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Abstract: A simple and cost-effective method was applied for the synthesis of
zeolite composites utilising wet bottom boiler slag from the Bulgarian coal-
-fired thermal power plant “Sviloza”, near the town of Svishtov. The method
consisted of a prolonged alkali treatment at room temperature of this waste.
Experimental techniques, such as scanning electron microscopy, energy-dis-
persive X-ray and X-ray diffraction analyses, are employed to characterize the
initial slag and the final products with respect to their morphology, and ele-
mental and mineral compositions. The composites synthesized in this way
contained two Na-type zeolite phases: zeolite X (type FAU) and zeolite Linde
F (type EDI). The zeolited products and the starting slag were tested as ads-
orbents for a textile dye (Malachite Green) from aqueous solutions. In com-
parison with the initial slag, the zeolite composite possessed substantially better
adsorption properties: it almost completely adsorbs the dye in much shorter
times. The results of this investigations revealed a new, easy and low cost route
for recycling boiler slag into a material with good adsorption characteristics,
which could find different applications, e.g., for purifying polluted waters,
including those from the textile industry.

Keywords: waste recycling; zeolite X; zeolite Linde F(Na); dye removal; ads-
orption.

INTRODUCTION

Boiler slag is an incombustible vitreous waste product from coal-fired ther-
mal power plants (TPP) equipped with a slag-tap or cyclone type furnaces.!-2
Due to the high combustion temperatures (1350-1500 °C) reached in these type
of furnaces, the bottom ash is in a molten state before its removal. After rapid
quenching of this molten residue into water, a glassy grain mass is obtained that
fractures into particles with irregular shapes and sizes up to 20 mm.!-2
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The composition of boiler slag mainly depends on the coal source and the
combustion conditions. Generally, it is composed of silica, alumina, iron oxides,
small amounts of calcium and magnesium oxides, sulphates, and some other
compounds. According to recent information, about 100 million tonnes of coal
combustion by-products (bottom and fly ashes, boiler slag, efc.) are produced in
Europe and approximately 780 million tonnes per year worldwide.!~4

Boiler slag represents about 2 % of the total quantity of these coal combust-
ion products, i.e., the European power plants produce about 2 million t of slag per
year. In the old European partner countries, the utilization rate of this slag
reaches 100 %.! About 45 % is used as blasting grid, about 30 % in road cons-
truction, 10 % as aggregates in concrete and about 5 % for grouting and drain-
age.l-24 However, regarding the other European countries, there is no detailed
information concerning the re-use rate and fields of application of this waste.
Boiler slag also finds application as roofing shingle granules, or it can be spread
on icy roads for traction control.l-2:4 However, in all these applications, the boiler
slag is used as an inert ingredient and not as a resource for the synthesis of new
products with useful properties, in contrast to the fly and bottom ashes.!=5 In
respect to the latter, there is increased interest in their recycling utilizing them as
a raw material for the synthesis of zeolite composites.3:6-18 Due to the specific
zeolite structure, such composites are used in a wide range of environmental eng-
ineering processes, such as for the removal of heavy metals, oil-derivative con-
taminants or of other pollutants from effluent waters.3:6-10.13-15,18 Boiler slag
could also be a useful raw material in this respect. Containing large amounts of
Si and Al in an easy soluble glassy form, this waste product is exceptionally
appropriate for the alkali-activated synthesis of different zeolite composites.

Usually, the synthesis of zeolites from different wastes is performed under
hydrothermal conditions, which really accelerate the zeolitization but, simultane-
ously considerably raise the recycling costs.3 Successful experiments for zeolite
synthesis at low temperatures and under atmospheric pressure have been per-
formed for years.!9-22 However, in all these investigations, pure chemicals were
exclusively used.!9-22 Only recently, several investigations were performed for
recycling fly ashes23-27 and other waste products28 into materials rich in zeolite
phases at low temperatures. Experiments for the room temperature zeolitization
of fly ashes from six different Bulgarian TPPs were also performed (unpublished
results). To the best of our knowledge, low temperature synthesis routes have not
hitherto been applied for the zeolitization of boiler slag.

For this reason, the aim of the present study was to demonstrate the feas-
ibility of boiler slag zeolitization at room temperature and in this way to propose
a simple and cost-effective method for its recycling. With the view to future
application, the adsorption behaviour of the synthesized zeolite composite was
investigated with respect to a textile dye.
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EXPERIMENTAL

The slag used in the present study was collected from the Bulgarian coal-fired TPP
“Sviloza”, near the town of Svishtov. Prior to the synthesis, the slag was screened to obtain
two fractions: the first one with particle sizes smaller than 0.2 mm (S-fraction) and the second
one with larger particle sizes between 2 and 5 mm (L-fraction).

