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Abstract: Sandwich-like composites based on clays and textiles are extensively
applied in various fields, including civil engineering and environmental protection.
In this paper, the synthesis of a new type of composite with embedded bentonite
particles within a non-woven polyester matrix is presented. The synthesized com-
posite has improved mechanical properties compared to the corresponding non-
-woven matrix. Although more than two-times thinner, the synthesized composite
showed mechanical properties similar to those of a commercial composite chosen
for comparison. Sorption test results confirmed that the contribution of the textile
component to the sorption of aqueous Cu(ll) ions by the composite was negligible.
The sorption of aqueous Cu(ll) ions on the synthesized composite was best-fitted
using the Langmuir model. The presented study confirmed that the loss of bentonite

particles from the composite can be eliminated using the suggested synthesis
method.

Keywords: composite; bentonite; non-woven; mechanical properties; sorption.

INTRODUCTION

Bentonites are clays rich in smectite but also containing various associated
minerals, such as carbonates, feldspars, quartz, etc. 13 Due to their high smectite
content, bentonites are good sorbents. Numerous investigations were focused on
bentonite as a sorbent of inorganic pollutants, particularly of toxic aqueous metal
ions.4~7 When bentonite is utilized as sorbent, a problem exists of its separation
after use. The fineness of the particles and their tendency to swell impede the
separation process. This increases the cost of the employment of bentonite as a
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1412 MILUTINOVIC-NIKOLIC et al.

sorbent. One of the possible ways to overcome this is the use of bentonite powder
firmly fixed to an inert support.

On the other hand, composites based on clays and textiles are materials that
lately have been extensively applied in civil engineering and environmental
protection.89 Commercial composites are most commonly applied as geosynthe-
tic clay barriers. They are produced in a variety of forms. They consist of a clay
layer (typically bentonite) bonded to a layer or layers of a geosynthetic material.
The geosynthetic materials are either geotextiles or geomembranes. Geotextile-
-based composites have a sandwich-like structure. They are bonded with an adhe-
sive, needle-punching, stitch-bonding or a combination of these methods. In geo-
membrane-supported composites, the bentonite is bonded to the geomembrane
using an adhesive.82 The main forms of commercial composites are schemati-
cally presented in Fig. 1.

j«—— Upper Geotextile

a) BENTONITE AND ADHESIVE

l«———Lower Geotextile

Upper Geotextile

Stitchbonded in Rows

b)

Lower Geotextile

iie—— Upper Geotextile

Needlepunched Fibers
Throughout

i+—Lower Geotextile

d)

<+——— Geomembrane

Fig. 1. Forms of bentonite-textile composites: @) adhesive-bonded sandwich structure;
b) stitch-bonded sandwich structure; ) needle-punched sandwich structure;
d) bentonite adhered to geomembrane (two-layered structure).
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BENTONITE-BASED NON-WOVEN COMPOSITE 1413

Geotextile composites primary differ in the form of the bentonite, type of
fiber, type of textile and the bonding methods used to bind the composite. In
composite synthesis either the sodium or calcium type of bentonite can be used in
powdered or granular form. The type of polymer fiber and their fineness may dif-
fer in the composites. Both woven and non-woven textiles are used as geotex-
tiles. Often, the lower geotextile layer is woven, while the upper one is non-
-woven.89 Although the overall configuration of the composite affects its perfor-
mance, the primary factors are clay quality, the amount of clay used per unit area
and its uniformity.

One of the drawbacks of composites with a sandwich-like structure is the
insufficiently firm fixation of the bentonite layer to the textile. For example,
when rolls of these materials are employed, powder is easily displaced, both late-
rally within the product and through the geotextile. Although bentonite is non-
-toxic and can even be used as a pharmaceutical,10 bentonite powder is consi-
dered to be a respiratory hazard due to the inhalable crystalline quartz and fine
smectite particles.11 Finally, the migration of the powder within the composites
with a sandwich-like structure causes localized inconsistencies in the mass per
unit area of the product, which in turn creates variability in its hydraulic perfor-
mance.12.13

In this paper, a new type of composite is presented, synthesized with bento-
nite particles embedded within a non-woven polyester matrix by applying bento-
nite in the form of a suspension. The goal was to obtain a composite with a more
consolidated structure and avoid losses of the bentonite powder from the com-
posite.

