%1 B R 5 R A No. 1
2024 4F 2 A Conservation and Utilization of Mineral Resources Feb. 2024
a4

RARBAMRURT BRRTEREE FHFH. IIE
W BB 53

W2, FRL MR K, BB, B LR

R FEE (eat) MORBHE S TR, 79 ER SR E, E2R Y45 HERERMEAT IR E AR =,
TR A% 5 YR AR AR A B0 B TR S L, bR 100083

FE 43S TDI26; TD923 LHKARIZAS: A XEHHS: 1001-0076(2024)01-0095-10
DOI: 10.13779/j.cnki.issn1001-0076.2024.01.016

TEE WA B R W B R B T ac Rk, R BRK P E SR B T HA B RS . RIH KR UIEN
W B AL, BRI T AR [R5 B X T4 40 3 AR 9 2 Fh 4 J 8 19 R BRACR A L BRI, BFoR T AL #r . Sha S T 2Bt
PR BIER T HEEE S F AR, 48 B TS S 45 R, BhA X Pb™. Cu”. Mn™, Zn" ¥ 8411
LBRBOR, X 4 4R BT BRI M AE S K/N R PO > Cut > Zn® > M, TR B TR AR I S2 8 45 SR 1, 7R AT B A i
WET, PO a1 MR85 KT Cu, Zn™Fl Mn™. 4 FRESF 90 I #8454 Langmuir SRR, & 500072 UM,
WE R B 7 2E AR RE R A bl iR A R BT 4 P 4 J B T A0S R, A A B TR H . R A R RBT R 4 S I L R T R B
EEBET, B TAALETC SO, W X AH R A 2SS ] B B 7 (0 TR B BB AR K 25 57, 3X 2232 R R BH B T K A& 22 1 5%
M. BNZSEAETHAXT Cu, Mn®, Pb*., Zn® BERRSFFITE 102 h, 64 h, 900 h 1 78 h 3K B FA4, W A 2 TAERT B #K, 7T

VERB BRSNS (PRB) B9 B R T2 G R 67 A BUE s G TR OB, HAT R a0 S M5 .

KW RIRUp A7 W E IR T
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P 2B U =i A L35 s R KRR K R, A
AN PR G 7 A B R B 52 M, 1 L™ £ > M R
R, I, R B IRl Ts YR B O S 2R AR 22,
R b T 7K B8 75 G [a) T — s gL, 38 B B
PR EME LIS B, — B ia BRE R B gg b 3 . B AT
T HEFAR MR B4 A RIOCR

B 15 2 W 1% Bt (Permeable Reactive Barrier, PRB)
B MIRAEE RS, T AT DL KR B ek D Hh 2R 3R
15 U, 7E 23 BR K s Ge Wy i [T IRE, N 23 R R oK
(A B, BB 2 T Y W R IR BE (B B X TR
ARE LRI F LB KB Cr, Pb, As 1A #L
WISEZ M5 ™ 1996 4, 35 4 I ¥4 (3 8 S 1

WA 2023 -11-13
HEEWME: BRARPIAIL S E ST H (41831288)

DL Mk A bR PRB R G875 8 4F 5 5 ik IE
i, 3X R B PRB F AR H AT HH X A9 R 221 A 28 5 58
FHAE, 76 K 75 e 36 B840 ek HL A T B 1 AT
5¢!", PRB F 25 £ K this Qe ) 5 40 0RO >k 38
B R BRI5 ey B ", Bt LS A BTk BHE PRB £
L 2 N 8 S T OB i Y S SRR vz a1 s 73 e
YIREREAE, (E K S R AR A% 5 L 25 5 B FE 55 [
AR TR A A 85 AR B 1) A A R R AR
WA LR T AR, ARG, W B RS - 2E e e
J1iR®, S FRAR Y PRB A BT R, TR R A T U
ARE S, AR, A R MA% KA 200~
600 Jo/t, EA R KR W J1 . HHT, IR b A 0 B
AR BT iR ELEE SN T AR R A
W T AR P A e A BRI A N T ek S
BSUE ] T R AR B %) 4 R IR K v P B I A 0
Rt MR B3t 2 BE 4207 Freundlich W2 fit 45 1R 48 . Xk O
Sk R AR A ST H B IR K v A Y e A

