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Abstract: Due to favourable properties layered double hydroxides (LDHs) have
been widely investigated for organic dye removal processes. In order to study
the adsorption of methyl orange, bimetal (ZnAl and MgAl) and trimetal
(ZnCuAl and MgCuAl) adsorbents were synthesized and thermally treated. The
influence of adsorbent metal nature and content on structural (X-ray diffract-
ion, Raman analysis), textural (low temperature nitrogen adsorption) and ads-
orption properties was investigated. Adsorption behaviour, mechanisms, and
stability of synthesized LDHs and their calcined mixed oxides were studied
with the aim to elucidate the adsorbent-dye interactions, enabling optimization
of experimental design. All LDH adsorbents and LDH derived mixed oxide
adsorbents had high removal efficiency rate, especially Zn-containing mixed
oxides where complete decolourization (100 % of dye removal) was achieved
almost instantly due to super-fast adsorbent-adsorbate interaction. Two pos-
sible adsorption mechanisms initiated by interfacial phenomena were in correl-
ation with the structural and textural properties, as well as with the “memory
effect” reconstruction phenomenon. These results present a solid base for
further investigation and design of LDH-based adsorbents for the Methyl
orange removal, considering their favourable structural and textural properties
and excellent adsorption capacities.

Keywords: anionic clays; LDH derived mixed oxides; methyl orange removal,
wastewater treatment.
INTRODUCTION

Water contamination by various organic dye pollutants has become a major
concern on a global scale, considering the impact on the environment and public
health.! Organic dyes are aesthetic pollutants that provoke water colorization
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inhibiting light penetration and causing short- and long-term changes in the eco-
systems. One of the most commonly industry generated dye is methyl orange
(MO), a well-known water-soluble anionic dye with pronounced carcinogenic
and toxic character.? Therefore, the research community agrees on the imperative
to develop a rapid and effective approach for dye removal from water. Ads-
orption is defined as a reliable alternative that is cost-effective, simple in design
and operation and highly efficient for dye removal from contaminated water.3
Since the adsorption process involves complex interfacial phenomena, for stable
and effective use of adsorption, it is necessary to have a detailed understanding of
kinetics and mechanisms of each specific adsorption process. Considering the
importance of MO removal from the environment, there is a continuous need for
novel adsorbents with adequate surface charge, high adsorption capacity and
removal efficiency. Recently, layered double hydroxides (LDHs) have been stu-
died as adsorbents considering their initial cost, ease of operation and satisfactory
adsorption capacity.* These materials are a versatile class of two-dimensional
ionic laminar compounds, with octahedral brucite-like (Mg(OH),) layers con-
taining bimetal and trimetal cations with anions (CO32~, NO3~, Cl") and water
embedded between hydroxide sheets.2:5 After calcination (450—-500 °C) the lay-
ered structure collapses producing non-stoichiometric mixed oxides that are char-
acterized by high specific surface area, with the ability to reconstruct the original
layered structure when exposed to air and aqueous solution, i.e., memory effect.6

The motivation for this study was to: i) successfully synthesize M2T—Al—
~LDHs and M2™—CuAl-LDHs by the coprecipitation method; ii) investigate ads-
orption behaviour of synthesized LDHs and derived mixed-oxides; iii) elucidate
adsorbent—adsorbate interactions enabling optimization of experimental design.
Since the adsorption is a complex interfacial phenomenon, this study aims to pro-
mote better understanding of adsorption kinetics correlating structural, physico-
chemical and textural properties with adsorption removal process.

