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ABSTRACT

lodine is an essential micronutrient for humans and animals due to its important role as a component
of thyroid hormones. Kazakhstan is a country, most regions of which suffer from a natural deficiency
of iodine. At the same time, the country has a rich resource base for obtaining iodine and its
compounds. These are formation waters of oil fields under development containing 0.001-0.005%
iodine. To extract iodine from natural oil-field brines, we have proposed ion-exchange materials
obtained from the waste of the oil refining industry. The article presents the results of studying the
characteristics of iodine sorption in the synthesized ion exchangers. The synthesis of ion exchangers
was carried out by polycondensation of dihydric phenols (1,3 dioxybenzene, 1,2 dioxybenzene, 1,4
dioxybenzene), hexamethylenediamine, and formaldehyde. The following sorption characteristics of
iodine by the synthesized ion exchangers were studied: the influence of the pH of a solution on iodine
sorption; kinetic curves of iodine sorption; iodine sorption isotherms; mechanism of iodine sorption.
It has been established that the sorption of iodine on the synthesized samples is essentially
independent of the pH of a medium, and the degree of its extraction in the entire area under study
is 94-100%. Studies have been carried out on the dependence of the degree of extraction and the
logarithm of the iodine distribution coefficient on the duration of the process. The sorption capacity
of the synthesized ion exchangers with respect to iodine was estimated depending on the structure
of the ion exchanger and sorption conditions. It has been established that sorbents based on 1,4
dioxybenzene, which are distinguished by high kinetic abilities and static exchange capacity (SEC =
2283.88 mg/g), are most preferable for iodine extraction. The mechanism of sorption of iodine by
synthesized ion exchangers has been determined.

Keywords: iodine sorption, sorption capacity, synthesis of ion exchangers, sorption isotherm, iodide
leaching, iodine.
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Introduction

lodine is an essential micronutrient for humans
and animals due to its important role as a
component of thyroid hormones [1]. Kazakhstan is a
country, most regions of which suffer from a natural
deficiency of iodine. This is due to natural and
climatic conditions, due to which iodine can scarcely
be found in foods of plant and animal origin [[2], [3]].
At the same time, the country has a rich resource
base for obtaining iodine and its compounds. These
are formation waters of oil fields under
development containing 0.001-0.005% iodine [4].

Interest in iodine sorption was caused by the
possibility of using natural iodine-containing raw
materials for processing, as well as the prospect of
using iodide solutions in the technology of gold
recovery [[4], [5]].

The implementation of the iodide method of
gold leaching is possible in the development of
effective, including sorption methods for extracting
iodine from iodine-containing natural solutions. The
efficiency of sorption strongly depends on soil types
and their characteristics. While sorption of iodide
dominates in mineral soils with a low content of
organic carbon, soils rich in organic matter are more
favorable for the sorption of iodate [6].

Various ion exchangers from activated carbons
[[71, [8], [9], [10]] to synthesized ion exchangers [11,
12] are used for sorption recovery.

Thus, the organization of regeneration of iodine-
containing solutions, as well as replenishment of
irretrievable losses of iodine due to its extraction
from natural sources by highly efficient sorption
methods, is an important scientific and practical
task.

Experimental Part

To extract iodine from natural oil-field brines,
we have proposed ion-exchange materials obtained
from the waste of the oil refining industry.

Sorption of iodine from aqueous iodine-
containing solutions was carried out on synthesized
ion exchangers.

The method for obtaining synthesized ion
exchangers. The synthesis of amine-containing ion

exchangers with a spatial structure of mixed basicity

was carried out by polycondensation of dihydric
phenols (1,3 dioxybenzene, 1,4 dioxybenzene, 1,2
dioxybenzene), and
formaldehyde [13].

The method for obtaining synthesized ion
exchangers. The synthesis of amine-containing ion
Hexamethylenediamine was used in the synthesis
process as a hardener for the resulting resins, and
formaldehyde was used as a crosslinking agent.
Ammonium hydroxide, nitric and phosphoric acids,
and hydrogen peroxide were used as catalyzing and
modifying additives. The latter are involved in the
process not only as catalysts but also as reagents
that facilitate the introduction of additional
ionogenic groups into the polymer structure. The
following sorption characteristics of iodine by the
synthesized ion exchangers were studied: the
influence of the pH of a solution on iodine sorption;
sorption kinetics; sorption isotherms; mechanism of
iodine sorption.

hexamethylenediamine,

Results and Discussion

Influence of the pH of a solution on the results
of iodine sorption.