The sorptive properties of textile-bentonite composites have received less
attention in the literaturel4-16 in comparison to bentonite alone.1.4-7.17-20 |n the
presented investigations more attention was focused on the sorptive properties of
the synthesized composite. Removal of agqueous Cu(ll) ions was chosen as a mo-
del system. Toxic metals, such as lead, copper, cadmium, zinc and nickel, are
among the most common pollutants found in industrial effluents.2l Of the 71
priority pollutants analyzed, copper, was most frequently detected, along with
lead and zinc.22 The increased content of copper in the liver, brain, and other tis-
sues leads to hepatitis, kidney dysfunction, brain disorders, and other prob-
lems.22:23 According to the Environmental Protection Agency (EPA), the maxi-
mum allowed amount for copper in discharged water is 1.3 mg dm—3.22

The objective of the investigations presented herein was to synthesize a com-
posite with bentonite particles fixed within a non-woven textile structure to pre-
vent bentonite losses. Further investigations presented in this paper were per-
formed in order to prove that the synthesis conditions do not impair the sorptive
properties of bentonite and the mechanical properties of non-wovens.
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1414 MILUTINOVIC-NIKOLIC et al.

EXPERIMENTAL

The composite was synthesized using bentonite and commercial materials. Needle-pun-
ched polyester non-woven fabric (M-PROINTEX, Mladenovac, Serbia) with a nominal mass
per unit aream, = 300 g m2 and a thickness of §= 3 mm was used as the non-woven matrix.
A carboxymethyl cellulose-based adhesive (Aero Balkan, Belgrade, Serbia) solution was ap-
plied to fix the bentonite particles to the non-woven (NW)material. The mineral constituent
was bentonite powder (< 74 um) from the coa and bentonite mine “Bogovina’, Serbia. The
chemical, physical, morphological and textural properties of bentonite powder were presented
previously.24#2> The chemical composition of bentonite dried at 110 °C (given in mass %)
was. SiO,, 57.51; Al,0s, 17.13; Fe,0,, 7.67; MgO, 2.35; Ca0, 1.81; Nay,O, 0.75; K,0, 1.18.
XRD analysis confirmed smectite as the dominant phase with quartz as the major associated
mineral. Small amounts of illite, calcite, feldspar and amorphous material were also detected.
The specific surface area of the bentonite powder was calculated according to the Brunauer,
Emmett, Teller method from nitrogen adsorption—desorption isotherms and the obtained value
was 96 m? g1,

The following synthesis procedure was used. First the adhesive was dissolved in distilled
water at 35 °C and stirred until a homogeneous solution was obtained. Bentonite powder was
then dispersed in the agueous solution of the adhesive. The dispersion was stirred to form a
homogeneous suspension.

The viscosity of the bentonite suspension in an adhesive solution was significantly
greater than the viscosity of either the adhesive solution or a dispersion of bentonite in pure
water. The suspension viscosity of the dispersion affects the ability of the suspension to pene-
trate the NW materia. If the suspension viscosity is higher than optimal, the suspension is
unable to pass through the entire NW fabric and a layer of bentonite is formed on the top of it.
On the other hand, if the suspension viscosity is lower than optimal, the suspension passes
through the NW fabric and the bentonite does not remain within the NW material. A sus-
pension containing 50 g dm3 bentonite dispersed in a solution of adhesive having a concen-
tration of 6.7 g dm3 was found to have the optimal viscosity. The viscosity of this suspension
was measured using a Brookfield Eng. Lab. Inc, USA viscometer.

The synthesis of the composite was performed by applying the suspension with the opti-
mal viscosity onto the NW surface. Water from the wet composite was removed by drying to
constant mass in an oven at 60 °C. In the next step, the bentonite suspension was applied once
more, but this time on the opposite side of the textile. Drying of composite at 60 °C was
performed again until a constant mass was reached.

In order to characterize the obtained composite, the standard methods for geosynthetic
investigation were used. The British Standard EN 14196 was used for the determination of the
mass per unit area?® and the International standard 1SO 9863-1 for the measurement of the
composite thickness.2’

Load per unit length and elongation were determined using a Wykeham Farrance mecha-
nical testing machine (BR-IPGM-KID-03) according to the 1SO 10319 test method.?8 The
experiments were performed on the original NW fabric and the corresponding composite. The
materials were examined both in the machine direction (md) and the cross machine direction
(cmd).

Scanning electron microscopy (SEM) photos of the synthesized and commercia com-
posite were obtained using an SEM JEOL JSM-6610LV.

