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Application of the CU@PET Composite Track-Etched Membranes
for Catalytic Removal of Cr(VI) lons

The features of obtaining composite track-etched membranes based on copper microtubes using various com-
positions of a deposition solution and various types of reducing agents such as formaldehyde
(Cu_CHOH@PET), dimethylamine borane (Cu_DMAB@PET), glyoxylic acid (Cu_Gly@PET) were studied
in this research. The structure and composition of the membrane composites were studied by scanning elec-
tron microscopy and X-ray phase analysis. It was shown that in the case of using dimethylamine borane as a
reducing agent, the obtained composites consisted of copper(l) oxide (37.4 %) and copper(0) (62.6 %), in
other cases single-component copper microtubes were obtained. The reduction reaction of chromium(VI) ions
was used in order to evaluate the catalytic ability of prepared composites. It was shown that the removal effi-
ciency of chromium ions reached up to the 95-97 % in the case of single-component composites; the pres-
ence of a copper(l) oxide phase in the structure of the Cu_DMAB@PET composites significantly reduced the
activity of catalysts and under similar conditions only 41% of the contaminant was removed from the reaction
system. The degradation reaction of Cr(VI) was found to follow the Langmuir-Hinshelwood mechanism and
a pseudo-first-order kinetic model. The calculated value of the reaction rate constant ka for composites of the
Cu_DMAB@PET composition (0.017 min-1) was more than 9 times less than that of composites obtained us-
ing glyoxylic acid (0.156 min-t) and more than 15 times less than the ka value of Cu_ CHOH@PET samples
(0.249 min™1). Effect of temperatures on the catalytic ability of composites was studied in the temperature
range of 10-38 °C. Some thermodynamic characteristics such as activation energy, enthalpy and entropy of
activation were calculated. It was found that the minimum value of the activation energy was obtained for the
Cu_CHOH@PET samples.

Keywords: composite track-etched membranes, catalysts, copper microtubes, chromium removal, template
synthesis, electroless plating.

Introduction

In recent decades, technological waste based on heavy metals has been considered one of the most sig-
nificant environmental problems in the world, and emissions containing heavy metals are still a big problem
for the aquatic ecosystem of our planet [1].

Chromium is the seventh most common element on Earth, which is distributed in underground and sur-
face waters due to its extensive industrial applications such as chromite mining, leather, textile and electro-
plating industries, steel and rubber production, pigment synthesis, etc. Cr(VI) is considered its most harmful
form and is usually represented as chromate (CrO4?") or dichromate (Cr,0;%) ions [2, 3]. Compounds based
on Cr(VI) are among the 14 most significant chemicals that pose a threat to humans even at ppb concentra-
tions. The Environmental Protection Agency (EPA) identified it as a group of pollutant and proposed a max-
imum permissible limit of Cr(VI) concentration in drinking water of 0.05 mg/L [4].

According to the World Health Organization (WHO), the maximum permissible limits of Cr(\VI) con-
tent in drinking water and its discharge into inland waters are also 0.05 mg/L and 0.1 mg/L, respectively. All
types of Cr(VI) are toxic to bacteria, animals, plants and humans because of their permeability and biotrans-
formation properties. They are not only potentially carcinogenic and mutagenic [5], but they can also cause
many harmful health consequences such as allergic reactions, weakened immune system, kidney and liver
damage, stomach ulcers, skin rash, genetic changes, irritation of the epidermis and even death [6].

Due to the above-mentioned serious impact of Cr(VI) on human health and the environment, the issue
of wastewater treatment containing Cr(VI) compounds before being released into the environment or con-
verted into less toxic forms is relevant and very much in demand. In several previously published papers,
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various approaches were used to remove Cr(VI1) from aqueous solutions, such as adsorption, photocatalysis,
membrane technologies, ion exchange, coagulation, etc. [1, 7-9]. Photocatalysis is one of the most popular
techniques due to the simplicity of the hardware design, high efficiency and low cost of the process [10, 11].
Various types of nanoscale materials have previously been studied as effective catalysts for the removal of
chromium(V1) ions [8, 12-15].

