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The removal of hazardous substances from wastewater is a major problem in the world. The advantages of
application of Zn-Al layered double hydroxides (LDHs) and their derivatives for removal of organic contaminants consist
in the combination of high adsorption capacity of LDHs and the presence of a photoactive component. Therefore, the
present paper focuses on study of the adsorption and photocatalytic capabilities of Zn-Al LDHs to remove cationic dye
methylene blue (MB) from aqueous solutions. Zn-Al LDHs with Zn:Al ratio 2 were synthesized by coprecipitation method.
Zn-Al LDHs were characterized by XRD, thermogravimetric and spectroscopy analysis. The reconstruction of calcined
Zn-Al LDHs in sodium dodecyl sulfate (SDS) solutions in the range of concentrations from 0.012 mol-L™ to 0.205 mol-L™’
was performed to obtain organo/Zn-Al LDHs. The partial SDS intercalation was clearly evidenced by the appearance of a
peak at low 26 values. SDS-modified LDHs demonstrate the high adsorption capacity to MB. About 90 % of dye was
adsorbed with organo/Zn-Al LDHs from 2x10™ mol-L™ MB solution. The study on optical properties of calcined and
reconstructed Zn-Al LDHs has detected the presence of ZnO that makes possible the using of Zn-Al LDHs as
Pphotocatalysts. About 50 % of dye was destructed by irradiation of MB solution in the presence of Zn-Al LDHs from
2107 mol-L™ MB solution in the presence of calcined at 450 °C Zn-Al LDHs. It has been found that the most complete
removal of the dye from highly concentrated solutions is achieved by MB adsorption with organo/Zn-Al LDH. The
investigation of the irradiation influence on the optical spectra of MB adsorbed on the surface of organo/Zn-Al LDH is
needed to clarify the photocatalytic activity of ZnO-contained organo/Zn-Al LDH. The high adsorption capacity of
organo/Zn-Al LDHs and the ease of both synthesis and separation processes rendered this adsorbent to be a promising
candidate for environmental remediation.

Keywords: layered double hydroxides, organo/inorganic nanocomposites, intercalated surfactants, cationic dye
adsorption, photocatalytic destruction, wastewater treatment
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wastewater and remediatior} of cqntaminants %n be common; Mg®, Zn®, or Ni", and M** may be
surface water, groundwater is a major problem in APt 3+ 3+ 3+ A

. common; A", Ga™, Fe', or Mn". A" is a
the world. Various methods of treatment and
processes have been used to remove the pollutants
from contaminated water [1]. Adsorption is an
inexpensive technique which does not require any
special set up. In the recent years, many kinds of
adsorbents with the catalytic function were
developed and used for removal of nitrate, heavy
metals, and organic pollutants from water. The use
of layered double hydroxides (LDHs) as an
adsorbent in the water treatment was focused by
many researchers [1-3]. LDHs or hydrotalcite-like
compounds are a class of ionic lamellar
compounds made up of positively charged brucite-
like layers with an interlayer region containing
charge compensating anions and solvation
molecules. The metal cations occupy the centers of
edge sharing octahedra, their vertices contain

nonframework charge compensating inorganic or
organic anion, e.g. CO;>, CI", SO, RCO™", and x
is normally between 0.2—-0.4. LDHs layers gain a
positive charge by isomorphous substitution of M*"
for M**, which is compensated by interlayer anions
and water [4].

Due to their anionic exchange capacity, LDHs
are suitable for intercalation and sorption of
negatively charged species but are not applicable
for positively charged ones. The modification of
LDH’s surface with anionic surfactants allows
obtaining composites that are capable to adsorb
many types of organic molecules [5,6]. The
organic phase in the interlayer formed by the
intercalated  organic ions acted as an
adsolubilization medium increasing the affinity of
e Do LDHs for organic compounds. Sodium dodecyl
hydroxide ions that connect to form infinite 2D sulfate (SDS)g modifie dpLDHs demonstrated t}?e
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greatly enhanced sorption of ionizable and
nonionic organic contaminants such as pesticides,
herbicides, and aromatic hydrocarbons [6, 7].

