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Abstract: Adsorption of a cationic phenothyazine dye, Methylene Blue onto
activated carbon prepared from pinecones was investigated. The parameters
contact time, dye concentration and pH were varied. The kinetic data were
found to follow closely the pseudo-second-order kinetic model. The equilib-
rium data were best represented by the Langmuir isotherm with a maximum
adsorption capacity of 233.1 mg g1. The adsorption was favored by using a
higher solution pH. Textural analysis by nitrogen adsorption was used to
determine the specific surface area and pore structure of the obtained carbon.
Boehm titrations revealed that carboxylic groups were present in a high degree
on the carbon surface. The results indicate that the presented method for
activation of pinecones could yield activated carbon with significant porosity, a
developed surface reactivity and a considerable adsorption affinity toward the
cationic dye Methylene Blue.
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INTRODUCTION

Activated carbons are considered one of the most effective adsorbents with a
wide range of applications due to their high surface areas, surface reactivity and
large adsorption capacities. The structure of activated carbons was shown to be
composed of microcrystallites consisting of fused hexagonal rings, the reactive
edges of which contain a variety of functional groups.l The size of microcrys-
tallites is influenced by the temperature of carbonization and the structure of the
precursor.2 For industrial production of activated carbons, carbonaceous precur-
sors such as coconut shell, coal, wood and peat are used. However, since com-
mercial activated carbons are rather expensive, some aternative precursors are
required for the production of cheaper adsorbent with the same, or even better,
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762 MOMCILOVIC etal.

quality. The thermochemical conversion of waste biomass into activated carbon
is a method of growing prominence in innovating economical solutions for acti-
vated carbon production. For this purpose, there are numerous studies on appli-
cation of lignocellulosic waste biomass, such as: nutshells,3 fruit stones of diffe-
rent origin,4> sawdust,® cotton stalks,” corn stover,8 corncob,® organic peel, 10 etc.

The European Black Pine (Pinus nigra) is a species of pine occurring across
large areas of Europe and northwest Africa. It is a large evergreen tree that is
frequently used as an ornament in parks. Its pinecones are 5-10 cm long, have
rounded spirally arranged scales that contain a lot of lignin and resins. They
usualy fall from the tree in October and November. On park footpaths, they can
be considered as municipal waste that has to be collected, transported and dis-
posed of .

In this study, the cones of the European Black Pine were used for the pre-
paration of powdered activated carbon, which was further characterized by its
pore structure and surface chemistry. In addition, the batch adsorption of Me-
thylene Blue (MB) onto the obtained carbon was investigated. MB (Fig. 1) isa
basic cationic phenothyazine dye that is commonly used as an adsorbate for the
investigation of the adsorptive properties of novel activated carbons.

N
/
- Fig. 1. Structural formula of Methylene
(HaC)N " ¢or N(CH3)z  Blue.

The goal of this study was to investigate isotherms and kinetics of adsorption
of the cationic dye MB onto the powdered activated carbon obtained from pine-
cones. Pinecones were chosen since they are alow-cost and locally abundant raw
material that can frequently emerge as a municipal waste. To the best of our
knowledge, this material has not hitherto been used for the synthesis of activated
carbon.

EXPERIMENTAL
Preparation of pinecone activated carbon (PCAC)

The pinecones were collected in Cair Park in Nig, Serbia. First, they were milled and
sieved through a sieve of mesh size 0.841 mm. The cone dust was impregnated with 85 mass %
H3PO, (Merck) in weight ratio of 1:1. The resulting slurry was transferred to several ceramic
crucibles and placed in a programmable muffle furnace to undergo a two-stage activation pro-
cess. The first stage was semi-carbonization with a heating rate of 6 °C min't up to 170 °C and
60 min holding at this temperature. Subsequently, the heating was continued at a rate of 8 °C
min' up to 500 °C with a 60 min soaking time. Both stages were performed under a nitrogen
flow of 100 cm3 min'1. The product was cooled to room temperature, washed with 100 cm?® of
warm 0.1 M HCI and then with hot distilled water until the pH of the washings reached 5.3.
After drying at 110 °C overnight, the material was crushed in a mortar and sieved through a
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ADSORPTION OF METHYLENE BLUE 763

0.149 mm mesh sieve. The obtained black powder was denoted as PCAC and stored in an
airtight bottle for further analysis.

