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SEPARATION OF IRON IONS FROM SOLUTIONS
OF HYDROMETALLURGICAL INDUSTRIES
BY LIQUID EXTRACTION METHOD

In the article, the author considers the problem of choosing a method
of extracting valuable components from the production solutions of
hydrometallurgical production. For this purpose, it is promising to use the liquid
extraction method. With the help of this method, in the field of metallurgy, during
the production of non-ferrous metals, technological solutions can be used to
remove iron ions. Depletion of mineral reserves requires the use of only poor
natural materials for industrial enterprises. One of the promising methods of
separating metal ions from poor solutions by freeing them from co-existing
elements and obtaining a concentrated solution is extraction. In addition, the
extraction method is only effective in processing high-iron solutions, because
it allows to significantly reduce the amount of iron that goes to the heap. The
use of liquid extraction method in the purification of solutions from iron ions
significantly facilitates the separation of iron ions from non-ferrous metal ions.
The conducted study showed that, when the concentration of the organic phase is
correctly determined, it is possible to use toluene as a solvent and trialkylamine
(TAA) as a reagent for the separation of iron ions from technological solutions
containing acid. The obtained data showed that the use of toluene as a solvent
and trialkylamine (TAA) as a reagent during extraction is promising.

Keywords: liquid extraction, extractant, raffinate, iron ions, toluene,
trialkylamine.
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Introduction

The growth of accumulated wastes of hydrometallurgical industries, as well
as the difficulty of mining and processing of poor ores require the search for
alternative technologies of ore processing. In the last 20 years, the tendency of
decreasing the amount of metals in mined ores is observed, and often their amount
in the ores corresponds to the amount in the waste of metallurgical productions. In
addition, there is information that 80 % of the useful component extracted during
the processing of ores of mining and metallurgical enterprises goes to waste.
The question of choosing a method of extracting valuable components from the
production solutions of hydrometallurgical production is a controversial issue.
Liquid extraction method is one such method. It has significant advantages over
sedimentation and filtration methods [1].

Materials and methods

Liquid extraction is the process of transferring one or more dissolved
substances from a liquid phase to another phase. The second phase (extractant)
is completely insoluble or partially soluble in the first phase, but it dissolves
substances absorbed from the first phase. The initial aqueous solution containing
the dispersant is in direct contact with the extractant. As a result, two phases are
formed:

1) The extractant is a separate organic phase enriched with a dispersant.

2) Raffinate is an aqueous phase in which there is no dispersant at all.

The main stages of liquid extraction:

1) Connecting media and dispersing phases;

2) Separation of phases into extract (separated phase) and raffinate (depleted
phase) by forming layers;

3) Separation of the target components from the extract and regeneration of
the extractant by distillation or re-extraction (reverse process to liquid extraction);

4) Washing the extract to reduce the amount of the original solution removed
mechanically [6].

When the extract obtained as a result of extraction is treated with certain
aqueous solutions, the target components are transferred to the solution or
precipitate. This process is called the reextraction process.

Phase separation of the emulsion formed during extraction is usually
performed in two stages. First, large droplets settle (float) rapidly, and large
droplets coalesce. Very small droplets remain in the form of «fog», which settles
very slowly. Various devices are used to speed up this process.

The mechanism of the extraction process is shown in Fig. 1. In this picture
you can see the extraction mechanism: after adding an extractant to the original
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solution and mixing it, the extract and the raffinate containing the solute can be
separated [8].

Initial solution + solute(s) Extract + solute(s)

3

extractant raffinate

Figure 1 — The mechanism of the extraction process

The extraction process is important for many industries, because it allows
the purification of many impurities and the separation of pure substances. Areas
of application are:

- chemical;

- oil processing;

- food;

- metallurgy;

- pharmaceutical.

With the help of this method, in the field of metallurgy, during the production
of non-ferrous metals, technological solutions can be used to remove iron ions.

Depletion of mineral reserves requires the use of only poor natural materials
for industrial enterprises. One of the promising methods of separating metal ions
from poor solutions by freeing them from co-existing elements and obtaining a
concentrated solution is extraction. Among them, the extraction of iron ions is
also important for the metallurgical industry.

The history of iron ion extraction is long. This is because this process is a
model of extraction systems consisting of the separation of metal halide complexes
with oxygen-containing extractants [7].

