T
C18Pb2, 2 ALIRFEUE W [Pb] 73 HILE 0.1~0.8, 0~0.4
mg/L JE I o

Kl 3 s SABVETA HH i S IE VR 4h pH G &R
HIE 3 AT, kRIS pH Ry 2 IHRFE BT
R KT pH=4 % 7: X%F C12Pb2 17, pH=2

I RARETEE TR S Ok pH=4, 7 11 47 fi%. 49 £i%;
X} C18Pb2, pH=2 I SRAREWA i 2 il pH=4, 7
1) 106 15+ 79 5. 1M pH=4 A1 7 INHREE 2RV 5
HENAPE. IAh, KB REH 12%3 55 18%
Iy, SRARETE TR PR 7E pH=2, 4 A1 7 4 bE
KT 28%, 68%F1 55%.
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Fig. 2 Relationship between concentration of lead and time
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PR K Je LI R s pH R3S IR R 42 R A
B KR B BRIR ER D CVEAEAR pH ABE R4
Ty RIS SN o WAL, C-S-H SE7KAG =0 H TR B
AR A 4545 PR B A ey E L), R,
Il A P ARV L T BE B R A A DG CUE RV L i
B C-S-H 2 Pb-C-S-H (R i 3 BN TR, X 48
B D FE AR 2 W FERR IR T HY, FEWR IR 4R
pH=2 I}, Wy H 80 B 3% KT pH=4, 7, Ifil pH=4,
7 WRIEST HUE S BRI . Bk, pH=2
I (9 (PO SR BT H 5 W 8 vy T pH=4 2K 7,
1M pH=4 5% 7 I, —FET. @FWEE EE2#E TR
PERBRE MRS e U, B OOK e 45 i T 3w e 4k
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Fig. 3 Relationship between cumulative mass of leached lead and

initial pH of leachant
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R De Al EEASRIE L R P e AR
Hl ASTM C1308—08" iz De» HAKT IR o

AN TR SE I ) 8 B HE 2R CFR 1 50N

/2
cm:%:z;[’lt} . Q@
T
Wik CFR - " A HEBHE 1 K43 De:
2
Dfﬂrj;/j . 3)

(2. B) e A, AITE] ¢ WA HE (mg)s 4o
N LRERRIEH T R (mg); SO BRERIER (em®);
V R AR Cem®) . ASTM C1308-08" Rk D, A5 %%
¥ HZE S (effective diffusion coefficient), Rowe 25
FrZ AP Y BUR EL (retarded diffusion coefficient) .

B 4 THF BRI R CFR 5 /7 0 R. HE
4 T W YIIE WIS pH=2 I, CFR 5 /&R
R, R ey o P kR
WIS pH=4 5% 7 I}, CFR - /"2 5 R & W) 873 by BL
HEZ, T D73 AP BORTHE . Sl S5 I
RERRAT Doy WA 2; BRUETRY 28 d I A BCEE A AE 10
TEBE p, TR w WK 1. R 1l 0L, WRIERT S
T RE 8 B AR, R B D IR 52 FEAS
W15k, SEN D (132 B F 2 IR 46 pH (A1 1k

> TN =N
ik
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Fig. 4 Relationship between CFR of lead and
®2 BXHMBHY A
Table 2 Effective diffusion coefficients of lead

C12Pb2 C18Pb2
WIS
, . CFRZ , . CFRZ
pH D./(m™s ") . D./(m™s ") .
AT ALIE

5.04X 10" 1~13
4.14%107"7 1~8
5.60X107" 8~13

2 6.06X10" 1~13
5.19X107"° 1~6
8.36X 107" 6~13
5.23%10'° 1~6 7.31x10" 1~8
1.09X10"  6~13  3.96X10" 8~13

4

7

Vi *ROREMERIA RS D, TR 1 CFR A8 4k i
3.2 AT HMAKMEIME RS

gh 4 Hofth 22 3 56 T WAL #5410 2 AT 0T 90k
B, 3 ME D S WRIERAIE pH A RIS = T
T WIERER L S R, Wi 5~7 PR

H 2 AL, Y D YEH A 5.60X 10 °~6.06 X
10 ° m¥s, SEANFLHERBIFOER (E AL
E,(J De i&%é&%—:‘ 10*]9,\410*]2 1’1’12/5 T@ V\][é-% 17, 19, 23-26])
—3. MY De <3x10"° m¥s i, J5HWTHIER;
3x10 " m*/s< D, <10 m/s N, VSRAIT BT A4S
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M De>10" mi/s B, VG YYRT R PER O XA
9%, 4MIEW VIS pH=2 I, X} C12Pb2, CI18Pb2,
D3 6.06x10 %, 5.04x10 P m¥/s (D, Ky 3x10 P~
10" m/s JEED, I /KYE LTI M b e
B CBET [0/ F e (AR BE I T 48 ) s Mk B ) 4
pH=4, 7, D JGEN 5.60X10"°~523X10 " m%s
(By<3x10 P m?/s), BIFKYE PTG (5]

