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Due to their high surface area, electronic properties, energy storage performance and catalytic activity, two-dimensional
(2D) nanostructures have attracted significant interest and great attention in developing science. Layered double
hydroxides (LDHs) belong to 2D nanostructures and have a high surface area, very important physicochemical properties,
and biological activity. However, there has always been great interest in their doping to enhance and improve these unique
properties, especially photocatalytic activity. In this work, ZnAl-based LDHs were synthesized and their doping with
active- (Ca, Sr), transition- (Co, Cu, Cd, Ni, Pb, Fe), noble- (Ag) and rare earth- (La) metals were carried out by
impregnation method. The removal of cationic and anionic dyes from aqueous solutions by adsorption and
photodegradation on as-synthesized and doped ZnAl-LDH/PVA nanocomposite was also studied. The obtained results
were correlated with the structure and physicochemical properties of the nanocomposites.
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1. INTRODUCTION

2D nanomaterials are generally layered materials can
be classified according to their chemical composition,
properties, and application. They are classified based on
different criteria like sheets layered nanostructures, films,
nano-patterned surfaces, and coatings [1]. Graphene
[2, 3], graphene oxide (GO) [4], Mxenes [5], silicate
clays [6], hydroxides, and layered double hydroxides
(LDHEs) [7], [8], some of transition metal chalcogenides
[9-11], some of transition metal oxides (TMOs) or mixed
metal oxide (MMO) [12, 13], black phosphorus nano-
sheets (BPN), Boron and boron nitride nanosheet,
antimonene (AM) and antimonene oxide nanosheet [14]
are sheet-like layered nanostructures possess excellent
physical, mechanical, chemical and biochemical proper-
ties due to structures, high surface area and surface
charge. In order to obtain new physicochemical proper-
ties in nanomaterials, new 2D nanomaterials are currently
being synthesized in science, or modification of known
nanostructures is being carried out. In layered nano-
structures, atoms on the layer chemically bonded each
other and there are physical interactions between the
layers to form bulk crystals [1], [15, 16].

This research article will focus on layered double
hydroxides (LDHs) which are very important represen-
tatives of 2D nanostructures containing positively
charged layers and their compositional properties will be
discussed in detail. LDHs are layered crystalline hydro-
xides with excellent conductivity, surface active, optical,
electrical, mechanical, thermal, magnetic, catalytically
properties which have broad application in photocatalysis
[17-19] supercapacitors [20, 21], fire retardant [22, 23],
energy storage [24, 25], anion exchange materials
[26, 27], biomedicine [28, 29], electrochemical sensors
[30], and other field. As known, to enhance or change the
electrical, optical and structural properties of semi-
conductor nanoparticles, it is very important to include or

dope small or large amounts of other elements on their
surface or inside. Many experiments on metal doping to
TiO, have been carried out in the literature [31].
Depending on the nature and amount of the dopant and
method, various but excellent results have been obtained
[32]. However, since LDHs themselves are formed from
atoms of various elements, their doping has not been
widely studied. It is for this reason that by taking LDH
with a uniform composition (ZnAl), it was doped by the
method of impregnation with metals of different activity.
The photocatalytic activity of doped materials was studi-
ed by decomposition of dye compounds under sun light
and explained in detail.

2. EXPERIMENT

2.1. Synthesis of Zn Al LDH in PVA matrix

Zinc-aluminum layered double hydroxide (ZnAl
LDH) nanoparticles in polyvinyl alcohol (PVA) matrix
was synthesized via co-formation method [33]. 40 mL of
10% PVA solution was added into the mixed metal salt
solution before the co-precipitation with Zn/Al = 3/1
molar ratio and mixed for 30 min. 25 mL of 5 M sodium
hydroxide (NaOH) solution was drop wise added to the
mixed salt solution. The pH of the sample was adjusted
to ~10 by adding some additional drops of NaOH
solution. The obtained slurry was aged for 2 weeks and
heated at 90 °C for four days, washed with hot distilled
water (~98°C), dried at room condition (at 25 °C), cuted
into pieces and used for the adsorption and sunlight
photodegradation of anionic and cationic dyes like
Ponceau 4R (P4R) and Rhodamin 6G (R6G). The
chemical structures of ponceau 4R and Rhodamin 6G are
shown at Scheme 1:
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Scheme 1. The molecular structure of Rhodamine 6G (a)
and Ponceau 4R (b)

