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The Selection of Reagents for lonic Flotation of Non-Ferrous Metals
in the Series of N-Acyl-N'-Mezylhydrazines

A series of new ligands — N-acyl-N-mesylhydrazines (MSH) — of the <general formula
RC(O)NHNHSO2CHs has been obtained and considered as reagents for ionic flotation (IF) of non-ferrous
metals (M(Il). Reagents with a radical length of CeHi3 and above form hardly soluble complexeswith M(ll)
so it is possible to implement a kind of the ionic flotation techniques — “precipitate flotation”. The ranges of
pH values of the most complete precipitation of cations from solutions have been determined. Precipitates of
the metal complexes were isolated; their composition was confirmed by IR spectroscopy and elemental anal-
ysis. The conditional values of the solubility product (SP) of the complexes [M(HL)2] were calculated. The
dependence —Ig SP = 11.8 + 0.61N is fulfilled for the MSH series and Cu(ll) ions. The surface-active proper-
ties of compounds with R > CgHas were established. The reagents with optimal radical length for ionic flota-
tion were selected. The ionic flotation of non-ferrous metals with N-nonanoyl-N'-mesylhydrazine was carried
out. The up to 95-99 % recovery of metal ions, separation of copper and associated metal ions in diapason of
pH 5-6.5 was shown to be possible.

Keywords: ionic flotation, precipitate flotation, sulfonylhydrazines, non-ferrous metals, physico-chemical
properties, surface-active substances.

Introduction

lon flotation (IF) is a simple and effective.method for concentrating and separating metals from solu-
tions containing fewer 500 mg/l of metal ions. Versatility, high performance and efficiency of this technique
[1; 9] are of interest for purifying.and deep post-treating waste waters and recycled waters, as well as for re-
covering valuable metals in industrial productions and in hydrometallurgy [2-5]. Improving the efficiency of
IF is largely related to the efficiency of the reagents used [6]. At present, alkyl carboxylates [7], alkyl sul-
fonates, alkyl sulfates, alkylamines, quaternary ammonium salts [8-12], and xanthates [13] have been practi-
cally employed. As for the development of ion flotation, it would seem as appropriate to develop and im-
prove a methodology for selecting an optimal collector. The traditional way of selecting a flotation reagent-
collector is using compounds with a functional group capable of forming a chemical bond to a metal cation.
Today the calculation of quantum-chemical characteristics of potential collectors (nucleophilic hardness, mo-
lecular-electric moments, energy of complexation, etc.) has widely been used. It greatly facilitates the search
for reagents, narrowing the range of ligands suitable for further studies [14]. However, as a rule, these calcu-
lations do not take into account the influence of solvents, salt composition, and competing complexation re-
actions in polycationic systems. In addition, the most important factor of the synthesis direction at develop-
ing potential collectors is the presence of a set of properties in the reagent that meet the basic requirements
for flotation reagents [6]. One approach in the development of collectors for nonferrous metal ions is the di-
rected synthesis method based on the choice of a suitable functionally active atom group (FAG) capable of
forming compounds with metal ions and the organic radical (R). The optimal composition and structure of
the radical are selected on the basis of “composition-property” dependences derived by semi-empirical
methods as a result of a comprehensive study of the physic-chemical properties of a homologous series of
ligands. Polydentate compounds, which form sparingly soluble metal complexes, are known to be of interest
for the IF [6]. From this viewpoint, noteworthy are acylsulfonylhydrazines containing in their composition a
hydrazide group capable of forming chelate complexes with non-ferrous metal ions [15; 34-50], and sul-
fonyl, which enhances acidic properties of the compounds. Previously, the physic-chemical properties of
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some N-acyl-N'-(aryl-, naphthyl)sulfonylhydrazines were studied, with a fundamental possibility of using
them in flotation processes shown [16, 17].

This work is devoted to the study of the physic-chemical properties and patterns of recovery of Cu(ll),
Co(I), Ni(I), Zn(11), Cd(ll) ions in the series of N-acyl-N'-mesylhydrazines in order to determine the possi-
bility of their application as collectors in ion flotation and to select a reagent with optimal properties.

