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The adsorption of tetracycline (TC) from aqueous solutions onto Zn-Al mixed oxides has been studied
by batch experiment. A partial conversion of mixed oxides into the layered double hydroxides (LDH) has
been revealed simultaneously with TC adsorption. The ligand-promoted dissolution is occurring during
TC adsorption by mixed oxides. It has been found that TC:AI'* complexes with ratio 2:1 and 1:1 have
been formed in solution after contact of TC with mixed oxides. Zn-Al LDHs were prepared by
coprecipitation method and were used for comparative study of TC adsorption from aqueous solutions.
Zn-Al mixed oxides have a higher TC adsorption capacity in comparison with that of Zn-Al LDH. The
experimental results were analyzed within mathematical models for equilibrium sorption on solid
surfaces.
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INTRODUCTION [5]. The large variety of compositions can be
developed by altering the nature of the divalent
Mg, Zn*, Fe*, Co™, Ni**, Cu™, efc.) and
trivalent (AI**, Ga®, Fe**, Cr™, etc.) cations and the
interlayer anions [5-9]. After calcination at an
appropriate temperature, LDHs can transform into
mixed solid solution, i.e., a homogeneous phase
consisting of M**-M**oxide, and the adsorption
capacity of calcined LDH can be markedly
enhanced over that of the original LDH. The
enhanced adsorption capacity is generally
attributed to a «memory effect» when the layered
structure is reconstructed in association with the
mixed M**-M** solid solution and the aqueous
anions can be concomitantly absorbed into the
interlayers of the restored LDH [4].

Calcined LDHs with the properties noted
above have been extensively used as sorbents for
the sorption of organic pollutants, such as
glyphosate, 4-chloro-2-methylphenoxyacetic acid,

Pharmaceutical antibiotics have been applied
worldwide in human therapy and the farming
industry. Thus, antibiotics (especially tetracycline
antibiotics) have attracted many people’s attention
recently. Tetracycline (TC) has been considered to
be a class of potential pollutants [1]. Most TC
antibiotics enter the environment through
municipal effluent, sewage sludge, solid wastes and
manure applications. The continuous release of TC
into aquatic environment increases the potential for
antibiotic resistance among microbial populations
and the degradation by-products have been proven
even more toxic than the parents [2]. Therefore, it
is urgent to develop efficient and economical
technologies to remove TC. There are many
technologies available for TC removal including
adsorption,  oxidation, and  photochemical
degradation [3]. The adsorption process is a

practical method for the in situ removal of TC from - -
wastewater. sodium dodecylbenzenesulfonate, dicamba, and

As cost-competitive sorbents, layered double acidic pesticides [10-13]. Adsorption into LDH

hydroxides (LDH) have been found capable of was found to occur on the external surface or/and

immobilizing a variety of aqueous inorganic and in the interlayer space, the location being
organic anions [4]. LDHs are anionic clays dependent on the interlayer anions. Adsorption by

composed of positively charged layers of general C}?lc{;leilﬁng wzzlsd‘n'larkedly higlzleilc)cl){mpargd to
3 2 3x+2y-2m-n; .
formula [M +xM +yOm(OH)n]( +2y )+ and inter- that y . In addition, once use sorbents,

layer inorganic or organic anions compensating the could be feasibly regenerated [14].

positive charge as well as hydrate water molecules

© G.M. Starukh, 2015 169



G.M. Starukh

In this study, Zn-Al mixed oxides, as well as Zn-
Al LDH were prepared and used as the sorbents for
adsorption of TC from water to elucidate the
adsorption behavior of TC to mixed oxides and LDH.

EXPERIMENTAL

Mixed Zn-Al oxides were synthesized by
citrate method according to [15]. Metal nitrates
(hydrates) were mixed with citric acid and H,O in a
molar ratio (Zn**+AI’):CH;O;H,O:H,0 =
(0.33+0.67):2.05:1.2 and the mixture was heated
with stirring to obtain a polymeric foam mass. The
thermal treatment was performed at 200-250 °C —
2 h, 300400 — 1 h, 400-600 °C — 2 h. The sample
was indicated as ZnAl,,.