2.2. Doping of Zn Al LDH by impregnation

method

The metal doping [cobalt (Co), copper (Cu), cadmium
(Cd), nickel (Ni), lead (Pb), iron (Fe), silver (Ag),
lanthanum (La), calcium (Ca) and strontium (Sr)] of the
obtained nanocomposite was carried out for enhancing
the photodegradation. The pathway of nanocomposite
synthesis can be shown as follow: zinc sulfate hepta-
hydrate (ZnSOs x 7H20) and aluminium sulfate octa-
decahydrate [Al2(SO4)s x 18H,0] water solutions were
prepared — mixed together (Zn/Al = 3:1) — added into
PVA solution — titrated with 5 M NaOH — adjusted to
pH 10 — strongly shaked — heated at 90 °C — wa-
shed — dried.

The pathway of metal doping can be shown as follow:
Well dried and cutted nanocomposite obtained as above
was added into 1mM metal salt solutions of iron (1)
sulfate heptahydrate (FeSO, x 7H-0), nickel(ll) nitrate
hexahydrate [Ni(NOgz), x 6H,Q0], cobalt (1) nitrate hexa-
hydrate [Co(NO3), x 6H20], lead (I1) nitrate (PbNO3),
cadmium nitrate tetrahydrate [Cd(NOgzy. x 4H,0], copper
sulfate pentahydrate (CuSO4 x 5H0), calcium nitrate
(CaNQg), strontium nitrate hexahydrate [Sr(NOs), x
6H,0] and silver nitrate (AgNOs) — aged for 4 h in a
dark — heated for 3h at 90°C — cooled down till room
temperature — washed — dried at room condition —
heated at 150°C for 7h — used for the sorption and
photodegradation.

Lanthanum (La) doped ZnAl-LDH was synthesized
by mechanically mixing of as-precipitated LDH solution
with lanthanum oxide 1% La;Os.

2.3. An overview of the synthesis pathway

of metal doped LDH

The choice of method for the synthesis of LDHs
directly affects their crystallization. Sometimes, even if
the method is the same, the crystallization may not go
well if the reaction conditions and parameters are not
chosen properly. For this, some scientists apply an aging
for the synthesis.

