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Amides of polyhexamethyleneguanidine and maleic or o-phthalic acids were chemically bound with
the silica surface. Adsorption properties of synthesized modified silicas have been studied with respect to
Viv)-, Cr(VD)-, Mo(VI)-, and W(VI)-containing anions. Both of adsorbents were found to show high
adsorption activity in the acidic and slightly acidic media. Kinetic parameters of the obtained composites
are closely similar to a polymeric adsorbent. Reduction of Mo(VI) and Cr(VI) ions was detected at
adsorption on silica with bound amide of polyhexamethyleneguanidine and o-phthalic acid. The
investigation demonstrates the possibility of the quantitative determination of microamounts of the studied
metals in the adsorbent phase using the X-ray-fluorescence analysis after extraction of anions from a

solution.

INTRODUCTION

Chemically modified silicas with immobilized
organic ligands are widely used for solid-phase
extraction, separation and concentration of metal-
containing anions and cations of transition metals
because of their complexing and ion-exchanging
properties [1-7]. Many of the drawbacks of organic
ion-exchangers, such as significant solvent swelling
effects, slower sorption kinetics, lower thermal,
radiation and microbial stability can be removed by
means of application of such inorganic adsorbents.
But usually modified silica carriers have a low
adsorption capacity and many efforts have been
made to improve this important property, thus
opening the possibility for wider applications. In
particular, silica adsorbents with immobilized
functional polymers can combine the advantages of
the inorganic matrix with the sufficiently high
sorption capacity of organic polymers.

Multifunctional polymers containing quaternary
nitrogen atoms are very promising for the silica
adsorbents  modification  [8-14].  Polyhexa-
methyleneguanidine ~ hydrochloride =~ (PHMG)
belongs to the type of polymers which manifests
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properties of polyamines and quaternary ammonium
compounds (availability of guanidine group
containing two substituted and one protonated
amino groups) [15]. PHMG displays well-expressed
complexing properties with respect to metal ions
[16-18]. PHMG is a water-soluble anion-exchange
resin with a moderate basicity and biocide properties
and this polymer can be applied for the simultaneous
water decontamination and purification from toxic
anions and cations. Inorganic sorbents containing
immobilized polyhexamethyleneguanidine were
successfully used for preconcentration and removal
metal ions from water solutions [13, 14, 19-28].
Chemical modification of PHMG by means of
introducing additional nitrogen-, sulfur- or oxygen-
containing ligands can offer new possibilities to
obtain polymers and adsorbents with a higher
potential of complexing and ion-exchanging
properties. It was reported in our previous paper [29]
that  immobilized amides of  polyhexa-
methyleneguanidine with maleic (PHMG-MA) and
o-phthalic (PHMG-PA) acids have fairly good
complexing properties with respect to the cations of
transition metals. A silica chemically modified with
these polymers can quantitatively remove cations of
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Zn(Il), Cu(ll) and Fe(Ill) from aqueous solutions.
Metal ions separation occurs in the weakly alkaline
media. Under these conditions, the polymers under
study exist in deprotonated form and behave
similarly to typical amine compounds.

The aim of this work was to study the ion-
exchanging properties of silicas with covalently bound
PHMG-MA or PHMG-PA with respect to V(V)-,
Cr(VI)-, Mo(VI)-, and W(VI)-containing anions.

MATERIALS AND METHODS

Reagents.  Starting solutions with a
concentration of 1 mg/ml were prepared by way
of dissolving precise sample weights of the
Analar grade salts (NHg)sMo;0,4-4H,0,
KQCI'207, (NH4)2CT207, N3.2WO4‘2H20 and

n
I‘\‘IH

o=
CH=CH—COOH

PHMG-MA

In the synthesized amides (PHMG-MA and
PHMG-PA) on the average one molecule of
appropriate anhydride was grafted on each 3.3
monomeric  units of  polyhexamethylene-
guanidine.

The silica gel (Merck) with the specific
surface area of 256 m?/g, pore size of 12 nm and
particles diameter of 0.10—0.20 mm was used as
a carrier.