The sorption of iodine was studied from
aqueous solutions with a concentration of ~200
mg/dm?3 in a wide range of pH values for 24 hours.

The results of the sorption of iodine from its
solutions by synthesized ion exchangers depending
on the pH of the medium are shown in Table 1 and
Figure 1.

Studies have shown that the sorption of iodine
on the synthesized samples is essentially
independent of the pH of the medium, and the
degree of its extraction in the entire area under
study is 94-100% (Table 1, Figure 1).

Influence of the duration of the sorption
process on the extraction of iodine.

Sorption of iodine (kinetic curves of iodine
sorption) was conducted under the following

conditions: C|2 =200.58 mg/dm?3; Vsoiution= 500 cm?;
Mion-Exchanger = 0.0998 g; pH 7.4. The results of the
influence of the duration of the sorption process on
the extraction of iodine are shown in Table 2 and
Figure 2.
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Table 1 — Influence of the pH of the solution on the results of iodine sorption by amine-containing ion exchangers

lon o Static
ocunger | PO | Com || ek | S| o
code
mg/g
2.25 11.48 82199.95 4.92 943.66 94.27
1 4.04 9.11 104884.03 5.02 955.49 95.45
5.11 6.65 145531.01 5.16 967.78 96.68
7.85 5.97 162676.35 5.21 971.18 97.02
2.25 1.90 521846.05 5.72 991.51 99.05
2 4.04 1.04 957503.07 5.98 995.80 99.48
5.11 - - - 1001.00 100.00
7.85 - - — 1001.00 100.00
2.25 3.02 326461.29 5.51 985.91 98.49
3 4.04 2.34 422781.92 5.63 989.31 98.83
5.11 1.90 521846.05 5.72 991.51 99.05
7.85 1.54 645003.70 5.81 993.31 99.23
Note: polymeric ion exchangers are synthesized on the basis of: 1 — 1,3 dioxybenzene, 2 — 1,4 dioxybenzene, 3 —
1,2 dioxybenzene
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Figure 1 — Influence of the pH of stock solutions on the sorption of iodine by amine-containing ion exchangers

Table 2 — Dependence of the results of iodine sorption by synthesized ion exchangers on the duration of the process

lon C equitbriom Static
exchanger T, hour ’ Kp, mL/g Ig Kp Exchange €%
mg/dm3 .
code Capacity, mg/g

3 38.71 20949.85 4.32 810.97 80.7

9 20.46 44105.63 4.64 902.40 89.8

1 15 9.23 103863.86 5.02 958.66 95.4

21 7.62 126614.17 5.10 964.80 96.2

27 7.02 138138.97 5.14 969.74 96.5

3 5.22 187500.68 5.27 978.75 97.4

9 - - - 1004.91 100.0

2 15 - - - 1004.91 100.0

21 - - - 1004.91 100.0

27 - - - 1004.91 100.0

3 28.08 30777.24 4.49 864.23 86.0

9 14.24 65559.23 4.82 933.56 92.9

3 15 7.42 130422.04 5.12 967.73 96.3

21 3.21 308044.76 5.49 988.82 98.4

27 - - - 1004.91 100.0

Note: polymeric ion exchangers are synthesized on the basis of: 1 — 1,3 dioxybenzene, 2 — 1,4 dioxybenzene, 3
—1,2 dioxybenzene.
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Figure 2 - Dependence of the degree of iodine extraction on the duration of the process

Table 2 and Figure 3 show that preference
should be given to the ion exchanger based on 1,4
dioxybenzene, whose sorption kinetic curves are the
highest. The maximum extraction of iodine by
sorption by the ion exchanger based on 1,4
dioxybenzene is achieved in 9 hours, while it takes
27 hours or more to obtain the same result with 1,3
dioxybenzene, 1,2 dioxybenzene ion exchangers.

lon exchange isotherms. lon exchange
isotherms were built by the method of variable
concentrations using the same volumes of iodine-
containing solutions (0.5 dm3) and weighed portions
of ion exchangers (0.1 g) for 27 hours. The pH value
of the solutions was maintained in the found optimal
range. Sorption isotherms and dependences of the
logarithm of the iodine distribution coefficient are
presented in Table 3 and Figure 3.

