1129

A publication of

i

CHEMICAL ENGINEERING TRANSACTIONS |

VOL. 74, 2019 The ltalian Association
of Chemical Engineering
Online at www.cetjournal.it

Guest Editors: Sauro Pierucci, Jifi Jaromir Klemes, Laura Piazza

Copyright © 2019, AIDIC Servizi S.r..
ISBN 978-88-95608-71-6; ISSN 2283-9216 DOI: 10.3303/CET1974189

Evaluation of Metal Affinity of Lanthanum using Different
Alternative Bio/adsorbent Materials

Talles B. Costa, Meuris G. C. da Silva, Melissa G. A. Vieira*

University of Campinas, School of Chemical Engineering, Albert Einstein Avenue, 500, 13083-852 Campinas, Brazil
melissagav@feq.unicamp.br

Over the past few decades, the removal and recovery of Lanthanum (La) has received great economic and
environmental interest due to its high market prices, along with several industrial applications. Recently, with
the increasing demand for rare-earth compounds with high purity, the separation and purification of these
elements has gained expressive attention. The bio/adsorption has been considered an alternative for the
recovery of these elements, due to their simplicity, low cost and efficiency in the recovery of rare earth ions in
low concentrations. In this study, particles produced from a blend of sericin and alginate crosslinked by
proanthocyanidins (SAPAs); calcined Verde-lodo clay and calcined Bofe clay; aquatics macrophytes Salvinia
natans and Pistia Stratiotes, were used to remove lanthanum ion from aqueous solutions. The simulation of
speciation diagrams as functions of pH was performed using Hydra/Medusa software and the pH was
adjusted and controlled during the experiments to values between 4.5 and 5.0. The affinity tests study were
performed in batch systems at concentration of 1.0 and 3.0 mmol L' La**. In the experiments with
concentration of 1.0 mmol L™ La*, all bio/adsorbents evaluated presented a high removal percentage (>96%).
The removal percentage and adsorption capacity of lanthanum ion from aqueous solution by bio/adsorbents
materials varied between 53.47 to 98.26% and 0.154 to 0.243 mmol g'1 at the concentration of 3.0 mmol L™
La*, respectively. The results indicated that the material with the greatest values of removal percentage and
adsorption capacity for lanthanum ions was the particles of sericin and alginate crosslinked by
proanthocyanidins (82.66 % and 0.243 mmol g"1).

1. Introduction

The rare-earth metals (REMs) consist of 17 elements, 15 belonging to the series of lanthanides and two
pseudo lanthanides (Sc and Y) (Vijayaraghavan and Balasubramanian, 2010; Iftekhar, et al., 2018). The
application of REMs, particularly lanthanides, has increased due to their numerous applications that contribute
to important sectors of society (Tadjarodi et al., 2015). Among REMs, lanthanum is one of the most abundant
and reactive elements and has attracted special attention. Current applications of lanthanum as a pure
element or in association with other compounds involve super alloys, catalysts, special ceramics and organic
synthesis (Awwad et al., 2010). Lanthanum is used in many industries, such as oil refineries (Olmez et al.,
1991), semiconductor (Triyoso et al., 2008) and ceramic industries (Cai et al., 2008) and the effluents from
these industries are often associated with high concentrations of this metal. Therefore, there is a scope for
recovering the lanthanum from these effluents.

Different conventional methods have been proposed for the removal and recovery of REMs, such as solvent
extraction (Kim et al., 1997), chemical precipitation, ion exchange (Xiong et al., 2008; Ponou et al., 2014) and
bio/adsorption (Sadovsky et al., 2016; Gao et al.,, 2018). Among these separation processes for REMs
removal and recovery, bio/adsorption has been reported due to its efficiency, simplicity, selectivity, eco-
friendly and economical technique, especially for the effluent treatment and recovery of La (Das and Das,
2013; Sadovsky et al., 2016).

The mechanisms involved in rare-earth metals accumulation on bio/adsorption sites are numerous and it is a
complicated process. In most cases, metal binding proceeds through electrostatic interaction, surface
complexation, ion-exchange, and precipitation, which can occur individually or combined (Oliveira et al.,
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2011). The types of bio/materials, properties of metal solution chemistry, ambient/environmental conditions
such as pH, influence the mechanism of rare-earth metal bio/adsorption (Das and Das, 2013).