Details on zeolitization experiments are given in Supplementary material to this paper.

The phase composition of all samples was investigated employing a Philips PW 1050
automatic powder diffractometer using Cu-K,, filtered radiation and Bragg—Brentano geo-
metry. The patterns were recorded in the 2 @interval from 6 to 85°. Samples with equal masses
and identical sample holders were used in all XRD measurements. The identification of all
crystalline phases was performed by the X'Pert HighScore 3.0d software (2011 PANalytical
B.V., The Netherlands) and the collection of X-ray patterns of the International Zeolite
Association.?’

The morphology and the elemental composition of the initial slag and of the reaction
products were investigated by SEM, using a JEOL JSM6390 microscope, equipped with an
EDX analyzer, Oxford Instruments. Information about the integral elemental composition of
the samples was obtained taking a few spectra at low magnification (30%) from their surface.
The elemental composition of crystals of a given morphology or of the amorphous precipitates
formed during the alkali treatment was determined using “in point” analysis of at least ten
individual objects. In the latter case, the analyses were performed at substantially higher
magnifications (100000-300000x).

Information for some other properties of the slag from the same TPP is available,!” e.g.,
data on the elution behaviour of the slag under the influence of different solvents, on the
changes in the structure and chemical composition of the slag under atmospheric conditions,
efc.

The adsorption properties of the solid reaction products and of the initial slag were
investigated using an aqueous solution of Malachite Green (MG). MG is an organic com-
pound (C,3H,5CIN,) used for the colouring of silk, leather, paper, etc. It often appears as a
pollutant in effluent waters of the respective industries, including the aquaculture industry.30-3!
All adsorption measurements were realised using a 1200 Series UV spectrophotometer (Cole
Palmer Instruments, UK).

RESULTS
X-Ray diffraction analysis

The X-ray diffraction patterns of the initial slag and of the filtered reaction
products after 210 and 410 days of alkali treatment of the S- and L-fractions are
presented in Fig. 1. The initial slag was fully amorphous, as indicated by the
presence of a large amorphous halo in its pattern. A large amorphous halo was
also clearly visible in the XRD pattern of the respective L-fraction samples taken
after 210 and 410 days of treatment. Moreover, the latter two spectra are almost
identical to that of the initial slag; the only difference is the presence of two
unidentified small peaks in the spectrum of the sample L410. This means that
even 410 days of alkali activation were not enough for initiating the zeolitization
of the coarser L-fraction.
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Fig. 1. X-Ray diffraction patterns of the initial slag and of the reaction products of the S- and
L-fractions. For the meaning of the sample codes under each pattern, see the text.

In contrast to the initial slag and the L-fraction samples, both spectra of the
S-fraction (taken after 210 and 410 days) show many diffraction peaks, indi-
cating the formation of different crystalline phases. After thorough analysis, the
presence of zeolite X (low silica Na-LSX, type FAU, ref. code 98-008-5620,
Nagg(AlggSige0384)(H20)384.3) was identified. Its most intensive peak was deter-
mined at 26 6.10° for the S210 sample, and at 26 6.15° for the S410 sample. In
addition, a second zeolite phase was detected in the above samples, most pro-
bably zeolite F (Linde F-Na, type EDI, ref. code 98-000-6272,
Nas(Al5Si50,0)(H20)g). Its most intensive peak was determined at 26 12.45° for
both S-samples. Small amounts of other two non-zeolitic silicate crystalline
phases were also found, namely Fe-containing Akermanite (ref. code 98-009-4154,
CapyMg 55Feq 4551007), and Combeite (ref. code 96-900-7718, CajpNaj2Sijg0s4).

Since the XRD patterns were recorded using the same apparatus and under
the same conditions, it was possible to give at least a semi-quantitative estimation
of the relative content of the two zeolite phases (X and F) formed after 210 and
410 days of treatment of the S-fraction. For this purpose, the heights A of their
most intensive peaks were compared and the result is presented in Fig. S-1 of the
Supplementary material.
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As seen in Figs. 1 and S-1, the content of the zeolite X phase was signific-
antly higher than that of zeolite F for both investigated treatment times. More-
over, the ratio between the contents of the X and F phases increased with treat-
ment time from about 4.3 after 210 days to about 5.4 after 410 days. Therefore,
the main crystalline phase in both samples (S210 and S410) was zeolite X. This
result was also supported by the SEM investigations reported in the following
section.

