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Abstract: Presently, solidification/stabilization technology is still one of the effective ways to reduce the environmental risk
of bulk heavy metal waste, but the total amount of heavy metal ions remains unchanged after solidification, and all of them are
transferred to the consolidated body, which easily leads to the potential environmental risk of secondary release of toxic heavy
metals. This article with LZTs consolidated body (LZTCBs) prepared from 70%(w) lead and zinc tailings (LZTs) was taken as
the research object. Semi—dynamic leaching test was conducted to simulate the release characteristics of heavy metals in
LZTCBs under different natural erosion conditions, explore the heavy metal diffusion model of the consolidated body and
quantify its long—term stability performance, and reveal the long—term stability chemical mechanism of heavy metals in
LZTCBs. The results show that the release mechanism of Pb, Zn, Cr and Cd from LZTCBs in simulated surface/water, acid
rainfall and sanitary landfill leachate is diffusion control, with diffusion coefficients ranging from 5.38x10™" to 2.98x10™ cm’/s,
and the fluidity of heavy metal ions is low. After 100 years of simulated diffusion, the diffusion area of Pb, Zn, Cr and Cd in
LZTCBs is 1.70x10™ cm’~1.83 m?*, which basically controls the release of heavy metals at the source. The heavy metals Pb,
Zn, Cr and Cd in LZTCBs are stabilized synchronously through the synergistic effects of chemical precipitation, solid solution
formation, adsorption and physical solid sealing. LZTCBs with “critical particle size—low alkali excitation—normal tempera-

ture preparation” provides a feasible way to realize long—term harmless and full resource utilization of heavy metals in
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LZTs simultaneously.
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Fig.2 Semi-dynamic leaching test devices
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Fig.4 Changes ofion concentrations of Pb, Zn, Cr and Cd in different leaching solutions with time
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Table 2 Linear fitting slope rc of CFL and ' and fitting correlation coefficient R*
TR EEFK ‘ HELALLRR R . LRI .
s R fies R s R
Pb 5.39x107™ 0.891 7.43%10™° 0.881 1.05x10™ 0.943
Zn 7.85%107" 0.825 3.59x10°° 0.867 5.84x10™ 0.934
Cr 4.73x107 0.993 1.47x10™° 0.873 1.19x10™ 0.881
Cd / / / / 8.16x10™ 0.982
Ca 8.03x10™ 0.981 1.87x107 0.967 1.32x10™ 0.989
Mg 5.02x107" 0.952 1.32x107 0.951 1.16x10™" 0.958
Si 1.16x107 0.939 2.42x107° 0.936 2.36x107° 0.985
=3 BTFVHERH
Table 3 Diffusion coefficients of ions (cm?/s)
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26 BYRMMEZXZR

2 Hh B (A AEAR A s A, o UL 45
T Z MM EOC R, il LAt — 2D W LZTs 42w 1
POEOHLBE , FE R SE LZTCBs B K Wifa e vk, H Cr.
Cd 1 ALY B T BERAG, FLAS H B0 /D, PRI AR SCHR
%% T H 4 JE B T Pb.Zn.Ca Mg, Si BY & T-I0) 12 H ¢
R, K8~

H K8 AT H1, Pb Zn 2 R B Tt , Ca Mg i
WREREE FTF, X &l T Pb.Zn.Ca Mg [dlJ& T4 )8

PHES 7, HAE LZTCBs " AR AH W] i Ak 27 45 B A L
T EAEA R BT SRR B . Pb,
Zn 5 Si YA R AR, SRR H R EE AR LA i
FALERFAE 10 mg/L, X JE 1 T Pb . Zn 15 Si YL 45
B AR & LZTCBs AN [ 4 9 i 37 B i
. BRILZAM,Pb.Zn.Ca Mg ¥ R TE L BRIF TR =
HH MR BE ARG 85 8, 3X AT BB Y T R VA VLR R FE (7
TE H BB #E i , X &7 Zn Ca Mg HH [a] fb 2 % 5t
/P A T S

100 L ER) 'f/kCaif;é.‘l’, 2 2 f/JﬁCa;‘séH'.
_ BB Calt _ B I Cale
vy R RCal th T m LR Calk th
w10 & T KMgi - LB KMgH
g A 0L N M g H g o LR Mg
= o LRV Mgk ih B ® LRV Mg th
¥ VF J BT ASiB th ¥ 3 B9 T Ak Sidd
B R WY Sive DL R WY Sive
0.1k A LRSI H A LR WSTR

! . 0.01 . . .