Clays are potential metals adsorbent materials due to their high adsorption capacities, high surface areas,
mechanical stability and various structural and surface properties (Bekgi et al., 2006). The application of
aquatic macrophyte as a bioadsorbent presents some advantages, such as being a low-cost and locally
available material. They are easy to grow in a wide range of temperature and pH. Moreover, many works have
shown the high affinity of the metal ions by aquatic macrophytes in adsorption processes (Lima et al., 2011).
Sericin, on the other hand, is a macromolecular, globular, water soluble protein that consists of 18 kinds of
amino acids, mostly serine and aspartic acid. Sericin accounts for 20 to 30% of total mass of silkworm
cocoons (Bombyx mori) and is deposited in successive layers on the fibroin fibers, which corresponds to 70 to
80% of the cocoon weight, which ensures the cohesion of the cocoon formation by holding the fibers together
(Padamwar and Pawar, 2004; Zhang, 2002). This protein is a waste material from silk industries (Aramwit et
al. 2012). Despite being a waste, it has interesting characteristics (Zhang, 2002; Aramwit et al., 2012),
including easy crosslinking and blending with other polymeric materials, which may result in biodegradable
products with improved properties (Dash et al. 2009). Alginate is a linear polysaccharide formed by two types
of monomers: 3-D-mannuronic and a-L-guluronic acid (Yang et al., 2011). This polysaccharide is abundant in
the cell wall of brown algae (Alnaief et al., 2011) and is widely used due to its non-toxicity, biodegradability,
high biocompatibility and ability to transform into gel when in multivalent cations presence (Daemi and
Barikani, 2012; Cuadros et al., 2015).

Therefore, this study aims to evaluate the alternative bio/adsorbent materials (sericin and alginate particles
crosslinked by proantocyanidins, calcined Verde-lodo clay, calcined Bofe clay, aquatics macrophytes Salvinia
natans and Pistia Stratiotes) in metal affinity tests with rare-earth metal lanthanum (La3+), in order to explore
its bio/materials adsorptive capacities.

2. Materials and Methods
2.1 Preparation of sericin and alginate particles crosslinked by proantocyanidins

Bombyx mori cocoons were provided by Bratac Silk Mills Company, Brazil, and sericin/alginate particles
chemically crosslinked by proantocyanidins (SAPAs) were prepared according to the methodology reported by
Santos et al. (2018). Briefly, the cocoons were cleaned, cut into pieces, washed, dried, and used for sericin
extraction in autoclave (120 °C ~ 1.0 kgf cm? ~ 40 min). High molecular sericin solution (25.0 g L'1), obtained
by freezing/thawing method, was mixed to sodium alginate (20.0 g L™") and proanthocyanidins (25.0 g L™).
The blend was dripped into cross-linking solution of Ca(NO3)2.4H>0 (6.4 % m/V) to instantly form SAPAs. The
produced particles were dried at a continuous flow oven at 40 °C, and then they were thermal crosslinked at
100 °C for 24 h.

2.2 Clay preparation

The Verde-lodo and Bofe bentonitic clays, from Boa Vista, Paraiba, Brazil, were obtained in its raw form. All
clay varieties were sieved in Tyler sifters to achieve the medium particle size of 0.855 mm. The clays were
calcined in a muffle at 500 °C for 24 h, in order to increase the material stability (Cantuaria et al., 2014).

2.3 Aquatics macrophytes preparation

The aquatic macrophytes Salvinia natans and Pistia Stratiotes were cultivated and collected by the CPAA
(Research Center in Environmental Aquaculture) of State University of Parana, Brazil. After collection, the
biomasses were washed and dried at 55 °C for 24 h. After that, the biomasses were sieved and fractions
measuring 0.855 mm were collected and used in experiments.

2.4 Metal speciation study

The metal solution was prepared by dissolving the metal salt of La(NO3)3.6H20 in ultrapure water. The metal
speciation study was simulated with the help of the Hydra-Medusa Software (Puigdomenech, 2004) with a
concentration of 1.0 and 3.0 mmol L ™. Metal speciation diagrams are useful for identifying different species of
metals and their compounds, as a function of pH.

2.5 Metal Affinity tests

The affinity of bio/adsorbent materials (SAPAs, Verde-lodo bentonite clay, Bofe bentonite clay, aquatic
macrophytes Salvinia natans and Pistia Stratiotes) for lanthanum ion was performed by adding 0.5 g of
bio/adsorbent and 50 mL of metal solution (0.97 + 0.00 and 2.91 + 0.03 mmol L") into Erlenmeyer flasks (125
mL) under batch conditions. The assays were conducted in a shaker incubator (Lab Companion Jeio Tech,
Korea), under fixed agitation (200 rpm) and at room temperature (25.0 + 0.5 °C) for 24 h. At the end, the
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samples were collected, centrifuged at 4,000 rpm for 10 min, filtrated through a millex syringe 0.22 ym, and
measured in a Shimadzu UV-VIS spectrophotometer by means of the xylenol orange method at 575 nm
(Mukheriji et al., 1966). According to this method, aliquots of 2 mL of the clear supernatant were mixed with 3
mL of a 45 x 10™* mol L™ xilenol orange solution; a final volume of 10 mL was completed with a buffer
solution (acetic acid/sodium acetate) of pH 5.6, and measured in the spectrophotometer. The adsorption
capacity, ge (mmol g'1), and the removal percentage, %R (%), were determined by Eq (1) and Eq (2),

respectively.