Morphology of the reaction products

Typical images of the reaction products formed during the alkali treatment of
fractions L and S are shown in Figs. 2 and 3.

(©) ()

Fig. 2. Self-organization of the alumino-silicate gel into ball-like (a, b) and thread-like (a, b, c)
amorphous precipitates, and into thick amorphous layer (d) on the surfaces of the L-fraction
slag grain after 410 days of alkali treatment.

In the case of the coarser L-fraction, variously shaped precipitates, e.g. ball-
-like ones (Fig. 2a and b) or thread-like ones (Fig. 2a—c) with different sizes were
visible in all the studied samples. A general view of the structure of a thick gel
layer situated on the surface of a non-dissolved glassy slag particle is given in
Fig. 2d. Considering the results of the XRD analysis, all these precipitates should
be amorphous. They are most probably the products of self-organization of the
alumino-silicate gel formed during the alkali-activated dissolution of the glassy
slag.32
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Fig. 3. Morphology of zeolite F (a, ¢) and zeolite X (b, d) crystallites formed after 144 days (a,
b), and after 410 days (c, d) of treatment of the finer slag S.

However, regarding the finer S-fraction, the situation is quite different. The
results of detailed SEM — investigations show that after 144 days of treatment,
two morphologically different types of crystallites could be distinguished, i.e.,
bundles of prismatic crystallites, a few micrometers in length and with submicron
square section of the individual prisms (Fig. 3a), and bigger aggregates of mono-
lithic octahedral crystals with well-developed flat faces (Fig. 3b). These two
types of crystallites were observed up to the latest stages of alkali treatment (see
Fig. 3c and d). Considering the morphology of the observed crystalline phases, as
well as the results from X-ray diffraction analysis and of other investigations, the
aggregates of the larger octahedral crystallites were identified as zeolite
X,14,18,21-25,33-37 while the bundles of prismatic crystallites are most probably
zeolite Linde F(Na).38-40

The comparison of Fig. 3a with Fig. 3¢, and of Fig. 3b with Fig. 3d, clearly
shows that the crystallites of both zeolite phases had increased in size. Using a
series of SEM micrographs, it was estimated that the square section of the pris-
matic zeolite F crystallites and of the bundles of these crystallites increased
nearly two times from 0.1-0.2 up to 0.4 um, and from 1-2 up to 4-5 um from the
144 to the 410 day of treatment, respectively. Due to the specific morphology of
the bundles, it is difficult to estimate the length of the individual prismatic crys-
tals. During the same time interval, the individual monolithic crystals of zeolite X
increased from 1-2 um up to 5-6 pm while the aggregates of the same crystal-
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lites grow from the initial 5-6 um up to 30—40 um. This means that the growth
rate of zeolite X crystals was substantially higher than that of the zeolite F phase.

During the initial stages of alkali treatment (up to 210 days), amorphous
precipitates (mainly threads) could be seen together with zeolite aggregates (Fig.
4a and b).

(@) (b)

Fig. 4. llustration of the simultaneous presence of amorphous alumino-silicate precipitates
and crystals of zeolite F (a) and zeolite X (b) during the initial stages of treatment of slag
fraction S.

It was found that the content of amorphous precipitates considerably dec-
reased with the time, while that of the zeolite phases increased. This fact could be
considered as an indirect indication that the zeolite phases grew at the expense of
the thermodynamically more unstable amorphous precipitates.3?2 However, due to
the low content of the latter, there was no indication for the existence of amor-
phous halo in the XRD pattern of the respective S fraction sample (see the pattern
of the S210 sample in Fig. 1).

The changes in the surface concentration of the crystal aggregates of both
the zeolite phases with treatment time are illustrated in Fig. 5.

(a) (b)

Fig. 5. SEM images from the surface of zeolite composite samples obtained after 144 (a) and
410 days (b) of alkali activation of the finer slag fraction S.

Available on line at www.shd.org.rs/JSCS/

(CC) 2017 SCS.



234 PASCOVA, STOYANOVA and SHOUMKOVA

Initially, aggregates of zeolite X are rarely observed, while the surface con-
centration of bundles of the zeolite F crystallites is very high (see Fig. 5a). This
indicates that the nucleation rate of zeolite F is substantially higher than that of
zeolite X. Simultaneously, the bigger sizes of the individual X zeolite crystallites
show that the latter grew significantly faster than the numerous smaller zeolite F
crystallites, as has already been mentioned in the discussion of Fig. 3.

