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Chitosan-saponite composite has been obtained by crosslinking of adsorbed on saponite surface
biopolymer with glutaraldehyde. The structure of composite was studied by IR-spectroscopy, concentration of
immobilized chitosan was estimated using thermogravimetric analysis. The adsorption of microquantities of
V(V), Mo(VI), and Cr(VI) oxoanions by obtained composite, initial natural mineral and polymer has been
studied from aqueous solutions. The sorption capacities and kinetics adsorption characteristics of the

composite adsorbent were estimated.
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INTRODUCTION

Saponite (saponite clay) of Ukrainian Podillya
refers to the class of bentonites, subclass of layered
magnesium silicate montmorillonite where AI** are
almost completely replaced by Mg* and Si*
replaced by AP in their structural framework.
Besides of those elements, the structure of saponite
includes more than 35 other biological active
chemical elements in micro and ultramicro
amounts: iron, fluorine, calcium, potassium,
sodium, zinc, cobalt, copper, nickel, vanadium,
molybdenum, etc. According to the fact that the
natural mineral possesses ion-exchanging and
adsorption properties, it is widely used in treatment
technologies as mineral fertilizer, food additive in
animal husbandry and cosmetics. In Ukraine
saponite was certificated as lightly porous filler; as
sorbent for milk, milk products and other liquid
food products purification from heavy metals and
radionuclides; as complex mineral additive for
fodders [1-5].

Adsorbents of natural origin are widely used
for water treatment in order to replace current
costly methods of heavy metals elimination from
solutions. To improve the adsorption properties of
mineral adsorbents it is expedient to immobilize
the appropriate substances with well-pronounced
ion-exchanging and complexing properties onto
their surfaces. Application for these purpose
natural biopolymers, such as a nitrogen-containing
polysaccharide chitosan, is of a great interest [6-8].
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Properties of inorganic sorbents could be upgraded
by valuable characteristics of organic polymer. In
particular, chitosan has good biocompatibility, high
adhesion to the surface, a wide range of pH
stability, expressed chelating properties. Natural
minerals are characterized by advanced surface
stability in the acidic medium, acceptable kinetics,
thermal stability, and resistance to microbial attack.
Recent studies in that field have been shown
that composites of silica and chitosan [6-13] and
biosorbents based on chitosan and different natural
minerals [14-21] can be used for extraction and
concentration of toxic metals from solutions.
However, there is necessity in systematic
investigations of adsorption properties of chitosan-
mineral composites, in particular to study an effect
of nature and pH of solutions and to determine
achievable values of adsorption capacity. The
peculiarities of chitosan coating formation on the
surface of saponite, as well as adsorption properties
of the synthesized composite with respect to
vanadium(V), molybdenum(V1), and chromium(\I)
oxoanions have been studied in this work.

EXPERIMENTAL SECTION

Saponite of Ukrainian Podillya with general
formula (Ca5,Na)g(Mg,Fe)g(Si,A|)4010(OH)2'4H20
was impregnated by chitosan solution (Sigma
Aldrich, N 417 963) with a molecular weight from
190,000 to 370,000 Da, degree of deacetylation —
not less than 75 % and solubility 10 mg/ml. 20 g of
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saponite and 285 ml of 7 mg/ml chitosan solution
in acetic acid (pH 2.6) were put in flat-bottom flask
and mixed by the magnetic stirrer MM-5 for 2 h.
The obtained substance was dried at 50 °C. The
structure of surface of saponite with adsorbed
chitosan is schematically presented in Fig. 1.
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Fig. 1. The scheme of interaction between saponite

surface and adsorbed chitosan

Crosslinking of adsorbed polymer with
glutaraldehyde was performed in order to
consolidate better the surface layer because it is
important in case of application of the composite in
the acidic solutions. For this purpose, 10 ml of
0.025 % glutaraldehyde solution was added to the
saponite with the preadsorbed chitosan and stirred
for 2 h. According to the calculations, used amount
of dialdehyde provides crosslinking about 5 % of
amino groups in the polymer layer. The obtained
product was washed with repeated decantation and
dried at 50 °C to constant weight. As a result,
chitosan-saponite composite with weight ratio
chitosan: silica — 1:10 was synthesized.

The investigations of adsorption properties of
the obtained composite with respect to V(V),
Mo(V1), and Cr(VI) oxoanions were carried out in
the static mode with periodic hand-stirring. For
that, sample of 0.1 g of synthesized adsorbent was
contacted with 25 ml of solutions with different
concentrations of salts: NH,VO;
(NH4)sM070,4-4H,0, (NH,),Cr,O; prepared under
recommendations [22]. Photometric studies of
equilibrium solutions were performed according to
the methods described in [23, 24] using a SF-46
spectrophotometer (LOMO, Russia) with square
cuvettes (optical path length I = 1 cm).