Physical characterization

The surface morphology of the PCAC samples was analyzed before and after MB ad-
sorption by scanning electron microscopy using a JEOL JSM 5300 microscope (Japan). The
gold sputtered samples were placed in the SEM specimen chamber and observed at an accele-
rating voltage of 30 kV.

Nitrogen adsorption isotherms were determined at —196 °C using a Sorptomatic 1990
instrument (Thermo Fisher Scientific, USA). Before the measurements, the carbon samples
were out-gassed for 4 h at room temperature, then for 8 h at 110 °C and finally 12 h at 200 °C.
The specific surface area of the PCAC was calculated using the BET method.11 The cumu-
lative pore volume (cm3 g1), the median pore diameter (nm) and the area of the mesopores
(m? g'1) were calculated using Barrett—Joyner—Halenda method.12 The Dubinin-Radushkevich
Equation was applied to obtain the micropore volume.13

The ash and moisture content analysis of the PCAC followed ASTM D 2866-9414 and
ASTM D 2867-04, respectively. 15

Surface chemistry characterization

Oxygen-containing surface functional groups were determined according to the Boehm
method.16 PCAC samples (0.5 g) were placed in PV C bottles of 100 cm? capacity with 40 cm?
of the following 0.1 M solutions: NaOH, Na,CO3, NaHCO5; and HCI. The bottles were sealed
and shaken for 24 h and then filtrated using Whatman 44 filter paper. Excess of residual base
in 20 cmd of filtrates from the NaOH, Na,CO3 and NaHCO; probes was pH-metrically titrated
in open system using 0.1 M HCI standard solution. The excess residual acid in 20 cm? filtrate
from the HCI probe wastitrated using a 0.1 M standard NaOH solution. The reaction between
the reagents and the acidic oxygen containing functional groups on the carbon surface is based
on the difference in acid/base strength (carboxylic>lactonic>phenoalic). It was assumed that
NaOH neutralizes carboxylic, lactonic and phenolic groups; Na,COs, carboxylic and lactonic
groups, NaHCO,, carboxylic groups only. The phenolic groups were determined from the dif-
ferences in the neutralization by NaOH and Na,CO3. The quantity of surface basic groups was
calculated from the titration with 0.1 M HCI. A blank was not used in the analysis.

Carbon particles in an aqueous medium adsorb H* or OH- rendering their surface posi-
tively or negatively charged. The pH value when the carbon surface has zero net charge is
known as pHpzc. The pHy ;. of the PCAC was determined by the modified pH drift method
which can be described as follows: 30 cm? of 0.1 M KNOj solution was added to a series of
PV C bottles and their pH values were adjusted in the range from 2 to 12 using small amounts
of 0.01 M HCI and/or NaOH. When the pH values became constant, they were measured
using a pH meter SenslON3 (Hach, USA) and the values denoted as pHiitig- Then, 0.1 g of
carbon samples were added to the bottles that were then well-sealed and shaken for 24 h to
reach equilibrium. After 24 h, the pH values of the suspensions were measured and denoted as
PHfina- PHp 2.c. is regarded as the pH value when pHiii4 is equal to pHfing. 1’

Batch adsorption experiments

MB (Cy6H1gCIN3S, CI = 52015, M, = 319.86 g mol-l, /.« = 662 nm) supplied by
Riedel-de-Haen (Germany) was dried for 2 h at 90 °C prior to use. A stock solution of 1000
mg dm3 was prepared using distilled water and afterwards diluted to the required concen-
trations.
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764 MOMCILOVIC et al.

The adsorption equilibrium studies were performed by contacting 0.1 g of PCAC with 50
cmd of MB solutions, the initial concentrations of which were 300, 350, 400, 450 and 500 mg
dm3. The suspensions were stirred using a mechanical magnetic stirrer at 120 rpm in a set of
stoppered Erlenmeyer flasks. After 60 min, the suspensions were filtered using filter paper
Whatman 44 and the residual MB concentrations were determined by microprocessor-con-
trolled photometer MultiDirect (Lovibond, Germany) at 660 nm. For kinetic studies, MB solu-
tions of 400 mg dm were stirred in the same manner for 5 to 80 min. An interval of 60 min
was established to be enough to reach equilibrium. The effect of solution pH was examined in
the range from 3 to 10 by contacting 0.1 g of PCAC with 50 cm? of 400 mg dm3 MB solu-
tions for 60 min. In all the cases, the adsorption capacity, g (mg g1), was calculated as:

_ (% \—Nc) v 1)

where ¢p (mg dm3) is the initial MB concentration, V (dm?3) is the volume of the solution, W
(g) isthe mass of PCAC and ¢ (mg dm-3) isthe residual MB concentration at equilibrium or at
any time 7z (min), which then defines g, or g, (mg g1), respectively. The experimental data
were fitted to kinetic and isotherm theoretical models.