0.1 1 0.01 0.1 1 10

Pbifk Ji%/(mg + L") Znik J%/(mg + L)
(a)Pb (b)Zn

B8 &7 [HR K &

Fig.8 Leachingrelationship between ions

27 EEBRPBEME

AR B R B TE , LZTCBs 2485 100 a 4Ll
0, 4 & Pb . Zn .Cr Al Cd F BRI S HIIFE 3.03%107~
8.01x10™ cm®, 1.70% 10™~9.04x 10™ cm’, 5.96X 10"~
3.94x107 cm’11.83 m*, FEA 7RS¥ T E 48
PRI, K AR E M 3 . ARYE LZTCBs 1 25 ¥ [a] A1
HiR IR OIS FR5E RS 734 A [R] U5 2 4 s

[ fbAs et ALEE, oA i 4R K R e PEpL . B
i, A58 G T JCHLIE BB B 42 J& Pb . Zn .Cr . Cd Y
[ 2 AILFE AT Oy 3 P, 3 [W] B 520 Pb  Zn \Crr
Cd 7E LZTCBs H 2 1478, E45 LZTCBs K 1] 8 4
JEF AL anE 9.

LZTs &MU — b2 I3 A0, ok RUBE R A1
S FURLAR , Bikca o P00 e i, Si s PR o . FEAIR



$E2H

EERN,E HEHEVESEHNESERPREERIIE 57

Bt 54, LZTCBs H' i Pb . Zn .Cr . Cd £ H & 4%
(RAOLTTTERE ) , T B Pb . Zn  Cr  Cd 775 fif Ji 2H 431
FUIVE , DU T REFRES 04 >, H 42| Pb.,
Zn Cd 25 0] D)3 i B 4 C—S—H Fhf 43 Ca it A K AL
V) s B Pb—S—H .Zn—S—H 5 #% Cd—S—H %
R NS A v 3 SR Y EEIWE < = G T 1
B AT (18 C—S—H)X} Pb.Zn . Cr.Cd B A i & )
MPERE , ZEK AL = Py LT S FR v, B4 R B8 PT E
W BFFAE FE R TR, A RS T ol s AR i Ly
(45 i BE R LA A B, B Ca J T 808 1 181 34
PREON R S B B, KAL) A [ S A8 B
PE X THRBE A EH<10™ m/s), B4 8 2H 70 R
Az YR ) R B RS BRILZ AN, T A
2 A0 S R 20 R Y S SR AN, LZTCBss 0%
B, R

& Kk ek B 5
& WK i s
& e o thsi
K9 LZTCBsK H & & & 2 2 L3 R B &

Fig.9 Schematic diagram of solidifying
mechanism in LZTCBs homology

2.8 LZTCBs ZF Mot AR F% B =

LZTCBs /& 70%(w) LZTs & i3 LI J1 -4k 2% )
WA BRI , H & 0 — R eI B O IE 5
Ry e IR B TCHLA L, L A8 o R R (A 1R L 43 )R
KRS A, AT )z T B L) 0 I e
FERAGEE S TR 5, R, PG SR
T J1, R X LZTCBs #E 47 28 3 14 43 B #1346 358 i 7R
fif 5% .

