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ION EXCHANGE METHODS IN LEAD AND ZINC TECHNOLOGY

Utilization of liquid extraction for the further processing of the alkaline solution produced alleviates
the problem of valuable components extraction. It is known, that phenol bearing reagents as the extragents of
metals from alkaline solutions can be successfully used [1, 2]. The selective properties of these reagents are
defincd by the chelate mechanism of their interaction with the clements under the special conditions of the
process.

We have cstablished that for the cxtraction of ions of non-ferrous metals amino- and hydroxyl-
containing oligomers are rather promising. For extraction reworking of obtained lead-zinc-containing
alkalinc and ammoniac solutions we sclected the obtained by way of polyvcondcensation of paratrctbutilphenol
with formaldehyde in presence of ammoniac catalvzer. For extractant preparation phenol-amino-
formaldehvde oligomer (the molecular mass 460 g/mol) was dissolved in purified kerosene with addition of
octanol for stabilization of cxtractant solution.

Studving the process of lead and zinc extraction from ammonium and alkali solutions it was
cstablished that increasc of the cxtraction duration in the intcrval from 0 till 20 minutes metal distribution
coefficient grows up to 3,3-4,5 and remains practicallv unchanged during next 10 minutes.

In determining the influcnce cxtractant concentration on the extraction factors it was found out that
metal extraction and distribution grow in the interval of the oligomer concentrations 0.1 - 0,3 mol/dm’* (fig.1).

Relation of the water and organic phases volumes has significant role not only in the process of mass
transfer but also for obtaining cxtractants with high metal content in them. While carrving out the
experiments it was found out that the optimal is the phase ratio Vi.:Vy = 1:6.

Dependence of lead and zinc extraction on the mole relation of soda and ammonium hyvdroxides has
the maximum in the ficld CNaOH:CNH,OH = (3:2)-(2:3) (fig.2), and the character of the dependence is
preserved under the summarized concentration of soda and ammonium hydroxides 4 and 6 mol/dm’. The
presenec of the maximal valucs 1s cxplained by the fact that with ammonium concentration growth in the
initial solution alongside with hydroxoforms extracted ammoniac metal complexes are formed.

Maximal cxtraction of Icad and zinc 1s obscrved 1n ratio of CNaOH : CNH,OH= = (3:2)-(2:3) and
the summarized concentration of soda and ammonium hydroxides < 6 mol/dm’. High values of the
coefficients of metal distribution during their extraction by selected agent all over investigated pH interval
and 1 morc concentratcd solutions of soda hydroxide allow to make a conclusion that all hvdroxoforms of
metals beginning with M(OH) are extracted. The extraction is showed to be limited by diffusion factors.

Scparation of metals is carricd out at the stage of re-cxtraction on two levels: firstly, zine is extracted
by 0,5 M solution of saline acid (99.8 %), then lead is re-extracted by the solution of acetic acid of the same
concentration (88,35 %).

It was found out that extraction of hyvdrox forms and ammonia metal complexes is implemented
according to the chelate mechanism. On the base of physical and chemical methods of analysis the
composition ot extracted lead and zinc complexes was defined (|M(OH), (NH;)m (H,0)>.... R>|™).

Phenolformaldehvde resins are widely used in different branches of industry [3]. However, they are
practically napplicablc as sorbents. With the purposc of imparting to them of sorption or oxidation-reduction
properties phenol is often substituted for di- or three-oxybenzenes |4|. An introduction in their composition
of functional groups, such as ammo-. sulfo-, carboxy- and othcrs improves sorption propertics of 1on-
cxchanoore and imnarts tn thom <electivity

Previously, we have established that for the extraction of ions of lead and zinc amino-and hydroxyl-
containing oligomers are rather promising. For the creation of sorbents of a such-like type we have studied
condensation of dioxybenzenes (resorcinol, pyrocatechol and hydroquinone) with hexamethylene-diamine
(GMDA) and formaldehydes (CH,0O). In the absence of catalysts, the yield ofthe final product is low (20-25
%), and the properties of the obtained materials do not meet the requirements, established for ionites: low
characteristics of mechanical strength, chemical stability and ion-exchange capacity. In this connection there
have been tested catalysts ofthe acidic and basic types, as well as hydrogen peroxide.
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The studics have shown that ammonium hydroxide participates in the reaction of polycondensation not
only as a catalyst, but also for the creation of additional active functional groups =NH and —-NH.. To the
latter supposition there testify an increase in the intensity of absorption bands at 1380 and 1630 cm™' in IR-
spectra of the obtaincd matcrials. corresponding to above-mentioned functional groups.

The presence of hvdrogen peroxide significantly improves sorption properties of resins due to the
paiticipation of pcroxidic groups in the complex formation. Incidentally, in this casc the process duration
reduces considerably even at insignificant amounts of hydrogen peroxide.

Nitric and phosphoric acids as reagents that catalyze the process and regulate pH of the medium also
coiitribute additional functional groups in the sorbent structurc. Neeessity of their introduction in the rcaction
mixture has been confirmed by the improvement of sorption properties and chemical stability of the final
preducts. The studics have shown that pH ~ 3 is an optimal valuc, at lower pH an active dissolving of the
formed compounds takes place, proceeding faster in the presence of phosphoric acid.