Salts of iron and non-ferrous metals are present in the solutions obtained
during the leaching of poor raw materials, concentrated and underground leaching
solutions, waste water, mine and mining waters. It is difficult to separate iron and
non-ferrous ions from such solutions by precipitation. Fe (II) ions are precipitated
by hydrolysis together with the basic ions of non-ferrous metals. Fe (II) ions are
precipitated in the more acidic zone, but with them also ions of non-ferrous metals
and organic impurities are precipitated, because Fe (I11) are coagulants. Therefore,
liquid extraction of iron from solutions is a promising area of hydrometallurgy. In
addition, the extraction method is only effective in processing high-iron solutions,
because it allows to significantly reduce the amount of iron that goes to the heap [2].
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For some enterprises that produce non-ferrous metals, the presence of iron
ions in process solutions adversely affects the process and makes it difficult to
obtain pure products. The use of liquid extraction method in the purification of
solutions from iron ions greatly facilitates the separation of iron ions from non-
ferrous metal ions [9].

The proposed method has a number of advantages:

- this method can be used for solutions with acidity from 10 to 70 grams
per liter;

- significantly simplifies the work of production when the equipment is
selected correctly;

- the shelf life of the extractant is long;

- the possibility of purifying the extractant from iron ions using the
reextraction method;

- processing of separated iron is easy.

Research execution plan.

1) Selection of an extractant (solvent and reagent) suitable for the separation
of iron ions from the process solution.

2) Determination of the ratio of organic and aqueous liquid phase required
for analysis.

3) Determination of the limiting solubility of iron ions in the selected
extractant.

4) Selection of a suitable re-extracting solution for cleaning the extractant
from iron ions [3].

Conducting research.

The following organic solvents were used as extractants:

- diesel fuel;

- chloroform;

- isobutyl alcohol;

- toluene.

The following substances were used as reagents:

- Cyanex — 272;

- tributyl phosphate (TBF);

- trialkylamine (TAA);

- Aliquat.

After a number of studies, toluene was chosen as the solvent and trialkylamine
as the reagent for the extraction of iron ions. The ratio of organic and aqueous
phases was 2/1. The maximum solubility of iron ions in the obtained compound
was 6 g/dm? [2].
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Sulfuric acid with a concentration of 120 g/dm® was chosen as a re-extracting
agent.

After carrying out all the experiments to determine the extractant, determine
the ratio of the organic phase to the aqueous phase, determine the limiting solubility
and the re-extracting solution, the first experiment with the process solution was
performed.

After the end of mixing, the separation of the two phases took place
immediately. The obtained results are presented in Table 1.

Table 1 — Research results

Concentration Concentration
of Fe mg/dm’ of H,SO,, g/dm’
Initial Solution 2352 23
Solution after 54 20
mixing
Re-extracted 2184 -
solution

Summing up the experiment, it can be observed that the mixture of toluene
and trialkylamine is correctly selected as an extractant for the process solution of
non-ferrous metals with iron ions. Because after extraction, it can be observed that
the concentration of iron ions in the aqueous phase drops sharply (the concentration
of iron ions in the initial solution is 2352 mg/dm?’, and the concentration after
extraction is 54 mg/dm?®) and the degree of purification was 97,7 % [10].

Re-extraction (purification) of the extractant from iron ions with sulfuric
acid was successful. The concentration of iron ions in the re-extracted solution
was 2184 mg/dm?* and losses were low (7 %).

The obtained results showed that this extractant (toluene and trialkylamine)
can be used for the separation of iron ions in the future. The experiment was
repeated 22 times with this extractant, and the results were completely consistent.

The influence of various factors on the distribution of iron ions between phases
was studied in 300 ml separatory funnels during intensive shaking for 15 minutes.
It was determined in advance that this time would be enough to reach chemical
equilibrium. After the division into layers, two phases were separated [3, 4].

The concentration of the reagent in the solvents was chosen so that 1 gram
of the reagent was in 100 ml of the solvent. The ratio of organic and aqueous
phase was 1/1.

The aqueous phase contains iron ions and sulfuric acid and their amounts
are given in Table 2.
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Table 2 — Composition of the aqueous phase

Components Amount, g/dm?
Con. Fe 33
Con. H,SO, 20

Mixing of one sample was done manually at 15 min intervals.

Results and discussion

After testing all the solvents and reagents mentioned above, the following
results were obtained (Figure 2).

Results

Cyanex-272 | TBF TAA Aliquat
== Diesel fuel 33 317 33 33
=@~ Chloroform [ 322 33 32 33
“s~  Isobutyl alcohol 33 328 3 33
== Toluene 3 28 25 325
Figure 2 — Test results
Conclusions

Summarizing this test, it was shown that when the concentration of the organic
phase is correctly determined, the use of toluene and trialkylamine (TAA) as a
reagent for the separation of iron ions from technological solutions containing
acid is more suitable than the use of a mixture of other solvents and reagents. In
the purple line in Figure 2, it can be seen that the TAA reagent is effective when
using toluene as a solvent (the point corresponding to 2.5). The obtained data
showed that the use of toluene as a solvent and trialkylamine (TAA) as a reagent
during extraction is promising [1, 4].

