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Abstract

The work is devoted to the extraction of cadmium from ammonia aqueous solutions. The interaction of cadmium
with 2-hydroxy-5-alkylbenzylethylenediamine in a wide pH range was studied. The composition of the extracted
compounds was also determined. It has been shown that the state of cadmium in ammonia solutions depends on the
pH value of the medium, as well as on the concentration of ammonium salt ions. It was found that cadmium in the
reactions carried out is in amine forms - [Cd(NHs)4]2+. In this case, the extractant coordinates with the cadmium ion
through the oxygen atoms of the phenolic OH group and the amine nitrogen group. This is confirmed by the fact that
cadmium interacts with the reagent as a result of the exchange of the proton of the phenolic OH group and
coordination by molecules of the NH group can be provided by the results of an IR spectroscopic study of the
reagent and the extracted complex in CCl4, taken in the range of 700-4000 cm-1, characteristic of the appearance of
v-vibrations of hydroxyl and NH bonds in the molecules of the extracted compound. The IR spectra of the reagent
and the extracted cadmium compound show that the characteristic absorption band of the OH group in the phenol
molecule at a wavelength of 3590 cm-! sharply decreases, which indicates the replacement of the hydroxyl group
proton with the extracted metal ion and the formation of a Cd-0 bond. In addition, the absorption band of the NH
bond at 1640 cm-! is shift into the short-wavelength region of the spectrum in the complex, which also indicates the
participation of the NH group in the formation of the complex. These analyzes helped establish that indeed the
cadmium ion in complex compounds is hydrogen bonded to molecules and forms a tetrahedral geometry.

Keywords: liquid-phase extraction; extraction; extraction system; extract; re-extraction.

BUJIYYEHHA KOJIbOPOBUX METAUJIIB I3 BOAHUX AMOHIVMHUX PO3YHMHIB

Tyapar I. Kenb6anies, @ikper I. llekinies, Ipaga I ManikoBa
IHcmumym kamanizy ma HeopaaHiuHoi ximii imeHi akademika Mypmysa Haziesa Minicmepcmea Hayku [ ocgimu
Aszep6ationcany, Az1143, baky 143, npocnekm I. /[lxcasida, 113.
AHoTalis
PoGoTra mpucBsAiYeHa BUJIyYEeHHIO KaAMil0 3 aMiayHMX BOJAHHMX pPO34HUHIB. /loclifkeHO B3aeMojilo Kaamilo 3 2-
rizpokcu-5-aakizi6eH3uaeTnJeHAiaMiHOM y mupokoMy iHTepBaii pH. BusHauyeHO CK/Iaj, eKCTparoBaHUX CHOJIYK.
IlokazaHo, 0 CTaH KaJMil0 B aMiayHMX pO34YMHAX 3aJIe)XMTh BiA 3HayeHHda pH cepepoBuina, a TakoxX Bij
KOHLLeHTpalii ioHiB aMOHiitHOI coJsii. BcTaHOBJ/IeHO, 0 KaJAMiili B NIpOBeJeHUX peaKLisiX 3HaX0AUTbCS B aMiHHUX
dopmax - [CA(NH3)4]2*. ¥ npoMy BUNAAKY €KCTpareHT KOOPAUHYETbCA 3 iOHOM KaJMil0 yepe3 aTOMHM KHCHIO
denosbHOi OH-rpynu Ta amiHHOI rpynu asoty. IlizTBepAKeHHAM B3aeMoJAii KajMil0 3 peareHTOM B pe3yJbTaTi
o6MiHy npoToHOM deHosibHOI rpynu OH Ta KoopAauHanii Mosieky/1amu rpynu NH, Moy Th ciiyryBaTtu pe3yabtaTtu 14-
CIIEKTPOCKOMIYHOT0 AOC/IiA»KEeHHA peareHTy Ta eKCTparopaHoro komijekcy B CCls, 3HaTI B 06s1acTi 700-4000 cm1,
XapakKTepHi AJi1 MOABU V-KOJIMBaHb TigpokcuabHUX Ta NH-3B’A3KiB B MoJieKy/j1ax eKcTparoBaHoi cnoayku. 14-
CIIEKTPU peareHTy Ta eKCTparoBaHoi CIOJIYKH KaJAMil0 NOKa3yloTh, 0 XapaKTepHa cMyra norjauHadHsa OH-rpynu B
MoJieKyJi ¢eHosy 3a JOBXKMHM XBWJIi 3590 cml pi3ko 3MeHIIYEThCA, IO CBiAYUTH NPO 3aMillleHHA NPOTOHA
riJpoOKCU/ILHOI rPpyny Ha iOH eKCTparoBaHOro MeTajy Ta yrBopeHHs 3B’sA3Ky Cd-O. Kpim Toro, cMyra norJiuHaHHA
NH-3B’s13Ky 3a 1640 cM! B KOMIlJIEKCi 3MillyETBCSA B KOPOTKOXBUJ/IbOBY 06JIaCTh CNIEKTPA, L0 TAKOXK CBiJYUTH MPO
y4actb NH-rpynu B yrBOpeHHi koMmiuiekcy. 1li aHa/1i3M A0NOMOrJd BCTAaHOBUTH, 10 i0OH KaAMil0 B KOMIJIEKCHHX
CIOJIYKaX AifCHO 3B'A3aHUI BOJAHEBHM 3B’A3KOM 3 MOJIEKyJIaMHM 1 yTBOPIOE TeTpaeApPpUYHY reoMeTpilo.
Karouosi cnosa:piguanodasHa eKCTpaklisi; eKCTpaKLisi; eKCTpaKLiiiHa CUCTEMA; eKCTPAKT; peeKCTPaKIis.
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Introduction