Fe-doped LDH was synthesized as an effective
photocatalyst for the Cr(VI) reduction of [34]. In the
process, 1.19 g of Zn(NO3), x 6H,0 and 0.11 mL of
TiCls were added into 50 mL of deionized wa-
ter — added 1.5 g of urea — mixed — heated at 130 °C
for 12 h — followed by ultrasonication by adding mont-
morillonite in10, 20 and 30 wt% for 3 h — refluxed for
12 h — filtrated — washed with the DI water. For the Fe
doping, the obtained precipitate (0.2 g) was dispersed in
Fe(NO)s x 9H,0 solution (200 mL 0.015 mM) — stirred
for 10 min at pH 3 — filtrated — washed with deionized
water — dried at 75 °C for 24 h in an oven [34]. In
another work, the synthesis of Fe-doped ZnAl-LDH,
Zn(NO3)2 (6 mM) and a variable mixture of AI(NOs)s
and Fe(NOs); (2 mM) was added (1 mL/min) to the
carbonate solution (pH 10) — stirred at 50 °C for one
hour — pH adjusting to 10 with 1M KOH — filte-
red — dried at 100 °C for one hour [35]. In the synthesis
of Ni-doped ZnAlI-LDH, the composition of the precursor
consisted of 2 mM AI(NO3); and 2 mM of a variable
mixture of Zn(NOs), and Ni(NOs), solutions [35]. In the
synthesis of Mn-doped Zn-Al LDHs with 0.5; 1, and
3.0% of Mn, the nitrate salts of Zn, Mn and Al in ade-
quate proportion were dissolved in distilled wa-
ter - heated at 90°C by hydrolysis with urea
(NH2CONH2) - pH was adjusted to 10 with
NaHCO3/NaOH  solution — vigorously  stirred at
90 °C — refluxed during 36 h — filtered — washed with
hot water (90 °C) — dried at 100 °C for 12 h [36]. In the
Cerium (Ce) doped LDH experiment, Zn(NO3), x 6H,0
(0.05 M), AI(NO3)3 x 9H,0 and Ce(NO3)s x 6H,0 (toge-
ther with 0.025 M) were dissolved boiled-distilled water
(100 mL) — added to 200 mL of NaNOs solution
(0.1 M) under stirring at room temperature approxi-
mately 1.5 h — adjusted pH = 10.0 by the addition of
2M NaOH solution —aged at 65°C for
18 h — filtered — washed with boiled distilled water by
three times — dried at 60 °C [37]. In Terbium (Th) doped
ZnCr-LDH synthesis, two aqueous solutions (0.2 M Zn
nitrate, 0.1 M Cr+Th nitrates precursor and bases like 1M
NaOH and 0.5 M Na;COsz) were prepared — simul-
taneously added to deionized 100 mL of water — the pH
maintained at 9 — transferred into an autocla-
ve — hydrothermally  treated at 120°C  for
24 h — filtered — washed with deionized water — dried
at 60 °C for 24 h. 0.5% Tb* doped LDH shows high
performance in oxygen evolution (1022 umol-h™t-g™?)
among other ratios [38]. In the experiment of synthesis of
Dy doped LDH with a 30:9:1 ratio 447099 of
Zn(NQOg),- 6H.0, 2.6671g of AI(NOs)s-9H.0, and
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0.2741 g of Dy(NOs3); dissolved in 250mL distilled water
in nitrogen atmosphere — titrated with 4% ammonia
solution — pH adjusted to 9 — recovered the white
powder — washed with distilled water — dried at 60 °C.
In the experiment of Lanthanum (La) dopped LDHs,
Zn(NO3)2 x 6H.0 solution was mixed with AI(NO3); x
9H,0 and La(NOs); x 6H,O mixed solution and drop-
wise added with together base solution containing NaOH
and Na,CO3; — stirred for 4 h at 85 °C at 10 pH — aged
for 20h at 65 °C — filtered — washed — dried and
ground [39].

In another work, a mixed solution containing
Zn(NOs3)2 x 6H20 (1.0 g), Cr(NOs3)3 x 9H,0 (0.27 g) and
La(NOs)s x 6H,0 (0.2 g) and a mixed base solution con-
taining 2 M NaOH and 0.5 M Na,COs were added to a 3-
necked flask simultaneously — pH was adjusted to 9-10
by adding 1 M NaOH — stirring for 12 h — transferred
to Teflon-lined stainless steel autoclaves — heated at
160 °C for 24 h — centrifugated — washed with deioni-
zed water — dried at 80 °C in an oven for 6 h [40].

3. RESULTS AND DISCUSSION

3.1. Physical-chemical characterization of as-

obtained ZnAl-LDH/PVA nanocomposite

XRD results of as-obtained and P4R adsorbed,
photodegradated ZnAl-LDH/PVA nanocomposite are
given in Figure 1. It is seen that the expected diffraction
peaks of ZnAl-LDH with 003; 006; 101; 015; 018; 110
and 113 Miller index are observed which is confirm the
formation of hydrotalcite-like (JCPDS No. 48-1023)
structure. Because the P4R is an anionic dye, it is inter-
calated the layered structure. The basal spacing increased
from 0.7nm to 0.724nm and 0.762 nm after the
adsorption and photodegradation of P4R, respectively.
The diffraction peak corresponding 003 Miller index
doubles after the photodegradation which is explained by
the formation of two phases (relaxed and strained) under
the light [41]. The average particle size increased
subsequently from 17 nm to 12 nm and 4 nm by the
sorption and photodegradation, respectively. It is
explained by the fact that, with the increase in the
distance between the layers, the stability of the crystal
lattice is weakened and the layers are expanded and
separated. Since the R6G is a cationic dye, it could not
intercalate the positive LDH layers and did not expand
the interlayer distance. Therefore, there was no essential
change in the XRD diffractogram after the sorption.

