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Carbonate filler resources of the Bjelopavli¢i area, Montenegro
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Abstract

Carbonate filler is an important mineral commodity, with rather diverse industrial appli-
cations. The Bjelopavli¢i area in Montenegro is rich in chemically pure limestone, which
was preliminary explored in the field, and further its mineralogical, petrographic, geo-
chemical and technological properties were studied. The obtained results have proven the
high quality of limestone from the studied deposits, as it can be used for paints and
varnishes, rubber and plastics, metallurgy, foundry, sugar, fertilizers and animal feed ind-
ustry. Several deposits have very pure limestone, that can be also used for paper, glass,
pharmaceutical industry and soil neutralisation. The potential resources of high quality

limestone are around 23 million tons.

Keywords: limestone, filler, geochemistry, application, resources.

Available online at the Journal website: http://www.ache.org.rs/HI/

The carbonate resources of the Bjelopavlié¢i area
(Fig. 1) comprise dimension (decorative) stone, aggre-
gate rock, and filler grade carbonate. Their unique feat-
ure is that all those industrial types of stone are made
of extremely pure limestone, which means that all fully
and/or partially explored and analysed deposits can be
used as source of filler, even for very demanding markets.

The most important deposits of dimension (decor-
ative) stone in Montenegro are located in the region of
Bjelopavliéi (area of Danilovgrad and Spuz), where eight
deposits have been explored: Visocica, Maljat, Kliko-
vaca, Vini¢i, Radujev krs, Suk, Slatina and Jovanovici,
with proven ballanced geological reserves of over 23
Mt. The centre for stone processing is in the nearby
town of Danilovgrad. One aggregate rock quarry named
Sadavac was also explored. All these deposits were
preliminary explored in the last five years as potential
source of calcium-carbonate filler [1-4], including seve-
ral new occurrences: Laleviéi, PjeSivacki do and Mali
Garac. Possibility of using limestone from the Visocica
deposit in paper production was already studied [5].
The goal of this paper was to characterise and prove
the high quality of studied limestone as potential
source of filler.

Geological background

The most significant deposits of high purity lime-
stone have been discovered within the Upper Creta-
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ceous carbonate sediments [6] of the High Karst zone
(the Bjelopavli¢i area). High carst covers the central and
southwestern parts of Montenegro. This tectonic unit
consists of two sub-units: Old Montenegrin and Kuc
thrust. Both units, which are separated by a regional
dislocation known as Ku¢ thrust, have a very complex
tectonic structure.

Limestones of Senonian age, present in the coastal
and central part of Montenegro, were formed mostly
on carbonate platform, and consist of bedded to mas-
sive limestone, dolomitic limestone and dolomite, with
rudists and foraminiferae. Bedded to massive lime-
stone is predominantly bioclastic floatstone to bioclas-
tic grainstone, occassionally with small intraclasts (Viso-
Cica), wackestone-packstone (Klikovaca) and very sub-
ordinately mudstone as cement (Visocica).

High quality Senonian limestone is underlain by Tur-
onian limestone and dolomite, and overlain by Paleo-
gene flysch of the Zeta valley, comprised of marlstone,
shale and sandstone with lenses and layers of breccia
and conglomerate [6].

EXPERIMENTAL

Samples for mineralogical, geochemical and techno-
logical analyses were collected from each deposit,
taking into account the differences in macroscopic
composition of stone in order to be fully represent-
ative. Samples from each deposit weighted 80-100 kg.
Representative rock pieces were taken to prepare thin
sections for optical microscopy and scanning electron
microscopy, and the remaining material of each sample
was crushed in laboratory jaw crusher Denver Model
Colo 4"x6". After splitting, 5 kg of material was taken
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Figure 1. Orientation map with studied limestone deposits.

for laboratory analyses, pulverised in agate stone pul-
veriser “KHD Humboldt Wedag” and packed in plastic
bags and properly marked. Duplicate of each sample
has been kept at the Geological Survey in Podgorica.

Mineralogical and technological studies, either on
rock pieces or powder, included optical microscopy,
X-ray powder diffraction (XRD) and scanning electron
microscopy (SEM), differential thermal and thermo-
gravimetric analyses (DTA and TGA), determination of
moisture, whiteness, specific weight, oil absorption,
water absorption, and pH determination. For XRD and
SEM analyses two samples were taken from Visocica
deposit and Klikovaca deposit.

XRD analyses were performed on Ital Structure
APD2000 diffractometer with 28 range of 5-60°, step
0.02°, and retention time of 0.5 s, using CuKa 1.54178
A). SEM analysis were done using a JEOL JSM-6610LV
scanning electron microscope (SEM) coupled with
energy-dispersive X-Max Large area analytical silicon
drifted spectrometer (Oxford). The samples were
covered by gold using a sputter machine type BALTEC-
-SCD-005. The analyses were done under acceleration
voltage of 20 kV, a beam current of 20 nA and a spot
size of 1 um. Tungsten filament was used as a beam
source. Appropriate internal and external standards
were used for the analyses. Detection limit for most
elements was ~0.1 %.

DTA and TGA analyses were done on all samples
using Netzsch-simultaneous thermal analysis — STA 409
EP, heating speed of AT = 10 °C/min, in temperature
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interval from 20 do 1000 °C. Sample mass for analyses
was 100 mg.

Geochemical analyses were done at Acmelabs in
Vancouver, Canada. 250 g of rock samples were pre-
viously crushed, split and pulverised to 200 mesh.
Macro-elements were analysed by XRF (including Lecco
C and S) employing fusion techniques to completely
decompose the material and provide total element
concentrations. Trace elements were analysed by ICP-
-MS method after multi-acid digestion. Detection limits
are given in Table 1.

Table 1. Detection limits of analythical methods

lement LT s | EemeNt e
Si0, 0.01 100 | As 0.5
Tio, 0.01 50 | Be 1
Al,O; 0.01 100 | cd 0.1
Fe,0; 0.01 100 | Co 0.2
Ca0 0.01 100 | Cu 0.1
MgO 0.01 100 | Hg 0.01
Na,O 0.01 100 | Mo 0.1
K,0 0.01 100 | Ni 0.1
MnO 0.01 93 | Pb 0.1
P,0s 0.01 100 | Se 0.5
Cr,0; 0.01 10 | Sb 0.1
Lol 0.10 - Th 0.2
Cotal 0.02 100 | U 0.1
Stotal 0.02 100
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Determination of whiteness was done on 20 g of
each sample previously pulverised to 100 % below 63
pum and compared to standard whiteness MgO = 100 %.
Qil absorption was analysed on dried 5 g samples with
flaxseed oil with specific mass of 0.928 g/cm3, while
water absorption was done on dried 20 g samples with
destilled water. pH values were determined on 10 g
samples of limestone mixed in 100 cm® vessel with
destilled water for one hour. After that pH was mea-
suerd by CONSORT C830 instrument, which was pre-
viously calibrated to pH 7 and 10 using standard buffer
solutions for corresponding pH values. Moisture was
determined after heating to 105 °C till constant mass,
specific weight was determined using pycnometer in
xylene.

Mg Ca Cc
0.15 3563 11.88 10.19 224 0.82
0.16  35.27 1523 833 0.00 044

RESULTS AND DISCUSSION

Mineralogical and petrographic analyses revealed
that studied limestone differs in structure and texture,
with variations from boundstone, rudstone and float-
stone, to grainstone and, subordinately wackestone,
packstone and mudstone (Fig. 2).

SEM analyses revealed that Visocica limestone is
extremely pure, with no visible metallic minerals, while
Klikovac¢a limestone contains Fe-mineral (most pro-
bably hydroxide due to the film-like appearance), but
also Bi-bearing mineral (Fig. 3). However, the total
amount of impurities is rather low as seen from geo-
chemistry of stone (Tables 2 and 3) as well as XRD
analyses (Fig. 4).

BEG 20KV

UB-RGF
™ YT
‘g

Ca Mn Bi o Na Al Si Ca Fe
29.75 0.00 39.26 054 569 93.78
1449 0.00 5343 14.72 069 039 206 1320 68.94

Figure 3. SEM images of limestone from the Visocica (1) with none of the metallic minerals and Klikovaca deposits (2 and 3)
displaying metallic minerals; semiquantitative chemistry of analysed points is given below the images (in %).
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Table 2. Chemical composition (in %) of limestone from the Bjelopavlici area

Site Sio, TiO, AlLO; Fe,0; CaOD MgO Na,0 K,0 MnO P,0s Cr,0; LOI  SUM  Ciwl  Stotal
Suk 0.20 <0.01 0.04 0.06 5584 0.34 <0.01 <0.01 <0.01 <0.01 <0.001 43.73 100.20 12.48 <0.02
Klikovaca 0.10 <0.01 0.02 0.02 5560 0.33 <0.01 <0.01 <0.01 <0.01 <0.001 43.76 99.84 12.26 <0.02
Sadavac <0.10 <0.01 <0.01 0.03 54.84 0.67 <0.01 <0.01 <0.01 <0.01 0.003 43.87 99.47 12.28 0.03
Mali Garac 0.10 <0.01 0.03 0.02 5504 0.70 <0.01 <0.01 <0.01 <0.01 0.002 43.88 99.79 1244 0.03
Slatina <0.10 <0.01 <0.01 <0.01 55.67 0.34 <0.01 <0.01 <0.01 <0.01 0.002 43.62 99.63 12.36 <0.02
Maljat <0.10 <0.01 <0.01 0.03 55.58 0.27 <0.01 <0.01 <0.01 0.01 <0.001 43.27 99.22 12.48 <0.02
Vinici <0.10 <0.01 <0.01 0.01 56.04 0.27 <0.01 <0.01 <0.01 <0.01 <0.001 43.39 99.70 12.39 <0.02
Visocica <0.10 <0.01 0.01 0.02 56.13 0.28 <0.01 <0.01 <0.01 <0.01 0.003 43.40 99.86 12.36 <0.02
Pjesivackido <0.10 <0.01 <0.01 <0.01 55.27 0.56 <0.01 <0.01 <0.01 <0.01 0.003 43.67 99.52 12.47 0.02
Lalevici 0.10 <0.01 0.05 0.03 5573 0.50 <0.01 <0.01 0.02 0.03 <0.001 43.76 100.20 12.26 0.02
Jovanovici 0.10 <0.01 0.03 0.02 5543 0.53 <0.01 <0.01 0.01 0.03 0.001 43.72 99.89 12.39 0.02
Radujev kr§ <0.10 <0.01 <0.01 0.01 55.84 0.28 <0.01 <0.01 <0.01 <0.01 0.006 43.57 99.72 12.22 <0.02
Table 3. Potentially toxic trace elements content (in mg/kg) in limestone from the Bjelopavli¢i area

Site As Be Ccd Co Cu Hg Mo Ni Pb Se Sb Th u
Suk <0.5 <1 0.2 0.6 0.2 <0.01 <0.1 0.1 1.2 <0.5 0.1 <0.2 1.4
Klikovaca <0.5 <1 0.1 1.2 <0.1 <0.01 <0.1 0.2 1.1 <0.5 0.1 <0.2 0.7
Sadavac <0.5 <1 0.2 0.4 0.1 <0.01 0.2 0.5 0.6 <0.5 <0.1 <0.2 1.3
Mali Garac 0.8 <1 0.2 0.6 0.1 <0.01 0.2 0.9 0.7 <0.5 <0.1 <0.2 1.4
Slatina 0.6 <1 0.4 0.5 <0.1 <0.01 <0.1 11 0.5 <0.5 <0.1 <0.2 0.9
Maljat <0.5 <1 0.3 0.3 0.3 <0.01 <0.1 <0.1 0.2 <0.5 <0.1 <0.2 0.7
Vinici <0.5 <1 0.2 0.8 <0.1 <0.01 <0.1 <0.1 0.2 <0.5 <0.1 <0.2 <0.1
Visocica 0.6 <1 0.2 0.7 0.1 <0.01 <0.1 0.8 0.1 <0.5 <0.1 <0.2 0.4
Pjesivacki do <0.5 <1 0.3 0.2 <0.1 <0.01 <0.1 <0.1 0.2 <0.5 <0.1 <0.2 1.6
Lalevici 0.9 <1 0.2 1.0 0.3 0.02 <0.1 11 0.5 <0.5 <0.1 <0.2 1.2
Jovanovici 11 <1 0.3 0.7 0.2 0.01 <0.1 1.2 0.4 <0.5 <0.1 <0.2 1
Radujev kr$ <0.5 <1 <0.1 <0.2 <0.1 <0.01 <0.1 0.7 0.1 <0.5 <0.1 <0.2 0.1

DTA and TGA, performed on all studied samples, con-
firmed that all limestones are very pure and, as the ther-
mal curves were similar, only two are shown (Fig. 4).

Geochemical analyses (Table 2) revealed rather high
purity of all studied limestone samples with CaCO;
content of over 98 %, and small variations in MgO. The
content of all other components is very low.

Potentially toxic trace elements (Table 3) show as
well extremely low concentrations, particularly As, Cd,
and Pb being below the most rigid requirements, enab-
ling utilization of limestone in most demanding filler
products like food industry [7] and pharmacy.

The basic parameters for using limestone as filler
measured on investigated limestone are given in Table 4.

The current production of several products based
on chemically pure limestone is from the Visocica
quarry only, and filler is used for mechanical plaster,
ceramic and marble adhesives, and glue for demit fac-
ades. By development of the chemical industry and the
improvement of production technology, industry in
Montenegro can significantly expand the possibilities to
use carbonate fillers in various industrial branches: con-
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struction industry, paint and varnish industry, pharma-
ceutical and cosmetic industry, food industry, rubber
industry, paper industry, industry of cables, polyvinyl
chloride, and fertilisers. Very promising application of
limestone filler in Montenegro is in cement and con-
crete industry. Namely, concrete with a high limestone
filler content with suitable particle size distribution
generally improves strength characteristics of concrete
compared to the usual concrete with the same water/
/cement ratio and cement type [8—12]. The favourable
opportunity is that quarry waste can be used for con-
crete mixtures [13]. That industry does not require ext-
remely pure limestone, but the relatively cheap pro-
duct.

As seen from the Table 5, limestone from several
deposits can be used in practically all industrial branches
without major limitations, while the other deposits can
be used as a source of limestone for less demanding
production. Further geological exploration and comp-
lete characterisation of limestone shall be conducted
according to the existing regulations, but keeping in
mind the potential usage of material. That should inc-
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Figure 4. DTA, TGA and XRD curves of limestone from the VisoCica and Klikovaca deposits, displaying values for pure calcite.

Table 4. Basic technological parameters of limestone from the Bjelopavlici area

Deposit Whiteness Moisture Specific w3eight Qil absorption Water absorption oH
MgO-100%, % % g/cm % %
Pjesivacki do 87.60 0.043 2.632 13.90 15.50 9.35
Radujev krs 93.50 0.051 2.726 12.00 15.50 9.20
Visocica 91.60 0.018 2.654 14.40 19.20 9.35
Suk 85.90 0.039 2.691 14.20 18.50 9.33
Sadavac 80.00 0.039 2.622 11.80 16.00 9.56
Slatina 91.90 0.046 2.689 14.60 19.50 9.34
Klikovaca 84.90 0.064 2.654 13.90 19.00 9.39
Lalevici 84.50 0.022 2.632 11.80 15.50 9.33
Vinidi 92.20 0.073 2.671 13.70 19.00 9.51
Maljat 93.40 0.087 2.681 13.00 19.20 9.40
Mali Gara¢ 85.30 0.042 na. 11.80 15.80 na.
Jovanovici 85.80 0.045 2.679 11.80 15.00 9.35

lude much more analyses in order to define different
grades of limestone that may be used in the most
rational and sustainable way.

Limestone from the Bjelopavliéi area as high quality
raw material can be compared to other well known
limestone resources in Serbia that can be used as
coated filler in production of PVC products [14]. The
importance of recycling dust from marble production,
which would be economically rather important for the
studied area, was discussed in recent years [15,16].

Although majority of papers dealing with detailed
geochemistry of limestone is more geologically ori-
ented [17-21], study in Canada [22] resulted in estim-
ation of resources potential for industrial uses of lime-
stone based on chemistry among the other criteria.

The overall economic potential of limestone fillers
from the Bjelopavli¢i area is clearly visible from Table 6,
where limestone resources are summarised. The most
promising deposits for filler production are the actual
dimension stone deposits, where the average block
(and product) yield is around 20 %, while the rest is at
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Table 5. Potential application of limestone from Bjelopavlici area based on preliminary tests. Y — yes, N — no, L — limited, VL — very

limited
Deposit Pain.ts & Paper Rubber & Glass Metal- Foundry Phar- Animal Eerti- Sqil .
varnishes PVC lurgy macy feed lizers neutralisation
Limitations Whiteness Chemistry Whiteness LOI Chemistry P;0s,
MgO, Cr

Radujev krs Y Y Y L Y Y Y Y Y Y Y

Visocica Y Y Y L Y Y Y Y Y Y Y

Slatina Y L Y L Y Y Y Y Y L Y

Vinidi Y Y Y L Y Y Y Y Y Y Y

Maljat Y Y Y L Y Y Y Y Y Y Y

Klikovaca Y VL Y L Y Y N Y Y L N

Lalevici Y VL Y L Y Y N Y Y L L

Suk Y VL Y L Y Y N Y Y L Y

Sadavac Y N Y L Y Y N Y Y L N

Pjesivacki do Y VL Y L Y Y N Y Y L Y

Mali Garac Y VL Y L Y Y N Y Y L Y

Jovanovici Y VL Y L Y Y N Y Y L N

Table 6. Resources of the stone and block mass of explored deposits; measured resources (000 m3), JORC reporting

. Category (national reporting scheme) Block yield Block mass

Deposit o 3
A B G A+B+C, % 000 m

Suk 202 306 434 942 16.20 153

Klikovace 185 524 519 1228 25.00 307

Visocica - 897 - 897 22.00 197

Maljat 376 635 868 1879 23.00 432

Slatina 234 291 525

Jovanovidi 251 592 1720 2563

Vinici 348 347 645 1340 15.00 201

Radujev Krs - 9 34 43 16.00 7

Sadavac 3285 1362 4647 Aggregate rock

the moment not fully (or at all) utilised as either filler,
or any other product.

In Montenegro the market for filler is rather low,
but due to the relatively close sea harbour and direct
railway connection as precondition for cheap transport,
the possibilities for increasing the sales of this type of
products in the future are open. One of the potential
markets could be eventually Belgrade region in Serbia,
which has no sources of high quality special aggregates
on its territory [23]. However, the utilisation of studied
limestone deposits will require a lot of planning at
different levels and countries [24—-26].

CONCLUSION

The first complex study of potential limestone
resources for filler grade quality was performed on
twelwe deposits in the Bjelopavli¢i area in Montenegro.
The obtained results have proven the high quality of
limestone from the studied deposits, as it can be used
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for paints and varnishes, rubber and plastics, metal-
lurgy, foundry, sugar production, fertilizers and animal
feed industry. Several deposits have very pure lime-
stone, that can be also used for paper, glass, pharma-
ceutical industry and soil neutralisation. We would like
to stress again that these are preliminary results based
on representative samples from each studied deposit.
Further exploration should prove the quality of differ-
ent grades of limestone and shall also require more
sensitive and precise analytical methods for Cr, P, F and
some other components. The economic potential of
limestone fillers from the Bjelopavliéi area is high, and
the most promising deposits for filler production are
the actual dimension stone deposits, where the aver-
age block (and product) yield is around 20%, while the
rest can be used for filler production.
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RESURSI KARBONATNIH PUNILA NA PODRUCIU BJELOPAVLICA, CRNA GORA
Darko M. Boiovic’l, Vladimir M. Simic’z, Dragan S. Radulovié3, Filip B. Abramovié4, Slobodan S. Radusinovi¢®

JU Zavod za geoloska istraZivanja, Podgorica

Univerzitet u Beogradu — Rudarsko—geoloski fakultet, Beograd

*Institut za tehnologiju nuklearnih i drugih mineralnih sirovina, Beograd

*Gradska uprava grada Beograda, Sekretarijat za zastitu Zivotne sredine, Direkcija za upravljanje otpadom, Beograd

(Strucni rad)

Karbonatna punila predstavljaju veoma vaznu mineralnu sirovinu koja se Kljucne reci: Krecnjak e Punila @ Geohe-
moze upotrebiti u razli¢itim industrijskim granama. Podrucje Bjelopavli¢a u Crnoj mija ® Primena e Resursi
Gori odlikuje se prisustvom mineraloski i hemijski veoma Ccistih kre¢njaka, koji su
dosada istrazivani uglavnhom kao arhitektonsko-gradevinski i tehnicki gradevinski
kamen. Istrazivani kre¢njaci su senonske starosti, slojeviti do masivni, izgradeni od
razli¢itih varijeteta — bioklasti¢nih sparita i mikrita, uglavnom sa rudistima i for a-
miniferama. Uzorci za proucavanja (teZzine 80-100 kg) uzeti su iz svih istrazivanih
lezista uzimajuci u obzir makroskopski sastav stenske mase zbog reprezentativ-
nosti. Zatim su iz njih izdvojeni manji komadi krecnjaka za potrebe izrade pre-
parata za ispitivanja na optickom i skenirajuéem elektronskom mikroskopu. Osta-
tak uzoraka iz svakog lezsta je izdrobljen, homogenizovan i pulverizovan. Miner-
alosko—petrografska i tehnoloska ispitivanja obuhvatila su opti¢ku mikroskopiju,
skenirajucu elektronsku mikroskopiju (SEM) i rendgensku difrakciju praha na dva
izabrana uzorka iz lezista Visocica i Klikovaca, diferencijalno-termicke i termogra-
vimetrijske analize (DTA i TGA), odredivanje sadrzaja vlage, beline, specifi¢cne
tezine, apsorpciju ulja i vode i odredivanje pH. Geohemijska ispitivanja uradena su
u Acmelabs u Kanadi i to makro elementi XRF metodom (C i S Lecco metodom), a
mikroelementi ICP-MS metodom. IstraZivanja i ispitivanja dvanaest leZiSta i pojava
kre¢njaka pokazala su visok kvalitet ove mineralne sirovine, pri ¢emu se krecnjak
iz svih lezista moze upotrebiti u industriji boja i lakova, gume i plastike, meta-
lurgiji, livarstvu, proizvodnji Se¢era, mineralnih dubriva i sto¢noj hrani. Nekoliko
lezista i pojava sadrZze veoma kvalitetan kre¢njak koji se moZe upotrebiti i u indus-
triji papira, stakla, farmaciji i neutralizaciji zemljista. Potencijalni mineralni resursi
procenjeni su na oko 23 miliona tona. U sludaju relativno jeftinog transporta
postoji mogucénost snabdevanja i trzista Srbije (pa i Beograda) agregatom za punila
visokog kvaliteta.
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Groundwater nanofiltration process efficiency improvement with

additional concentrate membrane treatment

Miroslav D. Kukucka, Nikoleta M. Kukucka
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Abstract

Nanofiltration (NF) of waste water originated from nanofiltration drinking water plant
stationed in town of Kikinda (Northern Serbia) was investigated. Experiments on removal
characteristics of nanofiltration membranes when exposed to influent rich in arsenic and
natural organic matter under different flux and transmembrane pressure (TMP) conditions
were conducted in order to obtain drinking water from waste water and reduce total
amount of waste water. Applied NF membranes showed remarkable removal character-
istics. Also, obtained result for concentrate yield, an indicator of reduced concentrate
amount, of 8.89% under optimum flux value presents considerable amount of reclaimed
drinking water. Calculated empirical and theoretical concentration factors quotients were
indicated to probable accumulation of some inlet water components at NF membrane
surface. Based on the obtained results that nanofiltration membranes remove natural org-
anic matter, arsenic, ammonia and sodium with high efficiencies of around 98, 96, 80 and
93%, respectively, the conceptual design of drinking water plant for City of Kikinda was
defined and presented.
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Membrane processes are currently considered to
be one of the best separation technologies for water
and wastewater treatment. Nanofiltration has been a
rapidly expanding field leading to significant innovat-
ions in the last decade especially for aqueous effluents
treatment in various industries. About 75% of the total
market share of NF membranes worldwide is domin-
ated by water demineralization and wastewater treat-
ment applications [1]. NF is widely used for production
of clean and pollutants free drinking water around the
world [2-4]. Regardless, NF concentrate disposal pre-
sents a great problem because of its quality and quan-
tity [5]. Even though the properties of NF membranes
are improving every day in means of materials, resist-
ance and recovery rates [6—8], the matter of concen-
trate discharge is still present.

Reclamation of membrane processes concentrates
separated during desalination of sea or fresh water
presented a big challenge in many previous investigat-
ions [9-11]. There are also numerous studies dedicated
to water reclamation from waste water plants [12-14]
in order to reuse obtained product for instance for irri-
gation [15].

In the Northern part of Serbia — Vojvodina, where
the investigations were conducted, the main source of
drinking water is unprocessed groundwater. The prob-

Correspondence: M.D. Kukucka, Sterije Popovi¢a 42, Kikinda Serbia.
E-mail: miroslav@envirotech.rs

Paper received: 27 June, 2015
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lem is that the quality of groundwater is not suitable
for human consumption, according to local regulations
[16]. More correctly speaking, water from approxim-
ately 45% public wells has elevated levels of arsenic.
Second problem of Vojvodina’s groundwater is natural
organic matter (NOM) which concentration exceeds
maximum tolerable level (MTL) [16] in majority of
groundwater used for human consumption. There were
many previous investigations based on application of
adsorption and other processes for removal of ground-
water arsenic and NOM. Strong base macroporous ion
exchange resin was successfully applied for adsorption
of As and NOM from chlorinated and non-chlorinated
groundwater [17]. Since NOM is precursor of disinfect-
ion by products formation, adsorption of organics from
the groundwater onto resin significantly decreases the
possibilities of trihalomethanes arising [18]. The role of
individual NOM fractions on changes in trihalometh-
anes and haloacetic acids formation during coagulation
with iron chloride and a combination of polyaluminium
chloride and iron chloride was determined. Results
showed that most of the dissolved organic carbon
(68%) in the raw water comes from the fulvic acid frac-
tion, yielding 41% of the total trichalomethane precur-
sors and 21% of the total haloacetic acid precursors
[19]. Laboratory scale electrocoagulation/flotation
reactor was successfully applied for removal of high
concentrations of natural organic matter and arsenic
from groundwater [20]. Based on the obtained results,
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conceptual design of drinking water plant for City of
Kikinda was presented.

The electrocoagulation/flocculation reactor at the
optimum operational conditions was able to remove
93% of arsenic and 70% of dissolved organic carbon,
comparing with raw groundwater [19].

Arsenic can be removed from water in greater per-
centage when it is present in organic form. It is found in
literature that As, if present in natural organic matter-
-rich water, has ability to make complex compounds
with anions of NOM as ligands [21]. Yu and a group of
authors investigated effects of ion concentration and
natural organic matter on arsenic(V) removal by nano-
filtration under different transmembrane pressures
using four different types of NF membranes [22]. It is
shown that the removal efficiency of arsenic was inf-
luenced by ion concentration, TMP, and the presence
of NOM.

Therefore, topic that interested authors was beha-
vior of NF membranes when exposed to influent con-
taining high levels of arsenic and humic matter. Aim of
this work was to obtain drinking water from the NF
concentrate, to investigate influence of transmem-
brane pressure on NF membranes functionality as well
as to study influence of water flux on NF concentrate
yield.

MATERIALS AND METHODS

Description of experiment location

Experiments were conducted in northern Serbia
(Vojvodina) in the town of Kikinda (45.84° North,
20.45° East). The water-bearing formations in Vojvo-
dina were formed during the final phase of existence of
the Pannonian Sea [23]. In this region, the arsenic rich
waters have a characteristic yellow color, a specific
taste, and increased arsenic concentrations range from
0.040 to 0.380 mg/L [24-26] as well as elevated NH,;-N
(ammonia — AM) and sodium level. The yellow color is
due to the presence of undesirable organic (humic)
matter. Measured physicochemical parameters in
groundwater exceeds MTL [16] as presented: NOM,
expressed as KMnO, consumption (COD, mg KMnQO,/L):
28.65; As [ug/L]: 18.07; Na [mg/L]: 206.90; NH,;-N
[mg/L]: 2.07. This water is without any treatment being
used as a source of drinking water in majority of nearby
settlements.

Design of the pilot plant and operating conditions

Nanofiltration concentrate was obtained from the
industrial NF plant, used for production of drinking
water from groundwater according to local regulations
[16]. NF plant operated under water flux (/ = 25.76 L/(h
m?)), and contained nanofiltration membranes type
CSM NE8040-90 manufactured by Torey Chemical
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Korea Inc. [27]. Inlet groundwater flow rate in the first
step of nanofiltration was 13,500 L/h. The actual per-
meate and concentrate flow rates produced in NF plant
were 11,500 and 2,000 L/h, respectively. Industrial NF
plant permeate (NFP1) physicochemical composition is
in accordance with the local regulations for drinking
water [16] and it is used as a drinking water on inves-
tigated location. For this investigations NF plant con-
centrate (NFC1), which is usually discharged into the
sewage, was treated on a self-made NF pilot plant
(NFPP) at different flux conditions. Scheme of NFPP is
given in Figure 1. NFPP has been designed for optimal
permeate flow rate of 700 L/h, and contained three NF
membranes (CSM NE4040-90, Torey Chemical Korea
Inc. [28]) in two-array operating regime. As can be seen
from the Figure 1, a part of the concentrate produced
on NFPP (NFC2) was recirculated and joined with NFC1
— making feed water flow in order to reduce waste-
water quantity. Because of this, values of COD, As, Na
and AM in NFC1 were proportionality calculated with
respect to inlet and recirculation flow rates. Experi-
ments were conducted while the hydraulic conditions
of the NFPP were operable. After first experimental
procedure membranes were chemically cleaned using
Clean-in-place method. Cleaning lasted for 2 h and it
was done using 0.1% solution of NaOH. At the end of
cleaning process solution was dark yellow color with
foam appearance on the solution surface. Experimental
procedure was repeated two more times. All presented
results of groundwater and effluents are the mean
values of measured parameters from three experi-
mental procedures.

Physicochemical methods and analytical instruments
used in the water analyses

General water quality parameters for the ground-
water and effluent, such as COD, and arsenic, were
determined by standard analytical methods [29]. Total
arsenic and sodium was determined by atomic absorp-
tion spectrophotometry on a Varian AA 240FS. The
total arsenic as well as sodium content was determined
by the VGA technique on a Varian/VGA-77. Ammonium
nitrogen content was determined by standard spectro-
photometric Nessler method on instrument Hanna
C-100. The TOC was measured on an Analytik Jena/
/Multi N/C 2100 instrument.

Calculation of experimental parameters

Operational parameters including inlet flow, perm-
eate flow and concentrate flow were monitored during
the study. Pressures between the feed and permeate
side were detected by a pressure meter. According to
the pressures, a transmembrane pressure that presents
a force needed for filtration process to occur can be
calculated using Eq. (1), where py, p., and p, are influ-
ent, concentrate and permeate pressure, respectively.
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Figure 1. Scheme of the NF pilot plant (NF — industrial NF plant; NFC1 — concentrate after first step of nanofiltration; MF5 — micro-
filter of 5 mm; BP — booster pump,; NFPP— NF pilot plant; CIP— clean in place unit; M1-5 — pressure gauge; PC — automatic pressure
unit; F1-4 — continuous flowmeter; COND — conductivity meter; S —sampling tap; NFC1 — permeate after second step of
nanofiltration; NFC2 — concentrate after second step of nanofiltration).

Calculation of membrane flux J (L/hmz) is given in Eq.
(2), where Q, presents permeate flow (L/h), and A pre-
sents effective membrane area (mz):

+
TMP:pfz—pc—p (1)

=%

) (2)

Flow rate of permeate produced per flow rate of
feed water presents membrane recovery that is cal-
culated as follows:

R =1oo& (3)
Q

where: Qs — feed water flow (L/h).

Removal efficiency (n) can be expressed using Eq.
(4), where ¢, and ¢ are concentrations of measured
component in permeate and feed, respectively, in mg/L:

n=1001-2) (@)
Cs

Concentration of measured parameters in the con-
centrate, ¢, (mg/L), can be calculated using expression

(5), where Q. is volumetric flow (L/h) of concentrate
stream [30]:

__ac)-Q5)
C
Q.
The concentration factor (CF, the ratio of the con-
centration of a component in concentrate and feed)

can be calculated from the mass balance for each mea-
sured water component [30]:

C
cF=Sc =&{1—R—"} (6)
C C

(5)

C

Concentrate yield, which was calculated using exp-
ression (7), is used to show percentage of feed flow
rate that is converted to concentrate stream:

Y. =100& (7)
&

RESULTS AND DISCUSSION
Concentrate nanofiltration was very effective while
COD and arsenic concentration in the permeate pro-

duced on the NFPP were below the maximum tolerable
values [16]. Influence of the transmembrane pressure
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on the relative removal of measured parameters in
NFC2 is shown on Figure 2. As can be seen, removal of
all measured parameters with the increase of TMP was
progressing in a constant way, with slight decrease of
c/c¢ values with TMP increase (where ¢ and ¢; present
concentration of measured parameters in feed and
NFC2, respectively). Also, values of c¢/c; for COD, TOC,
and As below 0.5 indicate that the experimental mem-
branes showed excellent removal characteristics. Mean
values of As, TOC and COD in P were 2.6 pg/L, 0.33
mg/L, and 1.7 mg KMnO,/L, respectively, while average
values of Na is 56.66 mg/L and ammonia were 1.14
mg/L. It can be concluded from obtained results that
experimental NF membranes showed excellent arsenic
and COD removal characteristics which is proven by the
fact that concentrations of all measured parameters

0.30

——AM
0.25

are below the MTL, except the ammonia value, which
slightly exceeds MTL, according to local regulations [16].

Influence of flux values on the membrane rejection
is shown in Figure 3. Increase in ammonia removal
efficiency was observed with the flux increase, while
the mean value of membrane rejection (77 ) for ammo-
nia was 80.40%. Membranes exhibited similar constant
behavior in regard to COD, TOC, As and Na removal,
with 77 of 98.23, 98.73, 96.74 and 93.45%, respectively.

Y. tota Value (total percentage of produced concen-
trate after both steps) as well as Riq. (total recovery
after both steps) are given in Figure 4. Concentrate
yield after the first step of the nanofiltration was
18.52% and the recovery valued 81.48%. Yt Values
had decreasing trend with TMP increase. Also total rec-
overy increase was observed. Optimum transmem-
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0.20
; \,/\—

015 B gy
— e ——— & e
0.05 - ’ = ‘ ,\ T
| b Y 2 o
— N . ==
0.00

2 4

TMP (bar)

Figure 2. Influence of TMP on the removal of investigated physicochemical parameters in the permeate obtained from NFC2.
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Figure 3. Changes in measured parameters removal efficiency with flux values increase.

504



M.D. KUKUCKA, N.M. KUKUCKA: GROUNDWATER NANOFILTRATION PROCESS EFFICIENCY

Hem. ind. 70 (5) 501-509 (2016)

a9 16
—=Total recovery —+Total concentrate vield
14
92
12
9]
—_ 1 _
“op 8 u
o o
S
]
89
4
88
2
87 0
2 4 & 8 10 12
TMP (bar)
b 93 16
—Total recovery  —=Total concentrate yield
14
92
12
91
— 10—
290 § 3
oF =
(i)
89
4
88
2
87 0
10 15 20 25 i0 i5 40 45

J(L/hm?)

Figure 4. Transmembrane pressure (a) and flux (b) influence on total concentrate yield and total recovery values.

brane pressure and membrane flux were between 6.5—
—7.5 bar and ~30 L/hmz, respectively, which was in
accordance with observed intercepts in Fig. 4a and b.
Obtained Rira) Was 90.37% and Y iora Was 8.89% which
is significantly lower than presented in previous results
[30].

Equation (5) was used to calculate theoretical
values of parameters in the concentrate. Concentration
factor (expression (6)) was calculated for theoretically
obtained results (CF,) and empirically measured values
in the concentrate (CF.). Both concentration factors
for different parameters at optimal flux value are given
in Table 1. The best and the worst CF,, vs. CFy, relative
accordance of around 9 and 20% were evident in the
case of arsenic and TOC, respectively.

CF./CFy, quotient was established as real concen-
tration factor CF, and it defined passage of some water
constituents through, i.e., their accumulation on the
membrane surface. CF, values are presented in Table 2

Table 1. Theoretically obtained and empirically measured
concentration factors at optimal flux value

Parameter AM CcoD TOC Na As
CFy, 2.05 2.16 2.16 2.13 2.15
CFeyx 2.41 2.50 1.79 2.55 2.36

and showed that all values greater than 1 ensigned
good passage of inlet water constituents to the con-
centrate without or small accumulation on the mem-
brane surface. For fluxes greater than 31 L/hm2 all CF,
values were less than 1. Exceptions were data for TOC
which for all flux amounts valued lesser than 1, what
denoted to probably high content of chemically non-
easily oxidable organics. The similar values less and
close to 1 were obtained for arsenic which ensigns the
possibility of predominant organically bonded arsenic
species. CF, values for ammonia, easy oxidable organics
as COD and sodium were in flux range until 31 L/hm”
greater than 1, and did not show any affinity to accu-
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mulate onto membrane surface. Higher fluxes contri-
buted to CF, decrease below 1, when all determined
parameters could potentially be accumulated in the
membrane pores.

Table 2. Measured parameters CF, quotient changes in the
dependence of flux

J/Lhtm™ AM cop  TOC Na As

12.66 131 147 075 112 078
16.88 132 130 088 148 064
21.10 140 142 075 140 061
23.21 140 133 086 141  1.34
25.32 134 124 085 136 058
27.43 122 123 080 127 115
29.54 118 116 083 120  1.09
31.65 118 091 078 111  1.04
33.76 1.09 094 074 105  1.09
37.97 097 084 072 092 088
40.08 067 067 054 063 068

As mentioned, membranes were chemically cleaned,
and COD, TOC, As, Na and ammonia concentrations
were not of interest for this work and were not
measured in cleaning solution. Yet, appearance of
yellow-brown color established by visual method
confirmed data presented in Table 2, that part of humic
matter along with other measured parameters were
accumulated on the surface of the membrane.

Table 3. Essential input data for preliminary design of PWP

Conceptual design of drinking water plant for
City of Kikinda

Described two step nanofiltration of groundwater
and further concentrate nanofiltration results were the
base for preliminary design of potable water plant
(PWP) assigned to supply of City of Kikinda citizens.
Input data for dimensioning of PWP capacity are pre-
sented in Table 3.

Data presented in Table 3, accompanied with des-
cribed nanofiltration results were the base for preli-
minary design of PWP presented in Tables 4 and 5.

Groundwaters under pressure of well pumps pass
through double fineness microfilter protective cart-
ridges of 20 and 5 pm to NF booster pumps which
increase the pressure to 8 bar. First step nanofiltration
process consists of two parallel interconnected NF
plants. Obtained permeate, NFP1, flows to the col-
lecting tank of 3,000 m® volume by previous disinfect-
ion with sodium hypochlorite. Separated concentrate
NFC1 flows to additional filtration process into the third
NF plant. Secondly originated permeate, NFP2, join the
NFP1 permeate stream, and NFC2 as a total concen-
trate is disposed to the recipient. Complete two step
NF process does not required any chemicals in service
regime, but only for temporary membranes chemical
cleaning.

The PWP nanofiltration equipment installing space
required small area of ~300 m?, plus reservoir needed
area of ~1,300 mz, sized to ~25 mx50 mx4 m as a
width, length and height, respectively. The pure drink-
ing water reserve of ~3,000 m® is enough for 12 h

Population Daily consumption Water demand  Average hourly consumption Maximal hourly consumption
(people) L/capita m?/d m3/h; L/s m3/h; s

37,676 150 5,651.40 235.46; 65.41 353.21; 98.12

Table 4. PWP water balance

Feed water NFP1 NFC1 NFP2 Total permeate Total concentrate
L/s L/s L/s L/s L/s

110 89.65 20.35 9.76 99.41 10.59

Table 5. Technical and economic overview of PWP construction and maintenance

Position

First NF step  Second NF step

Installed electric power, kW

Number of NE-8040 membranes

Number of pressure membrane vessels

Specific electric power consumption, kWh/m?
Building required, m?

Net capacity, m/d

Net capacity, m>/y

Capital investment, €

Price of drinking water vs. maintenance costs, €/m3

140 35
288 72

48 12
0.321 -
~300 -
7,064.20 -
2,578,433 -
~2.2 million -
~0.1 -
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continual supplying of citizens, as well as for 8 h of
maximal hourly consumption demand. The graphical
abstract of the conceptual design which presents 3D
view of nanofiltration plant as a part of PWP is shown
in Figure 5.

Figure 5. 3D view of NF drinking water plant.

The Figure 5 presents two first step nanofiltration
units (NF1 and NF2) for groundwater purification and
the third unit (NF3) designed for NFC1 treatment. In
comparison of plant dimensions with the displayed
worker average height, it could be seen that the main
part of PWP does not required big space.

CONCLUSION

Pilot plant used in this study showed great ability to
reduce amount of disposable NF concentrate. Arsenic
and COD values in permeate from second step of the
experiment were below MTL, according to local regul-
ation and could be mixed with the first step permeate
to increase total drinking water yield for almost 9%.

Concentrate nanofiltration exhibited high rejection
of all determined water parameters, i.e., ammonia
more than 80%, and COD, TOC, Na and As for over 90%.

Results showed that obviously high organic matter
and arsenic amounts in the same solution can be suc-
cessfully removed by nanofiltration force. At the base
of these data investigated concentrate nanofiltration
was in the same time wastewater treatment and pot-
able water preparation by mean of physical process
without usage of any chemical. Established CF, quotient
is excellent indicator for degree of potential accumul-
ation of water constituents on membrane surface
during desalination. Analysis of obtained CF, values for
all investigated water constituents proved that only
organic matter coupled with arsenic species definitely
was accumulated in membrane pores which could
evoke potential fouling.