The 20t century was a century of rapid
development of extraction. At this time, with the
help of extraction, important scientific and
technical problems of nuclear energy were
solved, in particular: the issues of reprocessing
nuclear fuel, purification and isolation of many
radioactive elements. These advances have
caused a significant increase in research on the
theory and practice of extraction processes [1-
10]. From this point of view, cadmium extraction
is also of great interest. For this reason, in recent
years, many extraction processes have also been
carried out to extract cadmium from various
solutions [11-18].

Cadmium is characterized by the formation of
complexes, in particular ammonia complexes,
containing from 1 to 6 ammonia molecules. Thus,
its hydroxide Cd(OH); reacts with a solution of
NH; to form the complex [Cd(NH3)4]2*. Cadmium
has unique properties and is considered a
relatively rare element. Most often used when
coating other metals to protect against rust
formation, but can also be used in other areas of
activity; production of solar  panels,
semiconductors, stabilizers for PVC, phosphors.

Alloys with cadmium are ductile and wear
resistant. They are used to make wires for power
lines, bearings for stuffing sea and air liners.
Alloys are used for soldering glass, metal, and in
fire extinguishers. Good thermal conductivity at
extremely low temperatures has made the metal
indispensable in cryotechnology. The beneficial
property of the substance to accumulate by
cancer cells is used in antineoplastic therapy.

In this work, the extraction of cadmium from
ammonia solutions using theextractant 2-
hydroxy-5-alkyl  (Cs-Cg)  benzylethylenedia-
mineinhexane was studied. The stateof 2-
hydroxy-5-alkyl  (Cs-C9)  benzylethylenedia-
mineinhexane and the resulting complex was
previously studied using cryoscopy, chemical
analysis and IR spectroscopy.

Theextractant  2-hydroxy-5-alkyl  (Cs-Co)
benzylethylenediamineisof great interest for the
OH OH
+CH, O+ NH,CH,—CH—MNH;—
R R

where R - is an alkyl radical (Cs-Co).

hydrometallurgy of nonferrous metals, in
particular copper, cobalt and zinc. This extractant
is capable of effectively extracting nonferrous
metals from leaching solutions of various
compositions of oxidized nickel ores, deadcobalt-
containing catalysts, and ocean concretions.

Experimental part

Extraction was carried out by manually mixing
the phasesat a temperature of 21 + 0.5 °C for 1-
3 minutes in separating funnels with a volume
ratio of aqueous (V) and organic (V,) phases of
2:1 from an aqueous solution of cadmium (II)
with a concentration of 10-3 mol/l. A 0.02 M
hexane solution of 2-hydroxy-5-alkylbenzyl-
ethylenediamine was use das an extractant. The
required pH values of the medium (~7 and 8)
were created using a 1M NH4OH solution. The pH
of the aqueous solution was measured using an
“EV-74” universal ion meter. The ammonia
content in the aqueous phase was determined by
titration with a 0.1 N HCI solution, and in extracts
using the Kjeldahl method [19]. The cadmium
content in aqueous phases was determined
titrimetrically using complexone-III (EDTA) [20].
2-hydroxy-5-alkyl (Cs-Co) benzylethylenediamine
purified according to the method [21] was used
in this work. Mineral salts and acids were used
with chemical grade “reagent grade” or
"analytical grade", hexane-"high-puritygrade”.