IR spectra of samples of initial materials and
reaction products were recorded using IR
spectrophotometer with Fourier transformation
(Thermo Nicolet Nexus FT-IR, USA). For this
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purpose the samples was grinded in an agate
mortar and pressed with KBr. The concentration of
chitosan on the surface of saponite was determined
by thermogravimetric method on a Q-1500 MOM
(Hungary) derivatograph with the computer data
registration in the temperature range 15-1000 °C.
Samples heating rate was 10 degrees/min. DTA,
TG and DTG curves were recorded
simultaneously.

The degree of adsorption (R) was calculated
using the formula:

R = (Myge/M,)-100 % = (Mo-m)/m,-100 %,

where my is the weight of the metal in the initial
solution, mygs is the weight of adsorbed metal, m is
the weight of metal in solution after adsorption
equilibrium, which was calculated as m=C-V,
where C is the equilibrium concentration of metal
and V is the volume of equilibrium solution.

RESULTS AND DISCUSSION

In the FTIR spectrum of chitosan (Fig. 2) the
band at 3429 cm™ corresponds to the stretching
vibrations O-H of hydroxyl groups bound with
carbon atoms. Intensive absorbance bands at
2800-3000 cm™ due to the C-H stretching
vibrations. The bands 1580 cm™ of the bending
vibrations of -NH,, 1420 and 1380 cm™ for C-H
binding vibrations, 1310cm™ for asymmetric
C-O-C stretching vibrations, and 1080 cm? for
C-O stretching vibration of CH-OH were
observed.

The FTIR spectrum of the synthesized
chitosan-saponite has shown a shift of the band of
—NH, bending vibrations in comparison with the
spectrum of initial chitosan. An intensive
absorbance at 1000 cm™ represents the Si-O
stretching vibrations. The bands at 518 and 466 cm™
correspond to AI-O-Si and Si-O-Si bending
vibrations, respectively. FTIR spectrum of
composite showed the absorption band at 1650 cm™
which corresponds to stretching vibrations of
azomethine bonds C=N formed after treatment
with glutaraldehyde [25, 26].

The thermogravimetric analysis (hereinafter —
TG) of saponite, chitosan and synthesized
composite were conducted in order to determine
the concentration of immobilized chitosan (Fig. 3).
For TG-curve of chitosan (Fig.3a) two
decomposition temperature can be noticed. The
initial weight loss of 11 % from room temperature
(30 °C) up to 190 °C corresponds to the release of
adsorbed  water.  The second  recorded
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decomposition region (190-1000 °C) completely
applies to weight loss of chitosan. As for clay
(puc. 3 b), the first decomposition (30-200 °C)
corresponds to the weight loss of 11% due to
removal of adsorbed water. The next weight loss
(200-1000 °C) involved major weight loss of the
hydroxyl structure in clay, with 83 % residue
remained as metal oxides included into the
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composition of the mineral. The thermogravimetric
curve of composite chitosan-saponite (Fig. 3 ¢) is
characterized by decomposition region from 30 to
200 °C which is similar to initial materials and
corresponds to water desorption with following
decomposition of organic part of composite at
higher  temperatures  (200-1000 °C).  Similar
observations have been found in [25, 28-30].
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Fig. 2. FTIR spectra of saponite, chitosan and composite chitosan-saponite
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Fig. 3.  TG-curves of chitosan (a), saponite (b) and composite chitosan-saponite (c)

The comparison of TG-curves of saponite,
chitosan and composite chitosan-saponite shows
that in the temperature range from 200 to 1000 °C
weight losses of the composite silica-chitosan,
which are most likely caused by destruction of the
organic component of the composite, reach about
9.1 %. Comparison this value with the weight of
chitosan, which has been taken for the composite
synthesis, shows almost complete polymer
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anchorage on the saponite surface. According to
that, one gram of the carrier was coated by
approximately 91 mg of chitosan.

