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INVESTIGATION OF SOLVENT
SUBLATION OF COBALT IONS FROM
WATER SOLUTIONS

O6’ckmom docnidicenns € romoexcmpaxuis 6 cucmemi Kobaivm-oodeuuicyropam nampiio. Jocaioxcens
promoexcmpaxuitinozo ouuue s CIMiYHUX 600 6i0 1016 8AJNCKUX MEMALI6 MATOYUCENLHT | HOCSMb PO3PI3HEHU Ma
necucmemamuunuil xapaxmep. Tomy docrioxcerns npouecy Gromoexcmpaxyii sk Memooy ouuenns Cmiunux 600
610 eaxckux memanie na npuxiadi ionie xobarvmy (II) € nepcnexmuenum. Y pobomi docnioscerno mooenvii 600mi
posuunu kobarvmy konyenmpauii 20 Mz/0M> 3 BUKOPUCTIAHHAM AHIOHHOT NOBEPXHes0-akmuenoi peuosunu (IIAP) —
dodeyuicyrvpamy nampilo ma i30amiio6ozo0 cnupmy 6 sxocmi opzaniuioi pasu. Ompumano payionaivii ymosu
npoecy: pH 10, monapue cnissionowenns Co’*: IAP=1:2, eumpama nosimps 45 cm?/xe, memnepamypa 20 °C,
06’em excmpazenmy (izoaminosuii cnupm) — 10 cu®, mpusanicmo npouecy — 20 x6. 3a yux ymos cmyninw euoanens
ionie kobarvmy 6 izoaminosuti cnupm cxaara 85 %. IIpovuec onucyemvpest Kinemuunum PiHAHHAM NePuLozo NOPsoKy.
Pospaxosaro koncmanmu weuoxocmi npoyecy. Baxcaugicmv nposedernozo 00cioxenHs: NioKpecioemvcs mum, uwo
promoexcmpakyis mae psod ocobrusocmeri ma nepesaz. 30Kpemd, MOICIUGICNb 6A2AMOKPAMI020 KOHUECHMPYBAHHS
10116 3a0PYOHUKA Y HEBEIUKUX 00 EMAX OP2AHIUHO20 POSUUNHUKA A MONCIUBICID 11020 N00AIbULOL pezenepauii. [Ipu
YbOMY BUKOPUCTMOBYEMBCSA HAUHO MEHULA KIILKICMb OP2AHIUHO20 POSUUHHUKA MA NPOUEC He NIMIMYEMbCa KOHCMAH -
moio po3nodiny (y nopisusiii 3 Memooom excmpaxyii ). Daomoexcmpaxuis maxoic Xapaxmepusyemvcs 6i0cymmicmio
ninu (y nopisusmnni 3 memooom garomauyii) ma i0cymuicmio 6eAUKUX KIIbKOCMEN 607102020 ocady (Y nopisusiumi
3 peazenmmum memooom). 3anpononosanuil y pobomi memoo sabezneuye 00CMAmMuiil pieeis OUUUEHHL CINIYHUX 600
6i0 ionie Memanis, a Maxoxc moxce Oymu 3acmoCOBAHUL 8 CUCMEMAX JOKATIDHOZ0 OUUWEHHSL CMOKI8 3 HACMYNHUM
nogepnennsim 600U y mexuonoziunui npouec. Ile sabesneuums snudcenis GUmMpam 1na CRoJICUSAHHS BOOHUX PecypCis,
CKUOammns cmiunux 600 y 600Hi 00’ €KmMU, a MAKONC 0OMEICUMD NOMPANLAHHA WKIOIUCUX PEUOBUH | HABKOJIUULHLE
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cepedosue. Kpim mozo, ocobiusocmi promoexcmparuii dosgonsiomn pezenepysamu excmpazenm ma ITAP.
Kmouosi cnosa: sudanenns ionie Kobarvmy, (IOMOEKCMPAKYIHE OUUUEHHA CMIYHUX 600, 000CUULCYIbpham

Hampiio, i30aMil08UL CRUPM.