The adsorption greatly reduces the pollution
but is not enough to assess its effectiveness at high
concentration and does not comply with the
standards of the World Health Organization [8]. At
this level, the photocatalysis appears to be quite
promising because of its simplicity. Recently, LDH
have been intensively investigated as promising
heterogeneous photocatalysts because of their
excellent intrinsic photo-response characteristics,
low cost, as well as facile preparation and
modification [9]. LDHs as photocatalysts are
expected to possess large energy-conversion
efficiency as a result of the high dispersion of
active species in a layered matrix, which facilitates
the charge separation. Many LDH-based
photocatalysts have been developed via appropriate
incorporation of photoactive components into LDH
host layers, sensitizing by interlayer functional
molecules and construction of nanocomposites.
Mixed oxides with semiconducting properties may
be obtained by calcination of appropriate transition
metal-containing LDHs. A wide variety of metal
cations, such as Zn®" and Ti*", may be introduced
into the layers [10, 11]. Their relative proportions
may be varied in a fairly wide range. This affords
the possibility of preparing semiconducting oxides
with tunable properties. Photocatalytic applications
of LDHs are an interesting emerging field. Several
semiconducting mixed oxides derived from LDH
have been studied for the photocatalytic
degradation of contaminants, such as Zn-Al
[11, 12], Zn-Ce, ZnFe, Zn-Cr [13], and Mg-Z-nAl
[14] LDHs.

Therefore, the present paper focuses on study
of the adsorption and photocatalytic capabilities of
Zn-Al LDHs to remove cationic dye methylene
blue from aqueous solutions.

EXPERIMENTAL

Preparation of Zn-Al LDHs. All chemicals
were analytical grade and used without further
purification. Zn-Al LDHs with carbonate as the
interlayer anion, with [Zn]/[Al]=1/2 were
synthesized by co-precipitation at a constant pH 10,
following the method described in [4]. A mixed
solution of 0.1 mol of Zn(NOs), and 0.05 mol of
AI(NO;); in 200 ml of distilled water was added
dropwise under vigorous stirring to 200 ml of an
aqueous solution containing 0.3 mol of NaOH and
0.1 mol of Na,CO;.The pH 10 was maintained
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constant by the addition of NaOH. Once addition
was completed, the temperature was raised up to
85 °C and the slurry was being kept for 6 h at this
temperature under continuous stirring. After that,
the slurry was cooled down to the room
temperature within several hours. The product was
isolated by filtration and washed several times with
the deionized water until pH 7. Afterwards, the
solid was dried at 100 °C. The sample was labeled
as ZnAl LDH.

The Zn-Al LDHs were modified with sodium
dodecyl sulfate (CH;(CH,);;SOsNa) by
reconstruction method. Zn-Al LDHs have been
calcined at 450 °C over 2 h to destroy the layered
structure. The suspensions contained 1g of
calcined LDHs and 50 ml of CO,—free aqueous
solutions of DS were stirred for 24 h at room
temperature. The concentration of SDS ranged
from 0.012 to 0.205 mol-L™". The ratios of Al (Zn-
Al LDH) to SDS in solutions for LDH
modification were 1:0.16; 1:0.33; 1:0.55; 1:1;
1:1.5. The SDS modified LDHs were labeled as
ZnAl LDH/DS/0.16; ZnAl LDH/DS/0.33; ZnAl

