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Abstract: This paper aims to study the solidification and
stabilization effect of cement-based composite cement
curing agent on mixed contaminated soil with a high level
of Cd and Zn, to explore whether there is synergy or
antagonism between Zn and Cd, and to Compare the
difference of curing effect between mixed contaminated
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soil and single contaminated soil. The cement-based
composite cement curing agent includes cement, lime, fly
ash, and montmorillonite. Four tests including the
unconfined compressive strength test, the toxic leaching
test, the X-ray diffraction (XRD) analysis , and scanning
electron microscope (SEM) test were performed. These
strength

characteristics and leaching toxicity at different curing

tests can study mixed contaminated soil

agent contents. In addition, this paper also investigats the
relationship between the pH value and leaching toxicity
and the solidification difference between the mixed
contaminated soil and the single contaminated soil
Moreover, it analyzes the composition and morphology of
the solidified products by XRD and SEM, and then
analyzes curing mechanism. The results prove that the
strength of solidified products can be improved by using
quicklime, fly ash, sepiolite, and montmorillonite instead
of the same amount of cement. There is no antagonism
between Zn** and Cd”, and the existence of Cd*" can help
the fixation of Zn”. The leaching concentration of heavy
metal ions decreases significantly with the increase of
leaching solution pH value. Compared with the samples
with poor curing effect, the samples with good curing
effect have more acicular, reticular, and other relatively

dense structures.

Key words: solidification/stabilization; Cd* ; Zn* ;

contaminated soil; leaching; microscopic analysis
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Tab. 1 Particle analysis results of 2(D layers of silty
clay used in the test
Kk ki il
TEA <0.005 0.005~ 0.01~  0.05~ 0.075~
mm  0.0lmm 0.05mm 0.075mm 0.25mm

11.4% 4.7% 61.8% 10.7% 11.4%

kKt

UG TS I S 5 22 A A Ak R R K U
SEME A AT A A RO X R R R AR 35
R H S 3RE . B 22K I8 p 2 ORIR K e AE BR A
PO, A=A R v [ 25 4 Ak 2 R A B s R 4
At S A FR TV AR RS Ak T A BN R AL Vi
A7 ER I R ) BE G RV R A 0 T B AL Ry K
VAT )R

AR SCEEA T UK A RIS S E OO R
B PEVE AT Y B A TR, T R 24 R A AR
BEAGEALEE . ZnCL I ElEE R 98 Y0 AN A Tl Y
BOVEY iR ER R PR ER M EhAR . CdCL-
2. 5H,O 4l 4 99. 0 %0, A% A Tl ik VBT VB
B R BRI ER

TR0 HT XIS FH % AR R E AL A IR 2R 4T X 28
FER AT BT, BRI 20 Ferb, w (+) FoR a4
B IS K B AT B s I3 3
1.2 REAFE

(1) RFE

AR AT, BRI 2. 5 mm i g . Hak
TAC ] — o A R 10 0 S VB B TR R o A O
() & 5 R A, A TV R 43502 1 000 mg -
kg ' #1110 000 mg-kg ' FYSRHAIEERE - N T 55 4
Ji 7K B AN Zn K Cd BAES Fi5 G A [ L IR
R E A BAEC )T C5F2.582.5(5 %K +2.5 %
W BEIK +2.5 Yo A A JK) AT C5S5 (K Je +5% A=A
PO BRI T B EAAROR . — & KR
Cd™ 1 Zn* X F 15 Y 45— 2 e il im A K Je A=
AT R I 46 [ AR ), PN K 8 B TS 8 1 7%
IKER (AW F BB AN & K 40 %) I, P FE 420
Fie FEOK 6 5 B = IR0 7k, #E 7. 07 em X 7. 07
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Tab.2 Components analysis of soil samples and additives
%
AR wNa,0) wMgO) w(ALO,;) w(Si0,) w(S0,) w(KO,) w(CaO) w(TiO,) w(CrO,) w(MnO) w(Fe,0,) w(SrO) w(BaO)
+FE 2.05 1.91 10.0 66. 8 — 2.09 3.92 0. 64 0.03 0.06 3.44 0.02 —
K 0.48 6. 35 17.2 35.3 1.75 0.41 33.7 0.61 — 0.26 2.27 0.11 0.18
MELA — 16.1 2.31 56. 2 — 0.21 2.87 0.12 — 0.11 1.01 — —
e 3.68 3.15 13.9 51.2 — 0.77 2.32 0.08 — 0.03 1. 20 0.02 —
425Kk — 1. 60 6.19 22.0 2.29 0. 86 60. 6 0.33 0.03 0.10 3. 16 0.14 —
*3 FERKRMNFERIEE
Tab.3 Main experimental apparatuses and equipment
b= B FEI)RE LE I 3
1 CMT6104 Sl Fa 7 gt ga L UGS VYT B = ST R AR PR A
2 CT6023 % pH it M pH VAT ARSI AL 25 A7 B ]
3 ZRS—8G FRei e i KRR EBHA IR A
4 H1650 = 5 2B 0L PRI AR R KU ACES LA BRA A
5 HL B B S B RSP IREIL HaE il CHACRHE AT BRA