Obtained results are obviously important contrib-
ution to modern trends of preserving natural resources
of fresh water. Taking into consideration amount of
reduced concentrate, authors suggest application of
obtained desalination procedure and results to a large
scale membrane plants for drinking water conditioning.
Based on the obtained results, conceptual design of
drinking water plant for City of Kikinda was presented.
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1ZVvOD

POVECANJE EFIKASNOSTI NANOFILTRACIONOG PROCESA PRERADE PODZEMNE VODE DODATNIM MEMBRANSKIM

TRETMANOM KONCENTRATA

Miroslav D. Kukucka, Nikoleta M. Kukucka
EnviroTech d.o.o., Sterije Popovica 42, Kikinda, Srbija
(Naucni rad)

U radu je prikazan tretman otpadne vode (koncentrata) iz nanofiltracionog
uredaja za proizvodnju pijace vode kapaciteta proizvodnje permeata od 11.500
L/h. U cilju dobijanja pijace vode iz koncentrata kao i smanjenja koli¢ine otpadne
vode izraden je nanofiltracioni pilot uredaj, neto kapaciteta permeata 700 L/h pri
optimalnom fluksu od ~30 L/(h m?). Ispitivane su mogucnosti uklanjanja visokih
koncentracija arsena, prirodnih organskih materija preko lako oksidujucih (COD) i
ukupnih organskih materija (TOC), natrijuma i amonijaka (AM) iz influenta pri
razli¢itim fluksevima i transmembranskim pritiscima. Nanofiltracijom koncentrata
na pilot uredaju je znac¢ajno smanjen sadrzaj navedenih sastojaka Sto preko sred-
njih vrednosti efikasnosti uklanjanja (77 ) iznosi: 775, =96,74%, Tcop= 98,23%,
Troc = 98,73%, 1lna = 93,45%, Tan =80,40%. Na osnovu dobijenih rezultata u radu
je predstavljen konceptualni dizajn postrojenja za kondicionairanje vode za grad
Kikinda. Srednje vrednosti koncentracija As, TOC, i COD u proizvedenom permeatu
su iznosile 2,6 pg/L, 0,33 mg/Li 1.7 mg KMnQ,/L, redom, dok su srednje vrednosti
za Na i amonijak iznosile 56,66 i 1,14 mg/L, redom. S obzirom na to da su svi
mereni parametri u permeatu ispod maksimalno dozvoljene koncentracije moze
se zakljuciti da se primenjene membrane mogu uspesno koristiti za dobijanje
pijac¢e vode iz voda sa visokim sadrZajem organskih materija i arsena. lzuzetak je
amonijak ¢ija koncentracija u permeatu minimalno premasuje maksimalno dozvo-
lienu koncentraciju. U radu su takode ispitivani koncentracioni faktori za svaki
mereni parametar. Koncentracioni faktori su odredivani teorijski i empirijski, a
prikazan je i njihov odnos pomocdu kojeg je bilo moguce odrediti pojavu nastajanja
naslaga na membranama. Na osnovu prinosa koncentrata i iskoriS¢enja mem-
brana utvrden je procenat smanjenja kolicine otpadne vode. Pri optimalnim vred-
nostima fluksa i transmembranskog pritiska od ~30 L/(h mz) i 6,5-7,5 bar, redom,
dobijene su vrednosti prinosa koncentrata i iskoris¢enja membrana od 8,89% i
90,37%, redom, $to oznacava povecanje iskoriséenja membranskih procesa na oba
uredaja zajedno i smanjanja koli¢ine koncentrata za ~9%.

Klju¢ne reci: Nanofiltracija ® USteda vode
® Prinos koncentrata e Arsen ® Huminske
materije ® Koncentracioni faktor
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Odredivanje lipofilnosti 2'-hidroksihalkona primenom RP-HPLC metode

Jasmina V. Basi¢', Branka M. Ivkovi¢?, Slavica Stevanovi¢®, Andelka Lazarevi¢', Zorica B.Vuiji¢

Visoka zdravstvena $kola strukovnih studija u Beogradu, Srbija
’Farmaceutski fakultet, Univerzitet u Beogradu, Srbija
3Tehnolosko—metalurski fakultet, Univerzitet u Beogradu, Srbija

Izvod

Lipofilnost dvanaest sintetisanih halkona, Ciji je prsten B orto, meta ili para monosupsti-
tuisan alkil, oksialkil grupama ili halogenom odredena je u uslovima reversno-fazne tecne
hromatografije uz upotrebu oktadecil-modifikovanog (RP-18) silika-gela kao stacionarne
faze i dvokomponentne sme$e methanol/voda kao mobilne faze. Linearna zavisnost log k’
vrednosti od zapreminskog udela metanola u mobilnoj fazi, utvrdena je za sva ispitivana
jedinjenja, sa visokom vrednosc¢u korelacionog koeficijenta (r > 0,99). Ekstrapolacijom
dobijene prave na 0% udela metanola dobijena je vrednost faktora kapaciteta za hroma-
tografski sistem u kom bi mobilnu fazu predstavljala voda (log k). Za pet standardnih
supstanci, hemijski sli¢nih halkonima pod istim eksperimentalnim uslovima odredene su
log k,, vrednost i korelisane sa literaturno dostupnim log P vrednostima za data jedinjenja.
Na osnovu formirane standardne krive, izracunate su vrednosti logPgy, za sintetisane hal-
kone. Da bi se izvrSila procena relevantnosti eksperimentalno dobijenih log P vrednosti
halkona, linearnom regresionom analizom, izvrSena je korealcija log Py vrednostima sa
log P vrednostima izracunatim primenom razlicitih racunskih programa. Statisticki para-
metri zavisnosti pokazali su da je primenom programa ChemOffice postignuto najbolje sla-
ganje rezultata, Sto ukazuje na to da je ovaj program pogodan za izracunavanje log P vred-
nosti novosintetisanih halkona kao i jedinjenja, strukturno sli¢nih halkonima.

Kljucne reci: halkoni, lipofilnost, HPLC.

Dostupno na Internetu sa adrese ¢asopisa: http://www.ache.org.rs/Hl/
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Halkoni su prirodni proizvodi biljnog porekla, ras-
prostranjeni u vocu, povrcu, zac¢inima i ¢ajevima, a nas-
taju kao intermedijeri u sintezi flavonoida i flavanona
koju katalizuje enzim halkon sintaza. Hemijski gledano,
halkoni predstavljaju seco flavonoidne strukture kod
kojih su dva aromati¢na prstena povezana preko a,f
-nezasi¢enog ketonskog mosta. Derivati su 1,3-diaril-2-
-propen-1-ona i u novije vreme dobijaju polusintetski ili
totalnom sintezom [1] u reakciji aldolne kondenzacije
(Claisen—Schmidt reakcija), slika 1.

Halkoni imaju Sirok spektar bioloskih aktivnosti:
antiinflamatornu [1-3], antibakterijsku [1,2,4,5], fungi-
cidnu [1,2], antiproliferativnu [1,2,6,7], tuberkulo-
statsku [1,8] i druge, ali i nisku selektivnost koja ogra-
nic¢ava klinicku primenu ovih jedinjenja [1].

Mehanizam njihovog citotoksicnog, mutagenog i
antikancerogenog delovanja je poznat i ogleda se u
vezivanju za nukleinske kiseline slicno alkilirajué¢im
agensima [1].

0 0 o
H /
+ NaOH
EtOH
OH Rg Ri OH Ri R
Ro S

Slika 1. Sema sinteze halkona.
Figure 1. Scheme synthesis of chalcones.

Prepiska: J.Basi¢, Visoka zdravstvena skola strukovnih studija u Beo-
gradu, cara Dusana 285, 11000 Beograd, Srbija.

E-posta: basic.jasmina23@gmail.com

Rad primljen: 26. april, 2015

Rad prihvaéen: 13. oktobar, 2015

Mehanizmi antibakterijskog i antifungalnog dejstva
halkona nisu u potpunosti razjasnjeni. Neke studije su
pokazale da razli¢iti halkonski derivati deluju na nivou
celijske membrane mikroorganizama izazivajuéi njenu
destrukciju. Pretpostavlja se da razli¢ita osetljivost
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pojedinih sojeva mikroorganizama na citotoksi¢no dejs-
tvo halkona potice od razlike u mehanizmu destrukcije
Celijske membrane. Smatra se da ove razlike nastaju
usled razlic¢ite orijentacije molekula unutar Ccelijske
membrane, kao i razlicitog afiniteta halkona prema
membrani Celija [9]. Takode, dosadasnje studije su
pokazale da halkoni svoju antimikrobnu aktivnost ispo-
ljavaju zahvaljujuci prisustvu a,Fnezasi¢enog karbonil-
nog niza u molekuli koji stupa u reakciju sa sulfhidrilnim
grupama enzima i drugih proteina (Majklova adicija)
[10-12]. U ovoj reakciji enonska funkcionalna grupa
ima funkciju akceptora elektrona. Majklova adicija je
olaksana prisustvom elektronakceptorskih (EA) grupa u
para polozaju u prstenu B halkona, dok prisustvo elek-
trondonorskih (ED) grupa na istom polozaju oteZzava
ovu reakciju. Ipak, Boeck i saradnici [10] pokazali su da
p-nitrohalkon (nitro grupa ima jak EA efekat) pokazuje
istu ili manju aktivnost u odnosu na p-hlorohalkon
(hloro grupa, ima slab EA efekat) i p-metilhalkon (metil
grupa ima ED efekat). Dosada izvedene QSAR studije
halkona, pokazale su da prisustvo hidroksilnih grupa
¢ini ovu klasu jedinjenja potentnijim za antimikrobno
dejstvo [1,11], mada nije utvrdeno kako njihov broj i
polozaj uti¢e na aktivnost halkona [1]. Halkoni takode
ispoljavaju svoje dejstvo vezivanjem za DNA mikroorga-
nizama, ali je pokazano da DNA ne predstavlja glavni
cilini molekul njihovog intracelularnog dejstva [9].

Da bi se razjasnili farmakodinamski mehanizmi, kao
i farmakokineticke osobine novosintetisanih jedinjenja,
vazno je poznavati njihove fizicko—hemijske osobine
medu kojima najznacajnu ulogu ima lipofilnost mole-
kula. Ovaj parametar ima vaznu ulogu u transportu
molekula kroz bioloske sisteme i moZe uticati na for-
miranje kompleksa izmedu samog molekula i biomole-
kula (receptora) u organizmu. Lipofilnost se izrazava
preko podeonog koeficijenta (P), odnosno njegove
logaritamske vrednosti (log P). Vrednost log P, kao
mera lipofilnosti, trenutno se najvise koristi u medicin-
skoj hemiji i molekularnoj farmakologiji, gde je formi-
rana baza podataka log P vrednosti. Lipofilnost mole-
kula se, pored direktnog odredivanja metodom mué-
kanja (shake flask method), moZe odrediti i indirektnim
eksperimentalnim metodama kao $to su: hromatogra-
fija na obrnutim fazama, micelarna/mikroemulziona
elektrokineti¢cka hromatografija, potenciometrijska me-
toda, metoda filter probe i druge.

Visokoefikasna te¢na hromatografija na reverznim
fazama (RP-HPLC — Reversed Phase High Presure Liquid
Chromatography) je Siroko zastupljena u odredivanju
log P vrednosti koja se dalje koriste u QSRR i QSAR
studijama.

U QSRR modelima od hromatografskih retencionih
parametara koristi se logaritamska vrednost faktora
kapaciteta, logk vrednost, kao retencionog faktora [16],
koja se moZe izracunati iz izraza:
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k = (te—to)/to (1a)
log k = log (tz—to)/to (1b)

gde je ti retenciono vreme ispitivane supstance, a t,
retenciono vreme rastvaraca. Vrednost log k se moze
korelisati sa udelom organske komponente u mobilnoj
fazi, a dobijena zavisnost se mozZe prikazati jednacinom
prave:

log k =log k,, + b¢ (2)

gde je log k,, odseCak prave, b nagib prave, a ¢ udeo
organske komponente u mobilnoj fazi. Kao mera lipo-
filnosti koristi se vrednost log k, koja se dobija ekstra-
polacijom na nulu koncentracije organske komponente.
S obzirom na to da se retencija odreduje u dvokompo-
nentnoj (voda/organski rastvara¢) mobilnoj fazi koja
moze biti razli¢itog sastava, ekstrapolacija je uobicajeni
postupak standardizacije hromatografskih parametara.
logk,, predstavlja retenciju supstance u vodi ¢ime se uti-
caj organskog rastvaraca u mobilnoj fazi svodi na mini-
mum. Jedino pitanje koje se i kroz literaturu provlaci je,
koji model najprikladnije definiSe zavisnost retencionih
parametara i sastava mobilne faze. U upotrebi su dva
modela, linearni i kvadratni. Pokazano je da za mobilnu
fazu metanol-voda, oba modela daju vrlo sli¢éne rezul-
tate, a da se ekstrapolirane vrednosti statisticki bitno
ne razlikuju. Suprotno tome, kod mobilne faze aceto-
nitril-voda javlja se statisticki znacajna razlika izmedu
izraCunatih vrednosti po linearnom i kvadratnom
modelu [17]. S obzirom na to da se u vedini slucajeva
najbolje korelacije izmedu log P i log k., postizu
primenom linearnog modela sa mobilnom fazom meta-
nol-voda, za odredivanje lipofilnosti molekula kao
mobilna faza najcesée se koristi smesa ova dva rastva-
raca pri ¢emu se udeo organske komponente nalazi u
opsegu od 30 do 80%.

Pored eksperimentalnih metoda, za odredivanje log P
vrednosti ¢esto se koriste racunske metode. Danas pos-
toji veliki broj softverskih paketa koji se koriste za izra-
¢unavanje lipofilnosti molekula [18-20].

U prethodnim studijama lipofilnosti halkona upotre-
bom RP-HPLC metode, odredene su log k, vrednosti
koje su koriséene u QSAR studijama antimalarijske [21]
i antiplazmodijalne aktivnosti [22] ovih jedinjenja, ali
nisu odredivane njihove logP vrednosti.

U ovom radu upotrebom RP-HPLC metode, odre-
dene su log P vrednosti dvanaest sintetisanih halkona
Ciji je prsten B orto, meta ili para monosupstituisan
halogenima (-F, —ClI, CF3), alkil (—CHs) ili oksialkil
(—OCHs) grupama.

EKSPERIMENTALNI DEO

Hemikalije i reagensi. a) hemijska struktura ispitiva-
nih halkona kao i njihovi hemijski nazivi prikazani su u
tabeli 1.



J.V. BASIC i sar.: LIPOFILNOST 2'-HIDROKSIHALKONA

Hem. ind. 70 (5) 511-518 (2016)

Tabela 1. Strukture ispitivanih halkona
Table 1. Structure of studied chalcones

Br. R; R, R; Mol. formula Mg Hemijski naziv

1 H H F CisHi1FO, 242,25 (E)-3-(4-Fluorofenil)-1-(2-hidroksifenil)prop-2-en-1-on
2 H F CisHi1FO, 242,25 (E)-3-(3-Fluorofenil)-1-(2-hidroksifenil)prop-2-en-1-on
3 F H H CisH11FO, 242,25 (E)-3-(2-Fluorofenil)-1-(2-hidroksifenil)prop-2-en-1-on
4 H H OH CisHy0s3 0 240,25 (E)-1-(2-Hidroksifenil)-3-(4-hidroksifenil)prop-2-en-1-on
5 H OH H CysH1,03 240,25 (E)-1-(2-Hidroksi-fenil)-3-(3-hidroksi-fenil)prop-2-en-1-on
6 OH H H CisH1,05 240,25 (E)-1,3-Bis-(2-hidroksi-fenil)prop-2-en-1-on

7 H H CH; CyHi 0, 238,28 (E)-1-(2-Hidroksifenil)-3-p-tolilprop-2-en-1-on

8 H CH; H CieH140, 238,28 (E)-1-(2-Hidroksifenil)-3-m-tolilprop-2-en-1-on

9 CH3 H H Ci6H140, 238,28 (E)-1-(2-Hidroksifenil)-3-o-tolilprop-2-en-1-on

10 OCH; H H Ci6H1403 254,28 (E)-1-(2-Hidroksifenil)-3-(2-metoksifenil)prop-2-en-1-on
11 CF; H H  CyHiiF30, 292,25 (E)-1-(2-Hidroksifenil)-3-(2-(trifluorometil)fenil)prop-2-en-1-on
12 cl H H  CyH.,CIO, 258,70 (E)-3-(2-Hlorofenil)-1-(2-hidroksifenil)prop-2-en-1-on

b) standardne supstance: 4-hidroksibenzaldehid,
Merck, Nemacka, salicilaldehid, Merck, Nemacka, 2-
-metoksi-4-alilfenol (eugenol), Merck, Nemacka, men-
tol, Merck, Nemacka i 2,3,4,5,6-pentahlorofenol, Sigma
Aldrich, Nemacka.

c) rastvaradi koriséeni u pripremi mobilne faze: me-
tanol HPLC ¢istoce, Sigma—Aldrich, Nemacka, dejonizo-
vana voda, HPLC éistoce.

HPLC analiza. Odredivanje lipofilnosti sintetisanih
halkona izvedeno je na te¢nom hromatograf HP 1200
Hewlett-Packard, sa DAD detektorom, a prikupljeni po-
daci obradeni su u ChemStation programu (Agilent
Techologies, SAD). Za ispitivana jedinjenja i standardne
supstance, izvrSena je izokratska hromatografska ana-
liza u hromatografskom sistemu koga cine: Zorbax
Eclipse XDB-C18, 4,6 mmx150 mm, 5 um kolona (Agi-
lent Techologies, SAD) Cija je temperatura podeSena na
30 °C sa mobilnom fazom koju ¢ini smes$a voda—meta-
nol u yapremninskim odnosima 75:25, 70:30, 65:35,
60:40 i 55:45, pri protoku od 1,2 mL/min.

Injektovana zapremina rastvora ispitivanih halkona i
standardnih jedinjenja bila je 20uL, a njihova detekcija
vrsena je na 210nm.

Priprema rastvora. lIspitivani halkoni i standardna
jedinjenja pripremljeni su kao metanolni rastvori u kon-
centraciji od 0,1 mg/mL i injektovani u kondicioniran
HPLC sistem u triplikatu.

Za svako ispitivano jedinjenje zabelezena su reten-
ciona vremena, tz, kao i retenciono vreme rastvaraca,
to, za svaki sastav mobilne faze, izracunati faktori kapa-

citeta i logaritamske vrednosti faktora kapaciteta, log k,
prema formulama lai 1b.

Obrada rezultata. Kompletna matematicka i statis-
ticka obrada rezultata izvrSena je uz pomoc softverskog
alata Excel (Microsoft Office 2003, Cambridge Soft,
SAD). U odredivanju lipofilnosti halkona, odnosno u
QSRR analizi ispitivanih halkona i standardnih jedinje-
nja, koris¢ena je linearna regresiona analiza. Za svaku
regresionu jednacinu su determinisani sledeci statisticki
parametri: 95% nivo pouzdanosti (p vrednost), faktor
korealcije (r) i Fiserov koeficijent (F).

REZULTATI | DISKUSIJA

Ispitivani halkoni (tabela 1) su sintetisani u reakciji
Claisen—Schmidt kondenzacije koja se odvija na sobnoj
temperaturi u prisustvu relativno jake baze (30%
NaOH) iz 2-hidroksiacetofenona i 2-, 3- ili 4-monosup-
stituisanog benzaldehida. Uslov za reakciju kondenza-
cije je postojanje kiselog a-H atoma (H atom metil
grupe 2-hidroksiacetofenona) koji odlazi u prisustvu
baze. Tom prilikom nastaje karbanjon (enolatni anjon)
(slika 2a), koji kao nukleofil reaguje sa elektropozitiv-
nim ugljenikovim atomom karbonilne grupe monosup-
stituisanog benzaldehida (slika 2b) i gradi interme-
dijerni alkoksid. Protonovanjem alkoksida nastaje ketol
(slika 2c) koji kao necisto¢a u manjem procentu moze
da zaostane u reakcionoj smesi i uklanja se hromato-
grafijom na koloni. Posto je nastajanje ketola ravno-
tezna reakcija, slede¢om fazom dehidratacije ketola u
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Slika 2. Mehanizam bazno katalizovane aldolne kondenzacije.
Figure 2. The mechanism of base-catalyzed aldol condensation.

baznoj sredini, koja je ireverzibilna, nastaje a,fneza-
si¢eni keton (halkon), slika 2d.

Elektron akceptorski supstituenti (—F, —Cl i —CF;)
prisutni u molekulu benzaldehida olakSavaju ireverzi-
bilnu dehidrataciju ketola u baznoj sredini, sto pove-
¢ava prinos reakcije. Zbog prisutne kisele fenolne grupe
nastali proizvod je u obliku natrijumove soli iz koje
dodatkom 1mol/L HCI nastaje fenol (slika 2e). Bazno
katalizovana aldolna kondenzacija koja se odvija na
sobnoj temperaturi (25 °C) u vodeno—etanolnom ras-
tvoru kao proizvod daje samo trans izomer a,fneza-
sicenog ketona, Sto je potvrdeno spektroskopskim
metodama (1H-NMR, Juinii v = 15,2-15,6 Hz) [6,11].
Enonska struktura u molekulu halkona (Slika 1) koja
povezuje dva benzenova prstena predstavlja kombino-
vanu hromoforu koja uslovljava batohromno pomera-
nje apsorpcionih maksimuma benzena prema vidljivoj
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oblasti spektra te su dobijeni halkonski proizvodi Zuto
obojeni.

Lipofilnost halkona odredivana je primenom RP
HPLC metode pri ¢emu stacionarnu fazu predstavlja
silika gel modifikovan C18 ugljovodoni¢nim lancima.
Medutim, kod C-18 stacionarne faze na povrsini pos-
toje nemodifikovane silanolne grupe koje interaguju sa
molekulima organskih modifikatora iz mobilne faze (vo-
donicne veze, dipol—dipol interakcije). Mogucnost
uspostavljanja ovih interakcija, kao i njihov stepen zavi-
sice od elektronskih svojstava i mogucnosti gradenja
vodonicnih veza upotrebljenog organskog modifikatora
[23]. U nizu organskih modifikatora koji se koriste u
odredivanju log k,, pokazalo se da methanol kao organ-
ski modifikator ima najmanju elucionu mo¢ na oktade-
cil-modifikovanom silika-gelu, kao i najmanju mo¢ sorp-
cije te je shodno tome i koris¢en u radu.
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Da bi ispitali uticaj sastava mobilne faze na retenciju
jedinjenja variran je zapreminski udeo metanola kao
organskog modifikatora. Za svaki zapreminski odnos
metanol/voda (75:25, 70:30, 65:35, 60:40 i 55:45),
HPLC sistem je prethodno kondicioniran u trajanju od
30 min, a zatim su injektovani pripremljeni metanolni
rastvori ispitivanih halkona i standardnih jedinjenja. Za
svako ispitivano jedinjenje zabelezeno je retenciono
vreme (tg), kao i retenciono vreme rastvaraca, t, za
svaki sastav mobilne faze.

Dobijeni rezultati (tabela 2) pokazuju da retencija
ispitivanih jedinjenja opada sa povecanjem udela org-
anske komponente u mobilnoj fazi. Iz vrednosti tg i tg
izraCunate su vrednosti faktora kapaciteta k, kao i log k,
prema jednac¢inama 1ai 1b.

Primenom linearne regresije ispitana je zavisnost
dobijenih log k vrednosti od udela organskog rastvaraca
u mobilnoj fazi (¢). Parametar lipofilnosti log k,, odre-
den je ekstrapolacijom dobijenih pravih na 0% zapre-
minskog udela metanola, tj. dobijena je vrednost fak-
tora kapaciteta za hromatografski sistem u kome bi mo-
bilnu fazu predstavljala voda. U tabeli 3 prikazane su
logky, vrednosti ispitivanih halkona.

Vrednosti log k,, dobijene ekstrapolacijom ne zavise
od prirode organske komponente, posto one pretstav-
ljaju retenciju u Cistoj vodi. Takode, pored nespecifi¢nih
interakcija ispitivanih supstanci sa funkcionalnim gru-
pama na povrsini upotrebljene stacionarne faze, na
retenciju u znacajnoj meri utiCu jake specificne inter-
akcije izmedu ispitivanih jedinjenja i komponenata
mobilne faze (npr. mogucnost gradenja vodonicnih
veza povecava rastvorljivost jedinjenja u mobilnoj fazi i
uslovljava slabiju retenciju). Razli¢it stepen interakcija
ispitivanih jedinjenja sa stacionarnom, odnosno mobil-
nom fazom pri upotrebi razlicitih organskih rastvaraca
uticace na razlike u log k vrednostima, pa samim tim i
na log k,, vrednosti. U nizu organskih modifikatora koji
se koriste u odredivanju log k,, pokazalo se da metanol
kao organski modifikator ima najmanju elucionu mo¢

Tabela 2. Retenciono vreme ispitivanih halkona (min)
Table 2. Retention time of studied chalcones (min)

na oktadecil-modifikovanom silika-gelu, kao i najmanju
moc¢ sorpcije te je shodno tome i koriséen u radu.

Da bi se odredile log P vrednosti ispitivanih halkona
pod istim hromatografskim uslovima odredene su i
logky vrednosti za pet halkonima hemijski sli¢nih stan-
dardnih supstanci (tabela 3). Odredene log ky, vrednosti
za standardne supstance su korelisane sa njihovim log P
vrednostima koje iznose: za 4-hidroksibenzaldehid,
log P = 0,94, salicilaldehid, log P = 2,07, 2-metoksi-4-
-alilfenol (eugenol) log P = 2,99, mentol, log P = 3,31 i
za 2,3,4,5,6 pentahlorofenol, log P = 5,01 [24]. Linear-
nom regresijom konstruisana je standardna kriva zavis-
nosti log P od log k,, vrednosti:

log P = 0,839log k,, + 0,689; r* = 0,9923, S.E. = 0,154 (3)

Na osnovu formirane linearne jednacine (3), iz odre-
denih log k,, vrednosti za ispitivane halkone izraCunate
su njihove log Pgyp vrednosti (Tabela 4).

Eksperimentalno odredene log P vrednosti ispitiva-
nih halkona nalaze se u opsegu od 3,44 (halkon 4) do
4,98 (halkon 11). Halkon 11 u orto polozZaju prstena B
ima trifluorometil grupu koja je u nizu uvedenih alkil,
oksialkil i halo grupa, najlipofilnija i najvoluminoznija
grupa (7 = 0,847 i W = 39,800 A) [25]. Supstitucijom
vodonikovih atoma metil grupe atomima fluora volumi-
noznost pa time i sterni efekti metil grupe (Vv = 21,300
A) se povecavaju, $to utie na geometriju molekula.
Prisustvo hloro grupe u orto poloZaju prstena B ne
menja geometriju molekula, ali uti¢e na lipofilnost i
elektronsku gustinu. Doprinos hlora lipofilnosti halkona
je manji u poredenju sa trifluorometil grupom, ali
daleko vedi u poredenju sa metil, metoksi i fluoro gru-
pama [25], pa je halkon 12 lipofilniji od halkona 1-10.
Doprinos metil grupe lipofilnosti halkona zavisi od nje-
nog polozaja u prstenu B i najviSe je izraZzena kada je
metil grupa u meta polozaju prstena B [25]. Supstitucija
vodonika fluorom (+7, +0), povecava lipofilnost [26,27].
S obzirom na elektronegativnost F, moglo bi se oce-
kivati da je C—F fragment molekula, sli¢ne polarizabil-

Jedinjenje

¢ to

1 2 3 4 5 6 7 8 9 10 11 12
0,75 5,511 6,107 6,626 6,643 9,370 2,817 8,575 2,575 9,443 2,976 5,785 8,137 0,791
0,70 7,797 8,780 9,797 10,498 14,458 3,861 13,31 3,448 14,881 3,906 9,465 14,192 0,812
0,65 13,125 14,986 16,975 19,755 26,504 6,099 24,08 5,286 27,330 5,158 15,346 23,452 0,829
0,60 23,810 27,333 31,287 40,286 51,128 10,336 4540 8,650 52,630 8,717 28,715 45,259 0,832
0,55 45,623 51,243 59,437 84,043 100,000 18,300 87,089 14,683 103,092 14,000 54,549 94,713 0,824
Tabela 3. Vrednosti log k,, standardnih jedinjenja i ispitivanih halkona
Table 3. Values logk,, of studied chalcones
Jedinjenje 1 2 3 4 5 6 7 8 9 10 11 12
log k., 4,365 4,427 4,455 5,127 4,963 3,849 4,849 3,628 4,999 3,281 4,565 4,976
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Tabela 4. Vrednosti logP halkona dobijene eksperimentalnim putem i razli¢itim racunskim postupcima
Table 4. Experimentally and theoretically obtained logP values of synthesized chalcones

Halkon  log P, ClogP 108 Pyanin  Alog Ps  Aclog P ABf/logP milogP AlogP MlogP KOWWIN XlogP2 XlogP3
1 4,30 4,10 4,43 3,94 3,27 3,76 3,91 3,64 4,05 4,15 4,03 3,99
2 4,35 4,10 4,43 3,95 3,27 3,76 3,89 3,64 4,05 4,15 4,03 3,99
3 4,47 4,10 4,43 4,02 3,27 3,76 3,69 3,64 4,05 4,15 4,03 3,99
4 3,44 3,29 4,01 3,23 2,91 3,09 3,27 3,17 3,09 3,47 3,04 3,53
5 3,54 3,29 4,01 3,23 2,91 3,09 3,25 3,17 3,09 3,47 3,04 3,53
6 3,62 3,29 4,01 3,23 2,91 3,09 3,51 3,17 3,09 3,47 3,04 3,53
7 4,85 4,46 4,76 4,00 3,52 4,12 4,20 3,92 3,91 4,50 4,31 4,25
8 4,88 4,46 4,76 3,98 3,52 4,12 3,97 3,92 3,91 4,50 4,31 4,25
9 4,75 4,46 4,76 4,00 3,52 4,12 4,18 3,92 3,91 4,50 4,31 4,25
10 4,28 3,88 4,04 3,94 3,10 3,67 3,58 3,42 3,34 4,04 3,79 3,86
11 4,98 4,84 5,17 4,30 3,97 4,67 4,42 4,38 4,54 4,92 4,80 4,77
12 4,89 4,67 4,81 4,24 3,82 4,28 4,20 4,10 4,18 4,60 4,40 4,51

nosti kao C-0 ili C-N fragmenti i da je dobar akceptor
vodonika, $to utiCe na gradenje intra- ili intermolekul-
skih vodoni¢nih veza, ali za razliku od C-heteroatom
fragmenata C-F fragment je lo$ akceptor vodonika, pa
je njegov doprinos lipofilnosti halkona (halkoni 1-3)
veci u poredenju sa metoksi grupom (halkon 10) [26,27].

Halkoni sa dve fenolne grupe u strukturi imaju nize
log P vrednosti jer prisustvo fenolne grupe nepovoljno
uti¢e na lipofilnost halkona. Lipofilnost halkona se sma-
njuje u zavisnosti od polozaja fenolne grupe u prstenu
B. Najmanije lipofilan je halkon 4 sa fenolnom grupom u
para poloZaju prstena B. Prisustvo fenolne grupe u para
polozaju omogucava nesmetanu konjugaciju elektron-
skog para fenolne grupe sa fenopropenonskim siste-
mom, Sto povecava kiselost vodonikovog atoma, on
lako gradi vodoni¢ne veze i doprinosi povecanju hidro-
filnosti halkona 1. Fenolne grupe u orto i meta polo-
Zajima ne stupaju u konjugaciju pa je time kiselost nji-
hovih H atoma manja.

Brojna istrazivanja su pokazala statisticki znacajnu
vezu izmedu retencionih parametara (log k) serije

srodnih supstanci dobijenih primenom reverzno-fazne
hromatografije i kompjuterski izracunatih log P vred-
nosti [28,29]. Da bi se ustanovilo da li definisani hroma-
tografski sistem moZe da se upotrebi za dobijanje para-
metara koji opisuju lipofilnosti, log P vrednosti dobijene
eksperimentalnim putem su poredene sa izraCunatim
log P vrednostima, dobijenim primenom razli¢itih teorij-
skih algoritama zasnovanih na razli¢itim metodama
fragmentacije, a koji su inkorporirani u komercijalne
softvere (C log P, log Pyanin, Alog Ps, Aclog P, AB/log P,
milog P, Alog P, Mlog P, KOWWIN, Xlog P2 i Xlog P3)
[19,20] (tabela 4).

U tabeli 5 date su jednacine pravih i statisticki para-
metri koji opisuju zavisnost izmedu eksperimentalno
odredenih i izracunatih log P vrednosti.

Rezultati u tabeli 5 ukazuju na to da se log P vred-
nosti izraCunate upotrebom razlicitih algoritama u razli-
¢itom stepenu koreliSu sa eksperimentalno dobijenim
log P vrednostima.

Poredenjem log Pgyp, dobijenih na RP-18 stacionar-
noj fazi, i parametara lipofilnosti izraCunatih pomocu

Tabela 5. Jednacine korelacije oblika log Py, = alog Pineoretical + b izmedu eksperimetnalne i teorijskih vrednosti za log P ispitivanih halkona
Table 5. log Pey, = alog Pyeoretical + b €quation correlation between experimental and theoretical log P values for studied chalcones

2

Parametar a b r r F p-value
Clog P 1.0060 0.2598 0.9845 0.9693 316.0742 0,2903
108 Parvin 1.3040 —1.5005 0.9151 0.8374 50.7576 0,0992
Alog Ps 1.3728 —0.9069 0.9463 0.8954 85.6300 0,1440
aclog P 1.4658 -0.5222 0.9217 0.8495 56.4512 0,4427
AB/log P 1.0649 0.3222 0.9689 0.9387 153.1044 0,3508
milog P 1.3555 -0.8417 0.9298 0.8646 63.8428 0,2273
Alog P 1.3460 -0.5830 0.9471 0.8970 87.0991 0,2994
Mlog P 0.9984 0.6011 0.8755 0.7665 32.8181 0,3850
KOWWIN 1.1327 —0.3495 0.9807 0.9617 251.3155 0,2697
Xlog P2 0.9234 0.7358 0.9786 0.9576 225.9491 0,0129
Xlog P3 1.3322 -1.0161 0.9414 0.8863 77.9513 0,1278
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razli¢itih kompjuterskih programa (tabela 5), vidi se da
je najbolja korelacija (r = korelacioni koeficijenti) pos-
tignut sa Clog P vrednostima izraCunatim pomocu
programa ChemOffice (r = 0,9845), dok je najmanja
korealcija postignuta sa vrednostima log P dobijenim
koris¢enjem programa ChemAxon (r = 0,9151), $to uka-
zuje da algoritam inkorporiran u program ChemOffice
moze da se primene za izraCunavanje log P vrednosti
2-hidroksihalkona ciji je prsten B mono orto, meta ili
para supstituisan.

ZAKUUCAK

Primenom linearne regresione analize dobijena je
jednacina zavisnosti log P vrednosti od hromatografski
odredenog parametra lipofilnosti (log k), koja se mozZe
koristiti za odredivanje lipofilnosti novosintetisanih hal-
kona i srodnih jedinjenja. Lipofilnost jedinjenja okarak-
tirasana je i izraCunatim log P vrednostima. Parametri
lipofilnosti dobijeni primenom RP-HPLC metode poka-
zuju slaganje sa izra¢unatim vrednostima dobijenim pri-
menom programa ChemOffice, sto ukazuje na to da je
ovaj program pogodan za odredivanje log P vrednosti
novosintetisanih halkona kao i jedinjenja, strukturno
sli¢nih halkonima.
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(Scientific paper)

Lipophilicity of twelve synthesized chalcones, whose ring B is a ortho, meta or
para monosubstituted with alkyl, oxyalkyl groups or halogens was determined by
reverse phase liquid chromatography, using octadecyl-functionalized (RP-18) silica
gel as a stationary phase and two-component mixture of methanol/water as a
mobile phase. Linear dependence of log k’ values of the volume fraction of meth-
anol in the mobile phase was determined for all analyzed compounds, with high
coefficient of correlation (r > 0.99). Extrapolation of the line to 0% methanol con-
centration resulted in the capacity factor of chromatographic system where water
is the mobile phase (log k). For five standard substances, chemically similar to
chalcones, log k,, values were determined under experimental conditions and
they were correlated with logP values of those compounds available in the lite-
rature. log Pgyp values of synthesized chalcones were calculated on the basis of
the created standard curve. In order to estimate the relevance of the experi-
mentally obtained log P values for chalcones, correlation of log Pgye values with
the log P values obtained through various computational procedures was per-
formed using linear regression analysis. Statistical parameters of dependence
showed that the best matching of the results had been achieved with ChemOffice
program, suggesting that this program is suitable for calculating logP values of
newly-synthesized chalcones, as well as of compounds structurally similar to chal-

cones.

518

Keywords: Chalcones e Lipophilicity e
HPLC
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Izvod

Adsorpcija aflatoksina B, je ispitivana na koncentratu bentonita (montmorilonit) i prirod-
nom zeolitu — klinoptilolitu, pri polaznoj koncentraciji toksina 4 ppm, pri razli¢itim kolici-
nama ¢vrste faze u suspenziji (1, 0,5, 0,22 i 0,1 g/L) i na razlic¢itim pH vrednostima (3, 7 i 9).
Rezultati su pokazali da, smanjenje sadrZaja Cvrste faze u suspenziji dovodi do smanjenja
broja aktivnih centara odgovornih za adsorpciju aflatoksina B,, pa i do izraZenijih razlika u
adsorpciji ovog toksina na mineralima. Tako, na koncentratu montmorilonita, pri najnizem
sadrzaju Cvrste faze u suspenziji od 0,1 g/L, indeks adsorpcije aflatoksina B, iznosi 97% na
pH 3, 88% na pH 7 82% na pH 9, dok kod prirodnog zeolita adsorpcija aflatoksina B, iznosi
9% na pH 3 i 7% na pH 7 i 9. Rezultati prikazani u ovom radu su samo potvrdili ¢injenicu da
upravo razlike u strukturama minerala uslovljavaju razlicitu efikasnost adsorpcije aflatok-

sina B;.

Kljucne reci: mikotoksini, aflatoksin B,, adsorpcija, klinoptilolit, montmorilonit.

Dostupno na Internetu sa adrese ¢asopisa: http://www.ache.org.rs/HI/

Mikotoksini su sekundarni metaboliti pojedinih
vrsta plesni i obi¢no se nalaze na zrnastim hranivima. U
organizam Zzivotinja dospevaju putem kontaminirane
hrane. Oboljenja koja izazivaju mikotoksini nisu konta-
giozna, vezana su za hranu i/ili specifi¢na hraniva i ne
leCe se antibioticima i drugim lekovima [1,2]. Konzumi-
ranje kontaminirane hrane sa niskim sadrzajem miko-
toksina tokom duZeg vremenskog perioda ima slican
efekat kao i koriséenje hrane sa povecanim sadrzajem
mikotoksina krace vreme. Mikotoksini, najcesc¢e pri-
sutni u sto¢noj hrani su: aflatoksini, ohratoksini, zeara-
lenon, trihoteceni i fumonizini. Aflatoksinima je ranijih
godina uglavnom bila zaraZena ljudska i sto¢na hrana u
tropskim i subtropskim podrucjima. Medutim, posled-
njih godina situacija se znacajno menja, pa se ovi tok-
sini sve ¢eSée nalaze u hrani i hranivima u zemljama
Evrope, pa i u Srbiji [3-5].

Aflatoksini su sekundarni metaboliti plesni Asper-
gillus flavus i Aspergillus parasiticus [6]. Pogodni sup-
strati na kojima se obi¢no nalaze aflatoksini su kukuruz,
pSenica, grasak, suncokret, soja, kikiriki i dr. Nastanku
aflatoksina pogoduje relativna vlaznost sredine preko
85%, kao i sadrzaj vlage u podlozi od 30%. Optimalna
temperatura za proizvodnju aflatoksina je 30-35 °C,
dok se pri temperaturama nizim od 13 °C i viSim od 42
°C toksini ne stvaraju [7].

Prepiska: A. Dakovi¢, Institut za tehnologiju nuklearnih i drugih mine-
ralnih sirovina, Franse d’ Eperea 86, 11000 Beograd, Srbija.
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Po strukturi aflatoksini su grupa srodnih jedinjenja
difurano kumarinskog tipa. Aflatoksini B serije sadrze
[keto laktonske, a aflatoksini G serije, o+bis laktonske
funkcionalne grupe. Dobili su naziv prema boji kojom
fluoresciraju pod dejstvom UV svetlosti; plava fluores-
centna svetlost (blue), odnosno zelena fluorescentna
svetlost (green) [8,9]. Od svih do sada poznatih afla-
toksina, u pogledu zastupljenosti i toksi¢nosti, je naj-
vazniji aflatoksin B;. Toksi¢nost aflatoksina opada u
slede¢em nizu: B;>G;>B,>G,. Strukturna formula mole-
kula aflatoksina B; ((6aR,9aS)-2,3,6a,9a-tetrahidro-4-
-metoksi-1H,11H-cyclopentalc]furo[3',2":4,5]furo[2,3-
-h][1]benzopiran-1,11-dion) prikazana je na slici 1.

Slika 1. Strukturna formula aflatoksina B;.
Figure 1. Structural formulae of aflatoxin B;.

Aflatoksin B; je otkriven pedesetih godina proslog
veka kao izaziva€ masovnog uginuéa ¢uraka u Velikoj
Britaniji koje su konzumirale kikirikijevu saému konta-
miniranu ovim toksinom [10]. Od tada, pa do danas ne
prestaje interesovanje za ispitivanje uticaja aflatoksina
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B, na ljude i Zivotinje, tim pre Sto je aflatoksin prema
klasifikaciji Americkog nacionalnog instituta za ispiti-
vanje karcinoma (NRIC) svrstan u grupu 1B u koju spa-
daju dokazani kancerogeni [8,9].

Danas je sasvim sigurno da je i hrana ljudi konta-
minirana mikotoksinima, pa odatle i rizik za zdravlje
ljudi. Mikotoksikoze se dovode u vezu sa mnogim bole-
stima: karcinom jetre i aflatoksin B;, endemska nefro-
patija i ohratoksin A, karcinom uterusa i zearalenon,
itd. [11].

Problem uklanjanja mikotoksina je veoma aktuelan
kada je u pitanju ljudska hrana i zdravlje. Dugi niz go-
dina, najekonomicniji pristup u sprecavanju dejstva
mikotoksina, odnosno detoksikaciji hrane zagadene
mikotoksinima, je baziran na osvajanju novih efikasnih
mineralnih adsorbenata koji se dodaju kao aditivi stoc-
noj hrani u odredenoj koncentraciji. Njihova uloga je da
adsorbuju mikotoksine u digestivnom traktu Zivotinja i
na taj nacin smanje njihovu biodostupnost, a samin tim
i njihovu toksicnost.

