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LITHIUM BIOSORPTION
BY Arthrospira (Spirulina) PLATENSIS BIOMASS

Abstract: The biosorption of lithium from batch systems Bsthrospira (Spirulina) platensis biomass was
studied. Adsorption capacity of the biosorbent Wwasestigated as a function of contact time, initnaétals
concentration and pH values. Lithium content imfi@s was determined using Proton Induced Gammasiomis
technique. The ability of spirulina biomass forhiitm biosorption showed a maximum at the pH = 11.
Equilibrium data fitted well with the Langmuir mddeith maximum adsorption capacity of 1.75 mg/g,ilelthe
kinetic data were best described using the pseedons-order kinetic model. The IR spectrum of tivoaded
biomass revealed that lithium ions could be prifgaind to —OH, —COOH, —NH, —Njl and —NH groups
present on biosorbent surfaéethrospira platensis biomass could be applied as environmentally filgsdrbent
for lithium removal from wastewater.
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I ntroduction

Nowadays, the demand for lithium has been incrgadiiamatically due to its wide
application as raw material for large-capacity srgeable batteries, light aircraft alloys,
and future nuclear fusion fuel [1]. It is also apgl for production of heat-resistant
ceramics, and pharmaceuticals [2]. Lithium battedee and will also continue to be in
demand for powering all electric and hybrid velscléncrease use of lithium batteries
doubtless will lead to formation of large amountsofid waste, containing lithium amount
with other heavy metals [3]. Lithium is now recosérfrom mines and salt lakes, which
contain about 17 Tg (million tonnes) of lithiumtistal [4].

For lithium removal from solutions are used sevdratitional techniques such as
solvent extraction, ion-exchange, precipitationmmheane processes, and adsorption [1, 2].
However, industrial scale use of ion-exchange eeiiimited due to use of toxic chemical
that may lead to secondary environment pollutioh The conventional techniques for
treatment and recycling of metal-bearing wastesnimayro-metallurgy, hydrometallurgy
or combination both of them requires high capitaleistment and can lead to second
pollution as well.
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In this case, interest for lithium removal and baithing represents biological
methods, are considered as one of the most pragnésid fast developing technologies.
Literature search show just several example of awigganism use for lithium recovery.
Tsuruta [2] tested 70 strains of microorganisms tfair ability to accumulate lithium.
Certain gram-positive bacteria were found to havexremely high ability to accumulate
lithium, particularly Arthrobacter nicotianae, which can accumulate about 126 pmol Li/g
(d.wt.). Marcincakova et al. [3] used consortiaacfdophilic bacteria oRcidithiobacillus
ferrooxidans and Acidithiobacillus thiooxidans for lithium bioleaching from spent
lithium-ion batteries two different media. In thiehr nutrient medium the overall lithium
bioleaching efficiency was 80 %, whereas in the lowtrient environment only 35 %.
Kurmiawan and Yamamoto [5] demonstrated applicgbdif biofilm matrices of natural
microbial consortiums collected from Lake Biwa, daffor lithium accumulation.

Cyanobacteria is a group of microorganisms whioh &idely used in removal of
metal ions such from batch solution as well asiaddstrial effluents [6-14].

The aim of the present study was to examine theieficy of Arthrospira (Spirulina)
platensis biomass as a biosorbent for removal of lithiumsidrom batch solution using
Proton Induced Gamma Emission (PIGE) techniqueililBgum and kinetic studies were
performed to describe the adsorption process. kmalt groups responsible for metal
binding were determined by Fourier transform irdchspectroscopy.

Experimental

Reagentsand materials

All the chemicals used for biosorption experimentgere purchased from
Sigma-Aldrich and were of analytical grade.

Biosor bent

Arthrospira platensis (A. platensis) biomass purchased from “Biosolar MSU” company
(Moscow, Russia) was dried in an oven at 80 °C Zdr h. Then the biomass was
homogenized in a homogenizer at 600 rpm for 10 wnil afterwards used in the
experiments.