IR spectra of the extractant and extracts were
carried out on an IR-Specord-72IR
spectrophotometer in the range of 700-
4000 cml Liquid samples and solutions of the
reagent in CCl; were taken in cuvettes with
windows made of KRS-5 glass with a thickness of
0.1-0.002 mm. Solid samples were pressed
together with KBr according to the generally
accepted procedure. Electronic spectra were
recorded on a Specord-71 spectrophotometer.

2-hydroxy-5-alkyl (Cs-C9) benzylethylene-
diamine was synthesized by the Mannich
reaction, respectively, from the industrial
fraction of diamine and alkylphenol in the
presence of formaldehyde:

—CH-MH-CH-CH-WNH+H O
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The reaction occurs at a temperature of 75-
80°C without a catalyst. The process is
monitored by the refractive indices of the final

Lo 20
product and the reaction is completed atNy =

1.3210-1.3250. The industrial product, in
addition to the main substance, contains
unreacted alkylphenol, formaldehyde, etc. The
refore, we performed additional purification of
the reagent. For this purpose, the product is
diluted in aliphatic hydrocarbons and treated
with distilled water. The released reagent is dried
at a temperatureof 80-90 °C. The product thus
obtained is a gray, odorless, solid mass with a
molecular weight of 282. Solubility in water is
very low - 2 mg/l. After additional purification,
the industrial product is diluted in hexane or
other aliphatic hydrocarbons.

Results and its discussion

When extracting cadmium, experiments were
carried out with a 0.02 M hexane solution of 2-
hydroxy-5-alkylbenzylethylenediamine in 100 ml
separating funnels, in the ratio of organic (Vorg)
and aqueous (Vaq) phases Vi: Vo = 1: 2. After 2
minutes of stirring and phase separation, the
organic layer was separated from the aqueous
layer, the pH of the medium was measured, and
the equilibrium concentration of cadmium
remaining in the aqueous phase was determined.
By the difference between the phases, the content
of metal extracted into the organic phase was
calculated. The results obtained are shown in
Fig. 1.

E %
100 p=

60

20

1
9 10 11 pH

Fig. 1. Extraction of cadmium with a 0.02 M hexane
solution of 2-hydroxy-5- alkyl benzylethylenediamine
depending on the pH of the medium. Cca = 0.85 g/1;
Vorg:Vaq.=1:2; =3 min

As can be seen from the figure, the extraction
process begins at a much higher pH value of the
environment (pH = 8). By increasing the pH of the

medium, the transition of cadmium into the
organic phase increases and at pH=10.6,
extraction reaches a maximum. Further increase
in pH values decreases cadmium extraction. In
our opinion, this is due to the form of the
compound under existing conditions. In the
indicated pH range, the slope tangent (tga) of the
dependence of the cadmium distribution
coefficient on pH, lgD-f(pH) is a straight line
close to two (Fig. 2).

This type of curve proves that cadmium is
extracted from ammonia solutions in the form of
a doubly charged cation by separating an
equivalent amount of hydrogen ions from the
extractant molecule. In other words, the
extraction process proceeds through the cation
exchange mechanism with the formation of a

complex compound in the form of
[Cd(NHs)4R2-2HR].
1gD
2=
1 1 1 1
9 10 11 12 pH
2

Fig. 2. Dependence of the logarithm of the cadmium
distribution coefficient (IgD) on the pH of the aqueous

solution
To determine the solvate number, the
dependence of the cadmium distribution

coefficient on the concentration of the extractant
was studied. For this purpose, we extract
cadmium under conditions of constant metal
concentration and variable extractant
concentration (0.01; 0.02; 0.04; 0.06; 0.08 M) at
the same pH value. The results obtained are
presented in Fig. 3. As can be seen from the
presented data, the distribution coefficient of
cadmium increases to 10.6 from the pH value of
the studied reagent concentrations, the graphical
dependence (IgD-pH) in this area for different
concentrations of the extractant is parallel to



788

Journal of Chemistry and Technologies, 2024, 32(3), 785-792

each other, the slope coefficient (tga) is constant
and approximately equal to two.