Najcesce koriséeni mineralni adsorbenti su prirodni
aluminosilikati: prirodni zeoliti (klinoptilolit, mordenit,
itd.) i prirodni bentonit (montmorilonit) [12,13]. Zbog
razlika u strukturi, razlic¢iti minerali imaju razlicitu efi-
kasnost adsorpcije aflatoksina B;. Od bentonitskih glina,
najcesce koris¢en mineralni adsorbent, koji se pokazao
efikasan, u in vitro i in vivo uslovima, za adsorpciju afla-
toksina By, je hidratisan natrijum-kalcijum-alumosilikat
(hydrated sodium-calcium alumosilicate — HSCAS -
NovaSil™). Bentonitske gline su prirodne mineralne
sirovine Cesto mogu da sadrze nepoZeljne pratece
minerale, Cesto su promenljivog hemijskog i minera-
loSkog sastava i osobina. To znadi da gline razliCitog
kvaliteta mogu da imaju razlicit afinitet prema aflatok-
sinu B;. Na primer, analizom velikog broja (39)
komercijalnih proizvoda aditiva sto¢noj hrani iz SAD i
Meksika, ustanovljeno je kod dvadeset proizvoda domi-
nantno prisustvo smektitskih glina. Odredene su zna-
Cajne razlike u kvalitetu ovih sirovina, a posredno i zna-
Cajne razlike u kapacitetu adsorpcije aflatoksina B1 (i do
deset puta). Ispitivanje adsorpcije aflatoksina B, na dva-
deset smektitskih glina je pokazalo da samo tri proiz-
voda imaju visok kapacitet adsorpcije kao — NovaSil™
[14]. Takode, u radovima u kojima je opisana adsorpcija
aflatoksina B; na prirodnim zeolitima [15,16], veoma
¢esto nema dovoljno podataka o vrsti prirodnog zeolita
sa kojim su radena ispitivanja, kao i o njegovom mine-
raloSkom sastavu. Prirodni zeoliti, kao prirodne neme-
talicne sirovine su veoma Cesto promenljivog minera-
loskog i hemijskog sastava.

Da bi se obezbedila visoka efikasnost adsorpcije
aflatoksina B4, jedan od uslova je i visok sadrzaj osnov-
nog minerala u proizvodu, pa je u ovim ispitivanjima iz
bentonitske gline izdvojen koncentrat montmorilonita i
odredena je efikasnost adsorpcije aflatoksina B;. Rezul-
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tati su uporedeni da rezultatima adsorpcije aflatoksina
B; na prirodnom zeolitu, kod kojeg je dominantan
mineral klinoptilolit.

EKSPERIMENTALNI DEO

Kao polazni materijal u eksperimentima adsorpcije
aflatoksina B; koriséeni su bentonitska glina (leZiste
Sipovo, Republika Srpska), ¢iji je osnovni mineral mont-
morilonit (oko 90%), dok su prateée komponente kvarc
i kalcit [17], kao i prirodni zeolit (leziste Zlatokop iz
okoline Vranjske banje), Ciji je osnovni mineral klino-
ptilolit (oko 70%), a kao nelisto¢e su prisutni kvarc i
feldspat [18]. Iz rovne sirovine — bentonita, koncentra-
cijom na centrifugi, izdvojen je koncentrat montmo-
rilonita (klasa < 10 um), dok je kod prirodog zeolita
viSestepenim usitnjavanjem i klasiranjem polaznog
materijala izdvojena klasa < 63 um.

Ukupan sadrzaj izmenljivih katjona, kako u koncen-
tratu montmorilonita, tako i u prirodnom zeolitu je
odreden metodom sa 1 M NH,Cl. Odredena koli¢ina
uzorka (1 g) se ostavi da stoji 24 h u 100 ml rastvora
amonijum-hlorida, na pH 7, uz povremeno mudkanje.
Posle toga rastvori se centrifugiraju i u filtratima su
odredeni sadrzaji izmenljivih neorganskih katjona (ca”™
i Mg®*, Na' i K*) na atomskom apsorpcionog spektro-
fotometru Analytic Jena Spekol 1300.

U eksperimentima adsorpcije je koris¢en aflatoksin
By, analiticke Cistoée (proizvodac Sigma—Aldrich). Afla-
toksin B; je najpre rastvoren u acetonitrilu tako da je
dobijen osnovni rastvor koncentracije 1000 ppm. Zatim
su iz osnovnog rastvora pripremljeni radni rastvori u
odgovaraju¢em elektrolitu (0.1 M K,HPO,; pH elektro-
lita je podeSavan sa HNO; ili KOH) koji su koriséeni u
eksperimentima adsorpcije.

Preliminarni eksperimenti adsorpcije aflatoksina B,
su izvodeni tako Sto je u 10 mL elektrolita koji sadrzi
ta¢no odredenu koncentraciju toksina (2 ppm), doda-
vano 100 mg svakog mineralnog adsorbenta. Naredni
eksperimenti adsorpcije aflatoksina B; na adsorbentima
su radeni tako $to su menjane koli¢ine ¢vrste faze u
suspenzijama (1, 0,5, 0,2 i 0,1 g/L) na tri razli¢ite pH
vrednosti rastvora 3, 7 i 9, pri koncentraciji aflatoksina
B; u rastvoru od 4 ppm. Istovremeno je, za odredivanje
polazne koli¢ine toksina (cy) pripremana i nulta proba,
koja sadrzi tatno odredenu koli¢inu toksina u elektro-
litu bez adsorbenta. Suspenzije su meSane na magnet-
noj mesalici odredeno vreme (30 min) [12,19] na sob-
noj temperaturi. Nakon isteka reakcionog vremena,
suspenzije su centrifugirane i u filtratima su odredivane
koncentracije neadsorbovanog aflatoksina B, (C). Po-
lazne, kao i neadsorbovane koncentracije toksina su
odredivane te¢nom hromatografijom viskih perfor-
mansi (HPLC). HPLC analiza je izvodena na Hitachi
L-7100 pump sa Hitachi L-7200 autosampler i fluoro-
scentnim detektorom Hitachi L-7480 (dex = 365 nm i
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Aem = 430 nm). Brzina protoka mobilne faze (aceto-
nitril: voda — 30:70) iznosila je 1 mL/min. Adsorbovana
koli¢ina toksina je odredivana kao razlika izmedu po-
lazne i neadsorbovane koncentracije toksina u rastvoru
[12,17].

REZULTATI | DISKUSIJA

Mineraloski i hemijski sastav, kapacitet katjonske
izmene, kao i efikasnost adsorpcije aflatoksina B; su
vaini parametri koji odreduju da li alumosilikatni mine-
rali mogu da se potencijalno koriste kao aditiv sto¢noj
hrani za adsorpciju mikotoksina [14].

Poznato je da se neorganske forme alumosilikata
(klinoptilolit i montmorilonit) najéesce koriste kao ads-
orbenti aflatoksina B;, u in vitro uslovima. Medutim,
zbog razlika u strukturi, oCekivano je da ovi minerali
imaju razli¢itu efikasnost adsorpcije aflatoksina B;.
Ukratko, prirodni zeoliti su kristalni hidratisani alumo-
silikati, koji poseduju beskonaénu trodimenzionu struk-
turu sa kanalima i Supljinama. Sa druge strane, mont-
morilonit, pripada grupi slojevitih alumosilikata. Mont-
morilonit i klinoptilolit imaju sposobnost jonske izmene
katjona, s tim da su izmenljivi katjoni smesteni kod
montmorilonita u meduslojnom prostoru, dok se kod
klinoptilolita nalaze u kanalima i Supljinama, kao i na
spoljasnjoj povrsini. Ocekivano je i da se adsorpcija afla-
toksina kod bentonitskih glina moze povedéati izdva-
janjem koncentrata montmorilonita, odnosno povec-
anjem sadrzaja osnovnog minerala. Dostupnost i koli-
¢ina izmenljivih katjona minerala znacajno utiCu na
indeks adsorpcije razli¢itih mikotoksina.

U uzorcima prirodnog zeolita i koncentrata mont-
morilonita, metodom sa 1 M NH,Cl je odredena vrsta,
kao i sadrzaj osnovnih izmenljivih katjona, dok je uku-
pan kapacitet katjonske izmene uzoraka odreden kao
suma sadrZaja izmenjivih katjona (X). Dobijeni rezultati
su prikazani u tabeli 1.

Tabela 1. SadrZaj izmenljivih katjona (meq/100 g) u
koncentratu montmorilonita i prirodnom zeolitu [14]

Table 1. Content of exchangeable cations (meq/100 g) in
concentrate of montmorillonite and the natural zeolite [14]

2+ 2+ +

Materijal Ca Mg Na K* )

Koncentrat 65,0 29,2 1,00 1,40 96,6
montmorilonita

Prirodni zeolit 85,0 22,5 23,5 15,5 146,5

Kao Sto se iz tabele 1 moZze videti ukupan kapacitet
katjonske izmene (KKI) koncentrata montmorilonita je
96,6 meq/100 g, a kao dominantan jon u izmenjivom
polozaju je prisutan jon kalcijuma. Ukupan kapacitet
katjonske izmene uzorka zeolita iznosi 146,5 meq/100
g, pri cemu je dominantan jon u izmenjivom poloZaju
jon kalcijuma [18], dok su natrijum, kalijum i magne-
zijum prisutni u znatno manjim koli¢inama.

Kvantitativnom hemijskom analizom odreden je
hemijski sastav uzoraka koncentrata montmorilonita i
prirodnog zeolita, kao i gubitak mase Zarenjem do 900
°C, i dobijeni rezultati su dati u tabeli 2.

Da bi se odredilo da li uopste alumosilikatni minerali
pokazuju afinitet prema aflatoksinu B4, u preliminarnim
eksperimentima, adsorpcija toksina je ispitana na kon-
centratu montmorilonita, kao i na prirodnom zeolitu —
klinoptilolitu, i pri slede¢im uslovima: polazna koncen-
tracija aflatoksina B; — 2 ppm, koli¢ina Cvrste faze u
suspenziji — 100 mg/10 mL, pH 3. Indeks adsorpcije tok-
sina u procentima (%) je izracunat po sledecoj formuli:

C,—C

Indeks adsorpcije = 100 (1)

o

gde je ¢, — polazna koncentracija aflatoksina B,, a ¢ —
ravnotezna koncentracija aflatoksina B; u elektrolitu,
nakon adsorpcije. Dobijeni rezultati su pokazali da je pri
ovim eksperimentalnim uslovima adsorpcija aflatoksina
na prirodnom zeolitu, kao i na koncentratu montmori-
lonita visoka i iznosi 100%.

Kod proizvoda koji se nalaze na trzistu, za uklanjanje
mikotoksina, kao dokaz visoke adsorpcije mikotoksina,
u in vitro uslovima, je najceS¢e prikazan procenat
(indeks) adsorpcije (%), tako da je prema deklaraciji,
proizvod efikasan ukoliko je indeks adsorpcije 100%.
Medutim, kod ovih proizvoda obi¢no nisu definisani
uslovi pod kojima je dobijen visok indeks adsorpcije. Na
primer, nije definisana pocetna koncentracija toksina u
rastvoru, kao i koli¢ina cvrste faze u suspenziji
(odnosno odnos toksin:adsorbent) [4], na osnovu kojih
bi se procenila efikasnost adsorpcije. Rezultati adsorp-
cije aflatoksina B; na prirodnom zeolitu i koncentratu
montmorilonita, pri razli¢itim sadrzajima cvrste faze u
suspenziji i razlicitim pH vrednostima, a pri pocetnoj
koncentraciji toksina od 4 ppm, su prikazani na slikama
2i3.

Na osnovu dobijenih rezultata prikazanih na slikama
2 i 3 mogu se videti jasne razlike u adsorpciji aflatoksina
B1 na mineralima klinoptilolitu i montmorilonitu. Tako,

Tabela 2. Hemijski sastav (%) koncentrata montmorilonita i prirodnog zeolita [14]
Table 2. Chemical composition (%) of concentrate of montmorillonite and the natural zeolite [14]

Materijal Sio, Al,O3 Fe,03 Cao MgO Na,0 K,0 Gubitak Zarenjem
Koncentrovani montmorilonit 49,3 25,9 5,76 2,59 1,70 0,04 0,33 13,1
Prirodni zeolit 66,6 13,1 2,30 3,85 0,56 1,27 1,17 11,0
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pri sadrzaju Cvrste faze u suspenziji od 1 g/L, adsorpcija
aflatoksina B; na koncentratu montmorilonita iznosi
100% na pH 3, 98% na pH 7 i 96% na pH 9. Na prirod-
nom zeolitu, pri istom sadrzaju ¢vrste faze u suspenziji,
dobijene su znatno niZze vrednosti indeksa adsorpcije
aflatoksina By: 27 % na pH 3,38% na pH 7 i 21% na pH 9.

100 4
] ;A E

80+

koncentrat montmorilonita

60

40

—m—pH3
—eo—pH7
—A—pH9

20

Indeks adsorpcije aflatoksina B,, %

0 T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Sadrzaj cvrste faze u suspenziji, g/L

Slika 1. Strukturna formula aflatoksina B.
Figure 1. Structural formulae of aflatoxin B;.
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Slika 3. Adsorpcija aflatoksina B, na prirodnom zeolitu —
klinoptilolitu.

Figure 3. Adsorption of alatoxin B; by the natural zeolite —
clinoptilolite.

Smanjenje sadrzaja Cvrste faze u suspenziji dovodi
do smanjenja broja aktivnih centara odgovornih za ads-
orpciju aflatoksina B, pa i do izraZenijih razlika u ads-
orpciji ovog toksina na mineralima. Tako, na koncen-
tratu montmorilonita, pri sadrzaju Cvrste faze u suspen-
ziji 0,1 g/L, indeks adsorpcije aflatoksina B, iznosi 97%
na pH 3, 88% na pH 7 i 82% na pH 9, dok kod prirodnog
zeolita adsorpcija aflatoksina B, iznosi 9% na pH 3 i 7%
na pH 7i 9. 1z dobijenih rezultata, prikazanih na slikama
2 i 3, se takode primecuje i da adsorpcija aflatoksina B;
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na koncentratu montmorilonita prakti¢no ne zavisi od
pH sredine, dok se kod prirodnog zeolita uocavaju male
razlike u adsorpciji ovog toksina na razlic¢itim pH vred-
nostima. U literaturi je poznato da su za adsorpciju afla-
toksina B; odgovorni neorganski katjoni u alumosili-
katnim mineralima. Predhodno je pomenuto, da naj-
cesce koris¢éen mineralni adsorbent, koji se pokazao
efikasan, u in vitro i in vivo uslovima, za adsorpciju
aflatoksina By, je hidratisan natrijum kalcijum alumo-
silikat (hydrated sodium-calcium aluminosilicate -
HSCAS — NovaSil™), koji je u sutini mineral montmo-
rilonit. Phillips i saradnici [20] su prvi predloZili meha-
nizam vezivanja i strukturu moguceg HSCAS/aflatoksin
B, helatnog kompleksa (slika 4) na osnovu pretpostavke
da metalni joni u HSCAS (na prvom mestu AP na
ivicama minerala), reaguju sa dikarbonilnim funkcional-
nim grupama aflatoksina B,, obrazujuc¢i metalne helate.
Dikarbonilni sistem aflatoksina B, se sastoji od karbonil-
nih grupa laktonskog i ciklopentanskog prstena koji
moze da gradi helatne komplekse sa jonima u mine-
ralima [20,21].

povrsina minerala

Slika 4. Model kompleksa katjon (mineral)/aflatoksin B;.
Figure 4. Shematic representation of complex cation
(mineral)/aflatoxin B;.

Grant i saradnici [22,23] su ispitivali adsorpciju
aflatoksina B; na HSCAS i na uzorku, koji je dobijen
termic¢kim tretiranjem HSCAS, oznaenom kao Col-
-HSCAS. Col-HSCAS je dobijen zagrevanjem HSCAS na
200 °C 30 min, a zatim je uzorak Zaren na 800 °C 1 h.
Rezultati su pokazali da ruSenjem alumosilikatne struk-
ture dolazi do zna¢ajnog smanjenja adsorpcije aflatok-
sina By Sto je ukazalo da je interakcija aflatoksina B; sa
jonima u meduslojnom prostoru montmorilonita, odlu-
cujuca za njegovu adsorpciju na HSCAS. Kannewischer i
saradnici [14] su uradili XRD analizu uzorka smektitske
gline pre i nakon adsorpcije aflatoksina B1 i povrdili da
se aflatoksin B; adsorbuje uglavhom u meduslojnom
prostoru minerala montmorilonita.

| pored toga Sto prirodni zeolit — klinoptilolit pose-
duje znatno viSi KKI, odnosno visi sadrzaj neorganskih
katjona (na prvom mestu kalcijum) na kojima bi afla-
toksin B; mogao da se adsorbuje, u odnosu na koncen-
trat montmorilonita (tabela 2), adsorpcija aflatoksina B;
na klinoptilolitu je znadajno niza. Dobijeni rezultati
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potvrduju rezultate Lemke i saradnika [4] i Marroquin-
-Cardona i saradnika [24] koji su takode zapazili znatno
nizu adsorpciju aflatoksina B; na klinoptilolitu u odnosu
na glinu iz grupe smektita — montmorilonit. Na osnovu
struktura minerala klinoptilolita i montmorilonita, kao i
dimenzija samog molekula aflatoksina B,, [20] u slucaju
prirodnog zeolita ocigledno je da aflatoksin B; moze da
se adsorbuje samo na spoljasnim povrSinama minerala
dok su neorganski katjoni u kanalima nedostupni za
adsorpciju. Sa druge strane, u slucaju minerala mont-
morilonita svi aktivni centri — neorganski katjoni u
meduslojnom prostoru su jednako dostupni za adsorp-
ciju ovog toksina, zbog Cega ovaj mineral poseduje
znatno visi afinitet prema aflatoksinu B,. Takode, mine-
raloSka analiza, odredivanje hemijskog sastava, kao i
kapaciteta katjonske izmene su vazni parametri koji
definiSu kvalitet minerala, pa pre eventualne primene
proizvoda kao aditiva stocnoj hrani, neophodno je ispi-
tati njegov kvalitet, odnosno odrediti sadrzaj osnovnog
minerala i ispitati adsorpciju aflatoksina B; u in vitro
uslovima.

ZAKLJUCAK

U radu su prikazani rezultati adsorpcije aflatoksina
B1 na bentonitskoj glini iz koje je izdvojen koncentrat
montmorilonita i prirodnom zeolitu kod kojeg je domi-
nantan mineral klinoptilolit. Rezultati su pokazali da sa
smanjenjem sadrzZaja ¢vrste faze u suspenziji, razlike u
adsorpciji aflatoksina B; na ovim mineralima postaju
sve izraZenije, i da mineral montmorilonit pokazuje zna-
¢ajno visu efikasnost adsorpcije aflatoksina B;. Adsorp-
cija aflatoksina B; na koncentratu montmorilonita,
prakti¢no ne zavisi od pH sredine, dok se kod prirodnog
zeolita uoCavaju manje razlike u adsorpciji na razli¢itim
pH vrednostima. Potvrdeno je da se adsorpcija aflatok-
sina B; na prirodnom zeolitu desava samo na spoljas-
njoj povrsini minerala, dok su kod koncentrata mont-
morilonita neorganski katjoni u meduslojnom prostoru
odgovorni za adsorpciju, zbog ¢ega koncentrat mont-
morilonita pokazuje znacajno visi afinitet prema afla-
toksinu B;. Za eventualnu primenu alumosilikatnih
minerala kao aditiva sto¢noj hrani za adsorpciju aflatok-
sina By, neophodno je ispitati kvalitet minerala, odnos-
no odrediti mineraloski i hemijski sastav (sadrZaj osnov-
nog minerala), kapacitet katjonske izmene, kao i odre-
diti afinitet minerala prema aflatoksinu B;.
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SUMMARY

AFLATOXIN B, ADSORPTION BY THE NATURAL ALUMINOSILICATES — CONCENTRATE OF MONTMORILLONITE AND

ZEOLITE
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(Scientific paper)

Aflatoxin B, adsorption by the concentrate of bentonite clay — montmoril-
lonite and the natural zeolite — clinoptilolite and was investigated at the initial
toxin concentration of 4 ppm, with different amounts of solid phase in suspension
(1, 0.5, 0.2 and 0.1 g/L) and different pH values — 3, 7 and 9. Results indicated that
for both minerals, decreasing the amount of solid phase in suspension, decrease
the amount of active sites relevant for adsorption of aflatoxin B;. Thus, for
concentrate of montnorillonite, at the lowest level of solid phase in suspension
(0.1 g/L), aflatoxin B, adsorption indexes were 97% at pH 3, 88% at pH 7 and 82%
at pH 9, while for the natural zeolite, adsorption of toxin was 9% at pH 3 and 7%
at pH 7 and 9. Since inorganic cations in minerals are mainly responsible for
aflatoxin B; adsorption, even the natural zeolite — clinoptilite has much higher
cation exchange capacity (the content of inorganic exchangeable cations) com-
pared to the concentrate of montmorillonite, adsorption of aflatoxin B; by this
mineral is much lower. Comparing the molecular dimensions of aflatoxin B,
molecule with the dimension of channels of clinoptilolite and interlamellar space
of montmorillonite it is obvious that this toxin is adsorbed only at the external
surface of clinoptilolite while in the montmorillonite all active sites are equally
available for its adsorption. Thus, the concentrate of montmorillonite possesses
higher adsorption capacity for aflatoxin B;. Results presented in this paper con-
firmed the fact that the differences in the structure of minerals led to their dif-
ferent efficiency for adsorption of aflatoxin B;. Mineralogical and chemical com-
position, determination of cation exchange capacity, etc., are very important
parameters influencing the effectiveness of minerals as aflatoxin B, adsorbents.
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Primena dizajna smese u formulaciji i karakterizaciji ¢vrstih
samo-nanoemulgujucih terapijskih sistema sa karbamazepinom

Marko Z. Krsti¢, Svetlana R. lbri¢

Univerzitet u Beogradu — Farmaceutski fakultet, Katedra za farmaceutsku tehnologiju i kozmetologiju, Beograd, Srbija

Izvod

U radu je prikazana priprema i karakterizacija formulacija ¢vrstih samo-nanoemulgujuéih
terapijskih sistema sa slabo rastvorljivom, visokodoziranom lekovitom supstancom, karba-
mazepinom. U prvoj fazi je primenom dizajna smese odabran te¢ni samo-nanoemulgujudi
terapijski sistem (SNEDDS) koji se sastojao iz triglicerida srednje duZine lanca, Polisorbata
80, Labrasol®-a i Transcutol®-a HP. Odabran te¢ni SNEDDS je adsorbovan na 4 porozna
nosaca: Neusilin® UFL2, Neusilin® FL2, Sylysia® 320 i dijatomit. Udeo karbamazepina je bio
stalan (20%), a menjan je odnos adsorpcioni nosa¢:SNEDDS, 1:1 i 1:2. Iz izradenih formu-
lacija je ispitana brzina rastvaranja karbamazepina i izvrSena je karakterizacija primenom
termogravimetrijske analize, diferencijalno skenirajuce kalorimetrije, infracrvene spektro-
skopije sa Furijevom transformacijom, difrakcije X-zraka na uzorcima u prahu i skenirajuce
elektronske mikroskopije. Dizajn smeSe se pokazao kao korisna tehnika za optimizaciju
SNEDDS. Formulacijom ¢vrstih SNEDDS je postignuto znacajno povecéanje brzine rastva-
ranja karbamazepina u odnosu na Cist karbamazepin i komercijalne tablete karbamazepina
sa trenutnim oslobadanjem.

Kljucne reci: brzina rastvaranja, dizajn smese, Polisorbat 80, Transcutol® HP, Labrasol®,
Neusilin® UFL2, Neusilin® FL2, Sylysia® 320, dijatomiti, karbamazepin.
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Veliki broj farmakoloski aktivnih supstanci koje su
vec u upotrebi, kao i one Cija se potencijalna primena u
farmakoterapiji istrazuje, ima ogranicenu rastvorljivost
u vodi, odnosno, bioloskim te¢nostima. S obzirom na to
da vecinu karakterise dobra permeabilnost (klasa I
prema biofarmaceutskom sistemu klasifikacije [1]),
brzina rastvaranja lekovite supstance predstavlja ogra-
ni¢avajuci faktor za njihovu resorpciju i biolosku raspo-
loZivost [2]. Jedan od pristupa za prevazilazenje ovog
problema jeste primena formulacija ¢vrstih samo-emul-
gujucih terapijskih sistema (engl. solid self-emulsifying
drug delivery system — SSEDDS). SSEDDS imaju niz pred-
nosti u odnosu na te¢ne samo-emulgujuci terapijski
sistem (engl. self-emulsifying drug delivery system —
SEDDS), kao S$to su poboljSanje i smanjenje varijabil-
nosti resorpcije lekovite supstance, poboljSanje per-
meabilnosti, lakSa procesna kontrola i nizZi troSkovi pro-
izvodnje i transporta, vecéa stabilnost proizvoda i bolja
prihvatljivost od strane pacijenta [3,4]. Tehnika prevo-
denja tecnih SEDDS u ¢vrste koja se poslednjih godina u
velikoj meri koristi jeste adsorpcija na hidrofobni nosac.
Ovakvom formulacijom SSEDDS se postize povecanje
brzine rastvaranja i potencijalno bioloSke raspolozi-
vosti, usled solubilizacije lekovite supstance od strane
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komponenti SEDDS i boljeg kvasenja usled velike spe-
cificne povrsine poroznih adsorpcionih nosaca [5,6].
Kao porozni adsorbensi poslednjih godina se istrazuju
sintetski i prirodni adsorbensi na bazi magnezijum-alu-
minometasilikata i slicijum-dioksida [5-7]. Usled kom-
pleksnosti formulacije SSEDDS i velikog broja pomo¢nih
supstanci koje ulaze u njen sastav, veliki izazov za istra-
Zivace predstavlja formulacija ovih sistema sa visoko-
doziranim lekovitim supstancama, kako bi dobijeni far-
maceutski oblik imao prihvatljivu masu za pacijenta [5].
Tecni SEDDS su izotropna mesavina ulja, surfaktanta
i/ili korastvaraca/kosurfaktanta koja emulgovanjem,
odnosno nakon razblaZivanja vodom (u kontaktu sa
vodom u gastro-intestinalnom traktu (GIT)) i blagom
mesanju pod uticajem motiliteta Zeluca i tankog creva
[8,9] formira finu ulje-u-vodi emulziju. Time solubilizo-
vana lekovita supstanca postaje dostupna za resorpciju.
U zavisnosti od sastava formulacije i veli¢ine kapi unu-
trasnje faze emulzije koja nastaje nakon razblazivanja
vodom, samo-emulgujuci terapijskog sistemi se dele
na: samo-mikroemulgujuée (engl. self-microemulsifying
drug delivery system — SMEDDS, veli¢ina kapi do 100
nm), samo-nanoemulgujuée (engl. self-nanoemulsifying
drug delivery system — SNEDDS, velicina kapi od 100 do
300 nm) i samo-emulgujuée (veli¢ina kapi preko 300
nm) (SEDDS) [9-13]. Prilikom odabira tec¢nog samo-
-emulugujuceg terapijskog sistema do sada je najcesce
koris¢ena tehnika konstruisanja pseudo-ternernih faz-
nih dijagrama, gde je smesi ulja, surfaktanta i kosurfak-
tanta dodavana vodena faza u kapima [5]. Ovu metodu
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karakterise veliki broj eksperimenata i dugotrajnost, uz
vizuelno praéenje promena u sistemu, Sto sa sobom
nosi odredeni stepen subjektivnosti. Iz tog razloga, u
radu je ispitana mogucnost primene eksperimentalnog
dizajna, tipa smesSe (engl. mixture design), kao alter-
nativa konstruisanju pseudo-ternernih faznih dija-
grama, u odabiru te¢nog SNEDDS. Dizajn smese pred-
stavlja vrstu eksperimentalnog dizajna koja se koristi
kada se ispituje formulacija koju cine vise razlicitih
sastojaka, Ciji je zbir udela stalan. Postoje razliciti tipovi
dizajna smese, ali D-optimalni eksperimentalni dizajn se
najcesce koristi jer se moze prilagoditi svakom eksperi-
mentalnom planu. Omogudava da se na osnovu naj-
manjeg broja eksperimenata pouzdano moZe dodi do
odredenih zakljucaka. D-optimalnim dizajnom (D od
determinanta—determinanta matrice koja se koristi za
odredivanje koeficijenata jednacine tj. modela) moguce
je lako i efikasno pronaci najbolji podskup eksperime-
nata iz seta eksperimenata, na osnovu zadatog krite-
rijuma, tj. postavljenih ogranicenja. Za svaki od ulaznih
parametara postavljaju se grani¢ne vrednosti (donja i
gornja) u okviru kojih se oni mogu varirati, s tim Sto
donja vrednost ne sme biti jednaka nuli [14].

Kao model supstanca, koris¢en je karbamazepin,
antiepileptik, koji prema Biofarmaceutskom sistemu
klasifikacije spada u klasu Il. Odlikuje se visokom per-
meabilnoséu i niskom rastvorljivos¢u u vodi (0,271
mg/mL, 37 °C) koja je uzrok ograniene resorpcije i
niske bioraspoloZivosti pri oralnoj primeni [15,16]. Kako
bi se ispitali uticaji razlike u specifi¢noj strukturi i povr-
Sini adsorpcionih nosaca, u radu su koriséeni tri sin-
tetska adsorbensa, na bazi magnezijum-aluminometa-
silikata (Neusilin® UFL2 i Neusilin® FL2) i slicijum-diok-
sida (Sylysia® 320), i jedan prirodni adsorpcioni nosac
(dijatomit).

Cilj ovog rada je formulacija Cvrstih samo-nano-
emulgujuéih terapijskih sistema (SSNEDDS) sa visokim
udelom lekovite supstance, karbamazepina, radi pove-
¢anja njegove brzine rastvaranja. Dodatni ciljevi su bili
da se proceni mogucénost primene dizajna smese u oda-
biru te€nog samo-nanoemulgujuéeg terapijskog siste-
ma sa odgovaraju¢im odnosom lipid/surfaktant/kosurf-
aktant, kao i da se ispita uticaj vrste i udela adsorpcio-
nog nosaca na brzinu oslobadanja i promenu polimorf-
nog oblika karbamazepina.

EKSPERIMENTALNI DEO

Materijal

Koris¢ena model supstanca karbamazepin (KBZ),
odgovara specifikacijama navedenim u monografiji Ph.
Eur. 8.0. Trigliceridi srednje duZine lanca, kaprilno-kap-
rinski trigliceridi (Mygliol® 812, Sasol GmbH, Nemacka)
kao masna faza, Polisorbat 80 (Tween® 80, Sigma-Ald-
rich Chemie GmbH, Nemacka) i PEG-8 kaprilno/kaprin-
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ski gliceridi (Labrasol®, Gattefosse Batch, Francuska)
kao surfaktanti, a kao kosurfaktant koriscen je dietilen-
glikolmonoetiletar (Transcutol® HP, Gattefosse Batch,
Francuska). Kao adsorpcioni nosaci koris¢eni su Neu-
silin® UFL2 (Fuji Chemical Industry, Japan), Neusilin®
FL2 (Fuji Chemical Industry, Japan), Sylysia® 320 (Fuji
Sylysia Chemical, Japan) i dijatomiti (Mount Sylvia, Pty.
Ltd, Australija). Kao referentni preparat ispitivan je
registrovani proizvod na teritoriji Republike Srbije tab-
lete karbamazepina sa trenutnim oslobadanjem.

Metode

Odabir tecnog samo-nanoemulgujuceg terapijskog
sistema primenom dizajna smese

Formulacija te¢nog samo-nanoemulgujuceg terapij-
skog sistema. Primenom optimizacione tehnike, dizajna
smese, uz pomo¢ kompjuterskog programa Design
Expert® (version 8.0.7.1, Stat-Ease, Inc, Minneapolis,
MN, USA), definisan je D-optimalni eksperimentalni
dizajn smese koju Cine tri komponente, sastojci SEDDS:
lipidna faza (A — kaprilno-kaprinski trigliceridi), surfak-
tant (B — smesa Polisorbat 80 i Labrasol® u odnosu 1:1)
i kosurfaktant (C — Transcutol® HP). Ove tri kompo-
nente predstavljaju ulazne parametre i njihov ukupan
zbir udela je 100%. Grani¢ne vrednosti (opsezi) udela
ovih komponenti postavljene su na osnovu literaturnih
podataka i prethodnih screening studija i bile su sle-
dede: 10% < A <30%, 40% < B<60% i30% < C < 50%.

Primenom D-optimalnog eksperimentalnog dizajna
dobijen je eksperimentalni plan (prikazan u delu Rezul-
tati i diskusija — tabela 2) koji se sastojao od 16 formu-
lacija SEDDS.

Merenje velicine kapi i indeksa polidisperziteta
primenom fotonske korelacione spekroskopije

Nakon razblazivanja svih izradenih SEDDS sa visoko
preciSéenom vodom u odnosu SEDDS:voda 10:90 i
mesanja na vorteksu (Vortex mixer V1 plus, Boeco,
Nemacka) odredena je veli¢ina kapi i indeks polidis-
perziteta dobijenih emulzija (izlazni parametri, Y1 i Y5).

Veli¢ina kapi i indeks polidisperziteta odredivani su
tehnikom fotonske korelacione spektroskopije pri ¢emu
je koriséen uredaj Zetasizer Nano ZS90 (Malvern Instru-
ments, Velika Britanija), na temperaturi od 20+0,1 °C.
Uredaj je opremljen He—Ne laserom koji generiSe
upadnu koherentnu monohromatsku svetlost talasne
duzZine 633 nm. Svetlost rasuta nakon prolaska kroz
kivetu sa uzorkom detektuje se pod uglom od 90°. Rad
uredaja je integrisan sa softverom (Dispersion Tech-
nology Software, DTS). Dobijeni rezultati prikazani su
kao prosecna veli¢ina kapi (Z-ave) i indeks
polidisperziteta (Pdl), za tri uzastopna merenja.
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Modelovanje uticaja ulaznih na izlazne parametre
primenom dizajna smese

D-optimalnim eksperimentalnim dizajnom smese
moguce je dobiti odgovarajuéi matematicki model
(jednacine (1)—(4)), koji opisuje uticaj udela kompone-
nata SEDDS kao nezavisno promenljivih na veli¢inu kapi
i Pdl kao zavisno promenljive. Modeli, koje je moguce
dobiti su:

linearni: Y= b,A + b,B + bsC (1)
kvadratni: Y = b;A + b,B + bsC + b1,AB +

+ by3AC + by3BC (2)
specijalni kubni: Y= b;A + b,B + b3C + b1,AB + b3AC +

+ b,3BC + by,3ABC 3)
kubni: Y = biA + b,B + bsC + b1,AB + b13AC + by3BC +

+ b123ABC + y1,AB(A-B) + y13AC(A—-C) + y,3BC(B-C) (4)

gde su b;—bq,3 i y1—V»3 koeficijenti koji pokazuju uticaj
nezavisno promenljivih, kao i njihovih medusobnih
interakcija na vrednost zavisno promenljive. Vrednosti
koeficijenata izracunavane su visetrukom linearnom
regresionom analizom, koris¢enjem softvera Design
Expert® (version 8.0.7.1, Stat-Ease, Inc, Minneapolis,
MN, USA).

Matematicki model koji najbolje opisuje vezu izme-
du ulaznih i izlazih parametara bira se na osnovu pore-
denja nekoliko statistickih parametara, uklju€ujuéi stan-
dardnu devijaciju (Sd), koeficijent visestruke korelacije
(R%), prilagoden koeficijent videstruke korelacije (prila-
godeni R®) i predvidiv ostatak zbira kvadrata (PRESS).
PRESS pokazuje koliko dobro model fituje podatke i za
izabrani model njegova vrednost treba da bude manja
u poredenju sa drugim modelima. Za razliku od vred-
nosti PRESS, vrednosti za R i prilagodeni R® treba da
budu veée u odnosu na druge modele, dok vrednost
standardne devijacije treba da bude manja. Kompro-
misom izmedu postavljenih zahteva vrsi se odabir po-
godnog matematickog modela. Nakon odabira mate-
matickog modela regresionom analizom odredene su
vrednosti koeficijenta u modelu i posle eliminacije ¢la-
nova, koji nisu statistic¢ki znacajni (p > 0,05) dobijeni su
finalni matematicki modeli.

Matematic¢ki model, tj. finalna jednacina, razmatra
L-pseudo vrednosti ulaznih parametara (A, B i C), koje
se kreéu od 0 do 1. Vrednost 0 se dodeljuje donjoj
granici, a vrednost 1 gornjog granici ulaznih parame-
tara, dok se sve ostale vrednosti izraCunavaju iz sle-
decih jednacdina:

Kaprilno—kaprinski trigliceridi (A):

Aq(L-pseudo)=(A1—10)/20 (5)

Polisorbat 80:Labrasol® (1:1, smeSa surfaktantna)

(B):

Bi(1-pseudo)=(B1—40)/20 (6)
Transcutol® HP (kosurfaktant) (C):
Cl(L-Pseudo)=(Cl_30)/20 (7)

gde su Ay, B, i C; bilo koje vrednosti udela lipida, surf-
aktanta i kosurfaktanta, redom, u okviru postavljenih
granica.

Optimizacija formulacije tecnog samo-nanoemul-
gujuceg terpijskog sistema

Nakon uspostvaljanje korelacije izmedu ispitivanih
parametara i dobijanja modela izvrSena je optimizacija
sa zahtevima da veli¢ina kapi bude od 100 do 200 nm, a
Pdl od 0,1 do 0,2. Pod ovim uslovima, dva odgovora su
kombinovana tako da se odredi optimizaciona oblast i
dobije SNEDDS visoke stabilnosti, na Sta nam ukazuje
zadata vrednost Pdl. |z razli¢itih delova optimizacione
oblasti odabrane su 3 formulacije SNEDDS kojima je
nakon razblaZivanja vodom (10:90) odredena veli¢ina
kapi i Pdl, primenom fotonske korelacione spektrosko-
pije, radi procene uspesnosti predvidanja. Od te tri for-
mulacije odabrana je jedna formulacija sa najmanjim
udelom surfaktanata i kosurfaktanata, koja je koris¢ena
za izradu Cvrstih samo-nanoemulgujuéih terapijskih sis-
tema.

Formulacija €vrstih samo-nanoemulgujuéih terpijskih
sistema

Odabrani tec¢ni SNEDDS je nanet na Cetiri razlicita
adsoprciona nosaca (Neusilin® UFL2, Neusilin® FL2,
Sylysia® 320 i dijatomit). Udeo KBZ bio je konstantan
(20%), a odnos tecnog SNEDDS i adsorpcionog nosaca
iznosio je 1:1 i 2:1. SSNEDDS su izradeni tako Sto je
prethodno izradenoj homogenoj smesi adsorpcionog
nosaca i KBZ postepeno u malim koli¢inama uz mesanje
dodavan tec¢ni SNEDDS do dobijanja uniformne smese,
koja je nakon toga prosejana kroz sito od nerdajuéeg
Celika, veli¢ine promera 300 um. lzradeno je 8 formu-
lacija prikazanih u tabeli 1.

Tabela 1. Formulacije ¢vrstih samo-nanoemulgujudéih
terapijskih sistema sa KBZ-om

Table 1. Formulation of solid self-nanoemulsifying drug
delivery systems containing carbamazepine

Broj formu-  Vrsta nosaca i odnos "
Oznaka formulacije

lacije nosac:SNEDDS

F1 Neusilin FL2:SNEDDS 1:1  NFL2_SNEDDS_1_1
F2 Neusilin FL2:SNEDDS 1:2  NFL2_SNEDDS_1_2
F3 Neusilin UFL2:SNEDDS 1:1 NUFL2_SNEDDS_1_1
F4 Neusilin UFL2:SNEDDS 1:2 NUFL2_SNEDDS_1_2
F5 Sylysia 320:SNEDDS 1:1 Syl SNEDDS_1_1
F6 Sylysia 320:SNEDDS 1:2  Syl_SNEDDS_1_2
F7 Dijatomiti:SNEDDS 1:1 Dij_SNEDDS_1_1
F8 Dijatomiti:SNEDDS 1:2 Dij_SNEDDS_1_2
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Karakterizacija c¢vrstih samo-nanoemulgujucih
terapijskih sistema sa KBZ-om

In vitro procena brzine rastvaranja KBZ-a

Ispitivanje brzine rastvaranja KBZ-a iz izradenih
SSNEDDS i komercijalno dostupnih tableta KBZ-a sa
trenutnim oslobadanjem izvedeno je u aparaturi sa
rotirajuéom lopaticom (Erweka DT70, Nemacka) pod
sledeé¢im eksperimentalnim uslovima: medijum — pre-
¢is¢ena voda, zapremina medijuma — 900 ml, tempe-
ratura medijuma — 37 °C i brzina obrtanja rotirajuce
lopatice — 50 rpm. Po 4 ml uzorka je uzimano nakon 10,
20, 30, 60, 90 i 120 min uz nadoknadivanje medijuma
posle uzorkovanja. U uzorcima je, nakon filtriranja,
koli¢éina rastvorenog KBZ-a odredivana spektrofoto-
metrijski (Evolution 300, Termo Fisher Scientific, Eng-
leska) na 287 nm. Za svaki od izradenih SSNEDDS izve-
deno je po tri ispitivanja i procenat rastvorenog KBZ-a
izrazen je kao srednja vrednost.

Termogravimetrijska analiza (TGA)

TGA merenja su izvrSena na TGA Q5000 termalnom
analizatoru (TA Instruments, SAD) sa dvadesetpetopozi-
cionim autosamplerom. Tokom analize su koriséene
aluminijumske posude, u koje su stavljani uzorci u koli-
¢ini od 3 do 5 mg, analizirani u temperaturnom opsegu
od 20 do 320 °C pri brzini zagrevanja od 10 °C/min, u
struji azota, sa protokom od 25 ml/min.

Diferencijalna skenirajuca kalorimetrija (DSC)

DSC merenja izvrSena su na DSC Q2000 termalnom
analizatoru (TA Instruments, Nemacka). Precizno odme-
rene mase uzoraka (1-2 mg) stavljane su u T-Zero®
aluminijumske posude, koji su potom hermeticki zatva-
rane, i analizirani u temperaturnom opsegu od 20 do
200 °C pri brzini zagrevanja od 10 °C/min, u struji
azota, sa protokom od 50 ml/min. Instrument je kali-
brisan koris¢enjem indijum standarda. Entalpija, pocet-
ne temperature i temperature topljenja su automatski
izracunavane koris¢enjem originalnog softvera (TA Ins-
truments, Nemacka).

