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Investigation of selective extraction of copper ions by organic reagents
based on dialkylhydrazides of carboxylic acid

Acetic acid dialkylhydrazides were investigated as extractants of copper ions. We found that selective extrac-
tion of copper was observed at pH 0.4-1.4. It is found that, depending on the technological condition§ of the
extraction, the extraction process of copper ions occurs preferably compared with zinc and iron iens at their
joint presence in the solution.
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The successful application of extraction for the extraction of metals depends largelyyonthe nature of the
reagents, so the development of high-performance organic extractants is an\tmportant s¢ientific and practical
problem.

Earlier we investigated some alkylated derivatives of monoethanolamine vinyl ether as extractants [1]
and studied the effect of various factors on their extraction ability, Throughta comparative analysis of the
extraction ability of reagents proposed, it was found that basicity andylength of the hydrocarbon radical af-
fected the extraction capacity of the amines obtained.

It is known from the literature [2] that carboxylic acids hydrazides (CAH) exhibit complexing proper-
ties and are proposed for extraction of copper (1) in the ptesence'of metal impurities.

However, hydrazides are compounds poorly compatible'with organic solvents. They are insufficiently
resistant to hydrolysis and have a small capacity ofithe organic phase over copper. In our opinion, the intro-
duction of alkyl substituents would improve the_extractive properties of the reagent obtained. Synthesis of
acetic acid dialkylhydrazides (AA DAH) [1]Avas carried,out by reacting acetic acid hydrazide with twofold
molar amount of alkyl bromide under basie conditions (for binding HX). The starting reactant was obtained
by keeping the corresponding acid withdiydraziné®hydrate.

To evaluate the compounds synthesized,as extractants there were studied their physico-chemical prop-
erties such as solubility in water, in\the,most important solvents and solutions of mineral acids, hydrolysis
resistance, as well as mass capacity. Thetexperimental data showed that acetic acid dialkylhydrazides were
practically insoluble in watef. Their'solubility in 0.1 mol/L solution of hydrochloric acid and 1 mol/L solu-
tion of ammonia is negligible. Solubility in organic solvents increases from 0.1 mol/L to 3.8 mol/L with in-
creasing length of the gadical,from C,H;s to CsH,;, and then reduces for the reactants with a radical C¢H,3 and
C7H15.

To investigatethe ‘extraction ability of the acetic acid dialkylhydrazides synthesized solutions of cya-
nide complexeSief goldyand silver were used [3]. The solution was basified to pH 8-9. The organic phase
was 0.03 molal solution of AA DAH in a solvent consisting of 90 % of kerosene and 10 % of octanol. Ex-
traction was garnied out with ratio of organic and aqueous phase 1:2.

The experimental results showed a linear dependence degree of extraction of metalloacids anions on
radical lengths. It was found that the extraction ability of the compounds increased with increasing concen-
tration of the latter. The best results were obtained by extraction with 0.32 mol/L solution of AA DAH.
Thergywas a tendency for change in the total mass capacity of metal extractants depending on the number of
carbon atoms in the molecule. Since the mass capacity of the extractant is the main characteristic of any
extractant, it follows that the best extractant has the highest mass capacity. The results of the study of de-
pendence of mass capacity from the hydrocarbon chain length showed that the increase of the number of car-
bon atoms in the radical caused a reduction in mass capacity.

In this paper acetic acid diamylhydrazide was approved as an extracting agent for the extraction of cop-
per ions and the accompanying ions of iron and zinc. These ions are present universally in the solutions ob-
tained in the leaching of the poor feedstock, in solutions of dump and underground leaching, in sewage and
mine waters. Since the salt form of the extractant was used, its pre-treatment was carried out. Kerosene was
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used as an organic diluent. It has a low content of aromatics and is inert to the ions present in the extraction
conditions.

Standard solutions of Cu*’, Zn*" sulfates and Fe’" chloride with a mark «chemically pure» were pre-
pared for research. Temperature of the initial solution was 21 °C and pH 2.4. Extraction was carried out with
constant stirring and pH regulation for 30 minutes. 1 N solutions of NaOH and H,SO, were used as neutral-
izers. The temperature of the solution during the extraction was 21 + 3°C. Figure 1 shows the dependence of
the degree of extraction of the above metal ions at their joint presence on the pH value of the solution. Stud-
ies showed that selective extraction of copper was observed in the pH range 0.4—1.4. According to the results
partition coefficients of the copper-zinc and copper-iron were calculated, which were 33—653 and 98=1378,
respectively. Taking into account that the extractant AA DAH has a functional-active group it can be as-
sumed that the complexation with metal ions will occur by similar mechanisms.
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Figure 1. The dependence of the degree of extraction/of metals at their joint presence in solution

However, the degree of metal extraction data indicate a weak interaction of the reagent with zinc and
iron cations. The stability of the complexgpartieles (ions, molecules) in the solution depends on the nature of
the central atom and ligands. The mostfimpertant characteristics of the central atom that determine the stabil-
ity of the complex compounds are oXidation State (charge of the central ion in ionic complexes), the size and
electronic structure. Bonding stgength“of ligands and polyatomic ions depends on the nature of atoms,
through which the connectiongte, théycentral atom is implemented and the charge characteristics of the mole-
cule (ion) of ligand. As the literature contains no data on the stability constants of complexes of Cu (II),
Zn (II), Fe (III) with AAgDAH explanation of possibility of complex formation and sustainability can be
found based on the position of the principles of hard and soft acids and bases of F.Basolo and R.Pearson [4].

