ISHX

ENVIRONMENTAL PROTECTION:
FROM SORBENTS TO MEMBRANES
W COSER AP (L R ) ,\ d

vvvvvvv

KYIV 2016



National Academy of Science of Ukraine
V.1. Vernadskii Institute of General and Inorganic Chemistry
Ege University, Turkish Republic

ENVIRONMENTAL PROTECTION:
FROM SORBENTS TO MEMBRANES

Edited by

Nalan Kabay

Yuliya Dzyazko
Miiserref Arda
Konstantin Kazdobin

Referees: Semih Otles, Valerii Myronchuk, 1dil Ipek, Valentina Sazonova

ART OK Publisher

KYIV 2016



YK 544.018.2: 544.472.3 + 555.11+666.22

KonektuBna wmonorpadis «Environmental Protection: from Sorbents to
Membranes» - mix pen. mpod. H. Kabaii, nokt. xim. Hayk FO. C. [[3s3bK0, Ipod.
M. Apna, nokt. xiMm. Hayk K.O. Ka3zno6ina - 108 c.

KonektuBHa MoHOrpadis BKIOYAE CTaTTI 3a MarepiajaMu YKpaiHChKO-
TypeupbKOro ceMiHapy, skuii Oymno mposeneno 11 mucromama 2016 p. Ha 6asi
[actutyTy 3aranpHOi Ta HeopraniyHoi ximii iM. B. 1. Bepuaacsxkoro HAH Ykpainu
3a yvacTio (axiBmiB Ereiicbkoro yriBepcurery (Typerpka pecryOiika) Ta 3a
ninTpumku Binainenns ximii HAH Ykpaian, Bigniny mixaapogaux 3B's13kiB HAH
Ykpainu, a Takoxx Haykosoi ta Texuiunoi gocainHoi Pagu Typeuskoi pecry6iiku
TUBITAK. V moHorpadii HaBesieHO pe3y/IbTaTH JOCHiKeHb, SKi HalpaBieHi Ha
BUJTYYCHHSI TOKCUYHMX 1 I[IHHUX KOMIIOHEHTIB 13 PO3YMHIB TEXHOTEHHOTO Ta
MPUPOIHOTO TOXOKEHHS, 30KpemMa 3 O10JOTIYHUX PIAUH, 13 3aCTOCYBaHHSIM
COpOIIHUX Ta MEMOpaHHUX MeTOliB. Pe3ynbratu podiT MOXKYTh OyTH 3aCTOCOBaH1
y BOJOMIATOTOBI, XIMIYHIA, (apManeBTUUYHINA, XapyoBiil MPOMUCIOBOCTI.
Oco0nuBy yBary npujijIeHO CUHTE3y HOBUX MaTepialliB JjIsl MPOIECIB PO3ALICHHS
Ta BIUIMBY CTPYKTypH LMX MaTepialiiB Ha iX (YHKI[IOHAJIbHI BIACTUBOCTI:
MPOHUKHY 3/1aTHICTh, €IEKTPOIPOBIIHICTh, KATAIITUYHY CIIPOMOXKHICTh TOIIO.

Momnorpadist € kopucHOIO 1Jis1 (paxiBiliB B 001aCTI MEMOPaHHUX Ta COPOLIIHUX
TEXHOJIOT1/, a TAKOXK JIJIsl CTYICHTIB BUIIIUX HABYAIBHUX 3aKJIa1B.

Penensentu: Ilpod. VYmmem Cemix (Ereiicekuit yHiBepcurer, Typelbka
pecryOJika), TOKT. TeXH. Hayk Muponuyk Banepiii I'puroposuu (HamionansHuit
YHIBEPCUTET XapuoOBHX TEXHOJOTIH, Ykpaina), nokr. Imex Inmine (Erefichkuit
yHiBepcuTeT, Typelibka pecy0saika), TOKT. XiM. Hayk, pod. CazoHoBa BajeHTtuHa
®enopiBHa (Onecrkuii HaionaneHuii yaiBepcuteT im. 1. I. Meunukosa).

Pexomenoosarno oo opyxy Buenoro paoorw I3HX im. B. 1. Bepnaocovkoco HAH
Yrpainu (npomoxon Ne 15 6io 19 oicosmmusn 2016 p.).