EF ' N 922(1997—), &, 055/, E-mail: 18810890417@163.com.
BEEE: HARR(1978—), B, #4Z, E-mail: mIf@cugb.edu.cn; BI57 5£(1963—), 5, #(4%, E-mail: clayl@cugb.edu.cn,


https://doi.org/10.13779/j.cnki.issn1001-0076.2024.01.016
mailto:mlf@cugb.edu.cn
mailto:clayl@cugb.edu.cn

* 96 - LA S AES RV

2024 4

W BRE o TR BR T A N B 25 T ) B AR S 8 44 B A
U T E VR B SR 200 mg/L, YW pH R 7. RKAR WA
R 30 g/L SN [E] A 20 min i, A0 B A9 7K 5 R
S (TG K25 A HETORR ME ) (GB 8978—1996) B3k . 45—
J7 10, ZESCiH AR ] NaCl xF s 3 gE 47 ok vk, i i Na
T T A R M A ) B S T, DA R A v T 5
B PR RO, B ARET, F R S A A X N
HEAT W B, X6 BE A PR A, SO IS R R
T 25%~30%. SR, LIRERSW SIS, Y
Vs TR E AR, W A5 5 T 4 S T R LA AR,
AFTFPPALHAE N PRB A B R A PERE . b4k, @t
B A BN S B R G e R K Hh 2 R 4 R T
SN 2SI R R, XTI 35 37 B g A A TR Ak R LA
FEEMHEIS IR X AL S 1 s A S
9555 T, BF9E T CTAC S0Pk 47 35 78 PRB SE 50 4 1Y
BN AR B R, 5 A Ok A % E & B, CTAC Ui
A JIT LT I S B A 1 i R R RE K, L B IR R SO
SCPERTEY 1.2 PV 3G 2] 2otk 5 /9 25 PV, MBI R o
SR, 5 2Pl 40 AH B, B R R AR 4 54T 4
Ja& B W B R TR, A IR, T LIE SR £
ol B 4 I [ R 2 o ) W2 BTt . A, R R AR A
SRR 5 8 T A B T h A R
R 5T AT LS 4 b 43 A LAk PRB A J5 b4 B ) 42
ARATFFHE

AR SR FH R SR A0 1 R W B Rt AR 1L R K
rF DL A R B T A JE O B AR TS e, X — ROR
B B S EERR VA WA T . Bh A ST B AT, 4R
THE A [R5 i R 2R 1 % B 4 R B T I L BRASCR,
KT B J AR AT UG, T S 4
4R BT 2 A LB, 5 F A A I B 45 SR ot
FFXT LG, SRR s A1 FHAE PRB 4 b R FRVE B 5 7K
Hh ) T 4 R R A T A SR
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1.1 MRS5S

S AT AR i T A R AR B (R
Sy At AR B A RA L TR AR AR &
AR 69.9%, Rife Sk 1~3 mm), H i #5058
TPEHL 50~200 H Wk A A as M 7E s AL g v, % 8 )
PRB /i 0T if7 5 — & B 5 %, EHL 18~35 H A
BEdh o S Tk 22 R 38 R 4 b 4

ABIEFE BT ] AR AL X0 29 O %X
(XRF, XRF-1800, & #t, H 7A%); X 5 20y i AT 4 AL
(XRD, D8 ADVANCE, #i 5, f8[H); 494l 7 27
55 (SEM, S—3500N, H 7, HAS); USRNG5 5 TRk
S ETEAY (ICP, ICAP-7600, 382k &, ) 5.0

(TGI8K~1I, iz, I ); pH f& B 1T (PHS-25, ¥
kIR, ) ; Zeta HL A7 2 12 ( Zeta Sizer Nano ZS90 ,
ThJRIC, BEE) 5 B K I E IR R 7 7% (SHA-BA, 2B,
HED .

