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CHARACTERISTIC AND APPLICATION OF HYBRID COMPOSITES
BASED ON SILICA AND POLYMERS

Kyshkarova V.\F? Melnyk 1.\~

'Technical University of Kogice,
? Institute of Geotechnics, Slovak AcadgofSd e nc e s , Kogi ce, {

kyshkarova@saske.sk

Hybrid composites prepared by the -gel method have currently received
attention due to their excellent combination of organic and inorganic parts in one
material. The diversity of properties of such matsriaads to a very broad range of
their applications including water purification. The main aim of the work is the
preparation of composite adsorbents based on silica and different types of polymers
with carboxylic surface groups for the removal of metaki from water.

The advantage of the proposed method of synthesis istepecarrying out at
room temperature, the use and creation in reacting mixture of environmentally
friendly substances as solvents anebbgducts. These synthesizes were developed t
obtain inorganic silica matrixes with the inclusion of different types of polymers:

(1) The formation of hybrid composites SIBLGA. TEOS (tetraethyl
orthosilicate) was prehydrolizedith HCI. The reactiortook place in acetone as a
solvent due to the glymer PLGA (poly (lacticco-glycolic acid) solubility in it.
Different kinds of catalysts were added witariousnatures HCI and NaF (sample
TP1), HClI and NH;OH (sample TP2) foran acceleration of hydrolysis and
condensation reactisnThe crosdinking agent Ethylene glycol (EG¥as used for
uniform distribution of the polymer (sample TPE®) silica matrix The time of
gelation wadrom 3 to 12 days. The obtained gj@lerewashed with dichloromethane
(for the dissolving of the unbound polymer compongrasetone, and water and
further dried at 100 AC for 24 h.

(2) The synthesis of hybrid composites 8iOfubi f ast 4010E. Tt
TEOS was carried aun a waterethanolmixture with HCI as a catalyst. The organic
part soluble in watefpolystyrenea c r yl i ¢ p ol y mewas added o thea s t
silica sol with differentSiO./polymer ratios 5/1 (sample TPSA1), 10/1 (sample
TPSA2), 20/1 (sample TPSA3As a catalystvas chosemNH,OH for the formation
of silica spherical particlescluded polymerAfter the end of the reaction, the solid
products verewashedvi t h wat er , alcohol , and dried

The samples were labeled according to the composition (Table 1). Based on the
obtained results, we can conclude: elemental analysis data stievegtsence of the
polymer in the composites; the EDX endorsed the existence of an inorganic silica part
in these materials. Also, IR spectroscopy reaffirmed the formation-GtS&ibonds,
including the polymers in the silica matrix, and the interachetween organic and
inorganic components.

Acid-base titration demonstrat¢hat thesynthesized materialsadacid groups
on the surface in the range of 1.2B.76 mmol/gandthe values of isoelectric point

11
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were at pH = 208i3.5. Specific surface areaneasires indicatel that these
composites argorous materials Sample TP1 is micropous one with a specific
surface area of 13®°/g. But materials from Si@PLGA seresshowedan increase in

the inorganic component providerise to the value of the specifsurfaice area up to

467 nflg (sample TP2), and adding of EGdhalmost no effect on the specific
surface area (sample TPEG).The specimens fron8iO,/ Tubi f a sseries4 010
demonstrated that these materials weresoporous, but the introduction of more
polymer lea@dto areductionin specific surface area.

Table 1. Composition and characteristics of the hybrid composites

Sample, Elemental EDX, Cacids Spr Viotar | dBin,
analysis data,)] Wt% | pl |mmollg] mig | cm’/g | nm
mass.%

C,% | H,% | Si, %
SIO/PLGA

TP1 18.49 | 4.24 39.5 2.23 1.47 138 | 0.118 1.7
TP2 5.05 2.54 49.7 3.5 1.29 467 0.33 2.2
TPEG | 5.57 1.43 36.6 2.08 1.43 394 | 0.269 1.8
SiO/ Tubi fast 4010E
TPSA1l| 15 3.0 35.2 2.8 1.62 399 | 0.824| 6.6
TPSA2| 9.5 2.7 41.6 2.7 1.76 497 | 0.850| 5.7
TPSA3| 5.3 2.2 44.7 2.6 1.44 548 | 1.049| 6.6

The possibiliy of applying the composites as metabns adsorbers was
determined byadsorptiontestusing the metal ions mixtureCu**, Mn**, Ni**, and
Fe’*) at pH= 3 The test results are presented in Fig 1.