There is no standard method to estimate the loss of bentonite powder from a composite.
In this study, two different tests, a more and a less severe one, were adopted. Their purpose
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BENTONITE-BASED NON-WOVEN COMPOSITE 1415

was to show firmer incorporation of the bentonite particles within the synthesized composite
structure in comparison to a commercial composite with a sandwich-like structure Bentofix
BFG 5000. 20

The first type of test was performed with a rotating tube attrition tester — the Spence
method.30 Samples were loaded into cylindrical tubes placed on a disc-shaped frame. The
frame was rotated at a speed of 25 rpm for two hours. For the second test, the samples were
placed in an ultrasonic bath (Selecta Ultrasound-H), operating at a frequency of 40 kHz for 30
min. The mass of the samples was measured before and after each test by both methods. The
results are presented as mass loss in percents (). For each method, 10 samples of the com-
mercial and of the synthesized composite were used. The average values and standard de-
viation were cal cul ated.

In order to determine the contribution of each constituent of composite to the sorption of
aqueous Cu(ll) ions, batch experiments were performed separately on: @) NW fabric impreg-
nated with adhesive — the control textile sample; b) bentonite powder and c) the studied com-
posite. The masses of the samples were: 0.25 g for bentonite powder and the control textile,
while the composite mass was 0.5 g, containing approx. 0.25 g of NW fabric and 0.25 g of
bentonite. The sorption test was performed with 50 cm? of agueous solution of Cu(ll) nitrate
with theinitial Cu(ll) concentration, ¢, of 5x10°3 mol dm’3,

When the contribution of each constituent of the composite to the sorptive properties of
the composite had been determined, an isothermal study on the synthesized composite only
was performed. All experimental conditions were the same as in the previous test except the
initial concentration of agueous Cu(ll) ions was varied within the range 2.5x103-10.0x10°3
mol dmr3,

In all sorption experiments, the samples were shaken at 20+2 °C in a temperature-con-
trolled water bath shaker (Memmert WNE 14 and SV 1422). Measurements were performed
after predetermined periods (0.25, 0.5, 1, 2, 4, 12 and 24 h). When bentonite was used as the
sorbent, the bentonite suspensions were centrifuged at 5000 rpm for 15 min (Hettich EBA-21
to separate the sorbent from the dispersion.

The concentrations of Cu(ll) ions before and after the sorption test were analyzed using a
Thermo Electron Nicolet Evolution 500 UV—-Vis spectrophotometer. The absorption peak at
806 nm, corresponding to Cu(ll), was chosen for the estimation of the Cu(ll) concentration,
since a linear dependence of absorbance on Cu(ll) concentration was found to have a corre-
lation coefficient (R) of 0.999.

The Cu(l1) uptake (p) given in percents was calculated as follows:

p= 100M 1)
Co

where ¢ is the initial Cu(ll) concentration (mg dm3) and ¢ is the Cu(ll) concentration in
solution after timet.

The amount of the agueous Cu(ll) ions sorbed by the sorbent (composite) at the equi-
librium g, (Mg g'1) was calculated by the following mass-balance relationship:

_V(p-c)
== @)

where ¢, is the equilibrium Cu(l1) concentration, V is the volume of the solution (dm3) and W
is the mass of the sorbent (g).

Oe
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1416 MILUTINOVIC-NIKOLIC et al.

RESULTS AND DISCUSSION

A mass per unit area of the synthesized composite of ma = 590420 g m—2
and a thickness of ¢ = 2.89+0.18 mm were established according to standard
methods.26:27 The bentonite content in the composite was determined to be 51+2
mass %.

The viscosity of the suspension with the optimal composition was measured
using a Brookfield viscometer. The dependence of the viscosity on the shear rate
isgivenin Fig. 2.

120
1004 ~m_
1 T~ = B experimental data
804 = - - - - linear re i
7 S gression
= L
T 60 w
: .
. .
40 - ~ .
10
1 ML T T Ty T T T
1 10 100
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Fig. 2. Dependence of the viscosity of a bentonite/adhesive suspension on shear rate.

The abtained linear regression can be represented by the following equation:
logn =1.948—-0.205y 3

where: 17 — viscosity, = dv/dx — shear rate, with R = 0.9959.

As expected, the viscosity of the bentonite/adhesive suspension obeyed a
“power law” and exhibited a behavior characteristic for pseudoplastic fluids.3!

Since the synthesis of the new type of composite presented in this paper can
be performed using bentonites and adhesives of different origin, it is useful to
have a synthesis condition figure of merit independent of the origin of the applied
raw materials. The use of suspension with aviscosity given in Eg. (3) enables the
given synthesis process to be extended to avariety of raw materials.