LDH/DS/0.55;  ZnAl  LDH/DS/1.0;  ZnAl
LDH/DS/1.5.
Characterization. XRD patterns of the

samples were recorded with a DRON-4-07
diffractometer (Cuk, radiation). Calculation of
apparent crystallite size for LDHs has been
performed by Debye-Scherrer ~ formula:
£(20) =0.942/(Dcos®), using (003) and (110)
reflection, employing the FWHM procedure. The
thermogravimetric analysis (TGA) and differential
thermal analysis (DTA) were carried out using a
Derivatograph Q-1500 D MOM (Hungary)
equipment operated under a flow of an air at the
heating rate of 10 °C-min"'. Infrared spectra were
obtained in the range of 4000-400cm™ on a
Thermo Nicolet NEXUS FT-IR spectrophotometer
(Nicollet, USA). The morphology and
microstructure of Zn-Al LDHs were examined by a
scanning electron microscope (SEM, JSM-6490-LV,
JEOL, Japan). Diffuse reflectance spectra were
obtained with a Lambda 35 UV-Vis (Perkin Elmer)
spectrometer equipped integrated with a Labsphere
RSA—PR-20 in the range of wavelength
200-1000 nm. The UV-visible spectra of the
solutions were recorded on a Lambda 35 UV-Vis
(Perkin Elmer) spectrometer using a quartz cell
(1 cm path length), with distilled water as a blank.
Batch adsorption. The batch adsorption
technique was used to obtain the MB adsorption
data. Typically, 0.02g of ZnAl LDH was
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introduced into 100-mL glass tubes containing
40 mL of freshly prepared aqueous MB solutions.
The adsorption process was allowed to last 4h
under continuous stirring. Particles were removed
by centrifugation at 6000 rpm, and the residual
concentration of MB in the solution was
determined using UV-Vis spectrometry at the
detecting wavelength of 663 nm. The equilibrium
adsorption amount of MB in the sample has been
calculated according to equation: g. = (Co—C,)V/m,
where ¢. is the amount of MB adsorbed at
equilibrium, C is the initial MB concentration, C,
is the equilibrium concentration in solution, ¥ is the
total volume of solution, and m is the sorbent mass.

MB adsorption isotherm was obtained for
ZnAl LDH/DS/1.5 in MB concentrations range
from 107 to 2x10~> mol-L™".

Photocatalytical  experiment.  For  the
degradation of MB, 0.020 g of Zn-Al LDHs was
dispersed in 40 mL of 9x10” MB aqueous solution
in 100-mL quartz reactor. Before illumination, the
suspensions were stirred for 4 h in dark in order to
reach an adsorption—desorption equilibrium
between the photocatalyst and MB. Then, the
solution was irradiated 3 h with UV light under
magnetic stirring. At given time intervals, the
solution was analyzed by measuring the absorption
band maximum using a UV-Vis spectrometry at a
detecting wavelength of 663 nm.

RESULTS AND DISCUSSION

Characterization. The XRD pattern of the as-
synthesized ZnAl LDH contains the characteristic
reflections of layered double hydroxides with the
basal planes of (003), (006), and (009) peaks at low
20 angles and the other peaks for (101), (015),
(0012), (110), and (113) planes at high 26 angles
(Fig. 1). All the reflections are sharp indicative of a
highly crystalline material.

ZnAl LDH was calcined in air at 450 °C for
2h to obtain a mixture of zinc and aluminium
oxides. The reflections in XRD pattern of calcined
Zn-Al LDHs are characteristic of ZnO (Fig. 1). It is
known that at certain temperature the original
hydrotalcite is converted into a mixture of oxides
which have «memory» of the original structure
[15]. In fact, in the presence of aqueous solutions
the oxides regenerate the double hydroxides in the
form of brucite-like sheets and the positive charges
are balanced by anions presented in solutions. The
hydration of calcined Zn-Al LDHs in aqueous
suspension caused to the reconstruction of the
hydrotalcite phase (Fig. 1). The source of anions in
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this case is atmospheric CO, from which CO>
ions are formed.

