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Experimental study on the adsorption of Li" by clay minerals —
implications for the mineralization of clay-type lithium deposit
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Abstract: Novel carbonate clay-type lithium resources have been discovered in China. Clay minerals are the main
enrichment carriers of lithium in the deposit. In order to clarify the lithium adsorption mechanism and enrichment
conditions in clay minerals under epigenetic environment, in this study, three kinds of clay minerals, commonly found in
deposits, including kaolinite, illite, and montmorillonite, are used to undertake the Li adsorption experiment for exploring
the effects of time, initial concentration of Li", solid-liquid ratio, pH value, and ionic strength on the lithium enrichment in
clay minerals. This has some connections with the mineralization process of the carbonate clay-type lithium deposit. It is
found that the pseudo-second-order kinetic model, Freundlich and D-R isothermal adsorption models can be used to
describe and predict the Li* adsorption processes of kaolinite, illite, and montmorillonite. The adsorption mechanisms of

Li" by different clay minerals are different. The Li" adsorption of kaolinite was dominated by the surface complexation
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with ion exchange and physical sorption as supplements; The Li" adsorption of illite occurred in forms of physical
adsorption and ion exchange; The Li' adsorption of montmorillonite was dominated by the ion exchange and
supplemented by the outer layer complexation. The influence capabilities of different factors on the Li" adsorption process
are subsequently ranked in a following declined order: mineral type > initial concentration of Li™> ionic strength >
solid-liquid ratio > pH value. The declined order of Li" adsorption capability of clay minerals is montmorillonite >> illite >
kaolinite, indicating that the enrichment carrier of Li" is most likely to be montmorillonite under the condition of sufficient
material supply. The underlying carbonate rocks could be the main material source of Li-rich clay rocks, as a good
environment for the enrichment of Li" was provided by the weathering process of the underlying carbonate rocks. The
aqueous medium environment characterized with low solid-liquid ratio, low degree of mineralization, high concentration
of Li" and alkalinity is an ideal place for the enrichment of Li" on clay minerals. This could easily result in the formation of
high-grade clay-type lithium deposit.
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Fig. 1. The variation patterns of Li* adsorption under different experimental conditions.
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Table 2. Kinetic parameters for the Li" adsorption by clay minerals

/
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K-10 1003.73 894.95 0.080 0.9592 1006.37 0.0361 0.9964
Swy-3 1179.62 1088.64 0.037 0.9374 1199.00 0.0355 0.9977
a b Freundlich T=298 K ¢ D-R T=298 K
2

Fig. 2. The fitting results of the adsorption kinetic model and isothermal adsorption model.
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Table 3. Isothermal adsorption parameters of Li" by clay minerals
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pH Li’
Li" pH
[53-54] Lit pH
pH Li"
Li L™ Li' Li'
Li’

+

Li



150 2022
Li" Li" (CEC)
CEC 30 150 10 400
700 1300 mmol/kg (8] Li* CEC 3
Li"
53
Li’
Li" pH
R
3
Li’
Li’
pH pH » #xx 5 0.001 * p 0.5
0.05 Li* 3 Li’
» 0.001 Lit Fig. 3. Relative contribution of different factors on
‘ the adsorption capacities of Li".
Wang (53]
[56]
[57]
Li’ Li"
Li’
Lit (5]
Nb-Ta
[11,58-59]
481071
Li"
w(Li,0) 20 50 pg/g Li"



2 . Li" — 151

Li
Li Li
pH Li"
Li" Li*
Li*
[61]
[2,61] Lit Lit
1 Li*
2 Li" Li"
Li
40x10°  60x1071% ]
6
Li* Li*
Li" pH Li’
1
2
Li"
3 Li*
4 Freundlich D-R
Li
5 Li



152 2022

[1] Bibienne T, Magnan J-F, Rupp A, et al. From Mine to Mind and Mobiles: Society’s Increasing Dependence on Lithium[J]. Elements, 2020, 16(4):
265-270.

