ISSN 1813-1107, eISSN 2710-1185 M1, 2023

Chemical Journal of Kazakhstan
Volume 1, Number 81(2023), 75-82 https://doi.org/10.51580/2023-1.2710-1185.08

VK 543.4.5.8

SORPTION PURIFICATION OF WATER FROM HEAVY METAL IONS
USING SULFOUGL

N.S. Murzakassymova'®, M.A. Gavrilenko 2, N.A. Bektenov®, R.M. Kudaibergenova?,
E.A. Baybazarova®

IM.H. Dulati Taraz Regional University, Taraz, Kazakhstan
2Tomsky Polytechnic University, Tomsk, Russia
3Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
E-mail: naz1282@mail.ru

Abstract: Introduction. The sorption capacity of modified carbon has been investigated; the
possibility of creating a sorbent for iron (I, 111) in water bodies with a purified water yield of up to 0.01
mg/l has been shown. The purpose of the work. To create a new cheap sorbent based on sulfougl, to study
its sorption characteristics by the method of solid-phase photometric determination of Fe (I, I1l) with a
low detection limit. Methodology. The sorption capacity with respect to iron ions (I1, I11) modified with
sulfougl has been studied. The sulfogroup used as a modifier has been used in the photometric
determination of Fe (I, 111) and has been used in the analysis of waters for the total iron content. Results
and discussion. Today, thousands of sorbents are produced with various matrix materials, functional
groupings, methods of their fixation, containers, mechanical properties, grain and other characteristics.
The choice of the optimal sorbent depends on the task assigned to the researcher. Conclusion. When
choosing a sorbent, it is necessary to take into account the concentration mode. Thus, after the sorption
extraction under the static conditions, the sorbent concentrate should be easily separated from the mother
liquor; when used in the dynamic mode, it is undesirable to use strongly swelling sorbents, as well as too
small fractions of sorbents. The development of simple methods of water purification from heavy metals,
in particular, from the widespread iron (l1, 111) cation in natural and drinking waters is an important task of
analytical chemistry.
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1. Introduction

Sorption methods are based on complexing reactions on the solid phase of
metal ions with a reagent [1, 2]; the well-known, well-proven sorbents based on
coal are usually used for their implementation [3]. The known modifications of
coal sorbents are presented in [4]. Currently, modified coal (sulfougl) ave been
specially developed due to their possible subsequent use in small-sized household
filters for the sorption water purification. Sulfougl is porous adsorbents, and is
used in several industrial processes. These carbons have often been used to adsorb
pollutants present in the gas or liquid phases in order to control environmental
pollution, remove organic compounds, or remove toxic metal particles [5]. The
whole variety of the obtained carbon sorbents can be classified according to
various criteria: the nature of the feedstock (solid, liquid, gaseous), production
methods, structural and textural (porosity, surface, pore size and distribution)
characteristics and applications. For industries such as leather, textile,
metalworking, battery, pigment and metallurgy, toxic metal ions are widely used,
which can have an impact on the environment. Moreover, toxic metal ions can
accumulate in microorganisms, flora and aquatic fauna, thereby introducing these
metals into the food chain and increasing the risk of health problems in humans
[6]. The removal of metal ions can be achieved using various techniques,
including precipitation, adsorption, ion exchange, membrane processes,
electrodialysis and reverse osmosis [7]. Among them, sulfocarbon adsorption is a
very effective method due to the large available surface area and the
characteristics of modified coal. In addition, modified coal can be obtained from
several natural carbonaceous materials at a relatively low cost [8].

2. The experimental part

The initial solutions, containing iron (ii), iron (iii) 0.1 mg/ml were prepared
by dissolving precise attachments of Mora salt (bda.) and iron-ammonium alum
(ch.d.a.), respectively, in sulfuric acid solutions. The solutions with lower
concentrations were obtained by dilution on the day of using. For the preparation
of buffer solutions, ammonium acetate, acetic acid (all h.d.a.) were used [9].
Modified coal was obtained by the method, described earlier [10].