All adsorption experiments were performed in triplicate at ambient temperature (25 °C)
and the average value was used. The chemicals used in the whole study were reagent grade.

RESULTS AND DISCUSSION

q

Physical characteristics

Micrographs of the PCAC samples before and after adsorption of MB are
shown in Fig. 2. The micrographs show that the adsorption process did not signi-
ficantly change the morphology of the surface matrix of the carbon samples.
However, dlight differences in the number and shape of cracks and attached fine
particles over the carbon surface are evident.

(b)
Fig. 2. SEM Micrographs of the carbon particles a) before and b) after MB adsorption.

A textural study revealed that the PCAC had a relatively high specific sur-
face area, measured by nitrogen adsorption. The porosity characteristics and the
determined MB adsorption capacities for the PCAC are given in Table |, together
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ADSORPTION OF METHYLENE BLUE 765

with the corresponding values for other activated carbons obtained from various
precursors.

TABLE |. Comparison of maximum MB adsorption capacities of carbons derived from
various lignocellulosic precursors

BET Specific Mesopore Micropore Adsorption ca-

Adsorbent  surfacearea volume  volume AdSO!‘ptI on pacity for MB
5 1 3 1 3 1 conditions 1

m?g cm3g cm3g mgg

Activated 240 0.0063 0111  cjmp) = 0-250 mg dm3 16

sunflower adsorbent dose 2 g dm'3,

oil cake® T=25°C

Pinecone ac- 1094 0.70 0395  cjmp) = 300-500 mg dm'3 233

tivated car- adsorbent dose 2 g dm3

bon (this T=25°C,pH6

work)

Vetiver roots 1272 0.80 0390  cjpug) =50-300 mg dm3 394

activated adsorbent dose 400 mg

carbon?! dm3, T=25°C, pH 4-5

Bamboo-ba- 1355 0.14 0485  Civp) = 0-250 mg dm3 183

sed activated adsorbent dose 1 g dm3

carbon?® T=25°C

Bituminous 875 / 0.390 Ci(ME? =100-1000 298

coal-based mg dm>, adsorbent dose

activated 1gdm3, pH 4

carbon?’

Surface chemistry

The characteristics of the pinecone activated carbon and the results of the
Boehm titration are given in Table |1. Functional groups are important since they
determine the acid—base character of activated carbons. Their electrical charge
may also influence the adsorption of target molecules. Carboxylic groups were
the major oxygen-containing surface functional groups on the PCAC surface.
Only asmall number of phenolic groupswere found. The neutralization with HCI
revealed the total amount of basic groups and showed that the number of acidic
groups present was more than double the number of basic groups, probably due
to the production method that involved phosphoric acid as the activating agent. In
comparison to other activated carbons, the PCAC possessed a high number of
functional groups (Tablelll).

The result of the pHpzc. determination is presented in Table II. The low
pH,.. value is consistent with the results of the Boehm titrations, which showed
a dominance of acidic groups at the surface of the PCAC. At native (unadjusted)
pH of MB solution, the PCAC surface was most probably negatively charged,
which leads to an electrostatic attraction between the carbons surface and the MB
cation.
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766 MOMCILOVIC et al.

TABLE Il. Characteristics of the studied pinecone activated carbon

Parameter Value
Yield, % 55.7
PHpzc. 3.06
Contact pH 351
Ash, % 6.35
Moisture, % 2.87
Density, g cm3 158
Textural properties
Sger/ m2 gl 1094.1
Mesopore volume, cm3 g1 0.701
Mesopore area, m? g1 481.65
Micropore volume, cm3 g1 0.395
Median pore diameter, nm 7.68
Surface functional groups, meq g
Acidic groups 2.958
Carboxylic 1.742
Lactonic 0.723
Phenalic 0.493
Basic groups 1.357

TABLE Ill. Results of the Boehm titrations for activated carbons from various sources