To fully complete the test, the following determinations will need to be made
in the future:

14



Becruuk Topaiireipos yuusepcutera, ISSN 2710-3544 Cepust Xumuko-ouonoeuyecxas. Ne 2. 2023

- the effective concentration of the reagent in the solvent;

- effective ratio of organic and aqueous phases;

- limit of solubility of iron ions in the mixture of solvent and reagent;

- determination of the re-extracting solution for cleaning the extractant from
iron ions. This will require further research [5].

CHnHCOK HCI0JIb30BAHHBIX HCTOYHUKOB

1 T'ungun, JI. M. DKCTpaKIIOHHBIE TIPOIECCH U UX MpUMEHeHne. — M. :
Hayxka, 1984. — 281 c.

2 3oa0T10B, FO. A. DKCTpakius B HEOpraHWMYECKOM aHaiuze. — M. :
Nzn-Bo MI'Y, 1988. — 82 c.

3 3wakoBckuii, 3. )KugkocTHass dKCTpaKOUus B XUMHUYECKOH
npombiieHHocTu. — JI. : Focxumuznar, 2019. — 480 c.

4 Kacukos, A. I'., Cokoi10B, A. FO. DKCTpaKIInOHHOE H3BICUCHUE Kelle3a
(IIT) n3 pacTBOPOB XJIOPOBOIOPOTHOM KHCIOTH HF30MEPAMH OKTaHOJIA B MHEPTHBIX
pa3basurensx / CoBpeMeHHbIE HayKOeMKHe TeXHOIoruu. — 2019. — Ne 3-2. —
C. 187-192.

5TyneBuy, A. JI. OKCTpaKIIMOHHBIE METOIBI pa3IeTICHIS i KOHIICHTPUPOBAHHUS
BemiectB : [locobme s cryaeHToB xuM. ¢ak. crer. 1-31 05 01 «Xumus (mo
HanpasieHusM)» / A. JI. Tynesuu, C. M. Jlemes, E. M. Paxmanpko. — MUHCK :
BI'Y, 2009. — 153 c.

6 BepecroBoii, A. M. )KXuakoctHass 3KCTpaklusi B XUMHUYECKOH
npoMblieHHOCTU. — Jlenunrpan : Xumus. Jlenunrp. ota-uue, 1977. — 60 c.

7 Tpeiidau, P. )KunkoctHas skctpakuus. — M. : Xumus, 1966. — 724 c.

8 lerpos, b. ., JIecnos, A. E. CoBpeMeHHOE COCTOSIHHE KCTPAKITHOHHOTO
MeToza. yaebHnoe mocobue. — CII6. : Jlanp, 2018. — 356 c.

9 MockBun, JI. H. Kinaccudukanus metonos pasneneHus // BectHux
Cankr-IlerepOyprckoro yausepcutera. — 1. 4 (62). —Bpm. 2. —2017. - C. 163-214

10 CansuukoBa, E. B., Kynpsiuesa, E. B. MeTo1bI KOHIICHTpHPOBaHUS 1
pa3zeneHus MEKPO3JIEMEHTOB : yaebHoe rocodue. — Operdypr : OpeHOyprekuit
rocyAapcTBeHHbIN yHUBEpcuTeT, 2012. — 220 c.

References

1 Gindin, L. M. Ekstrakcionnye processy i ih primenenie [Extraction
processes and their application] — Moscow : Nauka, 1984. — 281 p.

2 Zolotov, Yu. A. Ekstrakciya v neorganicheskom analize [Extraction in
inorganic analysis] — Moscow : [zd-vo MGU, 1988. — 82 p.

15



TopaiireipoB ynusepceutetinin Xabapubicel, ISSN 2710-3544  Xumus-6uonoeusnvix cepuscor. Ne 2. 2023

3 Zyulkovsky, Z. Zhidkostnaya ekstrakciya v himicheskoj promyshlennosti
[Liquid extraction in the chemical industry] — L. : Goshmindat, 2019. — 480 p.