60

55,9 S7
51,6

w
o

o
(e}

[
o

Removal, %
w
o

=
o

0
TP1 TP2 TPEG TPSAl TPSA2 TPSA3

= Cu (1) 21.6 mg/L ® Mn (I1) 23.6 mg/L = Ni (1) 17.6 mg/L = Fe (lll) 16.2 mg/L

Fig.1.Resultsof the initial absorption tes0074

It is evident thathe efficiency decreaddn the series F&> Ni**> Mn**> Cuf*
with a maximum adsorption capacity up to ~57% for (Hbh These results indicate
the prospective applications of the obtained mateiialselation to Fe(lll) ions
selectiveremoval.

The research has been supportedthsy APVV-19-0302, VEGA 2/0156/19
andthe DoktoGrant (APP0O14Drojects.
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[ oo N-MPA §f sfnd dzt * Is* mw Msdz 2 QEQY* ¥ 5 ' te@l g
sB zditse dzj dzts f simaddvs dhj kzday'dy | di3sdzy $ 2 dzOd3d tetsL
4) I MmlsOdetso dzj dzj old mrd <odzezgzy L @@yt dedzy

Gemisddztses 1, ICOEHPWY HNIZj (s d&zOd3" H O n tcjLzdz IsOIst
" s dzts d3 Bedzy C2dzOBd oL adHzdzd €O SO KBy
Ctsdeyd Iy dzj GOIsdodzs’ MBsdzr 9 OIOY" ~ wOBB2

vOBdz. 1 mOOSIs] ted s dE-dg] Bd dzBd3 O ® i

} d--10%® &3 (d-n)-1lo'* o3

‘s N- N- N- N- N- N-

L Al aelr o MPA M Al 60! MPA

1 |Li* 299 | 492 | 406 | 405 | 221 | 4,14 | 3,28 | 3,27

2 |Na 2,51 | 3,11 | 3,27 1,53 | 2,13 | 2,29

3 | K" 200 | 3,01 | 3,18 | 3,28 |0,67| 1,68 | 1,85 | 1,95

4 |Rb 1,94 | 2,78 | 2,98 0,45| 1,29 | 1,49

5 |Cs 1,85 | 2,69 | 2,78 0,20 1,04 | 1,13

6 [NH, | 1,67 | 2,02 | 2,77 0,30| 0,65 | 1,40

7 |CI 1,42 | 194 | 2,38 | 2,9 |-0,39| 0,13 | 0,57 | 1,09

8 |Br 1,42 | 1,76 | 2,15 -0,54| -0,20 | 0,19

9 |w 1,47 | 1,75 | 1,88 -0,73| -0,50 | -0,32

10 |CIO, | 150 | 182 | 163 | 189 |-0,86| -0,55| -0,73 | -0,46
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[4] Lemire R.J., Sears P.G.-Methylacetate as a solvent, Topics in Curr. Chem.
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[5] Marcus Y. lons in solution and their solvation, John Wiley @& Inc. Hoboken
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APPLICATION OF NATURAL TRANSCARPATHIAN CLINOPTILOLITE
OF THE REMOVAL NEODYMIUM FROM AQUEOUS SOLUTION

Stechynska E.Vasylechko V2, Sprynskyy M, Buszewski B.

! lvan Franko National University of Lviv
% Lviv University of Trade and Economics
® Nicolaus Copernicus University, 7 Gagarina Str-180 Torun, Poland

milliastl0@gmail.com

The REE have undergone an unprecedented boost of technological utilization
in the last two decades that implies the great increase in human and environmental
exposures to these elements. The low concentrations of REE in natural waters and the
complexity of the water matrices make challenging the determinations, even for
modern plasmdased instrumentation such as inductively coupled plasma optical
emission spectrometry (ICP OES) and inductively coupled plasma mass spectrometry
(ICP-MS). Natural zeolites especially clinoptilolite can be the perspective sorbents
for REE preconcentratiorZeolites are crystalline hydrated aluminosilicates with a
framework structure containing pores occupied by water and by alkali and alkaline
earth cations. Due to their high catierchange ability as well as to the molecular
sieve properties, natural zeiek show special importance in water purification.

The aim of the present work was to study the sorption of neodymium from the
agueous solutions using Transcarpathian clinoptilolite under static conditions using
batch sorption experiments. The parametefkiencing the neodymium sorption
such as contact time, pH of solution, and initial neodymium concentration were
studied. The effectiveness of neodymium sorption on clinoptilolite depending on time
(kinetic study) and pH values of water solution are preskon Fig. 1 and Fig. 2,
respectively. The physiechemical properties of natural clinoptilolite (the structure
and morphology, elemental and mineral composition, the nature of structural bonds,
t her mal s tpadntial) wete alsosstndied. 3

Fig.1

92

©
oS

*

©
@©
T

Neodymium sorbed, %

©
=
T

©
R
T

1 1 1 1 1 1 1 )
0 200 400 600 800 1000 1200 1400 1600

t, min

Fig. 1.Kinetic of neodymium sorption from water solutions under static conditions
(Cine=5mg/L; pH=8, m=0.1 g; V=50 mL)
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