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SORPTION OF COPPER (I1) AND LEAD (I1) IONS
BY A NEW CHELATE-FORMING IONITE BASED
ON SOME COPOLYMERS OF EPOXYACRYLATES

Abstract. Sorption properties of a new chelating ion-exchange resins based on copo-
lymers of glycidylmethacrylate (GMA) and the chelating agent 1-hydroxy ethylidene-1,1-
diphosphonic acid(HEDP) are studied. The optimal sorption conditions with respect to
copper (I1) and lead (1) metals ions have been determined.

Key words: chelate-forming ion exchangers, chelating agents, chelates, sorption,
heavy metals, ion exchange.

The main problem with the development of science and technology is pol-
lution of the environment with ions of heavy metals, for example, water pollution
is one of the most urgent. Because, the shortage of drinking water on the planet is
becoming a global problem. The removal of heavy metal ions from industrial
wastewater and their reuse in the production process will result in the conser-
vation of natural water resources.

In this case, it would be useful to use ion exchangers to separate various
metal ions from water. That is why the requirements for ion exchangers have been
increasing lately. They should have improved ion-exchange and wide spectra of
physico-chemical properties, which are insoluble in various solutions. An effec-
tive method for this purpose is the synthesis of new chelating-forming polyelec-
trolytes obtained from glycidyl methacrylate (GMA). In the structure of GMA,
the polymer double bonds are well defined and are able to identify the reaction
epoxide group and the possibility of radical ionic polymerization by the addition
of various polymers [1, 2].

The greatest advantage of using ion-exchange sorption for wastewater
treatment from galvanic production is the high regeneration of Cu (11), Pb (Il),
etc. ions in accordance with modern requirements and return of purified water to
the production of these metals. Lead ions are included in the group of the most
dangerous ecotoxicants that accumulate in the environment due to emissions from
coal combustion in power plants, sewage from industrial enterprises (concen-
trating mills, metallurgical and chemical plants, mines). In this regard, there is a
need to use new sorbents to remove metal ions from the solution.

For the practical use of ion exchangers, it is necessary to study the depen-
dence of the sorption of metal ions on the process conditions. The removal of
metal ions from the solution largely depends on the concentration and pH of the
solution, as well as on the kinetic activity of the ion exchangers.
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We have studied and studied the processes of extraction of copper (Il) and
lead (1) ions from model aqueous solutions with new synthesized ion exchangers
based on glycidyl methacrylate and complexonHEDP.

In the studies of Dyatlov NM. Complexes of EDTA and HED Phaving the
structure of tick-shaped compounds analogous to chelating groups that contain
ethylenediamine-N, N'-di (o-hydroxyphenyl) -N, N-diacetic acid (EDOFA) are
shown:
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The resulting compounds of metal ions with complexons - complexates -
have in their structure several so-called chelate cycles. The term chelate (English
chelate from the Greek cilh - claw) is used to refer to the cyclic structures that
result from the addition of a cation to two or more donor atoms belonging to the
same molecule of the complexon. In accordance with the term chelated chelator
should be presented in the form of a crab, which with its polydentate claws firmly
grasps the metal ion, and the more claws, the stronger the grip [3-5].

The experimental part

Sorption properties of chelating ion exchangers were studied with respect to
lead (I1) and copper (I1) ions from model solutions of the corresponding "hp"
nitrate, sulfate salts. Samples of polymers before each series of experiments were
dried in a vacuum drying oven to constant weight.

To determine the sorption capacity of the ion exchangers, a polymer
weighing 0.05 g, weighted to an accuracy of 0.0002 g, was placed in a Erlen-
meyer flask, then 20 ml of a solution of the corresponding metal salt were added.
The method of atomic absorption spectroscopy was used to determine the
concentration of metal cations [6].

Results and its discussion

It is known that when chelated ion exchangers interact with metal ions by
ionic, coordination bonds, they form strong complexes. This ability of chelating-
forming ion exchangers to complex formation with metal ions is due to the
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presence in the polymer matrix of chemical active groups containing electron-
donating oxygen and nitrogen atoms.