4 Kasikov, A. G., Sokolov, A. Yu. Ekstrakcionnoe izvlechenie zheleza (IIT)
iz rastvorov hlorovodorodnoj kisloty izomerami oktanola v inertnyh razbavitelyah
[Extractive extraction of iron (III) from solutions of hydrochloric acid with isomers
of octanol in inert solvents] // Sovremennye naukoemkie tehnologii. — 2019. —
No. 3-2. - 187-192 p.

5 Gulevich, A. L. Ekstrakcionnye metody razdeleniya i koncentrirovaniya
veshchestv : Posobie dlya studentov him. fak. spec. 1-31 05 01 «Himiya (po
napravleniyam)» [Extraction methods of separation and concentration of
substances: Handbook for students of chemistry. fac. spec. 1-31 05 01 «Chemistry
(by directions)»]. — Minsk : BSU, 2009. — 153 p.

6 Berestovoj, A. M. Zhidkostnaya ekstrakciya v himicheskoj promyshlennosti
[Liquid extraction in the chemical industry]. — Leningrad : Chemistry. Leningrad.
department, 1977. — 60 p.

7 Trejbal, R. Zhidkostnaya ekstrakciya [Liquid extraction] — Moscow :
Chemkstry, 1966. — 724 p.

8 Petrov, B. L., Lesnov, A. E. Sovremennoe sostoyanie ekstrakcionnogo
metoda : Uchebnoe posobie [ The current state of the extraction method : Tutorial]
— St.Petersburg : Lan, 2018. — 356 p.

9 Moskvin, L. N. Classification of separation methods [Klassifikaciya
metodov razdeleniya] // Bulletin of St. Petersburg University. — Vol. 4 (62). —
Issue. 2. —2017. - P. 163-214

10 Sal’nikova, E. V., Kudryavceva, E. V. Metody koncentrirovaniya i
razdeleniya mikroelementov : uchebnoe posobie [Methods of Concentration
and Separation of Trace Elements : Study Guide]. — Orenburg : Orenburg State
University, 2012. — 220 p.

Material received on 15.06.23.

16



Becruuk Topaiireipos yuusepcutera, ISSN 2710-3544 Cepust Xumuko-ouonoeuyecxas. Ne 2. 2023

*M. A. Hcabaesa', T. b. Tyeambaesa’, M. K. Kanezosa?, A. M. Maxcym'
124TOpaltFbIPOB YHHBEPCHUTET,

Kazakcran Pecryomukacst, [TaBnomap x.;

‘Ha3zap0aeB yHHBEPCHUTET,

Kazakcran PecyOmikacel, Actana K.

Martepuan 15.06.23 Gacmara TycTi.

I'MAPOMETAJIIIYPTUAJBIK OHEPKOCIHITEPAIH
EPITIMJIEPTHEH TEMIP HOHJIAPBIH CYABIKTHI
IKCTPAKIIUAJBIK SAICIMEH BOJIY

Maxkanaoa asmop 2udpomemaniypeuanblk OHOIpicmiy anbiHamblH
OHIMOIK epimiHOinepinen KyHObl KOMHOHeHmmepOoi 06in any 90iCiH
manoay mocenecin Kapacmulpaosl. by makcamma cylivlkmoik JIKCmMpaKyus
90iciH KOI0auny nepcnekmuganvl 6oavin mabwvinadsl. bynr odicmiy
KOMe2iMeH MemaLLypaus CalacbiHOd mycmi Memanoaposi 6HOIpy Ke3iHoe
MEeXHON0UANBIK ePimiHOLIepOT memip UOHOAPBIHAK MA3apmyod KOLOaHy2d
00n1a0b1. Ken opbin0apbinblly KOPbIHbIY A3a10bl OHEPKICINMIK KOCINOpbiHaa
Hebapul Kedell mabduau Mamepuanidapovl Koaoanyosl Kasxcem emeoi. Keodeti
epiminodinepOern Memai UOHOAPLIH Oipee DOIamblH 1eMenmmepOeH
bocamymeHn dicoHe KOHYeHmMpieHeeH epiminoi arymen 6o.in anyouvly
nepcnexmuganvl 90iciniy 0ipi sxcmpakyusaiay 6oavin maodvliaobvl.
Convimen Kamap dKCMpakyusivlK 80ic sco2apulmemipii epiminoinepoi
eHOeyoe nebapvl muimoi 6onbin maobwvLiadvl, cebebi o1 memipoiy
yliiHOiee Kememin MOIWeEpIH eneyii momeHoemyae MyMKIHWINIK Oepedi.
Epiminoinepoi memip uonoapeinan maszapmyoa cyublKmulK 3KCMpaKyus
90ICIH KOIOAHY memip UOHOAPbIH Mycmi Memanoap UOHOAPbIHAK 6ein
anyowvl eneyni sceninoemeoi. Opvinoanzan 3epmmeyoe OpeaHUKALbIK
azanviy KOHYEHMPAYUACHIH OYPLIC AHBIKMA2AH Ke30e, epimKiul peminoe
MOYoI0bl dcone peazenm peminoe mpuankuiamunoi (TAA) Kypamvinoa
KbIUKbLLL Oap MeXHOI0UAIbIK, epMmiHOLIepOeH memip UOHOApbiH 06Iin
anyea Kon0amny scapamobl DoIamulublH KOpcemmi. Anvinean morimemmep
IKCMPAKYUALAy Kesinoe epimkiul peminoe moayonobl HCOHE peaceHm
peminde mpuankunamunoi (TAA) Konoany nepcnekmusanst 6OIAMbIHBIH
Kepcemmi.

