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Adsorption Properties of Heavy Metal Ions in Water by Vermiculite
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Abstract: In this paper, the adsorption behavior and mechanism of Cu*". Pb*". Zn?* and Mn*" ions in the leachate of polymetallic
sulfide tailings with vermiculite from Yuli Xinjiang, China were investigated. The results indicate that the adsorption capacities of
vermiculite for Cu?*, Pb**, Zn**, Mn®" ions are 49.53 mg/g, 108.00 mg/g, 44.11 mg/g, 32.47 mg/g, respectively, and the monolayer
adsorption process follows the Langmuir isothermal adsorption model. The adsorption mechanism is due to a combined effect of
interlayer ion exchange, surface static electricity and surface complexation. Vermiculite as a filler reaches the equilibrium
concentration for 528 h, and the running time is longer under the dynamic adsorption condition. This work can provide a guidance for
the design and optimization of vermiculite as an adsorbent for removal of heavy metal ions in groundwater.
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1.1 MRS5S

BT £ A 3045 : D8 Advance X B R AT 5%
(XRD), MHAZAF: Cu B, K, HF4(4=0.154 18 nm),
TAEHE 40kV, TAEH 40 mA, ESFHIEA,
FEEF N 8(°)/min; SDT Q600 Z F—#A E 43 B %
(TG-DTA), FHiFE#Z 20 “C/min; ICAP-7600 Hi /&
PO 25 B FROR BT 6L (ICP); XRF-1800 %Y X fit
2875 NG IE AL (XRF); Zetasizer Nano ZS90 Zeta HLAL
W5 1% ; Spectrum One ! Fourier ZL/MGE (X (FTIR).
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AU B S8 FH R A A 18~35 H o B AL RFI N
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Mg-V). SRR i) 25 7732 FREX 200 B )50
6g, MA S0mL. 20g/L ] MgCl, & TRIEAALEE 4 ho
122 HHAIH

1) AN[F]E 45 BH 25 RGP (1 5 A5 W B

FREL 0.1 g 847, 437N 35 mL AN [R5 (1)
SRS TIHW, 7525 CNEREY 12 h, dIEEH
ICP I JE3 5 428 B TR . Cu™ Pb*". Zn®',
Mn” FIAT AR B S FEL 23 530 200~1 200 mg/L. 100~
8 000 mg/L. 50~400 mg/L. 50~1 000 mg/L.

2) AN[E pH fE RS B
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600 mg/L ] Cu” ¥, 100 mg/L 1 Mn> W
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JE B T IREE
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Fig. 1 XRD patterns of vermiculite from Yuli of Xinjiang
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Table 1 XRD data of Mg—V mixed-layer minerals

d/nm 1 (hkl) Composition di/nm
1.248 6122 (002) Hy-a 2.496
1.193 811 (002) Hy-b 2.385
0.487 1045 (005) Hy-a 2.434
0.478 852 (005) Hy-b 2.391
0.359 112 (007) Hy-a 2.510
0.351 1699 (007) Hy-b 2.455
0.275 40 (009) Hy-a 2.470
2.633 3609 (009) Hy-b 23.693
0.240 924 (0010) Hy-a 2.403
0.239 78 (0010) Hy-b 2.390
0.230 274 (0011) Hy-a 2.528
0.227 290 (0011) Hy-b 2.494
0.174 118 (0014) Hy-a+Hy-b 2.435
0.168 18 (0015) Hy-a+Hy-b 2.517
0.154 106 (0016) Hy-at+Hy-b 2.462
0.145 87 (0017) Hy-a 2.459
0.144 222 (0017) Hy-b 2.448

d—Diffraction peaks value; I—Intensity; hk/—Diffraction index of mixed-

layer mineral; d—Product of diffraction index plus d.