ISBN 978-966-97621-2-2

© InctutyT 3aranbHoi Ta HeopraniuHoi Ximii iM. B. 1. Bepnagcskoro HAH Ykpainu, 2016
© Konekrtus aBTopis, 2016

© V. I. Vernadsky Institute of General and Inorganic Chemistry NAS Ukraine, 2016

© Authors Team, 2016

© Ereiicpkuit yHiBepcutet, Typeuuuna, 2016

© KonekTtus aBTopis, 2016

© Ege University, Turkey, 2016

© Authors Team, 2016



Environmental Protection: from Sorbents to Membranes

UDC 544.723+544.726
REMOVAL OF Pb (1) IONS FROM WATER SOLUTIONS
WITH ION EXCHANGE RESINS, OXIDES AND HYBRID
SORBENTS
T.V. Maltseva, K. O. Kudelko, E.A. Kolomiets
V.1. Vernadsky Institute of General and Inorganic Chemistry NAS Ukraine,
Palladin Ave. 32/34, 03680, Kyiv, Ukraine
e-mail: maltseva@ionc.kiev.ua

Abstract. The (hydr)oxides with chemical composition Mng.;M;.,0,-nH,0 (M =
Zr (IV), Ti (1V), Sn (1V),) and predomination of negative surface charge were
synthesized by sol-gel precipitation. The surface properties of (hydr)oxides were
characterized by acid-base titration and adsorption/desorption of nitrogen. The
organic-inorganic hybrid materials with sorption affinity for ions of Pb (II)
have been obtained by introducing of hydroxides in organic matrix. The value of
the distribution coefficient of Pb (I1) ions on some materials reaches 10° cm>.g™.
Keywords: sorbents, organic-inorganic hybrid, lead ions, distribution coefficient.

Introduction. Man-made sources of lead pollutions include: emissions of
products formed during high-temperature processes, the exhaust gases of
internal combustion engines, waste water, mining and processing of metals,
transportation, abrasion resistance and its dispersion during the operation of
machines and mechanisms. Only as a result of metallurgical plants the Earth's
surface annually receives not less than 89 thousand tons, with the exhaust gases
of about 260 thousand tons. [1]. Most perspective sorbents for heavy metal ions
removal are inorganic nanoscale materials which can be obtained by sol-gel
method.

This research devoted, at first, to a synthesis of individual and double
inorganic and hybrid organic-inorganic compounds with predetermined surface
properties and, at second, to their applications in environment, namely, for
removal heavy metals from diluted water solutions. In literature, there are
several researches about high selectivity of this group of individual hydroxides
(Zr (1IV), Ti (IV), Sn (IV)) towards toxic multivalent metal ions [2]. The
addition of individual hydroxides to a proton-donor oxide matrix should obtain
the materials with predomination of negative surface charge. The affinity of
such materials to heavy metal ions is expected to be stronger in comparison to
individual hydrated oxides. In addition, the introduction of “acid” (hydr)oxides
in organic cation-exchange matrix should result in a high affinity of such hybrid
materials to multicharged cations.

Experimental. Synthesis. The individual, double (hydr)oxides and hybrid
organic-inorganic materials were synthesized by sol-gel precipitation with usage
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of salts and ammonia. The chemical composition of the (hydr)oxides was
determined by analytical methods.

Surface area. The nitrogen adsorption/desorption isotherms were measured at
77.4 K using the “AUTOSORB-NOVA-6” instrument (by Quantachrome ) after
outgassing the samples at 463 K for 20 h. The surface area was calculated by the
BET (Brunauer—-Emmett—Teller) method. The pore volume and the pore size
distribution were calculated by the BJH (Barrett-Joyner-Halenda) and DFT
(density functional theory) methods.

Adsorption properties. For adsorption tests, 0.5 g of adsorbents were
contacted with 50-200 mL of M (I1) solutions having different concentrations in
“Elpan type-375” shaker for 24 h. Adsorption from aqueous solution of
Pb(NO;), was studied in the range of 1-10°-5.10% M. The samples were filtered
prior to analysis to determine the concentration of the Pb (I1) ions. The initial
and equilibrium concentration of Pb (IlI) ions was determined by atomic
adsorption spectroscopy. Final pH values of the solutions were measured using
laboratory type pH-meter “I-160 M”. Adsorption capacity (Q) and distribution
coefficient (Ky) were calculated.

Results and discussion. The surface properties of inorganic individual and
double (hydr)oxide adsorbents found to be as follow: PZC values in 0.12 M
KNO; vary from 3.5 (MnO,-H,0) to 6.3 (TiO,-nH,0); value of the surface area
is varied from 53 (TiO,-nH,0) to 270 m*-g™ (Mng4Sne0,-H,0). The pore size
is between 1.7-2.1 nm and micro pore percent is between 3-80. All inorganic
adsorbents show predominant cation-adsorptive properties in I-1 and 11-1 salts.

Figure 1 shows the results of investigation on adsorption of Pb (1) ions. It
can be concluded from obtained data that several investigated adsorbents can
remove Pb (I1) ions from much diluted solutions.
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Fig. 1. Removal of Pb (I1) lons from Pb(NO3), Solutions by Oorganic, Inorganic
and Hybrid Adsorbents (in Logarithmic Coordinates).
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Table 1 presents distribution coefficient of Pb (II) ions in 0.1-1.0 mg-dm™
equilibrium solution for all adsorbents which have been studied.