003
006
009
015
0012
110
113

100
101

20
Fig. 1. X-ray diffraction patterns of as-synthesized — 7,
calcined — 2, and reconstructed — 3 Zn-Al LDH
The layered structure reconstruction of

calcined Zn-Al LDHs was performed in aqueous
solutions of different SDS concentrations that
corresponded to Al (ZnAl LDH): SDS molar ratio
in the range of 0-1.5. The appearance of new
diffraction peak signed the formation of a new
phase was observed at small angles indicating SDS
anion incorporation into the interlayer space
(Fig. 2). The intercalated amount of SDS ions was
gradually accumulated with increasing of its
concentration in solutions used for modification of
Zn-Al LDHs. The ratio of integral intensities of
reflections that correspond to the intercalated
(26=3.4 °) and hydrotalcite (26=11.7) phases was
calculated (Table 1). The main type of intercalated
derivatives was obtained having the mean
interlayer spacing 26 A, 20=3.4 ° (Table 1). These
interlayer distances depend upon the orientation of
the chains within the interlamellar space. As the
length of sodium dodecylsulfate molecule is 20.8 A
[16], the basal spacing of 26.8 A corresponds to a
perpendicular monolayer arrangement of SDS ions
between the host layers [17]. The characteristic
reflections of SDS are absent in the XRD pattern of
the organo/Zn-Al LDHs. The diffraction peaks at
260 equal to 10.2°, 13.5°, 16.9°, and 20.3° (Fig. 2)
are suggested to correspond to the formation of a
superlattice consisted probably of ordered SDS
ions in the interlayer spaces.

The thermal decomposition of Zn-Al LDHs
modified with various concentration of SDS was
studied. Figure 3 displays the TG-DTG— DTA
curves of the as-synthesized, reconstructed and
SDS modified Zn-Al LDHs. The three events have
been assigned to the thermal decomposition of
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LDH-carbonate: in the first one (60-190 °C), the
mass loss is attributed to the removal of water from
internal gallery surfaces and the external non-
gallery surface; in the second interval
(190-300 °C), the loss 1is ascribed to the
dehydroxylation of the brucite-like sheets and
removal of interlayer anions; in the last one
(300-500 °C), the mass loss is recognized as the
total dehydroxylation and collapse of the structure
due to the removal of the remaining interlayer
anions [18]. In order to study the contribution of
water and CO,, mass losses were divided into three
intervals:  60-190, 190-300 and 300-500 °C
(Table 2). The small mass loss observed in the
interval 500-1000 °C can be ascribed to the loss of
some carbonate anions strongly adsorbed on the
mixed oxides crystallites [19].

5
4
3
2
1
20 ' 40 ' 60 ' 80
20
Fig.2. X-ray diffraction pattens of  sodium
dodecylsulfate — /; reconstructed ZnAl LDH — 2;
ZnAl LDH/DS/0.16 — 3; ZnAl LDH/DS/0.33 — 4;
ZnAl LDH/DS/0.55 — 5; ZnAl LDH/DS/1.0 — 6;
ZnAlLDH/DS/1.5-7
Table1. Al (ZnAl LDH): SDS molar ratio and
d-spacing of Zn-Al LDH modified with SDS
Al(ZnAl Basal l;;':ﬁflrt?;s
LDH):SDS spacing dy3, o
molar ratio 13451
(11.7 °) ratio
1:0 7.60 0
1:0.08 7.6;26.4; 0.3
38.4
1:0.16 7.6;26.4 0.4
1:0.33 7.6;26.4 0.8
1:0.55 7.6;26.4 24
1:1.00 7.6;26.4 2.3
1:1.50 7.6;26.4 3.8

382

The smaller total mass loss of the reconstructed
Zn-Al LDHs is explained by the fact that some part
of calcined LDH was not restored by hydration. So,
the reconstructed LDHs contained fewer
hydroxides and carbonate ions in comparison with
the as-synthesized Zn-Al LDHs. As shown by
XRD analysis, the traces of ZnO are remained in
the pattern of the reconstructed Zn-Al LDH (Fig. 1).