Based on thegoneept of hard and soft acids and bases the cations of metals (copper, zinc and iron), pos-
sessing electropfdoners properties and having free orbitals, are acids. AA DAH is a base. According to the
proposed classifieation ‘of Lewis acids, copper cations are soft acids and zinc and iron cations are referred to
intermedigte ones. Ipfollows that AA DAH acts as a soft base. According to [5] soft bases include donor par-
ticlesgin which the donor atoms have low polarizability and high electronegativity. With regard to the for-
mation of complex compounds it is advisable to refer to the theory of M.I.Usanovich, whereby a cation,
whigch 1onization potential is greater, will have most acidic function in the row. Due to the ionization poten-
tialgymetal cations can be placed in the next row (eV): Cu (20.29)> Zn (17.96)> Fe (16.18). Possibly, a strong
acid function of copper cations leads to an increase of the metal's ability to form more stable complexes with
the extractant. In this regard, an increase in the degree of extraction of copper ions from solutions is ob-
served.

Since the formation of stable complexes creates difficulties at the transition of metal from the organic
phase into water, in this paper the possibility of re-extraction solution of copper ions by sulfuric acid is in-
vestigated (Fig. 2).
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Figure 2. The curve of copper extraction from the organic phase by s

During the process the formation of emulsions was observed. At
ration was very slow. According to the experimental data it was reveale
salting out agent (CuSQy,) into the system led to a stabilization. The equilib
Effect of a salting out agent typically is carried out through c
example, hydrogen ion. At the allocation of non-electrolyte (c
change in the distribution ratio in accordance with the rule ofdSec

imen of the system sepa-
roduction of an organic
was reached for 5 minutes.
on ion or by hydrolysis to form, for
ition of an electrolyte causes often a

where m_, — partition coefficient in the absence o — partition coefficient in the presence of salt at
concentration x ; k— constant, reflecting the t concentration.

Reducing & with increasing concentgatior

ability of CuSO,.

Thus, our studies indicate the ectsiof the use of the extractant synthesized for the selective recov-
ery of copper from solutions of composition. Note that one of the important factors to ensure the
selectivity of the extractant isgstri intenance of a particular pH of aqueous solutions. Preferably the ex-
traction of copper ions, conipa ¢ and iron ions at their joint presence in the solution, depends on of
the extractant and extractien processing conditions as well.
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C.O.Kemxeraesa, C.111.O0apIFaasIMOBa

Kap0oH KbIIIKbUIBIHBIH AJTKHJITHAPAZUATEPI HeTi3iHAeri OpraHnKaIbIK
peareHTTepMeH MbIC HOHAAPBIH CeJIeKTUBTI IKCTPAKIUAIAYAbI 3epTTEy

Cipke KpIIIKBUIBIHBIH aJKWITHAPA3HATEPI MBIC HOHAAPBIHBIH SKCTPAreHTTEpi peTiHae 3epTreiii. MBICTbI
tanFamzan 6eunin any pH 0,4-1,4 aymarbiHaa GaiikanaTelHbl TaOBUIABL. DKCTPAKLUSIIAYIBIH TEXHOJIOTHSUIBIK
XKaraaiinapeiHa OaiiyIaHbICTBl MBIC MOHJAPBIHBIH TEMIp KOHE MBIPBILI MOHJApbIHA KaparaHia OachIMIbLIAy
Geuin anbIHybI epiTiHzige oap Oip Me3rinae OonFaHaa XKYPETiHi aHBIKTAIBL.

C.O.Kemxeraena, C.I11. AGapIramnmona

HccnenoBanue celeKTUBHOM IKCTPAKIMY HOHOB MeIH OPraHMYeCKHMI peareHTa
HAa OCHOBE AJKWITHAPA3UI0B KAPOOHOBOI KHUCJIOTHI

AJKHITHAPA3UIBl YKCYCHOM KHCIIOTHI UCCIEOBAHBI B Ka4eCTBE DKCTPAareHTOB MOHOB MEH. 4TO
n30MpaTenpHOE U3BJICUCHIE Menu Habmomaetrcs B obmactu pH 0,4-1,4. YcraHoBieHO OCTH
OT TEXHOJIOTHYECKHX YCIOBHIl IKCTPAarupoOBaHHsl, MPOUCXOAUT MPEAIOUTHTEIb u3Bliey MeIu

I10 CPaBHEHUIO C MOHAMM JKE€JI€3a U IMHKA MPU UX COBMECTHOM NIPUCYTCTBUU B
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