LZTCBs il # A 42 55 3 ZALHE JFA R 1A 3
K GBI TR A A o TR RE A i [ AR 5
W SE A 2, R A A 1 AR 50 7T/t HLBE
S Ak A R Y BR B ML AL B LZTs JFORF X & I IH 2%
0.035 J0/t, JFURHEFEHL 2% 0.67 70/t , N T.2% 4 0.84. 701,
AU S TR AL A 20 1.545 J0/t, A2 rss Ak fdi
e A o P st Ak 3 ORI £ 4T 1H 2% 0.014 JT/, B
0.67 J0/t, N T.%% 0 0.84 JC/t, /K 2% 0.9 0/, Stk

FIIEALRAR ) 2.424 0/, 328 iy A AR 30 70/, A
PR A E AR RS O ) iR g R
PRI o (R & B D AR TS LA TP
I AT IH 2 WA 8 0.5 70/t, 45 TR, LZTCBs
B AR Ay 84.469 JT/t, WSl FH L A i AR R A AL S
i G W AR TR, LA KA T 35 Jo/e, B4 5 1 L
FHHE.

TRKUCAE Sy [ 15 40 1 £ v o7 P e ol PR B ]
K W a2 AR RE, FLAE 7 AR 29 200 70/t T
IKVRTEA: 7= 3 A v 75 B I AR R o 1 BB VR AN 1T 124
B R I HEBO B AR TS Y R = R N 4
BRAAGE A A s ™ F P SR , AN Rl 5 s A ] 4
SR RIS BRULZ AN, By N T
U 2R AR DABE RS 2SO0 R B AR HA
A S B SE SRR, S SRR 6 3% FH 1) i AR e
A m AR, T H, P2 A A RS T om i , 7852
B g FH v 25 | R e i 8 ) AR KU o 5 BT IR,
LZTCBs [ il £ {7 5 BAIE X BRI 7 e I L EE 4 I
KRR e Pk , & LZTs BRIk TG 3 Ak A e AL A1
P HE

3 it

it 3 AR KRR L LZTCBs 19 F SR =2 ik 56,
1 T Pb.Zn . Cr.Cd.Ca . Mg. Al Si & T HI§ B &R
AR LIRSS,

(1AM K TR R AN DA 8
UM 5514 F ,LZTCBs 1 Pb . Zn . Cr 1 Cd 43 AL
¥l =R pH LR BE X LZTCBs 177 H
FEHSE R K, R E N TR R pHE, 54
B 7K RIBRL R/ R 1 TRF EL , 32 ¥ Pb . Zn (Cr,
Cd.Ca Mg AL Si kBN, 21 pH{EFLZTCBs
2 A3 W B VR B s e ] U R R AR T AR
B PR KOG JTT 2% e ) RS A Rl

(2)LZTCBs [ Pb . Zn .Cr & T ¥ B R HL T 107
cm’/s, V5 J Wi s AR, AT T B SRR 1L TR
HUERAT 6 52 56 TR IRBE TS Y U T 45, 1 FH 55
EZ

(3)£83:0 100 4E 4™ BB 0L, 9 #i i AR FE 1.70x10™
em’~1.83 m’, FEA LAEE SR T A E r R, K
W e B . KPR e (L 2 m i
TUUE | 1A AT B 55 R R 28 1 ¥y iR R VR

(4)LZTCBs il £ 1 T2 &% AR Ak , PR35 1 far (1%,
P e T B, N B R W B N T S BRI R B
TR AT OA R [ A 25 IR A 4R A S Y i e
ES



58

RERATSBX

£48%

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[&% 30 #K]

Huang X Q, Sun Z H, Zhao Y H, et al. Zero—carbon inertiza-
tion processes of hazardous mine tailings: mineral physico-
chemical properties, transformation mechanism, and long—
term stability[J]. Journal of Hazardous Materials, 2024,469:
133882.

Wang H J, Ju C X, Zhou M, et al. Acid rain—dependent de-
tailed leaching characteristics and simultaneous immobiliza-
tion of Pb, Zn, Cr, and Cd from hazardous lead—zinc tailing
[J]. Environmental Pollution, 2022,307:119529.
e N RN A= PR30 . HECRGE TR A HE TG 5
JrEMALTHHZ]. 2021

Ministry of Ecology and Environment, People’s Republic of
China. Manual of Pollutant Discharge Accounting Methods
and Coefficients from Statistical Survey of Emission Sources
[Z]. 2021.