Chemical binding of PHMG-MA and
PHMG-PA to the silica surface was carried out
in three stages. At the first stage, an amine-
containing silica gel was obtained through the
chemical modification of the surface with a
solution of 3-aminopropyltriethoxysilane in
toluene. An initial silica sample (70 g) was
preliminarily dried at 200 °C for 2 h. Then the
silica was placed in a three-necked round bottom
reactor with a thermometer and a reflux
condenser and suspended in 250 ml of absolute
toluene, after which 14 ml of
3-aminopropyltriethoxysilane was added under
constant stirring. The reaction mixture was
refluxed at the toluene boiling temperature for
2 h. The amine-containing silica (aminosilica)
thus obtained was then filtered and after being
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NH4VOs; using the method described in [30].
Working solutions were prepared from the
starting  ones  immediately  before  the
experiments. The necessary solutions of acids
were prepared from fixanal concentrates.

Synthesis of adsorbent. Amides used for the
surface modification were synthesized by way of
interaction of  polyhexamethyleneguanidine
hydrochloride (Mw=10000) with anhydrides of
maleic or o-phthalic acids as was described in
the paper [31]. The amides thus obtained can be
presented schematically through the following
formula:

+

COOH

x/y=1/3

PHMG-PA

washed with 50 ml toluene 5 times was dried in
vacuum at 100-110 °C. The concentration of
grafted amino groups (0.8 mmol/g) was
estimated using titrimetry for hydrochloric acid
recidues with sodium hydroxide.

At the second stage, the activation of the
aminosilica surface with cyanuric chloride
(2,4,6-trichloro-symm-triazine) was performed
[32]: 70 g of aminosilica was suspended in
100 ml of dioxane in a three-necked reactor with
a mechanical mixer. Then 330ml of 5%
solution of cyanuric chloride in dioxane was
added and the suspension was stirred at room
temperature for 0.5 h. The product obtained was
washed from surplus of cyanuric chloride
5 times with 50 ml dioxane and then dried in
vacuum at 100 °C.

The goal of the third stage was to chemically
bind PHMG-MA or PHMG-PA with the
modified silica surface via interaction of
immobilized cyanuric chloride with the
polymeric macromolecules: the 75 g of activated
aminosilica obtained at the second stage was
placed into the reactor and 200 ml of water
solution containing 15 g of polymer was added
with the mixture being stirred for 1 h. Then the

CPTS 2012.V.3.N 4



lon-exchange properties of modified silica with bound amides of polyhexamethyleneguanidine

synthesized adsorbents were filtered and dried at
room temperature.

A general scheme of  chemical
transformations in the surface layer can be

presented in the following way:
JC\l
. OC,H + NN
+(H,C,0),SiRNH, [ NG
=Si-Of — = =Si—0—Si—R—NH,
- C,H,OH HCI
OC,H,
OC,H, cl
| N:<
—=  =si—O0—siR— N—( N
H }\1 4
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Under such conditions the incorporation and
activation of amino groups on the outer surface as
well as in the pores of the used mesoporous silica
occurs without significant difficulties. Although the
presence of mesopores can complicate the uniform
adsorption of the polymer, especially on the pores
surface, the use of silica gel is justified by a
significant reduction in duration of filtration in
comparison with highly dispersed nonporous silica
preparations. At the same time for the
immobilization of water-soluble polymer, it is
sufficient to ensure its covalent binding to the
accessible parts of a carrier.

IR-spectra. IR-spectra of the synthesized
adsorbents were investigated to confirm the
immobilization of PHMG-MA and PHMG-PA on
the silica surface. Spectra were registered using a
Nicolet Nexus 470 FT-IR spectrometer. The
presence of anchored amides was identified in the
range of 1750-1765 cm™ by characteristic bands
corresponding to the stretching vibrations C=0 of
carbonyl groups as well as absorption bands in the
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x/y=1/3

range of 1630-1690 cm™ (amide I band) and 1590
1620 cm™ (amide II band) which are typical for
carbonyl groups of amide [33].