Composite track-etched membranes (TeMs) are flexible nanoporous membranes with deposited nano-
and microtubes of various metals or their oxides. A characteristic feature of this class of composites is the
high precision of the density and distribution of pores and their diameters. The composite TeMs are due to
the high chemical resistance of these polymers and their exceptional performance characteristics. Moreover,
the directed modification of the polymer template is one of the effective ways to increase the catalytic effi-
ciency of the final composites [16, 17]. And the variation of the deposition conditions and the composition of
the deposition solution makes it possible to synthesize nano- and microtubes of a composition and morphol-
ogy with improved characteristics [18-20].

Chemical template synthesis comprises several successive stages, namely sensitization and activation of
the template and the final stage of deposition [21]. A group of authors led by F. Muench previously conduct-
ed several experimental studies on the influence of various factors on the process of chemical deposition of
metals into polycarbonate TEMs. It was shown that the structure of synthesized nanomaterials was largely
determined by both the conditions of processing the template at the preparatory stages and the composition
of the deposition solution, in particular the nature of the introduced complexing agents [22, 23].

CU@PET composite TeMs are both effective catalysts for various types of chemical reactions [24-27]
and promising sorbents for the removal of heavy metal ions from aqueous media [28, 29]. Moreover, a for-
maldehyde-based deposition solution is most often used to deposit copper into TEM channels. However, in
the light of the increasing strict requirements for the safety of the obtained nanomaterials, an increasing
number of studies are focused on compliance with the basic principles of green chemistry, i.e. minimizing
the use of toxic reagents. Alternative options for formaldehyde can be considered deposition solutions based
on dimethylamine borane (DMAB), glyoxylic acid.

It was interesting to study the features of the synthesis process of composite TEMs of CU@PET compo-
sition using glyoxylic acid as a reducing agent in a deposition solution, to investigate the catalytic properties
of synthesized composite TeMs in the reaction of removal of chromium(VI) ions in agueous solutions as
well as to conduct a comparative analysis of the effectiveness of this type of TeMs with samples obtained
using formaldehyde and DMAB as a reducing agent.

Experimental

Chemical reagents. Copper sulfate pentahydrate (CuSQO4-5H20), tin(ll) chloride (SnCl,), potassium so-
dium tartrate (KNaC4H40sx4H0), palladium chloride (PdCl,), glyoxylic acid, sodium lauryl sulfate, eth-
ylenediaminetetraacetic acid (EDTA), potassium dichromate, dimethylamine borane (DMAB) and car-
bendazim (Czm) were all purchased from Sigma Aldrich (Schnelldorf, Germany) and used without further
purification. Deionized water (18.2 Mohm/cm, “Aquilon-D301” Aquilon, Podolsk, Russia) was used in all
experiments.

Electroless copper deposition. The polymer template was made of PET TEM (film thickness was
12.0 microns; pore density was 4x107 ion/cm?). After the standard etching procedure in 2.2 M NaOH solu-
tion, the pore diameter of the track-etched membranes did not exceed 395.24+4.73 nm. The sensitization and
activation procedure were carried out under the procedure described in [30].

Cu_GIy@PET plating solution: CuSOsx5H,0 — 7.63 g/L; EDTA — 10.26 g/L; sodium lauryl sul-
fate — 4.0 mg/L; glyoxylic acid — 8.14 g/L, deposition was performed at a temperature of 65 °C, the depo-
sition time was 60 sec, the pH of the solution was 12.65 [31].

Cu_CHOH@PET plating solution: KNaC4H4Osx4H,0 — 18 g/L; CuSO4x5H,O — 5 g/L; NaOH —
7 g/L, CH20 — 0.13 M; pH = 12.45 (H.S0,), deposition was carried out at a temperature of 10 °C, the depo-
sition time was 40 minutes [32].

