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Reduction and adsorption of Cr( V[ )in wastewater by
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Abstract: A series of single factor experiments were employed to study the effect of a novel adsorbent,
Tieguanyin tea stalk, for the reduction of the high toxic heavy metal Cr (V[) to Cr ([[[ ) which is low toxic
even nontoxic. Two adsorption isotherm models and two adsorption kinetic models were used to simulate
the experimental data. The characterization methods, SEM, BET, FTIR and XPS were employed to
discuss the reduction and adsorption mechanism. The results show that the bigger tea stalk diameter, the
more dosing quantity or pH<C11, the higher removal rate of Cr (V]); The influence of the coexisting ions
Ca (II) and Ni (]I ) to adsorption of Cr (V) by tea stalk are weak. The Freundlich isotherm model and the
Pseudo-second-order model fit closely to the experimental data. Tieguanyin tea stalk, Pu’er tea stalk and
Tieguanyin tea stalk modified by maldehyde show better performance than activated carbon under certain
conditions. The characterization results show that the reduction and adsorption plays important roles on the

removal efficiency of Cr (V]) in water by tea stalk, and the functional groups of the hydroxyl, amino and
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acyl are involved in the reduction and adsorption of Cr (V[) by tea stalk.

Keywords: tea stalk; Cr; adsorption; redox reaction; XPS
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Table 1 The influence of the tea stalk color on the spectrophotometry

RN/ g W
0.3 0.001
0.5 0.002
1.0 0.002
1.5 0.003
2.0 0.003

M 1 Al 2R R B A I 2 g I 2 BRI IR IO BE (EAR /DN B R AN 0,003, RIA S 7R 52 46
ZS R K IR B A0 0 43 S S BE I s Cr (VDD J5 2t R 35 1) 5% Wi S ] 2206 AN -
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Fig.1 The influence of the tea stalk diameter to removal rate of Cr( V[)
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Fig.2 The influence of the tea stalk mass to removal rate of Cr( V[ )
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Fig.3 The influence of initial pH to removal rate of Cr( V[ )
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Fig.4 The influence of different concentrations of competition ions to removal rate of Cr( V[)
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Fig.5 Kinetics curve
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Fig.6 Pseudo-first-order model curve
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Fig.7 Pseudo-second-order model curve
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Table 2 Fitting parameters of kinetic model

Bl F1 A ky q. R?
HE—H 5 )12 0.018 40 4.842 0.853 13
W sh fi2¢ 0.062 61 4.874 0.999 97

M 2 af LU L T g g e B AU ROR B AL U5 R B IK 0,999 97, H V-7 I B R A (E 5 5
P I bt B LA W o 9 TGSl g SRR ST A T AT R A S W B R Al Y BT 2R A X Cr (VD A2 1

BHE B AR
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Fig.8 The relationship between equilibrium concentration and

adsorption capacity at various temperatures

P8 AT, SSAT XS Cr OV PRI B 228 0 i W T 300 15 100 T s T 8 R o 3 0 B T 3 S o ¥R 5 T A AR 0 2 g
WHEFT . 76 30 CRSHET , M40 tE Rk B A 3] 80 mg/L I, Z5 A W B A (R 3-8 0 . Y R ik
#EIt 80 mg/L J& . W B 45 1 38 A AN TG vk i — B K. A E— 2 R A FT AS AT Cr (VDD B W B 3l )1 2
T, 23 W 6E S2 B B8 47 Langmiur F1 Freundlich 25 15 W FHAE T 40L& LS S5 5 LA 9 1/ 10 Fn# 3,

2.5 ~

20 +

1.5

Ing,

0.5

0.0

-0.5 1 1 1 I 1 1
2.0 2.5 3.0 3.5 4.0 4.5 5.0

InC,

9 ZHMEBET Freundlich IREMINEE L&

Fig.9 Fitted line of Freundlich model at various temperatures
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Table 3 Fitting parameters of Isotherm models
. . Langmiur & & #& #Y Freundlich % jf % 7Y
W/ C . .
b qm R* ki n R*
20 0.002 28 44.014 0.755 5 0.134 5 1.128 0.985 12
30 0.001 08 91.408 0.703 4 0.122 7 1.086 0.988 30
40 0.000 60 163.399 0.870 1 0.111 7 1.049 0.996 40
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Fig.11 Contrast experiment with different adsorbents
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Fig.12 The morphology of the surface of tea stalk under scanning electron

microscope before(a) and after(b) adosorption Cr( V[ )
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Table 4 The ratio surface area and pore size distribution of tea stalks

FWA/(m® « g™ FLARR/ (em® « g7 fL4&/mm
Srer S Langmuir Ny Vin Vi Dyyane
0.240 9 0.351 5 0.242 4 0.000 2 0.001 0 16.434 5

N 4 BEEE SR Al 2R B HE SR T ARAR /N BET HER T AUAT 0.240 9 m* /g A RTE AU A 0.242 4 m* /g,
MALARFR R F L EALARE D 0.001 0 em?® /g e AL AR AT 0.000 2em? /g B AL BT 3 9 FE BN R 32
SR DUPALARAL N F . AP ALAE N 16.434 5 nm X BAE S ALAR FE g AL A AL . i S A I 4%
P EL 25 5 W B B AR R R 4 - TR B B Cr CVD A 21 b g 1 25 B 2% L B 1 W B A0 S 4 Ak 3 BT 2
TARKME .
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Fig.13 FTIR spectra of tea stalk before and after adsorption Cr( V)
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Table 5 Distribution of the main elements of tea stalk after adsorption Cr( V[ )

EA s U4 fE FEIE/ eV TR R/ (CPS + eV) JFRE & EL/ 2
Cls 284.96 3.54 328 084.30 71.85
Nls 399.67 1.92 13 047.76 1.80
Ols 532.13 3.13 298 196.62 25.72
Cr2p 577.02 3.86 28 963.74 0.63

XPS G 19 4 1 P RE AL I AR A b 35 A B i i R Z R0 R . il 1B 14 R 2EAT Cr CVD R 52 56
JEHZHE & CoNLO,Cr % oeE ( XPS Bkt H %), B Cr (& &2 0.63%0 . A hy W B ip 25 45 4
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