Experimental

N-acyl-N-'mesylhydrazines (MSH) of the general formula RC(O)NHNHSO,R! (1), where R = CsHy (1),
CeHas(11), CgHiz(111), CaHoCH(C2Hs)(1V), CioHa1(V), CiaHas(VI), CiaHao(VIN); R!=CHjs, was obtained by
the interaction of equimolar amounts of hydrazides of the corresponding acids with methanesulfonylchloride
att=0~+ 5 °C in a dry pyridine medium [18; 128]. The compounds obtained are white crystalline substances.
The individuality and purity of the reagents were confirmed by IR and *H NMR spectroscopy and elemental
analysis. IR spectra in the range 400-4000 cm™ were recorded on a Fourier spectrometer. Vertex 80V
(Bruker) (suspension in vaseline oil); *H NMR spectra were recorded on a Bruker Avance Neo spectrometer
(400 MHz; in CDCIs, internal standard hexamethyldisilazane (0.055 ppm)). Elemental analysis was per-
formed on a Vario EL cube CHNS analyzer (Elementar); thermal analysis of complex compounds — on a
TGA/DSC1 thermogravimetric analyzer (Mettler Toledo).

The solubility of the reagents was determined by gravimetric (in EtOH) and spectrophotometric (in
0.1 mol/L KOH) methods. The spectrophotometric method was used to explore. protolytic equilibria [19;
144-161]. UV-spectra were recorded on spectrophotometer SF-2000; pH/values were measured on ionome-
ter 1-160M equipped glass and silver chloride electrodes. The surface tension at the interface between an
AMH solution and the air was determined by the Dew Nui ring method [20] on a processor tensiometer
K100 (KRUSS). The measurements were performed at 25 °C in a 0.2'mol/L solution of KOH, as the reagents
under study are insoluble in water, but moderately soluble in alkaline solutions. The choice of the concentra-
tion range was related to the solubility limitations of the reagents. The surface activity (G, mN-m%mol) was
calculated as the value of the slope tangent of the straight line tangent to the isotherm of the surface tension
of reagent solutions in the range of low concentrations according to the formula:

G=Iim(—d—cj: Ao (1)
de) C,.
where C is the concentration of the reagent solution (mol/L); o is the surface tension of the solution (mN/m);
Cas is the concentration of the reagent, causing.a decrease in surface tension by the value Ac.

The values of critical micelle formation concentrations (CMC) were determined graphically at the in-
flection point of the curve mirroring the dependence of surface tension on solution concentrations (surface
tension isotherm) when it reaches an areaparallel to the abscissa axis [20; 152].

The complexation of metal ions with MSH was studied by the precipitation technique. To this end, a re-
agent solution was added to<aniaqueous solution of the metal salt, therewith adjusting the ratio of
[M(ID]:JAMH] = 1:2. Ammonia solutions were used to regulate the pH values. 10-30 Minutes later, with the
equilibrium time determined.experimentally for each metal, the formed precipitate was filtered off. The ionic
flotation experiments were carried out on a laboratory pneumatic flotation cell according to the procedure
described in [21]. The residual concentration of metals in the filtrate was determined on an atomic-
absorption spectrometer with flame atomization iCE 3500 (Thermo Scientific). The degree of precipitation
(flotation) (S(E), %) was calculated using the formula:

Co _Ci)

S(E):(

100 %, 2
0
where C, is the initial metal concentration in the aqueous phase, mg/l; C; is the metal concentration in the
aqueous phase after precipitation (flotation), mg/I.
The conditional solubility product (SP) of the complexes was calculated by the method described in
[15; 114-118], without taking into account the ionic states of the metals in solution, according to the formu-
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where Ky is the ionization constant of ligands (H.L) at I stage; M(ll) and Cu,. are the initial concentrations
of M(Il) and ligand, respectively, mol/L; S; is the degree of M(Il) deposition, %; [H+] is the equilibrium con-
centration of H*, mol/L; [M2+]equil is the equilibrium concentration of M(Il) in the solution after precipita-
tion, determined experimentally, mol/L.

The following reagents were used in the work: CuSO4 5H20 (pure, 98.5 %), NiSO4 7H20 (chemically
pure, 99.0 %), ZnSO4 7H20 (pure, 98.0 %), 3CdSO4'8H.0 (chemically pure, 99.5 %), CoSO47H.0 (pure,
99.0 %); NHs (aqueous), (analytical grade, 25 %), HCI (chemically pure, 35 %), HNO; (chemically pure,
65 %), H2SO4 (chemically pure, 93.5-95.6 %).