Amounts of bound polymers. Amounts of
bound PHMG-MA and PHMG-FA were
determined by thermogravimetry and titrimetry.
According to gravimetrical data, the amount of
bound PHMG-MA in the synthesized adsorbent
was 150 mg/g and in the case of silica with
immobilized PHMG-PA it was 75 mg/g SiO,.
According to acid-base titration [34], the
concentrations of carboxylic groups are
0.15 mmol/g for silica with bound PHMG-MA
and 0.09 mmol/g for silica with immobilized
PHMG-PA.

Adsorption of metal-containing anions. The
degree of ions adsorption on the surface of
modified silica (%) was calculated using the
following formula:

R = (myg¢/m,)-100% = (my—m)/m,+100 %,
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where m, is the weight of introduced anion, m,4, optimal conditions for metal detection were as
is the weight of adsorbed anion, m is the weight follows: an X-ray tube with the voltage of 45 kV,
of anion in the equilibrium solution, calculated exposure time of 250 s for microquantities and of
as m=C-V (C is an equilibrium concentration 150 s for milligram quantities of the analyte,
and V is an equilibrium volume). with current intensities in determination of V and
Photometric measurements of equilibrium Mo being 86 and 30 pA, respectively.
concentrations of Cr(IV), . Mo(VI), W(VI) and RESULTS
V(V) anions were made using spectrophotometer
SF-46 (LOMO, Russia) in a quartz cell with the Dependence of the degree of adsorption on
path length of 10 mm at 540 nm for Cr(IV), the pH solution. Studies of adsorption properties
470 nm for Mo(VI), 610 nm for W(VI) and of silica with chemically bound polymers began
490 nm for V(V) according to methods presented from the determination of the optimal value of
in [35, 36]. medium acidity in which the maximum degree of
X-ray-fluorescence analysis. An X-ray- extraction of a chosen anion was achieved. The
fluorescence analysis was made wusing a conditions of the experiment were as follows: the
multichannel X-ray-fluorescence spectrometer weight of the adsorbent was 0.1 g, the volume of
ElvaX (Elvatex, Ukraine). Air-dried samples of the working solution was 25 ml, the metal mass
chemically modified silica with grafted PHMG- in the initial solution was 100 ug (10 mg for
MA weighing 0.2 g each with different quantities tungsten), and the contact time was 24 h. The
of vanadium or molybdenum previously results are summarized in the Table 1.

adsorbed were used for measurements. The

Table 1. Dependence of adsorption degree on the solution nature and pH for extraction of metal-containing anions
from V and VI groups of the Periodic Table by silicas with chemically bound PHMG-MA and PHMG-PA

Adsorption, %

V(V) W(VI) Mo(VI) Cr(VI)
pH Silica with chemically bound
PHMG- PHMG- PHMG- PHMG- PHMG- PHMG- PHMG-
MA PA PHMG-MA PA MA PA MA PA
1.0
(hydrochloric acid) 18.8 60.0 83.8 83.2 30.0 0 71.4 87.5
1.7 97.0 99.9
(oxalate buffer) 423 473 a - [Mog05,]” 330 822 [Cr,0,"
99.9
4.0 99.9 6-
(phthalate buffer) VO© 92.5 [H2W1204(2)_] 99.9 85.0 80.0 353 45.0
[W4O15]
99.9
55 3 98.0
(distilled water) VO . 99.9 62.1 83.5 MoO,> 75.5 96.5 92.5
[V4O12]
6.9
(phosphate buffer) 80.0 60.0 - - 15.0 20.0 8.3 15.0
8.0 99.9
(ammonium- VO* 50.0 60.0 76.8 76.0 55.0 325 25.0
acetate buffer) [HVO,]*
9.1
(tetraborate buffer) > 35.0 48.6 61.7 48.5 57.0 73.5 10.0
As seen from Tablel, a quantitative shows a higher activity in adsorption of
extraction of W(VI) and maximum removal of molybdate anions in comparison with bound
Mo(VI) anions was observed in the slightly amide of PHMG and o-phthalic acid. Both
acidic medium for both of adsorbents. Under synthesized adsorbents quantitatively remove
these conditions, tungsten anions in the solution anions V(V) in the slightly acid environment.
exist as dodecatungstate ([H,W,04]%) and Silica with bound PHMG-MA has a wide range
tetratungstate ([W,Oy3]*) ions [37,38]. Silica of quantitative adsorption vanadate ions: from
with anchored amide of PHMG and maleic acid slightly acidic to weakly alkaline media. For
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Cr(VI]) anions, silica with immobilized amide of
PHMG and o-phthalic acid possesses a higher
adsorption activity and quantitatively removes
dichromate ions in the acidic medium.