H A AR B 5D o

2, K S AIIL, WIERYILE pH=2 i D, 2.3
KT pH=4 807 I}, /KieiBa 12%AFE e 3 ME
9, KleB i 18%iAME w4 MRS, WK pH=4
5 pH=7 I [f) Do, AEHE 1 BOE R4 2 BE, WFME M
) D ARBEI

GEA HAL A E RIS AR R 2K I8 A Al
HEFEMERD, B ST, Sk aEspIas pH /M T 4
If, Bt pH 84K, Do W] B/ 4 pH KT 4
i, DBl pH AR AR . b rl LA, FRPEAE
SRR (U pH<4 [IRREE) ) [l fh/Fe e b A5 4+
P BCRBCGE R SRR AR Can pH
N A~T7 RS XY BERBGE A 53

10 - m C12Pb2
~ 1L » C18Pbh2
,Tm “‘ O Moon™! -
NE 12 » A‘“ gk 230‘)“ 124)
s 13} AN o Moon "
& l4r g * SongZgH
RTINS S
T o16r a E i *
® T o & § N
BB e Ao *
Ay 19 -
20 T R R R S S T S T B
1 23 45 6 7 8 9 1011 12

HIER AT I pH

5 %8 D, S5k R#9A pH X &
Fig. 5 Relationship between D, of lead and pH of leachant
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Fig. 6 Relationship between D, of lead and binder content
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Fig. 7 Relationship between D, of lead and initial lead
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I 2 A1 6 AT WL, D, Bt [ 46 45 S n i gk o
fltn, 2KJEBEI 12%8NE] 18%M, D, LT
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pH=4, 7). X5 6 AL ZH W AR 5. X
— G A T [ A B IR 2 e T fE
fgy BG4 7 4 e (9 1 21, R K e 4B A R T
SERARFE IR ZE P e 11, De Wl I, 3K K T
B AT R T I A SR KA s 2 10, i D,
I o

b4, G RIKEIB N pH=2 I D, FEARIR A 52
WA (17%), 1%t pH=4 5% 7 I D, BRI %
WA (86%~89%). JXFHER I TAEMIRIEH] T,
JKUE 155 (R 48 Jon 5 2 s DA ] A = e T DA A R
SRIRYE, PIHERS D SEMVEN s RS BB P M T
ANt B SR AL 22 B /IR 22 i g ) ok R D
TR, Wokless s3] W S REAC Deo

K 7 W) T AL/ A BTG G Y D B
BIREERIOC R I 7 W, BERIARETIAR B A5,
B D AR W SN0, b
A P E RIS, KAL) C-S-H. £
AT (AFD. S (CH) SR80 Wb, 33
WL LRSS AR g RS A ANEUES . IXFEI SR 3
D BEAIR R IR K. ST, T C-S-H
A CH SR/ b A A 1 AR B/ BR 2% v E
S BARI™, i kL KB Atk /R % v £ 7 i 8 B o 2
JEI Y. R D BEHTHR B 5 i 8 K

4% i

Shsie B PEUL KT AL S e LR85 5 5 1,
AR, BFITT IS pH 2500 2, 4,
7 HPKVEIG IS L0 . A EILLT 3
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(D W BT TURIL: IERI4G pH A
2 I8, AR BRENA TR pH A 4 FT T IS
47~106 1% 10 pH 2 4 F11 7 I SRV ot 22 5N
B . [, KB R 12%38 5 2] 18%H, ik
FE SRV RS T 28%~68%.

(2) WA B HUREL DFTURIN: WRIEHRA]
f pH=4 5 pH=7 I} D {R£z1, I 12%F1 18%7/K e
£ 11 0T B I [ A/ RS e AR AR s T K DB VW) 4R
pH=2 i} D Lt pH=4 8¢ 7 ] D =12y 3, 4 M.
A, WFEKEBE R 12%35 58 18%0, RFE D,
BT 17%~99%.

(3) WA RE, SRIRTERBAE T, AKJel#
A e L P R AN B I 52 1 W SR
[FF, KB, AEifears g trhast =
Ay 8RB, B0m T HT I AL AR e R .
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