1.2 B FiE

121 B—ELBEEFHSRMH

(1) 2h7s 5 4 I PH S 70 46 0 ViR 3 1 S 50

FREC 0.1 g b A BT 50 mL &.08 %, 4 5im A
35 mL AN [ o B v B R [) B 4 iR B VAR, #E pH=6.
25 C FHH IR Z % 240 min J5 14 38, B - W5 W, A ICP
I b 4 R S 0 T ER VR B, O FH 22 080k TR
Wi . 25 A5 IR 4R B T 10U AL A 0 WL B
FIRNEZ &A%, ARSI X Cu*, Mn*, Pb™, Zn* W] 1
Jo MR B 43 A AE R 100~1 000 mg/L. 100~1 000 mg/L .
100~2 000 mg/L. 50~400 mg/L.

(2) WeAs pH i Ao W B S5 55

FREC 0.1 g W6 A1 B T 50 mL B0, 43 Bl A
35 mL JFi R E 8 1000 mg/L A Cu ¥ . 1000 mg/L
) Mn* % W . 1500 mg/L A Pb* ¥ M A1 400 mg/L [
Ze Vs W, A 0.1 mol/L Ay NaOH =% HCI ¥ 37 ¥ i i
pHIE . WERGTERPWIFELEETES
OH &A= I, A5 i 4 Jm A8 AR W, 52 i 1) 2R R Wk A (1)
S I B, DRI OGS 5 A AR R A pHL (BB EE R ERCR 2.
3.4.5.6, 7£25°C TEEE % 240 min 5 38, B
T, A ICP s Horb 4 s B - i B Uk B, Ot
SR B

(3) B85 W FF s [y R o 52 56

FREL 0.1 g #¥b A BT 50 mL 5.0 4, 43 3lim A
35 mL g JE S 1000 mg/L 1Y Cu W . 1000 mg/L
) Mn* % ¥ . 1500 mg/L () Pb> ¥ ¥ A1 300 mg/L ()
ZoVE W, 7E pH=6. I EEIR BE 25 C M5 T 4 3=
¥ 5. 10, 20, 30, 60, 120, 240 min Ji5 i 3%, B F 35,
FH ICP I b i 4 B 1 s v B, T i

REESEE WM

() IR A4 JE B 1w A b

FREL 0.1 g Wb A BT 50 mL B.0% %, A 35 mL
oV U Ll 25~300 mg/L () Cu®'. Mn*, Pb*, Zn*
RS R, AE pH=6. 25 C &4 F 10 I %= % 240 min
Je i ug, B VE W, ICP I g H 4 R B Y
R EE, TR R

) IR A E L8 B T AW S5

) 785 W S 6 A T ELRCE A0 3 B S I A v iR AT
W EHAHN S em. B 11 cm BB RS SC86 4, 78 HOF
FRIEFE 1 em & . RifR N 0.88~0.43 mm WA, F T
Wbt o3 B T3 5 em & A SERbVE AR 2, S T kK

1.2.2
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T AR Y51 30 b7 L W LRI R, e S A R Rl
YRb 55 e 2E 22 18l FHE M B F . SEE AT Se B T
IKFEAT RIS I A, SR 5 W i Bh 2 B R i LR AW
I R EE M 50 mg/L 8 Cu®, Mn*, Pb*, Zn* IR 5
FYAWR, Ui K 0.8 mL/min, 7E 3% KE b 7 5 I EURE F
17 1ICP P, ARPE ML 25 R HXHRE A E LR & T
15 YL IR W B e

1.2.3 W Fff 4 68 4 #

AR B T R R MR AR AR O 20 )
= (1), (2). (3)FrR:
14

0. =(Cy—Co)x — (1)
m

e Cov Co 7390175 Y Wy W0 s e 2 RN BRI 75 e e
JE (mg/L), Q.o W B 700 W B 75 e 0y 114 Wt B 2% o
(mg/g), V IR FL(L), m W B F 4 (g) o