Synthesis Phenolic Lactonic Carboxylic Total acidic Total basic

Adsorbent 1 1 1 1 1
parameters meqg- meqg meq g meq g meq g
Jute fiber Precursor: 15%  0.045 0.01 0.025 0.08 -
carbon?8 H3PO, 1:3, hot air
oven, 12 h
Activated Precursor: 85 0.261 0.391 0.737 1.389 1.025
jackfruit %H3PO, 1:3, 550

peel waste?® °C, 45 min, Ny,
washing with warm
distilled water
Pinecone acti- Precursor: 85 % 0.493 0.723 1.742 2.958 1.357
vated carbon H3;PO, 1:3, 500 °C,
(thiswork) 60 min, N, washing
with warm HCI and
distilled water
Activated Precursor: H,SO,  0.362 0.125 0.325 0.812 -
sunflower oil  1:1.9, 600 °C, 120

cake? min, Ny, washing
with hot and cold
distilled water
Bamboo-ba-  Precursor: H;PO,  0.12 0.16 0.74 1.02 0.025
sed activated 1:3, 600 °C, 90 min,
carbon?6 N,, washing with
distilled water

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS

@0

56

PG MO




ADSORPTION OF METHYLENE BLUE 767

Adsor ption kinetics

The experiments of adsorption kinetics were performed to establish the ef-
fect of time on the adsorption process (Fig. 3). Four theoretical kinetic models
were applied.

- P e e e s RO st

0 10 20 30 40 50 60 70 80

7/ min
Fig. 3. Effect of contact time on MB adsorption by PCAC.

The pseudo-first-order kinetic model defined by Lagergren is one of the
most used adsorption models defining the adsorption of an adsorbate from a so-
lution.18 It can be written as:

IN(de — ) =IN0e — kg7 2
where k; (g mg—1 min—1) isthe rate constant of pseudo-first-order adsorption. The
values of k; were obtained from the slopes of the linear plots of In (ge—q,) Vs. ©

(Fig. 4a).
The pseudo-second-order kinetic model may be expressed as.
o1 3)
% ke G

where ko (g mg=L min1) is the equilibrium rate constant for a pseudo-second-
order adsorption and was calculated from the plot of t/q, against 7 (Fig. 4b).19
The Elovich model is represented as:

q,=%|n(a/3)+%lnr (@]

where o (mg g1 min1) and S (g mgL) are constants of the adsorption and were
determined from aplot g, vs. In 7 (Fig. 4c).20
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768 MOMCILOVIC et al.

A Weber and Morris plot is used to examine the intraparticle diffusion
model.21 This model is defined by the following equation:

0 =kt"? (5)
where k; is the constant of adsorption and was determined from a plot g, vs. 7V/2
(Fig. 4d).

3.5 [ ]
030
3.0
025 -
L -
~ 251 § o-
7 W 0
of :
H a 0.15
2.0 -
. &
- 010
S’
L5
0.05
1.0 0.00 .
[ 10 20 30 4 50 0 10 20 30 40 50 60
7/ min =/ min
@ (b)
200 -
195 -
190 - »
185 - 2
i .
a’ 180
=
»
o 1754
170
165 . i -
, - - r
15 20 25 0 5 40 45 2 3 4 s 6 7 8

In (r/min) #?/min'?
(© (d)
Fig. 4. Kinetic models for the adsorption of MB onto pinecone activated carbon: a) pseudo-
first-order, b) pseudo-second-order, c) Elovich model and d) intraparticle diffusion model.

The validity of the exploited modelsis verified by the correlation coefficient,
r2 (Table IV). The comparison of the r2 values for the different models implies
that the pseudo-second-order kinetic model represents the data in the best way.
Hence, it could be concluded that the overal rate of MB adsorption onto the PCAC
was controlled by chemisorption processes. The establishment of chemical bonds
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ADSORPTION OF METHYLENE BLUE 769

and the overlapping of orbitalsis, thus, a very probable mechanism of binding of
MB to the carbon surface.

