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Abstract

The article represents the new chemically active natural minerals of Georgia - travertine and limestone. In this work,
for the first time there have been studied adsorptive properties of the mentioned minerals in the process of aqueous
solution purification from zinc ions. Materials under study are represented by unprocessed forms of travertine and
limestone. Factors having an impact on sorption capacity of these minerals are analyzed based on the experiments.

The dependence of degree of adsorption and adsorptive capacity on adsorbent dosage, time contact, adsorbate
concentration and solution pH has been studied. Optimum conditions for aqueous solution purification from zinc ions
have been selected. Under the mentioned conditions, the maximum efficiency of degree of adsorption and adsorptive
capacity has been 89,8% and 29 mg/g for travertine and 82% and 28 mg/g for limestone.
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1. Introduction

Environment pollution with heavy metals is a global ecological problem. Heavy metal ions are referred to the category
of extremely dangerous and toxic substances of water supply system, which are characterized by non-biodegradable
properties, that increases their toxic action.

Water pollution with heavy toxic metals is a result of development of industry. Among main sources of metal-containing
waste water are the enterprises engaged in chemical and electrochemical metal treatment, ferrous and non-ferrous
metallurgy, mining enterprises, shaft and ore mining industries etc. [1-3].

The presence of heavy metal ions in water is a reason of number of health problems suffering plants, animals and
humans. They may constitute a danger even when their concentration doesn’t exceed allowable limits. Availability of
these metals in water has a carcinogenic action on lung, liver, kidney etc. [4-6].

Among heavy metals Zn?* manifests significant acute and chronic toxicity, causes serious health problems, including
symptoms of neuralgia, abdominal pains, dizziness, diarrhea, loss of appetite, mental depression, sluggishness [7, 8].
Allowable concentration of Zn?* in water was established as no more than 3 mg/l, and according to Chinese
recommendations - no more than 1 mg/1.
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Based on the below-mentioned, study and development of simple technological methods for waste water purification
from heavy metal ions is deemed highly relevant.

There is a great number of purification methods, which include: sedimentation, flotation, galvanic coating, ion exchange,
extraction, membrane separation, adsorption etc. [9-11]. Adsorption method is one of the most important ways of waste
water treatment. There are lots of works related to heavy metal ions adsorption by natural and synthetic materials,
aluminosilicates, activated carbons of different grades etc. [12, 13]. Natural minerals are preferable as adsorbents due
to their chemical structure, adsorption properties, global spread, cheapness and ecological compatibility.

Travertine and limestone, new chemically active natural minerals of Georgian origin for the first time are represented
as adsorbents in the presented article.

The given work set a goal of investigation of mentioned minerals as adsorbent in the process of aqueous solution
purification from zinc ions and study of their adsorption properties, varying the experimental conditions.

Travertine is a calcareous tuff, which represents poly-crystalline fine-grained rock. It is generated from calcium
carbonate minerals deposited at the bottom of water bodies. According to classification, travertine takes intermediate
position between marble and lime substances and it can be characterized as an “immature marble”. This natural stone
is well known ever since Ancient Rome. It was used as a construction material. Nowadays it is used in the construction
as a decorative stone for claddings of buildings. The large travertine deposits are located in many countries: Italy,
Germany, Turkey, USA, Georgia etc. In Georgia, travertine can be found in Truso Valley, in Lekhura and Liakhvi river
valleys, in Racha, Imereti and Svaneti.

There is a wide choice of natural cladding stones in Georgia. Marmorized limestone is one of them. Plates of natural
limestone are used in the construction for claddings of buildings and churches, since is stands out with its high
resistance to external conditions. Bodbe marmorized limestone deposit is located in Kakheti region, Kvemo Bodbe
village. It is produced on the basis of mining license, which is issued by the National Agency of the Ministry of Economy
and Sustainable Development of Georgia [14, 15].