HAtBE# - K- Bebt SR A A

emX 7. 07 em A5 3 R R SR A IC Ty AR
=ANRKKE . AP BO T RSN EERLE TI5 4 L
ARETT SRR 4, BAETRZIKVE MBI A7
S L A TSR LA R P BB T8O LU
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Tab. 4 Protocol for additive design

Btk a8 %

e dllitgs kiR EAK O BEK RlA St
1 CO 0 0 0 0 0
2 C5 5
3 C10 10
4 C582.5 5 2.5 0 0 0
5 C5S3 5
6 €585 5 5
7 C5F5 5 5
8 C5H5 5 5
9 C5M5 5 5
10 C5S2.5F2.5 5 2.5 2.5
11 C5S2.5H2.5 5 2.5 2.5
12 C552.5M2.5 5 2.5 2.5

(2) s B it

W H S A ISR R R 4 2 d s R, 1K DL
1, IFE R 20°C 2 °C AE/E (=95 Y0 ) pnifEFR{ 28 d
Je I H T FR_ BT 5 B2 in a6 B DL IR 2.,

(3) T5edpiz il

K 52 H R B R (EPA) 19 5 112 H SE 56
(toxicity characteristic leaching procedure, TCLP)
Titke

RS B A, 0k 9. 5 mm B LAAE H
L B 20 1 HUE AR B R 50 g AT 000 mL #= 42
WAR A, AT AR5 3 (30£2) remin ', 7E

Bl PRAEERELIKR
Fig. 1 Solidified test block after demoulding
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Fig. 2 Unconfined compressive strength test

(2342) CE&MFTFHEPE(18+2) h(K 3), Hord, 542
W2 rh 5.7 mL B2 F1 64. 3 mL AR TR B4 1 mol.
L A SO & 5 2 45 2 1 000 mL 75211,
HpH{H R 4.93+0. 05, B 5Ee)E , FIA H1650 &
A B DML 16 500 remin )R BISE 1R .
I Je R FH LB A 55 B MY (ICP-OES ) Il 5 Vi
W 2R AR TR IR
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Fig. 3 Intelligent dissolution tester
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558 B KT 0. 3 MPa, Hiv C5S5 9 i B {f fe i , M
0.97 MPa # #1 T 1 MPa, B & K F C10 9 0. 08
MPa, B A E AL S R A R A K e A [k
SR B LR — (K IR B R = AR 2 . O3 — 5,
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Fig.4 Strength of cured cadmium and zinc double

ion contaminated soil
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Fig. 5 Contrast of Cd** leaching concentration be-

tween dual and single ion
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Fig. 6 Contrast of Zn*" leaching concentration
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XFFERE T IR B, TCLP il i i
BIEACN 1 mg-L ' MBS ml LIAG X 7 12
A [ Ak ) 2 S A A C5S2.5, C5S5. C5F5S,
C582. 5F2. 5 VUL J5 i /2 B3R, 78 CSF5 [k /R
T Cd* R th BT B2 0. 41 mg- L' Hag =4
Jic 7 BB R O, ] WL CSF5 B [ A 350 R s 55 T
=21y, AR < EXE Cd™ i [ Akl g e, 2=
VIR B AL SR (CHSE) P T, T A A B Rk
FRER ) AR B Tt A F 2+ . oK
8 0.50.100 g-kg ', 3 CA* IR H R
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X PR T2 e TCLP FrilsE iR 1
{87 100 mg-L ' A& 6 Hml %0, 76 BLES - 1 000
mg-kg 'l Cd* F110 000 mg-kg ') Zn* JRA 15 YL
() 12 A AL H B T 012 T A R 8 4 FE I
T TCLP #LE BI{H 100 mg-L 1, Hr COBE 7 fo 38
(B, PR Cd* F Zn® " BOTRA 15 Yt -+ AL AU 5
+HERY B ¥ RE ) RIRTG R TCLP i B2 1933 5
ff. C5S85.C5F5,C5H5,CoMS5 ZAEFETFKIE 5 %
AIFERE b A3 SIS YO K YRR AT
S B TR R IR KR OR 0. 33.6. 45,
19.95.25. 23 mg-L ', n] 15 th AE A K AU B B A
R Zn® B 6 R 2ot R AR
FH 47 A2 X Cd* M Zn® BIRA 15 Y+
Hr Zn™ B AL TE A AR