Batch experiments

The experiments were conducted in 100° &rlenmeyer flasks containing 50 tiof
lithium synthetic solutions. The flasks were shakera shaker incubator at a constant rate
of 120 rpm. To investigate the effect of pH, irlittaetal concentration and contact time,
different pH (2-11), initial metal concentratior0¢100 mg/dn), time (5, 15, 30, 45 min)
were used. After experiment biomass was removediltogition, dried till the constant
weight and used for further analysis.

The experiments were carried out in triplicate (8)=o enhance reproducibility and
the mean of the quantitative results were usedftdather calculations. The value of
standard deviation for a sample was not more th#n 5

M ethods

Proton Induced Gamma Emission (PIGE) technique was used for a quantitative
biosorbent analysis.
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Sample preparation for PIGE

Dry powder samples were ground in agate mortam {wepared as pellets (thick
targets) of 1 cm diameter and 1 mm thickness usipdraulic press. As comparator
standards for lithium determination, LiMHbowder was similarly prepared as pellets
(relative standardization).

Experimental set-up for PIGE

PIGE experiments were performed in a dedicatedioBeam analysis (IBA) reaction
chamber at the 3 MV Tandetron of IFIN-HH in Buclstf®agurele, Romania, using
a 3 MeV proton beam normal to the target suppag. (&), in vacuum (beam diameter on
target of about 2 mm) [15]. Characteristic gammystmom "Li(p,p'y)'Li and "Li(p,ny)'Be
nuclear reactions (477.6 and 429.1 keV, respeglvelvere measured using
a spectrometric chain with GEM10P4-70 High Puriter@anium (HPGe) detector
(1.75 keV energy resolution at 1.33 keV°#E0), oriented at 45° with respect to the target
and beam direction. Beam charge on target of 2@3@nd counting time around 3000 s
were employed. An example of PIGE spectrum of kided biomass is shown in Figure 1.
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Fig. 1. Typical PIGE spectrum of Li-loade&ftthrospira platensis biomass E, = 3MeV, t. = 2700 s,
Q=21.71pC)
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Quality assurance. To provide quality control of PIGE results, highrity chemical
compound LiINH were used for PIGE calibration and/or quantitatstandardization.
The difference between certified and measured obwoteelements of the certified material
varied between 3 and 7 %.

Fourier-transform infrared spectroscopy was used to confirm the presence of the
functional groups in the samples Af platensis and to observe the chemical modification
after nickel biosorption. Infrared spectra wereorded in the range of 4,000-400 ¢m
using a Bruker Alpha Platinum-ATR spectrometer {@mOptics, Ettingen, Germany).
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Results and discussion

Effect of pH on biosor ption

The initial pH value of adsorption solution is ampiortant factor, which must be
considered during sorption studies [4]. In prestuatly, the effect of pH was studied at pH
range 2-11. Obtained data are presented in Figurks2it can be seen from Figure 2
increase of pH value lead to the increase of biemsasption capacity. The lithium sorption
reached the maximum (493 pg/g) at pH 11. Obtaiesdlts are confirmed by Park et al.
[16], who studied the effect of pH in the range 2-4n lithium sorption ork-MnO,
adsorbents and showed the continuous increaséiafil biosorption with pH increases.
Wang et al. [4] showed that uptake of bl ion-sieve was favourable at pH values 10-12.
Even in our previous studies, it was shown thainegdtpH range for metal cationic species
sorption is 4.0-6.0 [10, 11, 17], in case of litmisorption was more favourable at high pH
values.
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Fig. 2. Removal of lithium ions at different initipH (at T = 20 °C;C = 10 mg/dni; sorbent dosage
10 g/dn?; adsorption time 2 h)

Wang et al. [4] concluded that lithium uptake sliobé carried out in stronger basic
solution or rather in basic buffer solution. Authosuggested that in neutral or weak
alkaline solutions due to ion-exchange reactionvben Li" and H the solution pH could
be changed to acid zone. At low pH values compietioprotons and lithium ions may take
place that will result in incomplete lithium remdv&o support Wang et al. [4] suggestion
the pH of the sorbent-sorbate solution was measafréite beginning of the experiment and
after two hours. For example, in case than inipdd value was 11 after two hours
experiment it became 5.6. In Tsuruta [2] study ésviound that lithium accumulation by
the microorganisms was maximum at pH = 5.8.