The SEM microphotographs of the synthesized composite and the commer-
cial Bentofix BFG 5000 with a sandwich-like structure® are presented in Fig. 3.
Bentonite particles firmly embedded within the NW structure of the synthesized
composite are clearly visible in Figs. 3a-3b. The particles completely surround
the textile fibers and remain connected even in the cases of severe bending and
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BENTONITE-BASED NON-WOVEN COMPOSITE 1417

cutting of the composite during the sample preparation for electron microscopy.
On the other hand, the integrity of structure was destroyed during an identical
preparation of a commercial sample for SEM. In Fig. 3c only textile fibers rela
tively loosely in contact with the surrounding bentonite powder are visible.

SET 20KV . w50 _ SEI WDdmm
UB-RGE . 1 - ,_,E;_P_,;:&_. e L

Fig. 3. SEM Photos of composites: a) syn-
thesized; b) synthesized (enlarged detail);
¢) commercial.

The recorded load per unit length (o) vs. relative elongation (&) curves are
presented in Fig. 4 for both the NW fabric and the synthesized composite. The
obtained mechanical properties are givenin Tablel.

From the results presented in Fig. 4 and Table I, it can be concluded that the
load per unit length at break (omax) Was higher, while the relative elongation at
break (&) was lower in the machine direction than in the cross machine direction
for both the NW fabric and the corresponding composite. The composite forma:
tion improved the load per unit length and lowered the elongation of the starting
non-woven fabric in both directions by approx. 20 %. In addition, it was also ne-
cessary to apply 8, 16 and 28 times greater force to the composite than to the
corresponding NW in order to achieve elongations of 10, 5 and 2 %, respectively.
These data show to what extent the mechanical properties of the composite are
improved compared to the corresponding non-woven fabric, especialy at lower
loadings.
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1418 MILUTINOVIC-NIKOLIC et al.
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Fig. 4. Load per unit length vs. relative elongation for the NW fabric
and the synthesized composite.

TABLE I. Load per unit length and elongation of the composite and the non-woven fabric
(omax — 10ad per unit length at break, &, — relative elongation at break, md —machine direction,
cmd — cross machine direction)

o/kNm* o/kNm? o/kNm?

_l 0
Sample Ora /KN 67% o o—206  ae=5% ae=10%
NW(md) 15 71 0.089 0.222 0.566
Composite (md) 19 55 2510 3.201 4.309
NW(cmd) 9 79 0.086 0.163 0.412
Composite (cmd) 11 66 2.440 2.830 3.367

Photographs of fractures of the composites after the mechanical tests are
presented in Fig. 5 for comparison.

It can be observed that upon rupture, the bentonite phase remains firmly
fixed within the synthesized composite, while there is a significant release of the
clay from the commercial one.

The results for the mass loss obtained using both the rotating tube attrition
tester and ultrasound test are given in Table Il for the synthesized composite and
for one of the most common commercial composites with a sandwich structure,
Bentofix BFG 5000.29 |n addition to the data for bentonite loss, Table Il contains
some physical and mechanical properties of the synthesized and commercial
composites.

The loads per unit length required for the rupture of both composites were
very similar. The test samples were of equal length and width but the commercial
composite was more than two-times thicker than the synthesized one. This im-
plies better mechanical properties of the synthesized material.
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BENTONITE-BASED NON-WOVEN COMPOSITE 1419

3 5¢cm SN cm

Fig. 5. Photographs of samples after mechanical tests: a) synthesized, b) synthesized (enlarged
detail), c) commercial and d) commercia (enlarged detail).

TABLE Il. Comparison of the properties of the synthesized and the commercial composite (6
— thickness, my —nominal mass per unit area, oy,a —l0ad per unit length at break, &, —relative
elongation at break, md —machine direction, cmd — cross machine direction, y — mass |0ss)

, Omax !/ KNM? £/ % Rotating ~ Ultrasound

Sample olmm my/gm test tube bath test
md cmd md cmd x/% Std. y/% Std.

Commercial 7 5500 20 11 10 5 70 3 434 11

Synthesized 3 600 19 11 55 66 5 2 073 01

Table Il shows that the mass loss after the performed rotating test tube expe-
riment was 14 times greater for the commercial than for the synthesized compo-
site. In the ultrasonic test, the mass loss was |ess expressed; however, it was still
6 times greater for the commercial composite than for the synthesized one.
Therefore, the most important advantage of the synthesized composite isits com-
pact structure that simultaneously enables a firm fixation of bentonite within the
composite matrix.