Table 3 - Results of iodine sorption by synthesized ion exchangers depending on its initial concentration

Static
lon e;(;:gznger C initiat, mg/L CE:}:'g}rl'_um’ Ko, mL/g Ig Kp E):;haacri]tgy? €%
mg/g

110.41 2.32 233185.8 5.37 540.99 97.9

200.58 7.02 138139.0 5.14 969.74 96.5

1 305.32 32.15 42526.2 4.63 1367.22 89.5
401.13 97.48 15590.6 4.19 1519.77 75.7

500.88 188.06 8325.4 3.92 1565.67 62.5

603.24 283.14 5658.3 3.75 1602.10 53.1

110.41 - - - 552.60 100.0

) 200.58 - - - 1003.60 100.0
305.32 1.26 1207795 6.08 521.82 99.6

401.13 11.90 163705.7 5.21 1948.10 97.0

500.88 68.78 31443.2 4.50 2162.66 86.3

603.24 146.92 15545.1 4.19 2283.88 75.6

110.41 - - - 552.60 100.0

200.58 - - - 1003.60 100.0

3 305.32 8.76 169438.4 5.23 1484.28 97.1
401.13 60.90 27961.5 4.45 1702.85 84.8

500.88 146.54 12102.3 4.08 1773.47 70.7

603.24 240.32 7558.3 3.88 1816.42 60.2

Note: polymeric ion exchangers are synthesized on the basis of: 1 — 1,3 dioxybenzene, 2 — 1,4 dioxybenzene, 3 —
1,2 dioxybenzene, pHinitial ~ 7.4

—— 54 ——
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Figure 3 - Isotherms of iodine sorption by amine-containing ion exchangers

It can be seen from the data obtained that the
isotherms of sorption of iodine on ionites have a
convex (Cequiibrium > 1) shape. The slopes of the
logarithmic dependences of the distribution
coefficients of iodine on its initial concentration in
an aqueous solution slightly differ from each other,
which allows us to make an assumption that the
mechanism of halogen sorption by all synthesized
ion exchangers is identical. The apparent equilibrium
constants for iodine can be arranged in the following
series:

Cequilibrium 2 > CEquitibrium 3 > C Equilibrium 1,

where indices 1-3 denote the corresponding codes
of the synthesized ion exchangers.

Figure 4 shows the comparative sorption
characteristics of the synthesized ion exchangers.

2500
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1500

1000
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Static Exchange Capacity, mg/g

It can be seen that the sorption capacity of all
synthesized ion exchangers for iodine is high and
exceeds 1600 mg/g. The ion exchanger synthesized
on the basis of 1,4 dioxybenzene has the best
sorption characteristics (Static Exchange Capacity =
2283.88 mg/g).

The results obtained significantly exceed the
sorption rates of the highly basic anion exchanger
AV-17 (Static Exchange Capacity = 300 mg/g), which
is widely used in the iodine-bromine industry, as well
as those of EDE-10P (Static Exchange Capacity = 500
mg/g) [13].

To establish the mechanism of iodine sorption,
the IR spectra of sorbents were studied (Figure 5).

2283,88

2

lon exchangers

1816,42

1-1,3 dioxybenzene; 2 — 1,4 dioxybenzene; 3 — 1,2 dioxybenzene

Figure 4 - Sorption characteristics of synthesized ion exchangers in relation to iodine
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Figure 5 - IR spectra of sorbents

After the contact of ion exchangers with a
sulphate solution of potassium iodide, the spectra
show changes at 1700-1300 cm™, where C=C
valence bonds and deformation —C-H groups
appear.

The increase in the intensities of the absorption
bands of bending vibrations of -CH3 and —CH; groups
(30002800 cm?) is also associated with iodine
sorption. The coordination of iodine to the nitrogen
of the amino group is shown by changes in the
spectra at 1100-1200 cm™.

Thus, it can be concluded that the sorption of
iodine by ion exchangers is carried out through a
mixed mechanism: ion exchange mechanism, i.e. the
extraction of iodide ion, and the coordination one,
i.e. the sorption of elemental iodine, which leads to
a significant increase in the capacitive properties of
sorbents compared to known industrial ion
exchangers.

Conclusions

The results obtained made it possible to draw
the following conclusions:

— the sorption of iodine on the synthesized
samples is essentially independent of the pH of the

medium, and the degree of its extraction in the
entire area under study is 94-100%.

— sorption kinetic curves of the synthesized ion
exchange resin based on 1,4 dioxybenzene are the
highest in comparison with 1,2 dioxybenzene and
1,3 dioxybenzene ion exchangers. The maximum
extraction of iodine by sorption with an ion
exchanger based on 1,4 dioxybenzene is achieved in
9 hours.