Effect of time and Kinetics of sorption

The evolution of the uptake data of lithium as fimwe of time is illustrated in Figure
3. A rapid increase of lithium sorption in the fikb min of interaction was observed after
that the equilibrium was reached. During 30 min %0of lithium was removed from
solution by spirulina biomass. In first 5 min oftémaction lithium content in biomass
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increases by 53 % (in control biomass lithium wasdetected). Tsuruta [2] have showed
that maximum amount of lithium was accumulated bg A. nicotianae cells rapidly
increased in the first 5 min of biomass-solutioteiaction. Kurmiawan and Yamamoto [5]
demonstrated that maximum amount of lithium wadedrby biofilm matrixafter 1-min

biosorption.
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Fig. 3. Effect of contact time on the sorption afkel ions byA. platensis biomass (af = 20 °C;
Ci= 10 mg/dni, pH = 11; sorbent dosage 10 gAlm

Lagergren’s pseudo-first order and pseudo-secoddramodels of Ho and McKay
[18] were used to fit the experimental data.
Lagergren’s pseudo-first order model is expresseitlbows:

log(q. — q) = logq. — ﬁt 1)

whereq andq are the adsorbed amounts [mg/g] at tinjenin] and at equilibrium time,
respectivelyK,[min~7] is the rate constant of the first order biosampti
Pseudo-second order model of Ho and McKay:

t 1 t

_ = —_ 2

¢ K@ @)
whereq and g, are the adsorbed amounts [ug/g] at tinjein] and at equilibrium time,
respectivelyK, [g/(mgmin)] is the rate constant of the second-orderdyiatson.

Pseudo-first order model was not applicable to iiles@xperimental data, correlation
coefficient was 0.97 (data not shown). The psewmisd order biosorption rate constant,
Ky, and g values were determined from the slope and interoéphe plot oft/q, against
time, t (Fig. 4) and obtained parameters are presented Table 1. Fitted
pseudo-second order model kinetic parameters &ramoval of lithium ions by spirulina
biomass are presented in Table 1. The pseudo-secdad model, based on the assumption
that the rate-limiting step is chemical sorptiomdlving valency forces through sharing or
exchange of electrons between sorbent and sorb@t0].
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Fig. 4. The pseudo-second order plot of kinetidtof lithium biosorption o\ platensis

Table 1
The pseudo-second order model parameters
Pseudo-second order
Ce [mg/dn1] Ge o [Ma/] Ge e [M/g] Kb [9/(mgmin)] R
10 0.87 0.9 1.97 0.99

Effect of concentration and isotherm modelling

Increase of metal concentration in solution wadlirect ration with its uptake by
biomass. The maximum achieved adsorption capaeityW3 mg Li/g of biomass.

Two models: Langmuir and Freundlich were used sxdkee the experimental data:

The Langmuir model expressed as:

1 1 4 1 3)
qe qmax quaxCe
where ¢, is the amount of metal adsorbed per unit weightddorbent at equilibrium
[ma/g], dmax is the maximum metal uptake per unit mass of tteoeent (mg/g]b is the
Langmuir constant [di¥mg], related to the energy of sorption, which gitatively reflects
the affinity between the sorbent and the sorbateGaris the equilibrium concentration of
adsorbate [mg/dth
The general Freundlich equation is written as fe#io

1
Ing, = InK + Eln Ce (4)

where Kg and 1h are Freundlich constants, associated with adsorptiapacity and
adsorption intensity, respectively.