Results and Discussion

The main requirements for IF collectors are as follows: sufficient solubility in aqueous solutions, avail-
ability of surface activity and foam-forming properties, ability to form insoluble compounds with metal ions,
selectivity. The studied reagents were found as being moderately soluble in aqueous selutions of alkalis and
EtOH; they exhibited themselves as weak dibasic acids (H.L) [16]. The diagrams demonstrating distribution
of the protolytic equilibrium forms of the reagents as a function of the pH were constructed (Fig. 1, an exam-
ple for reagent I11). They make it possible to predict the ranges of pH values for the formation of compounds
of reagents with metal ions. The reagents’ solubility was determined as being decreasing with lengthening
the hydrocarbon radical chain; at this point, acid properties weaken (Table 1).
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0,0

4 6 8 pn 10 12 14

Figure 1. Distribution diagram of molecular ionic forms of reagents (H,L)
for N-nonanoyl-N'-mesylhydrazine (I11) as a function of solution pH

Surface-active substances are commonly used as collectors for ionic flotation. The surface tension iso-
therms of MSH compounds are shown in Figure 2, the results of their processing are summarized in Table 2.
As follows from the data obtained, all the reagents of the series with R = CgHa3 exhibit surfactant properties,
while those with:R = C10H21 and Ci2Hzs are strong surfactants decreasing surface tension at solvent-air inter-
face in 1.5-2 times as compared to pure solvent (0.1 mol/l KOH). A decrease in CMC in the homologous
series with increasing the number of carbon atoms in a radical, indicates an enhancing micelle-forming abil-
ity. The increment of the adsorption potential (AW) as a contribution to the adsorption work of the methylene
unit of the alkyl chain at the phase boundary was calculated. For this, a graph of dependence “In C—N” (with
C is a substance concentration causing a decrease in the surface tension by a value Ac, and N is the number
of methylene groups) was plotted. The graph is constructed as a line with the slope angle tangent (where
W — increment of adsorption potential). For the MSH series, the equation of linear dependence looks as fol-
lows: —In C = 0.75N — 5.87 (R? = 0.9633); W = 1.86 kJ/mol.
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Table 1
Physico-chemical properties of the compounds RC(O)NHNHSO2(CHz)
Solubility, mol/l (g/) pKa,**
o *
R Tm. °C EtOH 0.1 mol/l KOH pKe, R
-1 -2
7.8:10 9.2:10 8.5+0.06
CsHi (I 81-82 -
sHu (1) (162,2) (19.14) -
C.H,, (I1) 82_84 7310 8.0-10° 8.68:+0.05 0.74
e (161.0) 17.7) -
-1 2
CH. (I g 3.2:10 4.5-10 8.84+0.09
ooy (111 8991 (79.8) (11.3) 12.71+0.02 0.70
1.2 1 18-1072 8.78+0.08
C,H,CH(CH,) (IV - :
sHCH(CHy) (IV) 91-93 (282.6) 28) 0.77
2 -3
C, H,, (V) 95-96 9.4-10 7.5-10 9.19+0.04 072
10 (26.0) (2.1) —
-2 -3
C..H..(VI u 1.0-10 3.6-10 9.2740.20 B
12Ma(V1) 96-98 (3.1) (1.1) 12.910.12
23102 2510 9.67+0.19
C, H,, (VI _ .
1aH,e (V1) 102-103 (0.74) (0.84 - 0.32
Note. *Thin-layer chromatography was carried out for compounds 11-V in the solvent system benzene : ethyl acetate, 1:1; for
VIl — benzene : ether — 3:2.
** pKai and pKaz are constants characterizing the process of ionization.of reagents. The process of ionization of compounds
at the first stage is attributed to detaching a proton of the NHSO: fragment due to a greater acceptor action of the sulfonyl group as
compared with the carbonyl group [22].