2. Material and methods

Two species of the natural minerals - travertine and limestone, which were used as adsorbents in the process of aqueous
solutions treatment from zinc ions were transported from mountainous areas of Georgia. These minerals were used
without any preliminary treatment, they were just grinded and sieved with selection of 2-1 mm fractions.

As a source of zinc ions source there was used a solution prepared as follows: granulated zinc metal (CFA - clean for
analysis) was dissolved in nitrogen acid, filled with deionized water up to 1 liter and a solution with 1000 mg/]
concentration was prepared. All the rest solutions were prepared via dilution of this standard solution.

Analysis of major and minor components was performed at the Complex Laboratory of Geological Research of Al.
Janelidze Institute of Geology of Iv. Javakhishvili Tbilisi State University. Sample chips were finely powdered using
RETSCH RS200 vibrating mill. Major and trace element were determined by X-Ray fluorescence spectrometry (XRF)
using SPECTROSCOUT X-Ray spectrometer with Cu-Rh X-Ray tube.

In the work there is given the chemical composition of the mentioned minerals, which may slightly differ from each
other depending on deposit and admixtures. Travertine composition is as follows: CaO - 55.37%, SiOz - 0.08%, the rest
components: Fe203-0.04%, Al203-0.07%, TiO2-0.007%, while in case of limestone: CaO - 50,61%, SiO2 - 0,5%, Al203 -
0.13%, Fe203 - 0,55%, MgO - 2.85%.

2.1. Experimental part

Zn?+ adsorption process on the selected materials have been investigated under static conditions. Experiments have
been conducted for establishment of optimal values of adsorbent dosage, contact time, dosage of test solution and pH
value. The rest experimental parameters (solution volume - 100 ml, experiment temperature - 20°C) have been taken
into account in the course of testing.

In Fig. 1 there is shown an impact of adsorbent dosage on degree of Zn%* adsorption. Adsorbent quantity has been varied

from 1 to 7 g, at pH - 4,9. Tests have been conducted in containers with a capacity of 250 ml, to which 100 ml of test
solution have been poured and different quantity of adsorbent has been added. Flask has been shaken up for 60 minutes,
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then filtered and a filtrate has been analyzed. Then an optimal amount of adsorbent has been established, which contains
4g.

For determination of optimal contact time an adsorbent in the quantity of 4g has been placed into container, 100 ml of
standard Zn?* solution has been poured and experiments have been conducted. Samples have been collected after 15,
30, 60, 90 and 180 minutes. Optimal time contact has been established, which comprises 60 minutes. The optimal value
of test solution concentration has been established the same way, and it was equal to 100 mg/1. (Fig. 3).

Experimental study of pH factor impact on Zn*2 adsorption on the surface of adsorbents have been conducted in the
range of pH 2-9, which has been established via addition of 0.1 M of hydrochloric acid or potassium hydroxide. The test
solution with given pH, 100 ml quantity and 100 mg/] concentration has been poured into containers, where 4 gr of
adsorbent have been placed. Container has been shaken up for 60 minutes, filtered and a filtrate has been analyzed for
Zn+2 content. . Analyses have been taken using atomic-adsorption (AAC Perkin-Elmer-200) and chemical methods.
Experiments have been conducted three times and the mean values with standard deviations have been used.

The amount of zinc adsorbed per unit weight of adsorbent surface (adsorption capacity) A mg/g, and Zn (II) adsorption
degree R have been calculated according to formulas:

A=———-Vmg/g

R=C°—-100°/
C, 0

Where Co- initial solution concentration, mg/dm3;
C - aposteriori (after the test) concentration;

m - sorbent weight, g;

V - volume of purified solution, dm3.