Mixed Zn-Al oxides obtained as described
above were hydrated by treatment with excess of
water for 24 h at room temperature under stirring.
Hydrated samples were dried at 100 °C in air. The
sample were indicated as ZnAl,;/H,O. The samples
obtained by hydration of mixed oxides with
aqueous TC solution at the same conditions were
indicated as ZnAl,;/H,O/TC.

ZnAl LDH with a M*/M* molar ratio of 2
were obtained according to the standard
coprecipitation method [5] as follows. Two solutions
were prepared. Solution 1 contained 0.4 mole of
zinc nitrate and 0.2 mole of aluminum nitrate in total
volume of 1L. Solution 2 contained 0.5 mole of
sodium carbonate (Na,COs) and 1.5 mole of sodium
hydroxide in total volume of 1 L. 0.5 L of water was
placed into a 3-L glass reactor equipped with stirrer
and water bath. Solutions 1 and 2 were slowly pored
into the reactor with equal rate at stirring (room
temperature). After complete addition of the
reagents, the pH of the solution over precipitate was
10. Then, temperature was raised up to 85 °C and
the suspension was being kept for 6 h at this
temperature under continuous stirring. Next day, the
precipitate was filtered, washed with water and dried
at 120 °C.

XRD patterns of samples were recorded with
DRON-4-07 diffractometer (CuK, radiation).
Calculation of apparent crystallite size for ZnO and
LDH has been performed by Debye-Scherrer
formula f(20) = 0.942/(Dcos 6°) using (100)
reflections for ZnO and (110) reflection for LDH,
employing the FWHM procedure.

Nitrogen adsorption and desorption isotherms
at 77 K were measured on a Quantachrome Nova
2200 e Surface Area and Pore Size Analyzer. Prior
to analysis, the samples were degassed in vacuum
at 120 °C for 20 h.
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For the investigation of the TC complexation

with AI** aqueous stock solutions of tetracycline
hydrochloride and aluminium chloride were
prepared. All the experiments were carried out at
room temperature (20+1 °C) using freshly prepared
TC solutions. The total concentration TC was
5%10~° mol L. The molar ratio of TC:AI’* varied
from 1:0.25 to 1:25. The pH 7 of aqueous solutions
was adjusted by 0.01 M solutions of NaOH and
HCI.
TC adsorption isotherms for the adsorbents were
determined using a batch adsorption approach.
Typically, 0.05 g freshly Zn-Al mixed oxides and
LDHs were introduced into 100-mL glass tubes
containing 40 mL of freshly prepared aqueous TC
solutions with concentrations ranging from
2x10” mol L™ to 5%10” mol L™'. The adsorption
process was allowed to last 24 h under continuous
stirring. Particles were removed by centrifugation
at 600 RPM (rounds per minute), and the residual
concentration of TC in the solution was determined
using UV-Vis spectrometry at a detecting
wavelength of 375 nm. The equilibrium adsorption
amount of TC in the sample was calculated
according to equation: a, = (Co—C.)V/m, where a.
is the amount of TC adsorbed at equilibrium
(mg/g), Cy, C. are the initial and equilibrium TC
concentrations in solution (mg/L), V is the total
volume of solution, and m is the sorbent mass.