— the sorption capacity of all synthesized ion
exchangers for iodine is high and exceeds 1600
mg/g. The ion exchanger synthesized on the basis of
1,4 dioxybenzene has the best sorption
characteristics (Static exchange capacity = 2283.88
mg/g).

— the sorption of iodine by ion exchangers is
carried out through a mixed mechanism: ion
exchange mechanism, i.e. the extraction of iodide
ion, and the coordination one, i.e. the sorption of
elemental iodine, which leads to a significant
increase in the capacitive properties of sorbents
compared to known industrial ion exchangers.
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CuHTe3penreH MoHUTTEpAeri noa, copbumnacbiHbIH CMNaTTamanapbliH 3epTrey

'K oHpipaTbekosa C.C., 'baiikoHbipoBa 9.0., 'Yconbuyesa I.A., 23Cypimbaes B.H., 'EckanuHa K.T.
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mMeMaeKemmiK eHepKacinmik aKoa02us FolabiMu-eHAipicmik bipaecmizi» ¢punuanel, Anmamel, KazakcmaH, Aamamel, Kasakcmat

39n-®apabu amoiHdarsl Kaszak ¥ammelk YHusepcumemi

Makana kengi: 25 aknax 2022
CapantamagaH eTTi: 14 cayip 2022
KabbingaHabl: 6 mamsip 2022

TYAIHAEME

Nopa apam KoHe KaHyapnapablH, KaiKaHwa 6e3iHiH, MaHbl34bl KOMMNOHEHTI peTiHae MaHbI3abl
MWKpPO3/eMeHT 6onbin Tabblnagpl. KasakcTaHHbIH, KenTereH amakTapbiHAA MOATbIH, Tabusu
TanwsoliNbifbl 6arikanaabl. Dutceae, pecnybankaga Mog NeH OHbIH, KOCbIHAbINAPLIH anyapiH, 6ai
pecypcTbik 6asacbl bap — 6yn KypambiHaa 0,001-0,005% iogn 6ap eHAipineTiH MyHaW KeH
OpbIHAAPbIHbIH, KabaT cynapbl. Taburn bypFbliay cynapbiHaH hog, any ywiH 6i3 myHal eHaey
OHEepKaCibiHiH, KanaplKTapblHaH anblHFAH WMOH a/AMacTbipFbill MaTepuangapapl  YCbIHAbIK,.
MaKanaga cuHTe3genreH WoHUTTepAeri uog, CopbUMACHIHbIH,  CMMATTaManapbiH - 3epTrey
HaTMXKenepi KenTipinreH. MoH anmacTbipfFbiluTapablH, CUHTE3i eki aTomabl deHongapabl (1,3
avokeunbeHson, 1,2 auokcubeHson, 1,4 AMOKCMBEH30A), reKcaMeTUNeHAMAMUH  KaHe
bopmanbaernaTti NoNMKOHAeHcauusanay apKblibl Ky3ere acbipbligbl. CUHTE3genreH WOoH
a/IMacTbIPFbILITAPMEH MOATbIH, Keneci copbumanbik cunatramanapbl 3epTTenfi, onap: UOATbIH,
copbumanaHybiHa epiTiHAIHIH, pH acepi; MoATbIH, COPOLMANAHYbIHBIH KUHETUKANbIK KUCbIKTapbI
(cbI3bIKTapbI); MOATLIH cOPbLMA U30TEPMANapbl; MOATbIH, cOpbuManaHy mexaHusmi. CuHTesgenreH
yArinepaeri noaTbIH, copbuMAChI ic Ky3iHAEe opTaHblH pH-HA Tayenai emec ekeHi, an oHbIH ByKin
3epTTey alimarbiHAafbl 6enin any gapexeci 94—-100% KypaiiTbiHbl aHbIKTanAbl. MoATbIH 6enin any
[A9PEeXeciHiH, XaHe Tapany KoapduLUMeHTIHIH, norapudmiHiH, npouecc y3aKTbifbiHa Tayenainiri
3epTTengdi. CUHTe3aenreH MOH aNMacTbIpFbilTapAblH, MOAKA KaTbICTbl COPOUMANBIK KabineTTiniri
MOHANIMACTbIPFbILTLIH, KYPbINbIMbIHA XaHe copbuusa KafgainapbiHa GainaHbiCTbl GaFanaHabl.
MoaTbl 6enin any yiuiH »ofapbl KMHETUKa/bIK XaHe CTaTUKanbIK anmacy KabinetTiniriimen (CAK =
2283,88 mr/r) epekweneHeTiH 1,4 anoKcMbBeH30n HerisiHaeri copbeHTTep Konanbl 60aTbiHbI
aHblKTanapl. CUHTE34eNreH MWOH  aNMacTbIPFbIlUTaPMEH  MOATbI  copbumanay  MexaHwsmi
aHbIKTanApl.