PR ES T (45 BUAE 43 B < (81 5 HoBUEs - F B
BTG et R R Cd® AR R R T T S A
b, BB Zn* A AE G Y £ Cd* 1 AL RO A
AR 5, BOASFEAE S DTG o 1 AR 6 % B 24
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FHL: FERREEE A T5 5500 ek a4 , Y RERE AR
TIPSR
2.3 EHi#EpHE
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Fig. 7 Relationship between pH and leaching

concentration(mass concentration) of Cd*
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Fig. 8 pH versus leaching concentration(mass con-

centration) of Zn**

A RAFIRCR A KA E nli4575 4 + 461 pH
RORBESRT, A W i S AR B T3, i 8 4
JE I B A TIVE , A LT AR A SR £
BN B 4 TR 0 AR, 5 E SR A5 A5 I 2R
, R A= g v A= T DUR 9 4 SR TR A8 RAIG, A
117 AP B 4 S ¥ G g AU 2
2.4 XH&ATHHH

PRI 2 AR 44 C5S2. 5F2. 5(5 %
KIE+2.5 NAEAIKA2.5 Yoy ) A C5S5(5 YK
Je+5 YorE A ) AT X S 4edii it (X-ray diffraction,
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T C-S-HEHR, F50ILA (Ettringite ) ; 7ERER C5S2. 5F2. 5
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Fig. 9 XRD analysis result of sample C5S2.5F2.5
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- S g:_sg—%mt%%i@&&ﬂi HYEAT HL 452 $1 48 (scanning electron microscope , SEM)
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Fig. 10 XRD analysis result of sample C5S5
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Fig. 11 SEM analysis of Sample (C5S2.5F2.5 and C5S5)

T o P X [ PSR A 2 A R i AT L4
fil, A B A AR | IR S A0 BOE 10 45 M LT
A ARAEFE 31 A [ 46 5 R T2 AT 24 4, Uk
W ECR 25

3 HHig

ARSCAERI B FERN X L/ AR 2 AR B R
PR A5 Qe L2 T T o0hT AR R 458

(DIMATK PSS B AL, 15 B RIS
et A= s XA AR R R S . A



1626

6] 5% K 2 2 (A 4K BE 2 B

% 50 %

TR KIS M A A A AR A
KR 1 [ A i B AR 3 T B — (T K Dl iy [ £ 7= 4
SR PEAT BE R . TR, A RO AL R G R
RO AL TR gt A RS20+

(2)7E TCLP & IRT T, Ho—[E Ak A [ fh Ak
JEW] I 55 T A AR

(3 FEAEE T Cd* 5 20 Z M A AEAEFS PR
o AU X FIR AT g+ 5 R g gL
T E AR R S TE g R Cd
FEFERT, 720" B AL R0 B 4 5 i 2475 g L3P oy
0" AFAER S CA* i AR A B

(4) 5T 7K U 55 BB A IR B G 4 1 750 %oF
FFERHR A TS Y HIENBEE , FR e iR
W 5 R pHAE Z MAAAE S LG &« 2 pH<Z8
B, 50 B TRV RE B R o v B SR B 45 pHL(EL
ARG AT (A5 s AT B 22 ) 5 Y 8<<pH<T121,
i B VRE B R O A VR B pHL L R3S R
2SN, pH=12 I} , i5 3] Fe/MH