The sorption data for the relative uptake of agueous Cu(ll) ions on the
bentonite, non-woven fabric impregnated with adhesive (control textile sample)
and the composite vs. contact time are presented in Fig. 6.
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1420 MILUTINOVIC-NIKOLIC et al.
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Fig. 6. Kinetics of Cu(l1) uptake by the investigated samples; ¢, = 5.0x10° mol dm™.

The data presented in Fig. 6 show that the sorption of agueous Cu(ll) ions by
the NW fabric was negligible in comparison to that of bentonite and the compo-
site and that the entire sorption capacity of the composite can be attributed to
bentonite. The uptake of agueous Cu(ll) ions by bentonite was faster than by the
composite, since in the latter, the bentonite particles were incorporated in the NW
fabric and it was more difficult for the aqueous Cu(ll) ions to reach the bentonite.
For longer sorption times, the composite reached the sorption capacity of pure
bentonite. The presence of adhesive did not impair the sorptive properties of ben-
tonite in the composite, i.e., the bentonite did not lose its sorptive properties du-
ring composite synthesis.

The sorption data for the uptake of agueous Cu(ll) ions by the composite vs.
contact time at different initial concentrations are presented in Fig. 7. The pH of
the solution after sorption was 6, which is a pH value where no precipitation of
Cu(ll) occurs and therefore the decrease of the Cu(l1) concentration can be ascri-
bed solely to the sorption process.

The percentile uptake of agueous Cu(ll) ions by the composite decreased
with increasing initial Cu(ll) concentration, but the amount of sorbed ions in-
creased. More useful data can be obtained by analyzing the equilibrium condi-
tions. The equilibrium contact time was estimated to be 12 h, since further sorp-
tion was negligible after this time. The equilibrium data, commonly known as
sorption isotherms, are the basic requirement for the design of sorption systems.
These data provide information on the capacity of the sorbent or the amount re-
quired for the removal of a unit mass of sorbate under the system conditions.

The sorption isotherms obtained for different initial Cu(ll) concentrations
were applied to fit the models of Freundlich32 and Langmuir.33
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Fig. 7. Influence of contact time and initial Cu(ll) concentration (cg) on the uptake of Cu(ll)
by the composite (1 — ¢y = 2.5x103 mol dm3; 2 — ¢y = 5.0x10°3 mol dm'3;
3 —¢y=7.5x10"3 mol dm3; 4 — ¢y = 10.0x10°3 mol dm-3).

The linear form of the Freundlich isotherm is represented by Eq. (4):
INge=1In K|:+1Ince (@]
n

where Kg (dm3 g1) and n are the Freundlich adsorption constants characteristic
for the system; they describe the adsorption capacity and adsorption intensity,
respectively.

A plot of In ge vs. In ce gives a straight line with the slope and intercept
equal to I/n and In K, respectively (Fig. 8).

The Langmuir Equation can be expressed as follows:

LB ©
Je OmaxKL  Omax
where gmax IS the maximum adsorption capacity of the sorbent (mg g-1) and K.
is the adsorption constant (dm3 g1).

A plot of the specific adsorption (cg/ge) Vs. the equilibrium concentration (ce)
gives a straight line with slope 1/gmax and intercept 1/(qmaxKL) (Fig. 9). The
constants and correlation coefficients corresponding to both models are given in
Tablelll.

According to the results presented in Table |11, both models can be applied
to the experimental data, but the correlation coefficient for the Langmuir model
was closer to unity, hence this model was more appropriate. The validity of
Langmuir model indicated the formation of a monolayer coverage of agueous
Cu(ll) ions at the composite surface containing a finite number of homogenous
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sorption sites. It also suggests that all adsorption sites were equivalent and there
was no interaction between the adsorbed molecules.34

2899 ing,=1.780+0.125In C, '

T T T m T d T T
35 4.0 45 5.0 55 6.0

-3
In(C,/mg dm”)

Fig. 8. Freundlich isotherm for Cu(ll) sorption onto the composite.
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Fig. 9. Langmuir isotherm for Cu(l1) sorption onto the composite.