GO, MH/m G, MH/M
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R: (a) 6 — CsHi3, 8 — CgHaz; (b) 10 — CyoHa1, 12 — C12Hos
Figure 2. Surface tension isotherms of RC(O)NHNHSO,CH3; at t = 25 °C in 0.1 mol/L KOH

The dependence of the degree of recovery of non-ferrous metals(ll) with N-pentadecanoyl-N'-mesyl-
hydrazine on pHequil is shown in Figure 3. Equilibrium in the formation process of copper, nickel, and cobalt
complexes is attained for 10 min, with this time for zinc and cadmium equaling 30 min. The most complete
precipitation of cations was ascertained in the following pH ranges: Cu(ll) — 5.5-10.0; Zn — 7.5-10.5;
Co— 8.0-9.5; Ni — 8.0-10.0; Cd — 7.8-11.0. At this point, maximal degree of recovery (%) and residual
metal concentration in the solution after precipitation (mg/l) equaled, respectively: Cu(ll) — 99.9 (0.06);
Co(11) — 97.7 (1.31); Ni(ll) — 99.5 (0.37); Zn(11) — 99.8 (0.14); Cd(I1) — 99.4 (0.29).
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Table 2
Minimum values of surface tension, CMC, surface activity of RC(O)NHNHSO:CH3
O min, mH/m )
Reagent R CMC, mmol/l (g/1) (Creagenss mmol/l) G, mH-m#mol
1 CsHis 2,80 (0,622) 58,0 (69,0) 0,49
11 CeHy7 1,70 (0,425) 51,0 (40,0) 1,56
v C4HyCH(C3Hs) 1,80 (0,255) 50,2 (40,0) 1,22
\Y CioHn 0,80 (0,224) 46,0 (7,3) 18,6
Vi CioHzs 0,10 (0,306) 33,0 (3,2) 59,2
S,%
100 - o 92.0. Qg0 0 o

80 Z\O

o o
°
60 - °
0
o
40 f —e— Cu(lh
—o— Ni(ll)
) —e— Co(ll)
20 - o o zn(ll)
o o cd(Il)

4 5 6 7 8 9 10 11 12
pH
Cwmqiy, mg/l: Cu = 60.0; Ni = 74.6; Co = 56.9; Zn = 72.8; Cd = 47.7; [M(II)]:[Reagent] = 1:2

Figure 3. Dependence of the degree of recovery of non-ferrous metals (1) (S, %)
with N-pentadecanoyl-N-" mesylhydrazine by precipitation method on pHequil.

Using copper(ll) ions as an example,-it was found that the pHequa interval, within which the degree of
recovery is maximal, slightly.extends with increasing radical length in the AMH series (Fig. 4). Metal com-
pounds with N-tridecanoyl-N'-mesylhydrazine (selected as a sample) were isolated preparatively at a ratio of
[M(IN)]:[H2L] = 1:2 The precipitates obtained are sparingly soluble in water and partially soluble in ethanol.
The data of IR spectroscopy and elemental analysis (Table 3) provide evidence for the formation of com-
plexes of the composition [M(HL):], which can be represented by the structural formula:

Ho A
R—C—N—N—S—CH,
[
\/M\O ©)
3 —/S\—N—Il\l—(q—
O/ \O H

The structure of the Cu(ll) complex compound was previously confirmed by X-ray diffraction study of
the grown single crystal [23].
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S,%
100 A
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Figure 4. Dependence degree of copper (I1) recovery (S, %)
with N-acyl-N-'mesylhydrazines by precipitation method on pHequil

Table 3
Characteristics of M(11) Complex with N-pentadecanoyl-N-mesylhydrazine
Element composition Stretching vibrations frequencies
Complex” Theoretical./Prakt., % (v, cm™)
C H N S M Reagent Complex
[Cu(HL),] 5264 | 905 | 768 |- 877 | 870 3319 (NHCO); 1543 .
green 5174 | 838 | 728 | 821 | 778 (C=0); 1324, 1167 (SO);
M.m. =729.5 ' ' ) ' ) T T ﬁ 721-741 (Cu-L)
[Ni(HL)2]- 2H,0%* e N—N—A__ il 3305 (NHCO); 1604
dark blue % % % g'—g; % T T (c=0); 1281, 1131 (30);
M.m. = 760.7 ' ' ' ' ' 3%26 (NHCCC))) 3419 (H20)
[Co(HL)2]-2H20 > 3299 (NHCO); 1582
Mo = 760.9 51.89¢| 9.73 7.39 8.05 7.05 | 1687, 1675 (C=0); 3395 (H,0)