Mikroskopija na vruéoj ploci (engl. Hot stage
microscopy — HSM)

HSM snimanja izvrSena su koris¢enjem Mettler To-
ledo Hot Stage mikroskopa (Hot-Stage FP82HT, Con-
troller/processor FP 90, Microscope DME Model 13595,
Camera PL-A622 firewire camera, Mettler Toledo,
Nemacka) i softvera Studio Capture 3.1, u tempera-
turnom opsegu od 20 do 250 °C.

Difrakcija X-zracima na uzorcima u prahu (PXRD)

PXRD analiza je izviena na difraktometru Bruker D8
Advance (Bruker, Nemacka), na sobnoj temperaturi,
opremljenog bakarnom anodom (A = 0,15418 nm, 40
kV, 40 mA). Uzorci, prethodno po potrebi usitnjeni,
stavljani su na kvarcnu plocu sa alimnijumskim drza-
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¢em. Reflektovana svetlost je detektovana na Lynx-eye
PSD detektoru.

Infracrvena spektrofotometrija sa Furijevom
transformacijom (FTIR)

FTIR spektri su dobijeni koris¢enjem Perkin Elmer
Spectrum One FTIR spektrometra (Perkin Elmer, Wal-
tham, SAD) spojenog sa horizontalnim Golden Gate
MKII jedno-reflektnim ATR sistemom (Specac, 214 Kent,
Velika Britanija), opremljenog sa Zn—Se socivom i pove-
zanog sa odgovarajuéim softverom.

Skenirajuca elektronska mikroskopija (SEM)

Praskasti uzorci su fiksirani na odgovarajuée nosace
za uzorke pomocu trake koja je lepljiva sa obe strane,
zatim su susSeni na vazduhu, a nakon toga obloZeni ultra
tankim slojem zlata (10 nm). SEM snimanja su izvrSena
na uredaju HITACHI SU 8000 (Hitachi, Japan), pri
naponu od 2000 V.

REZULTATI | DISKUSIJA

Optimizacija formulacije te¢nog samo-nanoemul-
gujuceg terapijskog sistema

U Tabeli 2 prikazani su ulazni i izlazni parametri koji
odgovaraju eksperimentalnom planu dobijenom koris-
¢enjem softvera Design Expert® (version 8.0.7.1, Stat-
Ease, Inc, Minneapolis, MN, USA). Jasno se vidi da se sa
malim variranjem udela lipida, surfaktanta i kosurfak-
tanta dobijaju velike razlike u veli¢ini kapi i vrednosti
PdI. Tako se veli¢ina kapi kre¢e u rasponu od 118,7 nm
u formulaciji 4 (20,64% lipida, 40,00% smese surfakta-
nata i 39,36% kosurfaktanta) do 513,1 nm u formulaciji
3 (10,01% lipida, 40,00% smese surfaktanata i 49,99%
kosurfaktanta). Na osnovu vrednosti Pd/ uocena je veli-
ka razlika u stabilnosti dobijenih emulzija. Neocekivano
formulacija 3 sa najmanjim udelom lipida, a najveéim
udelom kosurfaktanta, ima vrednost Pd/ 1 i najvecu
veli¢inu kapi, Sto ukazuje na nestabilnost ove formu-
lacije. Ova formulacija potencijalno ukazuje da kosurf-
aktant (Transcutol® HP), Ciji je udeo u ovoj formulaciji
na najviSem nivou, ima najmanji pozitivni uticaj na sta-
bilnost sistema. Sa druge strane formulacija 15 (13,64%
lipida, 42,85% smesSe surfaktanata i 43,51% kosurfak-
tanta) ima vrednost Pd/ 0,076, Sto ukazuje na to da ova
formulacija ima najvecu stabilnost.

Uzimajuéi u obzir pomenute statisticke parametre
(5d, R, prilagodeni R® i PRESS vrednost) izabrani mate-
maticki model koji najbolje opisuje odnos izmedu ulaz-
nih i izlaznog parametara, veliine kapi, je specijalni
kubni. Nakon iskljucivanja parametara koji nemaju sta-
tisticki znacaj (p > 0,05) dobijena je finalna jednacina
(tabela 3). Vrednosti koeficijenata uz A, B i C ukazuju na
efekat ovih promenljivih na odgovor sistema. Pozitivan
znak koeficijenta ukazuje na sinergisticki efekat, dok
negativan oznacava antagonisticki efekat na odgovor.
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Tabela 2. Eksperimentalni plan dobijen primenom dizajna smese (ulazni i izlazni parametri)
Table 2. Experimental matrix obtained by applying mixture design (input and output parameters)

Broj Ulazni parametri Izlazni parametri
formulacije A: kaprilno—kaprinski B: Polisorbat 80:Labrasol’  C: Transcutol® HP, % Y1: Veli¢ina kapi Y,: Pdl
trigliceridi, % (1:1), % nm

1 15,05 42,07 42,88 232,6128,85 0,151+0,041
2 13,70 52,86 33,44 162,7+3,52 0,291+0,019
3 10,01 40,00 49,99 513,145,25 1,000+0,009
4 20,64 40,00 39,36 118,745,29 0,213+0,025
5 15,05 42,07 42,88 232,6128,85 0,151+0,041
6 10,01 59,99 30,00 193,0+2,29 0,205+0,006
7 20,70 49,30 30,00 150,0+5,11 0,226+0,010
8 10,00 49,08 40,92 188,7+7,21 0,283+0,014
9 20,64 40,00 39,36 118,745,29 0,213+0,025
10 23,81 43,04 33,15 189,8+6,07 0,300+0,020
11 29,99 40,01 30,00 202,116,52 0,387+0,010
12 10,01 59,99 30,00 193,0+2,29 0,205+0,006
13 16,57 46,42 37,01 318,716,60 0,459+0,008
14 29,99 40,01 30,00 202,1+6,52 0,387+0,010
15 13,64 42,85 43,51 233,618,56 0,076%0,013
16 20,70 49,30 30,00 150,0+5,11 0,226%0,010

Takode, vedi koeficijent uz nezavisnu promenljivu ima
veci uticaj na promenu odgovora.

Na isti nacin je izvrSena statisticka obrada za drugi
izlazni parametar, Pdl, pri ¢emu je odabran kubni
model i na osnovu njega formirana finalna matematicka
jednacina (tabela 3).

Na slici 1 dati su konturni dijagrami koji pokazuju
promene vrednosti veli¢ine kapi i Pdl u zavisnosti od
udela komponenata SEDDS. U uglovima dijagrama su
smesteni maksimalni udeli kaprilno—kaprinskih triglice-
rida, Polisorbat® 80:Labrasol® (1:1) i Transcutol® HP,
dok se njihovi minimalni udeli nalaze na stranama dija-
grama nasuprot uglovima, redom. Izmedu uglova i sup-

rotnih strana dijagrama vrednosti komponenata smese
se postepeno smanjuju. Crvene tacke na konturnom
dijagramu predstavljaju izradene i ispitane formulacije
SEDDS. Generalno su konturni dijagrami predstavljeni
rasponom boja od najtamnije plave, do najintenzivnije
crvene, gde najtamnijoj plavoj boji odgovaraju najnize
vrednosti za veli¢inu kapi i Pdl, dok najintenzivnijoj
crvenoj odgovaraju najvise vrednosti za veli¢inu kapi i
Pdl u formulacijama.

Sa slike 1 jasno se vidi da se sa poveéanjem udela
surfaktanta, a smanjenjem udela lidipa i kosurfaktanta
dobijaju SEDDS koji nakon razblazivanja vodom, imaju
manju veli¢inu kapi i manji Pdl, sto je znacajno sa

Tabela 3. Faktori modela, njegovog redukovanog oblika i dobijeni matematicki model za velicinu kapi i Pdl; matematicki model
redukovanog specijalnog kubnog modela za velicinu kapi: 189,93A + 173,72B + 491,85C — 906,92AC — 720,63BC + 4027,17ABC;
matematicki model redukovanog kubnog modela za Pdl: 0,41A + 0,16B + 0,71C—1,73AC

Table 3. The factors of the model, its reduced form, and the resulting mathematical model for droplet size and Pd|

Faktori i njihova znacajnost pre redukovanja modela

Faktori i njihova znacajnost nakon redukovanja modela

Velicina kapi
Faktori p vrednost Faktori p vrednost
AB 0,1310 Nije znacajan -
AC <0,0001 AC <0,0001
BC 0,0012 BC 0,0020
ABC 0,0011 ABC 0,0023

2]

AB 0,6966
AC 0,0086 AC 0,0093
BC 0,1180
ABC 0,3892
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Slika 1. 2D konturni dijagram zavisnosti izlaznih od ulaznih parametara za a) veli¢inu kapi i b) Pdl.
Figure 1. 2D contour plots for the effect of input parameters on the outputs for a) droplet sizeand b) Pdl.

aspekta stabilnosti dobijenih sistema. Takode se uocava
da se pri srednjim vrednostima udela svih komponenti
sistema dobija formulacija koja ima zadovoljavajucu
stabilnost na sta ukazuje vrednost Pdl koja je manja od
0,3 i velic¢ina kapi od oko 250 nm.

Na slici 2 je prikazan prihvatljiv region u kom se
ukrstaju zadate vrednosti odgovora (velicina kapi od
100 do 200 nm i Pdl od 0,1 do 0,2).

Radi procene sposobnosti dizajna smese da predvidi
odgovore sistema, iz razli¢itih delova optimizacione
regije konturnog dijagrama odabrane su tri formulacije
koje zadovoljavaju postavljene kriterijume za velicinu
kapi i Pdl. Rezultati dobijeni merenjem velicine kapi i
Pdl izradenih SNEDDS nakon razblazenja vodom (u
odnosu 10:90) pomocu fotonske korelacione spektro-
skopije uporedeni su sa predvidenim vrednostima kako
bi se proverilo da li odabrani matematicki modeli daju
dobru korelaciju (tabela 4). Poredenjem dobijenih i
predvidenih vrednosti uocava se da se primenom dizaj-
na smesSe moze pouzdano predvideti velicina kapi i Pdl
izradenih SEDDS, jer je razlika izmedu predvidenih i
eksperimentalno dobijenih vrednosti za veli¢inu kapi i
PdI u okviru standardne devijacije izmerenih odgovora.

2 A
60 10 50
Surfaktant Kosurfaktant

Slika 2. 2D konturni dijagram sa regionima u okviru kojih se
nalaze optimalne formulacije.

Figure 2. 2D contour plots with areas having the optimal
formulation.

Formulacija broj O, je odabrana za izradu SSNEDDS,
jer pored toga Sto zadovoljava zadate opsege za veli-
¢inu kapi i Pdl, ima i visok udeo triglicerida (21,12%), a
manji udeo surfaktanta (42,24%), $to je znacajno sa
aspekta bezbednosti primene, jer visok udeo surfak-

Tabela 4. Udeli komponenata tri odabrane test optimalne formulacije, predvidene i dobijene vrednosti velicine kapi i Pdl
Table 4. Ratios of components for the three selected test optimal formulations, predicted and obtained values of droplet size and Pdl

Lipid, % surfaktant, % Kosurfaktant, % Predwden_e Eksperlmenatalno.dobuene
B vrednosti vrednosti
Formulacija Kaprilno—kaprilski  Polisorbat 80/Lab |® Veli¢ina kapi Veli¢ina kapi
apri _no_— a.prls i Polisorba abraso Transcutol® yp  Velicinakapi eli¢ina kapi Pl

trigliceridi (1:2) nm nm
0, 22,27 43,06 34,67 150,96 0,192 153,24#3,56  0,194+0,023
0, 21,12 42,24 36,64 147,94 0,161 157,0249,21 0,184+0,036
O; 11,14 58,15 30,71 171, 07 0,187 160,80+10,84 0,176+0,012
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tanata moze dovesti do iritacije na nivo gastrointesti-
nalnog trakta [17,18].

In vitro profili brzine rastvaranja KBZ-a iz SSNEDDS

Profili brzine rastvaranja KBZ iz izradenih SSNEDDS,
kao i profil brzine rastvaranja istog KBZ i KBZ iz komer-
cijalnih tableta sa trenutnim oslobadanjem prikazani su
na slici 3. Sa grafika se moze videti da se formulisanjem
SSNEDDS povecava brzina rastvaranja KBZ. Povecanje
brzine rastvaranja jeste posledica sinergizma izmedu
komponenti SNEDDS i adsorpcionog nosaca. SNEDDS
dovodi do povecanja brzine rastvaranja prvenstveno
usled solubilizacije KBZ, a adsoprcioni nosaci dovode do
povecanja brzine rastvaranja usled boljeg kvasenja
zahvaljujuci velikoj specifiénoj povrsini. Formulacijom
SSNEDDS sa KBZ postiZze se povecanje njegove brzine
rastvaranja u odnosu na Cist KBZ i komercijalne tablete
sa trenutnim oslobadanjem KBZ-a. U prvih 10 min se iz
svih 8 formulacija SSNEDDS postize visok procenat oslo-
bodenog KBZ, koji se krece u rasponu od 40-80% KBZ, a
Cistog KBZ svega 4,91%, odnosno 18,19% KBZ iz tableta
sa trenutnim oslobadanjem. Najverovatnije u tih prvih
10 min dolazi do oslobadanja KBZ sa povrsine adsorp-
cionih nosaca. Razlike koje postoje su verovatno posle-
dica u razlikama u specificnoj povrsini adsorpcionih
nosaca. Najvece povecanje brzine rastvaranja KBZ u
pocetnom trenutku, ali i kasnije postignuto je korisce-
njem nosaca Sylysia® 320, zatim Neusilin® UFL2, pa
Neusilin® FL2 i najmanje povecanje koris¢enjem dijato-
mita. Ovakvi rezultati su ocekivani imajuci u vidu speci-
ficnu povrsinu datih nosaca. Sylysia® 320 i Neusilin®
UFL2 imaju specifinu povriinu od 300 m%/g [19-22],
Neusilin® FL2 150 m’/g [19-21], dok je specifitna
povrsina dijatomita daleko manja i iznosi 30,92 mz/g
[23,24]. Formulacija koja je pokazala najveci procenat
oslobodenog KBZ jeste formulacija F5 koja sadrzi jed-

nak udeo SNEDDS i adsorpcionog nosaca (Sylysia® 320),
iz ove formulacije je za 30 minuta oslobodeno oko 90%
karbamazepina. Nakon 30 min kod obe formulacije sa
Sylysia® 320 uoceno je oslobadanje vise od 80% KBZ,
Sto ogovara farmakopejskom zahtevu za preparate sa
trenutnim oslobadanjem. Razlike koje se javljaju nakon
10 min u brzini oslobadanja KBZ-a iz formulacija u
kojima su kao nosaci koris¢eni Sylysia® 320, zatim Neu-
silin® UFL2 su posledice specificne strukture ova dva
nosaca. Poznato je da Neusilin® UFL2 ima malu veli¢inu
Cestica (2—8 um) i da poseduje uske i duge pore [25] u
koje te¢ni SNEDDS moze da ude nakon adsorbovanja i
,zarobi” odredenu koli¢inu KBZ, pa je to mozda razlog
za nesto nizi procenat oslobodenog KBZ u odnosu na
sisteme sa Sylysia® 320. Sa profila brzina oslobadanja
KBZ iz formulacija sa razli¢itim odnosima SNEDDS i ads-
orpcionog nosaca, uocava se vece povecanje brzine
oslobadanija iz formulacijama kod kojih je jednak odnos
SNEDDS-a i adsorpcionog nosaca, u odnosu na fomu-
lacije gde je odnos SNEDDS:nosac 2:1. Ovaj uticaj sma-
njenja brzine rastvaranja KBZ sa povecanjem udela
SNEDDS je u suprotnosti sa rezultatima koje su dobili
Milovi¢ i saradanici [19], a moZe se objasniti time da se
povecanjem udela SNEDDS-a zatvara odredeni broj
pora na samom nosacu, pa se time ,zarobljava” dodat-
na koli¢ina KBZ i na taj nacin usporava njegovo rastva-
ranje. Pri primeni dijatomita, u prvih 10 min dolazi do
oslobadanja velikog procenta KBZ (oko 50%), jer se
oslobada KBZ adsorbovan na povrSinu nosaca. Nakon
toga dolazi do postepenog oslobadanja KBZ iz Supljina
nosaca zbog njegove specificne stukture [7,24].

Karakterizacija SSNEDDS

Termogravimetrijska analiza (TGA). Na slici 4 prika-
zane su TGA krive Cistog KBZ i formulacija SSNEDDS sa
razli¢itim Cvrstim nosacima: Neusilin® FL2, Neusilin®

——Syl_SNEDDS_1_1
——Syl_SNEDDS_1_2
———NUFL2_SNEDDS_1_1
—— NUFL2_SNEDDS_1_2

oslobodeni KBZ (%)

0 20 40 60
vreme (min)

80

e KBZ

= Tablete KBZ
NFL2_SNEEDS_1_1
NFL2_SNEDDS_1_2
Dij_SNEEDS_1_1
Dij_SNEDDS_1_2

100 120

Slika 3. In vitro profili brzine rastvaranja KBZ-a iz izradenih ¢vrstih samo-nanoemulgujucih terapijskih sistema.
Figure 3. In vitro profiles of CBZ disolution rate from solid self-nanoemulsifying drug delivery systems.
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Slika 4. TGA krive; a) KBZ i formulacije sa: b) Neusilin® FL2, c) Neusilin® UFL2, d) Sylysia® 320 i e) dijatomitima.
Figure 4. The TGA curves; a) pure carbamazepine and formulations with: b) Neusilin® FL2, c) Neusilin® UFL2 d) Sylysia® 320

and e) diatomites.

UFL2, Sylysia® 320 i dijatomitima. Kod Cistog KBZ se u
opsegu od 20 do 200 °C uocava gubitak mase od
0,769%, a nakon toga u temperaturnom opsedu od
200 do 250 °C nagli gubitak mase od oko 75%. Ovakav
nagli gubitak mase predstavlja pocetak degradacije
Cistog KBZ i opisan je u literature [5,7,26]. Svi adsorp-
cioni nosaci su se pokazali stabilnim, i tokom zagrevanja
nije uocen veci gubitak mase. Kod formulacija SSNEDDS
sa KBZ uocen je mali gubitak mase do 200 °C, ¢ime je
pokazana njihova stabilnost na poviSenim temperatu-
rama. Medutim, daljim zagrevanjem ispitivanih formul-
acija uocava se nagla promena mase, kao posledica
degradaciji KBZ.

Diferencijalna skenirajuca kalorimetrija (DSC). Na
slici 5 su prikazani DSC termogrami KBZ i formulacija
SSNEDDS sa Neusilin® FL2, Neusilin® UFL2, Sylysia® 320
i dijatomitima kao ¢vrstim nosacima. Na slici 5a uocava
se niz termalnih dogadaja, koji su zabelezeni tokom
zagrevanja uzoraka. Uocljivo je da se tokom zagrevanja,
uzorak Cistog KBZ topi, Sto odgovara prvom endoterm-
nom piku na 175,08 °C koji se pripisuje topljenju poli-
morfnog oblika Ill, nakon toga uocdava se egzotermni
pik na 176,63 °C, koji potice od rekristalizacije polimorf-
nog oblika Il u polimorfni oblik I. Na 190,95 °C uocava
se jos jedan endotermni pik koji poti¢e od topljenja
polimorfnog oblika i KBZ. Ovi rezultati za Cist KBZ su u
saglasnosti sa rezultatima predstavljenim u literaturi
[5,7,17,27-29]. Na DSC krivama za Ciste nosace (Neu-
silin® FL2, Neusilin® UFL2, Sylysia® 320 i dijatomit)
uocavaju se Siri ne tako izrazeni endotermni pikovi, Sto
verovatno predstavlja posledicu inicijalnog gubitka vlage.

532

Na DSC krivama izradenih SSNEDDS formulacija sa
Neusilin® FL2 uocavaju se endotermni pikovi topljenja.
Kod formulacije NFL2_SNEDDS 1 1 uocavamo dve
tacke topljenja na 158,60 (slabije izrazeni pik) i na 183
°C. Prvi pik je verovatno posledica topljenja polimorfne
forme Ill, a drugi pik topljenja polimorfne forme I. Ovi
pikovi se javljaju na nesto niZim temperaturama u od-
nosu na Cist KBZ i literaturne podatke, Sto je verovatno
posledica medusobne interakcije KBZ sa pomoc¢nim
supstancama [7]. Kod formulacije NUFL2_SNEDDS 1 2
prilikom zagrevanja dolazi do inicijalnog gubitka vlage,
a nakon toga se uocava pik slabog intenziteta na 130,31
°C i Siroki endotermni pik topljenja na 160 °C, koji
takode ukazuju na to da se radi o polimorfnom obliku
Il KBZ [27]. Jasni egzotermni rekristalizacioni pikovi
prelaska KBZ iz polimorfnog oblika Il u polimorfni oblik
I, nisu uoceni kod svih uzoraka.

Kod formulacija sa Neusilin® UFL2 uoc¢avamo sli¢ne
promene kao kod formulacija sa Neusilin® FL2 samo se
temperature razlikuju za par stepeni. Na DSC krivoj za
formulaciju NUFL2_SNEDDS_1_1 endotermni pik top-
lienja KBZ je na 164 °C. Sli¢ne promene uocene su i kod
formulacija sa Sylysia® 320 i dijatomitima. Na osnovu
DSC krivih moZe se pretpostaviti da je KBZ u svim for-
mulacijama SSNEDDS ostao u polimorfnom obliku 11l [27].

Mikroskopija na vrucoj ploc¢i (HSM). Na mikrografiji
Cistog KBZ (nije prikazano) do temperature od oko 160
°C se ne uocavaju nikakve promene. Na temperaturi od
170,4 °C dolazi do topljenja prizmati¢nih kristala KBZ
(polimorfni oblik I, sto odgovara prvom endotemnom
piku na DSC termogramu). Nakon toga na temperaturi
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Slika 5. DSC termogrami; a) KBZ i formulacije sa: b) Neusilin® FL2, c) Neusilin® UFL2, d) Sylysia® 320 i e) dijatomitima.
Figure 5. The DSC thermograms; a) pure carbamazepine and formulations with: b) Neusilin® FL2, c) Neusilin® UFL2 d) Sylysia® 320

and e) diatomites.

od oko 177,9 °C dolazi do naknadne rekristalizacije i
pojave iglicastih kristala, Ssto odgovara rekristalizacio-
nom piku na DSC krivoj KBZ (prelazak KBZ iz polimorf-
nog oblika 1ll u polimorfni oblik 1). Na temperaturi od
190,4 °C dolazi do topljenja kristalne forme I, $to odgo-
vara drugom endotermnom piku na DSC krivoj KBZ.

Zbog male koli¢ine KBZ (20%) u formulacija SSNEDDS
se teSko uocavaju jasne promene kao kod Cistog KBZ,
tokom analize formulacija primenom HSM.

Difrakcija X-zracima na uzorcima u prahu (PXRD).
Da bi se potvrdile pretpostavke dobijene HSM, DSC i
TGA analizom da se KBZ nalazi u svim formulacijama
SSNEDDS u kristalnoj formi i da verovatno tokom
zagrevanja u nekim formulacijama dolazi do prelaska
KBZ-a u amorfnu formu izvrSena je PXRD analiza. Ova
tehnika osim $to predstavlja zlatni standard i tehniku
izbora u utvrdivanju polimorfnih oblika KBZ, izvodi se
na sobnoj temperaturi, pa je uticaj zagrevanja uzorka
tokom analize iskljucen.

Slika 6 ilustruje PXRD difraktograme KBZ i odgova-
rajucih SSNEDDS. Na difraktogramu Cistog KBZ uocavaju
se visokointenzivni difrakcioni pikovi za sledece 26
uglove: 13,02, 15,22, 15,78, 19,40, 24,92, 27,50 i
31,86°, koji su u skladu sa literaturnim rezultatima ka-
rakteriticnim za kristalni oblik 1l KBZ [7,27,28]. Oceki-
vano je da se na difraktogramu nosaca ne uocavaju
nikakvi pikovi jer je sam nosac¢ u amorfnom stanju.

Svi karakteristi¢ni pikovi za polimorfni oblik 11l KBZ
nalaze se i na dikraktogramima svih izradenih formu-
lacija SSNEDDS, sto ukazuje i potvrduje pretpostavku da
je KBZ u svim formulacijama ostao u polimorfnom
obliku 111.

Infracrvena spektrofotometrija sa Furijevom trans-
formacijom (FTIR). Na slici 7 su prikazani spektri KBZ,
adsorpcionih nosaca i formulacija SSNEDDS. Spektar
KBZ-a ukazuje da je on u polimorfnom obliku IIl. Na taj
zaklju€ak ukazuju karakteristicne trake na 3462 (-NH
valenciona vibracija), 1674 (-CO-R vibracija), 1593 i

533



M.Z. KRSTIC, S.R. IBRIC.: SAMO-NANOEMULGUJUCI TERAPIISKI SISTEMI SA KARBAMAZEPINOM Hem. ind. 70 (5) 525-537 (2016)

— NFL2_SNEDDS_1_2
—— NFL2_SNEDDS_1_1
a) — NFL2
— KBZ

Lin(Counts)

Dlw)

2-Tnetz -Scale

— NUFL2_SNEDDS_1_2

— NUFL2_SNEDDS_1_1
— NFL2

b .

Lin (Counts)

— SyL_SNEDDS_1 2
—— SyL_SNEDDS_1_1

c) —

- KBZ

Lin (Counts)

— DIJ_SNEDDS_1_1
—— DIJ_SNEDDS_1_2
— DU
— KBZ

d)

2-Tnetz -Scale

Slika 6. PXRD difraktogrami KBZ i i formulacija sa: a) Neusilin® FL2, b) Neusilin® UFL2, c) Sylysia® 320 i d) dijatomitima.
Figure 6. PXRD diffractogramms of pure carbamazepine and formulations with: a) Neusilin® FL2, b) Neusilin® UFL2 c) Sylysia® 320
and d) diatomites.
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Slika 7. FTIR spektri KBZ i i formulacija sa: a) Neusilin® FL2, b) Neusilin® UFL2, c) Sylysia® 320 i d) dijatomitima.
Figure 7. FTIR spectra of pure carbamazepine and formulations with: a) Neusilin® FL2, b) Neusilin® UFL2 c) Sylysia® 320

and d) diatomites.

1605 cm = (opseg za -C=C- i -C=0O vibraciju i -NH
deformaciju) [7,27]. U svim formulacijama izradenih
SSNEDDS uocavaju se ove trake, Sto ukazuje da nije
doslo do znacajne interakcije izmedu KBZ i nosaca i da
je KBZ ostao u polimorfnoj formi lll.

Skenirajuca elektronska mikroskopija (SEM). Na slici
8 prikazane su SEM mikrografije izradenih formulacija
pod razli¢itim uvelicanjem. Na svim mirkografijama uoca-
vaju se neravnine koje poti¢u od kristala samog KBZ.

ZAKUUCAK

U ovom radu je pokazano da se tehnika eksperi-
mentalnog dizajna, dizajna smeSe, moze koristiti sa
velikom uspesnoscu u odabiru te¢nog samo-nanoemul-
gujuceg terapijskog sistema. Ova tehnika, u odnosu na
standardnu koris¢enu tehniku konstruisanja pseudo-
-ternernih faznih dijagrama u odabiru te¢nog samo-
-emulgujuceg terapijskog sistema, daje niz prednosti u
pogledu Sireg opsega i odnosa komponenti sistema
koje se ispituju, preciznijih i objektivnijih parametara
koji se prate u odnosu na vizuelno praéenje promene
sistema. Takode, broj eksperimenata i utroSak koris-
¢enih ekscipijenasa je daleko manji, pa je samim tim
uSteda u vremenu i novcu velika.

Formulacijom c¢vrstih samo-nanoemulgujucih tera-
pijskih sitema sa KBZ postignuto je znacCajno povecanje
brzine rastvaranja KBZ u odnosu na cist KBZ i tablete
KBZ sa trenutnim oslobadanjem. Najveca brzina rastva-
ranja KBZ postignuta je iz formulacije sa Sylysia® 320 i
pri odnosu, adsorpcioni nosa¢:SNEDDS od 1:1. Iz ove
formulacije je za 30 min oslobodeno oko 90% KBZ, dok
je Cistog KBZ za isto vreme oslobodeno svega 41%.
Osim iz formulacija sa Sylysia® 320, znacajno povecanje
brzine oslobadanja KBZ je postignuto i iz formulacija u
kojima je kao adsorbens koriséen Neusilin® UFL2, dok je
nesto sporije oslobadanje KBZ postignuto koris¢enjem
Neusilin® FL2, ali ipak brZe u odnosu na Cist karbama-
zepin. U formulacijama SSNEDDS, iz kojih je postignuto
najsporije oslobadanje karbamazeipina, kao adsorp-
cioni nosac koriséeni su dijatomiti. Primenom analitic-
kih tehnika je utvrdeno da je KBZ u svim formulacijama
SSNEDDS ostao u farmakoloski najaktivnijem polimorf-
nom obliku Ill.

Dalja istrazivanja bi treba da idu u formulaciji final-
nog farmaceutskog oblika, tableta ili kapsula, kao i u
proceni in vivo ponasanja formulisanog sistema.
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SUMMARY

APPLICATION OF MIXTURE EXPERIMENTAL DESIGN IN FORMULATION AND CHARACTERIZATION OF SOLID SELF-
NANOEMULSIFYING DRUG DELIVERY SYSTEMS CONTAINING CARBAMAZEPINE

Marko Z. Krsti¢, Svetlana R. Ibri¢

University of Belgrade — Faculty of Pharmacy, Department of Pharmaceutical Technology and Cosmetology, Belgrade,

Serbia
(Scientific paper)

One of the problems with orally used drugs is their poor solubility, which can
be overcome by creating solid self-nanoemulsifying drug delivery systems
(SNEDDS). The aim is to choose the appropriate SNEDDS using mixture design and
adsorption of SNEDDS on a solid carrier to improve the dissolution rate of carb-
amazepine. Self-emulsifying drug delivery systems (SEDDS) consisting of oil phase
(caprilic-capric triglycerides), a surfactant (Polisorbat 80 and Labrasol® (1:1)) and
cosurfactant (Transcutol® HP) are formed by applying mixture design. 16 formul-
ations were formulated, where the proportion of lipids, surfactant and cosurfact-
ant were varied (input parameters) in the following ranges: 10-30%, 40-60%, 30—
—50%, respectively. After dilution of SEDDS with water (90% water), the droplet
size and polydispersity index (Pdl) of the obtained emulsions (output parameters)
were measured using photon correlation spectroscopy. After processing data,
appropriate mathematical models that describe the dependence of input and
output parameters were selected. The optimized SNEDDS was adsorbed on the
carbamazepine and solid carrier physical mixture, containing 20% carbamazepine.
Neusilin® UFI2, Neusilin® FL2, Sylysia® 320 and diatomite were used as the
carriers. The ratio of SNEDDS:carrier was 1:1 or 2:1. Dissolution testing was car-
ried out in the rotation paddles apparatus. Characterization of solid SNEDDS was
performed using the hot stage microscopy (HSM), thermogravimetric analysis
(TGA), differential scanning calorimetry (DSC), infrared spectrophotometry with
Fourier transformation (FT-IR), scanning electron microscopy (SEM) and X-ray
diffraction (PXRD). Selected SNEDDS consisting of lipids (21.12%), surfactant
(42.24%) and cosurfactant (36.64%) had a droplet size 157.02+34.09 nm and Pd/
0.184+0.021. Drug release profiles showed that in all formulations dissolution rate
increased (the fastest drug release was observed in formulations with Sylysia®
320). It can be concluded that in all formulations carbamazepine is present in the
thermodynamically most stable polymorphic form Ill. Formulation of solid
SNEDDS can significantly increase dissolution rate of carbamazepine, with conser-
vation of the polymorphic form Ill CBZ and potentially increased bioavailability.

Keywords: Dissolution rate e Mixture
design e Polisorbat 80 e Labrasol® e
Transcutol® HP e Neusilin® UFI2 e Neu-
silin® FL2e Sylysia® 320 e Diatomite e

Carbamazepine
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Abstract

The mixing process greatly influences the mixing efficiency, as well as the quality and the
price of the intermediate and/or the final product. Static mixer is used for premixing action
before the main mixing process, for significant reduction of mixing time and energy con-
sumption. This type of premixing action is not investigated in detail in the open literature.
In this article, the novel numerical approach called Discrete Element Method is used for
modelling of granular flow in multiple static mixer applications (1-3 Komax or Ross mixing
elements were utilized), while the Computational Fluid Dynamic Method was chosen for
fluid flow modelling, using the Eulerian multiphase model. The main aim of this article is to
predict the behavior of granules being gravitationally transported in different mixer con-
figuration and to choose the best configuration of the mixer taking into account the total
particle path, the number of mixing elements and the quality of the obtained mixture. The
results of the numerical simulations in the static mixers were compared to experimental
results, the mixing quality is examined by RSD (relative standard deviation) criterion, and
the effects on the mixer type and the number of mixing elements on mixing process were
studied. The effects of the mixer type and the number of mixing elements on mixing pro-
cess were studied using analysis of variance (ANOVA). Mathematical modelling is used for
optimization of number of Ross and Komax segments in mixer in order to gain desirable
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mixing results.
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Static mixers are low energy consuming equipment
(due to the gravitational flow of the material) and
efficiently mixing devices, that can handle a wide range
of applications. Detailed review on static mixers, con-
cerning the mechanisms, applications, classification
and characterization methods focusing on mixing pro-
cess and mass transfer performance is given by various
researchers [1-3]. The mixing process is very complex
and sensitive, and it must be optimally configured. Too
long mixing process may cause deformation of the par-
ticles that are mixed, to reduce the quality of the mix-
ture and may also cause the increase in the price of
technological process and the final product. The mixing
process is a result of diffusion, convection and shear,
which are the main mechanisms of the homogenization
[3-6].

The problems related to the optimization of the
mixing processes can be overcome by using a mathe-
matical modelling. Experiments are usually complex
and require more financial resources. The models can
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drastically reduce the empirical work necessary for pre-
dicting parameters of the mixing process.

Models based on Discrete Element Method (DEM)
have been developed in the past and shown to be reli-
able and efficient in catching particle interactions and
predicting mixing process for investigation of particle
mixing. The soft-sphere method originally developed by
Cundall and Strack [7], was the first granular dynamics
simulation technique published in the open literature.
They developed the linear spring and the dashpot model
whereby the magnitude of the normal force between
two particles was the sum of spring force and damping
force. Lagrangian tracking techniques have been used
in many studies in order to characterize the mixing per-
formance in different systems [8—11]. A detailed review
and definitions of the quality of a mixture, the mixing
mechanisms, the possibilities for the choice of solid
mixer, the experimental assessment of homogeneity
and mixing indexes are presented in Poux et al. [12].

The computational expense of the DEM is very high
owing to the extensive contact detection algorithm,
and solid time step limitations to resolve particle inter-
actions via collisions. Numerical simulations and math-
ematical modelling are very powerful tools for optimiz-
ation.
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The focus of this paper was to optimize the geo-
metry and to compare different static mixer devices.
Komax and Ross are commercial products, with known
geometry, used widely in various branches of industry.

In this paper, experimental and numerical compar-
ison between various multiple Komax and Ross mixing
configurations has been performed. The fluid is treated
as a continuum while the solid phase is modelled using
the DEM. The fluid (air) velocity and pressure field are
computed by using the Computational Fluid Dynamic
(CFD) approach. In the DEM, particle—particle and the
particle-wall interactions are resolved and the time
integration is performed using Newton’s second law of
motion. DEM modelling gives information about par-
ticle-particle interactions, particle-wall interactions,
position, velocity and acceleration of particle and
forces acting on the particle. This information can be
useful for construction and design of the mixing dev-
ices. Appropriate modelling can contribute better mix-
ing quality and overcome defects and problems that
can occur during the mixing process. The quality of the
mixing process is analysed using relative standard devi-
ation (RSD) criteria [13]. The effects of the mixer type
and the number of mixing elements on mixing process
were studied using analysis of variance (ANOVA). The
main aim of this study was to demonstrate the use of
DEM/CFD simulation coupling in planning the number
of Komax or Ross elements in order to gain desirable
mixing results.

MATERIALS AND METHODS

Mathematical model

This paper studies the flow in two types of twisted-
-blade static mixers (Komax or Ross mixing elements,
linked in a series of 1-3 pieces). It evaluates the mixing
performance by calculating the trajectory of suspended
particles through the mixer. The mathematical model is
solved in two stages, first the fluid velocity and pres-
sure field are determined by CFD, and then, using a
separate study, the particle trajectories of the granular
materials are computed by DEM. The conservations of
mass and momentum in terms of the local mean vari-
ables over a computational cell are given by Navier—
—Stocks equations [14]:

o pse

%+V(pfgu)=0

and

d(preu)

a—ft+V(pfgu-u): 1)

—Vp—F +V(er)+ preg
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where g, u, t, ps, p, For, Tand g are: porosity, mean fluid
velocity, time, fluid density, pressure, volumetric fluid—
—particle interaction force, fluid viscous stress tensor,
and acceleration due to gravity. Fluid particle inter-
action force is defined by:

1%
——2 Pots (2)
VeII i=1

C

Fp—f =

where F,,; is the total fluid force on particle i and k; is
the number of particles in a CFD cell. The solid phase is
treated as a discrete phase and described by the
so-called DEM [13]. According to this model, the trans-
lational and rotational motions of a particle at any time
t, can be described by Newton’s law of motion:

k.
dv; :

mid_t’: pti Z(fc,i/ +fay)+mig
j=1

and
do <
g = 2T M) ®)
j=1

where m;, I;, viand @ are: the mass, moment of inertia,
translational and rotational velocities of particle i, res-
pectively. The fluid flow field can be obtained by sol-
ving Egs. (1) by use of a standard CFD method. The
particle behaviour can be obtained by solving Eq. (3) by
an explicit time integration method.

The modelling technique is based on the assump-
tion that the particle is soft (soft particle method), and
that particles are allowed to overlap [7]. The amount of
overlap is labelled as Ax, and the normal and tangential
relative velocities determine the collision forces (F, and
F.), based on the Kelvin—Voigt model [10,15]. Figure 1
illustrates the collision force as the result of normal and
tangential forces. The normal force F, is considered as
the repulsive force that pushes the particles apart (or
particle from bounding geometry), depicted as the act-
ion of the spring, and also dissipation action, resulting
in an effective coefficient of restitution, shown as dash-
pot action. Tangential component is considered as an
incrementing spring action and dashpot action that is
subject to frictional limits.

(s

Figure 1. Kelvin—Voigt contact model.

The contact forces in normal and tangential direct-
ion are defined as:
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The modelling of the fluid flow by CFD is performed
at the computational cell level, whilst the modelling of
the solids flow by DEM is accomplished at the indiv-
idual particle level. Coupling DEM and CFD is achieved
as follows: DEM gives information about positions and
velocities of individual particles at each time step, for
the evaluation of porosity and volumetric fluid—particles
interaction force in a computational cell. Incorporation
of the resulting forces into DEM will produce inform-
ation about the motion of individual particle for the
next time step [15].

Experimental method

The experimental apparatus was specially designed
for this study, using transparent Plexiglass consisted of
three segments (Ross and Komax configurations), Fig.
2a. The upper segment of the mixer (marked with 0) is
divided into the two compartments with a barrier and a
mobile panel. Spherical painted synthetic zeolite 4A
granules (approx. 2.5 mm) are placed in both compart-
ments, red granules in the first compartment and blue
granules in the second compartment. The character-
istics of the zeolite granules are given in the literature
[16]. This compartment is used only for the initial sep-
aration of the granules before the premixing. The first
and last compartments are used to collect the granules
before and after the premixing is done. These compart-
ments are also made of transparent plexiglass with a

=22}

a) b)

)

height of 60 mm. The second compartment is a premix-
ing device, with 3 segments (marked as 1, 2 and 3),
each with a height of 60 mm, and the outlet diameter
of 60 mm. The segments are connected in the way that
the outlet of the first right-handed segment is con-
nected with second, left-handed segment, at an angle
of 90 degrees relative to the vertical axis, Fig. 2b—d.
Figure 2b shows the computer model of Ross mixer.

Fig. 2c presents the special design of the Komax
static mixer used for this experiment. It consists of
three mixing elements, two right-handed Komax seg-
ments and one left-handed Komax segment. The ele-
ments are made of white plastic (ABS), in thickness of
1.5 mm, by using a 3D printing device (CubePro Trio,
used for rapid prototyping). The tube in which the seg-
ments are placed is made of 3 mm transparent plexi-
glass. After passing through three segments of the sta-
tic mixer, granules fall at the bottom of the lower com-
partment of the premixer.

Fig. 2d presents the computer model of Komax
mixer. Fig. 2e shows Komax mixing element and Fig. 2f
presents Ross mixing element computer model. These
computer models were used in numerical simulation.

The conditions under which the experiments were
conducted are the same as in the numerical simulation
conditions.

Numerical model

Numerical evaluations were performed for obs-
erved Ross and Komax static mixer configurations. The

d)

Figure 2. a) Scheme of the static mixer used in the experiment, b) static mixer, type Ross with three elements (3d computer model),
c) Komax mixer with three elements used in the experiment, d) static mixer type Komax with three elements (3d computer model),
e) mixing element type Komax (3d computer model) and f) mixing element type Ross (3d computer model).
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first segment of the mixer is filled with 30,000 spherical
particles, diameter 2.5 mm. The inlet compartment
filled with 15,000 red particles and a second compart-
ment filled with 15,000 blue particles, outlet-pressure
outlet (atmospheric pressure) and wall — the other side
of the mixer and the blades of the mixer (Fig. 2a). No
slip condition is adopted at the wall. The adiabatic con-
ditions at the walls are applied. It is assumed that the
surface roughness is ideal with fresh surface. The inf-
luence of the gravity is taken into account and it rep-
resents the force which leads the particles to the bot-
tom. The density of the particles released is normalized
to the magnitude of the fluid velocity at the inlet. This
means that there are more particles released where
the inlet velocity is highest. It is assumed that the gas
(air) velocity is close to zero, and the impact of fluid on
particle movement is minimal. Particle density was 650
kg/m?, fluid density was 1.2 kg/m®, viscosity1.8x10™°
kg/ms, particle friction coefficient was 0.3, Young’'s
modulus was 107, Poisson’s ratio of particles was 0.25,
while CFD time step was 5x10° s and DEM time step
was 5x107°s.