RESULTS AND DISCUSSION

The XRD analysis was applied to investigate
the structure of mixed oxides and LDH. XRD
patterns of the mixed oxides refer to pure phase
wurtzite ZnO with a hexagonal lattice (Fig. 1 a).
The narrow peaks in the X-ray diffraction patterns
indicate on the highly crystalline structure of the
samples. No diffraction peaks relating to the
crystalline alumina modifications are observed.
Evidently, the processing mode of citric method
excludes the formation of low-temperature
modifications of Al,O;, produced by calcination at
500-700 °C [16]. Hydration of ZnAl,, oxides in
aqueous suspension for 24 h under stirring leads to
a partial transformation of the mixed oxides to
LDH (Fig. 1 a). Some part of mixed oxides was
transformed to Zn-Al LDH, when stirred in TC
solution over 24 h (Fig. 1 a). The XRD patterns of
Zn-Al LDH synthesized by a conventional
coprecipitation and dried at 120 °C correspond to
LDH structure in carbonate form (pristine)
(Fig. 1 b). LDH structure is completely destroyed
at 250 °C (Fig. 1 b). Defect structure of wurtzite

ISSN 2079-1704. CPTS 2015. V. 6. N2



Study of tetracycline adsorption by Zn-Al mixed oxides and layered double hydroxides

7Zn0 is formed with the increase in the calcination
temperature to 600 °C (Fig. 1 b). Hydration of the
sample calcined at 600°C leads to the
reconstruction of its original layered structure
(Fig. 1b). The minor amount of ZnO in
reconstructed Zn-Al LDH is still observed.

The lattice parameters calculated from the
XRD patterns of Zn-Al LDH are listed in Table 1.
The interplanar distance determined by Bragg
equation with using the peak at (003) orientation
corresponds to the presence of carbonate ions in

anionic layer [17]. The differences in the values of T
LDH unit cell parameters of samples synthesized
by citrate and coprecipitation methods and
hydrated in aqueous suspensions were not observed
(Table 1). The lattice parameter a is a characteristic
of the average metal-metal distance within the
brucite-like layers. The value of a has been

calculated using the (110) reflection and it is close
to the value of this parameter for brucite (3.10 A)
(Table 1). The interlayer distance of ZnAl/H,O/TC
sample is higher in comparison with those of

ZnAl,,//H,O and ZnAl, LDH that could be y
explained by formation of intercalated compounds.
Reconstruction of mixed oxides in LDH is often
used to introduce a wide variety of organic anions
in LDH interlayer space [18]. According to [19] the
molecular dimension of TC was estimated to be
141 x0.78 x 0.24 nm’. Therefore, the interlayer
dimension of ZnAl/H,O/TC is smaller than the
length and breadth of the TC molecule, suggesting
that TC molecules, if present in the interlayer,
could lie parallel to the brucite-like layers in
ZnAl/H,O/TC [19].

Table 1. Structural properties of LDH

Fig. 1.
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X-ray diffraction patterns of samples. (@) Zn-Al
mixed oxides synthesized by citrate method:
ZnAly— I; ZnAl,/H,O, hydrated under stirring
over 24h — 2; ZnAl/H,O/TC, hydrated under
stiring over 24h in TC solution — 3; (b)
Synthesized by coprecipitation method: Zn-Al
LDH as prepared — /; sintered at 250 °C — 2;
600 °C — 3; sintered at 600 °C and rehydrated
under stirring over 24 h—4

Parameters of crystal

Sample Synthesis latice, nm d Interlayer c%lzgll
P method R ox 003, 1m distance *#% Y
a c size, nm
ZnAl,/H,O Citrate 0.306 2.283 0.761 0.281 21.5
ZnAl/H,O/TC Citrate 0.311 2.289 0.767 0.287 23.0
ZnAl, LDH Coprecipitation 0.307 2.250 0.750 0.270 16.1

a =2d,1p; ¥* c=3d3; *** Interlayer distance = dy;— thickness of layer (0.48 nm) [17].