Cu_DMAB@PET: CuSO4x5H,0 — 10 g/L; EDTA — 14 g/L; DMAB — 6 g/L, pH = 1.85, deposition
was carried out at a temperature of 70 °C, the deposition time was 20 min [27].

The structure and properties of the synthesized composites were studied using a JEOL JFC-7500F
scanning electron microscope (SEM). X-ray diffraction analysis of copper nanotubes in a polymer matrix
was performed on a D8 Advance diffractometer (Bruker, Germany) in the angular range 2(6) 20-90° with a
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step of 2(6) = 0.02°, measuring time was 1 s (voltage on the X-ray tube was 40 kV, current was 40 mA). The
average size of the crystallites was determined by the Scherrer equation [25].

Study of catalytic activity

The catalytic reduction of Cr(VI) to Cr(l1l) in the presence of methanoic acid was performed in accord-
ance with the paper [33]: 1 mL of HCOOH (88 %) was added to 25 ml of K.Cr,07 (2.0x10* M) and thermo-
stated, stirring intensively at a temperature of 30 °C for 20 minutes. After that, a 2x2 cm composite catalyst
was immersed in the reaction mixture. An aliquot of the reaction mixture with a volume of 1.0 ml was taken
every 1-2 minutes and measured on a Specord-250 spectrophotometer (Jena Analytical, Germany) in the
wavelength range of 200-500 nm. The degree of decomposition of Cr(VI) (D%) was determined by the for-
mula (1):

D= =% L 10006= 2 A L 100%, 1)
C Ay

0
where Cy and C; — are the concentration values of the K>Cr,O- solution at the initial time and time t; Ao and
A — are the values of the optical density of the K>Cr>O7 solution at the initial time and time t at 285 nm.

The effect of pH on the decomposition efficiency of Cr(VI) ions was evaluated in the range of values
1.5-7.0 (0.1 M NaOH or 0.1 M HCI) at 30 °C, other conditions were similar to those described above. The
effect of temperature on the efficiency of Cr(\VI) decomposition was studied in the temperature range of 20—
38 °C (pH=2, Cr(VI) concentration was 2.0x10* M).

Results and Discussion

Classical chemical processes of copper plating [34, 35] are widely used in the production of various
types of nanoscale materials [36]. In previous studies, various types of reducing agents such as formaldehyde
[35], ascorbic [37, 38] or glyoxylic [31, 39, 40] acid, hydrazine hydrate [41], hypophosphite [42],
dimethylamine borane [43, 44], etc. were used in copper deposition solutions. At room temperature, the re-
duction reaction of copper(ll) ions is possible only when using formaldehyde as a reducing agent, but its
high toxicity limits the use of this composition for coatings used in pharmaceuticals and biomedicine [45].
The use of hypophosphite or hydrazine is possible only at elevated temperatures, which limits their wide-
spread use in practice.

Figure 1 shows electron micrographs of the synthesized composite TeMs. In these SEM images, besides
the nanochannels that are still visible in places, the accumulation of nanoparticles (NPs) is clearly visible as
an abundant phase covering the entire surface of PET TeMs and the interior of the nanochannels.

..

Cu_GIy/PET Cu_DMAB@PET

Figure 1. SEM images of the surfaces of synthesized composites

As can be seen from the XRD patterns of synthesized composite membranes in Figure 2, characteristic
peaks consistent with the metallic copper, and PET template are apparent in the diffractograms of the
Cu_CHOH@PET as well as Cu_GIy/PET samples; Cu_ DMAB@PET composite has an additional peak re-
vealed to the Cu,O phase.