ST A JEREHEAT T XRF 2047, &AL 5 &
I3 H o N w(Si0,)=39.93%, w(Mg0)=18.93%,
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Fig.2 TG-DTA curves of vermiculite sample
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Fig. 3 FTIR spectrum of vermiculite sample
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K,-M?-p(8,)+K,-M>-(6,) N 32.3%, Hy-a 4 51.2%, Hy-b N 6.2%, =BkN
Hy = @ 0%, kAN 7.4%.
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AT S M FAFAEXT NG R, B A5 %

*3 FIEMELAHMESHESAER
Table 3 Quantitative analysis of Mg—V

s . N N Composition 1 d/nm K Content/%
WA R TS, R SRR R
Hy-a. Hy-b 17rF&E. K{EITHSRILE 2. Hy-a 6122 1.247 2.72 51.2
£2 ZYEMKE Hy-b 811 1.192 2.97 6.2
Table 2 K of each phase P 100 1.003 0.69 2.9
Composition M 20/(°)  Angle factor  D/nm K C 1034 0303 3.20 74
% 379.3 6.1 174.2 1.429 8.6 . o
Hy-a 798.6 7.0 131.7 1247 27 2.2 EHASURMISEE
s \ ,
Hy-b 807.1 74 117.6 1192 30 2.2.1 HEEREE THIGHIKE MmN HE 4 7
P 446.1 8.6 84.5 1.003 0.7 I, A% Cu®'s Mn? . Pb*'. Zn® M AT B

M—Molecular mass; d—Diffraction peaks value; K—Reference strength.

2) B B 5
KBRS AR B 4 i 2 R U
L. LK
l Z?zlli /Ki
RorRIE T ] AR, WK 3. R¥ER
KO AR BB A O S S & 8N

3

S0 " ]

o O P
S S S
T T T

Adsorption capacity/(mg-g™)

—_
(=]
T

0 200 400 600 800 1000 1200
Initial concentration/(mg-L™")
(a) Cu®*

200
180 F
160
140
120
100 |
80 .
60 .

40F m

20 =

Adsorption capacity/(mg-g™')

1
1 0002 0003 000 4 000 5 000 6 0007 000 8 000
Initial concentration/(mg-L™")
(c) Pb**

I3 HE R 49.53., 32.47. 108.00 mg/g Fl 44.11 mg/g.
BE B < Jm B TR AR IR RGO, IR it
Ko WP R A VIR AR, 8 AR B A7
AR, W ARIEFEPIRES, WP R WIih
WREEBORI, WA g, W 808 . =)

B RIS E < R 2 B B B B o R D P R
KM MPEEEFIREZRK, SEE TR
34|
32 n
30
28 -
26
24 L
22 +
20 ™
18r
16 |
14+
12
10

Adsorption capacity/(mg-g™")

1 1 1 1 1
0 200 400 600 800 1 000
Initial concentration/(mg-L™")
(b) Mn*

60

50F

40

20F

Adsorption capacity/(mg-g™')
(%]
[e)

0
0 50 100 150 200 250 300 350 400 450 500
Initial concentration/(mg-L™")

(d) Zn**

4 AN[FIRIUE A RE I S A AR oo < T B B A

Fig.4 Absorption curves of heavy metal ions on vermiculite sample at different initial concentrations
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Fig. 5 Adsorption curves of heavy metal ions on vermiculite
sample at different pH values
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Fig. 7 Dynamic adsorption curves of Cu®*. Mn*", Pb*". Zn*"
mixed ions on vermiculite sample

k4 BERHESEM Cu*. Mn*. PO, ZnTREABETRIES
A EN e
Table 4 Dynamic adsorption parameters of Cu®*. Mn**.
Pb>*. Zn’'mixed ions on vermiculite sample

Metal ion t/h qi/mg mmg gy /(mg-g™") R/%
Ccu®* 310 470.47 744.0 18.8 63
Mn?* 242 397.94 580.8 15.9 69
Pb* 528 747.36 1267.2 29.9 59
Zn** 256 347.39 614.4 13.9 57

m; —Total Adsorbate in Total Flow; g, —Total amount of adsorbed ions;
qw —Equilibrium unit adsorption capacity; R—Removal rate of heavy

metals.
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2.4 FRIRMIARE

X AN [E R 46 2 <5 i 15 1 [ I B 45 SR (1 4),
4T T Langmuir 1 Freundlich 538 W fAR YL &
%% Langmuir A1 Freundlich 5532 W B 75 F2 1) 264 4H
KA R AEE S), WAELR Cuy PYTL Zn®,
Mn® BB BE 77 & Langmuir 7572, H RP¥ikE T
0.99 UL, J&T 85 R
x5 BERHERWHM Cu®. Mn®*. Pb?*. Zn*"#Y Langmuir