The set of balance equations (Eq. (1)—(3)) is solved
by using the control volume based finite difference
method. Semi Implicit Method for Pressure-Linked
Equations (SIMPLE) numerical method is used for sol-
ving pressure-correction equation from the momentum
and mass balance equations [14]. The elements used in
numerical mesh are tetrahedral and size of an element
is less than 10 m®. A discretization of partial differ-
ential equations is carried out by their integration over
control volumes of basic and staggered grids. The con-
vection terms are approximated with upwind finite dif-
ferences, while diffusion and source terms are approx-
imated with central differences [14]. The calculation
error for every balance equation and every control vol-
ume is kept within limits of 10~ by iterative solution of
sets of linear algebraic equations. CFD time step is ten
times larger than the DEM time step. The DEM time
step is limited by the natural oscillation period of
spring-mass system used to model contacting particles.
It should satisfy the following equation (m is particle
mass and k is stiffness coefficient):

1 m
Atoem sﬁm\g (5)

Colour image analysis

In order to check the quality of the mixing process,
using RSD criteria, colour image analysis is performed.
Colour images of experimental and computer simul-
ation results were captured by a Sony PowerShot A550,
which is a common digital camera for home use. The
macro function of the digital camera has been used, to
cover a scene area of approximately 360 mm. Samples
were placed on a white paper napkin set on a flat white
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painted surface, inside the closed chamber, 15 cm
below the digital camera. Paper napkins were used in
order to avoid undesired reflection effects from cham-
ber’s walls. With this setup, it was possible to capture
images with negligible shadows and without specular
reflections.

Response surface methodology

The RSM method was selected to estimate the main
effect of the process variables on the mixing process.
The independent variables were the type of the mixing
element (Ross or Komax) and the number of elements
(1-3), and the dependent variable observed was RSD
criteria. A model was fitted to the response surface
generated by the experiment. The model used was a
function of the variables:

2 2
V=By+ D BXi+ D BiX]+BuXi X, k=12,..8 (6)
i=1 i=1

where: fare constant regression coefficients.

Analysis of variance (ANOVA) and response surface
regression method (RSM) were performed using Stat-
Soft Statistica, for Windows, ver. 10, program.

RESULTS AND DISCUSSIONS

The results of the DEM/CFD simulation are com-
pared with experimental results. The mechanical pro-
perties of zeolite granules are taken from [16]. CFD
modelling is used to determine the fluid velocity field
and the pressure field, and DEM is used for deter-
mining the particle behaviour and particle trajectories
during the mixing process. In the following, we consider
two different representative cases (1, 2 and 3-segment
Ross element configuration and 1, 2 and 3-segment
Komax elements configuration). The velocity and the
pressure field of the fluid phase were obtained via CFD
calculations, as well as particle trajectories, Fig. 3a—f
presents the mixing results, performed with three-seg-
mented Ross and Komax configuration. Fig. 3a—d refer
to the fluid phase. The influence of fluid phase on par-
ticle behaviour can be significant, especially in the case
of forced or turbulent flow. Fluid phase can influence
the velocity and acceleration of the particles and that
can affect on the trajectory of the particles and forces
acting on the particles.

Fig. 3e and f show the trajectory of 8,000 particles
through one pass of the mixer. Particle trajectory has
influence on the mixing quality. Optimal prolonging of
the trajectory contributes better homogeneity of the
mixture [3].

DEM analysis is the most reliable and most con-
vincing method to optimize the mixing process accord-
ing to mixing quality. The results of the numerical sim-
ulations of the movement of one representative par-
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Figure 3. Velocity field of fluid phase, axial direction section (Pa) for: a) Ross and b) Komax mixers configuration; pressure fields in
static mixer fo:r c¢) Ross and d) Komax mixers; particle trajectories for: e) Ross and f) Komax mixers.

ticle are shown on Fig. 4 — trajectory, velocity and
acceleration in x, y and z direction of one particle
during the mixing process (inside the Komax mixer).
The position of the representative particle is dramatic-
ally changed within the mixer, with significant turn-
overs in particle velocity and acceleration, which greatly
contributes to the possibility of increased mixing qual-
ity [3].

Overall particle trajectory for three-segmented
Komax and Ross configurations, gained by numerical
simulations were: 436 and 430 mm, respectively.

In this work, RSD was used to follow the evolution
of mixing uniformity for the static mixers with different
configurations, explained above, [12]:

M
RSD=1002, o= | (X ~x, ) (M-1)" (7)
X i=1

where M is the number of samples, x; the concen-
tration of sample i, and x the average concentration of
all samples. For instance, concentration of red particles
in a sample is calculated as the ratio of the number of
red particles and the total number of particles.

The results of numerical simulations of mixing pro-
cesses in Ross and Komax mixers are presented on Fig.

5. The mixing process begins after particles leave the
upper segment (marked as 0, Fig. 2a, as soon as the
mobile panel is removed, enabling the granules to fall
toward the static mixer). The particles are rapidly
blended in the first section, as seen from the figure,
reaching the mixing degree of 20-27% at the outlet.
Because of the twisted surface geometry, Komax mix-
ing element shows better mixing results in this section
(20-22%) compared to Ross (24-27%). Particle velo-
cities are greater in Komax mixer, especially between
segment 1 and 2, as seen from Fig. 5. Both mixers
shows more effective mixing after second and third
section. Komax mixing elements reaches the mixing
degree of 6-8% and 4-5% at the outlets, while the
mixing quality of 11-13% and 5-6% were obtained at
the outlets of section 2 and 3, using Ross elements. This
is expected, because of the higher particle velocities in
the Komax mixer. The small, but steady decrease in the
mixing degree was observed for both Komax and Ross
blending elements during DEM/CFD simulation, Fig. 5
(after segment 4). This is due to centrifugal force affect-
ing the motion of granules that exit the mixing com-
partment. The use of the quadratic grid divider could
enable the mixing degree to remain constant after gra-
nules left the third mixing element.’
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Table 1 shows the influences of process variables on
observed response, for numerical simulation of mixing
in Ross and Komax mixers. The analysis revealed that
the linear terms of both variables contributed
substantially to generate a significant SOP model. The
influence of mixing element type (MET) was significant
in SOP model, statistically significant at p<0.10 level,
while the influence of the number of elements (NE)
was the most important in the SOP model calculation
(p<0.01). The quadratic term of NE was also very
influential (statistically significant at p<0.01 level), as
well as the interchange term MET x NE (p<0.10).

Table 1. Analysis of variance (ANOVA) for experimental and
numerical results in Ross and Komax mixers; *significant at
p <0.01 level, significant at p < 0.10 level, MET — mixing
element type, NE — number of mixing elements, df — degrees
of freedom, SoS — sum of squares, F — F test

df SoS F p
MET 1 0.002" 341 0.08
NE 1 0.397°  646.70  <0.01
NE? 1 0.107° 17449  <0.01
METXNE 1 0.002"  3.79 0.06
Error 27 0.017
r 0.968

A high r* is indicative that the variation was
accounted and that the data fitted satisfactorily to the
proposed model. The r* value was found very satisfac-
tory and showed the good fit of the model to expe-
rimental results.

CONCLUSION

Coupled DEM/CFD approach was used to inves-
tigate mechanisms of fluid flow and particle tracking
for granular flow. In the DEM, particle—particle and the
particle-wall interactions are resolved and the time
integration is carried out using Newton's second law of
motion. Mixture model was used in CFD analysis for the
determination of the characteristics of the fluid phase.
DEM analysis was used to determine the particle trajec-
tories and the history of particle positions in order to
determine the quality of the mixture. The mixing qual-
ity was estimated by a mixing criterion, named RSD
(relative standard deviation). The effects of the mixer
type and the number of mixing elements on mixing
process were studied using analysis of variance (ANOVA).
The aim of this study is to predict the behaviour of
granules in different mixer configuration and to opti-
mize the number of mixing elements taking into
account the price of the final product, the duration of
the mixing process and the quality of the mixture. It is
obvious that the mixer based on Komax elements
enables better mixing quality, compared to Ross, espe-

cially when the height of installation is low. However,
the use of Ross is more financially acceptable, due to its
simpler geometry. According to the results, the number
of mixing elements is more influential parameter than
the type of mixing elements. It seems that this type of
device can be used only as premixing device and addi-
tional mixer is necessary to gain the good quality of the
mixture. However, the premixing process can contri-
bute better quality of the mixture and can significantly
reduce the mixing time and the cost of the mixing pro-
cess.
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(Naucni rad)

Proces mesanja veoma uti¢e na kvalitet krajnjeg poluproizvoda i/ili krajnjeg
proizvoda, a parametri procesa mesanja i dizajn opreme veoma uti¢u na efikas-
nost mesanja, kvalitet proizvoda i cenu proizvoda. U ovom radu, prikazana je upo-
treba metode diskretnih elemenata (engl. Discrete Element Method — DEM) na
modelovanje mesanja granula u razli¢itim konfiguracijama statickih mesaca (koris-
¢ene su razlicite Komax i Ross konfiguracije za mesanje). Za modelovanje protoka
fluida primenjena je metoda numericke mehanike fluida (engl. Computational
Fluid Dynamic — CFD), koris¢enjem Ojlerovog dvofaznog modela. Povezivanjem
rezultata ove dve metode dobijaja se pouzdan, dovoljno tacan i adekvatan model
koji daje rezultate koji odgovaraju eksperimentalnim merenjima. Staticke mesalice
se Siroko koriste u industiji prerade hrane, farmaceutskoj ili hemijskoj industriji.
Ovaj tip mesalice se koristi uglavnom kao predmesac, pre glavnog mesanja, pri
¢emu se znacajno smanjuje vreme mesanja i Stedi energija. Ova vrsta mesanja nije
dovoljno ispitivana u literaturi. Kvalitet mesanja granula zeolita u ovom radu je
ispitivan dobro poznatim kriterijumom za kvalitet me3anja, pod nazivom relativna
standardna devijacija. Uticaj tipa mesalice i broja elemenata za mesanje ispitivani
su analizom varijanse (ANOVA). Cilj ovog rada je bio da se predvidi ponasanje
granulisanog materijala u razli¢itim konfiguracijama mesalica i da se optimizuju
parametri procesa uzimajuci u obzir trajanje procesa mesanja, kvalitet mesavine i
cenu finalnog proizvoda. Za potrebe ovog rada, napravljene su staticke mesalice
tipa Ross i Komax od providnog pleksiglasa, dizajnirane u CAD paketu, napravljene
koris¢enjem CNC glodalice. Posto su napravljeni elementi bili prozirni, pracenje
procesa mesanja granula je bilo i vizuelno Pracene su i analizirane trajektorije,
brzine i ubrzanja Cestica, u cilju procene kvaliteta procesa mesanja. Dobro poznati
kriterijum za kvalitet mesanja, pod nazivom relativna standardna devijacija (RSD)
je koriséen za ovu svrhu. Optimizacija dimenzija i parametara mesanja u statickoj
mesalici je izvedena koris¢enjem matematickog modeliranja. Cilj ovog rada je bio
da se predvidi ponaSanje granulamog materijala u razli¢itim konfiguracijama
mesalica i da optimizuje parametre procesa uzimajuci u obzir trajanje procesa
mesanja, kvalitet meSavine i cenu finalnog proizvoda mesanja. U istrazivanju je
posebno kada je visina instalacije mala. Medutim, upotreba Ross je finansijski pri-
hvatljivija, zbog njegove jednostavnije geometrije. Dodatni pregrada sa kvad-
ratnim otvorima, koja se postavlja na izlazu iz staticke mesalice, koristi se da bi se
umirilo kretanje granula na obodu cevi, kao i da smanji segregacija granula.
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Abstract

The influence of tris(2,3-epoxypropyl) isocyanurate as bonding agent on the physicochem-
ical, viscoelastic and uniaxial tensile mechanical properties of carboxyl-terminated (buta-
diene-co-acrylonitrile) cured with the polyglycidyl ether of glycerol and epichlorhydrin was
investigated. Cross-link density values were estimated by swelling measurement. Tempera-
ture and frequency dependencies of rheological behaviour parameters (storage modulus,
loss modulus, loss factor and glass-rubber transition temperature) were also analyzed.
Based on the frequency dependencies of storage modulus, put in the range of temperature
from —50 to 20 °C by the experiment, master curves (log G' vs. log w) were generated,
reaching broader frequency interval in comparison to that used in the measurements. By
choosing the glass-rubber transition temperature to be the reference one, Williams—Lan-
del-Ferry equation constants were determined. Further, material constants, fractional free
volume at the glass-rubber transition temperature and thermal coefficient of free volume
expansion were calculated. Although small quantity of tris(2,3-epoxypropyl) affects the
network density, the dynamic mechanical analysis showed that the bonding agent content
did not affect the glass-rubber transition temperature of the tested materials.
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The essential ingredients of a composite propellant
are a crosslinked binder (an organic polymer) and an
oxidizer (usually ammonium perchlorate). The binder,
as the name implies, holds the composition together
and acts as an auxiliary fuel. The use of hydroxyl-
terminated (HTPB) and carboxyl-terminated (CTPB)
poly(butadienes) as prepolymers for composite propel-
lants is the most common choice of polymeric materials
to achieve the desired mechanical properties of the
propellant in rocket motors [1-3]. In order to improve
uniaxial tensile characteristics, an interaction between
the ammonium perchlorate (AP) particles and the poly-
meric binder is necessary, which is achieved by bonding
agents added to composite propellant composition.
Bonding agents are typically used in HTPB-based com-
posite propellants since these polymers are weakly
polar [4]. Due to the highly polar carboxyl (~COOH)
group, carboxyl-terminated prepolymers (CTPB) do not
require the use of bonding agents. If for composite
propellant production, carboxyl-terminated (butadi-
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ene-co-acrylonitrile) (CTBN) based propellant binder is
taken, experiments have shown that tris(2,3-epoxy-
propyl) isocyanurate (TEIC) as bonding agent signific-
antly improves uniaxial tensile characteristics [5]. The
molecular structure of the polymer based composite
propellant binder is the largest factor in determining
the mechanical properties of the mixed and cured pro-
pellant. The mechanical properties of composite pro-
pellants depend strongly on the time, temperature,
loading procedure and loading history [6]. Since the
bonding agent is ingredient that is added to modify the
mechanical properties of the propellant, precise know-
ledge of the dynamic mechanical behaviour is extrem-
ely important.

The main objective of this paper is to broaden our
knowledge of applying dynamic mechanical analysis to
the study of CTBN-based propellant binder. As far as
we are aware, there are no publications in the exten-
sive literature, except our previous investigation, that
have surveyed not only the viscoelastic properties of
CTBN-based composite propellant binder but also the
effect of this type of bonding agent on the CTBN-based
composite propellant binder behavior.
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EXPERIMENTAL

Materials

Four CTBN-based composite propellant binder com-
positions (Table 1) selected for this study consisted of
100 phr of CTBN (1300x15, BF Goodrich, viscosity at 25
°C: 66.2 Pa s, carboxyl functionality: 1.9, number-aver-
age molecular weight: 3800 g/mol, specific gravity at 23
°C:0.931 g/cm3, glass-liquid transition temperature, T,:
—63.3 °C), 1.7 phr of antioxidant (2,2'-methylen-bis(4-
-methyl-6-tertbutyl phenol), commercially available as
a product called AO 2246 and under a lot of other
brand names (Fluka AG, Switzerland) and 0.44 phr of
cure catalyst (iron(lll)-acetylacetonate, (Fe(acac)s,
Merck-Schuchardt, Germany). Mix ratio of propellant
binder ingredients is expressed in phr, this means parts
per hundred of resin based on 100 parts of CTBN.

Preferred curing agents for carboxyl functional pre-
polymers are multifunctional epoxides. When epoxy
curing agents are used to cure a carboxy functional
prepolymer in composite propellant formulation, the
E/COOH ratio between the two components is pre-
ferably in the range of from 1.05 to about 1.2. Presence
of ammonium perchlorate as oxidizer, causes side
reactions including the curing agent. As a result, less
complete polymer network is formed. The E/COOH
ratio between the epoxy groups E of the curing agent
to the carboxyl groups COOH of the CTBN was 1.20.
The curing of CTBN was achieved by an epoxid curing
using LX 112 (polyglycidyl ether of glycerol and epi-
chlorhydrin, EW: 145, Ladd Research Industries, USA).

The chemical structures of the propellant ingre-
dients are shown in Figure 1.

Tris(2,3-epoxypropyl) isocyanurate was prepared by
the reaction of cyanuric acid and epichlorhydrin in

accordance with a modified literature method [7]. Inv-
estigated composite propellant binder samples differ
from each other in bonding agent content. Composi-
tion CPBOO is a baseline propellant binder composition
containing no bonding agent. TEIC content (&) varied
from 0.1 to 0.3 wt.% of the total mass of the inves-
tigated propellant binder.

Methods

Mixing of propellant binder formulations was con-
ducted in a 1.5 | DRAIS FH planetary mixer at a tempe-
rature of 60 °C. CTBN, AO 2246 and TEIC were blended
thoroughly for 15 min at ambient pressure and then
vacuum mixed for another 15 min. LX 112 was then
added to the mixture, mixed for 10 minutes at ambient
pressure and then vacuum mixed for another 10 min.
Then, Fe(acac); was added to the mixture and the same
procedure was repeated. Finally, the prepared mixture
was cast and cured in teflon-coated metal plates to
form 3 mm thick slabs. The curing was performed for 5
days at 70 °C.

The network density of a cured propellant binder
samples was estimated by the degree of swelling by an
appropriate solvent at equilibrium [8]. As solvent, tol-
uen was used. The gravimetric technique was applied
for measuring the swell ratio of crosslinked propellant
binder networks. Swelling test was carried out on rec-
tangular specimens with length of 20 mm, width of 20
mm and thickness of 3 mm at the T = 25 °C. In pre-
liminary experiments, the sample was allowed to swell
for 4 days, but mass became constant after two days,
indicating that equilibrium was reached. Therefore
tested binder samples were swelled for two days.

Swell ratio is computed as:

Table 1. Investigated propellant binder compositions, phr (wt.% of the total mass of the tested propellant binder)

Propellant binder

Sample

CTBN 1300x15 LX 112 TEIC AO 2246 Fe(acac);
CPBOO 100 (90.22) 8.70 (7.85) (0) 1.70(1.53) 0.44 (0.40)
CPBO1 100 (90.13) 8.70 (7.84) (0.1) 1.70(1.53) 0.44 (0.40)
CPBO2 100 (90.04) 8.70 (7.83) (0.2) 1.70(1.53) 0.44 (0.40)
CPBO3 100 (89.95) 8.70 (7.83) (0.3) 1.70(1.53) 0.44 (0.40)

CH,— CH—CH,
| N/
N o
0=¢" "¢ =0
HOOC(~CH2 —CH==CH —CHQ;( CHZ—CHﬁ COOH  H,C—CH—CH;—N. . _.N—CH;—CH—CH,
|_ o) I o)
C=N o)

a) Carboxyl-terminated (butadiene-co-acrylonitrile) (CTBN) b) Tris(2,3-epoxypropyl) isocyanurate (TEIC)

Figure 1. The chemical structures of the ingredients of the investigated propellant binders.
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_ W+ W, — WK

W, (1)

q

where: W4 — sample weight before immersed in toluen,
W, — sample weight after two days in toluen and K —
ratio of the densities of the solvent to the polymer.

The density of toluene is 0.86 g/cm3, and those of
cured propellant binder samples were in the range
from 0.953 to 0.956 g/cma, measured following Archi-
medes principle [9].

The value of network density, N, of the binder
samples was estimated by the value of v, using the
Flory—Rehner equation, Eq.(2):

V,

—?) (2)

W[

In(L—v,)+v, + yv,2 =—NV, (v,

where: v, — volume fraction of the binder in the swollen
gel, ¥ — Flory—Huggins polymer—solvent interaction
parameter, V; — molar volume of the solvent, N — net-
work density of the tested binder sample. The value of
Flory—Huggins polymer-solvent interaction parameter
(x) taken for polybutadiene-toluene system and the
value of molar volume V; of swelling solvent are: 0.35
and 106 cm*mol ™, respectively [8].

The DMA measurements were carried out in the
torsion deformation mode by using a mechanical spec-
trometer model “RMS-605" manufactured by the
former Rheology Business Unit of company Rheometric
Scientific Inc., Piscataway, NJ, USA. The temperature
range applied was from —90 to 80 °C, the heating rate
was 5 °C min~* and the single frequency point of 1 Hz
was chosen. Strain amplitude was 0.1%. The samples
for DMA tests were of rectangular bar shape (63
mmx12 mmx3—4 mm). Complex shear modulus was
determined, G*(w) = G'(w) + iG"(w). Extracted data
were the shear storage and loss moduli, G' and G",
respectively, and the loss factor tan § = G"/G'. Each
binder sample was first tested at a constant frequency
and temperature over above mentioned range.

The temperature corresponding to the maximum of
the loss factor is taken as the nominal glass transition
temperature, correctly named as glass—rubber tran-
sition temperature (T) [10]. Finally, the viscoelastic
properties were measured over three decades of fre-
guency in the temperature range from -50 to 20 °C,
scanned with a heating rate of 5 °C min™".

Frequency was varied from 0.1 to 100 rad/s, with 16
equidistant values on a logarithmic scale. The measure-
ment reproducibility is very high so only one sample
per each testing condition was tested [11].

DSC analyses, in order to investigate the thermally
based glass—rubber transition temperature of the
samples, were carried out using the DSC Q20 manufac-
tured by TA Instruments with liquid nitrogen cooling for
low temperatures. The temperature scale was calib-

rated using the melting temperature of high purity
indium. The small amount of the sample (~5 mg) was
scanned with a heating rate of 10 °C min~', starting
from —90 °C and ending at 50 °C. The glass—rubber
transition temperature of the sample was determined
from the midpoint of the transition.

The uniaxial tensile mechanical properties of the
investigated samples were evaluated at 20 °C using
INSTRON 1122 uniaxial tensile test machine fitted with
a 500 N load cell. Small dog bone samples (115 mm
length, 25 mm width and 3 mm thickness) were used.
Crosshead speed of tensile machine was 50 mm/min,
while the effective gauge length of the test samples
was 46.5 mm.

RESULTS AND DISCUSSION

Network density of propellant binder samples

Since the swollen binder sample is very touch-sen-
sitive and prone to cracking, the gravimetric technique
is used for measuring the swell ratio of cross-linked
propellant binder network. Results of the analysis
(Table 2) show that with the increase of TEIC content,
the cross-link density of the investigated binder
samples increase also. The highest N value is observed
for CPB02 (0.2 mass% of TEIC) binder sample. We con-
clude that the cross-link density of a polymer network
cannot be determined definitely using this method
alone. Gel fraction, as a result of sol-gel analysis could
be important additional molecular parameter when
prediction of cross-link density of a polymer network is
contemplated. However, the increase in N value sug-
gests that the degree of cross-linking should increase.

Table 2. Values for network density N and volume fraction of
binder in swollen gel v, of propellant binder samples
determined by swelling tests.

Sample
Parameter
CPBOO CPBO1 CPBO2 CPBO3
&/ mass% 0 0.1 0.2 0.3
v 0.102 0.108 0.112 0.110
Nx10° / mol-cm™ 437 490 526  5.10

The increase of the network density value points to
the fact that the functional epoxy groups of TEIC are
involved in the propellant binder network formation.

Dynamic mechanical analysis of composite propellant
binder samples

Based on a weakly cross-linked polymeric matrix,
composite rocket propellants show very large changes
in mechanical properties with temperature [12]. Figure
2 shows the viscoelastic response of baseline com-
posite propellant binder sample CPBOO in terms of G,
G" and tan 6 as a function of temperature.
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Figure 2. Characteristic values of the CPBOO baseline composition shown by the DMA thermogram of w = 6.28 rad st=1Hz

It follows from Figure 2 that the G' is almost cons-
tant at low temperatures and it reaches the maximum
value in the region below the glass transition (70 to —
40 °C). The transition from the glassy to the rubbery
state (the onset point on the G'-T curve at T = —65 °C)
has as consequence a drop in the G' value by a factor of
about 90 (from 573 MPa at —-91 °C to 6.4 MPa at —40
°C). With increasing temperature (between T = —40 °C
and T = 20 °C) the G' curve exhibits a two-step char-
acter, indicative of two separate relaxation processes.
Similar temperature dependence of G' curve was obs-
erved in the CTBN-based composite propellant compo-
sition having AP [5]. Thus, the existence of two relax-
ation process observed in the composite propellant
composition could not be attributed only to the inf-
luence of AP solid particles on the polymer network
mobility. Copolymers often show a broadening of the
transition region with a decrease in the slope of the
modulus curve. Part of broadening of the transition
region could be due to the heterogeneity in the mole-
cular weight between cross-links. Also, the reason for
slow decrease of the storage modulus could be crys-
tallinity within a polymer structure of tested propellant
binder samples [13].

The glass—rubber transition temperature (T;) of
elastomer bonded composite propellant is one of the
most important property determining their in-service
application [14]. This means that the T, value of the
composite propellant binder must be lower than the
minimum service temperature (usually —40 to —54 °C
depending on application).

A molecular interpretation of the viscoelastic
behavior can be given considering the tan 6, which
describes molecular rearrangement regions, corres-
ponding to the binder fractions with different mobility.
Poly(butadiene)-based elastomers contain soft and
rigid segments [6]. The soft segments consist of large
flexible non-crystalline polymer chains, in this case,
poly(butadiene), while rigid (hard) segments consist of
cross-linking units.

The peak of tan 6 positioned between T = -50 °C
and T = —45 °C (its temperature location is designated
as Tg), is attributed to the glass—rubber transition tem-
perature (Table 3). This relaxation process involves
reorientational motions of prepolymer (CTBN) main
chains between the crosslinks within the soft segment
regions. These polymer network segments have very
low density of ester groups and are the polybutadiene

Table 3. tan &may): values and T, ( C) values determined by G", G', tan & and from DSC curves

sample T/ °C Maximum value of
T in max of G" Tangens method with G' Tin max. of tan § DSC at 10 °C/min tan &(max1

CPBOO -57.9 -64.3 -48.7 —-62.4 0.76

CPBO1 -59.8 -66.3 -47.5 —-62.0 0.57

CPB02 -57.9 -64.2 -48.5 -60.5 0.83

CPBO3 -56.5 -62.2 -47.9 —-62.8 0.85
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part of binder which reorient at very low temperatures.
The T, value for the baseline composition, CPB0O, is
—48.7 °C.

The peaks, that appear at higher temperatures,
between —30 and 60 °C, correspond to the relaxation
process related to the motions within hard segment
units. Hard segments could also contain polymeric
chains formed by the reaction of secondary hydroxyl
groups and epoxy groups [15] (Figure 3). However, the
parts of tan 6 above seem somewhat scattered in data,
so interpretation is difficult to give.

OH /O\

est values of G' in the plateau of glassy state. Modulus
in the glassy state is determined primarily by the
strength of the intermolecular forces and the way the
polymer chains is packed [16]. The increase in storage
modulus values with increasing TEIC content suggests
that a tougher, more rigid network is obtained at
higher TEIC concentrations. The results are consistent
with swelling measurements which indicate an increase
in the crosslink density with introduction TEIC in binder
samples.

OH
OCH;—CHCH, ™

I
AACOOCH;—CHCH, M 4 CH;—CHCH, M ——= A COOCH;—CHCH, A

Figure 3. The reaction of the epoxy group of bonding agent TEIC and the secondary hydroxyl group of the binder system formed by

the curing reaction between CTBN and the epoxy-based curing agent.

The Figure 4 shows temperature dependencies of
the storage modulus, G', loss modulus, G" and the loss
factor, tan & of the composite propellant binder
samples. CPBO1 binder sample (0.1% TEIC) has the low-
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Figure 4. Temperature dependences of: a) loss factor (tan 6),
b) loss modulus (G") and c) storage modulus (G') for the
investigated propellant binder samples.

For the propellant binder samples only quite small
variations in T, were observed, despite the changes in
effective crosslink density as evident in the storage
modulus values. The reason is the concentration of
cross-link points apart from the polybutadiene parts,
which are responsible for the main glass-rubber tran-
sition at low temperatures.

For all binder samples, regardless the TEIC content,
T values are located in the narrow temperature range
(Tg ==50 °C).

Numerous studies indicate that the restricted mob-
ility and the heterogeneity of the polymer system arise
from the presence of cross-link within the polymer
network [17]. Croslinks are leading towards the dec-
rease in number of possible conformational motions,
i.e., conformational freedom of polymer chain seg-
ments, resulting in limited mobility regions around the
crosslink points. It is also significant to consider the inf-
luence of crosslink density on the glass-rubber tran-
sition temperature position.

Extremely high crosslink density values shift the
glass—rubber transition toward higher temperatures.
Glass—rubber transition temperatures, determined by
DSC (Figure 5 and Table 3), are lower than the ones
determined by DMA. The reason is the “static” deter-
mination, which means no mechanical deformation
causing strain hardening is applied, neglecting the
volume change by thermal expansion [18].

The invariance in T; values, regardless of the method
of determining, indicates that distances between the
crosslink points within the polymer network of tested
binder samples are such that the restrictions affected
by the presence of the bonding agent during the
crosslink process do not contribute to differences in Ty
value. In other words, cooperative reorientational
motions of polymer network segments, related to main
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Figure 5. DSC curves of tested binder samples.

relaxation transition are not influenced. The corres-
ponding relaxation time is only changed minor by the
structural changes in binder cross-link structure due to
TEIC addition.

In Table 3 are shown the intensity of T, tan (max1,
values on the loss factor curve for the tested propellant
binders. The tan &(max: value is influenced by the seg-
mental motion of the polymer chains. The lower the
mobility restrictions on the polymer chains are, the
higher the tan &max:1 values. Although the tan &max:
decrease with addition of 0.1 wt.% of TEIC, further
increase bonding agent content significantly increase
this value. The maximum was recorded for the CPB03
propellant binder sample. This can be explained by
inhibition of the chain segment relaxation processes or
by an increase in the rigidity of the chain segments,
increasing the propellant polymer network hetero-
geneity.

Frequency dependence of composite propellant
binder samples

Figure 6 shows the frequency dependences of G' of
propellant binder samples. Storage modulus increases
in a regular fashion with increasing frequency or dec-
reasing temperature, suggesting that time-temperature
superposition of the data is possible. Similar results
were obtained for each of the four propellant binder
samples.

The storage modulus versus temperature curves at
various frequencies were shifted using the time—tem-
perature superposition principle (tTSP), based on the
asumption of the equivalence loading in temperature
and time [19]. The amount of shifting along the hor-
izontal (x-axis) of each curve to align with the reference
temperature curve is generally described by the Wil-
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liams—Landel-Ferry (WLF) equation [20], which defines
the shift factor ar, in dependence of the temperature
change:

-, (T-T,
log(aﬂﬂ)=%
T

o

3)

The symbols are: a; — shift factor (representing the
ratio between the time needed for some phenomenon
to be developed at certain temperature T and the time
for the same phenomenon at reference temperature, T
— test temperature, T, — reference temperature, C;, C,
— WLF constants, which depend on the reference tem-
perature. The authors of the WLF equation found that
for many amorphous polymers, independent of chem-
ical structure and with the glass transition temperature
as reference temperature, the two constants C; and G,
have universal values of 17.44 and 51.6 °C, respectvely.
But surely this is a rough approximation. For more
accurate calculations it is necessary to determine the
values of a shift factor a7, and constants C; and C, for
each material in consideration.

The master curve reference temperature was T, =
= =20 °C. In practice, it is best to choose a reference
temperature at the midpoint of the data and superpose
the data to this temperature [13]. Figure 5 shows sev-
eral important features concerning the viscoelastic res-
ponse of the propellant binder samples. G' reaches the
maximum at low temperatures (high frequencies). At
higher temperatures (lower frequencies) G' curves enter
the rubbery plateau. Master curves of the binder samples
show a gradual slope in transition region. Storage
modulus change along with the strain rate change is
small, indicating these materials are almost insensitive
to the strain rate, i.e., temperature. The influence of
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Figure 6. Storage modulus (G') as a function of frequency for tested binder samples and corresponding master curves established

with the reference curve obtained at T,= -20 <C.

reference temperature's choice on master curve's posi-
tion and shape of storage modulus frequency depen-
dence for a binder sample CPB0O is shown in Figure 7.

It is notified that, regardless of the reference tem-
perature, master curves are of the same shape, but the
curve representing higher reference temperature is
shifted to the higher frequency. The temperature dep-
endency of shift factor a; values for all binder samples
is shown in Table 4.

From the relation between WLF equation constants
obtained with two reference temperatures the relation
given in Egs. (4) and (5) can be obtained. In one case,
the glass—rubber transition temperature Ty is reference,
and in the other case the reference temperature is
named Ty.

_ CICZ
VG T T,

(4)

Ce=CG+T, T, (5)

Further on, between the two sets of constants the
Eqg.(6) is valid and Eq.(7) results from above:

C,C, =C4C, (6)

T, ()

e g =T, =G =Ty

Tine is the temperature at which, regardless the way T,
is selected, the log (a+(T)) value becomes infinite
according to WLF equation, see Eq. (8). Physically, it is
the temperature at which cooperative motions of poly-
mer network segments appear at infinitely small def-
ormation frequencies, being previously restricted at
glass—rubber transition temperature. The WLF equation
formulated with T, as reference is given in Eq.(8):
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Figure 7. Master curves of storage modulus (G') for the sample CPBOO shown for two referent temperatures,
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Since the WLF equation is based on the free volume
concept, the following relations can be derived [21]:

B
L ©)
2.303f,
G =k (10)
0

where: B is a constant in the Doolittle equation, which
is assumed equal to unity, f, is the fractional free
volume of the elastomer at the T, and asis the thermal
coefficient of expansion of the free volume above T,.

Table 5 presents the WLF and free volume cons-
tants for the investigated binder samples.

Obtained results confirm that WLF equation cons-
tants C;, and G, are not “universal”, but roughly
approximated by the universal values. If “universal”
constants are used, significant mistakes would be made
for estimating how composite propellant behaves at
different temperatures and strain rates. According to
literature data, there are moderate deviations from the
given C;, value depending on the polymer type, while

with constant C,, deviations are larger [22]. This also
applies to our binder samples. a;/B values are lower
than the one derived from WLF equation. Obtained f,/B
values are within the boundaries found in literature for
most of polymer systems.

Uniaxial tensile properties of propellant binder
samples

The average and standard deviation (SD) values of
uniaxial tensile mechanical properties, i.e., the tensile
strength (0,,), the strain at maximum load (g,) and
Young's modulus (E) for the investigated binder
samples are listed in Table 6.

All of the values listed in Table 6 were obtained as
an average of five specimens. The uniaxial tensile pro-
perties of composite propellant depend on tensile pro-
perties of propellant binder, which in turn determines
the strain capability of the propellant. High strain cap-
ability of binder network is favourable considering long
shelf life of propellant system [23]. The value of the
strain at maximum load of the baseline composition,
primarily caused by the prepolymer (CTBN) molecular
weight, is 464.34%, which is quite acceptable value
compare to that of other materials used for composite
propellant manufacture. CTBN-based composite pro-
pellant binder gives much higher value of the strain at

Table 5. Experimental values of WLF equation and free volume constants

Sample G G,/°C Cig Gl °C Ti, /°C (f,/B)x10” (a/B)x10™* / K™
Universal® - - 17.40 51.60 - 2.5 4.80
CPBOO 13.37 120.29 17.62 91.29 -1413 2.46 2.70
CPBO1 16.23 133.45 20.74 104.45 -154.5 2.09 2.00
CPB02 14.97 120.36 19.88 90.61 -140.6 2.18 2.41
CPBO3 10.64 88.71 15.92 59.27 -109.3 2.73 4.60

*These values were determined by averaging the values of a wide variety of polymers [20]
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Table 6: Values of tensile strength (o,,), strain at maximum load (g,,) and Young's modulus (E) on uniaxial tensile test of CTBN based
propellant binder samples at T = 20 °C. SD: standard deviation, & TEIC content of the total mass of the investigated propellant

binder

Sample &/ wt% Om (SD) / MPa Em (SD) / % E (SD) / MPa
CPBOO 0 0.275 (0.33) 464.34 (38.40) 0.179 (0.43)
CPBO1 0.1 0.287 (0.19) 529.42 (56.41) 0.188 (0.23)
CPBO2 0.2 0.250 (0.37) 473.03 (40.94) 0.165 (0.21)
CPBO3 0.3 0.219 (0.10) 369.98 (25.36) 0.182 (0.14)

maximum load compare to the HTPB-based one, which
can have the value which does not exceed 275%.
Addition of 0.1 wt.% TEIC in CTBN based propellant
binder increases all uniaxial tensile properties. On one
hand, increasing the tensile strength and Young's
modulus is caused by larger amount of hard segments.
On the other hand, the incorporation of TEIC into the
propellant binder formulation increases the value of
strain at maximum load as a consequence of the inc-
reased molecular weight of the polymer chains between
the crosslink points. TEIC at 0.1 wt.% causes an increase
in tensile strength of 4.62% with a simultaneous inc-
rease in the strain at maximum load value of 14.02%.
Further increase of TEIC content resulted in a slight
decrease of values of all uniaxial tensile characteristics.

CONCLUSIONS

Samples of composite propellant binder based on
carboxyl-terminated (butadiene-co-acrylonitrile) cured
with polyglycidyl ether of glycerol and epichlorhydrin
(LX-112) containing the bonding agent tris(2,3-epoxy-
propyl) isocyanurate (TEIC) were investigated with DSC,
DMA and uniaxial tensile testing. Although the network
density increased with addition of TEIC, the tempe-
rature dependences of rheological parameters reveal
that the glass-rubber transition temperature of the
investigated propellant binders does not change by the
addition of tris(2,3-epoxypropyl) isocyanurate. The
glass—rubber transition temperature, T,, of all propel-
lant binders was about —48 °C determined as maximum
temperature of tan & with DMA at 1 Hz deformation
frequency. Considering the temperature dependencies
of tan & the fluctuation behavior around a storage
temperature is observed.

Time—temperature superposition was used to cons-
truct modulus-frequency master curves that have been
generated for the temperature range from —50 to 20 °C
considering the curve at —20 °C as reference. The expe-
rimental frequency range of three logarithmic decades
measured between —50 to 20 °C, is extended to ten
logarithmic decades. By choosing the glass-rubber tran-
sition temperature of tested binder samples to be the
reference temperature in WLF equation and based on
C: and G, constants values at reference temperature of
—20 °C of the same equation, not only the values of

“universal” constants C, ; and G, ; have been calculated,
but also the fractional free volume at the glass-rubber
transition temperature and the thermal coefficient of
free volume expansion. The former is in agreement,
while the latter is lower than the literature data. Due to
the requirements during in-service applications, com-
posite propellant binders with low glass-rubber tran-
sition and certain stress—strain capabilities are desired.
Of the various composite propellant binder properties,
none has been more difficult to achieve than the low
temperature requirements. It has been so difficult to
find composite propellant binder that meet the —54 °C
goal. Based on shown test results, considering the fact
that this type of prepolymer is commercially available,
it can be stated that CTBN could be successfully used as
composite propellant prepolymer. More specific, T,
values (about —48 °C), considered together with favor-
able values of the strain at maximum load, quite justify
the use of the CTBN as prepolymer for case-bonded
composite propellant grain production.

In order to achieve higher values of uniaxial tensile
characteristics, it is acceptable to introduce TEIC as
bonding agent within the binder composition in amounts
not higher than 0.1%.
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1ZVOD

VISKOELASTICNO PONASANJE VEZIVA KOMPOZITNOG RAKETNOG GORIVA NA BAZI KARBOKSI-TERMINIRANOG
(BUTADIEN-CO-AKRILONITRIL) KOPOLIMERA SA VEZUJUCIM AGENSOM POLIGLICIDILNOG TIPA

Sasa Brzic’l, Gordana Uéc'umlic’z, Mirjana Dimic’l, Milos Tomic’z, Vesna Z. Rodic’l, Bojana Z. Fidanovski*

"Vojnotehnicki Institut, Ratka Resanovica 1, 11030 Beograd, Srbija
*Tehnolosko—metalurski fakultet, Univerzitet u Beogradu, Karnegijeva 4, 11120 Beograd, Srbija

(Naucni rad)

U radu je ispitan uticaj tris(2,3-epoksipropil)-izocijanurata kao vezujuceg Kljucne reci: Karboksi-terminirani kopoli-
agensa na fizicko—hemijske, viskoelasti¢ne i jednoosne mehanicke karakteristike mer (butadien-co-akrilonitril) e Visoko-
karboksi-terminiranog kopolimera (butadien-co-akrilonitril) umreZzenog sa poli- elasti¢na svojstva ¢ Temperatura osta-
glicidil etrom glicerola i epihlorhidrina. Vrednosti gustine umreZenosti odredene kljivanja

su metodom bubrenja. Analizirane su temperaturne i frekvencione zavisnosti
parametara reoloskog ponasanja (modula sa¢uvane (G') i izgubljene energije (G"),
tangensa ugla gubitaka, tan &, kao i temperature ostakljivanja, T,. Na osnovu
vrednosti frekvencionih zavisnosti modula sacuvane energije, eksperimentalno
odredenih u temperaturnom opsegu od —50 do 20 °C, konstruisane su zbirne
(master) krive, koje prekrivaju znatno Siri interval frekvencija (11 logaritamskih
dekada) u odnosu na onaj u kome je vrSeno merenje. Odabirom temperature
ostakljivanja kao referentne temperature, odredene su “univerzalne” konstante
WLF jednacine, na osnovu kojih su izraCunate vrednosti parcijalne slobodne zapre-
mine na temperaturi ostakljivanja, f,/B, i koeficijent toplotnog Sirenja slobodne
zapremine, a;/B. lako male koli¢ine tris(2,3-epoksipropil)-izocijanurata uti¢u na
gustinu umreZenosti, rezultati dinamicke mehanicke analize pokazuju da sadrzaj
ovog vezujuceg agensa ne utiCe na temperaturu ostakljivanja ispitivanih sastava
veziva.
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Abstract

Quality parameters including sensory and physical characteristics and proximate and min-
eral composition in M. psoas major, M. semimembranosus, M. longissimus thoracis et
lumborum and M. triceps brachii of Swallow-Belly Mangulica pigs were determined. Type
of muscles had no significant effect (P > 0.05) on water-holding capacity, protein, total fat
and K, P and Ca content. The M. psoas major was the highest in pH,4,, water-holding cap-
acity, CIEa* and CIEb* values, moisture, K, P and Cu content, and the lowest in visual
marbling score and total fat content. The M. semimembranosus was the highest in Mg and
Ca content, and the lowest in CIEL* value (darkest muscle) and K content. The lightest
colour (CIEL* value), the highest content of protein, total fat and total ash, and the lowest
visual colour score, pH,a,, CIEa* and CIEb* values, content of moisture, Na, Ca, Zn, Fe and
Cu were found in M. longissimus thoracis et lumborum. The highest visual colour and
marbling score, the highest content of Na, Zn and Fe, and the lowest water-holding cap-
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acity, content of protein, total ash, P and Mg were found in M. triceps brachii.