AR BRI R . E AR R A LT R R 0], RERRER
iR, 2018,37(2):508-512.

Shi Zhenwu, Xue Qunhu. Progress on domestic investiga-
tion of building materials conversion from lead—zinc tailing
[J]. Bulletin of the Chinese Ceramic Society, 2018, 37(2):
508-512.

R IR BRI RE B R4S A BT
MR B FIF R A RE ). M T 5 B4R, 2024,60(4): 724
734.

Li Xin, Wang Jinrong, Deng Rongdong, et al. Research sta-
tus and significance of comprehensive utilization of lead—
zinc tailings in China[J]. Geology and Exploration, 2024,60
(4):724-734.

Wang H J, Ju C X, Zhou M, et al. Sustainable and efficient
stabilization/solidification of Pb, Cr, and Cd in lead—zinc
tailings by using highly reactive pozzolanic solid waste[J].
Journal of Environmental Management, 2022,306:114473.
Wang H J, Ju C X, Zhou M, et al. Grinding kinetics of lead—
zinc tailing powders and its optimal particle size as a pozzo-
lanic admixture in cement mortar[J]. Advanced Powder
Technology, 2022,3.

XIPEB FE SR8, XL A5 . RIF TR AT AR T Y fe B 12358
AT REVE 3BT B ARSI RERHIE D). PREEREE, 2023,44(7):
4191-4200.

Liu Zexun, Zhuang Jiayao, Liu Chao, et al. Analysis of soil
bacterial community structure and ecological function char-
acteristics in different pollution levels of lead—zinc tailings
in Datong[J]. Environmental Science, 2023, 44(7): 4191 —
4200.

U S R R IR A AR 2 Y T = A R Tl e

BERSSIAS ). B 75 R, 2022(4):6-11.

Li Xiaoyan, Zhang Qingwei, Hong Songtao, et al. Dynamic
study on the release and migration of heavy metals during
the oxidation of lead—zinc tailings[J]. Multipurpose Utiliza-
tion of Mineral Resources, 2022(4):6—11.

(101 S5, Bl g A, 2% 8K . BV BE R I I ik e e il A
B R g W T ). A T 5 0 T, 2024,53(2):26—
Wu Dun, Lu Jianwei, Li Shuqin. Experimental study on so-
lidification of heavy metals in soil by solid waste—based ce-
mentitious materials from lead — zinc tailings[J]. Industrial
Minerals & Processing, 2024,53(2):26—33.

(11] JERHF, EZEAN BT 5 . BIG AL B REA RE 0 A i ek

BEORE A ] 7 Lo Pk RE (9], ik 2 6 8 42, 2022,41(6):2071 -
2081.
Ju Chenxuan, Wang Haojie, Hou Haobo, et al. Preparation
and properties of alkali activated cementitious materials
based on thermally activated lead—zinc tailings[J]. Bulletin
of the Chinese Ceramic Society, 2022,41(6):2071-2081.

[12] Juenger M C G, Snellings R, Bernal S A. Supplementary ce-
mentitious materials: new sources, characterization, and per-
formance insights[J]. Cement and Concrete Research, 2019,
122:257-273.

[13] Guo H, Shi C J, Guan X M, et al. Durability of recycled ag-
gregate concrete: a review[J]. Cement and Concrete Com-
posites, 2018,89:251-259.

[14] Power I M, Paulo C, Long H, et al. Carbonation, cementa-
tion, and stabilization of ultramafic mine tailings[J]. Envi-
ronmental Science and Technology, 2021, 55(14): 10056—
10066.

[15] Li C W, Zhang P P, Li D W. Study on low—cost preparation
of glass —ceramic from municipal solid waste incineration
(MSWI) fly ash and lead—zinc tailings[J]. Construction and
Building Materials, 2022,356:129231.