The porous structure of the samples was
characterized by nitrogen adsorption/desorption
isotherms (Fig. 2 a). Isotherms of the samples are
type IV according to the classification of I[UPAC.
The hysteresis of isotherms is of type H3 that is
characteristic for slit-shaped pores [20]. The BET
surface area of mixed oxides ZnAl,; is 29 mZ/g.
The hydration of ZnAl,, under the stirring resulted

method

[21].
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in partial reconstructed mixed oxides ZnAl,,/H,O
with two times higher surface area (63 m”g), while
for Zn-Al LDH synthesized by coprecipitation

the surface area was 31 m%g. The

increasing of surface area of the hydrated material
could be produced by exfoliation of reconstructed
Zn-Al LDH crystals during the mechanical stirring
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The pore size distribution of the samples was
studied by analyzing the desorption branch of the
isotherms using the BJH method. For ZnAly
sample a wide pore sizes distribution in the range
of 2-70nm with a maximum about 9nm was
observed (Fig. 2 b). Hydrated sample ZnAl,,/H,O
possessed of two types of pores with a narrow
(1.5-2nm) and wide (4-80nm) pore radius
distribution (Fig. 2 b). The total pore volume of
ZnAl,; and ZnAl,;/H,O is similar (0.14 cm3/g).
LDH obtained by coprecipitation had a broad pore
radius distribution of 570 nm (maximum 31 nm)
(Fig. 2 b) and a total pore volume of 0.26 cm’/g.
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Fig.2. (a) Nitrogen adsorption-desorption isotherms

and (b) pore size distribution of ZnAly, — 1,
ZnAl,;/H,O - 2, ZnAly LDH - 3

The UV/vis absorption spectra of tetracyclines
are generally discussed as superposition of the
contributions of two separated chromophores
[22-24]: the first is the so-called A chromophore
which comprises a tricarbonylmethane keto-enol
system spanning from Cl to C3 including the
substituents (O1, carboxamide group at C2 and
OH3); the second, usually termed the BCD
chromophore, comprises the m-electron system
located on rings B, C and D (Fig.3a). The

172

absorption spectrum, in the UV-visible region, of
an acid solution of TC displays three bands
centered at 218, 270 and 356 nm. According to
[22], the m—m* transition of the tricarbonyl system
of the A-ring contributes only to the band at
270 nm while the m—n* transition of the BCD
chromophore contributes to all three bands. These
transitions are sensitive to deprotonation and metal
coordination. Three values of the dissociation
constants (pK,; =3.4; pK, =7.5; pKy;3=9.3) have
been determined experimentally [23] that
correspond to existence of the protonated, neutral
zwitterionic, monoanionic, and dianionic forms of
TC (Fig. 3 D). In presented work TC adsorption
study was conducted at pH 7.0 when aqueous TC
consists of about 70 % zwitterionic species and
30 % anionic species [24].

a
-O3H -O11H —C4NH*
TCH;*¢— TCH,* «—>»TCH, «—>»TC*
pKal pKaZ pKa3
b

Fig.3. (a) Chemical structure of tetracycline; (b)

scheme of TC protonation/deprotonation

The changes in the absorption spectra of TC
were detected after contact of mixed oxides and
LDH with TC solution which could be explained
by the interaction of TC with oxides and LDH
(Fig. 4).

The strong metal-binding tendency of TC
plays an important role in contributing to their
strong interactions with mineral surfaces [25-30].
TC forms complexes with di- and trivalent metal
cations [25]. To get evidence of TC interaction
with Zn*" or AI**, extracted from mixed oxides and
LDH the absorption spectra of TC aqueous
solutions containing Zn®* and AI** cations were
analyzed. No changes were observed in TC
absorption spectra in the presence of Zn** ions in
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Study of tetracycline adsorption by Zn-Al mixed oxides and layered double hydroxides

the range of molar ratios [TC]:[Zn2+] ranging from
0.5 to 50.
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Fig.4. UV-visible spectra of 5x10° M TC solution

before adsorption — /; after the interaction
with: ZnAl,, — 2; ZnAl LDH - 3
([ZnAl,] = [ZnAly LDH] =400 mg/l)