However, the situation became entirely different in the advanced stages, i.e.,
the concentration of zeolite X aggregates significantly increased. This evidences
that the conditions in the reaction system were obviously changed in a way fav-
ouring the nucleation of zeolite X. As a result, the combination of high nucle-
ation and growth rates of the zeolite X phase leads to an almost full coverage of
the surface of the slag particles by crystals of this phase in the latter treatment
stages (see Fig. 5b).

Elemental composition

The data for the integral elemental composition, obtained by integral EDX
analysis of the respective samples at low magnification, for the initial slag
together with those for the reaction products after different treatment times (144,
210 and 410 days) of the finer fraction S are summarized in Table 1. Table I also
contains the averaged elemental composition of the zeolite crystals (X and F)
formed after 410 days of treatment of fraction S. For comparison, the averaged
composition of the amorphous precipitates, obtained after 410 days of activation
of the coarser fraction L, is also given.

TABLE I. Elemental composition of the initial slag and of the reaction products after different
times of treatment. The Si to Al ratio is given in the last column.

Composition, at. %

Sample - - Si/Al
O Na Al Si Ca Fe K Mg Ti
Slag 619 08 7.7 150 44 57 19 09 00 1.7 195
S144 718 33 72 93 28 39 03 12 02 0.0 1.29
S210 70.1 45 74 96 29 40 03 1.0 02 0.0 1.30
S410 558 7.1 105142 36 6.6 07 12 03 0.0 1.35
Zeolite X (S410) 61.7 7.7 134138 3.1 03 0.0 0.0 0.0 0.0 1.03
Zeolite F (S410) 543 6.7 11.513.6 49 86 02 02 00 0.0 1.18

Amorphous precipitates (L410) 59.6 0.2 5.0 104 7.0 11.6 0.3 56 02 0.1 2.08

The contents of Na, Al, Si, K, Mg, Ca, and Fe in the reaction products as a
function of the treatment time of fraction S are presented in Fig. S-2 of the
Supplementary material. The contents of oxygen as well as those of some trace
elements (Ti, S) are not included.

For better illustration, Fig. S-2a gives the changes with time of alkali
activation for the elements present at higher concentrations (Si, Al and Na), while
Fig. S-2b gives the corresponding data for those present in lower concentrations
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(K, Mg, Ca and Fe). As seen in Table I and Fig. S-2a, the content of Na
monotonously increased with the treatment time. Taking into account the EDX
analyses of the individual crystallites and the results of the XRD investigations,
this effect is obviously due to incorporation of sodium into the structure of the
two zeolite phases — X and F. Simultaneously, after an initial decrease during the
first 144 days of alkali activation, the concentrations of Si and Al began to inc-
rease. In the advanced stages, the silicon content gradually reached a value
almost equal to that in the initial slag, while the aluminium concentration became
about 40 % higher than that in the untreated slag. As a result, the ratio between
the concentrations of silicon and aluminium decreased from 1.95 in the initial
slag to 1.35 in the reaction products after 410 days of alkali activation.

With respect to the elements present at lower concentrations, it was observed
that the contents of Fe, K and Ca initially decreased at almost equal rates (see
Table I and Fig. S-2b). During the latter treatment stages, the concentrations of K
and Ca slightly increased remaining, however, substantially lower than those in
the initial slag. This means that only parts of these elements were incorporated
into the structure of the respective solid reaction products, while the remaining
parts obviously formed water-soluble products under the influence of NaOH. On
the contrary, the content of Fe reached a value that was even slightly higher than
that in the initial slag. During all treatment stages, the concentration of Mg
remained almost constant.

The data on the contents of the same elements as in Fig. S-2 in the initial
slag and in the solid products obtained after 410 days of alkali treatment of slag
fraction S (Sample S410) are summarized in Fig. S-3 of the Supplementary
material.

The concentrations of the respective elements in the crystallites of the two
zeolite phases (Zeo X and Zeo F) formed after the same treatment time from
fraction S are also shown in Fig S-3. Both zeolite phases were characterized by
substantially higher concentrations of sodium (about 10 times) and of aluminium
(about 2 times) than those in the initial slag. The main difference between the
two zeolite phases was the presence of more than 8 at. % iron in the zeolite F
crystallites and only traces of iron in the zeolite X crystallites. This indicates the
preferential incorporation/adsorption of iron into/onto the zeolite F crystallites.
The zeolite X crystallites are characterized by slightly higher sodium and lower
calcium contents and with an about 15 % higher Si/Al ratio as compared with the
zeolite F crystallites.