IgD

~04p

Fig.3.Dependence of the logarithm of the cadmium
distribution coefficient (IgD) on the pH of the aqueous
medium during extraction with different extractant
concentrations. m - 0.01M; 2 - 0.02M; o - 0.04 M;

x - 0.06M; o - 0.08M.

pH12

-2 08 -04 0.4 0.8 1gCy

Fig.4. Dependence of 1/2 cadmium extraction on the
studied reagent concentration

This nature of the extraction curves indicates
that, firstly, regardless of the concentration of the
extractant in the system, cadmium passes into the
organic phase in the form of a doubly charged
cation, which is typical for extraction systems.
Secondly, the extracted complex, regardless of the
excess of the extractant, is in the same form, in
other words, the composition of the compound of
the resulting reagent with cadmium is constant
and the Me:HR ratio is close to 1:2.

In this case, the slope angle (tga) of the
dependence of % cadmium extraction on the
studied concentrations of 2-hydroxy-5-alkyl
benzylethylenediamine is a straight line close to
unity (Fig. 4.). This type of curve indirectly
confirms the composition of the above complex.

Note that under identical conditions, iron is
not extracted from a solution of 2-hydroxy-5-
alkyl benzylethylenediamine. This difference in
the extraction of the studied metals makes it
possible to extract them from a solution
containing iron, first with cadmium, and then by
changing the pH of the medium separately.

To obtain additional data on the composition
of the extracted compounds during the extraction
of cadmium from ammonia solutions, the extract
was subjected to chemical analysis for ammonia
and metal content using the Kjeldahl method
[19].

Chemical analysis of the organic phase
obtained by extracting cadmium from saturated
ammonium chloride solutions at different pH
values showed that the ratio of ammonia and
cadmium in the compound (Table 1) is NHa:
Cd=4:1, that is, cadmium is extracted during
extraction in the form of ammonia complex-
[Cd(NH3)4]2+.

Table 1

Chemical analysis of cadmium complexes with a solution of 2-hydroxy-5-alkylbenzylethylenediamine at different pH
values of the aqueous medium

Contents NHzand Cd in the complex, mol/1

Ammonia to cadmium

pH equilibrium ratio
NHs cd NH3:Cd
9.95 0.81 0.40 2:1
10.05 2.05 1.08 2:1
10.16 4.63 2.21 2.1:1
10.50 7.50 2.40 3.1:1
10.65 5.18 1.36 4.3:1
10.80 5.20 1.25 4.16:1
In order to clarify the state of the 2-hydroxy-5- organic phase, its molecular weight was
alkylbenzylethylenediamine extractant in the determined by cryoscopy [22] (Table 2).
Table 2

Determination of the molecular weight of 2-hydroxy-5-alkylbenzylethylenediamine by cryoscopy (A tgem =0.55°(C)

Reagent Reagentma Volume of Mass Depression A Molecular mass of the reagent
concentration,, Ss, g benzene, ml. ofben- 0 Theoreticalcalcula Defined
M. zene, g. tion
0.0012 0.0066 25 21.975 0.003 282 512.12
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Continuation of the table 2

0.0025 0.1320 25 21.975 0.006 282 519.84
0.0050 0.0264 25 21.975 0.012 282 519.85
0.0100 0.0528 25 21.975 0.022 282 563.12
0.0500 0.2640 25 21.975 0.110 282 563.20
0.1000 0.5280 25 21.975 0.220 282 563.19
0.2000 0.0560 25 21.975 0.440 282 563.19

The table data shows that in the experiments
performed, the reagent in all concentrations was
present in the organic phase in a dimerized form.

At the same time, the molecular mass of the
extracted complex was determined. The results

obtained are shownin Table 3.
Table 3

Determination of the molecular mass of the cadmium complex with a solution of 2-hydroxy-5-
alkylbenzylethylenediamine (A t,,, =0.55°C)

Reagentconcentrat  Mass of the Volume of Mass of Depression Molecular mass of the reagent
on, M complex, g benzene, benzene, g At0 Theoreticalcalcula Defined
ml. tion
0.0025 0.160 25 21.975 0.052 744.40 718.1
0.0050 0.340 25 21.975 0.110 744.40 725.0
0.0100 0.510 25 21.975 0.158 744.40 752.3

As can be seen, the resulting complex with
cadmium also confirms that under extraction
conditions the reagent remains in a dimerized
form.