(Cy3—Ce)
EE-TB'} (1)
c.—C
%R=M.1&0 @)
CI'I'

In which, Cy is the initial concentration (mmol L), Ce is the equilibrium concentration (mmol L™, V is the
solution volume (L) and m is the mass of bio/adsorbent material (g).

3. Results and discussion

The speciation diagrams as function of pH for lanthanum metal with concentration 1.0 and 3.0 mmol L”, were
obtained by Hydra-Medusa Software (Puigdomenech, 2004). The choice of low concentrations aims to
evaluate processes that can take care of the removal of metallic ions in concentration ranges in which
conventional processes are not technically and economically feasible. In Figure 1, these diagrams are
presented.
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Figure 1: Metallic speciation diagrams of lanthanum (La3+) at concentrations: (a) 1.0 and (b) 3.0 mmol L™
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From Figure 1, it can be observed that the soluble ionic fraction of lanthanum occurs at pH lower than 8.0, at
both concentrations (1.0 and 3.0 mmol L™). The speciation diagrams of lanthanum indicate that from the pH
6.0 theformation of the La(OH)2+ ionic chemical species occurs and from 7.6, the precipitated species
La(OH)s(s) begins to be formed in solution (Diniz and Volesky, 2005). In order to evaluate the bio/adsorption
of lanthanum metal in affinity tests, the pH was adjusted and controlled during the experiments to values
between 4.5 and 5.0. In this pH range it is safe to state that only the lanthanum ionic species (La>*) are
present. In addition, a literature review was accomplished to investigate the pH that can be used to perform
the metallic affinity tests for lanthanum metal. For the adsorption experiments of lanthanum previously
reported, the pH was adjusted to values between 4.5 and 5.0 (Palmieri et al., 2002; Vijayaraghavan et al.,
2010; Torab-Mostaedi et al., 2015).

Metal affinity tests were performed in order to find the best bio/adsorbent for lanthanum among the materials
evaluated. The removal percentage (%R) and adsorption capacity (qe) varied according the material and the
results are presented in Figure 2.
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As shown in Figure 2, for the affinity assays conducted at the initial concentration of 1.0 mmol L' La*, all
bio/adsorbents evaluated presented a high percentage of removal (>96%). For the assays at the initial
concentration of 3.0 mmol L™ La**, bio/adsorbents materials presented the following order of metallic affinity:
SAPAs > Salvinia natans > Pistia stratiotes > Verde-lodo bentonite clay > Bofe bentonite clay.

The clay materials presented reasonable efficient removal values, 54.32 + 2.73 and 53.47 + 1.19%, for Verde-
lodo and Bofe bentonitic clays, respectively. For adsorption of lanthanum using the aquatic macrophytes, the
results obtained were comparatively satisfactory, with removal percentage values of 72.17 + 0.64 and 75.87 +
0.30, for Salvinia natans and Pistia stratiotes, respectively. The SAPAs presented the best results observed
for lanthanum, 82.66 + 0.92%, higher than all other bio/adsorbents varieties. This can be attributed to the
hydroxyl, carboxyl and amide groups present on SAPAs surface (Dash et al., 2009; Santos et al., 2018), which
may be involved in the uptake of lanthanum.

Similarly, Silva et al. (2017) evaluated the affinity of sericin and alginate particles crosslinked by poly(ethylene
glycol) diglycidyl ether for precious metals adsorption and obtained removal percentages of 99.38, 88.63,
66.35, and 61.31% for gold, palladium, platinum, and silver metals, respectively. Santos et al. (2018), on the
other hand, verified that sericin and alginate particles crosslinked by proanthocyanidins showed higher
removal percentages of 99.6 and 88.3%, whereas particles crosslinked by polyvinyl alcohol presented removal
percentages of 96.2 and 95.6%, for the noble metals gold and palladium, respectively.

4. Conclusions

By analyzing the results obtained for the affinity tests, it can be concluded that the bio/adsorbent materials
studied presented good removal and, therefore, good capacity of adsorption for lanthanum. The removal
percentage was greater than 96% at the initial concentration of 1.0 mmol L™ La®, regardless the
bio/adsorbent. The SAPAs proved to be the most efficient, with removal above 82% for the initial
concentration of 3.0 mmol L La**, and may be a promising alternative as a bioadsorbent in the removal and
recovery of lanthanum. The sericin and alginate particles are economically interesting, being low cost,
renewable, and abundant, besides adding value to waste material from silk processing in textile industries.
Moreover, its high affinity for lanthanum enables its use in the recovery of rare-earths metals.
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