The absorption spectra of TC have been changed
in the presence of AI’* at the molar ratio of
[TC):[AIT] ranging from 1 to 13. Two types of
changes of TC spectra were observed as dependent
on the molar ratio of [TC]:[A13+]. In the first place, in
the molar ratio of TC:AI’* ranging from 1 to 1.25 the
absorption band at 357 nm has been shifted up to
375 nm; the minimum in the absorption spectrum at
234 nm has been significantly decreased. According
to [26] the absorption spectra of TC at the ratio
TC:AI* = 1.25 corresponds to the absorption bands
of monoanionic TC. Therefore, it could be assumed
that at the molar ratios [TC:AP]* 1:1 and 1:1.25
complexes TC/AI™" 1:1 were formed. It is possible
that complexes TC/AI** 2:1 were formed, particularly
when the ratio [TCJ:[AI**] was less than 1 reported
TC complexes of trivalent metal ions were to have the
composition TC/Me* 2:1 [27]. In the second place,
the further red shift of the absorption band at 357 nm
up to 381 nm has been observed and the appearance
of a new peak at 234 nm was detected at the molar
ratio of [TC]:[A13*] ranging from 1.25 to 13. These
adsorption spectra changes according to [26]
correspond to the formation of the TC dianion.
Therefore, in this case complexes TC/AI** 1:2 have
been formed.

Based on the absorption spectra of TC, and
according to [28], one can assume that the
formation of complexes TC/AI’* = 2:1 and 1:1 is
mediated by keto-enol group of the BCD
chromophore of TC molecule on C11, Clla and

ISSN 2079-1704. CPTS 2015. V. 6. N 2
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C12. The formations of the complex bind with the
second ion AI** occurs by involving a groups -C4-NH
and C30 A chromophore [29].
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Fig.5. UV-visible spectra of 5x10~° M TC solution in
the presence of AI** at the molar ratio [TC]:[AI*"]:
(a)1:0-1;1.03-2; 1:0.6 - 3; 1:1 - 4; 1:11.25 - 5;
b)1:25-1;1:13-2;1:5-3;1:13 -4

TC spectra after the contact of its solution with
mixed oxides exhibited adsorption bands which
correspond to complexes TC/AI** 1:1 (Fig. 6). The
ligand-promoted dissolution has been observed
during TC sorption to the hydrous oxides of Al and
Fe [30]. The complex formation was more
significant for aluminium hydrous oxides and
complexes TC/Al 1:1 and 1:2 have were formed
[30]. So, the TC adsorption on Zn-Al mixed oxides
and Zn-Al LDH is accompanied by ligand-
promoted leaching of AI** from mixed oxides.

It was found that optical density of TC solution
has been abruptly decreased within 30 min of TC
adsorption study experiment. 58 % of TC amount
in 5x10°M solution was adsorbed by mixed
oxides at this time, after that the increase of TC
content up to 5 % was observed in the solution due
to the formation of soluble TC complexes with AI**
ions derived from the matrix oxides. After the
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establishment of the equilibrium 54 % TC was
adsorbed from solution by mixed oxides. The
leaching of AI’* by complexation with TC was
observed for both samples. If one assume that
complexes TC/Al 1:1 and 1:2 have been formed
after TC interaction with mixed oxides and LDH,
the percentage of leached Al**ions are 1.5-2 %.

Langmuir, Freundlich, and  Dubinin—
Radushkevich models have been used to describe
the equilibrium characteristics of adsorption. The
Lagmuir model assumes the formation of adsorbate
monolayer on the outer surface of the adsorbent.
Based upon these assumptions, Langmuir represented
the following equation: a,=K;C,/1+a,C,), where a,
— the amount of TC adsorbed per gram of the
adsorbent at equilibrium (mg/g), C. -
equilibrium TC concentrations (mg/L), Ky —
maximum monolayer coverage capacity (mg/g).
The adsorption parameters were determined by
transforming the Langmuir equation into linearized
form: C/a,=1/K;a,, +CJ/a, and were calculated
from the slope and intercept of the linear plot of
1/a, vs. 1/C,.