EXPERIMENTAL
Synthesis and preparation

LDH adsorbents were prepared using coprecipitation synthesis method at constant pH of
9.56 Precursor solutions, from Zn(NOs),-6H,0, Mg(NOs),-6H,0, AI(NO3);:9H,0 and
Cu(NO3),-6H,0, were added continuously (4 cm? min'!; 40 °C), with the base solution (0.67
M Na,COj3; 2.25 M NaOH). The trivalent Al-ion concentration (30 mol %) and overall con-
centration of bivalent ions (70 mol %) remained the same. In case of trimetal LDHs, only 5
mol % of Zn or Mg was substituted by Cu. Precipitation products were aged (15 h), washed
with distilled water until pH 7, dried (24 h; 100 °C) and calcined (5 h; 500 °C; in air). Dried
samples were denoted as ZnAl-LDH, ZnCuAl-LDH, MgAl-LDH, MgCuAl-LDH and
calcined samples as ZnAl-C, ZnCuAl-C, MgAl-C and MgCuAl-C.
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Characterization

Crystalline phases were identified by X-ray powder diffraction (XRPD) using Rigaku
MiniFlex 600 diffractometer (CuKo radiation, A = 0.15406 nm; 26 10-70°; scan rate = 0.02 s™1).
The lattice parameters were calculated for the dominant phase. Average crystallite size, d,,,
was estimated using Scherrer equation based on the peak full width at half intensity (FWMH):

0.94
= 1
P Bcosd O

where 2 is X-ray wavelength, #is FWMH and 6 is diffraction angle. Calcined samples after
MO adsorption were also analysed and denoted as ZnAl-CMO, ZnCuAl-CMO, MgAl-CMO
and MgCuAl-CMO.

The Raman spectra for LDH samples were obtained using Thermo Scientific DXR
Raman microscope by excitation with the green laser light (532 nm) and wavenumber from
100 to 1500 cm!.

Low temperature nitrogen adsorption at —196 °C (Micromeritics ASAP2000) was used
for textural characterization. The specific surface area and pore size distribution were calcul-
ated using BET and BJH methods.

Adsorption experiments

Adsorption was carried out in an open Pyrex vessel containing 100 ml of MO solutions
(Cumo = 20 mg dm) and 50 mg of adsorbent and vigorously stirred. At defined time intervals,
MO concentrations were determined using the UV—Vis spectrophotometer (Cecil2000) at the
maximum MO absorption wavelength (1 = 463.9 nm). MO removal efficiency (£f/ %) was
calculated as:

Cy—C,

0
where Cy and C,, in mg dm™, are values for initial dye concentration and concentration at the
defined time, .
The adsorption kinetics was evaluated using the pseudo-second-order model:

LS S 3)
Y
where ¢, / mg g'! and ¢, / mg g’ are adsorption capacities at equilibrium conditions and at
defined time ¢ / min; k, / g mg™! min"! is equilibrium rate constant. Adsorption parameters, g,
and k,, were determined from the slope and intercept of plot for #/g; vs. t.

The diffusion mechanism was investigated by the intra-particle diffusion (IPD):2

e =kt"5 +C (4)
where k; / g mg! min0- is the IPD rate constant obtained from the slope and C is the intercept.
RESULTS AND DISCUSSION
Structural characterization
All LDHs exhibited structure with basal reflections of planes 4kl (003) and
(006), consisting of M2*-M3* hydroxide sheets and interlayers with anions and

H»0, as well as with non-basal reflections (012), (015), (018), (110) and (113),
similar to the brucite structure, consistent with the typical LDH structure, Fig.

E; =100 @)
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la.” XRD patterns could be indexed as hexagonal structure with R3m rhombo-
hedral space symmetry.8
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Fig. 1. XRD patterns for: a) LDHs and b) calcined samples.

Additional phases, ZnO and Zn(Al)O mixed oxides, were detected in Zn-
-samples.® A slight decrease in reflection intensity and sharpness was observed
for Cu—LDHs, due to the Jahn—Teller distortion initiated by Cu incorporation into
LDH structure.10