1. Introduction

Existing technologies for the purification of waste water
from heavy metal ions are imperfect. This necessitates the
search and implementation of alternative methods aimed at
the complete purification of wastewater from pollutants of
various nature. To achieve a more complete purification of
wastewater from heavy metal ions, it is proposed to apply
the solvent sublation method, which has several advantages
compared with other known flotation methods [1, 2]. The
uniqueness of this process is the method of extracting sub-
late substances (sublate) by concentrating it in the layer of
organic liquid — extractant — on the surface of the aqueous
phase [3—5]. Sublate is capable of either forming a suspen-
sion, is retained due to wetting, or dissolved in the organic
phase [6, 7]. Equilibrium in this process is established at
the interface of the aqueous-organic phase. The amount of
collected sublate in the organic layer does not depend on
its volume, since equilibrium is not established in the entire
system. The passage of sublate into the organic layer from
the phase boundary is a process due to the movement of
a stream of gas bubbles. This is not a spontaneous distribu-
tion process, which is associated with the relative solubi-
lity of sublate in two phases. Despite all the advantages
of solvent sublation, to date, this method of purification
has not yet received wide industrial application. However,
there are numerous experimental results of studies of the
regularities and optimal parameters of this process, which

substantiate the expediency of the expanded use of solvent
sublation [8, 9]. Therefore, an experimental study of the
nature of the effect on the extraction efficiency of the fol-
lowing parameters is relevant: the nature of the extractant,
the pH of the medium, the duration of solvent sublation,
the value of the molar ratio of surfactants (surface-active
substances): Metal, gas consumption, temperature of the
aqueous phase. Thus, the object of research is solvent subla-
tion in the cobalt- sodium dodecyl sulphate system. And
the aim of research is studying the solvent sublation, as
a method of purifying waste water from heavy metals by
the example of cobalt (II) ions.

2. Methods of research

To study the solvent sublation process, a cylindrical
glass column with a diameter of 35 mm was used. Air was
supplied by a compressor to the bottom of the column, flow
was controlled by a rotameter. Air dispersion was carried
out through a Schott filter. The concentration of cobalt
ions in model solutions was 20 mg/dm?3. The volume of the
solution is 200 cm?, the volume of the extractant (isoamyl
alcohol) is 10 cm®. The solvent sublation process was carried
out to establish a constant residual concentration of cobalt
ions, which was determined by the photometric method
on a Portlab 501 single beam scanning spectrophotometer
(United Kingdom) [10]. The pH adjustment was carried
out with solutions of NaOH and HCI with a concentration

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/3(46), 2019, © Obushenko T., Tolstopalova N., Baranuk N.

25—)



CHEMICAL ENGINEERING:
REPORTS ON RESEARCH PROJECTS

I55N 2226-3780

of 0.1 mol/dm® (pH of aqueous solutions was measured
using a pH-meter pH-150MI (Russia)). The efficiency of
the solvent sublation process was evaluated by the extrac-
tion degree of cobalt ions.

3. Research results and discussion

Fig. 1 shows the dependence of the extraction degree
of Co?" ions on the molar ratio of Co®*:surfactant.

According to the results (Fig. 1), in the range of molar
ratios of Co®":surfactant from 1:0.5 to 1:1.5, the degree of
cobalt extraction is not enough. This is due to the fact
that this amount of surfactant is not enough to fully bind
cobalt to sublate. When using sodium dodecyl sulfate,
the highest extraction degree of cobalt ions is 84.46 %
with a ratio of Co?":surfactant=1:2. Further, there is
a decrease in the efficiency of solvent sublation, because
with an increase in the amount of surfactant in solution
(Co?":surfactant=1:2.5 and so on) in the aqueous phase,
an excess amount of surfactant anions appears.