[2] Bowell R J, Lagos L, De Los Hoyos C R, et al. Classification and Characteristics of Natural Lithium Resources[J]. Elements, 2020, 16(4): 259-264.

[3] Gruber P W, Medina P A, Keoleian G A, et al. Global Lithium Availability[J]. Journal of Industrial Ecology, 2011, 15(5): 760-775.

[4] Kesler S E, Gruber P W, Medina P A, et al. Global lithium resources: Relative importance of pegmatite, brine and other deposits[J]. Ore Geology
Reviews, 2012, 48: 55-69.

[5] s s , . [J]. ,2018, 37(4): 696-704.

[6] s s , . [J]. , 2020, 65(1): 53-59.

[7] Babechuk M G, Widdowson M, Kamber B S. Quantifying chemical weathering intensity and trace element release from two contrasting basalt
profiles, Deccan Traps, India[J]. Chem Geol, 2014, 363: 56-75.

[8] . [M]. : ,2017.

[9] Sparks D L. Elucidating the fundamental chemistry of soils: past and recent achievements and future frontiers[J]. Geoderma, 2001, 100(3/4): 303-319.

[10] Yu S, Wang X, Chen Z, et al. Interaction mechanism of radionickel on Na-montmorillonite: Influences of pH, electrolyte cations, humic acid and
temperature[J]. Chemical Engineering Journal, 2016, 302: 77-85.

[11] R R , . [J]. : ,2013,(1): 44-51.

[12] s s , . [J]. ,2004, 13(2): 89-92.

[13] Yusoff Z M, Ngwenya B T, Parsons I. Mobility and fractionation of REEs during deep weathering of geochemically contrasting granites in a tropical
setting, Malaysia[J]. Chem Geol, 2013, 349-350: 71-86.

[14] Zuyi T, Xiangke W, Xiongxin D, et al. Adsorption characteristics of 47 elements on a calcareous soil, a red earth and an alumina: a multitracer
study[J]. Applied Radiation and Isotopes, 2000, 52(4): 821-829.

[15] Jeldres R I, Uribe L, Cisternas L A, et al. The effect of clay minerals on the process of flotation of copper ores - A critical review[J]. Applied Clay
Science, 2019, 170: 57-69.

[16] James R O, Healy T W. Adsorption of hydrolyzable metal ions at the oxide—water interface. I. Co(II) adsorption on SiO2 and TiO2 as model
systems [J]. Journal of Colloid and Interface Science, 1972, 40(1): 42-52.

[17] Lv C, Xue Q, Xia D, et al. Effect of Chemisorption on the Interfacial Bonding Characteristics of Graphene—Polymer Composites[J]. The Journal of
Physical Chemistry C, 2010, 114(14): 6588-6594.

[18] Li X, Liu N, Tang L, et al. Specific elevated adsorption and stability of cations in the interlayer compared with at the external surface of clay
minerals[J]. Applied Clay Science, 2020, 198

[19] Crothers A R, Li C, Radke C J. A grahame triple-layer model unifies mica monovalent ion exchange, zeta potential, and surface forces[J]. Advances
in Colloid and Interface Science, 2020, 288:102335.

[20] Peng X, Wang J, Fan B, et al. Sorption of endrin to montmorillonite and kaolinite clays[J]. ] Hazard Mater, 2009, 168(1): 210-214.

[21] Waite T D, Davis J A, Payne T E, et al. Uranium(VI) adsorption to ferrihydrite: Application of a surface complexation model[J]. Geochim
Cosmochim Ac, 1994, 58(24): 5465-5478.

[22] Huang C P, Stumm W. Specific adsorption of cations on hydrous Y/-Al,0s[J]. J Colloid Interface, 1973,43(2):409-420.

[23] Koretsky C. The significance of surface complexation reactions in hydrologic systems: a geochemist's perspective[J]. JHyd, 2000, 230(3-4): 127-171.