XRD analysis of calcined samples showed the collapse of the original LDH
structure and formation of mixed oxides. For calcined Zn-samples, the most int-
ense reflections indicated the presence of ZnO structure corresponding to (100),
(002), (101) and (110) planes overlapping with Zn(Al)O mixed oxide phase.!!
MgAIl-C sample revealed the presence of a cubic (NaCl-type) Periclase MgO
phase!2 with three broad low intensity reflections corresponding to LDH phase
and indicating incomplete LDH structure destruction. In MgCuAIl-C sample CuO
and Mg(AlCu)O mixed oxide phases were formed.!3 The lattice parameters of
synthesized samples were defined for the dominant LDH phase and unit cell
parameters were evaluated: a (width of crystal unit cell — cation—cation distance
in brucite-like sheets), ¢ (height of crystal unit cell) and ¢’ (basal space — thick-
ness of one layer consisting of a brucite-like sheet and one interlayer), average
crystallite size and crystal lattice structure (Table I).

Structural parameters for the dominant LDH phase were calculated as:6-14

a=2d119 ®)
c=3dppz3 =3¢’ (6)
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TABLE I. Lattice parameters, crystal structure and specific surface area of LDHs and CMOs

ZnAl-ZnCuAl- MgAl- MgCuAl- ZnAl- ZnCuAl- MgAl- MgCuAl-
-LDH -LDH -LDH -LDH -CMO -CMO -CMO -CMO
dogz =c'/nm 0.7469 0.7545 0.7682 0.7564 0.7603 0.7603  0.7662  0.7487
dope / NM 0.3757 0.3786 0.3839 0.3762 03794 03786  0.3839  0.3757
dyo/ nm 0.1532 0.1538 0.1526 0.1518 0.1537 0.1537  0.1526  0.1518
a/nm 0.3064 0.3076 0.3051 0.3036 03075 0.3073  0.3053  0.3036
c/nm 22401 2.2634 23046 2.2692 22809 2.2809  2.2986  2.2462
Interlayer 0.2668 0.2745 0.2882 0.2764 0.2803 0.2803  0.2862  0.2687
thickness, nm

d,/nm 2536 19.58  13.78 10.15 25.88 20.1 13.4 9.97
S/m? gl 2298 325 57.2 72.7 - - - -

Parameter

The dgo3 values were twice as high as dgge suggesting a favourable stacking
of layers in the layered structure.!5> A mild difference in a value for Cu—LDHs
was observed, being slightly higher after Cu cation in Zn-samples and slightly
lower after Cu cation in Mg-samples. This could be explained by the incurpor-
ation of smaller Cu2* (0.073 nm) as compared to Zn2" (0.074 nm), and incorpor-
ation of larger Cu?* when compared to Mg2* (0.072 nm). Additional differences
in ¢ values were attributed to the reduction of interlayer interaction due to differ-
ences in local charge density after Cu incorporation. These small differences in a
and ¢ values indicated successful Cu2* incorporation into cationic layers, also
triggering a slight structural distortion.!® By subtracting the brucite-like layer
thickness (0.48 nm) from ¢’ values, interlayer thickness occupied by carbonate
was obtained.1?

The d}, values (25.4-10.15 nm) depended on the sample composition: ZnAl-
~LDH > ZnCuAl-LDH > MgAIl-LDH > MgCuAl-LDH. The d, decrease after
the Cu incorporation for both Zn- and Mg-samples, suggested that Cu incor-
poration inhibited the growth of crystallites. XRD analysis of Zn-calcined
samples revealed dominate ZnO phase indexed as the hexagonal (wurtzite) struc-
ture and their lattice parameters (Table II) were calculated as:14

a=2x3705d o @)

¢ = 2doo2 (8)

Considering the relation of reflections and structural parameters of calcined
Zn-samples, the c/a ratio had values around 1.6 corresponding to the close-

-packed wurtzite structure. For Mg-calcined samples lattice parameter (Table II)
was calculated as:18

a=dx(h?+ k2 + 2)0:5 ©9)

The d,, of all calcined samples decreased in comparison to initial LDHs due
to dramatic structural changes that occurred during calcination.®
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The degree of LDH-sheet disorder was analysed by Raman spectroscopy,
Fig. 2. The spectra revealed three distinct regions indicating that LDHs had the
same features without any additional vibration bands. Similar properties could be
explained by the presence of the doublet at 490 and 554 cm™! that corresponded
to transitional vibration modes EgT and EuT of M-OH planes typical for the bru-
cite-like sheets!9. Cu-samples retained lattice vibrational bands of the doublet,
but with an intensity decrease due to the Jahn-Teller effect.20 Distinctive peaks
were also detected at 153 and 1063 cm™! assigned to transitional and symmetric
stretching vibration modes of intercalated carbonates.20 The highest peak inten-
sity for ZnAl-LDH sample suggested the highest degree of order in brucite-like
sheets.

