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Addition of AL,O; nanoparticles to bentonite: effects on surface charge and Cd sorption
properties

Natalia Mayordomo, Ursula Alonso, Tiziana Missana, Ana Benedicto, Miguel Garcia-Gutiérrez
CIEMAT, Department of Environment, Avenida Complutense 40 28040 Madrid (SPAIN)
ABSTRACT

Compacted bentonite barrier in radioactive waste repositories is expected to prevent
radionuclide migration, due to its high sorption capability for many radionuclides. This study
analyses whether the addition of AL,O nanoparticles (NPs) enhances the sorption properties of
bentonite. The study was carried out with '°Cd, highly pollutant heavy metal and divalent
fission product. Sorption experiments were conducted in NaClO, at different ionic strengths
(5:10*to0 10" M) and pH (2 to 10), using mixtures of sodium homoionised bentonite and Al,O,
in different proportions.

It has been probed that addition of A,O; NPs to bentonite enhances Cd sorption at pH
higher than 6. The effect of Al,05 NPs addition on the surface properties of bentonite colloids
was also analyzed by measuring particle size and surface charge in all studied systems.

INTRODUCTION

Bentonite clay, mainly composed by smectite, is a buffer and backfill material considered
in nuclear waste repositories, owing to its swelling properties and high sorption capability for
many radionuclides. When hydrated, smectite particles take on a permanent negative surface
charge that promotes retention of positively charged ions, while radionuclides whose dominant
aqueous species were anionic can be mobile. The charge on the edge of bentonite particles is
positive or negative, depending on pH conditions.

The aim of this study is to evaluate whether the addition of Al,0; nanoparticles (NPs)
enhances the sorption properties of bentonite. The addition of nanoparticles (diameters < 50 nm)
positively charged may favour the sorption of negatively charged species or modify sorption of
cations. The enhancement of bentonite sorption properties has been tested with magnetic Fe
nanoparticles, promoting contaminant reduction[1, 2], but no previous study with Al,O; was
reported.

FEBEX clay, a Spanish Ca-Mg bentonite, was selected for the study [3]. The FEBEX
clay was homoionised in Na (Na-bentonite) and mixed at different weight proportions with
Al,03 NPs (nominal size < 50 nm), in NaClO, at different ionic strengths. The surface properties
(size and surface charge) of the independent Na-bentonite clay and Al,O3 NPs suspensions and
of the bentonite /Al,O; mixtures were analysed. In the binary systems interaction of particles
with very different surface charge properties may promote changes in charge or particle
coagulation that affects contaminant retention, as previously observed for hematite, magnetite
and TiO, /clay mixtures [4, 5].

A The sorption properties of the Na-bentonite /Al;03 mixtures were evaluated with
Cd(11). Cadmium is a heavy metal of great environmental concern that has a low fission
product yield, whose dominant aqueous species are positive. Previous studies on Cd sorption



onto bentonite [6, 7, 8, 9] or alumina are reported [10, 11], but no previous study with bentonite /
Al,O3 mixtures is available.

EXPERIMENTAL DETAILS

Materials
The bentonite selected is the FEBEX clay, a Ca-Mg bentonite from Spain [1]. The cation

exchange capacity (CEC) of FEBEX clay is 102 + 4 meq/100g and the BET surface area is 33
m?/g [12]. FEBEX bentonite was purified and homoionized with Na (Na-bentonite) by washing
three times with 1 M NaClO.. The colloidal fraction (size smaller than 500 nm) was obtained by
centrifuging several times the suspension at 600 x g during 10 min and collecting the
supernatant. Samples were equilibrated by dialysis with NaClO, electrolyte at the desired ionic
strength.
The Al,O3 nanoparticles (NPs), whose phase is y- Al,Os, were prepared in NaClO4
electrolytes without previous cleaning procedure from AlOs nanopowders with a nominal size <
50 nm (Aldrich) and a with a BET surface area of 136 m’/g.

Four different suspensions were prepared varying the percentage in weight: Na-bentonite
100 %, Na-bentonite /Al,03 50:50 %, Na-bentonite / Al,O3 10:90 %, and Al,O3 100%, prepared
in NaClO, electrolytes. For characterisation and stability studies, a solid to liquid concentration
of 10 mg/L was considered, while sorption experiments were carried out with 0.5 g/L.

Cadmium solution was prepared in HC1 0.1 M from a commercial 1%9¢CdCl, (Ecker
&Ziegler) solution bearing a carrier ([CdJror= 4.45-10° M, ['Cd] = 3.54-10°° M). For sorption

experiments the final Cd concentration used was 4.6- 10 M.
Cd speciation in NaClO, was analysed with the CHESS code [13]. The predominant

aqueous specie up to pH 8 is Cd** and at alkaline pH the hydrolysed species CdOH" and
Cd(OH),(aq) dominates. For pH >11 the anionic species Cd(OH)f' and Cd(OH);” may have
some influence. No Cd precipitation under the experimental conditions is expected.

