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Table 1 Characteristics of silicate clay minerals commonly used in heavy metal contaminated soil remediation
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Table 3 Repair effect of different clay mineral materials

MR HEEJEMIE  LIEpHME Jit BEBR
v z3 ~
i 18 Cd: Pb 22 1%: 3%: 5% ] A A Cd. P;(ﬁa{[i:lﬁggéll% 42.5%;
WEL e £ Cu: Zn ; 4% TCLPAREUACus Znl# MK T 77%. 99%
FE PR I 110 Cu; Cd; Pb 8.32 2.5% DTPASRIASCu. Znf#fIK 128.4%. 18.1%
. . Sy PSR IA N 0/ ~ 0, ANz
s Tl . 4“%%”’1%;%&5% ﬁﬁﬁ%ﬂle%ﬁ&f;ﬁ?A’%%*%%ﬁ
WA - KA Cd; Pb 5.39 2. 4. 6g/kg A HASCd. PR 799.8%- 98.9%
U]y Cu; Pb; Zn 6.6 KIEEXACu, Pb. ZnPEfK17% 450%. 45%
(LINLY Y Sload %;?; 4.63; 822  2%: 5% FEAR T 38 #:25Pb>Cd> Cu > Zn
WA AY Cds Pb 10% FHIRIEMACu. CAFEMK T47.7%- 25.5%
L #3A 19 cd 7.45 1%; 2%; 5% B ZE B T DTPARRIAC
WA cd 5.4 15% WM CA 5.2 mg/L R 450, 1mg/L

22 BEBBRAEERSRIREETHNNARE
F#3E

B — B IR B AR T AR 2
L, AEERI, BEIEAMCAT BLGE R AR &,
IS TR REE € L E g m, TR, KT8
W2 SR A AR ] e AL P g R W T B
TR, WHAURBL, BERR ARG E g
wREEZHRAR, FlinEBmRit s oKk
CH AR 3 R ARG, X A3 56 200 11 [
fERD LAY EEEE 7ML R
IR A, S B EIAL R — e R A W T
WEAIAEVE =Ko O MR — AR TER, TR
& wiE s, pHAEAR, —ARALER b 5 5w s

£ ERARE R, M. ATE TR £
&R I A ROR — B TR AR, IR T
AR SR KR I RE P AR KRR IR 5 & s
BT RUURE, R Tl Ve B AR
FwEtE, FHROEPIH KM, BRETLS
Cd. Zn Jz Pb A pRIU/K & BERR S8R BERFRT . —
TR T R A TR 5 MV BV AL B, A N
FH R Qe AT LR GF Ik B B4 H .
A PERE IR #h E A S KIS EREIL . AL BE R
e SRRETEREIL . BT BEACAE H R RO A
oW, BH9RA, ERECRE, AR
FiEs PTCAM SRR LR O H

eV Tl [ A 79— AR B A A IR,



« 112 - W eRa A

2025 4

B A BB KA B R R R & . Xl
A B0 ) ) I A o T BV R A B 4 R
Je I, TNEN 5% B4 HIBEK Cd. Pb BIA A
BEE 44.56% M 62.75%. BT FikEN R4
WL L2555k E FRIKAT Y, HTH
BIAER TR MR, R N RIEV H&F
KEMEEME, RETEE W A0, AAEX
JEA DS B, DA AL B 4 e e I
AMFF & P 58 R B8 A RS, 38 mT DL
G DR B 400 o ) ek A P T o PR I K AR Y
TR TS YR )

A B £h ] e -+ 4 T 48 1 1E LK S
SN AT, AN RR-DUE . RTRE . BF 32
o P LSRR #h [ € 3 ) Pb oy
i, R Eh AT Pb £ B AR-UTE A/ B BAE
H, PO i N3 Po* 54, PO, 5 Pb*' B B
BERR FhUTUE, B B B 0T LAAE 3% oh S W A
Ui UL B E Po M E 1, X AU AN
KA ECE B R S5 LI VA R PO, WK
W) Ca® B PO BT HULAR, 5 PO, A U IR EY, H.
BERRETAEAR YR 1Y pH (EYE B T AR IRAR €, ik 3]
AR o IR #h X F L33 rp 1% Po™ (¥ W Bt 4
F BT R TH ) L B AT 5 B R AR B 0 (]
BEWR B o BN BN N PO LR B K A IR 2 T
AT B 1 A8 e = A B AR o 15 S IRBH A2 T
PO, 5 H,PO, B F NN, 3§58 T 0k
R BB 7 o, 3858 17 BH B B R .
CHAARR P TFEAR LA 1) o Rl TR &7k
8K T S B BH 2 IR 7 AR B
(1) 3 0RE 2 T o) 25 7 P 1 398 i 56 43 0F BH 25