TABLE II. Lattice parameters, crystal structure and specific surface area of calcined samples

Parameter ZnAl-C  ZnCuAl-C |Parameter MgAI-C*  MgCuAl-C*
leO / nm 2.8023 2.7845 dz()o / nm 2.0976 —

d002 / nm 2.5983 2.5961 d220 / nm 1.4810 —
a/nm 3.2358 3.2152 a/nm 4.1921 -
c/nm 5.1967 5.1923 d, /nm 3.58 3.16
cla 1.606 1.615 S/ m’g! 231.8 128.1
d,/nm 4.71 3.26

S/ m’g" 84.2 90.3

“Reflections overlapping-lattice parameters were not calculated
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Fig. 2. Raman spectra for LDHs.

Textural characterization

Pore size distribution (PSD) curves demonstrated an overall wide mono-
modal distribution for LDH-samples and bimodal pore size distribution for cal-
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cined samples (Fig. 3). All LDHs exhibited a wide pore size distribution. Calcin-
ation triggered the formation of smaller mesopores, as well as the increase of
larger mesopores in the broad range, evidenced by broad peaks with shoulders
towards lower and higher pore diameters for Mg-samples. Smaller mesopores
probably originated from venting holes in the nanosheets, whereas larger meso-
pores correspond to pores formed between stacked laminar-nanosheets.2!
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Fig. 3. Pore size distribution curves of: a) ZnAl-samples, b) ZnCuAl-samples,
¢) MgAl-samples and d) MgCuAl-samples.

Larger surface area of calcined samples (Tables I and II) was developed
during thermal decomposition and evolution of CO, and H,O. Cu-incorporation
in Zn-samples, lead to the slight increase in surface area. On the contrary, MgAl-C
had the highest surface area being almost twice as high as the specific surface
area of MgCuAl-C sample, probably due to MgAl-C phase composition differ-
ence, where mixed-oxide phase and residues of parent LDH phase were detected.
Textural characterization revealed hierarchical pore structure and developed spe-
cific surface area suggesting higher presence of active adsorption sites regarded
as favourable for mass transfer enabling diffusion and fast transport of adsorbates
in interconnected pore structure systems.22

Adsorption experiments

The effect of contact time on MO removal was investigated (time intervals:
30-60 min), Fig. 4. When compared to Zn-samples, Mg-samples showed higher
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removal efficiency after 60 min in following order: MgCuAl-LDH > MgAl-
—LDH >> ZnCuAIl-LDH > ZnAl-LDH probably because of larger specific sur-
face areas, lower crystallinity and average crystallite size. Lower removal effi-
ciency of ZnAl-LDH could be attributed to its highest degree of brucite-like
sheets order and highest average crystallite size disabling the formation of struc-
ture disorder with higher surface energy such as adsorption sites.

100 100 (PEmE—E—E—=—0—N |
° /,,,'——4———3 o °
O /
.‘ - /’,O =]
m-----0 °
=) | - < 4
i 60 {e N 60 s P /
S S -
= 404 40+ /
/. - i.
20+ Ffl-l‘.‘l’. —— 7ZnAl-LDH 20 Feg_——el’ﬁ —®—ZnAlC
—— ZnCuAl-LDH - —m_ 7nCuAl-C
—@—MgAl-LDH - —@—MgAl-C
04 & MeCuAl-LDH 0= —&—MaCuAl-C
0 10 20 30 40 50 60 0 5 10 15 20 25 30
(a) f/ min (b) ¢/ min

Fig. 4. MO removal efficiency for: a) LDHs and b) calcined samples.