The thermal decomposition of SDS modified
LDH is almost identical to ZnAl LDH (Fig. 3 ¢, d).
The temperature of interlayer water loss seems to
be lower than that of the as-synthesized and the
reconstructed Zn-Al LDHs indicating the changes
of LDHs structure. It can be caused by the fact that
SDS ions intercalated into interlayer of LDH
reduce the interactions of water with the
environment in ZnAl LDH. In other words, SDS
intercalation into Zn-Al LDHs increase the
hydrophobic nature of its interlayer surface [6].
The second step of dehydroxylation of the brucite-
like sheets is accompanied by SDS destruction.
The decomposition of SDS takes place in the range
210-250 °C [20] and therefore, a greater loss is
observed above 200 °C. The mass loss of SDS
modified LDHs at 300-500 °C occurs due to the
total dehydroxylation and the collapse of the
layered structure. The thermogravimetric analysis
coupled with mass spectroscopy revealed that the
pyrolysis of the organic anion takes place under
thermal treatment of LDHs [21]. The mass loss
between 800900 °C can be ascribed to SOs
evolution as a result of the decomposition of (Zn,
Al) sulfate formed by decomposition of SDS
anions during the second mass loss stage [22]. The
total mass loss of SDS-contained Zn-Al LDHs is
higher than that for Zn-Al LDHs reconstructed in
aqueous suspensions. This increase in mass loss is
resulted from the loading of SDS, their
decomposition being reflected by the mass loss in
400-900 °C and the exothermal peak at 642 °C.
The total mass loss of ZnAl LDH/SDS/1:0.33,
ZnAl LDH/SDS/1:0.55, ZnAl LDH/SDS/1:1 and
ZnAl LDH/SDS/1:1.5 does not change drastically
(Table 2). It is likely that these samples contain the
same amount of SDS.

The presence of photoactive ZnO extends
range of applications of LDHs and LDH-based
composites, particularly as photocatalysts, UV
filters, dye sensitized solar cells. The effect of
phase transformations on Zn-Al LDHs capability to
absorb UV light was examined. The optical
absorption spectra of as-synthesized ZnAl LDH,
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calcined ZnAl LDH and Zn-Al LDHs with
different content of SDS are shown in Fig. 4.

Since Al,O; has a wide band gap (5.55 eV),
the absorption of light in the UV range caused by
the presence in the samples of ZnO, the band gap
of which is 3.37 eV at room temperature [23]. The
calculated values of ZnO band gap are presented in
Table 3. The reconstruction of calcined oxides
promotes the formation of additional quantity of
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Fig. 4, spectrum 3. The light absorbance bands of
Zn-Al LDHs modified with SDS are more shifted
to visible region. It is suggested that the
reconstruction of calcined LDHs in SDS solutions
causes the formation of ZnO-containing
Zn-Al LDHs with smaller sizes of ZnO crystallites.
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Table 2. The thermal decomposition stages of Zn-Al LDH

Temperature intervals, °C Total mass
Samples
loss, %
60-190 190-300 300-500 500-950
ZnAl LDH 4.2 20.9 4.4 2.6 32.1
ZnAl LDH reconstructed 3.9 17.6 4.0 2.0 27.5
ZnAl LDH/SDS/1:0.16 4.7 22.8 6.3 3.0 36.8
ZnAl LDH/SDS/1:0.33 6.7 28.3 7.6 8.8 51.4
ZnAl LDH/SDS/0.55 7.0 28.1 8.1 5.2 48.4
ZnAl LDH/SDS/1:1.0 8.3 29.7 5.8 5.0 48.8
ZnAl LDH/SDS/1:1.5 6.9 32.5 5.7 4.9 50.0
ZnAl LDH SDS adsorbed 4.1 22.7 6.3 2.0 35.1
F(R) the high capacity to MB adsorption while the as-

Fig. 4. UV-Vis diffuse reflectance spectra of ZnAl LDH
— I; calcined ZnAl LDH - 2; ZnAl
LDH/SDS/0.16 — 3; ZnAl LDH/SDS/0.33 — 4,
ZnAl LDH/SDS/0.55 — 5; ZnAl LDH/SDS/1.0 — 6;
ZnAlLDH/SDS/1.5-7

