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Adsorptive Remediation of Cr( VI) Contaminated Groundwater with Chemically

Synthesized Schwertmannite

ZHU Li-chao' ,LIU Yuan-yuan'", LI Wei-min'*, MOU Hai-yan'?, WANG Wan-yu',SHI De-zhi' , WANG Tao'
(1. Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education, Chongging University, Chongqing
400044, China; 2. College of Architecture and Environment, Sichuan University, Chengdou 610065, China)

Abstract: Schwertmannite is usually naturally found in acidic mining wastewater and frequently used in the adsorption of heavy metal
anions from water and wastewater. Schwertmannite was synthesized through a facile chemical method and utilized to remove Cr( VI)
from contaminated groundwater. The kinetics, thermodynamics and isotherms, as well as the effects of environmental factors on the
Schwertmannite adsorption processes were investigated. The experimental results showed that the synthesized Schwertmannite had a
strong adsorption capability of Cr( VI) from aqueous solution. At the pre-set initial concentrations of Cr( VI), the Schwertmannite
adsorption of Cr( VI) achieved equilibrium within 24 h, and the Lagergren’s second-order model fitted the adsorption process better
compared to Lagergren’s first-order model and intraparticle diffusion model. Langmiur equation fitted the adsorption isotherms better
than Freundlich equation. The Cr( VI) adsorption on Schwertmannite mainly involved ion exchange reaction between Cr( VI) and
anions such as OH ™ and SO}~ and surface complexation reactions. The AH® and AG® were 6. 368 kJ-mol "'and —1.215 kJ-mol ',
respectively, therefore the adsorption of Cr( VI) was a spontaneous and endothermic process. The removal of Cr( VI) from aqueous
solution increased with increasing Schwertmannite dosage at pH =4.5. Acidic pH in the range of 4. 5-6 favored Cr( VI) removal with
Schwertmannite compared to that under basic conditions. Under the conditions of 5 mg-L ™" of initial Cr( VI) concentration, 0.5 g1~
of Schwertmannite dosage, pH =6, maximum Cr( VI) removal of 93. 1% was achieved and the adsorption capacity of Cr( VI) with
Schwertmannite reached up to 40.4 mg-g~'. Batch tests showed that the presence of HCO; and SO}~ inhibited the adsorption of
Cr( VI) while C1~ had no significant impact. Cations and natural organic matter had a pH-dependent impact on Cr( VI) removal: at
pH =8 natural organic matter and cations would significantly inhibit the Cr( VI) sorption, while the impact could be neglected at weak
acidic conditions (pH =6).

Key words ; chemical synthesis; Schwertmannite; groundwater; Cr( VI)/hexavalent chromium; adsorption; environmental factors
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Fig. 2 XRD spectrum of synthesized Schwertmannite
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Table 1 Kinetic parameters calculated based on the pseudo-first-order and pseudo-second-order models for Cr( VI) adsorption

PR EE ¢, " Lagergren — 2% #5772 Lagergren 4% iR J5 12
/mg-L~! P R,? K, /min ! R,? K,/mg-g-min "
5 4.5 0.832 0.095 0.999 0.116

8 0.897 0. 150 1 0.165

50 4.5 0.961 0.11 0.985 0.022
8 0.89 0.063 0.907 0.03
450 4.5 0.951 0.173 0.968 0.02
8 0.659 0.188 0.743 0.03

R2 NBTBEISBUEER
Table 2 Intraparticle diffusion model for Cr( VI) adsorption

- S—rB B
%]J/ ) .Ly:]c() pH C K, R.2 G, K, R.2
e /mg+g ! /mg-g~'+h703 ! /mg-g ! /mg-g~!+h 03 z
5 4.5 4.99 3.175 0.91 8. 006 0.124 0.928
1.615 4.011 0.817 5.367 0.19 0.852
50 4.5 1.041 17.26 0.943 20.44 5.342 0.738
8 4.59 8.803 0.780 37.26 0.981 0. 652
450 4.5 6.689 0.104 0.83 6.716 1.084 0.941
8 18.69 0.909 0.625 12.35 5.562 0.582
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Fig. 5 Lagergren-second order kinetic plots for Schwertmannite
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Table 3 Kinetic parameters for Cr( VI) adsorption by Schwertmannite

. Freundlich Langmuir
R/ C — 5 1 2
Q/mg-g R Qy/mg-g R K
15 48.1 0.921 0. 191 38.7 0.999 1.287
25 37.57 0.941 0.258 40.4 0.999 1.344
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Fig. 6 Cr( VI) adsorption isotherms by Schwertmannite
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Fig. 8 Effect of schwertmannite content on the removal of Cr( VI)
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Fig. 12 Effect of anions on Cr( VI) removal by Schwertmannite
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Table 5 Charge and ionic radius of typical oxoanions
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M -1 -2 -2 -1
B2 R/nm 0.18 0.23 0.24 0.22
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