Even higher removal efficiency was detected for calcined samples (Fig. 4b),
where Zn-samples reached 100 % of dye removal (complete decolourization)
almost instantly, whereas the same efficiency for Mg-samples occurred after 30
min. These results indicate that texture was not the limiting factor for removal
efficiency and different adsorption efficiency could be assigned to other pro-
perties. Increased removal efficiency of Zn-calcined samples could be explained
by the higher Zn electronegativity (electronegativity increase: Mg < Al < Zn <
Cu) that enhanced the attractive forces between the positive layers and anionic
dye molecules.” High removal efficiency could be clarified by the structural
memory effect possible after calcination (7' < 700 °C), forming non-stoichiomet-
ric mixed oxides with the ability to reconstruct LDH structure by the rehydration
process.23 Depending on metal components, formed mixed oxides exhibited dif-
ferent properties, such as electronegativity and alkalinity, initiating different
interactions with MO during the rehydration process. These adsorption efficiency
results are in accordance with similar research where authors stated that high
removal efficiency is not only initiated by the developed surface area, but also
through composition and structural diversity triggered by the memory effect.”-23
XRD spectra for pristine LDHs and calcined samples after MO removal proved
that structural memory effect was triggered during the removal process (Fig. 5).

XRD results, Table I, revealed no significant changes in the LDH structure,
as well as in lattice parameters, of the pristine and rehydrated LDHs. Therefore,
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the intercalation of MO ions into the LDH interlayer did not take place during the
removal process. MO adsorption occurred on the external surface through
electrostatic attraction?2 emphasizing surface properties of adsorbents.
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2 ZnAL-LDH
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Fig. 5. XRD reflections of LDHs and CMO samples for: a) ZnAl-samples,

b) ZnCuAl-samples, c) MgAl-samples and d) MgCuAl-samples.

70

The results of the kinetic study showed that pseudo-second order g¢> value
was very close to the experimental ¢, value, indicating good experimental data fit

(Fig. 6, Table III).
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Fig. 6. Pseudo-second order model for: a) LDHs and b) calcined samples.
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TABLE III. Pseudo-second order model parameters

Sample g,/ mg g’! Gerea /Mg gl ky/ g'mglmin’! R
ZnAl-LDH 13.76 13.966 0.0121 0.981
ZnCuAl-LDH 30.96 32.15 0.0206 0.997
MgAl-LDH 34.44 34.60 0.0373 0.999
MgCuAl-LDH 38 36.101 0.0092 0.995
ZnAl-C 39.96 40 0.2976 1
ZnCuAl-C 40 40 1.0420 1
MgAl-C 40 45.662 0.0049 0.961
MgCuAl-C 38 10.41 0.0457 0.993

The pseudo-second order kinetics is based on the solid-phase adsorption
loading assumption that the rate-limiting step may be chemisorption (adsorbent—
—adsorbate interaction through electron sharing/exchanging). During the adsorp-
tion process adsorbate molecules bond to adsorbent solid surface in the following
mass transfer steps:24 i) external/film diffusion — adsorbate transport from bulk
phase to external surface of the adsorbent; ii) sub-surface region diffusion; iii)
pore diffusion (intra-particle diffusion) — migration of adsorbates from external
surface to pores; iv) surface reaction — attachment of adsorbates to active sites
situated in the internal surface of the adsorbent.