Table 1. Distribution Coefficient of Pb (11) lons in 0.1-1.0 mg-dm™ Solution

Adsorbent (-nH,0) Kq-10* +0.5:10°, cm®.g* pH+0,3
ZrO, 0.5 3.4
SnO; 0.2 29
TiO, 2.0 4.2
MnO, 10.0 1.9
Mng.4Zno 60, 0.9 3.8
Mno.48no,602 0.8 2.5
Mng4TigeO> 1.0 4.5
Mno 7 Ti 0302 10.0 4.0
Dowex HCR-S 7.0 4.8
Dowex HCR-5+12%Sn0O, 10.0 3.6
Dowex HCR-S+44%Sn0O, 14.0 3.0
Dowex HCR-S+22%TiO, 12.0 4.3

The most promising adsorptive materials for the removal of Pb (Il)ions are
inorganic adsorbents which are hydrated MnO,, Mng; Ti ¢30,; hybrid
adsorbents which are Dowex HCR-S+12%Sn0O,, Dowex HCR-S+44%Sn0O,;
Dowex HCR-S+22%TiO..

In the study of the absorption of Pb (II) ions from dilute solutions on the
organic cation exchanger Dowex HCR-S, the local area of non-exchange
electrolyte absorption was observed on adsorption isotherm. That is why in spite
of high values of distribution coefficients which are closed to ones for inorganic
adsorbents. So that it can be concluded that organic resins are not selective.

Conclusions. The (hydr)oxides with predomination of negative surface
charge and chemical composition Mny1M;.,0,-nH,O, where M = Zr (IV), Ti
(IV), Sn (1V) were synthesized by sol-gel precipitation. The surface properties
of (hydr)oxides were characterized by acid-base titration [3] and
adsorption/desorption of nitrogen. PZC values in 0.12 M KNO; vary from 3.5 to
6.3. The value of the surface area is varied from 53 to 260 m*.g™* . The pore size
is between 1.7-2.1 nm and micro pore percent is between 3-80. By introducing
of (hydr)oxides in organic matrix, organic-inorganic hybrid materials with a
sorption affinity for ions of Pb (II) has been obtained. The distribution
coefficients Ky of Pb (II) ions were calculated from adsorption isotherms. The
application of such inorganic and organic-inorganic hybrid materials for the
removal of Pb(I1) ions from dilute solutions has showed promising results. The
most promising adsorptive materials among the adsorbents tested are inorganic
adsorbents such as hydrated MnO,, Mng; Ti ¢30,; hybrid adsorbents such as
Dowex HCR-S+12%Sn0O,, Dowex HCR-S+44%Sn0O,; Dowex HCR-
S+22%TiO,.
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BunasieHHs1 iOHIB CBMHIIO 3 BOJAHUX PO3YHHIB 3 BUKOPUCTAHHIM
OPraHiYMX, OKCUAIB Ta riOpUIHUX COPOCHTIB
T.B.Maasbuena, K.O. Kyneiko, E.A. Koiromienb
Incmumym 3a2anvHoi ma neopeaniunoi ximii im. B.1. Bepnadcvkoeo HAH Vkpainu,
np. axao. Ilannaodina, 03142 32/34 Kuis, Yxpaina
e-mail: maltseva@ionc.kiev.ua

Pestome. (I'iop)oxcuou 3 ximivnum cxkaadom Mng1M1O0,:nH,O (M = Zr (1V),
Ti (IV), Sn (IV)) ma nepesasicno mnecamuenum nosepxnesum 3apsiooM
CUHME308AHO 301b=2€/lb OCAONCEHHAM. 3a O00NOMO20I0 Memoodié KUCIOMHO-
OCHOBHO20 —mumpysanHs ma aocopbyiildecopbyii  azomy  0ocnidxiceHo
sracmueocmi nosepxmi (2iop)okcudis. Beedenns wacmumnox (2iop)okcudis 6
OP2AHIUHY MAMPUYIO NPU3BELO 00 OMPUMAHHS OP2AHO-HEOP2AHIUHUX 2IOPUOHUX
mamepianie 3 aocopbyitinoro cnopionenicmio 0o ionie Pb(Il). Busnaueno
3HaueHnHs Koe@iyicumy poznooiny Pb(ll) ionie na desxux mamepianax i oocsaeae
10° en®.2™.

Knrwouoei cnosa: copbenmu, opeano-Heopeaniuti 2iOpuoHi, ionu ceunyio, KoeQiyicum

PO3N00iny.
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