(5) X [ A 235 SR 5 A 1y W 4 3R a2E A7 XIRD
R, & IAE A= P B & A KA S1I0,98, i & 3R
TASELAT R CSH BRI , /b B fR A B 4R ik &
Y. SEM43#r & BLHE AL rh AA 7E A R g ETIR
MAREE 4 , AR 3R AT 2R AN IR EEIE , T2 IS
TRA B8 4 T S0 LA (1) e &5 40 A b, ) o 4 T 5 1
AR BEIAEA, DA B R AP BEAROR
X5 T2 35 Hh 45 R AR— B

EE Rl =R
JREKEE 2 AR AR R
TERBE B UGS (EFEFN RIS .
BUR ABBOESC
R e S HE
SRR 3 SRR
CIS

SE k-

[1] KHANM A , KHAN S, KHAN A. Soil contamination with

cadmium, consequences and remediation using organic
amendments [J]. Science of the Total Environments , 2017,
601/602:1591.

[2] CASARI D, MIRIHANAGE W U, FALCH K V, et al. a-
Mg primary phase formation and dendritic morphology
transition in solidification of a Mg-Nd-Gd-Zn-Zr casting alloy
[J]. Acta Materialia, 2016,116:177.

[3] KOGBARARB, AL-TABBAA A, YiY , e al. Cement-fly ash

stabilization/solidification of contaminated soil, performance

(4]

(6]

(8]

[10]

[11]

[12]

[13]

properties and initiation of operating envelopes [J]. Applied
Geochemistry, 2013,33:64.

MATOS M P S R, CORREIA A A S, Rasteiro M G.
Application of carbon nanotubes to immobilize heavy metals in
contaminated soils [J].
2017,19:126.

TEESC, WL XA A5 K U AR AT TS Y% A 0 e B S
e AT] A TR, 2015,37(9): 1685.
ZHANG Dingwen, CAO Zhiguo, LIU Songyu,

Resistivity and empirical formula of cement solidified lead

Journal of Nanoparticle Research,

et al.
contaminated soil [J]. Chinese Journal of Geotechnical
Engineering, 2015, 37(9):1685.

PRl , AR AN RIVE T B4 15 Y i ) 24 A
P [T] AR TR A4 (A ARBMARD) , 2014,42(12) 1 141
CHENG Feng, WANG Xinhua. Mechanical properties of heavy
metal contaminated soil under the action of organic curing agent
[J]. Journal of South China University of Technology (Natural
Science), 2014, 42(12):141.

FEATAE X R3S, A5 NaCl 2 A S N K e FL AT S
Y b0k K ORI IR S (T ], 20 12 5 TR A,
2015, 34(S2):4325.

ZHA Fusheng, LIU Jingjing, HAO Ailing, e al. Experimental
study on the strength and microstructure of cement solidified lead
contaminated soil under NaCl erosion environment [J]. Chinese
Journal of Rock Mechanics and Engineering, 2015, 34(S2) :4325.
X dhdh, A RS, A5 NaClf2 iR T /K L Ts
B LIS BE SRR T ). S5 £ 0%, 2015, 34(10) - 2856.
LIU Jingjing, ZHA Fusheng, HAO Ailing, et al. Strength and
leaching characteristics of chromium polluted soil solidified with
cement in a NaCl erosion environment [J]. Rock and Soil
Mechanics, 2015, 34(10) :2856.

FE 7K RETY . RS U A B IR SR (1], RITF RS
CAZRPBIERR) , 2012,40(11) : 1609.

XI Yonghui , XIONG Hao.Experimental study of immobilization
of Zn-contaminated soils [J] . Journal of Tongji University
(Natural Science ), 2012, 40(11) : 1609.

JE 7R, SR e [l 2t 26 P T B B i e e A T Al ik
g [J]. FMeRAr, 2010,35(1) - 57.

XI Yonghui, WU Xiaofeng. An experimental study of
solidification of Pb-contaminated soil in different leaching
conditions [J]. Journal of Jilin Agricultural Sciences, 2010, 35
(1) : 57.

XIY H,WU X F,XIONG H. Solidification/Stabilization of Pb-
contaminated soils with cement and other additives [J]. Soil
and Sediment Contamination: An International Journal, 2014,
23(8): 887.

MOON D H, CHEONG K H, KHIM J, ez a/.Stabilization of
Pb*" and Cu®" contaminated firing range soil using calcined
oyster shells and waste cow bones [J]. Chemosphere, 2013, 91
(9): 1349.