Kinmmi ce3dep: cylivlkmulx dKcmpakyus, dKcmpazenm, pagunam,
memip uoHoapul, MOLYOJ, MPUATKULAMUH.
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BBIAEJTEHUE NOHOB KEJIE3A N3 PACTBOPOB
IT'MAPOMETAJITYPTHYECKUX MTPOU3BOJACTB
METO/IOM JKHJIKOCTHOM YKCTPAKIINA

B cmamwve asmop paccmampusaem npobaemy 6vibopa cnocoba
u3BneyeHUs YeHHulX KOMHOHEHMO8 U3 MEXHOJ02ULECKUX PACMBOPO8
2UOPOMEMANTLYP2ULECKO20 NPOUIBOOCMEA. []is 9MOU Yeau nepcnekmueHo
Ucnoab308ams Memoo ucuokocmuou skecmpaxyuu. C nomowwvio
9Mo20 Memooa 8 0Oaacmu Mematypeul npu NPOU3E00CMae YGemHblx
MEMAnios MOJICHO UCHOAL30BAMb MEXHONI02UYeCKUe pacmeopul OJis
yoanenusi uono8 dicenesa. Mcmowenue 3anacog noie3nblx UCKONAaemuix
mpebyem UCnoIb308aHUs MONbKO DEOHbIX NPUPOOHBIX MAMEPUALO8 OJis
npomviuiiennvlx npeonpusmuti. OOHUM U3 NepcneKmu8HbIX Memooos
8b10€/IeH s UOHO8 MEeMAILI08 U3 OEOHbIX PACMEOPO8 NYMeEM 0C8000HCOCHUS
UX OM COCYUeCmsayIouux INeMeHmos U NOJY4eHUs KOHYEHMPUPOBAHHO2O0
pacmeopa aensemcs sxempaxyus. Kpome mozo, skcmpakyuonnulii
Memoo 3¢hghekmugern MmoabKo npu nepepabomre 8blCOKONCENeIUCBIX
PAacmeopos, NOCKONbKY NO360AEN 3HAUUMENLHO YMEHbUIUMb KOIUUECEO
Jceneza, uoyweeo 6 kyuy. Ilpumenenue memooa HcuOKOCmMHOU
IKCMPAKYUU NpU OHUCIIKE PACHIBOPOSE OM UOHOB Jicele3d 3HAUUMENbHO
obnecyaem omoeneHue UOHOB dicene3d Om UOHO8 YBEMHbIX MEemAallO8.
IIposedennoe uccredosanie nOKA3aN0, 4mMo npu NPasuibHOM onpeoeneHul
KOHYEHMPAYUU Op2aHuieckoll pasvl 603MOAICHO UCNONLI0BAHUE MOTYONA
6 kavecmee pacmeopumens u mpuarkuiamuna (TAA) 6 xauecmese
peazenma 0 8bIOENEHUsS UOHOB JiCeNe3a U3 MEeXHOI02UYECKUX PACMBOPOS,
cooeparcawux kucromy. Ionyuennvle Oannvie noKa3anu NEPCneKmueHOCb
UCNONb306ANUA MOYONA 8 KAYeCmee PAcmeopumenst U mpuaiKuiamMuHd
(TAA) 6 kauecmee peazenma npu IKCMPAKYUU.

Kniouegvie cnosa: srcudkocmuas skCmpaKyus, IKCmMpazenn,
paghunam, uonwl diceneza, Moayol, MPUAIKUIAMUH.
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Ve n. i 8,75. Tupax 300 3x3. Llena noroBopHast.
Komnsrotepnas Bepctka A. K. Temupranmunosa
Koppexropsr: A. P. Omaposa, 1. A. Koxac
3aka3 Ne 4125
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