The sorption of iron ions with sulfocarbon was studied in a static mode. To
do this, the studied solutions and modified coal plates were placed in vessels with
lapped stoppers. Then the vessels were shaken on an electromechanical vibration
mixer until sorption equilibrium was established. The sorption value (a, mg/g)
was calculated by the formula:

(Co - [C]) -V
a=———"""—"
m
where C, - the concentration of the detected compound in the aqueous

solution before sorption (mg/ml), [C ] the concentration in the solution after
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sorption (mg/ml), V - the volume of the analyzed solution (ml), m - the mass of
activated carbon (g).

The equilibrium concentration of iron ions was determined photometrically
according to GOST [11]. The determination of the sulfogroup was carried out
using a developed photometric technique, based on the absorption of the dipyridyl
complex of iron (I1). The Baer's law is fulfilled with an excess of iron (1) metal
ion under the conditions of complete ligand binding into the complex (A=540 nm,
CFe?* = 0.1 mg/ml, Cgip= 0.016+-0.16 mg/ml, pH=4).

The optical density of the solutions was measured, using a photo colorimeter.

3. Results and their discussion

To obtain information about the nature of the interaction between coal and
sulfuric acid, an isotherm (figure 1) and the kinetic reaction curve (figure 2) of
the sulfogroups from an aqueous solution have been obtained. The sorption
isotherms have two ascending sections and a plateau between them. The first
growth site on the isotherms corresponds to the ionic coordination of the
sulfogroup, and the second to the formation of a covalent bond between the
sulfogroup and the coal surface [12]. It can be seen from the kinetic migration
curve of the sulfogroup that structural changes occur in the first few minutes,
as evidenced by the extremum in this area. This is due to the incorporation of
the reagent into the matrix and the formation of a new structure [13]. The
samples of natural coal after immobilization of the sulfogroup retain their
sorption capacity.

a. mg/g 2. mg's
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0,24 1 4

0,0 v T v T T 0.0
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Figure 1 — Isotherm of migration of the sulfogroups to the ~ Figure 2 — Kinetic curve of the formation of

coal surface (opm=0.6 g, V=30 ml). the covalent bonds of a sulfogroup on the
surface.
The sorption properties of sulfougl with respect to iron ions (Il, I11) have

also been presented in the form of a kinetic curve (figure 3).

The kinetic curve of the sorption of iron ions by the modified sulfougl has
a classical appearance, which indicates the absence of structural changes in the
process of iron extraction (1, I11). Probably, the main interactions observed
during the sorption are due to the formation of bonds between iron ions and
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oxygen of the sulfogroup. The time to establish equilibrium with a volume of
50 ml of test water is approximately 10 min.

The quantitative extraction has been achieved at the concentrations from
0.5 mmol/g at a pH of 6.0-7.0 and with an increase in the surface concentration
to 4 mmol/g, little changes, which is due to the ratio of the number of the
surface sulfogroups and the content of cations in water (figure 4).
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Figure 3 — Kinetic curve of iron (11, I11) sorption Figure 4 — Dependences of the degree of
by sulfocarbon. extraction of Fe(ll,111) on pH at the surface

concentration of the sulfogroups, mmol/g: 0.1 (1);
0.5(2); 1 (3);4 ().

At the surface concentration of the sulfogroups of at least 0.1 mmol/g, the
sorbent quantitatively extracts iron in the pH range of 5.5 — 8.0, which
corresponds to the acidity of most surface waters of Kazakhstan. Under optimal
concentration conditions, the distribution coefficient is 5-103 — 1-104 cm?®/g.

With an increase in the concentration of surface groups, the pH range of
guantitative iron extraction (I, 1) shifts to the acidic region due to the intrinsic
acidity of the sulfogroups. The confirmation of iron sorption (I1, 111) due to the
interaction with the surface sulfogroups, the minimum sorption value is less than
10% in the entire studied pH range on the unmodified coal. A significant sorption
is observed at pH greater than 9, which corresponds to the formation of iron
hydroxocomplexes and their deposition on the developed surface of the
unmodified coal.

The range of concentrations of iron (11, 111) 20 — 500 mg/l has been chosen so
as to cover the concentrations in the natural surface waters of Kazakhstan. It has
been found that with the help of the proposed matrix, iron (I, 111) sorption is
possible with a decrease in its concentration to 0.01 mg/l (the sample volume 50
ml), which is 1/30 MPC for drinking water (0.3 mg/l) [14]. The technique has
been tested in the analysis of mineral water from a natural source. The results of
the determination of iron (II, 1) ions by photometric method with 1,10 -
phenanthroline in mineral water are presented in Table 1, and indicates the
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correctness of the obtained results and the possibility of using modified
sulfocarbon for the sorption purification of water from iron (11, I11) ions.