Synthesis yield

The trends in dissolution and growth of the solid reaction products, i.e., of
their yield, were followed by taking aliquots from the respective alkali suspen-
sions investigated. It was established that the content of reaction products dec-
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reased during the first 100 days for fraction S, and during the first 200 days for
fraction L. This decrease is obviously a result of the dissolution of the initial slag
under the influence of NaOH. Subsequently, the quantity of reaction products
began to increase due to the formation of new crystalline and amorphous phases
in the alkali activated suspensions. In the case of the fraction S, the yield of the
composite material mainly consisting of valuable zeolite phases reached 140 %
after 410 days of alkali treatment. For the same treatment time, the yield of the
fraction L is not only substantially lower (105 %) but it represented a mixture of
amorphous precipitates and still non-dissolved glassy slag grains.

Adsorption properties

The adsorption of Malachite Green was investigated with respect to the ini-
tial slag and the sample S410, which was characterized with the highest degree of
zeolitization. The calibration curve used in this investigation was plotted using
aqueous solutions of MG with known concentrations. These solutions were pre-
pared by diluting the initial dye stock solution (20 mg L~1) with deionised water.
Their absorbance was measured at room temperature and at the wavelength of
maximum absorbance of MG (617 nm).

To follow the adsorption kinetics, two sets of suspensions were prepared
using a solution of MG with concentration of 10 mg L-! and adding 3 g L-! of
the initial slag or of the zeolite composite (sample S410). The measurements
were performed at room temperature and for contact times reaching up to 48 h.
All suspensions were stirred during the respective contact time, filtered, and the
absorbance A(?) of the filtrates was measured. The thus obtained A(7) values were
used for calculating the dye removal R according to the following equation:

R="0=40) 4, (1)

where A is the absorbance of the initial MG solution.

The R vs. t dependences obtained with the two sets of suspensions are pre-
sented in Fig. 6. As could be seen, the initial slag hardly reached about 70 % of
dye removal after 24 h and, more importantly, this was its maximum removal
efficiency. In contrast, the zeolite composite (sample S410) removed the dye
faster and to a higher percentage as compared to the initial slag. The degree of
MG removal increased to nearly 70 % after the first 5 min of contact with the
composite and up to 98 % during the next 5 h. This high degree of dye removal
was for expectation considering its relatively high content of valuable porous
zeolite phases with a well-developed active specific surface.

DISCUSSION

In interpreting the experimental results, the fact that zeolite formation even
in the case of crystallization from pure chemical reagents is still not well
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understood20:21.32 has to be taken into consideration. The problem becomes more
complicated with respect to zeolitization processes in heterogeneous reaction sys-
tems, such as the one investigated in the present study. The processes occurring
in such systems are very complex; they simultaneously include dissolution of the
multi-component slag, gel formation from the dissolved alumino-silicate species
and its self-structuring, followed by nucleation and growth of zeolite and other
crystalline phases.20:21.32 As is well known, factors, such as temperature, com-
position of the initial slag and the concentration of NaOH in the activation sol-
ution can significantly influence these processes. This hinders the possibility for
predicting the synthesis results, such as the type of zeolites formed, their nuc-
leation and growth kinetics, and their yield. Therefore, experiments and the
simultaneous application of different analytical techniques is the only way to
receive reliable information. For this reason, various methods like XRD and
EDX analyses, SEM and spectrophotometry were used in the present study for
investigating the processes occurring during the alkali activation treatment of the
slag. It was found that zeolite X was the main crystalline phase formed during the
alkali treatment of boiler slag at room temperature. Here, it is interesting to note
that the same zeolite phase (zeolite X) was also identified after employing similar
synthesis conditions to several fly ashes of different in origin, i.e., six from
Bulgarian TPPs (unpublished results) and from two Polish ones.23-24

100 N
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Fig. 6. Dye removal R versus the contact time ¢ using the initial slag and the zeolite
composite (S410).