3. Results and discussion

In the given work the zinc ion adsorption from aqueous solutions in the presence of Georgian minerals, travertine and
limestone has been studied. Impact of adsorbent dosage, contact time, quantity of adsorbate and pH value on adsorption
capacity of mentioned minerals has been studied.

m,g

Figure 1 Adsorbent dosage (m, g) impact on Zn(II) adsorption degree (R,%). pH = 4,9, T = 1h, t = 20°C, Cza2*= 100mg/L.
blue (¢#)- travertine, red (M) - limestone.
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Effect of adsorbent dosage on Zn*2 ions adsorption is shown in Fig. 1. The figure shows that with increase of adsorbent
dosage the degree of Zn*2 adsorption on both adsorbents rapidly grows first from 80% to 89% in case of travertine and
from 60% to 80% in case of limestone. Adsorption process becomes almost constant, when adsorbent amount is 2-6 gr.

Improvement of zinc ions adsorption efficiency with increase of adsorbent dose takes place at the expense of increase
of sorbent contact area with solution, that leads to wider opportunities of sorption processes, following which an
equilibrium state occurs [16].

The study also confirms the correlation between growth of Zn*2 adsorption degree at the expense of increased dosage
of adsorbent and simultaneous reduction of adsorption capacity. For instance, if a maximal adsorption capacity equals
to 83 mg/g and 89 mg/g when adsorbent amount is 1-2 g, expansion in quantity of adsorbent up to 6 g causes reduction
of adsorption capacity down to 14,5 mg/g and 13 mg/g, for travertine and limestone, respectively.

In order to assess the adsorption process, an impact of contact time on the process of Zn+*2 removal from the solution
has been investigated. As it seen from Fig. 2, with increase of contact time the quick growth of Zn*2 adsorption occurs
firstin case of both adsorbents, 82% and 80% during 15-30 minutes, and afterwards the adsorption rate decreases, and
degree of adsorption goes to almost constant values, 89 and 82% for travertine and limestone, respectively.

o 100
-3
-— o)
80 - I ]
60
40
20 L T L
0 1 2 3
t,h

Figure 2 Contact time impact on Zn (II) adsorption degree. pH =4,9, m = 1g, t = 20°C, Czn2* = 100mg/1. blue (¢)-
travertine, red (M) - limestone.

It can be explained by adsorbent surface saturation. Initial zinc adsorption rate was higher, since all places in adsorbent
were vacant, and substance concentration was high. With extension of adsorption time, zinc ions occupied vacant places
and after a time almost all active centers were occupied by zinc ions that lead to adsorption rate decrease [17].

Impact of initial concentration on zinc ions adsorption capacity has been studied by means of change in test solution
concentration from 25 to 500 mg/1 at pH - 4.9, temperature 20°C, contact time 60 minutes and adsorbent dosage 4g. As
is seen from Fig. 3, with increase of concentration, a number of zinc ions interreacting with active centers of adsorbents
is getting higher, that leads after a time to adsorbent surface saturation and, respectively, reduction of adsorption
percentage. At that, the degree of zinc ions adsorption in case of travertine drops down from 88% to 5%, while in case
of limestone - from 92% to 52% [18].
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Figure 3 The effect of the solution concentration on Zn (II) adsorption degree. pH = 4,9, m = 4g, t =20°C, t =1h. blue
(#)- travertine, red (M) - limestone.

Solution pH value plays a crucial role in metal ions adsorption, since pH has an impact not only on metal compounds’
formation, but also on adsorbent’s surface charge. Effect of initial solution pH on zinc ions adsorption from aqueous
solution in the presence of travertine and limestone has been investigated within a range of pH 4-9 at temperature 20°C
for 60 minutes, at zinc concentration 100 mg/l and adsorbent dosage 4 g. As is seen from Fig. 4, reflecting the
dependence of degree of zinc ions adsorption on initial value of solution pH, metal ions adsorption substantially rises
with increase of pH and reaches maximum, when pH - 7-9.
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Figure 4 Impact of medium pH of solution under study on Zn (II) adsorption degree. m =4g, T =1h,t=20°C, Cz.?*=
100mg/1. blue (#)- travertine, red (W) - limestone.