The Freundlich model is commonly used
to describe the adsorption characteristics for the
heterogeneous surface. These data fit the
empirical equation ae=KFCe]/ " where C, —
equilibrium TC concentrations, mg/L, Kr —
Freundlich isotherm constant (mg/g) n -
adsorption intensity. The linearized form of
Freundlich equation is: log a.=log K +(1/n)log C..
The adsorption parameters were obtained from the
plots of log a, vs. log C..

Dubinin—Radushkevich isotherm is generally
applied to express the adsorption mechanism with
a Gaussian energy distribution onto a
heterogeneous surface. The model is represented
by the equation: a.=apexp (- KpRT In (1 + 1/C,)),
where Ky — the isotherm constant, is related to
the free energy of sorption per mole of the
sorbate, ap — is the Dubinin-Radushkevich
isotherm constant related to the degree of sorbate
sorption by the sorbent surface, R the gas
constant (8.314 J/mol K), T and C. represent,
absolute temperature (K) and adsorbate
equilibrium concentration (mg/L), respectively.
The linear form of equation is given as In a, = In ap
—2KpRT In (1 + 1/C,). The adsorption parameters
were obtained from the plots of In a, vs. RT In (1 +
1/C.). The free energy of adsorption (Ep) from
Dubinin-Radushkevich isotherm model can be
calculated using the relation Ep = (—2KD)4)'5.
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The isotherms for adsorption of TC onto mixed
oxides and LDHs at pH 7.0 are shown in Fig. 6.
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Fig. 6. Adsorption isotherms of tetracycline by mixed
oxides ZnAl,;— I and ZnAl,; LDHs — 2

The Langmuir and Freundlich isotherm parameters
are listed in Table2. Both equations fit the
experimental data fairly well as indicated by the
values of correlation coefficients.

The processes of TC adsorption on the surface
of mixed oxides and LDH can be described by
Langmuir and Freundlich models (Table 2).
Correlation coefficient of Langmuir model is
higher for TC adsorption on mixed oxides. This
could be explained by the dominance of sorption
sites of a certain type, in particular =A1-OH,*"’ or
=Al-OH, [30]. TC adsorption on LDH is better
described by the Freundlich model, which assumes
heterogeneity of the surface. Values of the
parameter 1/n, which characterizes the intensity of
adsorbent-adsorbate interactions, are about the
same for both samples. The fractional value of 1/n
[0<(1/n) < 1] indicates that weak adsorptive
forces are effective on the surface of mixed oxides
and LDH [31]. Most likely, for both samples TC
adsorption occurs on Al-containing sites. The
presented above study of TC complexation with
AP’* in solution and data from the study of TC
adsorption on Al-containing zeolites [32] confirm
this suggestion.

Dubinin-Radushkevich model is more general
than Langmuir one, as it does not assume
homogeneity of the surface or constant adsorption
potential. This model indicates on the nature of
adsorption and can be used to calculate the average
free energy of adsorption Ep, [32].

The calculated values of Ep for samples are
less than 8kJ/mol (Table2) indicating a
physisorption process [33].
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It should be noted that the adsorption capacity ZnAl,/H,O sample obtained by hydration of
of the samples ZnAly and ZnAl,; LDH are not mixed oxides under stirring is two times higher
dependent on their morphological characteristics. than the initial surface area of the mixed oxides.
The surface area and pore size for the mixed oxides Slightly fewer LDH phase is formed under stirring
ZnAly, and ZnAl,; LDH approximately identical of suspension of mixed oxides in TC solution
and the pore volume is almost 2 times higher for (Fig. 1 a, pattern 3). Consequently, in the process
ZnAl,; LDH. As indicated above, the partial of TC adsorption under stirring the texture of
recovery of LDH structure has been occurring ZnAly; undergoes changes that lead to the
under stirring of the mixed oxides aqueous slurry formation of the sample with the highest adsorptive
over 24 hours (Fig. 1 a, pattern 2 ), that could affect capacity.