One of the main results of the present investigation was that the zeolitization
occurred only with the finer slag fraction (S). In contrast, only the formation of
amorphous precipitates was observed in the case of the coarser fraction L. These
differences in the behaviour of the two slag fractions (slower or faster dissol-
ution, different yield, structure and composition of the final products) are most
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probably the result of the higher specific surface of the finer S-fraction as com-
pared with that of the coarser L-fraction.#1:42 Hence, the slag grain size, i.e., the
specific slag surface, is of substantial importance for the zeolitization process. In
addition, it has to be taken into consideration that the grains of the finer fraction
had a higher surface roughness and a higher concentration of different defects,
such as scratches and cracks.41:42 This additionally enhanced the reactivity of the
slag and thus influenced both the zeolitization process and adsorption properties
of the synthesized zeolite composites.

CONCLUSIONS

The results of present study show that employing alkali treatment at room
temperature to boiler slag it is possible to synthesize composite materials with a
high content of valuable zeolite phases. Thus, the boiler slag could be recycled
into a new useful product that could find different applications, e.g., as an ads-
orbent for the purification of industrial effluent waters, as was demonstrated by
the present adsorption investigations with respect to Malachite Green dye. An
important prerequisite for achieving high zeolitization degree is the use of finely
milled slag.

This method for boiler slag zeolitization is simple and energetically effect-
ive, needs no high investments and could be considered as a promising and envi-
ronmental friendly novel route for the recycling of this waste.

SUPPLEMENTARY MATERIAL

Details on zeolitization and additional figures concerning XRD peaks and composition of
the initial slag and reaction products are available electronically at the pages of journal
website: http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
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H3BOJ
3EOJIMTU3ALIMIA KOTJIOBCKOT MYJbA U3 JEJHE TEPMOEJIEKTPAHE ¥ BYTAPCKOJ
HA COBHOJ TEMIIEPATYPU

RADOST D. PASCOVA®, VALERIA B. STOYANOVA u ANNIE S. SHOUMKOVA

Institute of Physical Chemistry “Rostislaw Kaischew” — Bulgarian Academy of Sciences, Acad. G. Bonchev str.,
BI. 11, Sofia 1113, Bulgaria

[lpuMeweH je jeSHOCTaBaH M MCIUIATHB METOJ 3a CHHTE3y 3E0JIMTCKUX KOMIIO3UTa
KopuurhemeM BIaXXKHOT MyJba Ca JHA KOTJIa TEpMOeIeKTpaHe Ha yrask "CBuinosa”, mopen rpana
CeumtoBa y byrapckoj. MeTton ce cacToju Of MPOAYKEHOT aJKaJIHOT TpeTMaHa OBOT OTHaja
Ha coDHOj TemIiepaTypH. 3a KapakTepu3alyjy NOYeTHOr MyJba, KA0 ¥ KOHaYHMX NpojyKara y
CMHUCITYy BUX0Be MOpP(dOJIoTrHje, elleMeHTaTHOT 1 MUHEPATHOT cacTaBa KopullheHe Cy MeTone
ckaHvpajyhe enexktpoHcke Mukpockonuje (SEM), pentreHcke ananuze (EDX) ca
Jucnep3yjoM eHepruje U peHtreHcke gudpaxuuje (XRD). OBako CHHTETHCAHM KOMIIO3UTH
campxke nBe ¢ase HaTpUjyMckux 3eomnura: 3eonuT X (tun FAU) u 3eonut Linde F (tum EDI).
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3€0NMUTH30BaHH NMTPOLYKTH, KAO U MOYETHH MYJb HCITUTAHU Cy Kao aficOpOEHCH TEKCTHIHE Doje
(ManaxWTHO 3€7IeHO) M3 BOIEHHWX pacTBopa. Y mopehemy ca MOYETHHM MYJbEM, 3€0TUTCKH
KOMIIO3UT MOcelyje CYyLITUHCKH D0sbe a[COpIIOHe 0COodUHe: CKOpO MOTIyHO afcopdyje dojy
3a 3HaTHO Kpahe Bpeme. Pe3ynTaTi OBUX UCTpPaKUBaka OTKPHUBAjy HOBY W MCIUIATHBY MyTamy
3a peLUKINpame KOTIOBCKOI MyJba, IIPETBApakeM y Marepujan ca JOOpPHUM afCOPHNLHOHHUM
KapaKTepuCTHKaMa, 3a Kojer du ce morsie mpoHahu pasHe mpuMeHe, HIp. 3a npevnirhaBame
3araheHux BoJza, yKbYUyjyhu OHe U3 TeKCTUITHE UHIYCTPHje.

16.

17.
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23.
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(TTpumibeHo 7. aBrycTa, peBunupano 27. centemdpa, npuxsaheno 3. okrodpa 2016)
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