Table 1- Results of the determination of iron ions (I1, I11) (n=3, P=0.95)

Iron content, mg/l Found by phot(_)metric method
Test ’ after sorption, mg/ml
Before sorption Sr Fe (11, 111) Sr
Mineral spring water 7045 0.03 0.04+0.01 0.10
Lake water 8+3 0.15 0.07+0.02 0.12
Swamp water 52+3 0.02 0.05+0.02 0.16

The results of the study have shown a possibility of the sorption
concentration of iron ions from an aqueous solution in the form of a complex with
the sulfogroups on the surface of activated carbon. It has been shown that semi-
guantitative determination of iron ions is possible, the relative standard deviation
in the region of small iron contents (I1, 111) does not exceed 0.16.

The most important indicators of the feasibility of using sorbents for
analytical purposes are the quantitative extraction of elements, the speed of
establishing sorption equilibrium when they come into contact with a metal
solution, as well as the ease of its subsequent desorption. The pH range of
quantitative extraction (> 99%) in static mode is for Fe (Ill) — pH 3.0-8.5. The
sorbed iron cations in the static mode are quantitatively desorbed with 1 M nitric
acid solution.
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Figure 5 — The degree of extraction of iron ions from the surface of the sorbent into the solution
depending from the pH.

4. Conclusion

The obtained results will serve as the basis for the creation of a sorption
system for the adsorption of heavy metals from water of natural and technical
origin, including chemical enterprises, pharmaceutical, metallurgical,
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underground parking, as well as for the treatment of waste waters of chemical,
pharmaceutical and other enterprises. Since there is no sorption of iron ions at pH
< 1.0, therefore diluted 0.1-2M solutions of nitric acid have been considered as
desorbing solutions. The quantitative desorption of Fe (I11) in the static mode does
not depend on the nature of the acid and is achieved by using 10 ml of 1M HNO:s.
The sorption-desorption cycles of iron ions have been carried out to determine the
sorption properties of the synthesized modified coal. The sorbent retains its
sorption properties for at least 5 sorption-desorption cycles.

Conflict of Interests: No conflict of interest.

CYJIb®OKOMIP KOMEI'ITMEH AYBIP METAJIJI HOHJAAPBIHAH CY /bl COPBIUAJIBIK
TA3APTY

H.C. Mypsaxacvimosa **, M.A. Fagpunenxo ?, H.A. Bexmenoes °, P.M. Kyoaiiéepzenoea *,
9.A. Baiibazapoea *

"M.X. [Jynamu amoinoazer Tapas enipnix ynusepcumemi, Tapas, Kazaxcman
2Tomck norumexnuxanvix yrusepcumemi, Tomck, Poccus

46aii amuinoazer Kazax ¥nmmoux yuueepcumemi, Anmamel, Kasaxcman
E-mail: naz1282@mail.ru