In case of low values of pH - 2-6, ions are present in the solution in form of zinc cations, while hydrogen ions completely
dominate on adsorbent surface, promote Zn+*? ions repulsion and reduction of their adsorption. Increase of pH value
from 7 to 10 causes formation of hydrolytic forms (Zn(OH)+2). Therefore, increase of pH from neutral to alkaline values
provide optimum conditions for zinc ions attraction, since adsorbent surface is heavily saturated with negatively
charged hydroxyl groups, so zinc ions electronic attraction and increase of metal adsorption on the sorbent occur [19].

4., Conclusion

Adsorption capacities of Georgian minerals, travertine and limestone in the process of aqueous solutions treatment
from zinc ions have been investigated for the first time in this work. Experiments showed that adsorption depends
heavily on values of solution pH, adsorbent dosage, contact time and adsorbate concentration.

4472



World Journal of Advanced Research and Reviews, 2024, 22(03), 438-444

Optimal value of pH proved to be within the range of 5 - 8, first the adsorption rate was high and reached equilibrium
in 15-30 minutes. Optimal conditions for zinc adsorption have been selected, in case of which the maximum degree of
adsorption (in percentage terms) - 89% and 83% has been attained, when contact time was equal to 60 minutes,
quantity of adsorbent - 3 - 4 g, adsorbate concentration 100 mg/l for travertine and limestone, while adsorption
capacity under these conditions comprised 29 mg/1 and 28 mg/], respectively.

Compliance with ethical standards

Acknowledgements

The work is carried out within the framework of the state program.

Disclosure of conflict of interest

All authors of the Article, have no conflict of interest.

References

[1]  Prabhat Kumar Patel, Lalit Mohan Pandey, Ramagopal V.S. Uppaluri. Adsorptive removal of Zn, Fe, and Pb from
Zn dominant simulated industrial wastewater solution using polyvinyl alcohol grafted chitosan variant resins.
Chemical Engineering Journal (IF 16.744), Volume 459, 1 March 2023, 141563.

[2] Pan, J.; Gao, B.; Guo, K,; Gao, Y.; Xu, X.; Yue, Q. Insights into selective adsorption mechanism of copper and zinc
ions onto biogas residue-based adsorbent: Theoretical calculation and electronegativity difference. Sci. Total
Environ. 2022, 805, 150413.

[3] Ramin Samieifard, Ahmad Landi, Nahid Pourreza. Adsorption of Cd, Co and Zn from multi-ioniz solutions onto
Iranian sepiolite izotherms. Cental Asian Journal Environmental Science and Technology Innovation (3) 2021,
102-118.

[4] S. S. Ahluwalia and D. Goyal. Removal of Heavy Metals by Waste Tea Leaves from Aqueous Solution. Engineering
in Life Sciences, Volume 5, Issue 2 April, 2005, p.158-162.

[5] Ong, S, Seng, C. and Lim, P., Kinetics of adsorption of Cu (II) and Cd (II) from aqueous solution on rice husk and
modified rice husk. Electronic J. Environ. Agric. Food Chem., 1764-1774 (2007).

[6] Sayed, L.R.; Farhan, A.M.; Al[Hammadi, A.A.; El-Sayed, M.1.; El-Gaied, I.M.A.; El-Sherbeeny, A.M.; Al Zoubi, W.; Ko,
Y.G.; Abukhadra, M.R. Synthesis of novel nanoporous zinc phosphate/hydroxyapatite nano-rods (ZPh/HPANRs)
core/shell for enhanced adsorption of Ni2+ and Co2+ ions: Characterization and application. ]J. Mol. Liq. 2022,
360, 119527.