The limiting rate of the overall adsorption process was investigated using the
IPD model where the intercept is related to the boundary layer thickness: larger C
suggests that external diffusion is crucial rate-limiting step of the adsorption
process’ and the linear plot through the origin suggest IPD is sole rate-limiting
step.25 Multiple linear regimes for LDHs samples (Fig. 7a, Table IV) were obs-
erved: i) MO molecule diffusion to the external surface on numerous active ads-

40 1 . 40
kdl: kdz ! kdz !
: L C e 8
E .“: ; - !
F SN
o BEBs : ! _
= % | T
§201% | EXT
: | E 1S
N ) ' mm m W
— | -
" EEET g MgALLDH | ] ® MpAlC
- - MgCuAl-LDH: & MgCuAl-C
! M ZnAl-LDH B ZnAl-C
0 ' ‘M ZnCuAl-LDH! 04— . . = ZnCuAl-C
(3)0246810 0o 1 2 3 4 5 6
II'Z/minl-‘E (b) fl'E/minl'Z

Fig. 7. IPD kinetic plot for: a) LDHs and b) calcined samples.
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orption sites — steep linear regression (kqp); i) gradual adsorption reduction due
to constrain of IPD (kgo); #ii) equilibrium stage (kq3).22-25

TABLE IV. IPD model parameters

Parameter ZnAl-LDHMgAIl-LDH ZnCuAl-LDHMgCuAl-LDHMgAl-CMgCuAl-C
kqp /mg glmint2 4342 5.007 8.503 3314 7.934 5.466
Cq 0.12 18.90 5.63 17.21 3.02 3.86
R4 0.994 0.978 0.939 0.994 0.096 0.878
ky/mg gt min'2  0.480 1.4673 2.582 1.307

Cp 6.64 26.27 17.99 21.31

Ry 0912 0.948 0.992 0.935

kg3 /mg glmint2 0214 0.169 0.399 0.65

Cas 11.39 32.75 28.85 28.85

Ry 0.988 0.881 0.903 0.802

Diffusion kinetic plot of calcined samples revealed different adsorption
behaviour (Fig. 7b). For Zn-calcined samples no change in g; vs. t1/2 was obs-
erved and for Mg-calcined samples the plot did not pass through the origin indi-
cating that IPD cannot be the sole rate controlling step, confirming a super-fast
adsorbent-adsorbate interaction.

Stability experiments

In order to determine the stability, repeated adsorption experiments were car-
ried out with re-used adsorbents (Fig. 8).

100 4 100 4 100 100
75 - 75 - 73 75 1
£ ® ® B3
- 50_ — 50_ — 50— \'.._‘50_
=) ol &l h
254 254 25 4 254
ZnAl( ——ZnAlC —— ZnAlC| ZnAl-C
—|— ZnCuA I-C ——ZnCuAl-C| ZnCuAl-C —— 7nCuAl-C
—@—MgAl-C —@—MgAL-C —@— MgAl-C —@—MgAl-C
0 O MeCuAL( 0-# —8— MgCuAl- 0 —&— MgCuAl-C 0 —&— MgCuAl-C
@0 15 30 My 15 30 ()0 15 30 @0 15 30
t/ min 1/ min t/ min t/ min

Fig. 8. Comparison of MO removal efficiency of all calcined samples in four adsorption
cycles: a) I; b) II; ¢) Il and d) IV.

After four consecutive adsorption cycles, the efficiency decrease was not
substantial, indicating satisfactory stability and substantial adsorption capacity,
probably due to their developed specific surface area providing a higher number
of adsorption sites.
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The results obtained from stability tests are consistent with research from the
similar studies8-26-27 where the decrease of adsorption capacity was detected after
3 or 4 cycles. This decrease was explained through structural characterisation of
adsorbent proposing that one of important factors for the adsorption reduction
was poor and decreased crystallinity of the LDH-like materials in structural
reconstruction also detected in calcined samples.