1.24 WS EER

W o6 45 JHRL A5 8 2 WG oF e 5 WA ST B A0 e A B 1) %
&, T LA W BB 1) 5, 224 Sk ST T 2 AT
ARSLH R H Langmuir £ F Freundlich #5275 R A
Langmuir 5 B A8 1) 2 SRR B SR R SRR
AL MG .
11 1

+
qe Gm qm KL Ce

Freundlich 5 76 i i i & s 2 JE 3 A1 PR &R, H:
SR R AL G

(2)

1
Ing. = InKg + —1Inc, (3)
n

s g 0 A W B 25 i (mg/g), e o W BT A8 B i
PTG Y R B (mg/L) , g, oA B2 0 5 R B 2%
i (mg/g), K. K¢ 73 9 2 Langmuir W Bf - 1 5 %k
(L/mg) I Freundlich W B ~F- i & ¢ (mg/g), n 5 W
SRR R(RLE 1),

1.2.5 WL Ff3h 1 2454

W o 2 3 2 S W 5 R R IsF [ 11 G R, e i
B R S, ZAE R BN T 2R ARSI R
VLT PR AR R A .
WE— ol Sy 2Ry R ME Rk oM
lg(q.—q.) =lgq. — kit (4)
HE G ol 1Ry AR M Rk o
é = k21q§ + it (5)
Kb g R ¢ B ZI W B i (mg/g), k, HHE—2 80 )12
W (min), g, RV Ml I B 25 1 (mglg), k, M IE 2%
B 1% % (g/(mgmin) ) o

2 #R5HE
2.1 R RS RAE

211 B4 A

K X 2k 26 AL (XRF) 438 1786 A FF i
MRy, S5 aN 1 FroR o DA v il 4R il 1) 32 22
g3 (LLE ALY ) 2 Si0, F1 ALO,, A B i & A K,0.
Ca0. Fe,0,. Na,0 il MgO 4§

E I STV E R/ ) s 1%
Table 1 Oxide content of the sample

W4y Sio,  ALO, K,O0 CaO Fe,0; Na,O MgO HAl

i 7037 1450 557 387 265 140 066 098

2.1.2 XRD 4 #r

& 1 43 h il 40 R 5 7 XRD 1 Rietveld 4516 &,
NN EP TN R €/ AR SN OES F- Y Ave 3 a e R X1 LR 3
P, A0 4 55 R IR UG B As ST A G SR ) Y 25
AN, B, A4S . hE 1(a) AT A,
FEa i B LM R R A IERAMAYS, 455
XRF 45 % (3 1), ] Rietveld 45 #4516 43 ¥71 7 4% WA
Frit, B 1 (b) P B TR E R=18.672, HI#LE 45 Al 4,
RER A AR SR 75.41%(5 T FEAE B AT,
KA FXT B 5 R 15.97%, A SR X5 50 8.62%.
A AR R, ATAE R PRB WA BUM R

2.1.3 SEM 4 ¥

A LA (1] 2) R 485 SR mT SR o Ok
HNIE R AN ES FtR (K 2a), RN —, -4k 42 2
9 10 pm([&l 2b). AR #& Mapping & (& 2¢) 0 50, ik A
e P& O, Siy Al K, Ca% 0 &, 5 XRF 45 1
—F

22 FEHEWMEE

221 RFEIGE B & R E B WM LB A %R R
P A

P W B T 4 (T 3) W] 8, R0 s Jo e A B 4 IR B
T A 9 T P A 57 TS b A R 4 B TR B R
i et 257 it A7) 4 o e R T 4 A WA R S AR PR
L) U6 o R B R B — E AR RN, R h Al
A T R ) R SR 7 A, WA R Y R A 1
W o 3 A8 AR o > WA T A o 0, 2 B 3K 3] P
= /| S/ T W@ R = A IS TR 1 D DO B
Cu'. Mn™, Zn* (¥ KW B 53590 90 mg/g . 12 mg/g.
9 mg/g 1 7 mg/g.
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Fig. 3 Adsorption curves of Cu*', Mn*, Pb*', Zn* by zeolite sample
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K Langmuir F1 Freundlich W5 F 55 i A5 AU X il
A1 YW B B AT LS, LG R A= (2) A (3) R,
WESEWNEL2, AE2THLAMESEE T