[7]  D.loseliani, N. Kalabegashvili, G. Balarjishvili, L. Samkharadze, N. Nonikashvili. Water purification from zinc ions
using expanded perlite. World Journal of Advanced Research and Reviews, 2023, 19(01), 214-220.
https://doi.org/10.30574/wjarr.2023.19.1.1278

[8] Tadesse, S.H. Application of Ethiopian bentonite for water treatment containing zinc. Emerg. Contam. 2022, 8,
113-122..

[9] KimT.Y, Park S.K, ChoS.Y., Kim H.B., (2005): Sorption of heavy metals by brewery biomass, Korean J. Chem. Eng.,
22:91-98.

[10] Bilge Alyiiz, Sevil Veli. Kinetics and equilibrium studies for the removal of nickel and zinc from aqueous solutions
by ion exchange resins. Journal of Hazardous Materials, Volume 167, Issues 1-3, 15 August 2009, Pages 482-488.

[11] Alexander E. Burakov a, Evgeny V. Galunin a, Irina V. Burakova a, Anastassia E. Kucherova a, Shilpi Agarwal b,
Alexey G. Tkachev a, Vinod K. Gupta. Adsorption of heavy metals on conventional and nanostructured materials
for wastewater treatment purposes. Ecotoxicology and Environmental Safety, Volume 148, February 2018, Pages
702-712.

[12] N.G. Kalabegashvili, D.K. Ioseliani, G.I. Balarjishvili, L.0. Samkharadze, R.P. Tsiskarishvili, A.V. Dolidze. Waste
Water Purification From Heavy Metals With The Use Of Local Clays and Mineral Brusite. Proceedings of the
Georgian National Academy of Sciences, Chemical Series, 2017, vol.43, Ne2, pp.162-164.

[13] Wang, J.; Zhao, J.; Qiao, Y.; Luan, Z. Effect of Mg (II), Mn (II), and Fe (II) doping on the mechanical properties and
electronic structure of calcite. Mater. Today Commun. 2022, 2022, 103725.

443



[14]

[15]

[16]

[17]

World Journal of Advanced Research and Reviews, 2024, 22(03), 438-444

M. Kavsadze, K. Gabarashvili, G. Vashakidze, M. Togotnidze, T. Beridze, G. Beridze, K. Lobzhanidze. Some aspects
of definition, study, origin, distribution and use of calcareous tufa (travertine, Shirimi). Alexandre Janelidze
Institute of Geology of Ivane Javakhishvili Thilisi State University, Proceedings, New Series, v.134, p.128-142.
Thilisi, Georgia, 2022.

Vazha Geleishvili, Murad Tkemeladze. Georgian travertine (Jo®omwo GMo390E0bo). Ivane Javakhishvili Thilisi
State University Publishing House, 2023, book p.1-128.

Hiilya Geng, Jens Chr. Tjell, David McConchie, Olaf Schuiling. Adsorption of Arsenate from Water Using
Neutralized Red Mud. Journal of Colloid and Interface Science, Sep 2003, 264(2):327-34. DOI: 10.1016/S0021-
9797(03)00447-8

Torab-Mostaedin M., Ghassabzadeh H., Ghannadi-Mazagheh M., Ahmadi S.I. and Taheri H.Removal of Cadmium
and Nickel from aqueous solution using expanded perlite. Brazilian Journal of Chemical Engineering. 2010,
27(2):299-308.

Ahmed M. El-Sherbeeny, Sherouk M. Ibrahim, Ali A. AlHammadi, Ahmed Tawhid Ahmed Soliman, Jae-Jin Shim,
Mostafa R. Abukhadra. Effective retention of radioactive Cs+ and Ba2+ ions using [3-cyclodextrin functionalized
diatomite (B-CD/D) as environmental adsorbent; characterization, application, and safety. Surfaces and
Interfaces, Volume 26, October 2021, 101434.

Shaikhiev I.G., and Bagauva A.L, (2014): Removal of iron(III) ions by extracts of oak bark and leaves and study of
morphology and kinetics of waste sedimentation, Water, Chemistry and Ecology., 3:70-84.

444