1322, 1157 (S0O,) -
[Cd(HL).] ’ 3287 (NHCO); 1599
white 49.337,848 | 119 | 822 | 1444 (C=0); 1304, 1125 (SOy);

M = 778.4 49.37 | 9.34 6.92 7.88 | 13.65 668 (Cd-L)

[Zn(HL)]-2H20 5003 | 912 730 8.34 8.52 3320(NHCO); 1608

white oL o j— (C=0); 1321, 1145 (SOy);
Mt = 767.4 48.97 | 8.45 6.78 7.79 7.89 3434 (H;0)
Note:*HL- — ionized form of the reagent by | stage; ** Presence of crystallization water in Ni, Co, and Zn complexes was con-

firmed by thermal analysis.

The calculated SP values (Table 4) confirm the complex compounds of all the metals under study as be-
ing sparingly soluble substances; therefore, implementation of one variant of ionic flotation — “precipitate
flotation” — appears to be possible [24]. The data of Table 4 evince copper and zinc complexes to have the
lowest solubility, with cobalt having the highest.

I.A. Kakovsky showed that the PR values of compounds formed by the extracted ion in the homologous
series of ionogenic collectors are related to the number of carbon atoms (N) in the radical: —IgPP = o + BN.
The calculated coefficients of the equation for the series of xanthates, dithiophosphates, etc. correlate well
with the experimental data and enable the optimal N values in the series of the compounds under study to be
determined [1; 55-62]. The conditional SP values of the reagent complexes with Cu(ll) ions were calculated
(Table 5).
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Table 4
Data for calculations and -Ig SP values of N-pentadecanoyl-N'-mesylhydrazine (H2L) complexes
Complex PHequil. S [M(11)]equit, mol/l x107 [HL], mol/l —IgSP
[Cu(HL),] 7.0 99.9 0.90 1.03-107 19.99
[Ni(HL),] 8.3 99.5 6.30 2.27-107 17.94
[Co(HL),] 8.5 97.7 22.2 7.61-10° 14.89
[Cd(HL),] 7.8 99.4 2.58 1.56°10° 15.20
[Zn(HL)] 8.5 99.8 2.14 2.70-107 18.81
Note. PS is the conditional PS of complexes; Si is the degree of M(I1) precipitation, %; [M(I1)]equil is the equilibrium concentration of
M(11) in the solution after precipitation; [HL] is the equilibrium concentration of HL™ ions

Table 5
Data for calculations, —IgSP values of [Cu(HL)2] complexes for RC(O)NHNHSO2(CHz) ligands

Reagent R PHequil Si %S:Eefg.'é mo[l|/—I|LX10'6 —IgSP
1 CsHis 1.7 98.2 17.6 8.29 14.92
11 CsHi7 7.7 99.2 7.12 1.57 16.75
\Y C4HyCH(C2Hs) 6.8 99.2 7.34 0.34 18.07
Vv CioH21 7.0 99.4 5.87 0.33 18.20
Vi Ci2Ha2s 6.9 99.7 2.91 0.19 18.99
VII CiaHao 7.0 99.9 0.90 0.10 19.99

When calculating, the composition of the complexes for all the reagents was assumed to be the same
and analogous to that established for N-tridecanoyl-N'-mesylhydrazine [Cu(HL),]. It is determined that the
dependence: —logSP = 11.8 + 0.61N (R? = 0.9601) is fulfilled in the series MSH with linear radicals. As fol-
lows from the equation obtained, in the series of ligands, minimal residual concentration of copper from so-
lution during precipitation is possible when reagent VII is used. However, with lengthening the alkyl radical
chain, the solubility of the reagents in aqueous and alcoholic solutions sharply decreases (Table 1), therewith
hindering their practical use. The reagents Ill'and IV appear to be the most promising ligands of the series.

The experiments on individual and" collective flotation of M(Il) ions with N-nonanoyl-N'-mesyl-
hydrazine (I11) were carried out (Fig. 5). Recovering metal ions up to 95-99 % in their conjoint presence (re-
sidual concentrations, mg/l: Cu"—0.21 (pH 7.0-7.5); Co — 1.4 (pH 8.5-8.8); Ni — 0.89 (pH 8.5-9.0);
Zn— 1.1 (pH 8.5-8.9)), as well as separation of copper and associated metal ions at pH 5-6.5 was shown to
be possible.