The isotherm parameters have been calculated firmarized plots corresponding to
each isotherm model (Fig. 5) and are summarizdcbie 2.
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Fig. 5. a) Langmuir and b) Freundlich isotherm meder dry biomass

Table 2
Isotherm parameters for the biosorption of lithiiloms onA. platensis biomass
L angmuir model Freundlich model
R[] 0.99 R[] 0.97
Gmex [MQ/9] 1.75 Ke [mg/g] 0.1
b [dm¥mg] 0.015 n[-] 1.78

A basic assumption of the Langmuir theory is thapton takes place at specific
homogeneous sites within the sorbent. It is suggettat once a metal ion occupies a site,
no further sorption can take place at that sitd.[dBie value of correlation experiment
indicate that sorption data follows the Langmuirpsion isotherm. Correlation coefficient
for Freundlich model was lower than that obtained lfangmuir model. Experimentally
obtained maximung value was comparable to the maximum adsorptioaiodt from the
Langmuir isotherm. This suggest that lithium is atied in the form of monolayer
coverage on the surface of the prepared adsorbght |

M echanisms of lithium biosor ption

The mechanism of metal biosorption includes adsmpbn surface, binding to
functional groups, diffusion through pores and mxchange[22]. In order to confirm
participation of the functional groups in lithiunioborption the biomass was analysed by
FTIR spectroscopy. Spectrum of control biomass sh@everal major intense bands,
around wavenumbers 3,282; 2,926; 1,634; 1,538:41,4892; and 1,056 cth(Fig. 6).
The strong boarded peak at wavenumber 3,282 could be attributed to hydroxyl (—OH)
and amine (—NH) functional groups [22-24]. The pree of methyl (—CH) stretching
vibrations could be confirmed by the adsorptionkpaa wavenumber 2,926 ch[24].
The adsorption peaks in the region at wavenumh@g011,300 cit could be assigned to
—CO stretches of aldehydes, ketones, and carbexj2at 23]. In addition, -C-O, —-C-C,
and —C—OH stretching vibrations could be found k¢ tadsorption peaks of the
1,250-1,000 cit region [22, 25]. The strong bands at wavenumbe2823 1,634; 1,538;
and 1,242 cit could be also corresponding to the amide I-Illdsanf polypeptide or
proteins, respectively [26]. The insignificantlyfdenations in the region 900-500 tm
could be attributed to —P-0O, and aromatic —CHatiagy vibrations [22, 25].
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Fig. 6. FT-IR spectra ok. platensis biomass: a) control and b) Li-loaded

The IR spectrum of the Li-loaded spirulina biomassealed that the hydroxyl
(3,278 and 1,633 cm), amine (3,278 ci), carboxyl (1,750-1,300 and 1,250-1,000 Bm
and phosphate (900-500 ©infunctional groups were slightly shifted in comigan with
their positions showed on Figure 6. It was causgedlibons binding to above mentioned
groups. In Yun and Volensky study [27] was showat ttarboxyl and phosphate groups
play important role in lithium ions binding.

lon-exchange can be considered as another mechaisithium biosorption. Since
lithium belongs to the group of alkali metals tdget with sodium and potassium, it can
replace these elements due to similar structui@s [2

Conclusion

The potential ofArthrospira platensis biomass application for lithium ions removal
from both batch solutions was evaluated. The maminfiosorption capacity of lithium
1.75 mg/g was achieved at pH = 11.0 and sorbersg#os0 g/drh The equilibrium data
were well fited by Langmuir adsorption isotherm deb (R = 0.99), while the
pseudo-second order kinetic modef ¥70.99) was found to describe better the kinetia.da
The FTIR analysis showed that OH, —-COOH, —NH, -Ntthd —NH were mainly involved
in lithium ions binding. Thus, metal trapping tanfitional groups and ion-exchange can be
proposed as main mechanism of lithium biosorptignAbthrospira platensis biomass.
Obtained results indicated thatthrospira platensis biomass can be used as a cheap and
efficient sorbent for lithium removal from wastewatnd wastewater post-treatment.

Acknowledgments

The authors would like to thank the team of 3 M\hdetron accelerator of IFIN-HH,
coordinated by Dr. Tiberiu Sava (Chief of Departthemd Dr. Vasile-Gabriel Mosu.