The FTIR spectra of as-obtained and P4R dye adsor-
bed ZnAl-LDH/PVA nanocomposite are shown in
Figure 2. The transmittance bands fitting —OH (3600-
3100 cm™) of water, alcohol and carboxylic acid
molecules were observed more clearly after the adsorp-
tion of anionic dye (P4R). It is related to the fact that
some of the water molecules also entered between the

layers during the intercalation via dye adsorption.
The band fitting to asymmetrical R-SOs~ is observed
after the sorption of P4R molecules. The plenty amount
(3) of aryl sulfonate group on the dye molecule made the
band significantly intensive. The bands observed at
frequency 1651 cm™?, 1558 cm™, 1492 cm™ match up
with H20, —-N=N-, -C=C-—, respectively [42]. Symmetri-
cal -SO;™ falls at 1200 cm™ and 1141 cm™ frequency.
The bands corresponding metal hydroxides (739 cm™ for
Al-O-H and 690 cm™ for Zn-O-H (Figure 2, a) are shif-
ted to high wavenumber (776 cm™ for AI-O-H and
717 cm™ for Zn-O-H (Figure 2, b) after the adsorption of
P4R. Itis explained by the fact that the interlayer physical
interaction has weakened because of the intercalation.
Therefore, the free energy of the hydroxide layer
increased [43].
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Figure 1. XRD pattern (A) and SEM image of ZnAl-LDH/PVA
nanocomposite
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Figure 2. FTIR spectra of as-obtained (a) and P4R adsorbed (b) ZnAl-LDH/PVA nanocomposite

3.2. Adsorption and photodegradation of anionic

(P4R) and cationic (R6G) dyes onto ZnAl-LDH/

PVA nanocomposite

Sorption and photodegradation processes were taken
place at a neutral pH of 5 ppm (R6G) and 20 ppm (P4R)
of dye concentrations. 10 mg of sorbent in 10 mL of dye
solution was taken, and the maximal absorbance was
detected as 517 and 527 nm for P4R and R6G by Ultra-
violet-visible (UV-Vis) spectrometer, respectively.
As can be seen from table 1, the P4R sorption degree of
undoped pure nanocomposite is low than metal doped
ones. Itis increased by Cd, Cu, Fe, Co, Ni and Ca dopants
and decreased by Ag and Sr dopants. The increase of
sorption degree by doped nanocomposites can be
explained by the increase of positive charges of metals
which enhaced the adsorption of anionic P4R dye by
electrostatic effect onto positively charged nanocom-
posite. The decreasing of the sorption degree with Ag and
Sr can be explained by the tendency of silver to
sulphidation and strontium to oxididation in open air.
Because silver shows +1 and +2 oxidation states it creates
many defects in the LDH structure and it must increase
the photocatalytic activity. But here the activity of Ag-
doped LDH photocatalyst increased for the degradation
of cationic dye (R6G), but not for anionic dye (P4R).
It can be explained by the fact that the doping of metals
was carried out by the impregnation method but not by
co-formation. With this method, the distribution of the