TABLE IV. Kinetic parameters for the adsorption of MB onto pinecone activated carbon

Kinetic model Value
Pseudo-first-order
ki / g mgt mint -0.04229
r2 0.97221
Pseudo-second-order
ko / gmglmint 0.004
0o/ mg gl 199.2
r2 0.999
Elovich Equation model

a/mgglminl 7368133
Blgmg! 0.088
r2 0.971
Intraparticle diffusion model

ki / gmglminl 4.853
r2 0.937

Adsor ption isotherms

Adsorption isotherms are used as a function of adsorbate concentration on
the adsorbent surface at a constant temperature (Fig. 5). In this study, the equi-
librium data were analyzed by considering the linearized Langmuir, Freundlich
and Temkin isotherm model equations.

240 -

160

140

o 5 10 15 20 2% 3
¢,/ mgdm
Fig. 5. Adsorption isotherm of MB by PCAC at 25 °C.
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The Langmuir isotherm model is given below:
o 1 1
P TG 6)
O OmaxKL  Omax

where K|_isthe Langmuir equilibrium constant (dm3 mg1) and gmax (Mg g 1) is
the maximum adsorption capacity (Fig. 6a).22 The most important feature of
Langmuir isotherm is called the Separation Factor, R, which is defined as:

1
1+Ki ¢

(7)

The value of the Separation Factor defines the types of isotherms: unfavo-
rable (R_ > 1), linear (R = 1), irreversible (R_ = 0), and favorable 0 < R < 1.

0.14
012 ’ S
" 235
w010 .
3 1o s
on 0,08 - L]
3 g
Q; 0.06 | =
& = 2284
0.04 - éo
0.02 2.20 |
0.00 |
T T T T T T T 1 215 J ¥ T L T T T T T T
0 5 10 15 20 25 30 35 04 02 00 02 04 06 083 10 12 14 16
.':‘,af::ugdm'a log(c.fmgdm")
@ (b)
220 -
".'m 200 - 5
g
‘;0 180 -
160
140 T T T
. . : t Fig. 6. Adsorption isotherms of MB adsorp-
In (c, / mg da") tion onto pinecone activated carbon: @) Lang-
(© muir, b) Freundlich and c) Temkin.

The Freundlich adsorption isotherm is based on the adsorption onto hetero-
geneous surfaces.2” The equation of the Freundlich adsorption isothermis:
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ADSORPTION OF METHYLENE BLUE 771

Inqezan,:+1Ince (8
n

where Kg ((mg g~1) (dm3 mg-1)1n) is the Freundlich constant and n is Freund-
lich exponent, which were determined from the plot shown in Fig. 6b.
The Temkin isotherm is represented by the following equation:

0e = A+ BlInce 9

where A and B (dm3 g-1) are constants easily determined from a plot of ge Vs. Ce
(Fig. 6c).24

The Langmuir isotherm fits quite well with the experimental data quite well
(r2 = 0.997) whereas the lower correlation coefficients (r2 = 0.984 and r2 =
= 0.852) show that the agreement of the Freundlich and Temkin isotherms with
the experimental data was worse (Table V). The Langmuir isotherm assumes a
monolayer adsorption onto the carbon surface containing a finite number of ad-
sorption sites. The adsorption process is supposed to be uniform with no trans-
migration of the adsorbate in the plane of the surface.

TABLE V. The equilibrium model parameters for the adsorption of MB onto pinecone acti-
vated carbon

Equilibrium model Value
Langmuir isotherm
K, /dm3gl 1.262
Omax / Mg gt 233.1
R 0.0016
r2 0.997
Freundlich model
Kg/ (mg g?1) (dm3 mghVn 159.24
n 9.3248
r2 0.984
Temkin isotherm
A 159.21
B/dm3gl 20.156
r2 0.852

Table 111 indicates that the activated carbon studied in this work showed a
considerably large adsorption capacity for MB along with a high specific surface
area and mesopore volume.

Influence of pH on adsorption

The pH of the solution was reported to be a significant factor that influences
the adsorption of MB as it controls the electrostatic interactions between the
carbon surface and adsorbate.2®> The pH of the suspension in all kinetic and
equilibrium experiments was 6.3. In the case of different pH values, it was esta-
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772 MOMCILOVIC et al.

blished that the adsorption of MB increased with the increasing pH (Fig. 7).
Lower adsorption of MB at acidic pH is due to the presence of excess H* that
compete with the MB cations for the adsorption sites. As the surface becomes
less positive with increasing suspension pH, the electrostatic repulsion of the MB
cations is lower, which results in a higher adsorption. At pH values higher than
the pHp 2c., the surface is considered to be negatively charged with predomi-
nantly strong electrostatic attraction towards the MB cations.