First of all, at investigation of sorption
properties of the synthesized composite optimum
values of medium acidity for the highest removal
of the studied ions were determined. It can be seen
from Fig.4 that 300 mg of vanadium are
quantitatively adsorbed by surface of synthesized
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composite in pH range from 1 to 8. The high medium. Similarly to molybdenum(VI), in the
adsorption capacities of synthesized composite slightly alkaline medium at pH 8.0 the adsorption
with respect of hexavalent molybdenum and of chromium(VI) is decreased (68 %). However,
chromium oxoions were observed at pH 2.5 and in the lowest adsorption of chromate-ions (64 %) was
the neutral medium. However, the quantitative detected in the strongly acidic medium (pH 1.0, in
adsorption was not detected in all range of acidity the presence of chloride-ions).

of the medium. The maximum degree of sorption
(from solution containing 1 mg of molybdenum)

by synthesized composite was about 92 % in the 100 " = - —
acidic medium (pH 2.5) created with acetate ions. B
As it can be seen from Fig. 4, 66 and 68 % of 86

molybdenum(V/1) oxoanions were extracted from
the slightly acidic medium at pH5.0 and from
distilled water, respectively. In the strongly acidic

60

medium (pH 1.0, 0.1 M HCI) the degree of = i
adsorption of those oxoanions was 46 % (Table 1). sz By 4

The lowest degree of adsorption (40 %) of Sdn
molybdate-ions MoO,” has been observed in the el , : : _
slightly alkaline medium at pH 8.0 generated by 0 2 4 6 B
the ammonium acetate buffer. From solution ] ) PH
containing 100 pg of chromium, oxoions Cr(VI) Fig. 4. The degree ofa}dsorptlon ofV(\/),_ Mo(V_I), and
were higher (75-86 %) concentrated by the Cr(V1) oxoanions by composite chitosan-

synthesized composite in pH range from 2.5 t0 5.0 saponite as a function of the medium acidity

in the presence of acetate ions and from the neutral

Table 1. The degree of adsorption of V(V), Mo(VI), and Cr(VI) oxoanions as a function of the medium acidity
(experimental conditions: weight of sorbent — 0.1 g, volume of solution — 25 ml, content of chromium in the
initial solution — 0.1 mg, vanadium — 0.3 mg, molybdenum — 1.0 mg)

Degree of adsorption, %

: H 8.0
Oxoanions PH 1.0 PH 2.5 PH 5.0 Distilled water ampmonium
HCI CH;COOH CH;COOH acetate buffer
V(V) 99.94 99.95 99.97 99.97 99.97
Mo(V1) 46.12 91.87 66.13 88.10 40.48
Cr(VI) 64.16 84.01 86.45 75.68 68.29
Thus, the synthesized composite showed of vanadate-ions VO3, and the isotherm of
adsorption activity with respect to the investigated adsorption has the stair-step form (Fig. 5, curve 1).
ions in the different pH ranges. The values of Under the same conditions, the initial saponite
medium acidity, at which the maximum adsorption removes vanadium(V) oxoanions with the
activities of chitosan-saponite composite for each maximum capacity 0.33 mmol/g, but the isotherm
of studied oxoanions were achieved, correspond to of adsorption has concave form which confirms
published data of complexation conditions of these that vanadate-ions have low affinity to the saponite
ions with amino groups of chitosan in solutions surface (Fig. 5, curve 2).
[6-9]. As shown in Fig. 6, from neutral solutions
Adsorption isotherms in the static mode for containing from 250 ug to 10 mg of metal the
each ion were obtained for calculation of the values chitosan-saponite composite concentrates
of the adsorption capacity of the composite. As it is molybdate-ions MoO,* with maximum adsorption
shown in Fig. 5, the sorption activity of mineral capacity 0.4 mmol/g. In the acidic medium at
with respect to quinquevalent vanadium oxoanions pH 2.5 the composite removes mixture of MoO,*,
was increased in the presence of chitosan coating [M06021]6", [M07024]6" oxoanions with maximum
on the carrier surface. In the neutral medium one adsorption capacity 0.73 mmol/g. In the similar
gram of synthesized composite extracts 0.51 mmol conditions, initial saponite adsorbs Mo(VI)
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oxoanions with maximum capacity 0.22 mmol/g
but initially (content of metal from 0.25 to
2.50 mg) the isotherm of adsorption has concaved
form which confirms that molybdate-ions have
lower affinity to the saponite surface in comparison
with that to the surface of organo-mineral
composite. The character of isotherms confirms the
monolayered  distribution of  mixture of
polymolybdate-ions on the surface as a result of
complexation or formation of ionic associates with
protonated amino groups of immabilized polymer
at pH 2.5 (Fig. 6, curve 1), as well as in the neutral
medium (Fig. 6, curve 2).
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Fig. 5. Adsorption isotherms of V(V) oxoanions by
chitosan-saponite composite (1) and initial

saponite (2) in the neutral medium
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Fig. 6.  Adsorption isotherms of Mo(VI) oxoanions by

chitosan-saponite composite at pH 2.5 (1) and
from disstilled water (2), and by initial saponite
at pH 2.5 (3)

Initial saponite does not adsorb dichromate-
ions, whilst the composite chitosan-saponite has
shown high adsorption capacity with respect to
these anions (Fig. 7). Adsorption capacity of
synthesized composite with respect of Cr(VI)
oxoanions is 0.59 mmol/g.
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Fig. 7. Adsorption isotherms of Cr(VI) oxoanions by
chitosan-saponite composite (1) and initial
saponite at pH 5.0 (2)

Obtained values of the adsorption capacities of
the composite chitosan-saponite and initial
saponite, as well as maximum degrees of
adsorption of V(V), Mo(VI1), Cr(VI) oxoanions
from solutions with different concentrations of
metals are shown in Table 2.