From data shown in Table 1, the adsorption
of Cr(VI) and Mo(VI) falls at pH =6.9. These
results could be explained by the influence of
phosphate buffer solution. Molybdate and
phosphate anions form heteropolyacids which
are stable in acidic and weakly acidic media
[39]. In the case of adsorption of chromate-
anions it is necessary to take into account the
competitive adsorption of different anions from
the buffer solution. Silica with chemically
immobilized PHMG was found to be able to
adsorb phosphate anions strongly [25]. The
competitive adsorption of these anions was also
detected on other type of adsorbents [40]. So in
these conditions silicas with chemically bound
PHMG-MA and PHMG-PA show a higher
affinity to the phosphate anions in comparison
with the adsorption of chromate ions.

Therefore, the obtained chemically modified
silicas show a high adsorption activity with
respect to anions of elements from V and VI
groups of the Periodic Table in the acidic
(pH = 1.7) and the slightly acid (pH = 4.0) media
where the maximum possible extraction of
studied metal-containing anions was observed.
The results obtained are very close to data on the
adsorption of these oxoanions on the surface

modified with N-(B-aminoethyl)-y-
aminopropyltriethoxysilane [38].

The standard  deviations for  all
measurements are within 3—4 %.

Kinetic characteristics of adsorbents.

Conditions of the kinetic experiments were as
follows: the weight of adsorbent was 0.1 g, the
volume of working solution 25 ml and the mass
of metal in the initial solution 100 mg (10 mg for
W).The results of studies of the kinetic
characteristics of the synthesized sorbents with
respect to anions under research are shown in
Figs. 1 and 2.

Kinetic parameters of the obtained
composites are similar to a polymeric adsorbent
than to an inorganic one, because the maximum
possible extraction of the anions under study,
with the exception of tungsten, occurs within 1-
1.5 h. A comparison of the kinetic curves shows
that the adsorption values of tungstate and
vanadate ions are similar for both sorbents, but
they differ substantially for molybdate ions.
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These results may testify the difference in the
mechanism of molybdate ions adsorption.

100 H o®; @
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0 20 40 60 80 Day

Time, min
Fig. 1. Kinetics of removal of metal-containing
anions by silica with chemically bound
PHMG-MA in the static adsorption mode:
I— Cr(VD), pH=7; 2— V(V), pH=7,
3 -Mo(VD),pH="7; 4—-W(V]),pH=4
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Fig. 2. Kinetics of removal of metal-containing
anions by silica with chemically bound
PHMG-PA in the static adsorption mode: / —
Cr(VD), pH=17, 2-V(V), pH=T,
3-Mo(VI),pH=7;4—-W(VI),pH=4

Adsorption  capacity of  synthesized
adsorbents. For estimation of the adsorption
capacity of silicas with chemically bound
PHMG-MA and PHMG-PA the adsorption
isotherms of Mo(VI)-, W(VI)-, Cr(VI)-, and
V(V)-containing anions have been investigated.
Experiments were carried out with initial
quantities of metals in the solution from 0.02 up
to 30.44 mmol/l, the volume of working solution
is 25 ml, weight of adsorbent is 0.1 g. Typical
isotherms for adsorption of Cr(VI) are shown in
Figs.3,4. The presented curves have the
Langmuir isotherm mode. The same results were
obtained for isotherms of other studied metal-
containing anions.
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Fig. 3. Adsorption isotherm of Cr(VI) anions by
silica with chemically bound PHMG-MA
(pH=5.5)