E,%

100 -
80 -
60 -
| —o— cu(ll)
40 —e— Co(ll)
—x— Ni(ll)
20 | A— Zn(ll)
4 6 8 10 12

pH
Cwany, mg/l: Cu =29.9; Co = 24.7; Ni = 24.0; Zn(ll) — 21.0; [Cu(I1)]:[Reagent] = 1:1; T =5 min

Figure 5. Dependence of the recovery degree of metals by ionic flotation on pHequi.
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Conclusions

The exploratory research of physic-chemical properties of N-acyl-N'-mesylhydrazines gave rise to lig-
ands characterized by optimal length of hydrocarbon radical chain and suitable for ionic flotation processes:
N-nonanoyl- and 2-ethylhexanoyl-N'-mesylhydrazines. The reagents, being moderately soluble in aqueous
alkali solutions, are medium-strong surfactants and form hardly soluble complexes with non-ferrous metals.
This trait enables using them as collectors for “precipitate flotation”. The experiments aimed at exploring
individual and collective flotation processes of M(lI) ions with N-nonanoyl-N'-mesylhydrazine had evinced
the possibility of recovering metal ions up to 95-99 %, separating copper and associated metal ions in the
range of pH 5-6.5.
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JL.T'. Yekanona, B.H. Baynuna, }0.b. Expuniuena, E.C. bapnuna, [1.T. [1aBnos

N-anua-N'-me3naruapasuniep KarapbIHAAFbI TYCTi MeTaJI1apAbIH
HOHIBIK (PI0TAMACHLIHA APHAJIFAH peareHTTepi TaHaay

bipkarap xana muranarap, RC(O)NHNHSO2CH3 xammsr popmynacemsiy  N-armn-N'-me3nnruapasusaepi
(MCT') amemzsr xoHe Tycti Metanmapiasi (TM) monnslk ¢uoramusceinbiH (D) pearentrepi perinnme
KapacThIpblInbl. Pamukanasl y3eiHabrbl CeHiz skoHe oman korapel MCIT TM uHOHZapbhIMEH a3 epuTiH
KOMIUICKCTEp TY3€TiHI aHBIKTAIIbl, COHABIKTAH HWOHABIK (IOTAlMSHBIH HYCKATapbIHBIH Oipi —
NpeNUIHANMSUTBIK (IIOTAMSIHBL XKYy3ere acbpyra Oonaapl. EpITiHAIIepaeH KaTHOHAAPABIH CH TOJBIK TyHOara
Tycyi 6oxateiH pH MoHIEpiHIH Auana3oHAapbl HAKThUIAHABL. TM KemleHAepiHiH IeriHaIepi ailKpIHAAIIH,
onmapabiH Kypambel MK-cmekTpockonmust jkoHE 3JEMEHTTIK Tauaay apKeUibl pacTtainsl. Kemennmepain ITP
mrapttel MouAepi [M(HL)z]. Cu(ll) monmapein Mbican peTiage Koumansin, MCI' katapeiHaa Toyenmmilmik
opeiHAanateiabl kepcerini: —loglIP = 11,8 + 0,61N, oHBI KoJmaHy JMTaHATAPIBIH JKHBIHTHIK KaCHETTEPiH
oJlap TY3eTiH KOCBUIBICTApIbIH epirimriri OolblHIIa Ooykayra MyMKiHmiK Oepemi. R > CsHiz 6Gap
KOCBUTBICTapaa OeTTik-Oencen1i KacueTTepIiH 00Iysl aHBIKTAIIbI, OYyJ1 KOChIMIIA KOOIK TY3€TiH areHTTepai
KonpanOaii-ak MCI-ni U mnaiinamanyra mMyMkiagik skacaiiapl. MCI QU3HKa-XUMUSIIBIK KacHETTEpiH
3epTTey HOTIKeJepi OOMBIHIIA ONTUMANABl paxuKkan Y3bHIBFE Oap M ymriH peareHTTEp TaHIANABL:
BUuCH(Et), CsHiz. N-momaHomn-N'-me3mnruapasuaMer TM(II) HOHIZAapbIH JKeKe JKOHE YIKBIMIBIK
(hroTanmsNAy YIIiH SKCTIEPUMEHTTEP KYPrizinai. Meramn nonnapsiH 95-99 %-ra neiiin Gemim amyra, pH 5—
6,5 nuana3oHBIHIA MBIC IIEeH OHBIMEH Oipre sxypeTiH TM nonnapsia 6eyre 00IaThIHBI KOPCETIITeH.