TV e F3 58 (2) BHES T SR B = AL 1)
BIEs+, dkeidb T BtiER; (3D 58KaT Y
JoT % I P 2 A e BE T VR 28 S B E Y, W
JAEPH DR BB A Kb B R R Cdy Zn Y5 G
FEHH 88, SEIGUEB, WINR SR A T DARRAIG
TR CAM Zn A MES S E, WNRESS
B, BInERN %N, Cd5 Zn B335 B AL
98.7% 5 87.6%. WA S LAGKI IR FE 5 G
L 4 0 SR U DG K FR R Bl K A b B Cds
Cu. Zn Fl Pby5 4 T3, FHMAT/KREERKLE .
SrAES — SR A, 4R K Cd,
Cu 1 Zn % &2 5 55 BAH LU B 1R 56— 4 RS BRAIK
66.6%~98.4%; & =TI A BES K 62.7%~
96.5%, tHAEEE KT ESEGE. XX
PRBY 45 AL EE R, T HLIE E B I g oK 7 2
WA AT LA E Y A &, IRE B TESE, &
HLEAEL, BARYPPREMEAREE, HE2S
90K G2 Tl A R R B TEHE Je, Rt
— .

BT B0 R EZEER M, RO 65
Z, MBI T RSB A F W
VI, o B AR R B BT ST i g
W&, BRI A 2 el LR E S
JERoR, BPffdk VIS, NAELE R FMERR
W, AIE 2S4S, HH AT ST AR D, AT
FESUEE T B IR A B, I GE B R 1)
SRR B IVE MR RE, R T /KT S
TR E SR RN, RS R A
WA 2 A DAE TR U 1R N BV ez i, o i
MU L. AR, KA WS . BT

Ca,(PO,)(OH),+14H"=10Ca*+6H,PO, +2H,0 (¥ fift) |

10Pb*+6H,PO, +2H,0=Pb,(PO,)(OH),+14H (JLIE) |

=POH+Pb*==PO Pb*+H" |

—PO CatPb>==PO Pb'+Ca?’ |

i) .
|
" i
el - )
£ | wrzn | |
[ ,
L
}E —
ww | |

=S- HPO,> +M¥==S— HPO > —~M*' |

1 WERHEETESRRNENE (STE, MAZNERET)

Fig.1 Reaction mechanism of phosphate fixing heavy metals (S is soil, M is divalent metal ions)
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Application of Mineral Materials in Remediation of Heavy Metal
Contaminated Soil

CHANG Liu"?, DAI Shujuan', JIA Chunyun®, LIU Zehao'?, GONG Zongqiang®
(1.University of Science and Technology Liaoning, School of Mining Engineering, Anshan, Liaoning
114051, China; 2.Key Laboratory of Pollution Ecology and Environmental Engineering, Institute of Applied
Ecology, Chinese Academy of Sciences, Shenyang, Liaoning 110801, China)

Abstract: With the increasingly serious pollution of heavy metals, the heavy metals in immobilized soil
have become the focus of research in recent years, and mineral materials play an irreplaceable role in it. In
this paper, the application and reaction mechanism of montmorillonite, sepiolite, zeolite, kaolin, attapulgite
and other clay minerals as well as phosphate minerals and nano-mineral materials in the stabilization and
remediation of heavy metal contaminated soil are summarized. The stabilization ability of clay minerals is
related to mineral structure, which determines its ion-exchange ability. The stabilization effect of minerals
with strong ion-exchange ability is more prominent. At the same time, clay minerals can also change the
physical and chemical properties of soil, such as pH value, and reduce the activity of heavy metals in
soil.The stabilization ability of phosphate minerals is positively correlated with its solubility, and the reaction
mechanisms are mainly solution-precipitation, surface adsorption, ion exchange and induced adsorption. On
the basis of retaining the properties of raw materials, nano-mineral materials also show some other
characteristics due to their nano-size. In the future, further research can be conducted in the direction of
material recovery and recycling, optimization of mineral modification methods, improvement of the
stabilization effect of heavy metals and reduction of the stabilization period, in order to provide references

for the research work of stabilization and remediation of heavy metals in soil.
Keywords: mineral materials; heavy metal pollution; clay minerals; phosphate mineral
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