TABLE I1. Calculated sorption model constants and correlation coefficients
Freundlich constants
Ke/dm® g™ n R
5.932 7.982 0.9560

Langmuir constants
Omex /MY g™ K/ dm’g™ R
13.09 50.36 0.9999
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BENTONITE-BASED NON-WOVEN COMPOSITE 1423

CONCLUSIONS

A new type of composite with bentonite particles embedded in non-woven
textile was synthesized by applying bentonite in the form of suspension onto a
non-woven fabric. The optimal viscosity of the bentonite suspension in the adhe-
sive solution that enables appropriate composite formation was established. The
composite formation improved the load per unit length and lowered the elonga
tion of the starting non-woven fabric in both the machine and cross-machine di-
rection. Although more than two-times thinner, the synthesized composite showed
mechanical resistance similar to that of the commercial composite chosen for
comparison.

It was proven that the problem of loss of bentonite particles from the com-
posite structure was greatly reduced with the obtained composite. Both the rota-
ting tube method and the ultrasonic test resulted in much lower mass loss values
for the synthesized composite in comparison to the commercial composite.

The sorptive study showed that the contribution of non-woven component to
the sorption of agueous Cu(ll) ions by the composite was negligible. The entire
sorption capacity of the composite could be attributed to the bentonite. The ben-
tonite did not lose its sorptive properties during the synthesis process. The iso-
thermal data for Cu(ll) sorption onto the composite were best fitted using the
Langmuir model.

The obtained composite exhibited a compact structure with firm fixation of
the bentonite within the composite matrix, as well as good mechanical and sorp-
tion properties. It may be regarded as a promising material for various appli-
cationsin civil engineering and environmental protection, for example as geosyn-
thetic clay barriers and in wastewater purification.

Acknowledgement. This work was supported by the Ministry of Education and Science of
the Republic of Serbia (Project 111 45001).

U3BOJ

HOBHU TUIT KOMIIO3UTA HA BA311 BEHTOHUTA U
HETKAHOI' TEKCTUJIHOI' MATEPUJAJIA

AJIEKCAHJIPA MIJIY THHOBUR-HUKOJIMRY, JACMUHA IOCTAHWR', IPEJIPAT BAHKOBUR', HATALLIA
JOBWR-JOBUUNR', CIABEHKA JIVKIR? BPAHKO POCHR® u IVIIIAH M. JOBAHOBUR'

! Yuusepsuitieiti y beozpady, MHciuuiniy i 3a xemujy, liexHoa02ujy u meitiarypujy, Llenitiap 3a kaiiaausy u Xemujcko
uracersepcitiso, Fhezowesa 12, beozpad, *Yuusepauiiei y Feozpady, Texnoaouko—seiaaypuikie paxyitiei,
Kapnezujesa 4, beozpao u 31/[ch7uu7yu7 3a iiytiese, Kymoopawixa 257, beozpao

Komnosutn Ha 6a3u IiIMHA M TEKCTHIIA ca ,CeHJBHY" CTPYKTYpOM HMajy NPUMEHY Y pasiu-
yuTHM obJlacTHMa, yKJbyuyjyhu rpal)eBUHapCTBO M 3aIUTHTYy XXMBOTHE CpeiuHE. Y OBOM pany
CHHTETHCaH je HOBH THII KOMIIO3HTa ca dYecTHIaMa OCHTOHWTAa yrpaljleHMM y HETKaHy IIOJIHec-
Tapcky MaTpuily. CHHTETHCaHH KOMITO3UT MMa MOOOJbIIaHa MEXaHW4YKa CBOjCTBa y mopehemy ca
onroBapajyhoM HeTKaHOM MaTpumoMm. Mako 1Ba myTa TamH OA KOMEPIHjalHOT, ca KOJUM je
ynopehuBaH, CHHTETHCAaHM KOMIIO3UT je II0Ka3a0 CJIMYHA MeXaHH4ka cBojcTBa. COPILMOHUM
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1424 MILUTINOVIC-NIKOLIC et al.

HCOUTHBAbMMa TOTBPHEHO je Ja TeKCTHIHA KOMIIOHEHTa 3aHEMapJbHBO YTHYEC Ha CIOCOOHOCT
kommo3uta aa copbyje Cu(ll) joue. Coprumja Cu(ll) jora Ha CHHTETHCAHOM KOMIO3UTY Haj0OIbe
ce onucyje JIeHrMUpoBUM MoJIeTIoM. Y OBOM pafy je moTBpheHo aa ce KopuihemeM MpeiokKeHe
METO/IC CHHTE3¢ KOMIIO3HTa SIMMUHUIIE TPOOIIeM HCTIajarba YeCTUIIa OEHTOHUTA U3 KOMITO3HTA.

(Mpumsbeno 27. jyna, pesuaupano 2. HoBemGpa 2010)
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