Kinm ce30ep: woHIBIK (uioTalvs, mMeriHal (GIOTalUsICh], alWiICyIbQPOHIITHAPAZHHICP, TYCTI MeTauaap,
TYHABIPY, GU3HKA-XUMHSUIBIK KacueTTepi, OeTTik OerceHi 3aTrap.

JL.I'. Yekanosa, B.H. Baynuna, }0.b. Expuniuena, E.C. bapnuna, I1.T. I1aBnoB

Be100op peareHToB /151 HOHHOMH (J10TALMM HBETHHIX METAJLIIOB
B paay N-anua-N'-me3unruapasnnos

Tlony"en u paccMOTpeH B KadyecTBe peareHToB il HOHHOH (uroTammu (M®P) netHpix MeTamioB (LIM) psn
HOBbIX surannoB — N-armmn-N'-mesmnruapasuaos (MCTY) o6mieit dpopmynsr RC(O)NHNHSO2CHs. Vcera-
HoBJeHO, uTo MCI' ¢ mmuHoit paaukana CeHis 1 BbIilie 00pa3yrOT TPYJHOPACTBOPUMBIC KOMIUIEKCHI C HOHA-
mu LIM, mosToMy BO3MOXHA peanu3anus OJHOTO U3 BAPHAHTOB MOHHOM (ioTaruu — (oTanusi 0caaKoB.
Omnpenenenbl obnacTy 3HaueHUit pH, IpH KOTOPBIX MPOMCXOIUT HanOoOJIee MOJTHOE OCAXKICHHE KaTHOHOB M3
pactBopoB. Briienensl ocanku komruiekcoB LIM; ux coctaB nmoarBepkaeH naHHbIMU MK-ciekTpockonuu u
3JIEMEHTHOTrO0 aHanu3a. Paccunrtansl ycinoBHble 3HaYeHus [TP kommiekcoB [M(HL)2]. Ha npumepe nonos Cu
(1) mokazauo, uto B psaay MCI BbimonHsiercs 3aBucuMocts: —IgIIP = 11,8 + 0,61N, ucnons3oBaHne KOTOPOH
MO3BOJISIET TIPOTHO3UPOBATH COOMpaTENbHbIE CBONWCTBA JIMTAHIOB IO PACTBOPUMOCTH 00pa3yeMBIX UMH CO-
eIMHEHNH. Y CTaHOBIEHO HAIMYHNE MOBEPXHOCTHO-aKTHBHBIX CBOWCTB y coemuHeHuit ¢ R > CeHis, uro mo3-
BoJsieT ucnosb3oBath MCI' B D Ge3 mpuMeHeHHs TOMOJHUTEIBHBIX TIeHOOOpa3oBaTeneil. Ha ocHoBe pe-
3yJIBTaTOB HMCCIIEAOBaHMs (HU3MKO-XxuMuueckux cBoiicTB MCI' BeIOpanbl pearentsl st U ¢ onTuMaibHOM
mmHOM panukana: BUCH(Et), CsHiz. TlpoBeseHbl ONBITHI MHIUBHAYATbHON MW KOJUIEKTHBHOW (IIOTAIMH
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nonos LIM(Il) ¢ N-nHonanoun-N'-me3nnrunpazusom. IlokazaHo, 4To BO3MOKHO U3BJIEYEHHE HOHOB METAJIOB
10 95-99 %, oTneneHue Meau U conmyTcTBYIonumx HoHoB LIM B oGuactu pH 5-6,5.

Kniouesvie cnosa: WOHHAsS CbJ'IOTaI.II/Iﬂ, (bnomum OCaaKoOB, a].[I/IJ'ICyJ'IB(bOHI/II[FI/IZ[paSI/IHLI, IIBETHBIC METAJIBI,
OCaXXJICHHUE, (1)I/I3I/IKO-XI/IMI/I‘ICCKI/IB CBOﬁCTBa, NOBEPXHOCTHO-aKTUBHELIC BEIICCTBA.
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