Table 1 presents the data of X-ray phase analysis of composites obtained using various reducing agents.
The quantitative phase composition was determined using the Rietveld method, which is based on estimating
the areas of diffraction peaks by approximating them and determining convergence with reference values for
each phase [29]. As can be seen from the data presented, when using DMAB-based deposition solutions, the
formation of two phases is observed — pristine copper (0) and copper (1) oxide. In other cases, monophase
copper microtubes with a degree of crystallinity of 72.8 and 61.7 %, respectively, are formed for deposition
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solutions based on formaldehyde and glyoxylic acid. The sizes of copper crystallites of the order of
19.4+4 nm were calculated according to the Scherrer equation for Cu CHOH@PET samples, for
Cu_Gly@PET KTM was of the order of 25 nm.
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Figure 2. X-ray diffraction (XRD) patterns of composite membranes
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Table 1
Changes in the crystal structures of the composites according to XRD data
Phase/ Cell
Composite phase | Symmetry (hkl) | 26° d A Average FWHM | parameter, Crystallinity
content group L, nm A degree, %
%
Cus0/ 211 |53.64| 1.707 1.775
3724 Pn-3m(224) | 220 |62.37| 1.488 | 65.6+16 | 0.122 4.205
' 221 |66.61| 1.403 0.187
111 4349 | 2.079 0.438
Cu_DMAB@PET cu/ 200 |50.70| 1.799 0.113 67.0
626 Fm-3m(225) | 200 |50.79| 1.796 | 58.2+30 | 0.277 3.598
' 220 |74.63| 1.271 0.189
311 |90.27| 1.087 0.066
cu/ 111 | 43.60| 2.075 0.349
Cu_Gly@PET 100 Fm-3m(225) | 200 |50.71| 1.808 24.7+7 | 0.571 3.603 61.7
220 |74.09| 1.279 0.366
111 4348 | 2.08 0.404
Cu/ 200 |5041] 181 0.655
Cu_CHOH@PET 100 Fm-3m(225) 220 | 7424 128 19.444 0513 3.604 72.8
311 8994 | 1.09 0.715

The catalytic activity of composite TeMs was investigated by converting toxic Cr(VI) to Cr(lll) in the
presence of formic acid as a reducing agent at 38 °C. K.Cr,O; was selected as a chromium source. The
Cr(VI) reduction process was monitored using UV-visible spectroscopy. Figures 3a-c show the optical densi-
ty spectra of solutions containing Cr(V1) after the addition of catalysts. First of all, it should be noted that the
reduction of Cr(VI) in the presence of formic acid and without the addition of a composite catalyst does not
lead to an effective spectral change in the absorption of Cr(VI1) (Fig. 3d). The intensity of the characteristic
absorption peak at 352 nm for Cr,0O,*, which is caused by the charge transfer transition of ligand (oxygen) to
the metal (Cr(V1)), decreases over time confirming the rapid reduction of Cr(VI). Thus, the reduction effi-
ciency of Cr(VI) after 10 minutes of reaction was about 98 % for composites of the Cu_GIy@PET and
Cu_CHOH@PET composition. This indicator was only about 37 % after 10 minutes for Cu_ DMAB@PET
composite TeM samples. Visually, there is a change in the solution’s color from yellow to colorless within
10 minutes, which indicates an effective conversion of Cr(VI) (yellow) to Cr(l1l) (colorless). The presence of
Cr(I11) ions as a reaction product is confirmed by the addition of an excess of sodium hydroxide solution, and
the appearance of a green color characteristic of hexahydroxochromate (I11) (Figure 3e) [46].

It is believed that the adsorption of both chromate and hydrogen donor (formic acid) on the surface of
nanoscale catalysts leads to the redox decomposition of formic acid into carbon dioxide and hydrogen, which
leads to the reduction of Cr(VI) to Cr(l11) by proton transfer (Figure 3f).

