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Adsorption Properties of Rare Earth Cations by Boehmite
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Abstract: The adsorption process of rare earth elements on the surface of aluminum ( hydrogen) oxide minerals has an
important impact on the enrichment of rare earth elements in bauxite and the extraction recovery of rare earth elements in
the adsorbed state. In this research boehmite was selected as the model mineral and La and Y were chosen as the
representatives of light and heavy rare earth elements respectively. The effects of adsorption time solution pH value and
background electrolyte concentration on the adsorption of rare earth ions on boehmite were investigated by batch
experiments. The results show that the adsorption of rare earth cations by boehmite approaches equilibrium within 72 h  and
the adsorption rates of La’* and Y** are about 45% and 35% respectively. In the selected pH value range the adsorption
rate and the background electrolyte concentration rise with the increase of pH value. Due to the protonation effect the
surface of boehmite possesses positive charges under weakly acidic conditions and electrostatic repulsion occurs between
rare earth cations and the surface. So it can be speculated that inner-sphere complexes may be formed between rare earth
elements and the surface of boehmite. Compared with heavy rare earth cations boehmite is more likely to uptake light rare
earth cations. The adsorption behavior of rare earth elements by boehmite is fitted better by Langmuir monolayer adsorption
model and the pseudo-second-order kinetic model.
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Fig. 1 XRD patterns of boehmite sample
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2 SEM
Fig.2 SEM images of boehmite samples

3 4 LaB + Y} +
Fig.3 Potentiometric titration curves of boehmite suspensions Fig.4 Variation of adsorption efficiency of La®*
under different background ion concentrations and Y** on boehmite with time
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Fig.5 Effects of solution pH value and background ion concentration on adsorption efficiency of La’* and Y** on boehmite

6 La’*  Y**

Fig.6 Pseudofirst-order kinetics and pseudo-second-order kinetics of gibbsite adsorption of La’*and Y**

1 LaS + Y3 +

Table 1 Fitting parameters of kinetic model for adsorption of La’* and Y** on boehmite

Pseudo-first-order kinetics model

Pseudo-second-order kinetics model

Kinetic model

Q./(mg+g™") k/(1+hh) R? Q./(mgeg™")  k/(gemg™ *min~") R?

Y3t 0.109 3 4.3229 0.983 3 0.074 6 4.2555 0.993 0

La®* 0.221 6 6.593 8 0.999 0 0.2490 2.9175 0.999 3
2.2.4

7 La’*  Y* o
8
2 .
La’* Y Langmuir o
o Langmuir La’*

Q... =1.8012x10 > mmol/g  Y* Q... =1.4037 x10 > mmol/g. La’*

Y3 + LaS + Y% +



1693

3
La’*

21 27
o

7
Fig.7 Adsorption isotherm of rare earth ions adsorbed by boehmite

8 La’* Y’  Langmuir Freundlich

Fig.8 Linear fitting of Langmuir thermodynamic model and Freundlich thermodynamic model

for adsorption of La’* and Y** on boehmite

2 L a3 + YS +
Table 2 Fitting parameters of thermodynamic model for adsorption of La’* and Y** on boehmite
. Langmuir model Freundlich model
Thermodynamic model " S
Quax /(mg * g™) K/(L-mg™") R Ky 1/n R
Y3+ 0.124 8 0.597 4 0.999 4 0.091 4 0.069 7 0.9723
La®* 0.250 2 0.5223 0.993 4 0.184 9 0.061 2 0.745 1
2 h 72 h o pH
pH
H o

Langmuir
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