Keywords: pigs, Swallow-Belly Mangulica, intensive production system, meat quality.
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The major sources of variability in food (pork)
quality are the wide diversity of soils and climatic con-
ditions (geographical origin), seasonal variations, phys-
iological state and maturity, as well as cultivar and
breed [1]. The continuous innovations in the breeding
systems, rearing practices, feeds composition, pre-
slaughter handling, slaughtering methods, chilling and
storage conditions largely contribute to induced
changes in pork quality [2-4].

In recent years, demand for meat and meat pro-
ducts from southern European indigenous pig breeds
has increased [5]. The most representative Serbian indi-
genous pig breed is the Mangulica, which is primarily
bred in the Northern part of the country (Autonomous
Province of Vojvodina, located in the Pannonian Plain).
In Serbia, there are three varieties: White (Blond),
Swallow-Belly and Red Mangulica [6—13]. This indigen-
ous pig is mainly kept under free-range (outdoor) sys-
tems till live weight about 150 kg — approximately 2
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Technology Novi Sad, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia.
E-mail: tomovic@uns.ac.rs

Paper received: 13 June, 2015
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years [11]. The free-range system increases the value of
animal products due to the influence of outdoor rear-
ing on the sensory, chemical and physical character-
istics [5]. Traditionally, meat from indigenous, as well
as Mangulica, pigs has been processed into unique
highly-priced dry-cured meat products: dry-hams, loins,
and sausages [14,15]. Most of these products still rely
primarily on local, traditional manufacturing processes.
However, there is a lack of information about charac-
teristics of meat from Swallow-Belly Mangulica pigs,
reared under intensive production system, for fresh
consumption.

Having in mind that, the objective of this paper was
to investigate the sensory (colour and marbling), phys-
ical (pH value, colour and water-holding capacity) and
chemical (proximate and mineral composition) charac-
teristics of M. psoas major, M. semimembranosus, M.
longissimus thoracis et lumborum and M. triceps brachii
of intensively reared Swallow-Belly Mangulica pigs. This
study represents the continuation of the research on
the meat quality of Swallow-Belly Mangulica pigs
reared under different conditions.
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EXPERIMENTAL

Meat samples collection and preparing

This study included 15 Swallow-Belly Mangulica
pigs. The composition of the intensive pig diet is pre-
sented in Table 1. The finishers were housed in pens
with fully slatted floor and 0.80 m’ space allocation per
pig. Each pen contained 10 animals. The environmental
temperature in the building was 22 °C. All pigs had ad
libitum access to diet and water [16]. Carcasses were
conventionally chilled for 24 h in a chiller at 2-4 °C.
After chilling, M. psoas major (PM), M. semimembra-
nosus (SM), M. longissimus thoracis et lumborum (LTL)
and M. triceps brachii (TB) were removed from the
right side of each carcass. The meat samples for mea-
surements of sensory and physical characteristics and
determination of proximate and mineral composition
were prepared as described in detail by Tomovi¢ et al.
[11].

Meat quality measurements

Sensory analysis (colour and marbling), physical
measurements (pH value, water-holding capacity and
colour), proximate composition (moisture, protein,
total fat and total ash), mineral composition (phos-
phorous, potassium, sodium, magnesium, calcium, zinc,
iron and copper), quality control programme and sta-
tistical analysis were performed as described in detail
by Tomovi¢ et al. [11].

Table 1. The composition of pig diet

RESULTS

Scores for sensory evaluated colour ranged from 3.2
(LTL) to 5.1 (TB), while scores for sensory evaluated
marbling ranged from 1.0 (PM) to 2.3 (TB), Table 2. The
LTL muscles showed significantly (P < 0.001) the lightest
visual colour and PM muscles showed significantly (P <
< 0.001) the lowest marbling score, comparing to other
three muscles.

Table 2. Sensory characteristics of meat from Swallow-belly
Mangulica pigs reared under intensive production system; PM
— M. psoas major; SM — M. semimembranosus; LTL — M. lon-
gissimus thoracis et lumborum; TB — M. triceps brachii; ab,

pqg and wx indicate significant difference within column at

P <0.05, <0.01 and < 0.001, respectively

Muscle Value Colour Marbling
PM X£SD 4.9+0.6™"" 1.0+0.0>%"
Range (4.0-5.8) (1.0-1.0)
SM X£SD 4.9+0.4™"" 1.8+0.5*""
Range (4.5-5.4) (1.0-2.4)
LTL X£SD 3.2+0.8%%* 2.1+0.5%""
Range (1.9-3.8) (1.6-2.9)
TB X+SD 5.1+0.5*"" 2.3+0.3*P"
Range (4.3-5.8) (1.9-2.8)
Pvalue <0.001 <0.001
All muscles X+SD 4.5+1.0 1.8+0.6
Range (1.9-5.8) (1.0-2.9)

Starter (from 10 days to
8-9 kg body weight

Grover (from 8-9 to 25
kg body weight (approx-

Finisher 2 (from 60 to 100

Finisher 1 (from 25 to 60 kg kg body weight (approx-

Ingredient (approximately from imately from body weight (approximately imately from 200 to
10 to 50 days) 50 to 120 days) from 120 to 200 days) 300 days)
Corn (dry) 56.57 58.76 - -
Corn (silage) - - 62.93 68.76
Wheat meal 6.0 9.0 15.0 15.0
Soybean meal 17.1 15.7 14.0 9.1
Sunflower meal 2.5 3.5 5.0 4.0
Soy grits 10.0 5.0 - -
Ekofish meal - 4.0 - -
Fish meal 4.5 - - -
Limestone 14 1.5 14 14
Monocalcium 0.5 1.0 0.6 0.7
phosphate
Salt 0.18 0.32 0.40 0.45
Mineral premix 1.0 1.0 0.5 0.5
Synthetic lysine 0.05 0.02 0.07 0.09
Minazel plus 0.2 0.2 0.1 -
Calculated composition
Crude protein 20 18 15 13
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The pH value was significantly (P < 0.001) the lowest
in LTL muscles (5.56) than in PM (6.07), TB (6.05) and
SM muscles (6.02). Water-holding capacity (RZ, M/T
and M/RZ values) did not differ significantly (P > 0.05)
among four muscles. Values for RZ, M/T and M/RZ
varied between 5.06 (PM) and 6.66 (TB), 0.41 (TB) and
0.51 (PM), and between 0.74 (TB) and 1.11 (PM), res-
pectively (Table 3). Significantly (P < 0.001) the lightest
colour (highest CIEL* value) was obtained for LTL
muscles (48.39), comparing to other three muscles.
CIEL* values for other three muscles were: 38.56 (PM),
38.26 (TB) and 37.46 (SM). The PM muscles were the
highest in redness (CIEa* value, 21.03), followed by TB
(17.69), SM (14.72) and LTL (10.13) muscles, with sig-
nificant (P < 0.001) differences among all four muscles.
Also, PM muscles were significantly (P < 0.001) the
highest in yellowness (CIEb* value, 6.98), comparing to
other three muscles. CIEb* values for other three musc-

les were: 4.98 (TB), 4.72 (SM) and 4.14 (LTL), Table 4.

Moisture content in the LTL muscles (72.03 g/100 g)
was significantly lower comparing with PM muscles
(74.22 g/100 g, P < 0.01) and TB muscles (73.20 mg/100
g, P < 0.05). The SM muscles exhibited intermediate
level of moisture content (73.06 g/100 g). The TB mus-
cles were significantly (P < 0.05) the lowest in total ash
content (0.99 g/100 g), comparing to other three mus-
cles. The LTL muscles showed numerically the highest
total ash content (1.10 g/100 g). Protein content varied
between 21.44 (TB) and 22.25 g/100 g (LTL), while total
fat content was between 3.16 (PM) and 4.47 g/100 g
(LTL), with no significant (P > 0.05) difference among all
four muscles (Table 5).

Potassium content varied between 279 (SM) and
303 mg/100 g (PM), phosphorus content varied between
218 (TB) and 228 mg/100 g (PM), while calcium content
was between 5.46 (LTL) and 7.68 mg/100 g (SM), with

Table 3. Physical characteristics of meat from Swallow-belly Mangulica pigs reared under intensive production system; PM — M.
psoas major; SM — M. semimembranosus; LTL — M. longissimus thoracis et lumborum; SM — M. semimembranosus; TB — M. triceps
brachii. WHC — water-holding capacity; M = surface of the pressed meat film; T = surface of the wet area on the filter paper; RZ=T —
M; ab, pq and wx indicate significant difference within column at P < 0.05, < 0.01 and < 0.001, respectively

WHC
Muscle Value pPHan )
RZ/cm mM/T M/RZ
PM X+SD 6.07+0.23""" 5.06+1.22 0.51+0.09 1.11+0.46
Range (5.83-6.38) (3.30-6.30) (0.43-0.65) (0.76-1.87)
SM X+SD 6.02+0.07*" 5.75+0.47 0.45+0.02 0.8620.10
Range (5.93-6.09) (5.30-6.50) (0.42-0.48) (0.73-0.96)
LTL X+SD 5.56+0.05>%" 5.71+0.82 0.4240.05 0.75%0.15
Range (5.49-5.62) (4.70-6.40) (0.37-0.48) (0.60-0.92)
TB X+SD 6.05+0.21*"" 6.661.19 0.41+0.07 0.74+0.22
Range (5.79-6.27) (5.15-8.40) (0.31-0.51) (0.45-1.06)
Pvalue <0.001 0.118 0.135 0.164
All muscles XSD 5.92+0.26 5.80%1.07 0.45+0.07 0.87+0.29
Range (5.49-6.38) (3.30-8.40) (0.31-0.65) (0.45-1.87)

Table 4. Physical characteristics of meat from Swallow-belly Mangulica pigs reared under intensive production system; PM — M.
psoas major; SM — M. semimembranosus; LTL — M. longissimus thoracis et lumborum; SM — M. semimembranosus; TB — M. triceps
brachii; abcd, pgrs and wxyz indicate significant difference within column at P < 0.05, < 0.01 and < 0.001, respectively

Colour
Muscle Value
CIEL* (lightness) CIEa* (redness) CIEb* (yellowness)
PM X+SD 38.56+2.32% 21.03£2.19%" 6.98+1.01%""
Range (35.77-40.99) (17.77-23.30) (6.05-8.23)
SM X+SD 37.46+1.42%" 14.72+1.395™ 4.72+0.51%%
Range (35.81-39.58) (13.42-16.74) (4.26-5.42)
LTL X£SD 48.39+1.77"" 10.13+0,98%** 4.14+0.48"%
Range (47.13-51.42) (8.93-11.24) (3.71-4.87)
T8 X+SD 38.26+2.59"% 17.69+1.35%%* 4.98+0.41"%
Range (35,15-41,33) (15.44-18.94) (4.55-5.41)
P value <0.001 <0.001 <0.001
All muscles X+SD 40.67+4.97 15.89+4.35 5.20+1.25
Range (35.15-51.42) (8.93-23.30) (3.71-8.23)
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Table 5. Proximate composition (g/100 g) of meat from Swallow-belly Mangulica pigs reared under intensive production system; PM
— M. psoas major; SM — M. semimembranosus; LTL — M. longissimus thoracis et lumborum; TB — M. triceps brachii; ab and pq indi-
cate significant difference within column at P < 0.05, < 0.01 and < 0.001, respectively

Muscle Value Moisture Protein Total fat Total ash
PM XSD 74.22+0.82%° 21.46+0.80 3.16+0.25 1.060.07°
Range (73.03-75.32) (20.13-22.27) (2.86-3.46) (0.97-1.13)
SM XSD 73.06+0.74°%P 22.16+0.39 3.58+0.94 1.08+0.05°
Range (71.94-73.77) (21.81-22.64) (2.45-4.82) (1.00-1.14)
LTL X+SD 72.03+1.09%° 22.25+0.41 4.47+1.13 1.10+0.01°
Range (70.44-73.03) (21.70-22.80) (3.35-6.08) (1.09-1.11)
B XSD 73.20+0.60*" 21.44+0.53 4.22+0.44 0.99+0.05°
Range (72.49-73.99) (20.74-21.97) (3.47-4.60) (0.93-1.06)
Pvalue 0.007 0.058 0.064 0.023
All muscles X+SD 73.13+1.10 21.82+0.64 3.86%0.89 1.0620.06
Range (70.44-75.32) (20.13-22.80) (2.45-6.08) (0.93-1.14)

no significant (P > 0.05) difference among all four mus-
cles. Sodium content in the LTL muscles (50.3 mg/100
g) was significantly (P < 0.05) lower comparing with TB
muscles (59.2 mg/100 g) and PM muscles (58.4 mg/100
g). The SM muscles exhibited intermediate level of
sodium content (53.1 mg/100 g). The magnesium con-
tent was significantly higher in SM muscles (24.7
mg/100 g) than in LTL (23.5 mg/100 g, P < 0.05), PM
(22.8 mg/100 g, P < 0.01) and TB muscles (22.6 mg/100
g, P < 0.01). The zinc content was significantly lower in
LTL muscles (2.35 mg/100 g) than in PM (3.25 mg/100
g, P < 0.01), SM (3.47 mg/100 g, P < 0.001) and TB
muscles (3.90 mg/100 g, P < 0.001). Also, zinc content
was significantly (P < 0.05) lower in PM muscles than in
TB muscles. The TB muscles were the highest in iron
content (3.26 mg/100 g), followed by PM (2.74 mg/100
g), SM (1.85 mg/100 g) and LTL muscles (1.08 mg/100
g), with significant (P < 0.01 or <0.001) differences
among all four muscles. The content of copper was
significantly (P < 0.01 or <0.001) higher in PM (0.15
mg/100 g) and TB muscles (0.14 mg/100 g) than in SM

(0.11 mg/100 g) and LTL muscles (0.10 mg/100 g),
(Table 6).

DISCUSSION

Meat quality has five dimensions: sensory quality,
technological quality, nutritional quality, hygienic and
toxicological quality and immaterial quality (the last
dimension has environmental, ethical, ethnical and
religious aspects). The sensory factors of meat quality
include colour, marbling, odour, taste, juiciness, con-
sistency and tenderness, while technological factors of
meat quality include pH value, colour, water-holding
capacity, tenderness, protein content and its status, fat
content and its status and connective tissue content
[17,18].

The most important parameters, which enable iden-
tification of sensory and technological meat quality,
include the pH value, measured in the muscle tissue
30-60 min (pre-rigor state) and 24 hours post-mortem
(post-rigor state), meat colour and water-holding cap-

Table 6. Mineral composition (mg/100 g) of meat from Swallow-belly Mangulica pigs reared under intensive production system; PM

— M. psoas major; SM — M. semimembranosus; LTL — M. longissimus thoracis et lumborum,; TB — M. triceps brachii; abcd, pgrs and
wxy indicate significant difference within column at P < 0.05, < 0.01 and < 0.001, respectively

Muscle  Value K P Na Mg Ca Zn Fe Cu
PM XtSD  303%17 228+21 58.4:6.1° 22.840.6™% 7.38+1.40 3.25:0.56°""*  2.74:0.30>%“  0.15+0.02°""
Range (285-327)(196-247) (52.6-65.1) (22.1-23.6) (5.34-8.92)  (2.78-3.95) (2.36-3.20) (0.14-0.19)
SM XtSD  279+9  224+13 53.1+1.9° 24.7+0.6*° 7.68+1.26 3.47+0.33™""  1.85:0.05°  0.11+0.01>%"
Range (267-292)(204-241) (50.9-56.0) (24.0-25.4) (5.59-8.89)  (3.11-3.85) (1.80-1.91) (0.09-0.12)
LTL XtSD 296122 224+4  50.3#5.3° 23.5:1.0°"% 5.46+1.08  2.35:0.26°%*  1.08+0.19%%  0.10+0.02>%
Range (279-333)(219-229) (44.3-58.9) (22.5-24.9) (4.18-6.56) (2.12-2.67) (0.88-1.35) (0.08-0.13)
TB XtSD 286128 218+12 59.2¢5.8° 22.6:0.9"° 6.22:+1.63 3.90:0.29°""  3.26:0.41*"*  0.14+0.02*""™
Range (271-335)(198-230) (54.3-67.7) (21.3-23.6) (4.86-8.10)  (3.64-4.40) (2.79-3.77) (0.12-0.17)
Pvalue 0.296  0.690 0.038 0.004 0.677 <0.001 <0.001 <0.001
All X+SD 291421 223+14 55.3#6.0 23.4+1.1  6.69+1.55 3.25+0.68 2.23+0.89 0.13+0.03
muscles Range (267-335)(196-247) (44.3-67.7) (21.3-25.4) (4.18-8.92)  (2.12-4.40) (0.88-3.77) (0.08-0.19)
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acity measured 24 h post-mortem [18,19].

The rate of post-mortem pH value decline affects
some other meat quality parameters (colour, water
holding capacity) [20]. In this study PM, SM and TB
muscles had significantly (P < 0.001) higher ultimate pH
value than LTL muscles. Also, almost all individual ulti-
mate pH values, except for LTL muscles, were over the
characteristic range for pork (5.3-5.8 [18,21]) (Table 3).
Ultimate pH of meat from Swallow-Belly Mangulica pigs
reared under intensive production system were higher,
especially in PM, SM and TB muscle, comparing with
results previously published by Tomovi¢ et al. [11] for
free-range reared Swallow-Belly Mangulica pigs
slaughtered at 150 kg body weight. Similar results for
ultimate pH in LTL muscles from other southern Euro-
pean indigenous pig breeds (Chato Murciano and Cinta
Senese) were reported by Peinado et al. [22], Pugliese
et al. [23] and Galian et al. [24].

Colour is one of the most important quality charac-
teristic of fresh pork [3,19,25,26]. According to sensory
analysis, colour of LTL muscles was evaluated as red-
dish pink (score 3.2), while other three muscles (PM,
SM and TB) had significantly (P < 0.001) darker colour
than reddish pink (higher than score 3), Table 2. Results
of instrumental colour (CIEL* value) measurement
shown same trend, i.e., LTL muscles were significantly
(P < 0.001) the lightest (Table 4). Thus, regarding all
individual values for lightness (CIEL* value, Table 4)
three groups of muscles (PM, SM and TB) had dark
colour (dark colour: CIEL* < 42 [27-29]). Also, the LTL
muscles had all individual CIEL* values lower than 53
(Table 4), what is the highest acceptable CIEL* values
for LTL muscle of normal quality [18,27-29]. Good
relationship between visual evaluations of colour and
instrumental colour measurements (r =—0.91, P < 0.001)
was also determined. All this indicate that meat from
Swallow-Belly Mangulica has from reddish-pink to
purplish—red colour. Results for colour obtained in this
study could be explained with previously elaborated
effects of ultimate pH on colour and with calculated
correlation coefficient between colour and ultimate pH
(r=0.78 and r =-0.88, P < 0.001). Colour of meat from
Swallow-Belly Mangulica pigs reared under intensive
production system parallel that reported by Tomovi¢ et
al. [11], as well as results reported for LTL muscles from
other southern European indigenous pig breeds by
Cava et al. [14] and Estévez et al. [30] for Iberian pigs,
Galian et al. [15,24], Poto et al. [31] and Peinado et al.
[22] for Chuto Murciano pigs, and Pugliese et al. [23,32]
for Nero Siciliano and Cinta Senese pigs.

Beside the colour, water-holding capacity is also
one of the most important quality characteristic of
fresh pork [3,16,20,25]. In this study water-holding cap-
acity (RZ, M/T and M/RZ values) was not significantly
(P > 0.05) affected by the type of muscle (Table 3),

being in agreement with results previously published
by Tomovi¢ et al. [11]. Obtained results indicated good
water-holding capacity of meat from Swallow-Belly
Mangulica (a bigger M/T ratio indicating a better water-
holding capacity; exudative meat: M/T < 0.35, non-
exudative meat: M/T = 0.35-0.45, dry meat: M/T > 0.45
[33]). As for colour, results for water-holding capacity
obtained in this study could be explained with pre-
viously elaborated effects of ultimate pH on water-
holding capacity, as well as with calculated correlation
coefficient between water-holding capacity and ulti-
mate pH (r=0.52, P<0.05 and r=0.57, P <0.01).

The nutritive factors of meat include proteins and
their composition, fats and their composition, vitamins,
minerals, utilization, digestibility, and biological value
[17,18].

In this study protein and total fat contents were not
significantly (P > 0.05) affected by the type of muscle.
The protein level in all individual muscle was higher
than 20 g/100 g (Table 5). Results for protein content
are in agreement with results previously published by
Tomovic et al. [11] for Swallow-Belly Mangulica and for
modern (Large White and Landrace) pigs [34], as well
as with results reported for LTL muscles from southern
European indigenous pig breeds by Cava et al. [14],
Pugliese et al. [23,32] and Parunovi¢ et al. [9] for
Iberian, Cinta Senese, Nero Siciliano and Mangulica
pigs. Among the qualitative traits of meat, evaluating
intramuscular fat content seems to be the best way to
separate indigenous pigs from modern ones [5].
Considering that the sensory traits of raw meat are
linked to intramuscular fat content it is believed that
2-2.5 g/100 g of intramuscular fat content is the mini-
mum acceptable level [35]. Meat from Swallow-Belly
Mangulica pigs reared under intensive production sys-
tem had total fat content higher than 2.45 g/100 g (up
to 6.08 g/100 g), Table 5. The corresponding value in
modern (Large White and Landrace) pigs was less than
1.5 g/100 g [34]. Comparing with the data reported by
Lawrie and Ledward [25] for lean pigs at the age of 6
months, another prominent characteristic of Swallow-
-Belly Mangulica muscles is almost twice higher total
fat content. Total fat content determined in this study
in PM, SM and TB muscles were at the similar level as
previously reported results for Swallow-Belly Mangulica
pigs, while the total fat content in LTL muscles was
almost two times less [11]. Regarding fat content in LTL
muscles from southern European indigenous pigs,
results reported by other authors were in the wide
range: 12.87-27.93 g/100 g for Iberian pigs [36], 2.26—
—4.79 for lberian pigs [14], 2.51-3.34 g/100 g for Iber-
ian pigs [30], 6.39 g/100 g for Chato Murciano pigs [22],
3.32-4.27 g/100 g for Nero Siciliano pigs [32], 3.29—
—4.04 g/100 g for Cinta Senese pigs [23], 10.21 g/100 g
for Chato Murciano pigs [15], 10.47 g/100 g for Chato
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Murciano pigs [31], <2 g/100 g for Casertana pigs [37],
6.1-7.9 g/100 g for Chato Murciano pigs [24] and 13.52
g/100 g for Swallow-belly Mangulica pigs and 17.54
g/100 g for White Mangulica pigs [9]. As expected, in
this study, the inverse relationship of moisture content
with protein (r = —=0.75, P < 0.001) and with total fat
content (r = —0.69, P < 0.01) was determined. In addi-
tion, correlation coefficient for the relationship between
marbling and total fat content was good (r = 0.65, P <
0.01).

In scientific literature there is a lack of information
about mineral content in meat from indigenous pigs. In
this study, Na, Mg, Zn, Fe and Cu content was si-
gnificantly (P < 0.05) affected by the type of muscle.
The content of the minerals in decreasing order in all
four muscles was: K, P, Na, Mg, Ca, Zn, Fe and Cu (Table
6). Only two minerals (sodium and iron) were present
in different amount than in meat from free-range
reared Swallow-Belly Mangulica pigs slaughtered at 150
kg body weight. Sodium was lower for all four muscles,
while iron was higher only in TB muscles [11]. Con-
sidering all investigated minerals, iron and copper con-
tent obtained in this study for LTL muscles from Swal-
low-Belly Mangulica pigs were noticeably lower than in
Chato Murciano pigs [15,31]. Meat exhibits natural
variations in the amounts of nutrients contained and
the limits of the natural nutrient variations are not
defined. Major sources of variation in meat are the
proportion of lean to fat tissue, and the proportion of
edible to inedible materials (bone and gristle). Vari-
ations in the lean-fat ratio affect the levels of most
other nutrients, which are distributed differently in the
two fractions [1].

CONCLUSION

Comparing obtained results of meat quality of Swal-
low-Belly Mangulica pigs reared under intensive pro-
duction system and slaughtered at 100 kg live weight
with previously determined meat quality of free-range
reared Swallow-Belly Mangulica pigs and slaughtered at
150 kg body weight, it can be concluded that Swallow-
Belly Mangulica pigs can be reared indoor with rem-
ained typical and good sensory, technological and nut-
ritive quality.
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KVALITET MESA SVINJA LASASTE MANGULICE ODGAJANIH U INTENZIVNOM PROIZVODNOM SISTEMU |
ZRTVOVANIH SA TELESNOM MASOM OD 100 kg

Vladimir M. Tomovic’l, Nikola Z. Stani§ic’2, Marija R. Jokanoviél, Zarko S. Kevreéana, Branislav V. §ojic’1,
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(Naucni rad)

Lasasta Mangulica je primitivna rasa svinja koja se naj¢eSce uzgaja u eksten- Kljucne reci: Svinje e Lasasta Mangulica o
zivnim uslovima. Cilj ovog rada bio je da se ispita kvalitet mesa svinja Lasaste Intezivni proizvodni sistem e Kvalitet
Mangulice odgajanih u intezivnom proizvodnom sistemu. Senzorna (boja i mramo- mesa

riranost) i fizicka (pH vrednost, sposobnost vezivanja vode i instrumentalno odre-
dena boja — CIEL*a*b*) svojstva, kao i osnovni hemijski sastav (vlaga, proteini,
ukupna mast i ukupni pepeo) i sadrzaj minerala (K, P, Na, Mg, Ca, Zn, Fe i Cu)
odredeni su u Cetiri misi¢a (M. psoas major — PM, M. semimembranosus — SM, M.
longissimus thoracis et lumborum — LTL i M. triceps brachii — TB). Tip misi¢a ne
utice znacajno (P > 0,05) na sposobnost vezivanja vode i sadrzaj proteina, ukupne
masti, K, P i Ca. Kod misSi¢éa PM utvrdena je statisticki ili numericki najvisa vrednost
pH.an (6,07), najbolja sposobnost vezivanja vode, najveéi udeo crvene (CIEg* =
= 21,03) i zute (CIEb* = 6,98) boje i najveli sadrzaj vlage (74,22 g/100 g), K (303
mg/100 g), P (228 mg/100 g) i Cu (0,15 mg/100 g), kao i najmanja mramoriranost i
najmanji sadrzaj ukupne masti (3,16 g/100 g). Kod misi¢a SM utvrden je statisticki
ili numeri¢ki najveéi sadrzaj Mg (24,7 mg/100 g) i Ca (7,68 mg/100 g), kao i
najtamnija instrumentalno odredena boja (CIEL* = 37,46) i najmaniji sadrzaj K (279
mg/100 g). Najsvetlija instrumentalno odredena boja (CIEL* = 48,39), najvedi
sadrzaj proteina (22,25 g/100 g), ukupne masti (4,47 g/100 g) i ukupnog pepela
(1,10 g/100 g), kao i najsvetlija senzorski ocenjena boja, najniza vrednost pHyap,
(5,56), najslabija sposobnost vezivanja vode, najmanji udeo crvene (CIEa* = 10.12)
i Zute (CIEb* = 4,14) boje, najmanji sadrzaj vlage (72,03 g/100 g), Na (50,3 mg/100
g), Ca (5,46 mg/100 g), Zn (2,35 mg/100 g), Fe (1,08 mg/100 g) i Cu (0,10 mg/100
senzorski ocenjena boja, najvedi sadrzaj Na (59,2 mg/100 g), Zn (3,90 mg/100 g) i
Fe (3,26 mg/100 g), kao i najslabija sposobnost vezivanja vode, najmanji sadrzaj
proteina (21,44 g/100 g), ukupnog pepela (0,99 g/100 g), P (218 mg/100 g) i Mg
(22,6 mg/100 g) utvrdeni su u TB misSi¢ima, takode sa numerickim ili zna¢ajnim
razlikama.
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Morphology and adsorption of chromium ion on uranium
1,2,4,5-benzenetetracarboxylic acid metal organic framework (MOF)
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Abstract

In this paper, we report the synthesis of metal organic framework of uranium 1,2,4,5-
benzenetetracarboxylic acid (U-H,btec MOF) by solvothermal method. The obtained MOF
was characterized by Fourier transform infrared spectroscopy (FTIR), scanning electron
microscopy (SEM), transmission electron microscopy (TEM), X-ray diffraction spectroscopy
(XRD), energy dispersive spectroscopy (EDS), thermogravimetric and differential thermos-
gravimetric analysis (TGA/DTA). The morphology of the uranium 1,2,4,5-benzenetetra-
carboxylic acid MOF observed by SEM, revealed the presence of flaky porous structure.
Adsorption of cr® from aqueous solution onto the uranium 1,2,4,5-benzenetetracarboxylic
acid MOF was systematically studied. Langmuir and Freundlich adsorption isotherms were
applied to determine the adsorption capacity of the MOF to form a monolayer. Kinetic
determination of the adsorption of crt suggested both chemisorption and physisorption
probably due to the presence of carbonyl groups within the MOF and its porous structure.

Keywords: adsorption, physisorption, metal organic frameworks; 1,2,4,5-benzenetetracar-
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Metal organic frameworks (MOFs) are two or three-
dimensional (3-D) coordination (polymers) of metal
ions and organic ligands [1]. The design and synthesis
of MOFs are receiving great attention because of their
architecture, topology, and potential applications [2].
MOFs are potential adsorbents due to their porous
structure with high specific surface area; they can also
play an important role in the area of catalysis and
separation [3]. As adsorbents, metal-organic
frameworks have been used for hydrogen storage [4—
8], gas separation and purification [9], and adsorption
of volatile organic compounds [10].

Different approaches are used to synthesize MOFs,
such as under solvothermal conditions, employing
multidental ligands capable of binding to a metal ion to
form porous complexes of supramolecular structures
[3,11]. Thus, a variety of organic ligands, metal ions,
and solvent systems is explored for the preparation of
numerous MOFs of exotic architectures as reported in
the literature [12]. The supermolecular structure is
maintained together by different interactions, such as
metal-to-ligand  bonding, m—m interactions or others.

Researchers have used 1,2,4,5-benzenetetra-carbo-
xylate anion as a ligand in different study. For instance,
thin films of organic—inorganic hybrid materials have
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been grown by the atomic layer deposition technique
[13]. Lanthanide ions were used to prepare lanthanide-
containing coordination polymers with 1,2,4,5-ben-
zenetetracarboxylate acid (=H;btec); the compounds
showed 3-D and their potential porosities were esti-
mated by a computational method to be in the range of
1281 to 836 m” g_1 [14]. Several metals have been used
to prepare MOFs, such as Mn, La, Ag, Co, Cu, Cr, Fe and
Zn for instance. Liu et al. [15] prepared 3-D material of
H,btec anion with magnesium.

However, as far as we know, uranium 1,2,4,5-ben-
zenetetracarboxylic acid has not been synthesised for
adsorption of chromium. Therefore, in this work, we
report the synthesis of uranium 1,2,4,5-benzenetetra-
carboxylic acid (U-Hsbtec), MOF from uranyl acetate
and its characterization by scanning electron micro-
scope, transmission electron microscope, x-ray diffract-
ion spectroscopy, Fourier transform infrared spectro-
scopy and thermogravimetric analysis. The uranium
MOF was used as a substrate for the adsorption of
chromium ions in aqueous solution.

EXPERIMENTAL

Materials

1,2,4,5-benzenetetracarboxylate acid, uranyl ace-
tate dihydrate, and N,N-dimethylformamide (DMF)
were purchased from Merck. All were used as-received
without further purification.

565



R.M.K. VALA et al.: ADSORPTION OF CHROMIUM ION ON MOF

Hem. ind.70 (5) 565-572 (2016)

Preparation

The metal ion and H,btec were dissolved in DMF
and transferred to a round bottom flask. The mixture
was then refluxed at 70 °C for 2 h. The resulting sol-
ution was cooled at room temperature. The solution
was then centrifuged for 30 min at 3000 rpm, and
decanted. The solid residue was washed with 20 mL
DMF and centrifuged again for 30 min and decanted.
After centrifugation, the residue was oven dried for 4 h
at 100 °C.

Characterization

The metal organic framework was characterized by
FT-IR, TGA, FE-SEM, HR-TEM, EDS and XRD. IR spectra
were recorded using Perkin—Elmer Spectrum 400 FT-
-IR/FT-NIR spectrometer in the range of 400-4000 cm .
TGA was carried out with a heating rate of 10 °C/min
using STA 6000 thermal analyser Perkin—Elmer. The
surface morphology measurement was recorded with a
JEOL 7500F field emission scanning electron micro-
scope (SEM) and was coupled to an EDS analyser. The
HR-TEM image was obtained by CM 200 electron mic-
roscope operated at 100 kV. Powder X-ray diffraction
(PXRD) patterns were collected with Bruker Kal radi-
ation of wavelength A = 1.540598 A and Ka2 radiation
of wavelength A = 1.544426 A. Scan speed of 1 s/step
and step size of 0.03°.

Determination of Cr**

The concentrations of chromium ions in solutions
before and after equilibrium were determined by AA-
-7000 atomic absorption spectrometer-auto sampler.
The absorption parameters are given in the Table 1.

Adsorption experiment of cr* by U-H btec MOF

Batch adsorption experiments were performed by
contacting 0.01 g of Uranium H,btec (U-H,btec) MOF
powder with 15 mL of the aqueous solution of different
initial concentrations of CrCl;:6H,0 at pH 7.2. The
experiments were performed on an orbital shaker for a
period of 10, 20, 30, 40, 50, and 60 min at 150 rpm in
sealed 50 mL vessels. The remaining concentration of
cr** in each sample after adsorption at different time
intervals was determined by atomic absorption spec-
troscopy after centrifugation. The cr®* concentration
retained in the adsorbent phase was calculated accord-
ing to:

_v(ci—ce)
q. - (1)

where C; and C, are the initial and equilibrium concen-
trations (mg/L) of cr** solution, respectively; V is the
volume (L); and W is the mass (g) of the adsorbent.

RESULTS AND DISCUSSION

The MOF of the prepared material is built on ura-
nium cations and 1,2,4,5-benzenetetracarboxylate
anions. In addition to the cation-anion interactions, the
MOF structure is probably stabilized by n—r stacking
interactions within the U-Hjbtec system. The cation—
—anion and m—minteractions network lead to 3-D chan-
nels. The channels are an important honeycomb-like
(zeolite-like) which can house different kind of matters.

FT-IR analysis

The FT-IR spectrum of U-H,btec is shown in Fig. 1.
The broad band that appeared around 3402 cm ™ can
be assigned to be the O-H vibration due to the pre-
sence of humidity and the unreacted carboxylic acid
groups. The C-H bond vibration of aromatic ring
appeared at 2999 cm ™ and the C=0 at 1746 cm . The
absorption band between 1589 and 1366 cm™" can be
assigned to carbon-carbon stretching vibrations in the
aromatic ring of Hsbtec. FT-IR spectra of the com-
pounds feature absorptions of the MOF below 920 cm™
may be attributed to the bond between uranium and
oxygen, as observed by Kim et al. [16].

TGA analysis

The TGA and DTG plots of U-H;btec MOF are pre-
sented in Fig. 2. From the DTG plot, the thermal
decomposition of U-Hsbtec appeared to be a complex
process involving a large number of chemical reactions
with three main steps of mass loss. The first mass loss
around 70 °C can be most probably related to the rel-
ease of moisture (12.3%). The next two main steps are
probably related to organic volatiles, they occurred
around 130 and 440 °C. The other small steps occurred
in between 130 and 440 °C and after. The observation
of the TGA plot permit to envisage a possible U-H,btec
MOF decomposition beyond the setting. Unfortunatly,
the TGA instrument used could not allow temperature
above 900 °C.

XRD analysis

The XRD pattern of U-H;btec MOF is presented in
Fig. 3. The pattern showed three prominent peaks at 26
6.20, 8.09 and 10.34°. Similar pattern has been rep-
orted by Kazy et al. [17]. The fourth peak, with low
intensity appeared at 2618.59°.

Table 1. Absorption parameters for the adsorption of chromium ions unto uranium MOF

Lamp current A Slit width Fuel gas flow Support gas flow Flame  Burner height
Parameter . .
mA nm nm mode rate, L/min rate, L/min type mm
Value 10 357.9 0.7 BGC-D2 2.8 15.0 Air-C,H, 9.0
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Fig. 3. XRD spectrum for Uranium pyromellitic at room temperature.

SEM and EDS analysis

The scanning electron microscopy (SEM) image of
U-H,btec MOF is shown in Fig. 4. The visual observation
of the SEM image did not reveal specific shapes, such
as rod or stick but, showed the morphology of a porous
and flaky material. The flaky structure resembling to a
bunch of petals is likely to play an important role if the
MOF has to be used as adsorbent. It is possible that the
flaky structure of this MOF was strongly influenced by
the properties of uranium. The EDS spectrum (Fig. 5)

60 &0 100
2 Theta degree

showed clearly the presence of uranium in the struc-
ture of the MOF.

TEM Analysis

Transmission electron microscopy (TEM) analysis
was conducted to study the internal morphology of
synthesized U-H,btec MOF. The TEM image of uranium
1,2,4,5-benzene tetracarboxylic acid MOF obtained is
presented in Fig. 6. TEM result suggested the existence
of U-H,btec MOF in the form of pellets with particles
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Fig. 5. EDS analysis.
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diameter varying between 72.25 and 166.88 nm. The
typical TEM image clearly confirmed the flaky and
porous structure of the U-H,btec framework which is in
accordance with the SEM result.

Adsorption results

Adsorption was conducted using a batch setup and
chromium ions were determined using atomic absorp-
tion specroscopy (with r* = 0.9999). The Langmuir and
Freundlich isotherms were used to assess the adsorp-
tion behaviour of U-H,btec MOF. The kinetics of ads-
orption was investigated by means of contact time,
pseudo-first, and pseudo-second order reaction, in
order to possibly explain the sorption mechanism, such
as mass transfer and/or chemical reaction.

Effect of contact time

Time is one of the prime factors determining the
adsorption behaviour of a system. Contact time was
used in order to understanding the amount of cr*
adsorbed at various time intervals by a fixed amount of

A

Fig. 6. TEM image for U-H,btec MOF.
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the adsorbent and to monitor the equilibrium. Results
(Fig. 7) showed that for the five different concentra-
tions, equilibrium was achieved after about 30 min. The
general adsorption trend could be described as: sharp
increase of U-H,btec uptake during the first 30 min and
then equilibrium. All the plots, however, have features
that suggest a cover up step before equilibrium.

Effect of concentration

The effect of initial concentration in the range of 20
to 100 mg/L on adsorption is presented in Fig. 8. Result
showed that with the same amount of adsorbent, the
concentration of Cr’* adsorbed increased with the
concentration of the initial solution. This fact can be
explained by the mass transfer of Cr’* and pressure
onto the inner adsorption sites of the adsorbent.

Pseudo first and pseudo second order reaction

Plots of pseudo first and pseudo second order are
shown in Figs. 9 and 10. They had high r* (from 0.8743
to 0.997) meaning that adsorption probably underwent
physisorption and chemisorption processes [18]. This
can be explain by the lone pair electron on oxygen

H —8— 20 mg/L
....... 40 mg/L
Ll = === 60 mg/L
- % =80mgL
8 =% - 100 mg/L

Amount of Cr¥*adsorbed (ng/g)

atoms (of the carboxylic moiety, behaving like a ligand)
that could be responsible of a bond between the ads-
orbent and cr*, possible m-rt electron donor-acceptor
interactions between the aromatic rings moiety of the
adsorbent (H btec) and cr*, and the presence of pores
in the 3-D structure the MOF which could have trapped
the adsorbate.

Adsorption isotherms

Langmuir and Freundlich isotherms (linear plots)
were used to study the adsorption of crt by U-H btec
MOF and results are presented in Figs. 11 and 12. The
Langmuir model advocate for equality of affinity
between adsorption sites-adsorbate and that adsorp-
tion at one site does not affect adsorption at an
adjacent site on monolayer surfaces [19,20]. The
Freundlich model, however, describes the equilibrium
on heterogeneous systems and does not assume
monolayer capacity [19,21]. Correlation coefficients (rz)
were used to estimate the best fit isotherm model for
the adsorption of cr*. r* values of the two models
(Langmuir and Freundlich) are almost in the same
range (similar), suggesting that cr’* were adsorbed on

.........................
-------

Fig. 7. Effect of time on adsorption.
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1
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Fig. 8. Effect of Initial concentration of chroimium ions.
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Fig. 11. Langmuir isotherm for the adsorption of chromium ions.

the surface (monolayer) and the inner sites (multilayer
system) of the adsorbent. This implication should not
surprise since the adsorbent (MOF) is assumed to be a
three-dimensional system. Therefore, cr with its 75.5

570

pm radius size could have penetrated the U-Hjbtec
pores and be adsorbed by the inner adsorption sites.
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Fig. 12. Freundlich Isotherm for the adsorption of chromium
ions on uranium MOF.