The dependence of the Co?" extraction degree on the
pH of the solution. Hydrogen index is corrected in the
range of 3—11 (Fig. 2).
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Fig. 1. Dependence of cobalt (II) ions extraction degree

on the surfactant:cobalt molar ratio
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Fig. 2. Dependence of cobalt (II) ions extraction degree on pH

It is better to extract Co?*at pH 10. At this pH cobalt
sublate is in the form of a neutral hydroxide molecule,
which is hydrophobizated by surfactant.

Fig. 3 shows the dependence of the Co?" extraction
degree on the duration of the solvent sublation process
with a different Co®":surfactant molar ratio. The process
was carried out for 25 minutes. Sampling for analysis was
performed every 5 minutes.

The rational process duration was 20 minutes. The
increase in the solvent sublation duration is almost no
effect on the Co?" extraction degree.

Air consumption is an important factor during the
solvent sublation process (Fig. 4).
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Fig. 3. Dependence of cobalt (II) ions extraction degree on the duration
of the process at a different molar ratio
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Fig. 4. Dependence of cobalt (I) ions extraction degree from
the air consumption

The extraction of cobalt ions is only 72.4 % with air
consumption in the range of 25-35 cm?/min, since this
number of air bubbles is not enough to completely transfer
pollutants into the organic phase. The highest degree of
extraction of cobalt ions is observed at an air consumption
of 45 cm3/min. At large values, there is a slight decrease in
the extraction degree. This is due to the fact that with an
increase in the rate of movement of air bubbles, a partial
violation of the integrity of the organic layer occurs and, as
a result, part of the sublate returns to the aqueous phase.

Fig. 5 shows the dependences of the Co?" ions extrac-
tion degree on the temperature of the aqueous phase.
Studies were conducted in the range of 10-40 °C. Solvent
sublation parameters: process duration — 20 min, molar
ratio of Co®":surfactant — 1:2, pH 10.
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Fig. 5. Dependence of cobalt (II) ions extraction degree on the temperature

of the aqueous phase

The process takes place in the adsorption mechanism
and, accordingly, with increasing temperature there is

;28
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a decrease in the efficiency of the process, explains the
decrease in the extraction degree of cobalt. Fig. 6 shows
the graphical dependences of the natural logarithm of the
cobalt ion concentration on the solvent sublation duration.
This is the first order of reaction, because the graphical
dependence is straightforward.
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Fig. 6. Dependence of the natural logarithm of the concentration of cobalt
ions on the solvent sublation duration at various temperatures

To calculate the reaction rate constant, the formula
(for the first order reaction) is used:

1. C
k==-In—,

T C,

where T — solvent sublation duration; Cy and C, — the
initial and current concentrations of cobalt ions.

The results of the calculations of the constant are given
in Table 1.

Tahle 1
Reaction rate constants of the solvent sublation
Temperature, & 293 298 303
k, min™! 0.096 0.090 0.065

The first order of the process and the value of the
process rate constant indicate the course of solvent subla-
tion in the stationary diffusion mode, when the limiting
stage is the diffusion of particles extracted from the surface

of gas bubbles [11].

4. Conclusions

The extraction of cobalt ions with a concentration of
20 mg/dm?® from aqueous solutions in the cobalt — sodium
dodecyl sulphate system by solvent sublation is studied.
Based on experimental studies, the optimal process condi-
tions are obtained: the volume of extractant (isoamyl alco-
hol) — 10 em?, the ratio of cobalt ions in the surfactant — 1:2,
pH 10, air consumption — 45 cm?/min, the process dura-
tion — 20 min, phase temperature — 20 °C. Under these con-
ditions, the extraction degree of cobalt ions is about 85 %.
The solvent sublation process of cobalt ions is described
by a kinetic equation of the first order, the velocity con-
stants are calculated. The proposed method of solvent
sublation purification can be an alternative and innovative
method of wastewater purification before discharge into

reservoirs or in the case of their return to the circula-
ting water supply.
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