Initially, the effect of the pH of the initial solution on the effectiveness of the studied catalysts in the
decomposition reaction of Cr(VI1) chromium ions (Figure 4) was studied. The studies were carried out for a
series of Cu_GIy@PET samples. From the presented graphical data, it is obvious that the efficiency of the
reduction of chromium ions Cr(V1) significantly decreases with an increase in pH from 2.0 to 7.0. The re-
sults showed that the low pH was favorable for the adsorption and decomposition of formate and dichromate
reagents. For one part, the addition of dilute hydrochloric acid provides the required level of acidity of the
reaction mixture and promotes the transfer of hydrogen atoms. For the other part, a low pH is most favorable
for formate and dichromate reagents, which both have a negative charge and are adsorbed on a composite
catalyst. In addition, it should be noted that at all studied pH levels, Cu_Gly@PET porous composite cata-
lysts retain good catalytic reduction activity and physical and chemical stability. It was previously shown
that due to the prolonging effect of catalytic agents and the strong binding force existing between ions, the
surface acidity of catalysts increased at low pH values and, as a result, an increase in catalytic properties was
observed [7]. Considering the results obtained, all further studies and tests were carried out in solutions with
a pH value of 2.0.
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Figure 3. UV-vis absorption spectra of Cr(V1) ion reduction reaction in the presence of various types
of composites as a function of time (a—c) without any catalyst and (d) and the image of the initial feed solution
of Cr(V1) ions before and after catalysis and after the addition of excess NaOH (e) and the proposed
mechanism of Cr(VI) reduction up to Cr(l11) in the presence of CU@PET composite catalyst (f)
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Figure 4. Variations in Cr(V1) ions degradation degree (D, %) as a function of pH for Cu_GIy@PET ZnO@PET
composite membrane (a) and corresponding values of D parameter (b)

Figure 5a shows the graphical dependences of the change in the D value as a function of the reaction
time for all three types of catalysts under study. As can be seen from the presented data, composites obtained
using DMAB as a reducing agent have the least activity in the decomposition reaction of Cr(V1) ions, which
is most likely due to the presence of the copper(l) oxide phase in the composite [27]. The Cr(VI) chromium
ion decomposition reaction proceeds according to the Langmuir-Hinshelwood mechanism and has a pseudo-
first order [35], which makes it possible to calculate the rate constant by changing the concentration of the
key component (Fig. 5b). The calculated value of the reaction rate constant ka for composites of the
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Cu_DMAB@PET composition (0.017 min) is more than 9 times less than that of composites obtained us-
ing glyoxylic acid (0.156 min™) and more than 15 times less than the k, value of Cu_CHOH@PET samples
(0.249 min?).
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Figure 5. The variation in the degree of Cr(V1) degradation (D, %) as a function of irradiation time
in the presence of different composite catalysts (a), and Langmuir—Hinshelwood plots
for photodegradation of Cr(V1) catalyzed by different composites (b)

The effect of temperature on the efficiency of composites in the Cr(V1) ion removal reaction was stud-
ied in the temperature range of 20-38 °C, which also allowed us to evaluate a number of such thermodynam-
ic characteristics of catalysts as activation energy, enthalpy and entropy of activation according to the meth-
ods described in paper [27]. The change in the efficiency of Cr(VI) decomposition at different temperatures
is shown in Figure 6. As can be seen from the presented data, catalysts based on Cu CHOH@PET effective-
ly remove chromium ions Cr(VI) even at low temperatures, which is very important for the further use of
catalysts in technological processes.
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Figure 6. Variation of Cr(VI) degradation degree with irradiation time
at different temperatures in the presence of composite membranes

From the presented data, it can be said that for all catalyst systems, there is a general tendency to in-
crease in the amount of degradation with increase in temperature, and after a certain period, the degradation
reaches almost equilibrium at all temperatures. The highest activity in the degradation of Cr(VI) over the en-
tire temperature range was demonstrated by the Cu_CHOH@PET catalysts, which catalyzed the degradation
of almost all the contaminant in the medium after 15 minutes at 10 °C. Since, Cu CHOH@PET catalysts
demonstrate undeniable catalytic activity even at very low temperatures (e.g. 10 °C); the developed mem-
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brane catalysts seem suitable to be used for wastewater treatment without preheating, especially considering
their ease of use.