dopant element in LDH takes place on the surface. Unlike
anionic dye, the cationic dye cannot intercalate into LDH,
so its sorption happened on the surface and photo-
degradation increased due to surface defects. Defects that
were more formed during Ag doping and had a high
distribution on the surface. The maximal adsorption
degree is observed by Cu and Cd doping metals (Table 1)
for anionic dye because of the increasing of positive
charges. In contrast to adsorption, the photodegradation
degree of as-obtained undoped ZnAl-LDH/PVA nano-
composite is high for anionic dye (P4R) (Figure 3), but it
is enhanced by Cd, Fe, Ag, Co, Sr and Ca dopants. The
maximal photodegradation degree is observed by Sr and
Fe doping metals. In spite of the fact that Cu-doped LDH
shows high adsorption, the photodegradation degree is
happened very low (~60%). In the literature, the increase
of photocatalytic activity with doping is mainly explai-
ned by the decrease of the band gap energy and thus the
increase of the electron transition [44]. The results of the
research work are consistent with this concept. So the
band gap energy decreased from 3.12 eV to 3.1 eV by Sr
and Ag, 3.09 eV by Pb, 3.08 eV by Cd, 3.06 eV by Co,
3eV by Cu and Ni, 2.6 eV by Fe and 2.2eV by La
dopants (Figure 4). However, the nature of the dopants,
whether they are s, d or f elements, and thus the formation
of n- or p-type conductivity directly affects the recombi-
nation of h+ and e- pairs, as well as the decomposition of
dyes by the resulting radicals.
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Table 1. Adsorption and photocatalytic degradation degrees of P4R anionic dye onto as-obtained
and metal doped ZnAl-LDH/PVA nanocomposites

Doping metals — Cd Cu Fe Ag Co Ni Sr Ca Pb
Sorption degree,% 50.98 64.40 66.54 54.92 4347 54.74 55.99 45.97 51.87 41.68
Photodegradation degree,% 92.07 94.09 60.08 94.90 93.10 93.48 89.00 95.32 92.26 91.04
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Figure 3. Adsorption and photocatalytic degradation of P4R anionic dye onto as-obtained (a) and Cd (b), Cu (c),

Fe (d), Ag (e), Co (f), Ni (g), Sr (h), Ca (i) and Pb (j) — doped ZnAl-LDH/PVA nanocomposites
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Figure 3 (continued). Adsorption and photocatalytic degradation of P4R anionic dye onto as-obtained (a) and Cd (b), Cu (c),
Fe (d), Ag (e), Co (f), Ni (g), Sr (h), Ca (i) and Pb (j) — doped ZnAl-LDH/PVA nanocomposites

Table 2. Adsorption and photocatalytic degradation degrees of R6G anionic dye onto as-obtained
and metal doped ZnAl-LDH/PVA nanocomposites.

Doping metals As obtained — Cd Cu Fe Ag La Ni Sr Ca Pb
Sorption degree,% 19.59 3105 | 2351 1645 | 1068 | 19.00 578 1097 | 1743 | 1693 | 1058
Photodegradation degree,% 88.54 87.56 7943 66.01 57.98 81.78 67.87 66.11 81.39 75.51 65.13

327 o than the metal doped ones. As can be seen from the
, o T T Figure 5, b, h and i, the intensity of absorbance bands at
"'\ low wavelength decreased significantly which are

28 correspond to organic and aromatic species. As can be
\_ seen from the spectra, if the photocatalyst is not used, the

2,6
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2,2 1
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Figure 4. Band gap values of metal doped and undoped
ZnAIl-LDH/PVA nanocomposite

As can be seen from Table 2, pure ZnAl-LDH/PVA
nanocomposites without any doping are an excellent
photocatalyst for cationic dye (R6G). The effectivity in-
creased from adsorption to photodegradation (Figure 5).
Here La did not affect the adsorption, in contrast the
sorption degree occurred very low. The potential effec-
tivnes of using rare-earth elements-LDHs and their
related oxides as photocatalysts are being investigated by
numerous authors [45]. The authors confirm that, the co-
existence of La3* species leads to an improvement in the
photocatalytic properties of LDH materials [40, 46]. Here
the photocatalytic degradation activity of R6G increased
despite very low adsorption and reached to 67.87%
which is also not a good result beside undoped- and Sr,
Ag, Cd and Ca doped LDH. It can be released the electro-
static repulsion interaction between these elements and
cationic dye. As a result, we can say that, both adsorption
and photocatalytic degradation of cationic dye like R6G
is better with undoped ZnAl-LDH/PVA nanocomposite

photodegradation of dyes also takes place with low
degree (Figures 1, 2). The decomposition of R6G without
catalyst is faster than that of P4R. In Cd-doped LDH, the
light decomposition curve without catalyst almost
overlaps the sorption curve.