Langmuir F MR LU G WL MEM AR RY & T
Freundlich % i £k, 3 BH B A X+ Cu*, Mn*, Pb*, Zn* Y
W% i} BE A7 A Langmuir W FE 45 28, J& T 22 W .

R 2 AWK Cu*, Mn*, Pb*, Zn*f¥ Langmuir i Freundlich %55 2& 81 & A2 R 4L

Table 2 Langmuir and freundlich adsorption isotherms fitting correlation coefficients of Cu®, Mn*| Pb*, Zn*" on zeolite

Py Langmuir J7 72 Freundlich /7 2
a G K, K n R
Cu 14.22 0.005 2 0.980 1 1.25 3.02 0.9205
Pb” 105.26 0.0028 0.9827 5.86 275 0.9789
Zn* 730 0.006 1 0.9922 3.77 9.38 0.7939
Mn* 12.36 0.003 5 0.9886 2.66 2.08 0.970 1
2.2.2 W Fit Bt ji 0 0% Fit 3 ) 2% 43 %7€ 60 min, 60 min, 120 min Al 120 min i % 5| -

R T R 5 R s TR X s A 2 R 4 S S I, B
% T AR AR A W R S R R I TR] Y 56
%o HIE 400, 84X Co Mn®., Pb> . Zno® 1) W [

25 F cu*"

24 - /I

23 -

22 ¢ /
21 F

20 /

/l

Absorption amount /(mg-g™")

19} /'
[ ]
18 F
0 20 40 60 80 100 120
Time /min
40
Pb**
~ 35t S—
‘en
s 30
g
e 251
E
2
E 20t
= L)
£ 15t
=
S
S 10f
<
5k
0 L L L L L L
0 50 100 150 200 250
Time /min

i, b S I B 43 Bk 24 me/g. 16.5 mg/g. 33 mg/g.
6 mg/g. LI ZE AL £ 0] T 4 Jm B T W R T A
AL R B[] PN A BIP-A, IR T kA A PRB A it
AT R,

17  Mn?

Absorption amount /(mg-g™')
5
T T
\

0 20 40 60 80 100 120

Time /min

6 7n2+

Absorption amount /(mg-g™")
-
T
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Time /min

4 PAREGXT Cu Mn™, Pb™, Zn® (45 R BE IR RN 1] 4722

Fig. 4 The adsorption amount of Cu®", Mn™, Pb*, Zn’ by zeolite sample with adsorption time

KT PR Bl ) 2 AR o e B AT T LA
LA TR ()RS PR, SEAN R 3 Pros, #EZ
F ol I E R A R AT — R 8 1 A5,
FH A X Cu, Mn™, Pb™, Zn® i W Bkl FE A% 6 o —
ool J12FASRY, 32 Ak 2 W B R

223 pHEKEmW

pH {E 252 Wi W B A4 B B2 2500, th TR B
LSS IRNE B AT, TR pH=2~7 9 5% A T AT T
M BiF S, LA SRANE 5 Pras o T LAFR Y, BE pH 3K,
B A%t 4 FhE G T A IR BT R A AT Rk
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Table 3  Fitting correlation coefficients of quasi—first—order and quasi—second—order kinetics of adsorption of Cu*, Mn