Taking into account that there are 9.1 % of
chitosan and 90.9 % of mineral in the composite,
we have estimated the contribution of organic and
inorganic part to the maximum adsorption capacity
(Amax) With respect to each of studied ions (Fig. 8).
Amax Of crosslinked chitosan (5 % of aminogroups
were crosslinked by glutaraldehyde) with respect
of V(V) oxoanions with initial mass of vanadium
7.5mg in the neutral medium is 0.09 mmol/g,
saponite — 0.11 mmol/g. Under the same
conditions, Ams for composite chitosan-saponite is
0.52 mmol/g, which 2.5 times higher than sum of
maximum adsorption capacities of the starting
components.

In the acidic medium generated by acetic-ions
(pH 2.5), crosslinked chitosan adsorbs Mo(VI)
oxoanions with An. 0.07 mmol/g, saponite —
0.38 mmol/g, but in the same conditions the
synthesized composite extracts almost 2.5 times
more than initial compounds (Amx runs up to
0.63 mmol/g). It is interesting that the synthesized
composite adsorbs chromium(VI) at pH 5.0 with
adsorption capacity 0.15 mmol/g which 5 times
higher than capacity of partly crosslinked chitosan
under the same experimental conditions: one gram of
crosslinked chitosan concentrates 0.02—0.03 mmol/g
Cr(VI) oxoanions from the acidic (pH 2.5) and
neutral media. Saponite does not show adsorption
activity with respect to dichromate-ions Cr,0,% at
pH 5.0 (acetate buffer).
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Table 2.

Adsorption capacity of chitosan-saponite composite and initial saponite and maximum degree of adsorption of

V(V), Mo(V1), Cr(VI) oxoanions from solutions with various metal concentrations

Oxoanion Mo(V1)

cr(Vl)

V(V) Mo(V1)

pH 2.5

5.0

Distilled water

Composite chitosan-saponite

adsorption capacity,

0.73 0.59 0.52 0.40
mmol/g
maximum degree of 945 86 89 90
adsorption, % (my=2.5 mg)* (m,=100 ug) (my=1 mg) (my=250 ug)
Saponite
adsorption capacity, 0.92 0 033 B
mmol/g ' '
maximum degree of 100 B 36 B
adsorption, % (my=250 ug) (m,=500 ug)
*m, — initial content of metal in the solution
0.8 -
m, Mo =10 mg,
pH2E
0.6 1 m.V =10mg,
pEHT
—
°
E 04 -
:% Wy m.Cr=2 mg,
02 - HHH pHs
FEE HH pH25 pHT
o A e oI Tl

3 il 1 2 3

Comparion (according to mass ratios in the composite) of adsorption capacity of chitosan (1), saponite (2), and

composite chitosan-saponite (3) with respect to V(V), Mo(VI), and Cr(VI) oxoanions

1 2 3 i
Fig. 8.
100 1 & L] ] |
R%
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50 - //_/‘“
—|-VV)
25 —— MolVI)
—k—Cr(vI)
a T T |
a 25 50 79 100
time, min
Fig. 9. Dependence of degree of adsorption (R, %) on

time of contact with solutions containing
300 pg of vanadium in distilled water, 1000 g
of molybdenum at pH25, and 100 g of
chromium at pH 5.0
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According to obtained results for all studied
ions (Fig. 9), the degree of adsorption consistently
increases during several hours, which is typical for
polymeric  adsorbents where the sorption
characteristics are defined by interaction between
ions and functional groups of supported chitosan.

CONCLUSION
The composite  chitosan-saponite  was
synthesized by crosslinking of adsorbed

biopolymer with glutaraldehyde. IR spectroscopy
confirmed the fact of immobilization of chitosan in
the surface layer of silica. According to the
thermogravimetric ~ analysis, the  obtained
composite contains 9.1 % of chitosan.