[24] Vigier N, Decarreau A, Millot R, et al. Quantifying Li isotope fractionation during smectite formation and implications for the Li cycle[J]. Geochim
Cosmochim Ac, 2008, 72(3): 780-792.

[25] Hindshaw R S, Tosca R, Gout T L, et al. Experimental constraints on Li isotope fractionation during clay formation[J]. Geochim Cosmochim Ac,
2019, 250: 219-237.

[26] Castor S B, Henry C D. Lithium-rich claystone in the McDermitt Caldera, Nevada, USA: Geologic, mineralogical, and geochemical characteristics
and possible origin[J]. Minerals, 2020, 10(1): 68.

[27] , , , . [J]. ( ), 2020(11): 35-40.

[28] , , , . [J]- ,2020(12):8-13.

[29] The Clay Minerals Society. Source Clays’ Physical & chemical datalDB/OL]. https://www.clays.org/source-and-special-clays/.

[30] Budescu D V. Dominance analysis: A new approach to the problem of relative importance of predictors in multiple regression[J]. Psychological
Bulletin, 1993, 114(3): 542-551.

[31] Alnahit A O, Mishra A K, Khan A A. Quantifying climate, streamflow, and watershed control on water quality across Southeastern US
watersheds[J]. Sci Total Environ, 2020, 739: 139945.

[32] Ho Y S. Review of second-order models for adsorption systems[J]. J Hazard Mater, 2006, 136(3): 681-689.

[33] Ezzati R. Derivation of Pseudo-First-Order, Pseudo-Second-Order and Modified Pseudo-First-Order rate equations from Langmuir and Freundlich

isotherms for adsorption[J]. Chemical Engineering Journal, 2020, 392 :123705.



2 . Li" — 153

[34] Langmuir I. The Adsorption of Gases on Plane Surfaces of Glass, Mica and Platinum[J]. J Am Chem Soc, 2002, 40(9): 1361-403.

[35] Aratjo C S T, Almeida I L S, Rezende H C, et al. Elucidation of mechanism involved in adsorption of Pb(II) onto lobeira fruit (Solanum lycocarpum)
using Langmuir, Freundlich and Temkin isotherms[J]. Microchemical Journal, 2018, 137: 348-354.

[36] Wood G O. Review and comparisons of D/R models of equilibrium adsorption of binary mixtures of organic vapors on activated carbons[J]. Carbon,
2002, 40(3): 231-239.

[37] s . Li~+ [J. ,2011, 31(2): 291-295.

[38] Pistiner J S, Henderson G M. Lithium-isotope fractionation during continental weathering processes[J]. Earth Planet Sc Lett, 2003, 214(1-2):
327-339.

[39] Li W, Liu X M. Experimental investigation of lithium isotope fractionation during kaolinite adsorption: Implications for chemical weathering[J].
Geochim Cosmochim Ac, 2020, 284: 156-172.

[40] Akpomie K G, Dawodu F A, Adebowale K O. Mechanism on the sorption of heavy metals from binary-solution by a low cost montmorillonite and its
desorption potential[J]. Alexandria Engineering Journal, 2015, 54(3): 757-767.

[41] Sen Gupta S, Bhattacharyya K G. Immobilization of Pb(II), Cd(II) and Ni(II) ions on kaolinite and montmorillonite surfaces from aqueous
medium[J]. J Environ Manage, 2008, 87(1): 46-58.

[42] Shukla A, Zhang Y-H, Dubey P, et al. The role of sawdust in the removal of unwanted materials from water[J]. J Hazard Mater, 2002, 95(1/2):
137-152.

[43] Filius J D, Lumsdon D G, Meeussen J C L, et al. Adsorption of fulvic acid on goethite[J]. Geochim Cosmochim Ac, 2000, 64(1): 51-60.

[44] Volkov A G, Paula S, Deamer D W. Two mechanisms of permeation of small neutral molecules and hydrated ions across phospholipid bilayers[J].
Bioelectrochem Bioenerget, 1997, 42(2): 153-160.