0 0.2 04 0.6
[C], mmol/l
Fig. 4. Adsorption isotherm of Cr(VI) anions by

silica with chemically bound PHMG-PA
(pH=1.7)

Table 2. Adsorption capacity of synthesized adsorbents with respect to metal-containing anions

Anion V(V) Cr(VI) Mo(VI) W(VI)
Silica with chemically bound
Adsorbent PHMG- PHMG- PHMG- PHMG-PA PHMG- PHMG- PHMG- PHMG-
MA PA MA MA PA MA PA
adsorption capacity, o 40 41 o2 0.43 055 054 417 6.00
mmol/g
color of adsorption yellow  yellow  orange from grey to  light- blue- white white
complexes grey-orange  green green

Adsorption  capacities calculated from
isotherm data are summarized in the Table 2. It
is evident from these data that sorption capacities
of both adsorbents with respect to vanadate and
molybdate ions are practically equal. In the case
of tungstate and chromate ions adsorption the
silica with immobilized PHMG-PA exhibits
higher adsorption capacity.

The synthesized adsorbents show greater
sorption capacity with respect to anions of
molybdenum and tungsten in comparison with
modified silicas with other immobilized
nitrogen-containing polymers [12—-14].

Spectral studies of adsorption complexes of
metal-containing anions with PHMG-PA
anchored on the silica surface. Complexes of
Mo(VI) anions adsorbed on silica with
chemically bound PHMG-PA from aqueous
solution (without further addition of buffer
solutions) have blue-green color. As the amount
of adsorbed metal is increased, the intensity of
coloration is enhanced.

Diffuse reflectance UV-Vis spectra have
been registered to clarify an oxidation degree of
molybdenum in the ion associates with
immobilized PHMG-PA. In accordance with

spectral data (Fig. 5), the intense absorption band
with maximum at 470 nm and less intense
absorption band with maximum at 710 nm in the
visible region were observed.

100
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0.70 ; . : . : .
400 500 600 700 800 %00 1000

A, nm

Fig. 5. Diffuse reflectance spectra of silica with
chemically bound PHMG-PA  after
adsorption of 7.5, 10 and 38.5 mg/g sorbent
of molybdenum (/-3, respectively)

Based on results [41] one would expect that
molybdenum in ion associate exists in the form
of pentavalent molybdenyl. This is due to the
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fact that side redox processes of transition of
hexavalent molybdenum in pentavalent state
occurs during adsorption.

Ion associates of immobilized PHMG-PA
with anions of chromium obtained from aqueous
solutions of potassium dichromate at pH=1.7
(on the background of oxalate buffer solution)
change their color from gray to gray-orange. It
has been known that gray color is the typical
feature of trivalent chromium aqua complexes.
As seen from diffuse reflectance spectra (Fig. 6),
three absorption bands are observed for these
associates. Intense absorption band in the visible
region with maximum absorption at 580 nm
belongs to the charge transfer bands of metal-
ligand and the least intense band with maximum
absorption at 700 nm can be attributed to d-d
transitions of Cr(II).

100+
0954

ool \ 4/
0.85

0.80

Absorbance

Fig. 6. Diffuse reflectance spectra of silica with
chemically bound PHMG-PA  after
adsorption of 5.5, 7.5, 8.5 and 16 mg/g

sorbent of chromium (/—4, respectively)

Adsorption-X-ray-fluorescence determina-
tion of microquantities of vanadium and
molybdenum adsorbed on silica with chemically
bound PHMG-MA. The ability of the
synthesized composite to adsorb quantitatively
V(V) and Mo(VI) anions can be effectively
applied for their solid-phase extraction.
Quantitative analysis of the relevant metals after
their preconcentration can be performed directly
in the adsorbent phase by various physical

methods, including X-ray-fluorescence
spectrometry. Dependences of intensity of
characteristic K ,-lines of vanadium and

molybdenum on quantities of these metals in the
adsorbent phase were obtained (Fig. 7).