Tyiiingeme. Kipicne. MomudukanusianFad KeMIpIiH COpOUMSIIBIK KaOijeTi 3epTTeNii; Ta3apThUIFaH
cynbiH mibiFeiMbl 0,01 Mr/n geiiin Gonatein cy obbekrinepinae Temipre (II, III) copOuusibik Tazamay
KepceTinreH. JKymvicmoly maxcamsl. YKaHa SKOHOMHKANBIK THIMII TaOWFU 3aJIaJICBI3, KON JKETIMII
copOeHT jkacay, KOHE OHBIH CcOpOLMUIBIK KaOuterrimiriniH aubikray meri Fe (II, III) xarter ¢asanst
(hoTOMETPHUSIIBIK ~aHBIKTAy omiciMeH 3eprTrey. Oodicmeme. JKympicta MOAUDUIMPICHIEH KOMIip
(cymbdoxemip) temip (II, III) moHmapsiHa KaTBICTBI COPOLMSUIBIK KAaOULIETTiNIK OOMBIHIIA 3epTTEYIEp
xyprisingi. Momudukarop perinne cynaspoxemipmer Fe (11, 111) MoHBIH (OTOMETPUSIBIK aHBIKTAyIa
KOJITaHBUTAbI J)KOHE CYJBI XKaJIbl TeMip KypaMblHa Tajjiay Ke3iHjAe KOJaHbUIAAbl. Hamuoicenep swcame
mankblaay. BYriHTi TaHma opTypIi MaTPUIAJIBIK MaTepHanaapsl, GyHKIMOHAIIB TONTAMAaJIaphl, OJIap.Ibl
OekiTy oficTepi, KOHTEiHEpepi, MEXaHUKAIBIK KAaCHETTepi, JAOHEpl jkoHe Oacka chmarramanapbl 6ap
MBIHAaFaH copOeHTTep wwIbiFapbuianbl. OHTAWIBl COPOEHTTI TaHmay 3epTTEYIIiHIH ajIblHa KOMBUIFaH
MiHzieTKe OainaHbicThl. COpOEHTTI TaHAay KeOiHece MUKPOKOMITOHEHTTIH TaOWFaTHIMEH aHBIKTANAIbl —
OyJ1 KOMITOHEHTTIH epiTiHiae 60y GopMackl, HOHHBIH HEMECE MOJICKYJIAHBIH MOJIIePl MEH 3apsibl, Oy
(dopmanblH (QYyHKIIMOHAIABI TONTAPMEH HeMece Tikeleld COpOCHTTIH OeTiMeH opeKeTTecy KaOiieri.
Tyoicoipoim. CopOEHTTI TaHIaraHAa KOHLCHTPALUs PEXUMIH eckepy KaxeT. COHBIMEH, CTaTHKAaJbIK
KarJaina copOLMSIIBIK SKCTPAKUMIAH KeHiH COpOEHT KOHIIEHTPAThl epiTiHIIIeH OHal OeuliHyl Kepek;
JMHAMUKAIBIK PEKUMAE KOJJaHFAaH Ke3[e KATThl iCiHeTIH COpOeHTTepai, COHIal-aK ThIM KillIKeHTait
copOeHT (pakuusUIapblH KOJJaHy KakeT eMec. BipiHIII KajaM KOHIEHTpAauums, all eKiHII Kajgam
Ta3apThUIFAH CYJIBIH CalachlH Oakpuiay CHEKTPO(POTOMETPHS, aTOMIBIK aOCOPOLMSIBIK CHEKTPOCKOIHS
(AAC), mHIyKkTHBTI GaillaHBICKaH IUIa3MAJIBIK aTOMIBIK 3MHCCHSUIBIK crektpockonus (ADC-UCII),
UHIYKTUBTI OaiinanbickaH muiasManslk MacccrekrpoMerpust (MC-HCII) cusiKThl CHEKTPOCKOMMSUIIBIK
aaicTep OONMYBI MYMKIH apajiac d/icTep/e KbUIIaM JKOHE HKOFAaphl JKbULAAMJBIKTHI KOJNAAHY MYMKIHJITI
eckepieni. Cynpl ayblp METalIapAaH, aTan aiiTKaHaa TaOuFW JKoHe aybl3 cynapnarsl skanmsl Temip (11,
III) kaTHOHBIHAH Ta3apTYABIH JKEIeN >XOHE KapamaibiM oIicTepiH jkacay aHAIUTHKAJIBIK XUMHSHBIH
MaHBI3/Ibl MiHJIETi OOJIBII OTHIP.