the TC adsorption process. The surface area of

Table 2. Langmuir, Freundlich, and Dubinin—Radushkevich isotherm constants for TC adsorption onto mixed oxides and LDHs

Langmuir Freundlich Dubinin—Radushkevich
KF’
Sample Ay KL, 2 2 KD, Ay 2 ED’
mg/g I/mmol R Emzlg))lﬁ Un R mol’/x)*  mg/g R KkJ/mol
ZnAl,, 134.65 86.0 091 1.50 0.55 0.85 0.564 21345 086 7.14
ZnAlL,LDH  81.75 30.5 0.79 045 051 083 0012 8760 083 651
As was mentioned above, the intercalation of internal surface of the mixed oxides. It is suggested
TC molecules in interlayer space of LDH takes that adsorption preferably occurs on ALO;
place under hydration of mixed oxides in TC surfaces. The substitution of carbonate ions of
solution. Zn-Al LDH surface has a positive charge LDH on TC by ion exchange is unlikely, as
due to isomorphic substitution of Zn> ions by carbonate anions block access to the interlayer
Al*ions. Positive charge balancing anions are region [34]. TC will be adsorbed on the external
located in interlayer space of LDH. Therefore, surface of the LDH.

negatively charged form of TC can be integrated

. . . CONCLUSIONS

into interlayer space as charge compensating

anions. The influence of this phenomenon on TC Zn-Al mixed oxides and Zn-Al LDH were
adsorption is negligible. If ZnAl,, were completely used as the sorbents for TC in water. Zn-Al mixed
reconstructed on TC adsorption (with a theoretical oxides have a higher adsorption capacity as
formula of [ZngesAlos3(OH),J(TC)y33) and if compared with Zn-Al LDH. In aqueous
electrostatic retention of TC as due to isomorphic suspension, during TC adsorption, the structure of
substitution of Al for Zn, the theoretical adsorption Zn-Al mixed oxides was partially restored and a
amount of TC in the interlayers of the significant content of Zn-Al oxide solid remained.
reconstructed Zn-Al LDH would be 6 g/g, which is Tetracycline is adsorbed on the external surfaces of
approximately 60 times greater than the observed Zn-Al mixed oxides and LDH. The parameters of
adsorption amount. This suggests that the content TC adsorption by Zn-Al mixed oxides and LDHs
of the reconstructed Zn-Al LDH in ZnAl/H,O/TC were calculated with using standard mathematical
is low. In addition, the intensity of the (003), (006), models of Langmuir, Freundlich and Dubinin-
and (009) diffraction peaks, characteristic of Radushkevich. It was found that adsorption of TC
reconstructed LDH, is markedly lower than that of on Zn-Al mixed oxides and Zn-Al LDH occurs on
ZnAly LDH indicative of the low content of the sites of one particular type and has a physical
reconstructed LDH in ZnAl/H,O/TC (Fig. 1 a). nature. Considering the present of TC
Considering the low LDH content in ZnAl/H,O/TC contaminants in aquatic environments, Zn-Al
and lower TC adsorption to LDH, TC adsorption mixed oxides may find specific applications in the
on the external surface of restored LDH particles is removal of TC from water.

small. The greater part of TC is adsorbed on the
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AncopOuisi TeTpanukIiHy Zn—Al 3MilIaHUMH OKCHIAMU
Ta WAPYBATUMHU NOABIiHUMU TiApoOKCUAAMH

I'.'M. Crapyx

Inemumym ximii nogepxui im. O.0. Yyiixa Hayionanohoi akademii nayk Yxpainu
eya. I'enepana Haymoasa, 17, Kuis, 03164, Yxpaina, starukh_galina @ukr.net