zeolite samples

z<\ sz»‘ 7n* by

4R WE— G Bl Jy R HE Y8 Sy A
T K, q. R K, q. R
Cu* 0.0076 3.50 0.4509 0.0302 23.25 0.999 8
Pb* 0.0125 20.28 0.9820 0.0027 34.48 0.996 0
Zn* 0.0029 2.12 0.969 5 0.016 6 4.10 0.9873
Mn** 0.006 9 3.12 0.4382 0.0278 16.83 0.9980
13 9.0
Cu®* Mn2*
x - - 88t
F o0
E By
= £
=] <
g = 8.6
g =
s IlF ] ././.
= g
2 = 84f
g .% ———l/
2 1ot g —
< g 82+ ./-/.
9 ! ; L ! 8.0 : L L L
2 3 4 5 6 7 2 3 4 5 6 7
pH pH
50 8
Pb** Zn?
_‘,.\ a0l TC-D /.
o0 by 6
g £
: 30 - E
: 54T
5 20} g
£ 3
2 B8 2t
< 10f <
0 1 1 1 1 0 1 1 1 1
2 3 4 5 6 7 2 3 4 5 6 7
pH pH
B 5 pH EXT9E A FE 5 R Cu, . Pb*, Zn* 521N

Fig. 5 The effect of pH on the adsorptlon of Cu*, Mn™, Pb™,

ZAE T R IR B R R, IR N TERR L AR IE T,
B 2R A7 E DRI 5 1 1Y, HRN B 43 ) BH B - =2 )
FFAE 58 2 W RRT A7 1 ) I B 2 s 9 2, %o o 4
T I IR DN s B pH (ARG R, HOWR P A, 52

e W BT UBl s , A0 4 S T A R BRSO

BFaSRmsEiE

AN TE )46 BT W B2, WA 0 4 Rl IR B TR
RS 25 A& 6 P . S5 R, 4 Fheg+
EAF IS 2 AR E SR, Bk A 56 e BECD, Ao %) 4 b B 4
J& B TR A P> > Cu® > Zn® > Mn* . {EAE R
IR TR BT, Po™ 20k L I B i H5m R F Cu™,

224 RBAE

Zn* by zeolite samples

Zo* Fl M, 32 iy A S5 e B AR [ A, 4 %0 A 1]
A 25 BH 2 1 9 W B E 7 3 B U %8 1 1K
2, MBS AR F KGR, A G W 22T
JIr MRt o 4 RS 5 KA 2B AR R/ NRDT N P > Cu >
Zn* > Mn*, 5ERECRY) S

225 RBRABTFHSWKHMLE
AT 2RI K ARk A VEA PRB A A B
W, BT S AW HE A E 4R B TSRS,

SR NE 7 s o B A AR BB RE DR P IR A
L Zn, Cu B F3 5] F 64 h, 78 h, 102h

FHESFif, Mn
IR F MR B AT, Pb*Zeat 900 h A K BN, B2 g Fff
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0.420
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Fig. 6 Static adsorption curve of zeolite sample to Cu*, Mn*,
Pb*. Zn* mixed ions
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Fig. 7 Dynamic adsorption curve of zeolite sample to Cu*, Mn™,
Pb*. Zn* mixed ions
b A i SE 4 BB R Pb” > Cu™* > Zn* > Mn”, 5
RGBT RS M S04 R —5. 2, Mn™, Zn™,
Cu R W B A LG B S S IR, 32 2 I R 2 A X PO 1Y
W RS RE 7 B S i T A B, 5 SO A 2 1 T R
AR TEIZSS LR AT, WA VE N PRB A BiH
B, A RCTAER A ST 36 d, TAERRIEK, ATH
41 HIE PRB A B EHE S 2%

3 WML

WA Si—O i AL-O DU T 4% H2 171 B, 3 46 Y T
RS T 14 3% 42 7 3XmT DU SR [ =X 10 FL3E AL e,
T AL Si, (89 A 285 0 B 4R o far RSP A7, FLIE AN
FL7CH AR AR K 1 i B Ao OF 1T B T A e KL
Ca”, Na', Mg 25 FHE 7o, PR bl A4 vl i B8 732
P A F T L BRK P ESEE T

AR SZ 55 T FH W A BN ) 4 R B T )R
W B A e A KoL Ca¥', Na', Mg i 8 firs,

LA, B T4 )R 1 i SR R R, KL Ca

Na'32 i th il 2 38 K, {3 Mg 19 22 # 8 AR AR IF 4 45
AR, A H Mg & R AG . BES BT RAE 4, R
FEW, iz AP AR 169% MIERK A, IEK A

S RT3, IE K A R K0 2 AR B
2.85%. FHBRIZEBI A AT 240t K0, WhAr b 2R 58
#PHE 7 K. Ca”. Na'iy & #5300 2.72%. 3.87% #il
1.40% .