With increasing concentration (from 18.5 to 105.5 mg/l) of metal ions in the
initial solution, the sorption capacity of GMA-St-AKN-HEDP ion exchanger for
lead ion (1) increases from 10, 60 to 41 mg/g , the ion of copper (I1) from 6.5 to
37 mg/g, the recovery rate reaches up to 99 and 90%, respectively (figure 1).

Figure 1 — Influence of the initial concentration of lead (1) 1 and copper (I1) 2 ions on the sorption
capacity of ion exchangers based on GMA-St-AKN-HEDP(duration of contact 7 days)

An important role in the sorption of metal ions is played by the pH medium,
since a change in its value contributes to an improvement in the dissociation of the
functional groups of the ion exchanger. For the ionization of GMA-ST-AKN-HEDP,
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Figure 2 — Dependence of sorption capacity of ion exchanger on the basis
of GMA-ST-AKN-HEDP for lead ions (1) from the pH of the solution (Cp,2*=102 mg /1, 7 days)
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Figure 3 — Dependence of sorption capacity of ion exchanger on the basis
Of GMA-St-AKN- HEDP for copper ions (I1) from the pH of the solution
(Ceh® =101 mgl/l, 7 days)

the acidity of the solution does not particularly affect the sorption process (figu-
re 2), since the sorption of lead ions (I1) passes almost in all pH regions. The sorp-
tion capacity of the ion exchanger is 41.22 mg/g, the recovery rate reaches 95%.

The sorption capacity of the cation exchange resin GMA-St-AKN-OEDF
with respect to copper (1) ions decreases somewhat with decreasing acidity of the
solution. The equilibrium between a solution of CuSO, containing 101 mg/l of
copper ions and cation exchanger GMA-ST-AKN-HEDP is set at pH 3.5; the
sorption capacity of the ion exchanger is 41.1 mg/g (figure 3).

The tasks of creating high-performance ion-exchange processes and high-
quality materials can be solved only by a detailed study of both the equilibrium
and kinetic properties of ion exchangers. It can be seen from Fig. 4 that for lead
ions the equilibrium state between the solution of Pb(NOj3), containing 100 mg/I,
having a pH = 3.1 and the cation exchanger GMA-St-AKN- HEDP is set for
3 hours.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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COPBLIMS NIOHOB MEJIH (I1) I CBUHIIA (11)
HOBBIM XEJIATOOBPA3VIOIM HOHUTOM
HA OCHOBE HEKOTOPBIX COITOJIUMEPOB DITOKCUAKPUJIATOB

W3ydeHsl cOpOLIMOHHBIE CBOMCTBAa HOBBIX XeIaTOOOPa3yIOUINX MOHHUTOB Ha OCHOBE
conosmepoB runuaniMeTakpuiara ('MA) u kommiekcona ODJI®. Onpenenenst om-
THMAJTbHBIC YCIOBHS COPOIIMH MO OTHOIICHUIO K HoHaMm MetamutoB Meau (I1) u ceunna (I1).

KiroueBble cjioBa: XenaToo0Opa3yroIiue MOHHUTHI, KOMILICKCOHBI, XeJIaT, COpOLus,
TSKEIIBIC METAJLIBI, HOHHBI OOMCH.
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KEHWBIP SIIOKCUAKPUJIATTAP COITOJIMMEPJIEPI HET'T3IHEL'T
XAHA XEJTATTY3I'TII MOHUTIIEH MBIC (IT) )KOHE KOPFACBIH (II)
NOHIAPBIH COPHIIT AJTY

uiuaunMerakpunar xoHe komiiekcon (ODJID) Herisinmeri jkaHa XexaTTy3ri-
LIMOHUTTIH COpOLMsIIBIK KacueTtepi 3eprrenni. Moic (II) xone Koprackin (II) moHmapsl
YIIiH COPOIMSHBIH OHTAMIIBI JKaFAaiIapbl aHBIKTAJIIBI.

Tyiiin ce3aep: xenaTTy3yUIiMOHUTTEDP, KOMIUIEKCOH/IAp, XeJaT, ayblp MeTanaap, HoH
aimacy.
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