[45] Bohn H L, Mcneal B L, O’connor G A. Soil Chemistry[M]. New York: John Wiley& Sons, 1985.

[46] Hao W, Flynn S L, Alessi D S, et al. Change of the point of zero net proton charge (pHpznpc) of clay minerals with ionic strength[J]. Chem Geol,
2018, 493: 458-467.

[47] Angove M J, Johnson B B, Wells J D. Adsorption of cadmium(II) on kaolinite[J]. Colloids Surf Physicochem Eng Aspects, 1997, 126(2/3): 137-147.

[48] Sverjensky D A. Zero-point-of-charge prediction from crystal chemistry and solvation theory[J]. Geochim Cosmochim Ac, 1994, 58(14): 3123-3129.

[49] Stumm W, Morgan J. Aquatic Chemistry[M]. New York: Wiley Interscience, 1996.

[50] Hao J, Sverjensky D A, Hazen R M. A model for late Archean chemical weathering and world average river water[J]. Earth Planet Sc Lett, 2017,
457(191-203.

[51] Tsai W T, Lai C W, Hsien K J. Effect of particle size of activated clay on the adsorption of paraquat from aqueous solution[J]. Journal of Colloid and
Interface Science, 2003, 263(1): 29-34.

[52] Mihaly-Cozmuta L, Mihaly-Cozmuta A, Peter A, et al. Adsorption of heavy metal cations by Na-clinoptilolite: equilibrium and selectivity studies[J].
J Environ Manage, 2014, 137: 69-80.

[53] Sun Y, Yang S, Sheng G, et al. Comparison of U(VI) removal from contaminated groundwater by nanoporous alumina and non-nanoporous
alumina[J]. Separation and Purification Technology, 2011, 83: 196-203.

[54] Lu S, Hu J, Chen C, et al. Spectroscopic and modeling investigation of efficient removal of U(VI) on a novel magnesium silicate/diatomite[J].
Separation and Purification Technology, 2017, 174: 425-431.

[55] Wang Q, Deng J, Liu X, et al. Discovery of the REE minerals and its geological significance in the Quyang bauxite deposit, West Guangxi, China[J].
J Asian Earth Sci, 2010, 39(6): 701-712.

[56] Gu J, Huang Z, Fan H, et al. Provenance of lateritic bauxite deposits in the Wuchuan—Zheng’an—Daozhen area, Northern Guizhou Province, China:
LA-ICP-MS and SIMS U-Pb dating of detrital zircons[J]. J Asian Earth Sci, 2013, 70/71: 265-282.

[57] Zhang C, Yang Y, Ji S, et al. Kaolinization of 2:1 type clay minerals with different swelling properties[J]. Am Mineral, 2020, 105(5): 687-696.

[58] Liu X, Wang Q, Feng Y, et al. Genesis of the Guangou karstic bauxite deposit in western Henan, China[J]. Ore Geology Reviews, 2013, 55: 162-175.

[59] Ling K Y, Zhu X Q, Tang H-S, et al. Geology and geochemistry of the Xiaoshanba bauxite deposit, Central Guizhou Province, SW China:
Implications for the behavior of trace and rare earth elements[J]. Journal of Geochemical Exploration, 2018, 190: 170-186.

[60] s s , . [J]. ,2019,38(4): 898-916.

[61] Gourcerol B, Gloaguen E, Melleton J, et al. Re-assessing the European lithium resource potential — A review of hard-rock resources and
metallogeny[J]. Ore Geology Reviews, 2019, 109: 494-519.

[62] Li Y H, Schoonmaker J E. Chemical Composition and Mineralogy of Marine Sediments[J]. Treatise on Geochemistry, 2003, 7: 1-35.

[63] Chan L-H, Kastner M. Lithium isotopic compositions of pore fluids and sediments in the Costa Rica subduction zone: implications for fluid processes

and sediment contribution to the arc volcanoes[J]. Earth Planet Sc Lett, 2000, 183(1/2): 275-290.