These dependences were rectilinear over the
range of milligram amounts of molybdenum
(from 0.5 up to 40 mg/g sorbent) and microgram
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quantities of vanadium (from 0.5 up to 18 mg/g
sorbent). Detection limit for both metals was

20 pg.

8

g

&

Intensity of K.-line, Imp/s
g

=3
]
L]

3000 4000
Metal contents, pg

2000

Fig.7. Dependence of K, line intensity of
characteristic X-ray radiation of metal on its
contents in the adsorbent phase:

1 —vanadium (R = 0.998);,

2 — molybdenum (R = 0.999)

CONCLUSIONS

Chemical  binding of amides of
polyhexamethyleneguanidine and maleic or
o-phthalic acids were carried out on the surface
of amino-containing silica activated with
cyanuric chloride.

Concentrations of bound polymers according
to thermogravimetric analysis were 75 mg per
1 g of carrier for amide of o-phthalic acid and
140 mg/g for amide of maleic acid. Synthesized
modified silicas were found to show high
adsorption activity with respect to anions of
metals of V and VI groups of the Periodic Table
in aqueous solution at the neutral pH.
Quantitative adsorption of Cr(VI) and W(VI)
anions has been observed in the acidic and
weakly-acidic media, respectively. Silicas with
chemically bound PHMG-MA and PHMG-PA
have kinetic characteristics which are similar to
polymeric adsorbents. Equilibrium is attained for
1-1.5 h, with the exception of a fast adsorption
of tungsten(VI) anions. Sorption capacities of
silicas with immobilized PHMG-MA and
PHMG-PA with respect to vanadate and
molybdate ions are practically equal (0.41—
0.55 mmol/g). Silica with bound PHMG-PA
adsorbs Cr(VI) anions better than carrier with
immobilized PHMG-MA. Both obtained
adsorbents displayed a high affinity to W-
containing anions (4—6 mmol/g).
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In accordance with the data of UV-Vis diffuse
reflectance spectroscopy, adsorbed molybdenum
ions on surface of silica with bound PHMG-PA are
in the form of molybdenyl-ions, and reduction
Cr(VI) to Cr(IIl) takes place during adsorption of
bichromate-ions. The possibilities of quantitative
determination of V and Mo in phase of adsorbent
using X-ray-fluorescence spectroscopy were shown
after preconcentration on the silica with bound
PHMG-MA.
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Honoo6Mminni BaacTHBOCTI MOAH(DIKOBAHOIO CHITIKATETIO
3 3aKpilJIEeHMMHU aMiaMu MoJireKcaMeTUJIeHTYaHIIMHY Ta
MaJIeiHOBOI 200 o-QTajIeBoi KHCJIOT

A . Janames, B.A. ToopTux, E.C. SInoBchka, K.B. SInoBa

Inemumym ximii nosepxni im. O.0. Yyiika Hayionanehoi akademii nayx Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, , fyong@ukr.net
Kuiscokuii hayionanvruii ynieepcumem imeni Tapaca [llesuenka, ximiunuii (paxyiomem
8yn. Bornooumupcoxa, 64, Kuis, 01033, Ykpaina
JIBY3 « Vrpaincokuii Oepaicahuii XiMiko-mexHoa02iu Uil YHIGepCumem»y»
np. L'acapina, 8, /Jninponemposcovk, 49005, YVrpaina

