Adsorption of rare earth elements from aqueous solutions using geopolymers
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Introduction

Nowadays, various processes are used to remove heavy metals from wastewater, e.g.
chemical coagulation, 1on exchange, extraction or adsorption. Recently, the emphasis Is on
adsorption due to the simplicity of the procedure, Iits high efficiency and low price [1], while
geopolymers are extensively studied as one of the most common adsorbents [2-4].

Geopolymers can be synthesized from any material with high silicon and aluminium content
activation with alkaline solution. Previous studies on the adsorption and stabilization of
metals using geopolymers were mainly oriented to heavy metals (Cd, Cr, Cu, NI, Pb, Zn) [2-

by

4], while the grou

0 of lanthanides was not significantly investigated.

Given the fact that lanthanides, 1.e. rare earth elements, are not significantly studied in this

regard, our aim was to investigate the a

ash, to remove lanthanides from model agueous solutions.

Materials and methods

Geopolymer preparation

The geopolyme
starting materia
with a sodium sl

Dility of geopolymer matrices, prepared from coal

's A and B were prepared using the Rasa coal ash (Istria, Croatia) as
. The Rasa coal ash, previously sieved through 2 mm sieve, was activated
icate and 10 M sodium hydroxide solutions to prepare paste specimens.

Addition of 10 mL of prepared NaOH solution modified molar ratio SIO,/Na,O to 0.7-0.8 and
1.1-1.3 In geopolymer A and B, respectively. The fresh pastes were exposed to heat curing
In a laboratory oven at /5°C for 24 h. After two weeks of ageing at room temperature,
subsamples of prepared geopolymers A and B were used for adsorption experiments.

Adsorption experiment

Aqueous solutions containing 1 mg L1 of rare ea

multielement reference standard (Analytika, Prague, Czech
Nd and Pm (100 + 0,2 mg L-1) and Dy, Er, Eu, Gd, Ho, Lu, Sc, Sm, Tb, Tm, Y and Yb (20

0,4 mg L1). The efficiency of tested geopo

th elements were prepared from

Republic) containing Ce, La,

ymers as adsorbents for [anthanides was

evaluated by determining the concentration of REEs In solution after the specific contact
time with geopolymer (0, 35, 13, 30, 60 and 120 min).

Rare earth elements analysis

MU
O

Upled Plasma Mass Spectrom

(TF

ermo, Bremen, Germany). Al

earth elements, Including Y.
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Results and discussion

concentration decreased to 7-13%
concentration in solution A and B, respectively.

Geopolymer A

The evaluation of data revealed that the adsorption of R
Langmuir adsorption isotherm (Fig. 3) described by the fo

equation:

The slopes of the Isotherms for La, Ce, Pr and Nd are very similar
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he results presented in Fig. 1 demonstrate the decrease of REEs
concentration in both solutions (A and B). The adsorption onto
geopolymers occurred rather fast in the Initial phase of t
experiment and already In the first five minutes the REEs
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and 23-35% of the nitial

Geopolymer B
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Fig. 1 The concentration of REEs in solutions (pg L) after certain contact time (t)with geopalymers

Aand B

The adsorption kinetics could be described by first

order kinetic model (Fig. 2) given In equation:

C = cie

The adsorption rate constants (k), calculated using

th
fo

t {min) m
Fig. 2 First order kinetic fit of REEs adsorption data on geopolymer A {a) and geopolymer B (b)),

is equation ranged from 0.007 min-! to 0.050 min-1
- geopolymer A, and from 0.010 min-' to 0.023
in-1 for geopolymer B.
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and are around 5 times lower than those for other REES,

considering both geopolymers.

Conclusion

he obtalined results indicate an effi
The observed differences between

cle
ore

geopolymer and the activators usec

adsorption rates.
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Fig. 3 Adsorption 1sotherms of REES for geopolymers A and B.

of lanthanides from solution by prepared geopolymers.

nolymers Indicate the importance of preparation procedure, I.e. the composition of the
ensuring the optimal adsorption conditions.

n general, the adsorption of REEs on tested geopolymers can be described by Langmuir adsorption isotherm, whereas REEs initially
present in higher concentration (La, Pr and Nd), as well as those with lower atomic number (Y, La, Gd, Pr, Nd, Y, Sm) displayed higher