To clarify the composition and structure of the
extracted complex, i.e. to confirm the fact that
cadmium is extracted as a result of the exchange

Absorption ——

\‘ \
4

1 | 1 1

of the proton of the phenolic OH group and
coordination with the NH group, the IR spectra of
2-hydroxy-5-alkyl(Cs—Co) benzylethylenediamine
and the resulting complex in the region of 700-
4000 cm! were studied on a Specord -72 IR
device in a KBr cuvette 0.06 cm thick (Fig. 5).

2

1 1 L 1

3800 3400 3000

2600

1900 1500 1100 700 v, cm’”!

Fig.5. IR spectra of the extractant (1) and the extracted complex (2) of cadmium

As can be seen from the IR spectrum data of
the extractant and cadmium extract (Fig. 5), the
intensity of the absorption band of the OH group
in the phenol molecule at 3590 cm- sharply
decreases in cadmium extracts, which indicates
the replacement of the hydroxyl group proton
with the extracted cadmium ion and the
formation it contains Cd-0 bonds [23]. This also
confirms the shift in the absorption spectrum of
the C-0 bond from 1245 cm-! to 1310 cm-! due to
the formation of the Me-0 valence bond. This is
also evidenced by the electronic spectra (Fig. 6).

As can be seen, two bands are observed in the UV
region of the spectrum, which correspond to
benzene absorption at 46000 and 36000 cm-! for
the extractant, 44000 and 32000 cm for the
extract [24]. As is clear from Fig. 6, during
complex formation, a long-wave shift of
absorption bands occurs, which is characteristic
of the formationofmetalphenolates.

In addition, the disappearance of the
absorption band associated with deformation
vibrations of the NH group in theregionof
1640 cm! of the spectrum in the complex
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indicates that the compound is ion-associated coordination bond between the cation and amino
and at the same time shows the creation of a groups.

08 |

S
s
T

Absorption

<
~
T

(]

1 1 I 1 1
50 46 42 38 34 30 v'10-3, cm!

Fig.6. Electronic spectra of the extractant (1) and the extracted complex (2) of cadmium inthe UV region

Based on the data obtained, the structure of the cadmium complex can be represented as follows:

R

.

CH, — NH — CH, — CH, — NH

.\ .
\ -

O\“ a
o——— Mel

. .
.
. e

CH, — NH — CH, — CH, — NH

organic phase, the extraction of cadmium from
ammonia solutions can be written by the
following equation:

Thus, based on chemical analysis data
(Table 1), IR spectroscopy, electronic spectrum,
extraction process curves, as well as the state of
2-hydroxy-5-alkylbenzylethylenediamine in the

[Cd(NH3)4] &) +2(HR)z2(org)

4:? [Cd(NH3)4R22HR] (0rg.)+2H+aq

Cd(NH,),R,-2HR HY
with extraction constant: K, = [CA(NH). R, o ](Org)[ 5 ](aq) .
[Cd (NHS)A](aq)[(HR)z](org)

The reextraction of cadmium from the organic
phase was also studied. It has been established
that cadmium is easily re-extracted with weak
solutions of mineral acids. For example, an
extract containing 5 g/l cadmium, stirredfor 5-

10 minutes with an equal volume of 0.3-0.4 N
solution of sulfuric (or hydrochloric) acid
completely passes into the aqueousphase
(Table 4).



791

Journal of Chemistry and Technologies, 2024, 32(3), 785-792

Table 4

Re-extraction of cadmium from the organic phase depending on the mixing time of the phases and the concentration
of mineral acid, Vorg: Vag.=1:1

Cdz+ H2S04solution T, min. Reextraction from organic phases, g/1 Reextraction,
g/l 0,3n. organic phase Aqueousphase %

5.0 0.025 40 4.5 0.5 10.0

5.0 0.05 40 4.0 1.0 20.0

5.0 0.05 30 3.25 1.75 35.0

5.0 0.10 30 2.5 2.5 50.0

5.0 0.15 20 2.0 3.0 60.0

5.0 0.20 20 1.25 3.75 75.0

5.0 0.30 10 0.11 4.89 97.8

5.0 0.30 15 - 5.0 100.0

5.0 0.35 10 - 5.0 100.0

Conclusions (Cg-Co) benzylethylenediamine showed that this

Thus, the results of laboratory studies on the
extraction of cadmium from ammonia solutions
using a hexane solutionof 2-hydroxy-5-alkyl
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