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Abstract: The anaerobic granular sludge from a paper mill was used to prepare powdered anaerobic granular sludge 

(PAGS) as a novel biological adsorbent. Experimental parameters such as pH value, adsorbent PAGS dosage, initial  

U( ) concentration and adsorption time were examined to investigate their effects on the adsorption of U( ) by PAGS. 

The adsorption mechanism was studied by model simulation, scanning electron microscopy, energy-dispersive 

spectrometry, infrared spectroscopy and ion exchange experiments. The results show that the maximum adsorption occurs 

at pH value of 6, adsorbent PAGS dosage of 2.0 g/L and adsorption time of 60 min for an initial U( ) concentration of 

10 mg/L and 30 . The equilibrium data fit well with the pseudo-second-order model (R2�1) and Freundlich model 

(R2>0.99). SEM images, EDS analysis results and ion exchange experiments verify that ion exchange is the main 

adsorption mechanism with Ca2+ as the main exchange ion. FTIR spectra show that complexation is also one of the 

adsorption mechanisms with OH, C=O, Si OH and NH2 as the major functional groups involved The used 

PAGS can be desorbed by 0.1 mol/L HCl (the first desorption rate is up to 99%) and can be reusable. PAGS is nontoxic 

and eco-friendly, which has a good prospect in the treatment of uranium-containing wastewater. 
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Fig. 1  Effect of pH value on U( ) adsorption by PAGS 
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Fig. 2  Effect of PAGS dosage on U( ) adsorption 
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Fig. 3  Effect of time on U( ) adsorption 
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Table 1  Kinetic parameters of uranium ( ) adsorption on PAGS 

Pseudo-first order Pseudo-second-order Intra-particle diffusion 

ln(qe�qt)=ln qe�k1t t/qt=1/(k2qe
2)+t/qe qt=kdift1/2+C 
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k1 qe,cal R2 k2 qe,cal R2 C kdif R2 

5 2.413 0.0616 0.225 0.8221 1.055 2.417 1.0 2.1544 0.0287 0.4858

10 4.686 0.0612 0.353 0.9816 0.703 4.693 1.0 4.4289 0.0270 0.7923

20 9.172 

 

0.0361 0.368 0.6216 0.386 9.183 1.0 8.6816 0.0517 0.7759
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Fig. 4  Effect of initial concentration on U( ) adsorption 
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Table 2  Models and fitted parameters of isotherm adsorption 

for U( ) 

Langmuir model: 
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Fig. 5  Adsorption and desorption of U( ) from PAGS 
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Fig. 6  SEM images of PAGS before (a) and after (b) 

absorption of U( ) 
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7  PAGS U( ) EDS  

Fig. 7  EDS spectra of PAGS before(a) and after(b) adsorption 

of U( ) 
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Fig. 8  Influence of initial concentration of U( ) on release 

of light metals 
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Fig. 9  FTIR spectra for PAGS before (a) and after (b) 

adsorption of U( ) 
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