Amiou nonicekcamemunieHeyaniouny ma mManeinosoi abo o-gpmanesoi kuciom 0ynio XimMiuHo 3aKpinjieHo
Ha nosepxui cunixazento. JJociiodiceno adcopbyitiny 30amuicms Moougixosanux cunixazenie wooo V(V)-,
Cr(VD)-, Mo(VI)- ma W(VI)-emichux anionis. 3Hatideno, wo obudsa copbeHmu GUAGISAIOMb OOCMAMHbLO
BUCOKY AOCOPOYIHY aKMUBHICMb Yy KUCIOMY MA CIAOKOKUCIOMY cepedosuyi. 3a KiHemuuHumu
XApaxmepucmuKamu 00epAHcati KOMno3umu nodioni 00 noaimeprux adcopbenmie. 110 uac adcopbyii na
cunixaeeni 3 XiMIYHO 3AKPINIEHUM aMIOOM NOAiceKCAMEemUuleH2yaHiouny ma o-pmanegoi Kuciomu
cnocmepiecacmocsi gionosnenns tiornie Mo(VI) ma Cr(VI). Ilokazana modxciugicmes KibKICHO20 8U3HAYEHHS
MIKpOKinbKOCmeEU docnioocenux — memanie y  @azi  adcopbenmy 3 BUKOPUCMAHHAM
PEHMEEeHODIYOPeCYeHMHO20 AHANIZY NIC/IsE MEepOopasHol ekecmparkyii aHIOHI6 3 PO3HUHY.

HNoHoo0MeHHBIE CBOIICTBA MOAU(DHIMPOBAHHOTO CHIHKATEJIS
¢ 3aKpeIUIeHHBIMU AMU/JAMH MOJIMTeKCAMEeTUIEHTYaHUIUHA U
MaJICMHOBOM WIH 0-(TajieBoOi KHCJIOT

A . Janames, B.A. Teptsix, J.C. SInoBckasn, K.B. SlnoBa

Hnemumym xumuu nosepxnocmu um. A.A. Yyiiko Hayuonanvnoii axademuu Hayx Yepaunol
ya. I'enepana Haymosa, 17, Kues, 03164, Yxpauna, fyong@ukr.net
Kuesckuii nayuonanvnwuitl ynusepcumem umenu Tapaca llleguenko, xumuueckuii (haxyiomem
yia. Braoumupckas, 64, Kues, 01033, Ykpauna
I'BY3 «Yxpaunckuii 2ocydapcmeeHHblil XUMUKO-THEXHOIOSUHECKULI VHUBEPCUMEN »
np. L'acapuna, 8, [nenponemposck, 490035, Yrpauna

Amuovt noaucexcamemuieHeyaHuoOuUHa 1 MaleuHo8ou Uil 0-Qmanedou Kuciom Owbliu XuUMUYecKu
3aKpenyienvl Ha NOSepXHOCMU cunukazens. M3zyuena adcopoyuonuas cnocoOHOCms MOOUDUYUPOBAHHBIX
cunuxaeeneii no omuowenuto k V(V)-, Cr(VI)-, Mo(VI)- u W(VI)-cooepoicawux anuonos. Haiideno, umo
0ba copbenma umeiom O0O0CMAMOUYHO BbICOKYIO A0COPOYUOHHYIO AKMUBHOCMb 8 KUCIOU U CAAOOKUCIOU
cpede. [llo Kunemuueckum Xapaxmepucmukam NOIYHYEeHHble KOMNO3UMbL NOO0OHBL  HOAUMEPHBIM
aocopbenmam. Ilpu  adcopbyuu Ha  cunukazene ¢ XUMUYECKU — 3AKPENJIeHHbIM — AMUOOM
NoUSeKCaMeMuleHeYanuouna u o-gpmanesotl Kuciomol Hadmodaemcs soccmarnosienue uotod Mo(VI) u
Cr(VI). Ilokazana 603MOACHOCIb KOTUYECIBEHHO20 ONPeOeNeHUsl MUKPOKOIUYECE U3YHEHHbIX MeMANI08
6 ¢hase aocopbenma c UCNONBL30BAHUEM PEHMEEHOYIYOPECYEHMHO20 AHAIU3A NOCe MEepOOPazHoll
IKCMPAKYUU AHUOHOG U3 PACMEOPA.
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