TP ALIE S R SERR, A5 A B e 1AL RS Ak Tl
SRR A £ TR, 2018, 40(S2): 112,



5114

TG, A5 /KPR RESE A T AL O AR AR 4375 e L A TR AL BRI 5

1627

[14]

[15]

[16]

[17]

[19]

FENG Yasong, DU Yanjun, ZHOU Shiji, ez al. Utilization of
activated steel slag to solidify/stabilize industrially heavy-metal
contaminated soils [J]. Chinese Journal of Geotechnical
Engineering, 2018,40(S2):112.
B, Tk AR5 BT E e 2 A
BBTFELT ] FREERHE, 2021, 34(1) - 1.

XIA Weiyi , WANG Dong, ZHU Chi, et al. A T aboratory

experiment  on

5 L HEE A

solidification and  stabilization of aco-
contaminated soil using a new remediation material [J].
Environmental Science and Technology, 2021,34(1):1.

DU Y J, WEI M, REDDY K R, ez al. New phosphate-based
binder for stabilization of soils contaminated with heavy metals,
Leaching, strength and microstructure characterization [J].
Journal of Environmental Management, 2014,146:179.
MICHALKOVA Z, KOMAREK M, SILLEROVA H, et al.
Evaluating the potential of three Fe- and Mn- (nano) oxides for
the stabilization of Cd, Cu and Pb in contaminated soils [J].
Journal of Environmental Management, 2014,146:226.

XI'Y H, WANG H Q, GUO L N, et al. Utilization of cement
and other additives for solidification/stabilization of soil
contaminated simulataneously with Cd*" and Pb*" Tons [J].
Environment Protection Enineering , 2018, 44(1):61.

P BT, G0 SO K U 158 B RS s ] £
TR, 2007, 21(1) :65.

YANG Yibo, LIANG Song, MO Hathong, et al. The
discussion on laboratory strength test method of cement
stabilized soil [J]. Soil Engineering and Foundation, 2007, 21
(1): 65.

BV @ SRR AR B . SN L R IR0 T AR - TGI 70
—2009[S]. Heat: PELS TR, 2009.

Shaanxi Academy of Building Science. Standard for test
methods of performance of building mortar: JGJ70—2009[S].

Beyjing: China Architecture Press, 2009.

[20]

[21]

[22]

[23]

[24]

[25]

FEARAN, AR5t GET . A BBy IR 1851 4 B 4 S 175 e - R
IR [T BN, 2007,19(3): 10.

XUE Yongjie, ZHU Shujing, HOU Haobo. Experimental
study of lime and fly ash cured soil with heavy metal pollution
[J]. Fly Ash, 2007, 19(3):10

LI, 5, T 45 A LB S G R R Y
SN R SO T ] AR R A4 CH AR AL L 2016,
43(S1):57.

LI Jiangshan, ZHANG Tingting, WANG Ping, ez al. Effects of
organic matter on engineering characteristics and microstructures
of lead contaminated soil S/S treated by cement[J]. Journal of
Southeast Univesity (Natural Science Edition) ,2016, 43(S1):57.
BRI AN L iR, 45 . R IR AT LT it B HoX [ AL I
JESRPERZMA [T ) TR, 2019, 37(10) - 1634.

ZHAO Di, ZHU Xianjie, HOU Zhiqiang, ez al. The contents of
organic matter in dredged silt and its effect on the strength of
solidified silt [J]. Henan Science, 2019,37(10): 1634.

P OB, TRV 5 L REXT RS AT e T EORAER IR Y
BV R OE S RIBSRZw [T]. LR MR R i (A
SREMERRD L 2016,44(8):171.

TONG Qian, JT Weiwei, SHEN Yang, ez al. Impacts of Si on
concentrations of Cd and Zn in corn and their forms in soil [J].
Journal of Northwest A &. F University (Natural Science
Edition), 2016,44(8):171.

FEREZE 4% XUPA T, 45 . E 4 Jm Tl s e b7 b 6 Ak /R Ab
POFFEERE )] A 004, 2011,32(1) = 116.

DU Yanjun, JIN Fei, LIU Songyu, et al. Review of stabilization/
solidification technique for remediation of heavy metals
contaminated lands [J]. Rock and Soil Mechanics, 2011, 32
(1) : 116.

FROE ASTA W REOEAR T ], PR, 1995,4(4) 9.
WU Zongdao. Micromorphology of ettringite [J]. China
Building Materials Science and Technology, 1995, 4(4):9.