Table 2

Thermodynamic parameters of the Cr(VI) decomposition reaction
in the presence of the copper loaded composite catalysts

Composite catalyst Ea, kd/mol AH, kJ/mol AS, J/(molxK)

Cu_CHOH@PET 10.8 13.21 -163.1
Cu_Gly@PET 35.96 38.47 —83.65
Cu_DMAB@PET 37.00 97.19 —58.05

Given the positive AH” and negative AS” values in Table 2, it appears that endothermic interactions and
a decrease in entropy occur at the solid-liquid interface during the degradation process of Cr(VI) ions on the
surface of the studied composite TeMs.

Table 3 presents the data on the efficiency of Cr(VI) ions degradation in the presence of different types
of nanocatalysts. Note that the direct comparison of the D values as well as corresponding ks is hardly possi-
ble, because such parameters as irradiation conditions (lamp capacity and type), amount of the loaded cata-
lyst, and pollutant concentration in tests exert a considerable effect on degradation efficiency value. Never-
theless, it can easily be said that our results compete closely with the existing alternatives and that the ob-
tained composite membranes prepared with formaldehyde and glyoxylic acid are promising objects, consid-
ering particularly their practicality and high surface areas.

Table 3
Catalytic activity of nanocatalysts in the reaction of the Cr(VI) ions reduction
Testing conditions
Cr(VI) 0 .| Ea
Catalyst concentration, Amount Pollutant Lamp type D, % | ka, min KJ/mol Ref.
opm of catalysts, mg | volume, ml
Biogenic Pd NPs 250 0.043 0.1 Visible 95.5 | 0.0971 - [47]
TiO; nanotubes 100 - 100.0 Sunlight 37.0 | 0.0249 — [8]
Pd NPs/Fe:0.@ 354 100 250 | Sunlight | 986 | - ~ | B3
nanocellulose
= 0,

N x=9%)] 190 24 400 | UV-light | 100 | 0093 | 430 | [48]
Cu_CHOH@PET 2.68 99.88 | 0.249 | 108 This
Cu_GIly@PET 58.8 0.7 25.0 Sunlight | 99.56 | 0.156 | 35.96 work
Cu DMAB@PET 2.0 41.04 | 0.017 | 37.00

Conclusions

In this paper, we demonstrate the possibility of obtaining composite catalysts based on track-etched
membranes and tubular microstructures of copper using various reducing agents of copper deposition solu-
tions (formaldehyde, glyoxylic acid, dimethylamine borane). It was found with the help of X-ray diffraction
that copper(l) oxide phase was formed in the composition of synthesized copper microtubules when using
DMAB as a reducing agent, while in other cases single component copper microstructures were formed. It
was shown that all synthesized samples effectively removed chromium ions Cr(VI) in a wide range of pH
values and at various temperatures including low ones. When studying the kinetic parameters of the reaction,
it was found that the reaction rate constant k, of Cu_DMAB@PET composites (0.017 min~*) was more than
9 times less than that of composites obtained using glyoxylic acid (0.156 min-t) and more than 15 times less
than the ka value of Cu_ CHOH@PET samples (0.249 min).

Analysis of the calculated activation energy values showed that the most effective catalyst could be
considered composite TeMs samples obtained using formaldehyde as a reducing agent.
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A.A. Mamennena, H.A. Aiimanosa, H. [Tapman6ex, JI.III. Anteiab6aesa, JI.T. HypneiicoBa

Xpom(VI) noHaapbiH KATAIMTHKAIBIK K010 YiliH Cu@ PET kypamabl
KOMIIO3MTTI TPEKTi MeMOpaHaIapbIH KOJAAHY