Suspensions characterization

The surface characteristics of the suspensions were studied as a function of pH and ionic
strength. Photon Correlation Spectrometry (PCS) technique was used to measure the mean
particle size, using a Zetasizer Nano S Malvern Instrument of wavelength A = 633 nm equipped

with a photomultiplier at 173°.
To evaluate the surface charge of the particles, zeta potential ({) was measured by Laser

Doppler electrophoresis with a Zetamaster Malvern system equipped with a Spectra-Physics
2mW He-Ne laser (A = 633 nm). The electric conductivity of the samples was always checked
upon HCI or NaOH addition to detect changes in ionic strength. For 4 > pH > 10 increase in

ionic strength is expected.

Sorption experiments

Sorption edges were carried out at room temperature under oxic conditions, in the
independent suspensions and Na-bentonite /Al,O; mixtures, by changing the pH from pH 2 to
12, adding NaOH or HCI 0.1 M. Sorbent total concentration in all experiments was 0.5 g/L, and
total cadmium concentration was fixed to 4.6-10® M.
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Figure 1. Average zeta potential as a function of the pH at (Left) 5- 10™ M and (Right) 10" M,
for ' Na-bentonite (100), & Na-bentonite / AlO3 (50:50), # Na-bentonite / Al,O3 (10:90),
Al,05 (100). Lines depict the tendency of experimental data.

NaCIO, 510" M NaClO, 0.1 M
4000 4000
¥ Na-bentonite (100) # Na-bentonite (100)
& Na- bentonite / AI,O) (50:50) i J 4  Na- bentonite / l\l_‘Oy (50:50) dl|
3500 1 2 # Na- bentonite / AI:Ol (10:90) 3500 # Na- bentonite / ALO, (10: 90)
3000 = ALO, (100) ] 3000+ . = ALO, (100) ]
# 2 — *
— 2500{  * . : ] Exs0] , . ]
£ 20001 1 @2000{ w* 1
8 1500 . 1 9 15001 T g I 1
1000 » i g I 1 1000{ =% L a"a 4 1
5001 a. ma P A p 500
B e o« w® ¢ ¥ %
o o
2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 12
pH pH

Figure 2. Average particle size measured by PCS as a function of the pH in NaClO, (Left) 5-10°
4 M and (Right) 10" M, for ¥ Na-bentonite (100), A Na-bentonite / Al,O5 (50:50), ©* Na-
bentonite / Al,O3 (10:90), l Al,O; (100). Lines show the tendency of experimental data.

In Na-bentonite /Al,O3 mixtures particles are fastly coagulated (average size > 1000 nm),
even at low ionic strength (Figure 3 Left). This size increment seems to be less effective at
alkaline pH, because both Na-bentonite and Al,O3 are negatively charged and repulsive
electrostatic forces may reduce particle interaction. But, the particle destabilisation at low ionic
strength and acidic pH is not in agreement to zeta potential measurements (Figure 2).

The charge behaviour of oxides /clay mixtures is complex since oxides and clays exhibit
surface charges of different origin. While in bentonite, the structural and pH-independent
permanent negative charge is due to isomorphic substitution of A" for Si*" in the tetrahedral
sheets and Mg?" for AI** in the octahedral sheets of the 2:1 layer. The pH-dependent charge on
the edges of the lamellar bentonite particles (Al-OH and Si-OH sites), can be de/protonated.
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simulate the enhanced Cd sorption behaviour on the Na-bentonite /Al,0; mixtures, with the
thermodynamic constants obtained on the independent systems.

CONCLUSIONS

The effect of Al,O3 NPs addition on the surface characteristics and sorption properties of
Na-bentonite was analysed. Size and zeta potential measurements carried out in the Na-bentonite
/Al,O; mixtures indicated that some particle destabilisation occurred, even at low ionic strength,
and this has to be further investigated.

Sorption experiments indicated that the addition of Al,O3; NPs to bentonite, in AlOs to
bentonite 50/50 and 90/10 ratios, reduces sorption when pH is lower than 6.5 and enhances Cd
sorption for pH higher than 6.5, which is shown in the increase of log Kd value from logKd=4
to log Kd = 5.5. Modelling of Cd sorption results is in progress, to verify the sorption hypothesis
and to demonstrate if enhanced Cd sorption behaviour on the Na-bentonite /Al;O3 mixtures can
be described with the thermodynamic constants obtained on the independent systems.

The applicability for other relevant radionuclides, for example with anionic species,
should be analysed more in detail.
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