0 Freundlich IR iR 4Bl S HHX R E

Table 5 Langmuir and Freundlich isotherm fitting parameters
of Cu®*. Mn?*. Pb**. Zn’" on vermiculite sample

Langmuir equation Freundlich equation

Metal ion
Gm b ” Ky 1/n ”

Cu** 49.53 0.0423  0.9962 22.79 0.1151  0.8269
Pb** 108.00  0.0067  0.9929 6.7120 0.3514  0.7051
Zn** 44.11 0.0528  0.9918 8.6132 03155  0.9861
Mn?* 32.47 0.0263  0.9963 7.6951 0.2188  0.9874

gm—Monolayer saturation maximum adsorption capacity; b—adsorption
equilibrium constant; Kr—Adsorption constant for reactive adsorption

capacity; n—related to adsorption strength; *>—Linear correlation factor.
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# 6 NARFE Po™ I AN EX R A JE R K
Mg™. Ca®'. Na'&Z#tfE, Al WA P HILGIKIE N
200~2 000 mg/L(0.965 3 ~9.652 5 mmol/L)Ju FEH 1, 24
PO> WIUH IR AR, PO IR S KT Mg, Ca™.
Na 22 e AT, Ui B Pb®" 3 B2 LS 120 e 07 Rk
B s UWIRAIR s, PO AR KT Ky Mg™s
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TERIR I E 4R B 7. thah, K 8 A I, BE# Pb™
WIURHRE (I3 1(200~2 000 mg/L YE ), 847 K i 1)
Zeta BT ZEGHEIR/DN, PO WIZAWREE L1 1 500 mg/L
I, Zeta HUAZAZSA 0, 1 BH L I 0% 7 26 T8I 11 7 LR
Bz CL 5 g & BB B T 5 . Pb”™ W1 Rh IR E 4k 45
BN, WA RER R IE Zeta BB K, PR
BB Ak K, 24 P> WA IE KT 6 000 mg/L
itf, PO IRBEA TR, RURE A, FEEK

Bk A1, g E A R B IS A R AL . A
W ALTE 7 AT 2 22 5 & 8 BH B 7= AR R R 3k Ut
VE, WK Wi A7 /E—Si—OH. —AI—OH
H, HibS4RE T kAR a e,
g BT, A K HREN Yy 2 A
A 3 T R FH RN SR THD 45 651 FH VR B 4 o 8
To ¥EEBEFIREBRACH, ZERE 7o, £
Fre I AR S A RN R . &R B FiRE
WK, ZE PRI, &SRB FIREER
B HEBAE I 6T Pb 2109 1 500 mg/L), 2 T s
BHAEE 1k, T 4% B kR R HE A B 2 W PR AN (o T

Pb*" %14 6 000 mg/L).
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Fig. 8 Variation of Zeta potential of vermiculite sample with
pH value and the initial concentration of Pb>*

%6 AEPPIMAEMMA K. Mg™. Ca*', Na'ZihE
Table 6 Exchange amount of K*. Mg**. Ca**. and Na*
corresponding to different Pb>* additions

Amount of cations exchanged/(mmol-L™")

Pb>" input/(mmol-L™")

K" Mg* Ca*t Na® Total
0.965 3 02111 0.0344 0.1702 1.2683 0.9443
1.9305 03518 0.0629 05290 13526 1.4440
2.8958 0.4206 0.0763 0.6155 13487 1.5764
4.8263 0.4303 0.0787 0.6961 1.4365 1.7083
5.7915 0.4958 0.0798 0.7246 13817 1.743 1
6.756 8 0.4963 0.0829 07271 13887 1.7525
7.7220 0.5045 0.0845 07398 1.4148 1.7840
8.687 3 0.5513 0.0871 07638 1.4422 1.8476
9.6525 0.6255 0.0890 07932 1.4487 19193

Total =(K'+Na")/2+Ca* +Mg**

3
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