Lithium biosorption byArthrospira (Spirulina) platensis biomass 27¢

References

(1]

[2
(3]

(4]
(5]
(6]
(7]

(8]
[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]
[21]

[22]

Nishihama S, Onishi K, Yoshizuka K. Selective remmgvprocess of lithium from seawater using integgtat
ion  exchange  methods. Solvent  Extract  lon Exchang&011:29(3):421-31. DOl:
10.1080/07366299.2011.573435.

Tsuruta T. Removal and recovery of lithium usingrimas microorganisms. J Biosci Bioeng.
2005;100:562-566. DOI: 10.1263/jbb.100.562.

Marcintakova R, Kadukova J, Mrazikov A, Velgosova O, Lupt& A, Ubaldini S. Metal bioleaching from
spent lithium-ion batteries using acidophilic baietestrains. Inz Miner. 2016;17:117-20. Availalftem:
https://pdfs.semanticscholar.org/0914/a95011769=u®#2ad50f8a55a389¢2814.pdf

Wang L, Meng CG, Ma W. Study onLilptake by lithium ion-sieve via the pH technigqGalloid Surf A.
2009;334:34-9. DOI: 10.1016/j.colsurfa.2008.09.050.

Kurniawan A, Yamamoto T. Biosorption of lithium ogi biofilm matrix of natural microbial consortium.
Microbiol Indonesia. 2015;9(3). DOI: 10.5454/mi.2.3

Aneja RK, Chaudhary G, Ahluwalia SS, Goyal D. Imdidiosorption of P8 and Zf* by non-living
biomass of Spirulina sp. J Microbiol. 2010:50:438-BOI: 10.1007/s12088-011-0091-8.

Rodrigues MS, Ferreira LS, de Carvalho JC, LodFiocchio E, Converti AJ. Metal biosorption ontg dr
biomass of Arthrospira (Spirulina) platensis ando@la vulgaris: multi-metal systems. Hazard Mater
2012;30:217-218. DOI: 10.1016/j.jhazmat.2012.03.022

Solisio C, Lodi A, Soletto D, Converti A. Cadmiunpborption on Spirulina platensis biomass. Bioresou
Technol. 2008:99:5933-7. DOI: 10.1016/j.biorteci®2@1.002.

Finocchio E, Lodi A, Solisio C, Converti A. ChromagVI) removal by methylated biomass of Spirulina
platensis: The effect of methylation process. Ch#mg J. 2010:156:264-9. DOI: 10.1016/j.cej.2009.18.0
Zinicovscaia |, Yushin N, Shvetsova M, Frontasy®t.aZinc removal from model solution and wastewater
by Arthrospira (Spirulina) platensis biomass. Int Phytoremediat. 2018;20:901-8. DOI:
10.1080/15226514.2018.1448358.

Zinicovscaia |, Yushin N, Gundorina S, D&k S, Frontasyeva M, Kamanina |. Biosorption okeldrom
model solutions and electroplating industrial effiti using cyanobacterium Arthrospira platensis.abes
Water Treat. 2018;120:158-65. DOI: 10.5004/dwt.222691.

Cepoi L, Zinicovscaia |, Rudi L, Chiriac T, Miscuy, Djur S, et al. Growth and heavy metals accumarati
by Spirulina platensis biomass from multicomponespper containing synthetic effluents during repédat
cultivation cycles. Ecol Eng. 2020;142:105637. DT:1016/j.ecoleng.2019.105637.