An order of rcagents addition and pH of the media plays a significant role upon the synthesis of
aminophenolic sorbents. In the case CH-0 is added before GMDA the yield of the final product constitutes
50-33 % in rclation to the summary mass of the indicated substances, in casc of the reversed order — is the
yield of polvmers increases up to 64-72 %. The vicld of resins is growing with an incrcase of CH.O quantity;
ho*vever, 1on-cxchange propertics of the obtained polvmer products deteriorate. This may be connected with
an incrcasc in the linking degree of macromolcecules, and therefore, unavailability of the functional groups.

A study of temperature effect upon the process has shown that at 60 °C and lower the obtained resins
are chemically and mechanically unstable, and above 100 °C their yicld decreascs. Obviously, at low
temiperatures no sufficient cross-linking of the polymer links occurs, above 100 °C a partial decomposition of
the obtaincd compounds takes place with a simultancous growth of cross-linking duc to intcrmolccular
reactions and isolation of thc water, included to macromolceular structure.

The latter supposition has been confirmed by the results of thermogravimetric studics: the temperature
of the beginning of decomposition lics in the arca of 105- 120 °C and should be related to water removing,
At the temperatures of 270-300 °C the samples are destructed by 50 %. their complete decomposition is
obsicrved at 350-400 °C.

According to the data of elemental analysis the quantitative content is as follows: 37,.2-39.9 % C. 7.6-
8,4 %H: 11.9-12.1 % N: 19,6-23.3 % O depending on terms of synthesis.

On the basis of the data of IR-spectroscopy and clemental analysis onc may conclude, that both three-
an 1 tetra-substituted aromatic nuclcar, intcrconnected by mcthylene bridges and amino groups as well as
OHI-groups arc prcsent in the polyvmer structurc.

A sorption ability of aminophenolic polymers in relation to ions of some non-ferrous metals has been
estimated in dependence on the structure of 1onites. Sorption conditions (duration of the contact of a sorbent
with a metal-containing solution, concentration and pH of the initial solutions, the nature of metal) |5].

It has been cstablished that upon the extraction of ions of lcad and zine resorcinol-bascd sorbents arc
most prcferable. Pyrocatechol-bascd resins possess a greater affinity to zine ions. It was clearly shown that
zinc and lcad arc cxtracted by the sorbents in the narrow pH range of the medium, which testifics to a high
selectivity of the obtained ionites.

Maximum extraction of metal ions (80-97 %) Isvnthesized ionites falls on the pH region of 8-12, (fig. 3).

On the basis of litcrature and experimental data we offered cxtraction method — of alkaline and
ammoniac-alkaline lead-zinc-containing solutions with the use of chelat-forming agent. It is known, that
ph:nol bearing rcagents as the cxtragents of mctals from alkalinc solutions can be successfully used.
Ex:raction occurs by chelate mechanism.

‘We found out that for successful metal separation re-cxtraction should be carried out in two stagcs.

By the condensation of two-atom dioxybenzenes (pyrocatechol, resorcinol and hydroquinone) with
formaldehyde and hexamethylene-diamine in the presence of initiating additions ofthe acidic and basic type,
as well as hydrogen peroxide, there have been synthesized phenol bearing ionites, which practically extract
ions oflead and zinc.
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Fig.1 — Influence of the extractant concentration on the value of zinc (1)
and lead (2) distribution coefficients
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Fig. 2 — Influence of the mole relation of soda and ammonium hydroxides
on the value of zinc (1) and lead (2) distribution coefficients
a — the summarized concentration of soda and ammonium hydroxides 4 mol/dnﬁ :
b — the summarized concentration of soda and ammonium hydroxides 6 mol/dm’
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Fig. 3 - The effect of pH of the initial solutions upon sorption of lead (a) and zinc (b) by phenol bearing ionites

on the basis of: ¢ - resorcinol (HNOj; catalyst); * - hydroquinone (HNOj; catalyst); * - pyrocatechol (H;PO, catalyst);
- pyrocatechol (HNO; catalyst)
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Pesrome
Crarbsaa KYpACAl Kypamabl CV.1bl CPITIHACPACH XCAATTY3Y 1 (JCHOT KYPaMAbl PCArCHTTCPMCH KOPFAChIH MCH

IBILUTBHL BKCTPAKLIMANAY HOHC cOpOuMstiay HOTIbKeACP kearipinrcH. CinTini pcarcHTTI CPITIHAICPACH MOH
ACTBIPY JTICTCPIH KOMIAHY MCH ay bIP TYCT1 MCTaNAap,abt CCACKTHBTI 00.1iM any,IblH HAKTbI MYMKIHAIM KOPCCTIIICH.

B cratee mPeaCTABICHBI PE3YIBTATHL 3KCTPAKIMH H COPOLMH CBHHLUA H LHHKA XCTATOOOPA3VIOLIHMHK
0.ICOACPKALLMMH PCATCHTAMM M3 BOAHBIX PACTBOPOB CJONKHOrO CoCTaBa. [lokasaHa PCanbHAs BO3MOMCHOCTb
*KTHBHOIO HW3BMCUCHMSI TSDKCbIX IBCTHLIX MCTA/OB W3 PACTBOPOB LICAOUHBIN PCATCHTOB C HCMOJb30BAHHCM
D0OMCHHBIX MCTO,TOB.
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