byn 3eprrey xymeiceiHna ¢opmanpiaerunn (Cu CHOH@PET), mumermmamuu6opan (Cu DMAB@PET)
skoHe THoKcH KbIKbUIB! (Cu_ Gly@PET) cuakTh opTyp:1i KypaMabl TYHIBIPY €pITIHAUIEPIH KoHE STyl
TYPAET1 TOTHIKCHI3AaHABIPFHIIITAPIB MaiiaNaHa OTBIPHIN, MBIC MHKPOTYTIKIIENepl Heri3iHae KOMIO3HTTL
TpeKkTi MeMmOpaHanmapAbl ajldy epeKmenikrepi 3eprrenmi. KommosuTrepaiH KypbUIBIMBI MEH Kypambl
MOPOMETPHS, CKAHEPIICYII 3IEKTPOHIBI MEKPOCKOIINS JKOHE PEHTTEHIIK (pa3aiblK Tangay apKbUIbl 3ePTTEIII.
TOTBIKCBI3AAHBIPFBINT  PETiHAC IUMETHIAMHUHOOpAHIb! NaljallaHFaH d>Karjaiifia alblHFaH KOMIIO3UTTED
mbictad  (0) (62,6 %) xoHe w™bic (I) oxcuminen (37,4 %) TypaTeIHIBIFEL, Oacka Karaaiiaapna
MOHOKOMIIOHEHTTI MBIC MHKPOTYTIKIIeNepi ajbHFaHbI KepceTinreH. Katamntukanslk 6enxceninik xpom (VI)
WOHJIAPBIHBIH TOTHIKCHI3[aHY PEaKIMSACHIHBIH MBICAJbIHAA 3epTTeNAi. MOHOKOMIOHEHTTI KOMIIO3HTTEP.Ii
KOJIZIAHFaH Karjaiila XpoM HOHAAPBIH KO THiMaLmiri 95-99 %-ra neitin xereni, an Cu_ DMAB@PET
KOMITO3UTTEPiHIH KypaMbIHIa OKCHUATIK (a3aHbIH OOyl KaTalu3aTOpJApIbIH OCJICEHALTIriH aiTapibIKTai
TeMEHJIeTe Il )KOHE YKcac >KaFaaiiiap/ia peakuust )KyHeciHeH JacTayImsl 3aTTapAblH 41%-bI FaHa >KOUBLIAIBL
Cr(VI) TOTBIKCBI3NaHY pEaKUUSACHIHBIH IICEBAO-OipiHINI pPeTTi OonaThIHBI koHE JIeHrMiop-XuHIIETbBY
MexaHm3Mi OoifpiHIIa JKypeTiHi kepceTinreH. Cu DMAB@PET yurinepi yImmiH peakuust XbUITaMIBIFBI
KOHCTAaHTACBIHBIH ecenTenred MoHi (0,017 mun ) Cu_Gly@PET ynrinepinen (0,156 munt) 9 ece a3 oHe
Cu CHOH@PET xommnosutrepinin Ka mominen (0,249 muu™) 15 ece a3. 3epTreneTiH KOMIO3UTTEPIIH
KaTaTUTHKAIBIK KacHETTepiHe TemiepaTypanbly acepi 10-38 °C Ttemmeparypa apajibIFbIHAA 3EpPTTEINI;
AKTUBTEHY OHEPIMACHI, AKTHBTEHY OHTAIBNMSACH JKOHE OSHTPOIMACH CHSIKTBI TEPMOIMHAMHKAIBIK
cumattamanap ecentenai. EH Temenri aktupreHy sHepruscel Cu CHOH@PET yorinepi yuriH anslHFaHBI
QHBIKTAJIIBL.

Kinm ce30ep: KOMIIO3UTTI TpeKTi MeMOpaHanap, KaTaJu3aTopiap, MbIC MHKPOTYTIKIIENepi, XPOMABI KO0,
TEMILIATTBl CHHTE3, XUMHUSIJIBIK TYH/IBIPY.