CONCLUSION

This work presented the synthesis of uranium
1,2,4,5-benzene tetracarboxylic acid metal organic
framework by solvothermal method. Unlike many other
results (rod and stick shapes), the SEM characterization
of U-Hsbtec MOF showed a flaky and porous morpho-
logy of the material. Used as adsorbent, the U-H4btec
MOF showed promising adsorption properties with
equilibrium reached during the first 30 min. It was
observed that the Cr’* uptake increased with the con-
centration of the initial solution and adsorption could
have followed chemisorption and physisorption. Also,
isotherms (Langmuir and Freundlich) suggested mono-
layer and multilayer systems.
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1ZVvOD

MORFOLOGIJA | ADSORPCIJA JONA HROMA NA METAL-ORGANSKOM OKVIRU (MOF) URAN-1,2,4,5-BENZEN-

TETRAKARBOKSILNA KISELINA
Remy M.K. Vala, Donbebe Wankasi, Ezekiel D. Dikio

Applied Chemistry and Nanoscience Laboratory, Department of Chemistry, Vaal University of Technology,

Vanderbijlpark, South Africa
(Naucni rad)

U ovom radu pokazana je sinteza metalnog organskog okvira (MOF) uranijum
1,2,4,5-benzentetrakarboksilne kiseline (U-H4btec MOF) primenom metode ter-
malnog rastvaranja. lzvrSena je karakterizacija dobijenog MOF primenom infra-
crvene spektroskopije sa Furijeovom transformacijom (FTIR), skenirajuce electron-
ske mikroskopije (SEM), transmisione elektronske mikroskopije (TEM), difrakcije
X-zraka (XRD), spektroskopije dispergovane energije (EDS) i termogravimetrijske i
diferencijalne termogravimetrijske analize (TGA/DTA). Morfologija MOF uranijum
1,2,4,5-benzentetrakarboksilne kiseline analizirana pomocu SEM pokazuje pri-
sustvo lisnate porozne strukture. Adsorpcija iz vodenog rastvora na MOF
uranijum 1,2,4,5-benzentetrakarboksilnu kiselinu je sistematski ispitana. Langmuir
i Freundlich adsorpcione izoterme su primenjene za odredivanje adsorpcionog
kapaciteta MOF za formiranje monosloja. Kineticko odredivanje adsorpcije cr¥
ukazuje kako na proces hemisorpcije tako i fizisorpcije, verovatno zbog prisustva
karbonilne grupe u okviru MOF i njegove porozne strukture.
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Abstract

An organic phase change material (PCM) possesses the ability to absorb and release large
quantity of latent heat during a phase change process over a certain temperature range.
This paper presents results related to thermo-physiological efficiency of special underwear
with organic PCM integrated in textile through microencapsulation process. The efficiency
of PCM underwear was tested through physiological examinations in simulated high-tem-
perature conditions, where test-subjects were voluntarily exposed to heat stress tests
wearing NBC protective suit with PCM underwear (option "THERM") and without it (option
"NoTHERM"). It can be concluded that wearing a PCM textile clothes under NBC protective
suit, during physical activity in high-tempearture conditions, reduces sweating and alle-
viates heat stress manifested by increased core and skin temperature and heart rate

values.

Keywords: phase change, microencapsulation, protective suit, underwear, physiological

measurements.
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Phase change materials possess the ability to
change their state with a certain temperature range.
These materials absorb energy during the heating pro-
cess as phase change takes place, otherwise this energy
can be transferred to the environment in the phase
change range during a reverse cooling process [1]. The
insulation effect reached by the PCM is dependent on
temperature and time; it takes place only during the
phase change (in the temperature range of the phase
change) and terminates when the phase change in all
of the PCMs would complete. Since, this type of ther-
mal insulation is temporary, it can be referred to as
dynamic thermal insulation. Numerous engineering
applications have made the topic of melting of phase
change material in enclosures one of the most active
fields in heat transfer research today [2].

During the complete melting process, the tempera-
ture of the PCM as well as its surrounding area remains
nearly constant. The same is true for the crystallization
process; during the entire crystallization process the
temperature of the PCM does not change significantly
either. Phase change process of PCM from solid to liquid
and vice versa is schematically shown in Figure 1 [3].
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Figure 1. Phase change process.

The large heat transfer during the melting process
as well as the crystallization process without significant
temperature change makes PCM interesting as a source
of heat storage material in practical applications. When
temperature increases, the PCM microcapsules abs-
orbed heat and storing this energy in the liquefied
phase change materials. When the temperature falls,
the PCM microcapsules release this stored heat energy
and consequently PCM solidify [4]. For substances that
are solid, conduction is the predominate mode of heat
transfer. For liquids, convection heat transfer predo-
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minates, and for vapors convection and radiation are
the primary mode of heat transfer. When the melting
temperature of a PCM is reached during heating pro-
cess, the phase change from the solid to the liquid
occurs. During this phase change, the PCM absorbs
large quantities of latent heat from the surrounding
area. PCM may repeatedly converted between solid
and liquid phases to utilize their latent heat of fusion to
absorb, store and release heat or cold during such
phase conversions.

Phase change materials are able theoretically to
change state at nearly constant temperature and there-
fore to store large quantity of energy [5]. Using the
thermal energy storage (TES) of phase change material
(PCM) which has a melting point from 15 to 35 °C is
one of the most effective ideas for effective utilization
of this kind of materials in the field of personal body
cooling.

Currently, more than 500 natural and synthetic
PCMs are known [6]. These materials differ from one
another in their phase change temperature ranges and
their heat storage capacities.

Classification and properties of organic PCMs

In 1971, Hale et al. published “Phase Change Mat-
erials Handbook” in which they provided data related
with the material properties of more than 500 pro-
mising PCMs needed by the thermal design engineers
to bridge the gap between research achievements and
actual systems [7]. Since then numerous studies have
focused on organic PCMs. The well-known and exten-
sively studied organic PCMs, which undergo solid—liquid
phase transition during heating and subsequent cool-
ing, have been paraffin waxes, poly(ethylene glycol)s,
fatty acids and their derivatives. In addition, a group of
organic PCMs, such as polyalcohols and polyethylenes,
which undergo solid—solid phase transition at a fixed
temperature by absorbing and releasing large amount
of the latent heat, have been paid attention as the pro-
mising organic PCMs.

Comprehensive lists of the most possible candidates
as organic PCMs have been reported in the literature
by Lane et al. [8], Lorsch et al. [9], Abhat [10], Hum-
phries and Griggs [11], Farid and Khudhair [12], Zalba et
al. [13], Farid et al. [14] and Cabeza et al. [15]. In all
these studies, a number of criteria to be fulfilled by an
ideal organic PCM candidate have been listed as:

—exhibiting high latent heat capacity to provide a
high thermal storage density,

—small volume change during phase transition,

—repeatability of phase change,

—thermal stability in the course of numerous
heating and cooling cycles,

—high density to allow a small size of storage
container, as well as being (vi) chemically stable,

—non-corrosive, non-toxic, nonflammable,
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—low-cost and easily available.

The limitations reported by many researchers are
the low thermal conductivity possessed by many org-
anic PCMs leading to low charging and discharging
rates, supercooling effect in cooling cycles, and need
for containers for preventing the leakage of PCMs [16—
-18].

One of the most important groups of organic PCMs
is paraffin waxes (Table 1). They consist of a mixture of
mostly straight-chain n-alkanes, CH;(CH,),CHs;. The
melting point of a paraffin wax increase with increasing
chain length as seen in Table 1, which can be attributed
to the increase in the induced dipole attractions
between n-alkane chains, e.g., the melting point of
n-tetradecane (14 C atoms) is 5.9 °C, while that of
n-octacosane (28 C atoms) is around 62 °C [7,19].

Table 1. Thermal properties of paraffin waxes with the
number of carbon atoms ranging from 12 to 28

Paraffin wax Number of Melting point Latent heat of

C atoms °C fusion, kJ/kg
n-Octacosane 28 61.4 253
n-Heptacosane 27 59 236
n-Hexacosane 26 56.4 256
n-Pentacosane 25 53.7 238
n-Tetracosane 24 50.9 255
n-Tricosane 23 47.6 232
n-Docosane 22 44.4 249
n-Heneicosane 21 40.5 200
n-Eicosane 20 36.8 246
n-Nonadecane 19 321 222
n-Octadecane 18 28.2 244
n-Heptadecane 17 22 213
n-Hexadecane 16 18.2 237
n-Pentadecane 15 10 205
n-Tetradecane 14 5.9 228

Microencapsulation of PCMs

Microencapsulation is a process by which solid par-
ticles, liquid droplets, or gas bubbles, named as the
core material, are coated with polymer or co-polymer
materials, named as the shell material. The term mic-
rocapsule is generally used to describe particles with
diameters between 1 and 1000 um. Particles smaller
than 1 um are called nanoparticles, whereas particles
greater than 1000 um are named microgranules or
macrocapsules [20]. The shell material of capsules can
be formulated by using a wide variety of materials inc-
luding natural and synthetic polymers, depending on
the chemical characteristics and intended use of the
core, the conditions under which the product is stored,
the processing conditions to which the microcapsules
are exposed as well as the cost and availability [21].
The morphology of microcapsules depends mainly on
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the core material and the deposition process of the
shell. Microcapsules may have regular or irregular
shapes, and they can be classified as mononuclear
type, polynuclear type and matrix type on the basis of
their morphology. Mononuclear microcapsules contain
the shell around the core, while polynuclear capsules
have many cores enclosed within the shell. In matrix
type capsules, the core material is distributed homo-
geneously into the shell material. In addition to these
three basic morphologies, microcapsules can also be
mononuclear with multiple shells, or they may form
clusters of microcapsules [22]. The main advantages of
microencapsulation can be summarized as: i) protect-
ion of unstable, sensitive materials from their environ-
ments prior to use, ii) better processing by improving
solubility and dispersibility of core and shell materials,
iiy employment of a variety of core materials, iv) pro-
duction with a high concentration and high yield, iv)
shelf-life enhancement by preventing degradative reac-
tions and evaporation, v) safe and convenient handling
of core materials and vi) masking of odor or taste [23].
The impact of phase-change materials (PCM) on
intelligent thermal-protective clothing has been inves-
tigated by many researchers [24]. In the heating pro-
cess, when the PCM layer's temperature increases
above the PCM’s melting point, the PCM melts and
becomes liquid. During this process, thermal energy is
absorbed and stored. After all the PCM becomes liquid,
the temperature continually increases. When the PCM
layer’s temperature reaches over melting point, the
conductive fabrics were powered off. The temperature
of the PCM layer then decreases after a short time.
When the temperature of the PCM layer decreases
below melting point, the liquid PCM becomes solid and
releases heat energy. In this process, the PCM acts as a
thermal buffer material by releasing stored heat.

Study methods

The PCMs efficiency was tested through physio-
logical examinations of special underwear (model Out-
last®, Outlast Europe GmbH, 100% polyester fabric,
weight of 177,6 g/m’). With this type of undewear, org-
anic PCM (n-octadecane, melting point 28 °C) through
microencapsulation was incorporated into the textile
material.

Ten male soldiers were voluntarily subjected to
exertional heat stress tests (EHST) consisted of walking
on treadmill (5.5 km/h) in hot conditions (40 °C) in
climatic chamber, wearing chemical protective suits.
The efficiency of PCM underwear was tested through
physiological examinations in simulated hot conditions,
where test-subjects voluntarily exposed to heat stress
tests wearing nuclear-biological-chemical (NBC) pro-
tective suit with PCM underwear (option "THERM") and
without it (option "NoTHERM"). Physiological strain
was determined by mean skin temperature (Tsk), body

core temperature (Tty) and heart rate values (HR),
while sweat rates (SwR) indicated changes in hydration
status.

The procedures performed in the present study cor-
responded to the standards or thermal strain eval-
uation by physiological measurements [25,26]. Skin
temperatures were measured continuously using con-
tact probes with transducers TSD202E and TSD202F
(precision +0.2 °C, range 0-60 °C, response time 0.9 s;
BIOPAC Systems Inc., USA). The thermistors were set at
4 locations (neck, right scapula, left hand and right
shin). Mean skin temperatures (Tsk) were calculated
every 5 min from values obtained and weighted. Core
(tympanic) temperatures (Tty) were continuously mea-
sured using contact probe TSD202A (precision 0.1 °C,
range 20-50 °C, response time 0.6 s) with transducer
introduced into the auditory canal and placed toward
the eardrum [10,11]. Data are presented as mean * SD.
The significance of differences between parameters
obtained during EHSTs was tested by Student’s t-test,
with significance level p < 0.05.

EXPERIMENTAL RESULTS

Body core temperature

Changes in test subject’s tympanic temperature
(Tty), while performing EHST in chemical protective
suit, with body thermoregulating underwear (, THERM")
and without it (,NoTHERM®), are shown in Figure 2.

—O-NoTHERM —~THERM

~ 3800
& 3780
o 3760
£ 3740
g 37.20
g 37.00
3680
£ 3660
g 3640
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Time (min)

Figure 2. The mean tympanic temperature during EHSTs.

The increase of tympanic temperature in all test
subjects, in the cases with thermoregulation and with-
out it, are shown graphically in Figure 3.

In NoTHERM group changes in temperature values
over time are characterized by similar dynamics: rapid
growth in the first 15 and last 10 min, a little slower in
the middle part of the EHST. In the THERM group
better temperature stability was noted, without any
significant changes in growth increase during the EHST.
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In the 45™ min of the test, compared to the NoTHERM
option, significantly lower values of the Tty (p < 0.05) in
the THERM group were observed (0.74+0.08 °C). The
total temperature increase of 1.67+0.15 °C was rec-
orded in NoTHERM group, while in THERM group the
increase was much lower (0.84+0.05 °C) [3].

—-NoTHERM —&-THERM

2.1

—~ 1.9
2 /SN
e 1.7 '\./’./-\/ \./.
)
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= 1.3
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1.1
5
= 0.9 W
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0.5 T T T T T T T

1 2 3 4 5 6 7 8 9
Test subjects

Figure 3. The increase of Tty during EHSTs.

Skin temperature

Graphical reviews of mean skin temperature (Tsk)
values during EHST are displayed in Figure 4 [3].
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Figure 4. The mean skin temperature during EHSTs.

In both cases, during the first part of the EHST (up
to 15™ min), mean skin temperature rapidly increased
until sweating occurred, then slowed towards the end
of test. Minimum oscillation in Tsk changes was rec-
orded in the group THERM, which is characterized by a
significantly lower (p < 0.05) increase of temperature
from the start to the end of the EHST (1.4310.22 °C),
compared to group NoTHERM.

Mean skin temperature on four local skin points
(neck, scapula, arm, leg), in both groups (NoTHERM,
THERM), in 45™ min of the EHST, are shown in Table 2.
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Table 2. Mean Tsk values ( °C) measured on four local skin
points in 45" min EHST

Tsk NoTHERM THERM

Tsk, (neck) 37.27+0.58 36.34+0.42
Tsk, (scapula) 37.43+1.22 35.740.82
Tsks (arm) 37.5740.53 37.5240.73
Tk, (leg) 37.14+1.03 37.02+1.14

In experimental group THERM in the end of EHST
significantly lower values of skin temperature were
observed in relation to the option NoTHERM (an aver-
age of 0.6610.12 °C, p < 0.05).

Heart rate

The dynamics of the average heart rates in both
groups are displayed in Figure 5.
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Figure 5. The mean heart rates during EHSTs.

The mean values of the hart rate and total increase
(AHR) in both groups (NoTHERM, THERM) are displayed
in Table 3.

Table 3. Mean values of HR and total growth (AHR) while
using NBC suit without thermoregulation (NOTHERM) and
with functional underwear (THERM)

Time NoTHERM (bpm) THERM (bpm)
min X£SD AHR X+SD AHR
0 98+12 58 92433 53
5 120+13 115+10

10 130+14 121+12

15 133+13 125+14

20 136+13 128+15

25 140+10 13315

30 14347 13548

35 147410 14048

40 15248 145+11

45 15648 145+19
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Mean values of HR (£SD) noticed on every 5 min of
the EHST are shown, as well as total increase of hart
rate (AHR), calculated as difference between values
recorded in the first and last minute of EHST (AHR =
= HRAS5 — HRO).

In both groups rapid increase of HR was recorded in
the first 10 min, and then it slowed significantly.

This trend is particularly specific in NoTHERM group,
where the hart rate increased in the first 10 min for
3249 bpm, and within the next 35 min only for 2617
bpm. The maximum value of HR was observed in
NoTHERM group at the end of the EHST (15618 bpm),
while at the same time in THERM group was lower for
11 bpm (145+19 bpm). When comparing the mean
values of HR between the two tested groups, a signific-
ant difference (p < 0.05) can be observed (in the THERM
group mean HR was 128116 bpm, in the NoTHERM
group 135+17 bpm).

In order to minimize the differences regarding EHST
durations, sweat rate (SwR) was expressed per hour
(Figure 6). The average rate of sweating, as expected,
was higher in NoTHERM group (0.56+0.09 I/(m2 h)).
Statistically significant lower sweating was observed in
THERM group in relation to the NoTHERM (0.42+0.06
L/(m? h)); p < 0.05.

0.70
0.60

= 050

E 040

=~ 030

& 020
0.10
0.00

NOTH ERM THERM

Figure 6. The mean sweat rates during EHSTs.

DISCUSSION

In our experimental conditions (40 °C), n-octadec-
ane microencapsulated inside underwear, showed sig-
nificant stability during the most of exercises, despite
high ambient temperatures. Rapid activation caused by
the adequate melting point of 28.2 °C (Table 1), while a
relatively long and stable thermoregulating effect is a
consequence of the high latent heat of fusion (244
ki/kg).

The choice of organic PCM with 18 C atoms in this
case had a direct influence on a clothes thermoregul-
ation efficiency, observed through Tty and Tsk para-
metres. Activation point (which is practically equal to
the compound melting point) of the n-octadecane
allows activation of microcapsules and absorbtion of

the excess heat from the body that occurs during phys-
ical exercises in a climate chamber. Better thermoreg-
ulation while using underwear has been proven by
lower values of Tty and Tsk measured during EHST,
lower cardiovascular load as well as lower intensity of
perspiration.

Experimental group THERM is characterized by the
smallest fluctuations in temperature as a function of
time during EHST, which additionally indicates the stab-
ility of the thermoregulation process.

Perspiration as a mechanism of revealing excess
heat has special significance in heat stress due to phys-
ical activity, when it occurs not only as a consequence
of thermal factors (increasing Tty and Tsk), but also
,hon-thermal” indicators such as central activation,
activation of muscle mechano-metabo receptors acti-
vity and baroreflex activation due to physical activity
[27]. According to our study results, the intensity of
respiration when using PCM underwear has a lower
value of 25% compared to the option without thermo-
regulation. This may contribute to the prevention of
dehydration while working in complex conditions that
require wearing NBC protective equipment.

Many other studies also confirmed that cooling effi-
ciency depends on the selected type of PCM and its
thermal properties. Our results are consistent with the
study of Fok and coworkers [28] who carried out the
investigation of the same PCM — paraffin n-octadecane,
to cool a motorcycle helmet. Paper presents the expe-
rimental investigations on the influence of the simul-
ated solar radiation, wind speed and heat generation
rate on the cooling system. The results show that hel-
met cooled with the phase change material provide
prolonged thermal comfort period compared to a nor-
mal helmet. Their findings also indicate that the heat
generation from the head is the predominant factor
affecting the PCM’s melting time.

Study results confirmed that usage a textile thermo-
regulating clothes with integrated organic PCM, have
direct influence on improving thermophysiological pro-
perties of NBC protective suit.

CONCLUSION

Study results confirmed that usage of the PCM with
high latent heat of fusion (from 200 to 250 kJ/kg) and a
melting point around 30 °C results in a very efficient
body thermoregulation in hot conditions. Our study
also confirmed opinions from other studies that appli-
cation of PCM with a higher melting point ensures
stable and permanent cooling for a longer period of
time [28,29]. Based on physiological parameters mea-
sured during EHSTs (groups NoTHERM and THERM), it
can be concluded that a decisive influence on the ther-
moregulation efficiency has melting point and latent
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heat of fusion of the used compound for textile appli-
cation.

Our study results open possibility for developing
own phase-change material for textile application, with
appropriate thermal, physical and chemical properties,
suitable for use under the nuclear-biological-chemical
protective suits, combat vests or uniforms, in different
missions and under extreme temperature conditions.
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(Strucni rad)

Materijali koji menjaju fazno stanje (PCM) organskog tipa imaju sposobnost Kljuéne reci: Fazna promena e Mikro-
apsorbcije i emisije velikih koli¢ina toplotne energije tokom procesa faznih pro- enkapsulacija e Zastitna odeca e Rublje o
mena (prelaza iz jednog agregatnog stanja u drugo). Upotreba PCM u svrhe Termofizioloska merenja

namenskog skladistenja energije ili stvaranja efekta toplotne izolacije je nau¢no
potvrdena i industrijski testirana. U novije vreme narocito raste interes istrazivaca
za nanosenje PCM na tekstilne materijale metodama premazivanja ili mikroenkap-
sulacije. U radu su prikazani rezultati ispitivanja termofizioloske efikasnosti spe-
cijalnog rublja sa organskim PCM integrisanim u tekstilni materijal kroz proces
mikroinkapsulacije. Efikasnost PCM rublja je testirana kroz proveru termofizio-
loskih parametara u vestacki simuliranim uslovima tople sredine (klima komora),
gde su ispitanici izloZeni testovima toplotnog opterecenja pri noSenju ABH zastit-
ne odece bez specijalnog rublja (opcija “NoTHERM”) i sa PCM rublijem (opcija
“THERM”). MozZe se zakljuciti da noSenje odeée za termoregulaciju bazirane na
integraciji organskih PCM, ispod ABH zastitnog odela, tokom fizicke aktivnosti u
toplim uslovima, umanjuje intenzitet znojenja i ublazava termalno optereéenje
korisnika.
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Abstract

This paper presents the procedure of uniaxial mechanical characterization of composite
solid rocket propellant based on hydroxy-terminated polybutadiene (HTPB), whose mech-
anical properties strongly depend on temperature, strain rate, natural aging and accum-
ulated damage. A method of processing data is presented in order to determine time-tem-
perature shift factor and master curves for tensile strength, ultimate strain and relaxation
modulus, depending on reduced time. Functional dependences of these features represent
an input for structural analysis of a rocket motor propellant grain. The effects of natural

aging on the mechanical properties are also considered.
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Elastomeric materials have been incorporated as
structural elements in many engineering applications.
One of their important applications is for design of solid
propellant grains in rocket motors.

There are two main types of solid rocket propel-
lants, double-base and composite. Double-base propel-
lant is composed as approximately equal-part mixture
of nitrocellulose gelled by a nitrate ester such as nitro-
glycerin, which depends upon the nitro chemical
groups in the nitrocellulose and nitrate ester for oxy-
gen. Composite propellant is composed as a mixture of
approximately 75-85% of fine oxidizer powder
embedded into the remaining 15-25% of polymer mat-
rix [1-3]. In both cases the elastomeric content is suf-
ficiently large to cause the mixture to exhibit strong
strain rate- and temperature-dependent mechanical
properties [4].

For elastic materials, in the field of small strains and
one-dimensional tension, there is a linear relation
between stress (o) and strain (&), which can be com-
pared to behavior of a spring:

o=E¢e (1)

E —Young’s modulus of elasticity.

Viscoelastic mechanical behavior is something
between the behavior of elastic spring and viscous
fluid. For viscoelastic materials, this relationship is not
linear. It depends on strain rate and temperature [5-7].
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The relation between the two usually can be presented
by a complex differential equation. Under certain
assumptions, the viscoelastic material may be treated
as linear-viscoelastic material [1,8,9], which is repre-
sented by following expression:

d" d
P,—+..+P—+P |o(t)=
dt” dt

d” d
=lQ, —+.+Q, — t
{Qm o + +Qldt+00}3( )

or more compactly:
[0, ]o(t) =[0, ]e(t) (3)

where O, and O, are differential operators. Linear
operator d'/dt’ represents the i-th derivative with res-
pect to time; P; and Q; are material constants which
may be obtained by uniaxial tension tests. Although the
Eq. (2) is complex, if the mechanical properties of mat-
erial are known, depending on temperature and time,
it is theoretically possible to conduct structural analysis
by means of mathematical transformations and prin-
ciples of elastic analysis [1,4,6,7].

Mechanical behavior of any material depends on
temperature range in which it is going to be used. All
materials behave as elastic below their glass transition
temperatures (7). For instance, if we introduce an
analogy between T, for elastomers and the high tempe-
rature above which the metals become plastic, we can
explain the elastic metals behavior at ambient tempe-
rature. For their structural analysis the expression (1) is
widely used in the theory of elasticity.
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The value of Ty is the first feature that should be
determined in the process of mechanical character-
ization of a composite propellant composition based on
a certain type of polymer (such as HTPB). The glass
transition temperature T, of the composite solid pro-
pellant composition, based on HTPB, which is discussed
in this paper is approximately equal to —70 °C [10,11].

The composite rocket propellant, based on HTPB, is
viscoelastic over its glass transition temperature T, in
its operational temperature range between —-40 and
50 °C.

All of its mechanical properties vary with tempe-
rature, real time due to aging, and significantly with
strain rate which is also a kind of a time dependence.

For this reason, it is necessary to conduct mech-
anical characterization of viscoelastic material in order
to get all the dependences, necessary to improve a
reliable structural analysis which substantially differs
from the analysis for elastic materials. Usually, the
structural analysis is based on uniaxial mechanical
characterization.

The purpose of mechanical characterization of the
viscoelastic rocket propellant is to conduct the struc-
tural analysis for a rocket propellant grain as visco-
elastic body and to assess the time-distribution of the
safety factor, or more generally, to determine the reli-
ability of the rocket motor. The safety factor is the ratio
between tensile strength and real stress that acts on a
body, or between ultimate and real strain:

(4)

Real stresses and strains depend on the loads that
act on the body, but also on environmental tempe-
rature and relaxation modulus [1,5-7] of the material.

0,€=f(T,E(t)) (5)

From the Egs. (4) and (5) it can be seen that it is
necessary to determine the three main dependencies:
0., (T,t), £,(T,t)and E,,(T,t) . The first two, tensile
strength and ultimate strain are required for failure
analysis, and the third, relaxation modulus, for the real
stress and strain calculations.

According to Heller's model [10,12,13], each of
these features is a combination of basic values in the
very beginning of the propellant service life
(OmorEmo Emo ), aging factors (n,,7,,7;) and cum-
ulative damage (D) due to load effects during storage.

O'm(t)=0'm0770(t)[1—D(t)] (6)
() = €077 (1)[1-D(t)] (7)
Erel (t) = ErelO”E (t)[l - D(t)] (8)

There are different opinions on how to describe the
changes of the mechanical properties of viscoelastic
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materials during time. Sutton [14], for instance, sug-
gests that changes occur only due to the effects of load
and he doesn’t consider the effects of natural aging
(Ms,M.,Me) . He finds that changes in mechanical pro-
perties are primarily due to cumulative damage (D)
[11,14-17]. Sometimes, propellant aging is considered
as a unique result of simultaneous action of chemical,
physical and aging due to the effects of mechanical
loads [18]. However, all authors agree that it is nec-
essary to determine the basic initial values of the
mechanical properties (0y,0,Emg,Emo ), immediately
after propellant production. Sometimes for the struc-
tural analysis only these values are used, such as there
are no further changes due to aging.

The basic values of mechanical properties
(Omos+EmorEmo ) are formally represented in Egs. (6-8)
as constants. Really, these features are variables, that
depend on temperature and strain rate, usually pre-
sented in the form of master curves [1,5-7,19]. There
are several convenient tests for the mechanical charac-
terization of viscoelastic material. It is customary to
test uniaxial specimens in tension. Four tests are com-
monly used [1,6,19]:

1. Step-strain input, measure stress-relaxation
output,

2. Step-stress input, measure creep-strain output,

3. Constant strain-rate input, measure stress out-
put and

4. Sinusoidal stress (strain) input, measure strain
(stress) output.

In practice, the most commonly used test is cons-
tant strain-rate test (No. 3) because data processing is
similar to the processing the test results made by
elastic materials. For a discussion of cyclic loads, the
test No. 4 is also very useful.

Usually, in the literature, only the principles for
determination of viscoelastic mechanical properties
can be found. The main goal of this paper is to present
the complete procedure of the composite solid propel-
lant characterization and determination of the master
curves for tensile strength, allowable strain and relax-
ation modulus. These features are used as an input in
the process of structural analysis of the propellant
grain in rocket motor and its reliability estimation.
Moreover, the possibility of application these results
after a certain period of propellant storage was
analysed [10,19].

EXPERIMENTS

Composite propellant composition and preparation of
test samples

A composite solid propellant composition based on
hydroxy-terminated polybutadiene (HTPB) has been
tested [20], composed by 23,4% HTPB based binder,
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75% crystalline oxidizer (ammonium perchlorate, AP),
1% Al metal powder, 0,5% lithium fluoride as burning
rate depressant and 0,1% carbon black powder (C) as
burning stabilizer. Within the HTPB based binder, iso-
phorone diisocyanate (IPDI) as curing agent (cross-
linker) was used, as well as dioctyl adipate (DOA) as
plasticizer, 2,2-methylene-bis(4-methyl-6-tertiary-butyl
phenol) (AO22) as antioxidant and triethylene-tetra-
mine (TET), as bonding agent.

The NCO/OH ratio between the isocyanate groups
of IPDI to the hydroxy groups was 0.86.

During propellant grain manufacturing, propellant
blocks were also cast and placed into a dry environ-
ment at 20 °C. The specimens were cut from the blocks
immediately before daily series testing. The remaining
blocks were returned to thermally controlled dry stock.
Thus, external loads or other forms of damage didn’t
affect the propellant blocks.

For uniaxial constant strain-rate tests and stress—
—strain curves measuring, tensile tester “Instron-1122"
was used.

Propellant specimens are usually tempered in small
separated thermal chambers with constant tempera-
tures for at least two hours before tension test. The
same temperature is also prepared in the main cham-
ber on the Instron tester (Fig. 1). When the test tem-
perature has to be low, the main chamber is cooled by
liguid CO,. Before test, each individual specimen is
transferred into a chamber on the testing machine,
with further tempering until the desired temperature is
stabilized.

In Fig. 1 it can be seen that the height of the
chamber is large enough to enable movement of the
tensile tester cross-head, which is higher than the max-
imum strain of the specimen.

Figure 1. Tensile tester , Instron-1122",

When the temperature chamber is not mounted on
the tester, the values of real strain on standard (room)
temperature can be measured by extension-meter.

When the tests have to be performed at other tem-
peratures, using temperature chamber, it is not pos-
sible to mount extension-meter. However, for JANNAF-
-C specimen the effective gauge length of /[, = 68.4 mm
has been widely adopted in the literature [1,6,7,16].
Our tests on standard temperature have shown strong
agreement between strain measured by extension-
meters and strain based on the displacement of the
tester cross-head and effective gauge length.

Two sets of tension tests have been made. At first,
fresh, virgin propellant was tested, immediately after
curing, in order to make master curves for the char-
acteristic mechanical properties. Propellant specimens
of the “JANNAF-C” type [6,8] were tested in 96 dif-
ferent modes, under various temperature and strain
rate conditions (Table 1), with 7-9 replicates in each
mode. Twelve different temperatures and twelve dif-
ferent strain rates were used (ten degree steps in the
range -—60 to 50 °C), constant crosshead speeds
between 0.2 and 1000 mm/min. The influence of time
as a result of strain rate was analyzed.

In contrast to the first, in the second group of tests
the impact of real-time on the mechanical properties
was analyzed, having regard to the natural aging. The
propellant was tested in two different periods. For the
first time, 15 days after production, and for the second
time, about three months later. The tests were carried
out only at standard temperature (20 °C), at several
different cross-head speeds.

The procedure in the first set of tests [1,4-7,11]
was as follows: at the initial, constant temperature (i.e.,
—60 °C in the left column in Table 1), uniaxial tension
tests were performed at several different tester cross-
-head speeds (i.e., 5, 10, 20, 50, 100, 200, 500 and 1000
mm/min). Then, the procedure has been continued at
the next temperature —50 °C. And so on, until the
testing has been completed at the upper limit tem-
perature, 50 °C.

Table 1. Test modes of uni-axial tension; R — crosshead speed

R T/°C
mm/min —60-50-40-30-20-10 0 10 20 30 40 50

100 * * * * * * * * * * * *
50 * * * * * * * * * * * *
20 * * * * * * * * * * * *
10 * * * * * * * * * * *
5 * * * * * * * * *
2 * * * * * *
1 * * * * *
0.5 * * * *
0.2 b @
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Three characteristic mechanical properties (Fig. 2)
were determined in each single test: the initial modulus
(E), the maximum allowable stress, termed tensile
strength (o;,) and the strain at maximum stress (&,). At
some temperatures there was no need to carry out
tests at all different cross-head speeds. The number of
test modes for each test temperature was less or equal
to the number of possible tester speeds (strain rates).
Each individual stress-strain test, as a combination of
strain rate and test temperature, have given only three
values, one point for each of the three summary pro-
perty plots: initial modulus, tensile strength and strain
at maximum stress (ultimate strain).

Maximum stress o
[} m Stress at break ),
o
o
o
\é{ j i | Strain at
& : | break g,
o :
ot / ;
Ny \ -~

ay

Strain at maximum |
stress €m .

Strain &

Figure 2. Typical stress-strain curve in the constant strain-rate
test.

In the second group of tests, uniaxial tension tests
were carried out, not in the very beginning of the ser-
vice life, like the first series of tests, but still in the
initial period after production, the first time after 15
days and the second time 105 days after curing. Both
times, the second group of tests was performed only at
standard temperature (20 °C), at nine different cross-
-head speeds: 0.5, 1, 2, 5, 10, 20, 50, 100 and 200
mm/min. The measured values for all three charac-
teristic mechanical properties (o, &, and E) are shown
in Table 2.

Table 2. Coefficients that define regression for relaxation
modulus master curve

i 1 2 3 4 5 6 7
%/s 107 10° 10° 10 10° 10% 107
E 10.50 40.82 149.61 108.65 139.54 55.56 65.97
daN cm™

i 8 9 10 11 12 13
2 3 4 5

7/s 107 10 10 10 10 10
E; 35.31 40.12 1429 1790 4.24 1.14
daN cm™

E, 36.31

daN cm™
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Test method

The JANNAF specimen, conditioned at a constant
temperature, is extended at a constant cross-head
speed (V) until it breaks. The strain rate (£) is also a
constant value, commonly denoted as R. For this type
of specimen the value of I = 68.4 mm is used as
effective specimen length [6]. The value of force at the
extended length is meassured as time progresses.

The following values for analysis are defined.

Strain at time t:
4 .
lo

True stress:

o=t _F Yy (d’“‘—Nj (10)
Ay o 0 cm

Strain rate:

d_z:‘: .(S_l):R:V(mm/min) (11)

dt 60/, (mm)

Processing of measurement results

Each test mode in this type of test gives three
values, one for all of the three summary plots. The all
three plots ( o,,, &, , E) should have the same abscissa,
which represents reciprocal of the propellant specimen
strain rate, log(¢™')=log(1/R), and have time dimen-
sion. The range from the maximum cross-head speed
(1000 mm/min) to minimum value (0,2 mm/min) is
high, so the logarithmic scale of the abscissa is suitable
for further analysis.

For the first series of tests the further procedure
was as follows: when all the points were plotted, 96 of
them, the regression lines were created for each tem-
perature in all the three material property plots. The
procedure was repeated for the entire temperature
range from —60 to 50 °C, at ten-degree increments.

Whenever it is necessary to make a plot of a feature
that depends on temperature, the reference tempe-
rature, denoted as T, or T, has to be arbitrarily chosen.
Standard value (T, = 20 °C) is usually recommended
[6,7,21,22], although there are cases where it is better
to adopt a value about 50 °C over the glass-transition
temperature [5]. Since the elastic forces in polymers
are proportional to absolute temperature [1,5,6], ten-
sile strength and initial modulus have to be normalized
by factor (T, /T ). The initial modulus dependence on
temperature and strain rate is shown in Fig. 3.

Similarly, the regression lines for tensile strength vs.
strain rate were formed for different test temperatures
in the summary plot (Fig. 4). As in the previous plot for
the modulus, each temperature dependence was fitted
by linear function.
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Figure 3. Initial modulus vs. temperature and strain rate.
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Figure 4. Tensile strength vs. temperature and strain rate.

It can be accepted that the regression lines in Figs. 3
and 4 are approximately linear and parallel. If it is
assumed that the hydroxyl-terminated polybutadiene
HTPB is a linear-viscoelastic and thermo-rheologically
simple material [1,4-7,23], then there exists a correl-
ation between the effects of time and temperature. In
this case it is possible to translate all the temperature
regression lines horizontally along the time-dimen-
sioned abscissa to meet the reference line, where they
overlap to create “a master curve”.

Ultimate strain dependence on temperature and
strain rate (Figure 5) is more complex and it is not
possible immediately to recognize its final form. Reg-
ression lines that correspond to different temperatures
do not have proper forms. They are not equidistant as
in the cases of modulus and tensile strength.

Distance from an arbitrary line in Figs. 3 and 4 to
the line that corresponds to a reference temperature
(To) is equal to the value of shift loga; . This feature is
known as a time-temperature shift factor, because the

shift from an arbitrary to the reference temperature
corresponds to the horizontal shift along the time axis
[1,3-9]. Depending on the direction of movement, this
value can be positive or negative. The character of
time—temperature shift factor a;[1,5-7,21,23] is
universal and it can be theoretically determined from
each of the plots in Figs. 3-5. The final result a;(T)
should be same. However, it is much easier to estimate
different distances between regression lines using lin-
ear plots in Figs. 3 and 4.

22
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S
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£ 16 o s2 3
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Figure 5. Ultimate strain vs. temperature and strain rate.

Different values of shift correspond to each tempe-
rature. When the regression lines are not completely
parallel, the distance is determined as in Fig. 6. This
way, the functional dependence a;(T) between time
and temperature can be defined, as in Fig. 7.

log ap = 0.5 (log aTl + log aTz) I

o
o)
log a

log (o, T,/T)

log (1/R) =log t

Figure 6. Shift factor ar - spacing between regression curves.

Regression line that describes the time-temperature
dependence can be described in different ways. In
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literature, the most commonly used term is Williams-
Landel-Ferry (WLF) Equation:

C,(T-T,)
loga; = ——+——2~ (12)
G, +T-T,
8 1 1
Shift factor (ay) based on:
@ Tensile strength data
6 4 Initial modulus data
D Ultimate strain data
3 4 | | ]
— 0
\ T,=+20°C
=~
]
oy 2
° &
< 2
>
| 40-(T—20 P~
0 loga, = A0 (T -20) > 2
127+7-20
. |
-60 -40 -20 0 20 40 60
Temperature, T(OC)

Figure 7. Time—temperature shift factor.

The functional dependence (12) is found to be the
same (C, = 8.86, C, = 101.6) for a “wide variety of
polymers, polymer solutions, organic glass-forming
liquids, and inorganic glasses” [24], “after suitable
choice of the reference temperature (T,), about 50 °C
above the glass transition temperature T,, and over the
temperature range Tyx50 °C”. Theoretically, this allows
the mechanical properties of some materials to be
tested only at one single temperature, and the pro-
perty values at other temperatures are easy to calcul-
ate using the expression (12). However, outside this
range, the functional dependences a+(T) for different
materials cannot match.

Unfortunately, this rule is not entirely suitable for
rocket propellants. Composite rocket propellant is a
mixture of approximately one quarter of polymer mat-
rix and three quarters of powdered fillers, and exp-
ression (12) does not give completely accurate results
if the universal constants C; and C, are used. In addi-
tion, the upper limit temperature of propellant usage
does not meet the requirement for using these values
of constants, because it comes out from the range
[T, Tg+100 °C]. For such cases in the same paper [24] it
was recommended that “for the practical use, it is
more accurate to choose a higher reference tempe-
rature (Tp) and use the empirical constants of Eq. (12)
in predicting the temperature dependence of mechan-
ical properties”. This requires to conduct the propellant
mechanical characterization over the entire operating
temperature range and to determine the constants in
the expression (12) by fitting the test results.

586

For the specified propellant, the result is shown in
section ,Data processing results”, together with other
results.

The obtained result represents a regression curve
on the basis of tensile strength, initial modulus, and
allowable strain data. This regression curve refers to
the temperature range in which the measurements
were made (—60 to 50 °C), and it is quite enough to
cover the whole temperature range of the propellant
use.

Finally, the scale of the abscissa in the material
property plots (Figs. 3-5) can be corrected, because
“there exists the fortunate, although essentially unexp-
lained” [4], association between time and temperature
for viscoelastic materials. If any of the regression lines
on an arbitrary temperature T, for example
0,,(T,logt), is moved for the value loga;(T) to overlap
the reference regression line 0,,(T,,logt), this feature
begins to depend not only on time but also on the size
of displacement along the timeline:

o,,(logt —loga;)=0,,(logt / a;)=0,,log&

Therefore, instead of real time t which is the
reciprocal of the strain rate (1/R=t), a “reduced
time” (&) should be introduced on the abscissa
(& =1/(Ra;)=t/a; ). This connection between tempe-
rature and time is used to transform the dependence
on two variables into the dependence on a single
variable (log&).

Then, the master curve for a given mechanical
property may be plotted against log¢ that applies to
all load conditions. The master curves for tensile
strength and initial modulus are of the same type (Figs.
8and9):

.

Iogam?oza—blogf (13)
Ty

IogE0?=c—dIogf (14)

A considerable problem in the master curve deter-
mination for ultimate strain of the propellant was insuf-
ficient recognition (Fig. 5) of individual segments that
correspond to different temperatures. Regression
curves for these individual segments correspond only
to small parts of the final master curve (Figs. 10 and 11)
and do not cover the whole time range.

The actual values of the coefficients in linear equa-
tions for tensile strength and initial modulus (Egs. (13)
and (14)) are presented in section ,Data processing
results”, together with other results. For allowable
strain the Gaussian regression curve is accepted, in the
following form:

ﬂ)z

_2(
£, (%)=g,+Ae * (15)
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Figure 8. Tensile strength master curve.
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Figure 9. Initial modulus master curve.
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Figure 10. Ultimate strain.
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Figure 11. Ultimate strain master curve.

There is no standard form for mathematical des-
cription of the ultimate strain curves for different pro-
pellant compositions based on HTPB polymer. The
Gaussian curve is just an example for an appropriate
regression function.

Some individual points in the master plots deviate
from the regression lines due to various influences.
They are inevitable consequence in the testing of vis-
coelastic materials. In the probabilistic model
[10,11,19], used to estimate a rocket propellant grain
reliability, these deviations were compensated because
all the features were considered as statistical variables.

Master curves for tensile strength (Fig. 8) and ulti-
mate strain (Fig. 11) are required for failure analysis, as
indicators of the material capacity to withstand the
loads and stresses.

Before the failure analysis as final stage in the pro-
cess of reliability determination, the structural analyst
has to analyze the stresses acting on the body. For the
stress-strain analysis of a viscoelastic body, it is nec-
essary and sufficient to determine the relaxation mod-
ulus [1,4,6,9,25-27]. It is very important to make a
distinction with respect to the initial modulus of the
material which corresponds to the modulus of elasticity
in the elastic material.