TyiiiH ce30ep: nopa copbumacbl, COPOLUUANBIK, CbiibIMAbBIIbIK, MOHAIMACTbIPFbILTAPAbIH, CUHTESI,
copbuua n3oTepmachl, MOAUATI Wamanay, nog.
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AHHOTALUMUA

Nopa ABNAETCA BaXKHbIM MWKPO3/IEMEHTOM AA NOAEN U KMUBOTHbIX M3-3a €ro Ba)KHOW posu B
KayecTBe KOMMOHEHTAa FOPMOHOB LWMTOBMAHOW Kenesbl. KasaxcTaH fABAAETCA CTpaHOW, B
60/IbLIMHCTBE PErroHOB KOTOPOro Habnogaetca npupoaHbi aedpuumnt nopa. B To ke Bpems
pecnybnvka obnagaet 6oraToit cbipbeBoit 6a3oi ANA NoAyYeHUA Moaa U ero CoeMHeHUn — 3To
nnacTtosble BOAbl pa3pabaTbiBaeMbix HEPTAHbIX MECTOPOXKAEHUN, cogepxawme 0,001-0,005 %
nmogda. [ns uv3BneyeHUa unoda W3 NPUPOAHbIX OYpOBbIX BOA HaMu 6binn  NpeanoXKeHbl
MOHOOOMEHHbIE ~ MaTepuanbl, MONy4YeHHble W3  OTXoAO0B  HedTenepepabatbiBatoLLeit
NPOMbILWAEHHOCTU. B cTaTbe NPUBOAATCA pe3yabTaTbl U3yYeHMe XapaKTePUCTUKM copbLummn noaa B
CUHTE3UPOBAHHbIX MOHWUTaX. CUHTE3 MOHWUTOB OCYLLECTBASAN NOJIMKOHAEHCAUMEN ABYXAaTOMHbIX
deHonos (1,3 anokcnberson, 1,2 anokecnbeHson, 1,4 AMOKCMBEH30M), reKcaMeTUNeHAMAMUHA U
dopmanbaernaa. Bbinn  M3ydeHbl cneaytolme COpOUMOHHbIE  XapaKTEPUCTUKM  MoAa
CUHTE3UPOBAHHLIMM MOHUTAMK: BAMAHWE pH pacTBopa Ha CopbLUMIO MOAA; KNHETUYECKUE KpUBbIE
copbuun noaa; n3oTepmbl copbLMM Moaa; MexaHM3m copbLmmn noaa. YCTaHOBNEHO, YTO copbuus
MoJa Ha CMHTE3NPOBAHHbIX 06pasLax MNPaKTUYECKM He 3aBUCUT OT pH cpeapl, M CcTeneHb
N3BNEYEHMA ero Bo BCell uccnegyemoit obnactu coctasnnet 94-100 %. MpoBeaeHbl UccneaoBaHma
33aBUCUMMOCTU CTeneHW usBnevyeHus u norapudpma KoadpduumeHTa pacnpegeneHnsa uoga ot
NpPoAoMXKUTENBHOCTM nNpouecca. OueHeHa copbuMOHHAA CNOCOBHOCTb CUHTE3MPOBAHHbIX
MOHMTOB MO OTHOLWIEHWIO K MOAY B 3aBUCMMOCTM OT CTPYKTYPbl MOHUTA M YyCNOBWIA copbumu.
YCTaHOB/IEHO, YTO NPU U3BNEYEHWUM MoAa Hanbonee nNpeanoYTUTENbHbI COPObEHTbI Ha ocHoBge 1,4
AMOKCMBEH30/1a, OT/INMYAIOLLMECA BbICOKUM KUHETUYECKMMMU CMOCOBHOCTAMM U CTATUYECKOMn
obmeHHOM emKocTblo (COE = 2283,88 wmr/r). OnpegeneH mexaHusm copbumn unoaa
CUHTE3UPOBAHHBIMN MOHUTAMMU.

Knrouyesoie cnosea: copbumsa noaa, copbumoHHas emMKOCTb, CUHTE3 MOHUTOB, M30TEPMA COpBLMM,
MNOANAHOE BbllLeNaunBaHue, oa.
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