Table 3. The band gap of ZnO in Zn-Al LDH

Samples E, eV
ZnAl LDH rehydrated 3.81
ZnAl LDH/SDS/0.16 3.31
ZnAl LDH/SDS/0.33 3.32
ZnAl LDH/SDS/0.55 3.31
ZnAl LDH/SDS/1.0 3.29
ZnAl LDH/SDS/1.5 3.29

Study of MB removal. The adsorption
properties of Zn-A LDHs modified with solutions
of different SDS concentration were investigated in
removal of MB from 2x10™* M solution (Table 4).
The amount of adsorbed MB is increased with
increasing of SDS quantity used for modification
of Zn-Al LDHs. The organo/Zn-Al LDHs showed
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synthesized and the calcined Zn-Al LDHs
demonstrated very pure MB adsorption (Table 4).
The low MB adsorption on inorganic LDH was
also observed for Mg-Al LDHs [24]. Zn-Al LDHs
in carbonate form was modified in 0.05M DS
solution (the ratio AI(LDH):SDS=1:0.33) and
used for MB adsorption. The adsorption capacity
of hydrotalcite with SDS modified external surface
has been increased in comparison with the
unmodified as-synthesized and the calcined ZnAl
LDH but it was still less than that of the organo/Zn-
Al LDHs with intercalated SDS ions (Table 4).
While SDS modified Zn-Al LDHs with
intercalated SDS ions removed 75 % of MB from
solution, the SDS modified hydrotalcite eliminated
only 33 % of MB under the same conditions. So,
the most of MB molecules is adsorbed on internal
surface of LDHs.

The results indicate that the organic phase
(SDS) greatly increases the affinity of organo/Zn-Al
LDHs for MB due to hydrophobic interactions
between the surfactants and dye molecules [7].

The MB adsorption isotherm for ZnAl
LDH/SDS/1.5 is presented in Fig. 5. The amount
of MB sorbed sharply increased at low MB
concentration and then reached a plateau at the
concentration higher than 5x10™ mol-L™.

As was shown above, the as-synthesized and
calcined Zn-Al LDHs posses low adsorption
capacity to MB. The photocatalytical activity of
unmodified Zn-Al LDHs was studied. The calcined
ZnAl LDH demonstrated higher capability to
destroy MB under irradiation in comparison with
as-synthesized ZnAl LDH (Table 5). It was not
possible to compare the photocatalytical activity of
SDS modified Zn-Al LDHs as MB was completely
adsorbed from 2x10°> M solution of MB.
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Table4. Comparison of the MB adsorption over Zn-A LDHs modified with SDS solutions of different concentration™*

Samples Adsorption, mmol-g'l % of MB removal

ZnAl LDH/SDS/0.16 0.28 70
ZnAl LDH/SDS/0.33 0.30 75
ZnAl LDH/SDS/0.55 0.30 73
ZnAl LDH/SDS/1.0 0.31 78

ZnAl LDH/SDS/1.50 0.35 89

ZnAl LDH 0.02 5

calcined ZnAl LDH 0.01 2

ZnAl LDH with adsorbed SDS** 0.13 33

*[MB]=2x10"* mol-L "', [LDH]=0.5 g-L"'
#* Al (ZnAl LDH):SDS=1:0.33

Table5. MB removal with Zn-Al LDHs

Samples Adsorption, %  Photodestruction, %  Total removal, %
blank - 18 18
ZnAl LDH 5 26 31
calcined ZnAl LDH 2 46 48
ZnAl LDH/SDS/0.33 100 - 100

*[MB]=2x10"° mol-L ', [Zn-Al LDH]=0.02 g-L"'

Table 6. The adsorption and photocatalytical MB removal with SDS modified Zn-Al LDH