The photocatalytic degradation mechanism can be
described as follow [47-53]:

Adsorption of P4R:
CooH11N2NazO10S3 + ZnaAl[(OH)e]+3 . 3(N037) .
9H,Ochemisorp. — ZNAI[(OH)6]*® - x C20H11N2010S3> -
9H,0

Adsorption of R6G:
C2sH3:CIN2O3+ Zn3A|[(OH)e]+3(N037) :
9H2Opnysicosorp. — ZnSAl[(OH)6]+3 -(CI") - 2(NO3") -
9H,0+ +Cy3H31CIN,O3

Photodegradation:
ZnAl-LDH (with and without dopants) + hv — ZnAl-
LDH (ec|37 + hVB+)
H,O + h* — OH + H*
O,+e — 0Oy
P4Rags + hv — P4R s
P4R" + e — P4R~
P4R™+ h* — P4R*
R6Gags+ hv — R6G s
R6G™ + e — R6G~
R6G™+ h* — R6G*
ZnAl-LDH (ece™ + hyg*) (with and without dopants) +
R6G*(or R6G™, P4R™, and P4AR") — Degradation pro-
ducts + ZnzAl[(OH)6]**(NO*") - 9H,0 (regenerated
catalyst)
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Figure 5. Adsorption and photocatalytic degradation of R6G cationic dye onto as-obtained (a) and Cd (b), Cu (c),
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Figure 5 (continued). Adsorption and photocatalytic degradation of R6G cationic dye onto as-obtained (a) and Cd (b), Cu (c),
Fe (d), Ag (e), La (f), Ni (g), Sr (h), Ca (i) and Pb (j) — doped ZnAI-LDH/PVA nanocomposites

4. CONCLUSIONS

The synthesis of ZnAl-LDH/PVA nanocomposite
and its doping with various metals by impregnation
method were discussed in this research article.
The influence of dopant element to the sorption and
photodegradation is also studied. Because the P4R is an
anionic dye, it intercalated the layered structure by
expanding the basal distance from 0.7 nm to 0.762 nm,
but the cationic dye (R6G) could not. The doubling of
diffraction peaks corresponding 003 Miller index is
explained by the formation of two phases (relaxed and
strained) under the light. It turned out that the photo-
degradation improved by the metal doping of LDH for
anionic dye and weakened for cationic dye because of the
electrostatic interaction between the dyes molecules and
layered structure.
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METAJIJI JIET'UPJIEHI'EH ZnAl- KKI' / IBC HAHOKOMIIO3UTTEPI:
CHUHTE3 ’KOHE COPBHUAJBIK-®OTOKATAJIMTUKAJIBIK KOJIAHY

0.0. banaeBa
Baky memnexemmix ynueepcumemi, baxy, 93ipoaiiscan

Exi emmemzai HaHOKYpBUIEIMAAp (2D) >xorapel OeTiHIH aymaHBIHA, SJCKTPOHIBI KACHETTEpiHE, DHEPTHS CaKTay
OHIM/IUTITIHE )KOHE KaTaTUTUKAIBIK OeJICCHAITIriHe OailyIaHBICTHI FRUTBIM/IBI JAMBITY 1A YIIKCH KBI3BIFYIIBUIBIK MICH YIIKEH
Ha3ap ayxapabl. Kabatter kocapmanras runpokcuarep (KKI') 2D HaHOKYpBUIBIMAApEIHA JKaTadbl XKOHE KOFaphl OETTIK
aymaHbl, 6T¢ MaHBI3IB (PU3UKA-XUMHSIIBIK KACHETTEPl KoHE OMONIOTHUIHIK OerceHainiri 6ap. [lereHmeH, ocel Oipereit
KacHeTTep/Ii, acipece (HOTOKATATNTUKAJIBIK OCICEHAUTIKTI XKaKCapTy JKOHE )KaKcapTy YIIiH OJIap IbIH JOIMHTIHE dpKamIaH
YIIKeH KBI3BIFYNIBLIBIK 00, Byt sxymbicta ZnAl werizingeri LDH cuntesgenai xoue onapasiy 6encenmi- (Ca, Sr),
aybicy- (Co, Cu, Cd, Ni, Pb, Fe), acsur- (Ag) xone cupek xep- (La) meranmap CiHaipy oiCiMeH Kypri3iji.
Cunresnenre sxoHe nerupierred ZnAl-KKI'/monuBuHWI cCIMpTi HAHOKOMITO3UTIH/IE a7cOpOLus )KoHE POTOoAErpagaius
apKBUTBI CYJIBI €pITIHAUIEpACH KaTHOHJBIK XKOHE aHWOHIBI OOSFBIITApIBI JKOIO J1a 3epTTENAi. AJBIHFAH HOTIDKEIEp
HAHOKOMITO3UTTEPiH KYPHLIBIMBIMEH JKOHE (DU3MKA-XUMHUSUIBIK KACHETTEPIMEH KOPPEIIAIMSIIAH IbL.