[16] PIVALTE BEARE A BB A5 . TR BRI e BEA A} b 45 )

i —4eF AR AT AT ). BREERLE S5 HOR, 2021,44
(1):24-31.
Sun Yintao, Yao Ke, Zheng Yuqi, et al. Research on one—
dimensional semi—dynamic leaching behavior of heavy
metals in fly—ash based alkali—activated gelling materials[J].
Environmental Science & Technology, 2021,44(1):24-31.

[17] Gao W, Ni W, Zhang Y Y, et al. Investigation into the semi—
dynamic leaching characteristics of arsenic and antimony
from solidified/stabilized tailings using metallurgical slag—
based binders[J]. Journal of Hazardous Materials, 2020,381:
120992.

[18] Tantemsapya N, Meegoda J N. Estimation of diffusion coef-



$281 EEN%

EHEVESENESERPREERINE 59

ficient of chromium in colloidal silica using digital photogra-
phy[J]. Environmental Science and Technology, 2004, 38
(14):3950—3957.

[19] Malviya R, Chaudhary R. Leaching behavior and immobili-
zation of heavy metals in solidified/stabilized products[J].
Journal of Hazardous Materials, 2006,137(1):207-217.

[20] Nguyen T C, Loganathan P, Nguyen T V, et al. Simultane-
ous adsorption of Cd, Cr, Cu, Pb, and Zn by an iron—coated
Australian zeolite in batch and fixed—bed column studies[J].
Chemical Engineering Journal, 2015,270:393—-404.

[21] Ouhadi V R, Yong R N, Deiranlou M. Enhancement of ce-
ment—based solidification/stabilization of a lead—contami-
nated smectite clay[J]. Journal of Hazardous Materials, 2021,
403:123969.

[22] Shi C J, Qu B, Provis J L. Recent progress in low—carbon
binders[J]. Cement and Concrete Research, 2019, 122:227—
250.

[23] Yang Z Y, Yang Z D, Yang S, et al. Life cycle assessment
and cost analysis for copper hydrometallurgy industry in
Chinal[J]. Journal of Environmental Management, 2022,309:
114689.

[24] Wang H J, He X Y, Zhang J X, et al. Green clinker—free
binders : simultaneous immobilization and carbonation of fer-
rous metallurgical residues activated by sulfur wastes[J].
Construction and Building Materials, 2022,346:128473.

[25] de Poel W, Vaessen S L, Drnec J, et al. Metal ion—exchange

on the muscovite mica surface[J]. Surface Science, 2017,
665:56—61.

[26] Lima J Z, Ferreira da Silva E, Patinha C, et al. Sorption and
post—sorption performances of Cd, Pb and Zn onto peat,
compost and biochar[J]. Journal of Environmental Manage-
ment, 2022,321:115968.

[27] Komarneni S, Breval E, Roy D M, et al. Reactions of some
calcium silicates with metal cations[J]. Cement and Concrete
Research, 1988,18(2):204—220.

[28] Kossoff D, Dubbin W E, Alfredsson M, et al. Mine tailings
dams : characteristics, failure, environmental impacts, and re-
mediation[J]. Applied Geochemistry, 2014,51:229-245.

[29] Omotoso O E, Ivey D G, Mikula R. Hexavalent chromium
in tricalcium silicate : part Il .Effects of Cr('VI) on the hydra-
tion of tricalcium silicate[J]. Journal of Materials Science,
1998,33(2):515—522.

[30] Liu Z S, Li W K, Huang C Y. Synthesis of mesoporous sili-
ca materials from municipal solid waste incinerator bottom
ash[J]. Waste Management, 2014,34(5):893—900.

[31] Chen Q Y, Tyrer M, Hills C D, et al. Immobilisation of heavy
metal in cement—based solidification/stabilisation: a review
[J]. Waste Management, 2009,29(1):390—-403.

[32] Wang Y S, Dai J G, Wang L, et al. Influence of lead on sta-
bilization/solidification by ordinary portland cement and mag-
nesium phosphate cement[J]. Chemosphere, 2018, 190: 90—
96.