Adsorption, Photodestruction Total removal,
Samples
mmol/g % mmol/g % mmol/g
ZnAl LDH/SDS/0.16 0.133 74 0.008 4 0.141
ZnAl LDH/SDS/0.33 0.154 86 0.016 8 0.170
ZnAl LDH/SDS/0.55 0.141 78 0.004 3 0.145
ZnAl LDH/SDS/1.0 0.158 88 0.002 3 0.160
ZnAl LDH/SDS/1.50 0.165 92 0.005 2 0.170

*[MB]=9x10" mol-L "', [Zn-Al LDH]=0.02 g-L"’

modified Zn-Al LDHs in 9x10° M MB solutions.
07 As it can be seen from Table 6, the main part of
] MB was removed by adsorption. The
photodestruction of MB was insignificant in the
057 presence of organo/Zn-Al LDHs. Probably the
041 photodestruction of dye occured on the surface of
SDS modified Zn-Al LDHs that was not fixed
| under the experimental conditions. After the
0.2 equilibrium achievement, the Zn-Al LDHs with
adsorbed MB had an intense blue color. The
changes in the intensity of adsorbed MB were not

0,6 -

mmol/g

> 0,34

q

0,14

0,0 studied.
0,0600 ' 0,0'004 ' 0,0508 ' 0,0512 ' 0,0I016 ' CONCLUSION
Ceq, mmol/l . .
The study of adsorption and photocatalytic
Fig.5. Isotherm of MB adsorption by ZnAl capabilities of Zn-Al LDHS to remove the cationic
LDH/SDS/1.50 dye methylene blue from aqueous solutions was
The comparison of MB removal by adsorption carried out. The organo/Zn-Al LDHs show high
and by photodestruction was performed for SDS adsorption capacity to MB. Unmodified Zn-Al
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LDHs demonstrated activity in the
photodestruction of MB. The photocatalytic
activity of organo/Zn-Al LDHs was not observed.

will be carried out to clarify the photocatalytic
activity of ZnO-contained organo/Zn-Al LDH.
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Zn-Al mapysarti noasiifHi rigpoxkcuau Ajs agcopOuiiiHoro ta GoToKaTaJiTHYHOIO
BHJIYYEHHSI KaTiIOHHOT0 0apBHUKA

I''M. Crapyx

Tnemumym ximii nogepxui in. O.0. Yyiixa Hayionanvhoi akaoemii Hayxk Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, starukh_galina@ukr.net

Jlocniooceno adcopbyiio ma pomopo3kiadanHs MoOeibHO20 OapEHUKA MemuieH06020 onakumuozo (Mb) Zn-Al
wapysamumu noosiunumu 2iopoxcudamu (LLIIT), moougikosanumu aHioHHO NOBEPXHEBO-AKMUBHOK PEYOSUHOIO.
Mooudghixysanus  Zn-Al LTI 30ilicHi08anoce  MemoOoM  PEKOHCMPYKYil i3 3ACMOCYS8AHHAM — PO3YUHIG
dodeyuncynvgpamy wnampiro piznoi rkowyenmpayii. Zn-Al LI 6ynu oxapakmepu3zo8ani i3 3aCMOCYSAHHAM
DEHM2EHO-CIMPYKIMYPHO20, MEPMOSPAGIMEMPUUHO20 MA CREKMPOdomomempuuno2o memodis. Ilpu docniodcenni
onmuyHux enacmusocmeti opearo/Zn-Al LTI suseneno npucymuicme kpucmaniunoz2o ZnO, wjo pooums MOMCIUBUM
sacmocysannsn Zn-Al I ax ¢pomoxamanizamopa. Hemooughikoeani Zn-Al LLTII" demoncmpyroms akmusHicms 6
peakyii pomoposxnadanns Mb, ¢ moi uac sk gomoxamanimuunoi axmugnocmi opeano/Zn-Al IUII ne 6yno
susielieHo. Bcmanogneno, wo Hatibinbul nogue SULydeHHs: OAPEHUKA 3 KOHYEHMPOBAHUX PO3UUHIE 00CA2AEMbCS
aocopbyicio opeano/Zn-Al ILIIT. s nodanvuioeo eusuenHs ¢pomoxamanimuynoi axmusrocmi ZnQO-eMicHUX
opeano/Zn-Al LI neobxiono docnioumu éniue onpomineHHs: Ha onmuyni eracmusocmi MB, adcopbosanoeo Ha
noeepxui LLITIT".