240- E,.,—i———i”'i
25
200-

- 130:

160
120
100

80 -

2 3 4 5 6 7 8 9 10
pH
Fig. 7. Effect of pH on the adsorption of MB onto pinecone activated carbon.

CONCLUSIONS

In this work, pinecones were efficiently utilized as the raw materia for the
production of activated carbon with a high specific surface area. The adsorption
experiments showed a significant adsorption affinity of the PCAC towards MB
with maximum adsorption capacity of 233.1 mg g-1. The adsorption of MB onto
the carbon particles was found to be a fast process that reaches equilibrium in 60
min. The results of the kinetic study were best fitted by the pseudo-second-order
model, which suggests the establishment of chemical bonds between MB and the
carbon surface (chemisorption). The equilibrium data agreed well with the Lang-
muir isotherm model, implying a monolayer adsorption. The obtained R value
for the adsorption of MB onto the PCAC was less than 1 and greater than zero,
indicating favorable adsorption. Increasing the suspension pH led to a higher
uptake of MB because protons compete with the MB cations for the adsorption
sites under acidic conditions. The Boehm titration revealed that most of the aci-
dic groups on the carbon surface were carboxyl groups followed by lactonic and
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ADSORPTION OF METHYLENE BLUE 773

phenolic groups. SEM images showed that the adsorption of MB did not change
the carbon surface significantly.
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U3BO/I

YKIIABABE KATJOHCKE BOJE 13 BOJAE IIOMORY
AKTHUBHUPAHNX BOPOBUX IHWIITAPKHU

MUJIAH 3. MOMUMJIOBURY, AHTOHUIE E. OBUAY, MUJIOBAH M. ITYPEHOBUR?,
AJIEKCAHJIPA P. 3APYBULIA? u MAPJAH C. PAHBEJIOBUR?

!Uncimuinyiti 3a nykaeapue Hayke ,Bunua®, ii. iip. 522, 11001 Beozpad u*Odcex 3a xemujy, IIpupodno—maitiemaitiuiu
hakyaitieiti, Ynuseep3auitieii y Huuty, Buwezpaocka 33, 18000 Huw

Ancoprimja KaTjoHCKe (peHOTHA3HHCKE 00je METUIICH IUIaBO HA aKTUBHOM YTJbY J0OHjeHOM
U3 LIMIIapKe HPHOT 6opa je MCIMTaHa y3 MPOMEHy BpeMeHa KOHTaKTa, KOHIeHTpaiumje 6oje u pH
BpeAHOCTH. YTBpheHO je Aa ce mojauy KMHETHYKHX HCIUTHBama Hajo0Jbe Claxy ca MOJACIOM
Tceya0-npyror peaa. [lomgany paBHOTEKHUX HCIUTHBAKA ce Haj0OJbe MOKIanajy ca JICHrMupoBrM
MOJIENIOM Y3 MaKCHMAIIHH aJCOPILMOHH Kanamuret ox 233,1 mg g'L. Ancopmuuja je pasopusosana
Ha BummM PH BpexHocTrMa. TekcTypasiHa aHaIU3a W3BPILICHA MPOYYaBABEM aJICOPILKje a30Ta je
ncKopumIheHa aa ce oApenu crenuduyHa MOBpPIIMHA U CTPYKTypa Mopa J0OHjeHOr MaTepHjaia.
BoeMmoBe TuTpanuje cy mokaszaie Aa Ccy KapOOKCHIIHE rpyme MmpucyTHe y Hajehoj Mepu oJ CBUX
KUCEJINX KHCEOHWYHUX TPyIa Ha HOBPLIMHU aKTHBHOT YIiba. Pe3ynTaTu oBe cTyauje ykasyjy zna ce
OITHCAHOM METO/IOM 3a aKTHBALMjy OOPOBHX IIHIIAPKH MOXKE JOOUTH aKTHBHHU yrajb KOju UMa 3Ha-
YajHy MOPO3HOCT, pa3BUjeHy MOBPIIMHCKY PEaKTUBHOCT M BHCOK a/ICOPIIMOHH KaIlallUTeT IpeMa
KaTjOHCKO] 00jH METHIIEH IUIaBo.

(IMpumsbeno 18. maja, pesnanpaso 8. HoBemGpa 2011)
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