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Adsorption of Cu’* from simulated acid mine drainage by
herb-medicine residues and wheat bran

CHEN Yue-fang, CAO Li-xia, LIN Hai, DONG Ying-bo, CHENG Huang, HUO Han-xin

(1. School of Civil and Environmental Engineering, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: Effective parameters including solution pH, initial Cu®" concentration, contact time, mass of adsorbents and
temperature were studied to assess the biosorption of high Cu®" ions from simulated acid mine drainage by herb-medicine
residues and wheat bran. The results show that biosorption capacities of both of them increase with the raising solution
pH; the addition of adsorbents is optimized to be 10 g/L; pseudo-second-order model is more suitable for biosorption
processes. The maximum biosorption capacities are 14.03 and 7.34 mg/g, respectively at solution pH value of 3;
Langmuir model is observed to fit well. Thermodynamics analysis indicates that biosorption processes of herb-medicine
residues and wheat bran are exothermic and unspontaneous. By means of Zeta potentials, it is found that both
herb-medicine residues and wheat bran bear negative charges in solution, which can adsorb Cu?" by electrostatic pull. For
FT-IR spectrum, the results indicate that the functional groups of herb-medicine residues are hydroxyl, carboxyl, amide
and ester, while the functional groups of wheat bran are hydroxyl, amide and silicon-oxygen groups.
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Fig. 2 Effect of solution pH on biosorption of Cu**
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Fig. 4 Effect of contact time on biosorption of Cu*"
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Table 1 Isotherm parameters for biosorption of Cu®’ on

herb-medicine residues and wheat bran

. Freundlich
Langmuir constant

constant

Adsorbent O/ b

m/ ~ B RZ RZ
(mgg") (Lmg')
Herbomedicine ) 03 00143 09829 09879
residues

Wheat bran 7.34 0.0361 09851 0.8779

M 1 G W, 2535 Langmuir 77 FE L5 R
R 0.982 9, Wg/NTR Freundlich J5 el
R, SX UL 25 X Cul ' (R B ] IS A7 2 e 2
JE B, W B HLHIA R A% 2 £k Langmuir J7 F2£11)
A RER 0,985 1, WAL T Freundlich J5 ¢, %
WS AR Cul TR BR & LAR 2y 72 Bl . ok
W, X Cut I A Langmuir 28R4 5 FE .

WAL, WAE I, AR IR A b N TRk
MR AL, RUPh 25 S cur g S haetE 2z, E
25 S RS, X IR R 1 B IS A —
£

WL Langmuir J7FERLA H 2 FIZE k% Cu™'
(15 KB & O 23504 14.03 71 7.34 mg/g, #H5
Hofth— 25 WA REXT Cu (R g5 R B S L A
RN 2.
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Table 2 Comparison of maximum biosorption capacity by

Cu*" of various biosorbents

£33 PABRIZEERIN CuT BN SR
Table 3 Kinetics parameters for biosorption of Cu®" by

herb-medicine residues and wheat bran

O/ Temperature/
Adsorbent "L P . Ref.
(mgg ) C
Peanut shell 25.39 5.0 20 [3]
Rice bran 12.41 5.0 20 [14]
Rice hull 11.52 4 - [19]
Wood sawdust 6.93 7.89 2342 [6]
Granular activated 584 55 25 [20]
carbon
Walnut hull 3.52 5.0 20 [14]

Herb-medicine
residues

Wheat bran 7.34

14.03  3.0+0.1 30 This study

3.0+0.1 30 This study
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lg(q. —q,) =1gq. — kit 3)
t 1 t

— =+t “4)
4 kgl 4.

g, =kgt'? +c (5)

A ¢ NI ], ming g, A ¢ B ZII B 5, mg/g;
qe NVHT B B, mglgs kA2 R A,
min"'; ky AL R, g/(mgmin); kg

R4 PHERERM Cu® I %S

Pseudo-first ~ Pseudo-second Intraparticle
order order diffusion
Adsorbent
R q¢ 1 R ¢ R
(mgg)
Herb-medicine ) 2006 912 09934  #0 05276
residues
Wheat bran  0.487 4 7.51 0.9983 #0 0.4564

YO A H 2L, mg/(L-min®).

MK 3 WA, R A BRI AR
Ko/ HA 3 AR AR R L, e,
R AR IR R EIIE S 0.99 VLE, AHRAEEL
g, ATt i B AT AU 8l g S A R O v 2 R 22
BRI Cu (2 J 2l B, LR PR T S 4 A A B
P20, BbAh, R ORI A ¢ SN T
0, RYIKL T WY BOFAEME— RER D IR, N
JEMEY

2.8 WM HE

E AT R AEAE (AG® ). IR AE(AH® ) R AR
(AS® ) FIR A TR Bt RE A B &b, 4% R(6)~(8)
AT

AG® =-RTInK, (6)
Kp=e (M)
ce
AS®  AH®
InKp = - 8
e )

AP R NEEIRSAATEEL 8.314 J/(molK); T A
HRIE, K oo ACPHTI AR E S BB KA, mg/Ls
Kp MY R

TP AN ZZ B Cur A S HnEk 4 B
b1,

Table 4 Thermodynamics parameters for biosorption of Cu®* by herb-medicine residues and wheat bran

0°C Herb-medicine residue Wheat bran
AG® /(II'mol™)  AH® /(kImol™") AS® /(kImol "K™")  AG®/(Jmol™)  AH®/(kImol™')  AS® /(kJ-mol K ")
20 4.34 5.81
25 5.47 6.81
30 6.85 —0.061 -0.223 7.4 —0.026 —0.11
35 7.83 7.74
40 8.73 8.07
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Fig. 8 FT-IR spectra of herb-medicine residues before and

after biosorption process
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Fig. 9 FT-IR spectra of wheat bran before and after

biosorption process
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BT -

2) FP 2R A Tk (1 MR BRI R DA Al R AR
N2, FFEr I s 1 R s O T RO R
TR Cu® R B J b S HEORORL - Py s
[18

3) PR Cu® MR AR AR T 225k, 3%
{1 B KW B 55301 Oy 14.03 11 7.34 mg/g, 5 HoA IR B
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