Knrouosi cnosa: Illapysami noogitini 2iopokcuou, Opeano/HeopeaniyHi HAHOKOMNO3UMU, IHMEPKANbOBAHI
NOBEPXHEBO-AKMUBHI PEHOBUHU, AOCOPOYis KAMIOHHO20 OAapeHUKA, (DOMOKAMANIMUYHe PO3KIAOAHHS, OYUCHKA
CMiYHUX 600

Zn-Al ciaoucrtbie IBOMHbIC THAPOKCUABI I aACOPOUMOHHOIO U GOTOKATAIUTHYECKOTO
H3BJIeYEeHNS] KATHOHHOT0 KPacUTeJIsl

I'.H. Crapyx

Huemumym xumuu nogepxnocmu um. A.A. Yyiko Hayuonanvnoti akademuu Hayx Ykpaunol
ya. I'enepana Haymosa, 17, Kues, 03164, Ykpauna, starukh_galina@ukr.net

Hccredosanvl aocopbyus u ghomopasnodicenue MoOerbHO20 Kpacumens MemuieHo6ozo 2onyboeo (MI) Zn-Al
croucmoimu  0gounbiMu  euopoxkcudamu (CAI), moouguyuposanHbiMu aAHUOHHBLIM HOBEPXHOCHO-AKMUBHBIM
sewgecmeom. Mooupuyuposanue Zn-Al CII" ocywecmensiioce memooomM PeKOHCMPYKYUU ¢ NpUMeHeHUeM
pacmeopos dodeyuicyivghama nampus paziuunou konyenmpayuu. Zn-Al CHI" oxapaxmepuzosanvl ¢ npumereHuem
PEHMEEHO-CIMPYKMYPHO20,  MEPMOSPAGUMEMPUYECKO20 U CHeKmpopomomempuyeckoeo  memooos.  Ilpu
uccnedosanuu onmudeckux ceoticme opeano/Zn-Al C/[I" obnapyoiceno npucymcemeue kpucmaniuveckozo ZnQO, umo
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Oenaem 6o3moxcrvim npumernenue Zn-Al C/[I” 6 kauecmee gpomoxamanuzamopa. Hemoouguyuposanuvie Zn-Al C/[I"
O0eMOHCIPUPYIOm aKmusHOCmb 6 omopasnoscenuss MI, 6 mo epemst kak omoxamanumuyeckol aKmueHoOCmu
opeano/Zn-Al C/[I" ne 6wvi10 0b6Hapysiceno. Ycmanoeieno, umo Haubojee NOIHOE U3GLEHeHUe Kpacumeis u3
KOHYEHMPUPOBAHHLIX PACME0P08 docmuzaemcst e2o adcopoyuei opeano/Zn-Al CAI. /s oanvreliuwezo uzyuenus
domorxamanumuueckou akmuenocmu ZnO-codepacawux opeano/Zn-Al CII" neobxodumo uccredosanue 6IUSHUA
obnyuenust na onmuyueckue ceoticmea MI', aocopbuposannozo na nogepxrnocmu CHI.

Knrouesvie cuoesa: ciaoucmole 0601HbIE ZMapOKCM()bl, OPZ(ZHO/HGOPZ(ZHM'{ECKMG HAHOKOMNO3univl,
urmepKaiuposaHHvle NOBEPXHOCMHO-AKMUBHblIE eewecmea, a()cop6uuﬂ KAmuoHHO20 Kpacumeii,
d)omoxamaﬂumuuecm)epa3ﬂ09fceHue, OUUCKA CTMOYHBIX 800
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