Busueno aocopoyiro mempayuxniny (TL]) 3 600Hux poszuunie na nosepxui Zn-Al smiwanux oxculis.
Bemanosneno, wo 6 npoyeci aocopoyii TL] iobysacmbcs uacmxoge nepemeopents sMilaHux OKCuoie 6
wapysami nodgitini 2ciopoxcuou (LLIII) 3 inmepranayicio TL] 6 mixcnrowunnuii npocmip LTI 1Tio uac
aocopbyii TL] 3miwanumu oxcuoamu 6i06y8aAcmvbCs ix PO3YUHEHHS, 3YMOGIEHe VMEOPEHHAM KOMMNIEKCIG.
Busenerno, wo 6 posyuni Tl nicisi konmaxmy 3i 3miwanumu oxcudamu i LTI ymeoprorombcs komnaekcu
TI[:AP* i3 cnissionowennsm 2:1 i 1:1. Ilposedeno nopisusanns adcopbyii TL 3 600HuX po3uunis Ha noeepxHi
smimwanux okcuoie i Zn-Al LUIIT, ompumanux memodom cnigocadoicenns Iloxkasano, wo Zn-Al smiwani
oKCUOU Maroms 8uwfy copoyiiiHy emuicmos 6 nopisuanni 3 Zn-Al LT, Excnepumenmanvhi pesyismamu
00pobIeHi i3 3aTyHeHHAM MAMeMaAMUYHUX Mooeell 051 PIBHOBANCHOT cOpOYIl HA NOBEPXHI MBEPOUX M.

Knrouosi cnosa: wiapysami noogiiini ciopoxcuou, Zn-Al smiwwani okcuou, pekoHcmpyKkyis, aocopoyis,
Mempayukiit, KOMIAEKCOYMEOPEHHS.

AjcopOuns TeTpanukianaa Zn—Al cMelIaHHBIMH OKCHIAMH U
CJIOUCTHIMU JABOWHBIMH I'MAPOKCHIAAMHU

I'.H. Crapyx

Hncmumym xumuu nosepxnocmu um. A.A. Yyiiko Hayuonanvuoii akademuu nayx Yxkpauml
yn. I'enepana Haymosa, 17, Kues, 03164, Yxpauna, starukh_galina @ ukr.net

Hsyuena aocopoyus TI] uz 600HbIX pacmeopos Ha noeepxHocmu Zn-Al cmeuwanHvlx OKCUOO8.
Obnapyoiceno, wmo 6 npoyecce aocopoyuu TI] npoucxooum uacmuunoe npeodpazosanie CMEUAHHbIX
oxcudos 6 caoucmvle 06otHble eudpoxcuovt (CHAI) ¢ ummepkamuposanuem TI] 6 medcniockocmuoe
npocmpancmeo CHI. Bo epems adcopoyuu Tl cmewanmvimu oxcuoamu npoucxooum ux pacmeopenue,
obycnosnennoe obpazosanumem rkomniekcos. Obnapyoceno, ymo 6 pacmeope TI nocne xommaxma co
emewannvimu okcudamu u CII obpasyromes komnaexcer TIEAF ¢ coomnowenuem 2:1 u 1:1. Tlposedeno
cpasnenue aocopoyuu TL u3 600HbIX pacmEopo8 HA NOBEPXHOCU CMEWUAHHBIX OKCUO008 u Zn-Al croucmoix
0BOUHBIX 2UOPOKCUO08, NOTYYEHbIX Memooom coocadxcoenus. Iloxazano, umo Zn-Al cmewannvie okcuowl
umerom 0onee 8bICOKYIO COPOYUOHHYIO emKocmb no cpaghenuto ¢ Zn-Al CHI. Oxcnepumenmanvhvle
pe3ymvmamuvl 00pabomansvl ¢ NpUGIeUeHUeM MameMamuyeckux mooeneli 015l PAGHOBECHOU copoyuu Ha
NOBEPXHOCTU MBEPObIX Meil.

Knrouesvie cnosa: croucmoie 060iinbie 2uopoxcudsl, Zn-Al cmewanuvie okcuobl, peKOHCMPYKYUI,
aocopoyus, mempayukiut, KOMIIeKcooopazo8anue
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