A.A. Mamennesa, H.A. Aiimanosa, H. [Tapman6ex, JI.III. Antein6aesa, JI.T. Hypneiicoa

IpuMeHeHHe KOMIO3UTHBIX TPEKOBBIX MeMOpaH coctaa CUQPET
IS KATAJIMTHYECKOTo yaajeHnusi noHoB xpoma(V1)

B maHHOM McclieOBaHUM HaMHU M3Yy4eHbI 0COOCHHOCTH MOJTyUeHHUS] KOMITIO3UTHBIX TPEKOBBIX MEMOpaH Ha OC-
HOBE MUKPOTPYOOK M€/ C FCHOJIb30BAaHNEM PA3INIHBIX COCTABOB PACTBOPA OCAXKACHHUS M Pa3INIHBIX THITOB
BOCcTaHOBHTENeH, Takux kak popmanbaerus (Cu CHOH@PET), qumernnamunbopan (Cu DMAB@PET),
rimokcnnoBas kuciora (Cu_Gly@PET). CtpykTypa i cocTaB KOMIO3UTOB HCCIIEAOBAaHBI METOAMH MOPO-
METpPHUH, PACTPOBOI IITEKTPOHHOH MHKPOCKOIINY M peHTreHo(ha30Boro aHanm3a. [TokazaHo, 9To B caydae Hc-
TOJIb30BaHUs TUMETHIaMUHOOpaHa B Ka4eCTBE BOCCTAHOBUTEIS TOJIyYSHHBIE KOMIIO3UTBI COCTOSIT U3 OKCHIA
mean(l) (37,4 %) u mean(0) (62,6 %), B ocTanbHBIX CiIydasx ObLIH MOJy4YeHb MOHOKOMITOHEHTHBIC MEHbIC
MHKpOTpYOKH. KaTannTnueckyro akTHBHOCTH HCCIIEIOBAJIM Ha MPUMEPE Peaklud BOCCTAHOBICHUS HOHOB
xpoma(VI). [Toka3aHo, 4TO B Ciiydae NMPUMEHEHNST MOHOKOMIIOHEHTHBIX KOMIIO3UTOB 3 eKTHBHOCTE y/aie-
HUS HMOHOB Xpoma jpocturaer 95-99%, B To BpeMs Kak HaiaWdMe OKCHAHOH (a3sl B cCoOCTaBe
Cu_DMAB@PET kOMHO3UTOB 3HAYUTEIHHO CHIDKAET AKTHBHOCTH KAaTaJM3aTOPOB W ITIPH AHAJIOTHIHBIX
YCIIOBHSX M3 PEAaKIMOHHOW cHUcTeMBbl yaamsiercs muimb 41 % 3arps3autens. [loka3aHo, 9To peakiys BoccTa-
HoByteHnst Cr(VI) mMeer mceBmo-IepBEId MOPSIOK M MPOTEKaeT Mo MexaHm3My JIeHrMmiopa-XuHIIENbBYAA.
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PaccunTaHHOE 3HAYEHHE KOHCTAHTBI CKOPOCTH peakuuu ans o6pasuos Cu DMAB@PET (0,017 munt) 6o-
Jiee 4eM B 9 pa3 MeHbLIE aHAIOTMYHOIO MoKazaTens s 06pasuos Cu_Gly@PET (0,156 mun?) u Gonee yem
B 15 pa3s menbne uem BemmunHa Ka kommosuros cocrasa Cu CHOH@PET (0,249 mun ). Brnsaue Temme-
paTyphl Ha KaTIUTHYECKHE CBOMCTBA HCCIIEAYyEeMBIX KOMIIO3HTOB HM3ydalW B MHTepBasie Temmeparyp 10—
38 °C; Obum paccyWTaHBI TaKHe TEPMOANHAMHIYECKHE XapaKTePUCTHKN KaK SHEPrHsl aKTUBAIMN, YHTAJBITHS
W DHTPOINS aKTHBAIMH. Y CTAHOBJICHO, YTO MHHHMAaJbHOE 3HAUCHHE SHEPrHH aKTHBAIMU OBLIO MONY4YEHO
st oopasioB Cu CHOH@PET.

Kniouesvie cnoa: KOMIO3UTHBIE TPEKOBBIE MEMOpaHBI, KaTaIU3aTOPbl, MUKPOTPYOKH MEIH, yIaleHHe Xpo-
Ma, TEMIUTaTHBIN CHHTE3, XUMHUYECKOE OCaXJICHHUE.
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