Tyiin ce3oep: Kabammur koc euopoxcuomep (KKI), memann xocnacwl, copoyus, ¢pomooecpadayus, Pooamun 6G,
Tlonco 4R.
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CHUHTE3 1 COPBIIMOHHO-®OTOKATAJIMTUYECKOE NIPUMEHEHUE JIETUPOBAHBIX
METAJIJTIAMH HAHOKOMITIO3UTOB ZnAl- CAT/TIBC

0.0. banaepa
Bakunckuii zocyoapcmeennutii ynusepcumem, baxy, Azepoaiiodscan

JIBymepHBIe HAaHOCTPYKTYPH! (2D) mpuBIekIn 3HAYUTEIHHBIN HHTEpEC M OONBIIOS BHIMAaHHE B COBPEMEHHON Hayke,
Omaromaps cBoeil OOJBIIOH IITOIA ! TOBEPXHOCTH, JICKTPOHHBIM CBOWCTBAM, XapaKTEPUCTUKAM HaKOIUICHHS YHEPTHA
U KaTajauTHyeckoil akruBHocTh. Ciionctelie nBoiHbIe runpokcupl (CIY) oTHOCATCS K TByMEpHBIM HAaHOCTPYKTYpaM U
o0naaroT OOJBIION TUIONIAIbI0 TIOBEPXHOCTH, OYEHb BaYKHBIMHU (DH3HKO-XUMUYECKUMH CBOWCTBAMH M OWMOJIOTUYECKON
aKTHBHOCTHI0. OJJHAKO BCer/a CymiecTBOBAJ OOJBIION MHTEPEC K MX JETMPOBAHHUIO JUIS YCUJICHUS M YIYULICHHUS THUX
CBOHCTB, 0COOEHHO (POTOKATAINTHIECKOH aKTUBHOCTHIO. B nanHo# pabote 6butn cunTe3upoBansl C/II Ha ocHoBe ZnAl
U TIpOBeNeHO MX JierupoBanue akTuBHbBIME (Ca, Sr), mepexonubiMu (Co, Cu, Cd, Ni, Pb, Fe), 6naropoausiMu (Ag) n
penko3eMenbHbIMHI rteMeHTaMu (La) ocyImecTBIaImucy METOI0M MPONUTKH. Takske ObIII0 H3YUSHO yaadeHUEe KAaTHOHHBIX
1 aHUOHHBIX KpacHTeNeH M3 BOAHBIX PACTBOPOB IyTEM aacopOuuu M (GOTOomErpagalii Ha CBEKECHHTE3UPOBAHHOM H
nerupoBaHHOM HaHokommo3ute ZnAl-CAT/TIBC. [TomyueHHbIE pe3yibTaThl COIOCTABICHBI CO CTPYKTYPOH U (PH3HMKO-
XMMHUYECKHMHU CBOMCTBAMU HAHOKOMITO3UTOB.

Knruesvie cnoea: Croucmule dsotinvie cuopokcudsi (CUI), necuposannvie memannamu, copoyus, gpomoodecpadayus,
Pooamun 6G, [Tonco 4R.
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