Zinicovscaia |, Safonov A, Ostalkevich S, GundoriaNekhoroshkov P, Grozdov D. Metal ions removal
from different type of industrial effluents usingpifilina platensis biomass. Int J Phytoremediat.
2019;21(14):1442-8, DOI: 10.1080/15226514.2019.2633

Cepoi L, Zinicovscaia |, Chiriac T, Rudi L, Yushih Miscu V. Silver and gold ions recovery from batc
systems using Spirulina platensis biomass. Ecol nCh&ng S. 2019;26(2):229-40. DOI:
10.1515/eces-2019-0029

Gomez S, Garcia A, Landete-Castillejos T, Gallegdantelica D, Pantelica A. Potential of the Buekar
3MV Tandetron™ for IBA studies of deer antler malération. Nuclear Instruments Methods Phys Res
Sect B: Beam Interactions Mater Atoms. 2016;371-@1B0I: 10.1016/j.nimb.2015.10.012.

Park J, Sato H, Nishihama S, Yoshizuka K. Lithiuetavery from geothermal water by combined
adsorption methods. Solvent Extract lon Exchange. 012230:398-404. DOI:
10.1080/07366299.2012.687165.

Zinicovscaia I, Cepoi L, Chiriac T, Mitina T, Groad D, Yushin N, et al. Application of Arthrospira
(Spirulina) platensis biomass for silver removabnir aqueous solutions. Int J Phytoremediat.
2017;19:1053-8. DOI: 10.1080/15226514.2017.1319332.

Ho YS, McKay G. Pseudo-second order model for sampprocesses. Process Biochem. 1999;34:451-65.
DOI: 10.1016/S0032-9592(98)00112-5.

Robati D. Pseudo-second-order kinetic equationsrfodeling adsorption systems for removal of leatsio
using multi-walled carbon nanotube. J Nanostruarth2013;3:55. DOI: 10.1186/2193-8865-3-55.

Ho YS, Huang CT, Huang HW. Equilibrium sorptionttserm for metal ions on tree fern. Process Biochem.
2002;37:1421-30. DOI: 10.1016/S0032-9592(02)00036-5

Bhatnagar A, Minocha AK, Sillanpda M. Adsorptiven@val of cobalt from aqueous solution by utilizing
lemon peel as biosorbent. Biochem Eng J. 2010;486180I: 10.1016/j.bej.2009.10.005.

Sud D, Mahajan G, Kaur MP. Agricultural waste mialleas potential adsorbent for sequestering heavy
metal ions from aqueous solutions - a review. Biowe Technol. 2008;99:6017-27. DOI:
10.1016/j.biortech.2007.11.064.



28( Inga Zinicovscaia, Nikita Yushin, Ana Pantelicaeféh Densak, Andreea Mitu and Andrei |. Apostol

[23] Celekli A, Yavuzatmaca M, Bozkurt H. Kinetic andudidprium studies on biosorption of reactive red)12
from aqueous solution on Spirogyra majuscula. Cheng J. 2009;152:139-45. DOI:
10.1016/j.cej.2009.04.016.

[24] Vilar VJ, Botelho CM, Pinheiro JP, Domingos RF, Beatura RA. Copper removal by algal biomass:
biosorbents characterization and equilibrium madgll J Hazard Mater. 2009;163:1113-22. DOI:
10.1016/j.jhazmat.2008.07.083.

[25] Al-Rub FA, El-Naas MH, Ashour |, Al-Marzouqi M. Bsorption of copper on Chlorella vulgaris from
single, binary and ternary metal aqueous solutioRsocess Biochem. 2006;41:457-64. DOI:
10.1016/j.prochio.2005.07.018.

[26] Govindaraju K, Basha SK, Kumar VG, Singaravelu ®e8, gold and bimetallic nanoparticles production
using single-cell protein (Spirulina platensis) #®ei J Mater Sci. 2008;43:5115-22. DOI:
10.1007/s10853-008-2745-4.

[27] Yun YS, Volesky B. Modeling of lithium interferenda cadmium biosorption. Environ Sci Technol.
2003;37:3601-8. DOI: 10.1021/es011454e.

[28] Belfiore C, Curia MV, Farias ME. CharacterizatidnRhodococcus sp. A5wh isolated from a high alétud
Andean lake to unravel the survival strategy unditium stress. Revista Argent Microbiologia.
2018;50(3):311-22. DOI: 10.1016/j.ram.2017.07.005.