CONCLUSION

The structural and textural properties of synthesized bimetal and trimetal
LDH-based adsorbents were analysed (XRD, BET, BJH, Raman). The crystal-
linity, surface area, as well as pore structure varied in accordance with Cu-incor-
poration, thermal treatment and rehydration process. LDHs exhibited significant
MO removal efficiency (30-87 % after 60 min). Complete MO decolourisation
was achieved instantly for calcined Zn-samples and after 30 min for calcined
Mg-samples. During the removal process structural memory effect was triggered
in all calcined samples, indicating that the adsorption mechanism did not involve
the MO ion intercalation into the LDHSs, but occurred on the external surface
through electrostatic attraction. The kinetic study revealed chemisorption as the
rate-limiting step involving valence forces through sharing or exchanging of elec-
trons between adsorbent and adsorbate. A super-fast adsorbent-adsorbate inter-
action makes these LDH-based adsorbents promising materials for MO removal.
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[TOBOJBITAHO OTKJIALAE FOJA ITIPUMEHOM MYJITUOYHKIIMOHATHUX
MATEPHWJAJIA HA BA3U CJIOJEBUTUX XUIPOKCHUIA: AICOPIILIMIJA U KWHETUKA

MUJTULA C. XADHABEB-KOCTHR, TATJAHA J. BYJIUR, hYPBULIA M. KAPAHOBU|H n MAPUJA M. MUJIAHOBHWR
Texnonowxu paxynimeiri Hosu Cag, Ynusepsutiewni y Hosom Cagy, Byn. yapa Jlazapa 1, 21000 Hosu Cag

IIBocTpyku cnojeButH xupgpokcunu (LDHs) ce 30or moBossHMX 0COOHMHA HWHTEH3UBHO
UCTpaKyjy y Ipoliecuma OTKJIamama OpraHckux doja. 3a morpede McnuTHBama ajacopuuyje
meTwI-oparxa dumertanuu (ZnAl u MgAl) u tpumetanuu (ZnCuAl u MgCuAl) ancopbdenTu cy
CUHTETHCAHU U TEDMUUKH TpPeTUpaHU. MCIUTHUBAH je yTUllaj IPUPOAe U cafpiKaja rpafjuBHOT
Merana ajgcopdeHTa Ha CTPYKTypHe (mudpakuuja X-3paxka, PamaH aHanusa) TeKCTypasHe
(HMCKOTEMIepaTypHa afcopliiyja a3oTa) M alcopliuoHe kapakrepuctuke. [Tpouec azcopmn-
1Mje, MeXaHU3MHU U CTadUIHOCT cUHTeTHCaHUX LDH ¥ BUXO0BUX KaJlJMHACAHUX MELIOBUTHX
OKCHJIa je UCNIUTHBAH y Wby pasjallilhaBakha HHTepakuuje ancopdeHT—00ja U oNTHUMU3aLHje
exkcrnepuMeHTanHor ausajHa. Ceu LDH apcopbencum u apcopbeHcn Ha 0asM MELIOBUTHX
oxcupa fodujeHux KanuuHanujom LDH cy mokasanu BUCOKY e(UKacHOCT OTKIamama doje,
HApOUHTO MELIOBUTH OKCHIHU ca Zn KOZ KOjUX je NOIUIo Jo MoTmyHor odesbojaBama (100 %
yKIamamka 00je) CKOPO MOMEHTAJHO ycien cynep-0p3e WHTepakuuje ancopdbeHT—azcopdart.
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IIBa moryha ajpcopnuuoHa MexaHM3Ma WHHIMpaHa MelyNoBPIIMHCKUM (EHOMEHHUMA CY KO-
penucaHa ca CTPyKTYPHUM M TEKCTYPaIHUM OCOOMHAaMa, Kao M ca (DeHOMEHOM DPEKOHCTPYK-
uuje — ,edexrom namhema“. PesynTaTv NpeAcTaB/bajy COMUAHY Dasy 3a Jja/ba HCTPaXKKBamka U
ovu3ajH afgcopbdeHata Ha Oasu LDH 3a ywxiamame METHI OpaHXa, cariefaBajyhu BHXOBe
NIOBOJbHE CTPYKTYPHE U TEKCTyPaJIHE OCODMHE, Ka0 M OJJINYaH aJICOPIIMOHHM KaNaluTeT.

(ITpummeno 28. dedpyapa, pesunupaHo 1. anpuna, npuxsaheno 8. anpuna 2022)
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