Saponite with immobilized chitosan on its
surface showed better adsorption properties
towards microquantities of wvanadium, moly-
bdenum, chromium in agueous solutions in
comparison with unmodified mineral. Adsorption
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IMmMo06inizoBaHuil Ha MOBEePXHI MOAIILCHKOI0 CANIOHITY XiTO3aH
B npomnecax ekcrpakuii V(V), Mo(VI) ta Cr(VI) okcoanionis

T.M. Bynnsk, B.A. Teoptux, E.C. SIlHoBcbKa

Tuemumym ximii nogepxni im. O.0. Yyiika Hayionanvuoi axademii nayx Yrpainu,
eyn. I'enepana Haymosa, 17, Kuis, 03164, Vrpaina, tetyanabudnyak@yahoo.com
Kuiscoxuii nayionanvhuil yrigepcumem imeni Tapaca lllesuenka, ximiynuii (paxyiomem
8yn. Bonooumupcwra, 64, Kuis, 01033, Vrpaina

Komnosum ximo3san-canonim 00epoicarno 3uuKor0 2ymaposum anb0ezioom aocopbosano2o Ha NOGEPXHi
Tooinvcvroeo canonimy biononimepy. Byoosy nosepxwi komnozum 00ciodiceno memoodom 149-cnexmpo-ckonii,
a KinoKicms  IMMOOINI308AH020 XIMO3AHY BUBHAYEHO 3d OONOMO20I0 MEPMOSPAGIMEMPULHOZO AHAI3Y.
IIposedero oyiHKy adcopOYiliHUX XAPaAKMepUCmuK CUHMe306aH020 KoMnosum wooo mikpoxinekocmeti V(V),
Mo(VI) i Cr(VI) oxcoanionie y 600HUX po3uuHaX y NOPIGHAHHI 3 GAACMUSOCHAMU BUXIOHUX NPUPOOHO2O
MiHepany i noaimepy. BusHaueno copOyiliHy eMHicmb ma KIHEMUYHI XapaKkmepucmuku 00epHCAHO20
KOMNO3UMHO20 A0COpOeHmy.

Knrouoesi cnoea: adcopbyis, ximosar, canonim, 2nuHa, 8aHaoil, MOTOOeH, Xpom

HMMMo0MIM30BaHHBII HA TOBEPXHOCTH MOI0JIbCKOT0 CATIOHUTA XUTO3aH
B npomneccax 3xkcrpakuun V(V), Mo(VI1) u Cr(VI) okcoannonon

T.H. Byausik, B.A Teprsix, 2.C. SInoBckas

HUnemumym xumuu nosepxnocmu um. A.A. Qyiiko Hayuonanenotl akademuu Hayk Yxpauuvl
vn. I'enepana Haymosa, 17, Kues, 03164, Vkpauna, tetyanabudnyak@yahoo.com
Kueeckuii hayuonanvuwiti ynusepcumem umenu Tapaca llleguenko, xumuueckuii (haxyiomem
yi. Braoumupckas, 64; Kues, 01033, Vkpauna

Komnosum xumo3san-canonum nonyuen cumekol adcopouposano2o Ha noeepxHocmu Ilodonvckozo
canonuma OuUoOnonUMepa 2ymaposubim anboecuoom. Cmpykmypa no8epxXHOCHU KOMRO3UMA U3YYEHA MEMOo0oM
HUK-cnexmpockonuu, a KOHYeHmMpayusi UMMOOUIUZ08AHO20 — XUMO3AHA — VYCMAHOGIEHA U3 OAHHbIX
mepmoepaguMempuyecko2o ananusa. Iiposedena oyenka adcopoOYUOHHbIX XaPaAKMepUCmuK CUHME3UPOBAHO20
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Komnozuma no ommuowenuio k muxpoxomiuuecmeam oxcoanuoros V(V), Mo(Vl) u Cr(VI) & soouvix
pacmeopax 6 CpasHeHuu co CEOUCMEAMU UCXOOHBIX NPUPOOHO20 MUHEPAd U ROAUMEPA. Ycmanosnena
COPOYUOHHASL eMKOCMb U KUHEMUYECKUe XAPAKMEPUCTUKU NOLYYEHHO20 KOMRO3UMHO20 a0CopOeHma.
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Knroueswie cnosa: aocopdyus, Xumo3au, Canosum, 2iuHa, 6aHaouil, MOIubOeH, Xxpom
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	Table 1.The degree of adsorption of V(V), Mo(VI), and Cr(VI) oxoanions as a function of the medium acidity (experimental conditions: weight of sorbent – 0.1 g, volume of solution – 25 ml, content of chromium in the initial solution – 0.1 mg, vanadium – 0.3 mg, molybdenum – 1.0 mg)

