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Abstract  
The presence of chromium in drinking water and the entry of industrial wastewater into 
groundwater resources endangers human health and the environment. This study was 
done to investigate the effect of leonardite to remove Cr+6, Cr+3 from aqueous 
environments. The optimal values of factors were determined by the surface response 
model and the central composite design. Adsorption data were fitted with the pseudo-
first order and pseudo-second order kinetic models. In addition, the effects of interfering 
cations and anions on chromium adsorption were determined. The results showed that 
the contact time, amount of leonardite and pH significantly affect chromium sorption. 
Chromium kinetic data were well fitted (R2=0.995) to the pseudo second order equation. 
The capacity (qe) and adsorption coefficient (Kads) parameters for Cr3+ were higher 
than Cr6+. As a large amount of Cr3+ was adsorbed by leonardite in a short time. Fe3+ 
and SO4

2- as interfering ions reduced the removal of Cr3+ and Cr6+ by leonardite 
respectively. It is concluded that leonardite, as a biodegradable adsorbent, is suitable for 
removal of chromium from contaminated waters.  
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Table 1. The range of experimental values of variables used in model 

Independent variables Factor 
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Cr3+ Cr6+

Xi +1 0 -1 +1 0 -1

pH X1 6 4 2 8 6 4

)min(Contact time X2 20 12.5 5 120 70 20
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adsorbent (g/L) X3 0.3 0.155 0.01 1 0.55 0.1

Cr concentration (mg/L) X4 150 77.5 5 100 52.5 5
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1 Lagergren’s Pseudo-First-Order 
2 Ho’s Pseudo-Second-Order 
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Wavenumber (cm-1)

Fig. 1. FT-IR spectrum taken from leonardite 
D`�*;��aFT-IR � '�! ����F �����)�9 "

Fig. 2. Comparison between predicted values and experimental results of removal chromium Cr3+ and Cr6+ 
D`�1;���?� �8��?�'"���� F��'�! ���?� ��A2�H��� 01# '�! &	�� Cr3+ �Cr6+ 
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Table 2. Analysis of variance polynomial function coefficients of central composite design to predict the concentration 

of soluble chromium 

The statistics 
of P 

The statistics 
of T Coefficient The statistics 

of P 
The statistics 

of T Coefficient Parameter of 
models Model 

Cr6+Cr3Constant Constant 
of models

0.00046.28938.8630.00069.07365.131pH

Linear 0.000-13.121-8.7530.00014.68010.998Time
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Fig. 3. Comparison of the effect of input parameters of the central composite design model on removal percentage of 
chromium (Cr3+) and (Cr6+)
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Fig. 4. Three-dimensional display changes of Chromium removal percentage versus input variables of the central 
composite design model 
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Fig. 5. The effect of interfering cation on the removal of 
Chromium (III) 
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Fig. 6. The effect of interfering anions on the removal of 
Chromium (VI) 
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Fig. 7. Adsorption kinetics of pseudo-first-order and pseudo-second-order for Cr3+ 
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Fig. 8. Adsorption kinetics of pseudo-first-order and pseudo-second-order for for Cr6+ 
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Table 3. Kinetics parameters of pseudo-first-order and pseudo-second-order model 

Equation qe
mg g-1

k2ads 
g.mg min-1

k1ads
min-1 R2

Cr(III) Cr(VI) Cr(III) Cr(VI) Cr(III) Cr(VI) Cr(III) Cr(VI)

First order 16.57 1.23 R R 0.262 0.0253 0.992 0.994

Second order 12.53 1.19 0.017 0.012 R R 0.994 0.998
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