P 8 ] g0, X TN R B 4 JE B T, ACH Y
K. Ca”, Na'fW A Fr A, 45 48 3 00 ik B ik
F£4 1000 mg/L B}, &84 th (1) K', Ca’. Na'ft) & %1 F
L A(EANBREC A IR Na) o o] UL, B4R 5
T2 K'Y RE J1 o8 Pb* > Mn™> Cu* > Zn* , 3¢ #t Ca™
[ e /124 Pb* > Cu™ > Zn™ > Mn™, 224t Na'HY g J1 0
Pb*> Cu* > Mn* > Zn*, H./f Pb*3Z it K', Ca*, Na'fly
AE 134 Ry feo o 38 S VTR A B SS H KL Cay
Na B o] % B8, kA1 b 5 Na i F 98 58 4 38 e ok
1M KA Ca” i) 22 46 L 451 4331 A 91.18% Fil 50.13%, Ca™
AR MERE A8 4

2% 4 TN, 42 R 0 4 o 5V B 1000 mg/L
BF, WA FE 6 Cu” . Mn® . Pb™. Zn® 9 225 545 5 R
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Study on the Static and Dynamic Adsorption of Heavy Metal Ions in Simulated
Tailings Leachate by Natural Zeolite

YANG Lan, LI Zhaoming, MEI Lefu, LV Guocheng, LIAO Libing

Beijing Key Laboratory of Materials Utilization of Nonmetallic Minerals and Solid Wastes, National Laboratory of Mineral Materials, School of
Materials Science and Technology, China University of Geosciences (Beijing), Beijing 100083, China

Abstract: Mineral processing wastewater contains a large amount of heavy metal ions. If not properly treated, it will
pollute water sources and soil, and endanger human health. Zeolites possess excellent adsorption properties and ion
exchange characteristics, making them cost—effective and highly efficient in removing heavy metal ions from water. This
study utilizes natural zeolite minerals as adsorption materials to investigate the removal efficiency and mechanisms of
various heavy metal ions in the interference sorting process under different conditions. It discusses the removal effect and
mechanism of zeolite and its modified materials on the heavy metal ions that interfere with the separation process under
different conditions. The performance and mechanism of removing heavy metal ions in simulated tailings leachate under
static and dynamic conditions were studied. The results of the static adsorption experiments on single heavy metal ions
indicate that zeolite has good removal efficiency for Cu*, Pb*, Zn*, and Mn™, with the adsorption capacity ranking as Pb*
> Cu* > Zn* > Mn”. The adsorption process of four types of ions all conform to the Langmuir isotherm model, which is a
monolayer adsorption. The pseudo-second order kinetic model can describe the process of zeolite adsorbing four kinds of
heavy metal ions well. Zeolite removes heavy metal ions through the combined action of ion exchange and surface
electrostatics. Due to the existence of competitive adsorption, the adsorption capacity of zeolite to different cations with the
same valence state is quite different. This is mainly influenced by the hydration radius of the different cations. Under
dynamic conditions, the removal of Cu*, Mn*, Pb*, and Zn* by zeolite reaches equilibrium at 102 h, 64 h, 900 h, and 78 h,
respectively. The effective working time of zeolite is longer, and it can be used as the medium material of permeation
reaction grid (PRB) It is used for in—situ remediation of groundwater polluted by leachate from polymetallic mine tailings,
and has good social and economic benefits.

Keywords: zeolite; adsorption; heavy metals
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