Tyiiinai ce3nep: copOrms, ancopOuus, COpOSHT, KOMIIEKC TY3YIlli, MOAN(DHUKAIINS
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Pe3tome. Bseoenue. HccnenoBana cOpOLMOHHAs CIIOCOOHOCTH MOAMMHMIMPOBAHHOIO YIS, IIOKa3aHa
BO3MOXXHOCTH co3zanust copbenra s sxenesa (11, 111) B BogHBIX 00BbeKTaX ¢ BBIXOIOM OYHUIICHHON BOJBI
o 0,01 mr/n. Ilens pabomsi. Co3aaTh HOBBIH ACIICBbI COPOCHT HA OCHOBE MOAUGDHUIIMPOBAHHOTO YIJIs
(cynboyronp), H3y4uThb €ro  COPOLMOHHBIE  XApPaKTEPUCTHKH  METOJOM  TBepAo(ha3zHOro
¢oromerpuueckoro omnpexenenust Fe (Il, 11) ¢ Huskum npepenom oOHapyxenus. Memoodorocus. B
paboTe TpoBeNeHBI UCCIEIOBAHMS COPOIMOHHOM CIIOCOOHOCTH MO OTHOIIeHHIO K noHam skenesa (11, 111)
MOANGUIIMPOBAHHEIM yrieM. Mcnonb3yemblii B kauecTBe MoaupHUKaTOpa Cylb(orpymmna ucronb3yercs
npu poromerprueckom onpeaenenun Fe (11, 111) u mpumensiercs mpu aHanu3e BoJ Ha o0Iee COEpPIKAHUE
xenesa. Pezynomamer u o6cyscoenue. Ha CeromHsIIHUA JEHb BBITYCKAIOT TBHICSYM COPOEGHTOB ¢
Pa3INYHBIMU MaTepuajaMd MaTpHLl, (yHKIMOHAIBHEIMU IPYNIMPOBKAMH, CHOCOOAMHU UX 3aKpPEILICHHS,
E€MKOCTSIMH, MEXaHHYeCKHMMH CBOMCTBaMH. BbIOOp ONTHManbHOrO copOeHTa 3aBUCHUT OT 3aJadyH,
MOCTaBJICHHOH Iepe]] uccienoparteneM. B Hemanoil creneHu BbIOOp copOeHTa omnpesensercs NpupoIoit
MHKPOKOMITOHEHTa — (OPMOIi CyIIECTBOBAHNS 3TOrO KOMIIOHEHTA B PACTBOPE, pa3MepOM U 3apsJOM HOHA
WJIX MOJICKYJIBI, CHOCOOHOCTBIO 3TOH ()OPMBI BCTYNATh B PeakUuy ¢ (GYHKIHOHAIBHBIMU TPYIIIAMU HIN
HETIOCPENICTBEHHO C MOBEPXHOCThIO copOeHTa. 3axniouenue. Tax, mocie cOpOLMOHHOTO M3BJICUCHUS B
CTATUYECKHX YCJIOBHSAX COPOCHT-KOHIIEHTPAT IOJDKEH JIETKO OTHEIATHCS OT MATOYHOTO PacTBOpa; HPH
HCIIONIb30BAaHUM B JMHAMHYCCKOM PEXKUME — HEKENATeIbHO HCIONIB30BaTh CHIBHO Halyxaromue
COpOEHTBI, a TAaKXKe CIHUIIKOM MelKHe (pakuuu copOeHTOB. B KOMOMHHpPOBAaHHBIX METOIHMKAX, TIIE
MEPBBIM LIarOM SIBJISIETCS KOHIIEHTPHPOBAaHHE, a BTOPHIM KOHTPOJb Ka4eCTBA OYUIIEHHOW BOJBI MOTYT
BBICTYIIATh CIICKTPOCKOIMYCCKHE METOJbI, TaKue Kak CIICKTPO(GOTOMEpHs, aTOMHO-abCOpOLMOHHAs
crexrpockonus (AAC), aTOMHO 3MHCCHOHHAS CIIEKTPOCKOINS C HHAYKTUBHO CBSA3aHHOI Mma3Moit (ADC-
HCII), macc-crieKTpoMeTpHs ¢ UHAYKTUBHO cBs3aHHOMN m1azmoil (MC-HCII), yunuTsiBaeTcsi BO3MOXKHOCTh
GBICTPOrO W KOJUYECTBCHHOTO IIOMPOBAHNS JIEMEHTOB. Pa3paboTka SKCIPECCHBIX M MPOCTBIX METO/IOB
OUYHUCTKU BOJBI OT TSDKENBIX METaJUIOB, B YaCTHOCTH, OT pacrpocTpaHeHHoro katuoHa sxenesza (11, 111) B
MIPUPOAHBIX U MUTHEBBIX BOJAX SABILIETCS BaXKHOM 3a1aueil aHATMTHYECKOH XUMHUH.
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