There are different ways for determination of the
relaxation modulus, like DMA tests or long duration
relaxation tests. In this study, the relaxation modulus
has been determined on the basis of uniaxial constant
strain rate tests. Each test mode was sufficient only for
one point determination of the master curve, using the
following expression [4-71]:

Ere.(t){d%ﬂ (16)
£=Rt

The expression (16) represents the relationship
between relaxation modulus and the maximum slope
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of the stress-strain curve in the constant strain rate test
(Fig. 12), in the domain where the strain is proportional
to time (€ =Rt ). The maximum slope is approximately
equal to the initial modulus which is determined in a
known manner, like in the case of an elastic material. In
the initial region of the curve that corresponds to its
elastic part, two pairs of stress and strain values have
to be measured:
do(t) Ao _o,-0y

E(t)= =— 17
i de Ae & -g (7

4:,-ll‘i" E'I1I

£
E|

)

Figure 12. Slope of the stress-strain curve.

It is difficult to determine a rule for measuring the
two pairs of stress and strain values. In the paper [28],
the authors have measured the values of stress at 3%
and 10% strain. However, when the tests are made in a
number of different modes, this rule can not be
applied.

The method of the relaxation modulus determin-
ation is reduced to measuring slopes in different stress-
strain test modes. It is important that the value of the
relaxation modulus in an exactly defined temperature
and speed mode depends not only on the slope of the
curve, but also on the position of the measured points
on the stress-strain curves (0y, &, 03, &).

Therefore, it is necessary, besides the slope
(Ao /Ag), to define the position of the measuring
points (o / € ) in each stress-strain plot. Therefore, for
the relaxation modulus determination, the following
procedure has been applied [5,8,9,19]:

(18)

do

do o ©

Eglt)=—=—"2——

rel() de di £
£

The ratio (o / € ) defines the position of the mea-
suring point in the stress-strain diagram. If the inf-
luence of strain rate (R) and temperature (a;) is int-
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roduced, and the stress is normalized (TO/T), an
expression for the relaxation modulus is obtained:

o d(|n0')
Eralt.T)=2 d(ing)
% T d4n o T (19)
RGT T Ra—,— T

Opep d(INOgep)

E I(tlT):
A &ep  d(InEpep)

(20)

Oren» Erep — reduced values of stress and strain.

When the values Opep and &y in all stress-strain
plots are determined, it is possible to form a log—log
plot (Fig. 13), with constant slope, equal to the deri-
vative on the right side of Eq. (20).

2

log (o(T/T)/Ray)

-4

-6

-8 -6 -4 -2 0 2 4
log(e/Ra)

Figure 13. Determination of the relaxation modulus slope.

Finally, it is possible to plot the points defined in Eq.
(20). The value d(Inogep)/ dlIngyep) is approximately
constant, but the values of the ratio Oy / &ep are
variables, and an array of points can be formed (Fig.
14), determining the relaxation modulus curve [5,6].

The number of 96 different test regimes at various
temperatures and cross-head rates was sufficient to
produce a reliable relaxation curve covering the whole
area that is interesting for structural analysis of a
viscoelastic body.

The distribution of the relaxation modulus “master”
curve is represented by Dirichlet or Prony series expan-
sion, which is the most general form of linear viscoelas-
ticity:

=n _ t
Ealt)=E.+ > Ee ™ (21)
i=1
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X

{daN/cm z:i
b

log E.-._-I“*T]
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Reduced time, log(t/ap) =logg

Figure 14. Relaxation modulus.

For the actual HTPB composite propellant, the
values of coefficients E;,7; (Table 2) are evaluated by
fitting the relaxation modulus master curve (Fig. 14)
and presented in Section 3, together with other results.

Expression (21) allows the stress and strain analysis
to be conducted in all load cases. Generally, in the
structural analysis of a viscoelastic body, due to the
complex relation between stress and strain, a method
is known which translates the problem into the com-
plex domain, where the viscoelastic problem can be
solved on the principles of elastic analysis [1,4]. Exp-
ression (21) is suitable for the Laplace transform,
because the differential relationship between stress
and strain in the expressions (2) and (3) turns into a
ratio of two polynomials.

For cyclic loads analysis, the frequency-dependent
complex modulus is necessary [1,6,7,11]. This feature
may be obtained by dynamic mechanical analyzer
(DMA). However, it is also possible to convert uniaxial
tensile tests data to dynamic data, according to Wil-
liams [1,4].

The dynamic modulus takes the form (22) and (23)
which is generally known in the theory of viscoelastic
materials [1,4-7,12,25]. The values of coefficients are
the same as in Eq. (21).

i=n 2 2
! E.o’tla
El@=E+) ——5% (22)
o1 1t ziar
— Ewra
Elo)y=) ——T_ (23)
;1+wzr,za$

Good examples of structural integrity analysis under
vibration loads can be found in the studies [8,10—
—13,15,17,19]. The effects of daily and seasonal tem-
perature fluctuations have been discussed, and their
impact on the stress-strain field in viscoelastic bodies.

The accumulation of damage in solid propellant rocket
grains has also been discussed. A similar approach can
be applied to any arbitrary body exposed to cyclic loads.

The second group of tests was carried out in two
different periods, only at standard temperature 20 °C,
at different strain rates. Based on the tests on nine
different cross-head speeds of the tensile tester (0.5, 1,
2,5, 10, 20, 50, 100 and 200 mm/min), it was possible
to form reliable regression curves for the two con-
sidered periods.

For each characteristic feature (Initial modulus, ten-
sile strength and Ultimate strain) one diagram has been
prepared for both time periods. In all three cases, two
different regression lines apply to the same standard
temperature and different periods. In Figs. 15-17 the
pairs of regression lines are shown for the initial mod-
ulus, tensile strength and ultimate strain.
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Figure 15. Initial modulus vs. strain rate and aging time.
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Figure 16. Tenslie strength vs. strain rate and aging time.
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Figure 17. Ultimate strain vs. strain rate and aging time.

Data processing results

After the data processing in a manner presented in
section ,Processing of measurement results”, the res-
ults have been prepared in a form that can be used in
the structural analysis. Although this study is concerned
with composite rocket propellant, which is very specific
viscoelastic material, without a wide application in eng-
ineering practice, except in missile technology, the res-
ults can be used as a basis for structural analysis of
similar types of composite materials with polymer mat-
rix.

1. Tensile strength master curve:

T, t
logo,, 2 =1,11-0,129l0g(—) (24)
T ar

2. Ultimate strain master curve:

~ (§+l.366j2 ,
£,(%)=6.663+10.514¢ * 119/ E=— (25)
ar
3. Time-temperature shift factor>
4.0(T -20)
logay; = —————— 26
0 = T 274720 (26)

4. |Initial modulus master curve:

T, t
L |ogE =2.20-0.138log(—)
T ar

5. Relaxation modulus master curve, Eq. (21);
material constants are shown in Table 2.

In the structural analysis of solid propellant rocket
grains, the methods of statistics and probability are
usually used, in order to determine or estimate reli-
ability and service life [10-13,19,29]. Therefore, it is
often necessary to determine the statistical parameters
that define these features. In this paper the statistical
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parameters of the propellant mechanical properties
haven’t been considered.

DISCUSSION

Elastic and viscoelastic analysis of safety factor

The tensile strength of an elastic material is treated
in the theory of elasticity as a constant value. In this
theory, in simple terms, the safety factor is defined (eq.
4) as the ratio of the tensile strength (o,,) to the
maximum real equivalent stress ( 0, ), as a resultant of
the simultaneous action of different loads.

For a viscoelastic body, the tensile strength dep-
ends on temperature and strain rate, and also on the
viscoelastic material age and cumulative damage.
When two or more loads act on the body in different
manners, it is not possible to define the equivalent
tensile strength. In addition, the stresses due to applied
forces depend on material properties which are also
dependent on temperature and strain rate. The need
for detailed mechanical characterization of a visco-
elastic material, can be understood in the case of oscil-
latory temperature loads that act on the body when
the material properties continuously change due to
temperature.

Let's consider an example: when two different types
of loads act on the viscoelastic body simultaneously, at
different loading rates, they produce two different
stresses, o;(t) and o,(t). Since the loads are of dif-
ferent types, the strain rates are also different. There-
fore, although it is the same propellant, the tensile
strengths o,,,(t) and o,,(t) that correspond to differ-
ent loads are also different, because they depend on
the strain rate. Then, the effects of individual loads
have to be analyzed separately, using the concept of
convolution [7] which is valid for linear-viscoelastic
materials. Each of them creates a certain current dam-
age, because it occupies a part of the total capacity of
viscoelastic material to withstand loads. The first cur-
rent damage is equal to the ratio between the first
stress oy (t) and the first tensile strength o, (t) . The
same principle applies to the second load. The values of
current damages represent the ratios between real
stresses and their appropriate ultimate stresses.

In the case considered, the effect of two loads can
be represented as the sum of two damage increments,
similar to the principle that is used in the Miners cum-
ulative damage law [30]:
dit) = dy 1)+ d, (1) =228, %20 _

O (t) o (t)
oty . 0o(t)

(1 )oT5(t)  (Crn)o 75 (8)

(28)
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The sum of several individual damages represents
the total damage. The possible question could be
whether this is just a simple sum of the minor current
damages or such amount has to be determined by a
geometric principle. It should be a matter of structural
analysis.

According to the terminology adopted in the theory
of elasticity, the reciprocal of the total damage cor-
responds to the safety factor of the body.

V)= — (29)
d(t)

The above example shows that, unlike elastic mat-
erial, for the analysis the reliability of a viscoelastic
body, it is necessary to make all functional depen-
dences of viscoelastic mechanical properties on
temperature and strain rate.

The basic viscoelastic mechanical properties and
further required measurements

During the uniaxial mechanical characterization of
the composite rocket propellant presented here, the
first members of the expressions (6)—(8) are deter-
mined: tensile strength (o,,), strain at maximum
stress (allowable strain) (&, ), and relaxation modulus
(E,ei0 )- Based on these results, safety factor of an arbit-
rary viscoelastic body can be determined at the initial
moment of its service life. It is sometimes enough.

In addition, further mechanical characterization as
an input for structural analysis of a viscoelastic body
should include deterioration of mechanical properties
due to the natural aging and the changes due to the
cumulative damage.

The effect of natural aging is reflected through the
aging factors (77) in expressions (6)—(8). These factors
differ for different mechanical properties of materials.
For a complete structural analysis it is necessary to
define the values of these factors. Changes of the
mechanical properties due to the natural aging can be
very large in the initial period after the process of poly-
mer curing [10,20,31,32]. An example of the aging
factor time-dependence over the period of three years,
for the ultimate strain of an HTPB propellant [8,11] is
shown in Fig. 18. It indicates an important aging inf-
luence, especially in the initial period of the service life.

The initial values of the mechanical properties of
viscoelastic materials are displayed as master curves,
which represent their functional dependences on tem-
perature and strain rate.

When the changes due to real time are introduced
in the form of simple aging functions, in the manner as
in expressions (6)—(8), it means that the master curves
translationally move through the real aging time, with-
out changing the relations between temperature and
strain rate. Otherwise, the master curve could change

their shapes and slopes. At first, it is not possible to
estimate in advance whether the influences of tempe-
rature and strain rate on the mechanical properties
change due to aging in different manners. Second, the
abscissas of the master curves have time dimensions,
as reciprocals of the strain rate effects. But is there a
difference between the impact of real aging-time and
strain rate? This dilemma was discussed in the second
series of tests in this paper. In Figs. 15-17 the regres-
sion curves of modulus, tensile strength and ultimate
strain are parallel in all cases for two different time
points in an interval of 3 months. Their displacements
along the horizontal line (timeline) would lead to their
approximate overlap. This means that between the
same strain rates in two different time points the horiz-
ontal distances are the same, regardless to the values
of strain rates. Aging time didn’t disrupt the allocation
of different strain rate points at the standard tempe-
rature. This means intuitively that it was possible to
carry out these tests in other circumstances, not only
standard conditions (20 °C, 50 mm/min). The same
results would probably have been obtained. The con-
clusion of this review is as follows: due to the natural
aging, master curves of the mechanical properties
move translationally along the curves represented by
the time-distribution of the aging factors.
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Figure 18. Ultimate strain aging factor.

The effect of cumulative damage is usually neg-
lected because it is less influential at the beginning of
service life [6,7]. Some authors believe that cumulative
damage becomes significant after a lengthy storage
period [12,13,29] or perhaps even earlier [33] but not
at the beginning of service life. However, in the Rocket
Armament Department in MTI it has been shown in the
case of anti-hail propellant grain [10] that this impact
can be very large at the beginning of the propellant
service life, and shouldn’t be neglected.
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CONCLUSION

Very often, in engineering practice, structural anal-
ysis of viscoelastic materials is done superficially,
similar to an elastic material. Despite many papers
dealing with this subject, safety factor for a viscoelastic
body is sometimes determined based on the data
measured under standard conditions (20 °C, tester
cross-head speed 50 mm/min). Such a result is often
not accurate and gives a completely wrong conclusion
about the reliability of the body. During mechanical
loading, viscoelastic material behaves quite differently
compared to an elastic material. It is not possible to
determine the safety factor or reliability of a visco-
elastic body without detailed mechanical characteriz-
ation of the viscoelastic material, because its mech-
anical properties depend on temperature and strain
rate, as well on its age and load history. Therefore, it is
also important to carry out the load analysis. Concen-
trated forces, pressure, acceleration of the body or
environmental temperature have completely different
effects on the viscoelastic material. Therefore it is
necessary to know the behavior of the viscoelastic
material in all load conditions.

The principles of test data processing of the mech-
anical properties of viscoelastic materials are generally
known in literature. However, it is almost impossible to
find a detailed overview of the data processing. This
paper presents an example of simple uniaxial mech-
anical testing of a composite rocket propellant, as an
approximately linear-viscoelastic material. A method of
processing constant strain rate tension tests data is
presented, in order to obtain the input for the struc-
tural analysis of a rocket motor propellant grain reli-
ability and its service life.

In this paper it is also shown that, when a complete
mechanical characterization of a viscoelastic material is
made in an arbitrary time point, further it is sufficient
only to monitor the time distribution of the mechanical
properties only in standard test conditions.

Finally, the composite rocket propellant maybe
does not have wide application, except in missile tech-
nology, but other viscoelastic materials are widely used
in engineering practice. The procedure and test results
presented in this paper, can be useful as a starting
point for analysis of some similar linear-viscoelastic
materials.

Nomenclature

Ay Initial specimen cross-section, cm’
A,B,C,D,C;,C, Constants

a,b,c,d Constants

a; Time-temperature shift factor

D,D(t) Cumulative damage, time-dependent

cumulative damage
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d,d(t) Damage, time-dependent current
damage

E,E.E Modulus, equilibrium modulus, relax-
ation modulus, daN/cm2

Eo Initial modulus, daN/cm2

E; Constant in the Relaxation modulus
expression, daN/cm2

E(w) Dynamic modulus, daN/cm2
E'(a)),E"(a)) Storage modulus, Loss modulus,
daN/cm2

F Force, daN/cm2

ly Effective specimen length, mm

0,,0, Differential operators

P.,Q; Constants

R Strain rate

T, To, Tx Temperature, reference temperature,
°C

Te Glass transition temperature, °C

t Time, s

v Tensile tester cross-head speed,
mm/min

A Increment

£,& Strain, Initial strain, %

Em s Emo s En(t) Ultimate (allowable) strain, initial, time

dependent, %

Erep Reduced strain, %

£=de/dt Strain rate, s

& Reduced time, s

n(t) Propellant aging factor

e N 2 M, Aging factor for modulus, stress, strain
V, Vg, Ve Safety factor, safety factors based on
stress and strain criteria

o,0 Stress, strength (ultimate stress),
daN/’gm2

Omo s Onlt) Initial strength, time-dependent
strength, daN/cm2

Oren Reduced stress, daN/cm2

7 Relaxation times, s

w Circular frequency, Hz
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nssoa

MEXAHUYKA KAPAKTEPM3ALUIA KOMNO3UTHOT YBPCTOI PAKETHOI TOPUBA HA BA3U

XUAPOKCU-TEPMUHUPAHOI NOJ/IMBYTAANEHA

Hukona W. Tnuropujesuh, BecHa XK. Poauh, Cawa XK. *Kuekosuh, BojaH M. Naskosuh, Momunno M. Hukonuh, CteBaH

M. Kosomapa, Cpegoje . Cy6otuh
Bojnottiexnuuxu Uuctiuityi, Patika Pecanosuha 1, Beoipag
(HayuHu paa)

Y pagy je npukasaHa npouenypa obpage noaataka jefHOOCHE MeXxaHWuKe
KapaKTepusaumje KOMNO3UTHOT YBPCTOI PaKeTHOT ropuBa Ha 6a3n XMApPoKCKu-Tep-
MWHWUPAHOT NOAMBYTaAMeHa, Kao JIMHeapHO-BMCKOENACTUYHOT maTepujana uuje
MexaHU4YKe ocobuHe M3pasnTo 3aBuUCe of TemnepaType u bp3uHe aedopmaumje.
Pa3maTpaH je noctynak npunpeme nogartaka y 061uKy Koju je noTpebaH 3a CTpyk-
TYPHY aHanun3y BMCKOENACTUYHOT Tena M MPOLLEHY CTereHa CUTypHOCTU U Noys-
AaHocTu. EnpyseTe ropmBa cy MCNUTUBAHE UCTE3akeM KOHCTAaHTHUM Bp3nHama
Knema Knganuue, Ha 96 pasiMumnTux pexkMma Koju cy obyxsatanu no 12 pasnu-
4nTUX Temnepatypa u 6p3nHa Knema. MpuKasaH je noctynak ogpehusarba dak-
TOpa TemnepaTypcKO-BpeMeHcKe KopeKuumje. NoKasaH je U HauMH n3page jeguH-
CTBEHWUX Aujarpama 3aBMCHOCTM MEXaHUYKUX OCOBMHa ropuBa of peayKoBaHor
BpEMeHa Kao BesinyMHe Koja 0byxBaTa UCTOBPEMEHM yTuLaj TemnepaTtype u 6p3-
nHe aedopmaumje. U3paheHe cy T3B. ,macTep Kpuse” 3aTe3He uBpcTohe, A03BO-
JbeHe pgedopmaumje, MHULMjAIHOT MOAY/IA U MOAYNA Penakcauunje ropmea Koje
Bake y CBMM ycnoBuma ontepeherba. PYHKUMOHANHE 3aBUCHOCTU OBMX BE/IMYMHA
npeacTaB/bajy ynasHe noAaTKe 3a CTPYKTYPHY aHanuM3y U NpeacTaB/beHe cy Y
MaTemMaTMYKom 06aKMKy, NOrog4HOM 3a Aasby aHanmsy. OBaj HauuH obpage noaa-
TaKa MOXe Aa ce NPUMeEHMN Ha BUIo Koje TeNo of, BUCKOeNAcTUYHOr maTepwmjana.
PasmaTtpaHe cy HeKe pasnuKe y NpUCTYNy CTPYKTYPHOj aHann3n BUCKOENACTUYHOT
W enactuyHor Tena. Ha jegHom npumepy je nokasaHa notpeba uspase nogartaka y
061Ky ,,MacTep KpUBMX“, Koje NoKasyjy 3aBUCHOCT MeXaHUYKMX 0COBMHA Y Wnpo-
KOM cnekTpy ycnosa ontepehera. OcobuHe pakeTHOr ropyMea mory Aa nociayxe
Kao y30pakK Npu pasmaTtparby HEKOr Apyror BUCKOenacTuyHor matepujana. Y pagy
Cy pa3smaTpaHe MexaHW4Ke KapaKTepuCTMKe ropuBa Koje oAroBapajy No4YeTHOM
nepuoay ynotpebe, oamax HaKoOH M3page, Kaga Hema yTuuaja ctaperba Wamn aky-
mynaumje owTtehera ycnen Aejctsa cnosbrbux ontepeherba. OBe NoYeTHe BeK-
YMHe Cy YrnaBHOM A0BOJbHE 3a NPOLEeHy OCHOBHE (MoYeTHe) Noy3gaHoCTN BUCKO-
e/1aCTMYHOr TeNa, Koja ce KacHuje merba TOKOM BpemeHa. lNpukasaH je n noctynak
npahera yTMLaja NPUPOAHOr CTapera M U3BPLIEHA eKCnepumeHTaNHa aHanu3a
MCNPaBHOCTM OBOT NOCTYMKA. 3@ KOMNAETHY CTPYKTYPHY aHa/n3y U NpoueHy Beka
Tpajarba noTpebHe cy M BpesHOCTU daKTopa akymynauumje owTtehera, Koje oBae
HUCY pa3maTpaHe, jep 3aBuce o4, peanHux ycnosa ontepehema.
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The influence of thermal treatment on properties of kaolin

Elizabeth Erasmus
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Abstract

The kinetics of dehydroxylation of South African kaolin revealed that both the inner and
the surface hydroxyl groups disappear according to first order kinetics, however, the
surface group disappeared faster than the inner groups, showing that diffusion control
kinetics is also important. The temperature dependent transformations of the kaolin was
measured by means of fractional conversion of the ratios between AlOg:AlO, and Si-O-
Al:Si-0O-Si, which showed k,, values 0.0168 s and 0.0089 s for the transformation to the
spinel phase and values of 0.0165 s and 0.0156 s for the transformation to mullite
respectively. The pozzolanic activities of the kaolin calcined at different temperatures
showed a maximum pozzolanic activity when the kaolin is calcined at 650°C and the
pozzolanic activity for mullite is even less than for the uncalcined kaolin. XPS revealed that
the atomic ratio between Si and Al did not change from kaolin to metakaolin (Si:Al = ca.
1.2) however the mullite showed a atomic ratio of Si:Al = 1.52, implying that some
deallumination occurred during calcination at high temperatures.
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Kaolin is a naturally occurring clay mineral with
kaolinite being the main component having a chemical
composition of Al,Si,05(0OH),. It has a layered silicate
structure, where oxygen atoms link an octahedral sheet
of alumina with a tetrahedral sheet of silica.[1] When
kaolinite is calcined at elevated temperatures, dehyd-
roxylation occurs which collapses the crystal structure
to produce amorphous metakaolinite (Al,Si,0;) [2],
according the following proposed reaction scheme:[3]

Al,Si,05(OH), — Al,Si,0; + 2H,01

The thermal transformation of metakaolinite above
1000 °C first produces either a Al-Si spinel phase or a
aluminasilicate phase [2] which transforms into mullite
[4] and above 1150 °C cristobalite (c-SiO,) is formed.

The thermal transformation of kaolin has been the
subject of numerous studies, which reported on how
the different heating conditions influence the dehyd-
roxylaton process.[4-8].

At temperature below 400 °C, a reversible dehyd-
roxylation process takes place, upon cooling the hyd-
roxyl peaks reappear in the infrared spectra [9]. Above
temperatures of 400 °C irreversible loss of hydroxyl
groups occur. The temperature at which the highest
rate of dehydroxylation occurs is dependent on the
original structural state of the kaolin, the particle size,
the density of packing, the pressure of water and a few
other experimental conditions [10-13].
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Metakaolin is used as supplement in cementitious
material [14] and the calcinition conditions is one of
the most important factors influencing the pozzolanic
property (which is indicative of the lime-pozzolana
reaction or how good and effective the pozzolan is) of
the cementitious material produced [4, 15]. A pozzolan
is defined as “a siliceous and aluminous material which,
in itself, possesses little or no cementitious value but
which will, in finely divided form in the presence of
moisture, react chemically with calcium hydroxide at
ordinary temperature to form compounds possessing
cementitious properties” by the American Society for
Testing and Materials (ASTM) [16].

The present paper aims to investigate the kinetics
dehydroxylation of South African kaolin to metakaolin
at temperature between 450 and 650 °C. Also Fourier
Transformed infra-red spectroscopy was used to study
the structural changes of metakaolin heated to differ-
ent temperatures up to 950 °C within metakaolin state
as well as the transformation to the spinel transition
(950-1150 °C) and eventually the formation of mullite
crystobillite (1200 °C). The changes in the spectra were
studied as the function of fractional conversion of the
ratios between AlOg:AlO, and Si—O—-Al:Si—0-Si. Also to
measure the pozzolanic activity of the products that
formed at the different thermal treatments, which will
be used to determine the optimal calcination tempe-
rature for South African kaolin to be used as supple-
mentary cementitious material.
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EXPERIMENTAL

Chemicals and instruments

Kaolin (ALUSIL) was purchased from Serina Trading
in South Africa. The chemical analysis as provided by
the supplier is tabulated in Table 1. The kaolin used was
in powder form and it has 72% minimum particles size
less than 2 um and maximum of 1% moisture content.
All solid reagents (Merck, Sigma—Aldrich) were used
without further purification and water was double dis-
tilled. Attenuated total reflectance Fourier Trans-
formed infra-red (ATR FTIR) spectra were recorded on a
Nicolet IS 50 infra-red spectrophotometer equipped
with a diamond ATR. The TGA experiment was per-
formed on a TGA/SDTA851° coupled to a ThermoStar™
Pfeifer vacuum mass spectrometer, at a heating rate of
10 °C.min"" in air with the final temperature of 750 °C.
X-ray photoelectron spectroscopy (XPS) data was rec-
orded on a PHI 5000 Versaprobe system, with mono-
chromatic AlKa X-ray source. Spectra were obtained
using the aluminium anode (AlKa = 1486.6 eV), oper-
ating at 50 um, 12.5 W and 15 kV energy. The survey
scans were recorded at constant pass energy of 187.85
eV, and the detailed region scans at constant pass
energy of 29.35 eV, with the analyzer resolution being
< 0.5 eV. The background pressure was 2x10°° Pa. The
XPS data was analysed, utilizing Multipak version 8.2c
computer software [17] applying Gaussian—Lorentz fits
(the Gaussian/Lorentz ratios were always > 95%).

Kinetic measurements of kaolin
calcination/dehydroxylation

Kaolin was heated in a laboratory furnace at
different temperatures (450, 475, 500, 550, 600 and
650 °C). Samples were taken at regular time intervals
for ATR FTIR measurements. The kinetic rate constants
under first order conditions were determined by moni-
toring formation and disappearance of the selected
peaks.

Calculations. Pseudo first-order rate constants, ko,
were calculated by fitting kinetic data to the first-order
equation [18] [A]; = [A]oe_k"bst with [A]; and [A], the abs-
orbance of the indicated species at time t and at t = 0
[19].

Calcination/dehydroxylation of kaolin

Kaolin was heated in the laboratory furnace at dif-
ferent temperatures with 50 °C intervals (475, 500,
550, 600, 650, 750, 850, 950, 1050, 1150 and 1200 °C)
till dehydroxylation was completed. After which ATR
FTIR measurements were recorded for structure analysis.

Table 1. The chemical analysis of the kaolin (ALUSIL)

Pozzolanic activity

The pozzolanic activity of the kaolin and metakaolin
(kaolin calicined at various temperatures) were eval-
uated according to the Chapelle test [19]. A sample of
either the kaolin or metakaolin (1 g) was mixed with 2 g
Ca(OH), in 250 cm’ water. The suspension was sub-
sequently boiled for 16 h. After which the suspension
was cooled, a 250 cm® sucrose solution (60 g sugar in
250 cm® water) was added to the kaolin suspension and
stirred for 15 min. The suspension was filtered and tit-
rated with 0.1 M HCI, using phenolphthalein as indi-
cator.

RESULTS AND DISCUSSION

ATR Fourier Transformed infra-red spectroscopy

The ATR FTIR of the South African kaolin studied is
presented in Figure 1, the peak frequencies was allo-
cated in accordance with previously published peak
frequency assignments.[20,21] The four peaks obs-
erved between 3550 and 3750 cm_l, which are charac-
teristic of kaolinite, correspond to the hydroxyl stretch-
ing frequencies. The peak observed at 3620cm™" is
assigned to the inner O—H stretching frequency (Figure
1) which is bound to the octahedral Al. The other three
peaks at 3686, 3669 and 3651 cm " is allocated to the
stretching frequency of the surface O—H groups.

The main silica peaks are observed at 1002, 795 and
645 cm " which are the Si—O stretching, Si—O-Si
stretching and bending frequencies respectively. Bands
belonging to the alumina are found at 939 and 912 cm™*
representing respectively the AI-OH bending vibration
and the —OH deformation linked to the 2AI*".

Since there are no peaks observed between 1620-
1642 cm_l, which is the H-O—H bending of water, it can
be assumed that there are very little to no free water
within the sample. Bands observed at 1125, 1116, 752
and 685 cm ™" are attributed to the interference of clay
minerals like quarts and muscovite.

The TGA plot of the thermal decomposition of the
studied kaolin is shown in Figure 2. The percentage
mass loss of the sample of kaolin by thermal dehyd-
roxylation is 12.89%, with the onset and endset tempe-
rature being 443.12 and 534.04 °C, respectively.

Figure 3 shows the ATR FTIR of the thermal dehyd-
roxylation and further transformation (structural
changes) of kaolin at different temperatures. After
calcination for prolonged periods of time at the desired
temperature, it can clearly be seen that the hydroxyl
peaks in the region 3550-3750 cm " disappeared, indi-

Raw-oxide s|02 A|203 Fezo3 T|02

Ca0 MgO K,0 N,O LO.I.

Raw-content, mass%  45.20 37.20 0.35 0.90

0.016 0.08 0.20 0.13 13.50
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Figure 1. The infra-red spectra of the studied kaolin (Alusil), the insets show the peaks in more detail with their assignments.
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Figure 2. TGA plot of the thermal decomposition of kaolin (Alusil) heated at 10 C/min.

cating the dehydroxylation of kaolin occurred. Below
450 °C, very little transformation of the silica and alu-
mina occurred, and no dehydroxylation was observed.
This result is further confirmed by the TGA data in
Figure 2, which shows that below 450 °C very little to
no dehydroxylation took place.

The spectra of the thermally treated kaolin shows
very broad bands in the region of 600-1300 cm ™ with
very little fine structure, there is an intense broad band
at ca. 1100 cm™ (Vsi—o_a=) with a shoulder at 1200 cm™t
(V=siio_siz) and smaller bands at 800 (V_a0-) and 667
cm™ (Voo ). Further thermal treatment to produce
mullite causes the peak at 1200 cm™t (V=si_o-siz) to inc-
rease in intensity as well as the appearance of two new
bands at 890 (v-a_0-) and 740 cm™ (V=pro-)-

The peaks focussed on in this study are listed in
Table 2. The formation of the spinel phase and the
formation of the mullite are connected to the appear-
ance and disappearance of specific bands within the
spectra.

0-350°C

475-500°C

550-850°C

950-1050°C

1145°C

1200°C

Relative Transmittance (%)

Transmittance (%)

|
3000 1600 1100

I
4000 3500 600

Wavenumber (cm™)

3500 2500 1500 500

Wavenumber (cm-)

Figure 3. The FTIR ATR of the thermal dehydroxylation and
further transformation of kaolin at different temperatures.

The disappearance of the =Al-O- stretching fre-

qguency of the octahedral AlOg and the antisymmetric
stretching frequency of =Si-O-Al= at 667 and 1100 cm ™"
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respectively as well as the appearance of the =Al-O—-
stretching frequency of the tetrahedral AlO, and the
antisymmetric stretching frequency of =Si—0-Si= at 800
and 1200 cm ™ respectively were investigated.

Table 2. Fractional conversion of the ratio between AlO; (at
667 cm™*) and AlO, (at 800 cm™) and the fractional conver-
sion of the ratio between =Si—-O-Al= (at 1100 cm_l) and
=Si—-0-Si= (at 1200 cem™ ) at different temperatures during the
thermal transformation of metakaolin to the spinel phase, as
well as the fractional conversion of the ratio between AlOg
and AlO, at different temperatures during the thermal
transformation of the spinel phase to mullite

Temperature, °C «a of AlOg:AlO,  a of =Si-0-Al=:=Si-0-Si=

475 4.96 3.69
500 4.50 3.26
550 2.19 213
600 1.82 1.71
650 1.81 1.45
750 1.58 1.00
850 1.62 0.80
950 1.13 0.56
1050 1.08 0.55
1145 0.96 0.47
1200 0.03 0.01

The changes in the spectra were studied as the
function of fractional conversion of the ratios between
the AlOQg and AlIO, as well as =Si—O-Al= and =Si—0-Si=,
which is shown Figure 4 and defined by the equation
below:
o=t
fo =t

o=

where a is the fractional conversion, iy is the intensity
of the band at time 0, /; is the intensity of the band at
time t and i is the intensity of the band at time final.

6 - 40
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i 3.0
5 225
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15
= 3
iel 4 1.0
b= 05 s
S 4] 0.0 1
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Figure 4. The fractional conversion of the ratio between AlOg
and AlQ,. Inset: the fractional conversion of the ratio between
=Si—0-Al= and =Si-O-Si= (1100 and 1200 cm™’, respectively).
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The fractional conversion of the ratio between
=Si—O—Al= and =Si-O-Si= (1100 and 1200 cm " respect-
ively) shows a sharp decrease between 475 and 850 °C,
it then slightly flattens before going down even further
when mullite is formed at 1200 °C. This indicates an
increase in the formation of amorphous silica during
the transformation to the spinel phase and eventually
mullite formation. The fractional conversion decreases
for the spinel formation and shows a ks value (obs-
erved rate constant) of 0.0089 s ' for the fractional
conversion of the ratio between =Si-O-Al= and
=Si—0-Si= and a k., of 0.0168 s for the fractional
conversion of the ratio between AlOg and AlO,. The inf-
luence on the rate of fractional conversion of the ratio
between AlOg and AlO, is doubled that for the frac-
tional conversion of the ratio between =Si—O-Al= and
=Si-0-Si=, showing that during the formation of the
spinel phase the transformation of the Al is more pro-
nounced than that for Si.

Further thermal treatment to produce mullite
causes the peak at 1200 cm ™ to increase in intensity as
well as the appearance of two new bands at 890 and
740 cm, which is assigned to the symmetric stretching
frequency of =Si-0-Al= and of =Si-O-Si= and the the =Al-
O- stretching frequency of the tetrahedral AlO, in the
mullite, as per reported values [22]. The mullite form-
ation showed a k. value (observed rate constant) of
0.0165 s for the fractional conversion of the ratio
between =Si—O-Al= and =Si—0-Si= and a k., of 0.0156
s~ for the fractional conversion of the ratio between
AlOg and AlO,. These two kq,s values are within experi-
mental error the same and showed that during mullite
formation, the transformation of the Al and Si were the
same.

A kinetic study of the thermal dehydroxylation of
kaolin to metakaolin was studied using ATR FTIR. The
disappearance of the surface hydroxyl peaks at 3689
cm™ and the inner hydroxyl peaks at 3620 cm™* were
followed (see Figure 5). Table 3 summarises the kinetic
data, kos Obtained at the different temperatures.

Numerous reports are available on the kinetics of
dehydroxylation of kaolin, there is a debate between
first order kinetics and diffusion controlled kinetics.
Here we show that the hydroxyl groups on the surface
of the kaolin are removed faster than the inner hyd-
roxyls, at a temperature of 773 K, the k., value
obtained for the disappearance of the surface hydroxyl
peaks at 3689 cm ' is 0.00128 s~ as compared to the
inner hydroxyl peaks at 3620 cm™" is 0.00077 s This
shows that even though both disappear with first order
kinetics, the inner hydroxyl groups are dependent on
diffusion control.

The pozzolanic activity of the thermally treated pro-
ducts (kaolin, metakaolin, spinel and mullite) that
formed at the different thermal treatment of the kaolin



E. ERASMUS: INFLUENCE OF THERMAL TREATMENT ON PROPERTIES OF KAOLIN

Hem. ind. 70 (5) 595-601 (2016)

was measured using the Chapelle test, which measures
amount of lime that can be bound by the metakaolin. It
is measured in Ca(OH),/g and the higher the value the

better the pozzolanic activity.
/\,& 1500 sec

/\/‘— 1440 sec

1320 sec

1200 sec

900 sec

600 sec

240 sec

60 sec

4000 3000 2000 1000
Wavenumber (cm™)

Figure 5. Stacked time scan of the calcination
(dehydroxylation) of kaolin to metakaolin at 600°C.

Table 3. Data obtained for the calcination (dehydroxylation)
of kaolin to metakaolin

Groups Wavenumber, nm  T/K Kops /S
Surface 3689 773 0.00128
hydroxyls 823 0.00159
873 0.00263
923 0.00364
Inner hydroxyls 3620 773 0.00077
823 0.00106
873 0.00220
923 0.00291

The comparison of the consumed lime between the
products formed at different thermal treatment tempe-
ratures are shown in Figure 6. A Bell type curve was
formed, with the highest pozzolanic activity found at
650°C calcination temperature. The slope of the curve
to the left (lower calcination temperatures) flattens to
ca. 0.8 Ca(OH),/g at 0 °C. The slope of the curve to right
(the higher calcination temperatures) slopes down to

zero and eventually flattens to 0.073 Ca(OH),/g at 1200
°C (where mullite formed).

It was expected that kaolin heated below 400 °C
would show the same low pozzolanic activity (0.8
Ca(OH),/g) as the kaolin that has not been subjected to
thermal treatment. However, it has been reported that
even though no major structural changes occur, there
is a slight deformation in the octahedral sheets[23],
which could possibly explain the pozzolanic values
above 0.8 Ca(OH),/g.

20 -

1.5 -

1.0 -

Ca(OH),/g

0.5 -

0.0\ T T T T T 1
0 200 400 600 800 1000 1200

Calcination temperature °C

Figure 6. Pozzolanic activity of the calcined kaolin (measured
in Ca(OH),/q) vs. calcination temperature.

Only the metakaolin formed at temperature
between 350-950 °C had a pozzolanic activity above
1.3 Ca(OH),/g and only these 7 samples were con-
sidered to be pozzolanic. While the products formed at
calcination temperature above 1050 °C has an even
lower pozzolanic activity than the kaolin itself.

The temperature of the metakaolin prepared by cal-
cination at 650 °C which has the highest pozzolanic
activity (2.10 Ca(OH),/g), is slightly higher than other
published data that also used this temperature. When
metakaolin is used in the formation of geopolymers,
the optimum calcination temperature is also reported
to be between 500-700 °C [24] while a sharp decrease
in strength of the geopolymer is reported above 1000
°C [25], all this corresponds to the pozzolanic activity
reported in this publication in Figure 6. These results
show that even when kaolin from different sources (dif-
ferent countries) are used, calcination at 650 °C results
in the metakaolin with the best pozzolanic activity.

The results of the XPS studies of the kaolin, meta-
kaolin (calined at 650 °C) and mullite (calcined at 1200
°C) are tabulated in Table 4.

Table 4. Results of the XPS studies of the kaolin (not calcined, as recieved), metakaolin (calined at 650 C) and mullite (calcined at
1200 ), showing the atomic % of Al, Si, C and O as well as the binding energies (eV) of the Al 2p and Si 2p peaks

Binding energy, eV

Name : temperature of calcination, °C at.% of Al at.% of Si Si:Al ratio -

Al 2p3/, Si 2ps;
Kaolin : 0 10.3 1.21 75.5 103.1
Metakaolin : 650 9.9 1.26 75.7 103.3
Mullite : 1200 7.7 1.52 74.0 102.5
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All three of the samples (kaolin, metakaolin and
mullite) showed that significant amounts of carbon
were adsorbed their surface due to exposure to the
atmosphere and this carbon’s binding energy was set at
284.8 eV and was used for charge correction.

Firstly, it is important to note that Si:Al ratio
obtained from the XPS data in the kaolin (not calcined
sample) is 1.21, which is the same as the Si:Al ratio
provided by the supplier information in Table 1,
Si0,:Al,05 = 45.20%:37.20% = 1.22. After calcination at
650 °C the Si:Al ratio slightly increase to 1.26, but could
be considered the same within experimental error. How-
ever, the sample calcined at 1200 °C (mullite) showed
that the Si:Al ratio increase significantly to 1.52.

The binding energies for the Al 2p and Si 2p peaks
were found to be at ca. 75.6 and 103.2 eV respectively
for kaolin (not calcined sample) and metakaolin (cal-
cined at 650 °C). These results are within experimental
error the same, showing that electronic and chemical
environment of the Al and Si did not change signific-
antly after being calcined at 650 °C. However, calcin-
ation of kaolin at 1200 °C to produce mullite, caused
the binding energy of both the Al 2p and Si 2p peaks to
decrease by ca. 1.5 and 0.6 eV respectively (see Figure
7). The decrease in binding energy for the Al 2p peak is
about three times more than that of the Si 2p peak,
which is also accompanied by the decrease in Al con-
tent. It is well known that an increase in the Si:Al ratio
is accompanied by a decrease in binding energies of
both Si and Al.[26,27] This shows that there is a unique
structural dissimilarity between the mullite and the
metakaolin as well as the kaolin, caused by either a
change in the electronic and/or the chemical environ-
ment.
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60000 85 SO 75 70 65
Binding Energy (eV)
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%400 1200 1000 800 600 400 200 0O
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Figure 7. XPS spectra of the mullite, showing the detailed
scans of the Si and Al regions.

CONCLUSION

The kinetics of dehydroxylation of South African
kaolin at different temperatures (500-650 °C) was fol-
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lowed on FTIR ATR monitoring the disappearance of
the four hydroxyl peaks between 3550 and 3750 cm ™.
The disappearance of the surface hydroxyl groups
occurred at an observed rate constant of 0.00128 s
(at 500 °C) whereas the inner hydroxyl groups disap-
peared at an observed rate constant of 0.00077 s (at
500 °C), which is one order of magnitude lower. This
shows that even though both disappear with first order
kinetics, it shows that the inner hydroxyl groups are
dependent on diffusion control. The transformation of
the kaolin to metakaolin, the spinel phase and mullite
was investigated by means of FTIR ATR. The fractional
conversion of the ratios between AlO4:AlO, and
Si—-O-Al:Si-O-Si were calculated to be 0.0168 and
0.0089 s_l, respectively, for the transformation to the
spinel phase. The fractional conversion of the ratios
between AlQg:AlO, and Si—O-Al:Si-O-Si for the trans-
formation to mullite were calculated to be 0.0165 and
0.0156 s, respectively. The pozzolanic activities of the
kaolin calcined at different temperature were tested
using the Chappell test, showed that maximum pozzo-
lanic activity is obtained when the kaolin is calcined at
650 °C. When the calcination temperature is above
1050 °C, the pozzolanic activity is even less than for
uncalcined kaolin. The XPS of uncalcined kaolin, meta-
kaolin (calcined at 650 °C) and mullite (calcined at 1200
°C) showed that the atomic ratio between Si and Al did
not change from kaolin to metakaolin (Si:Al = 1.2), but
the mullite showed an atomic ratio of Si:Al = 1.52,
implying that some deallumination occurred during
calcination at high temperatures.
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(Naucni rad)

1,2), medutim kod mulita je utvrden odnos Si:Al = 1,52.

Kinetika dehidroksilacije kaolina iz Juzne Afrike je pokazala da izdvajanje hid-
roksilnih grupa iz unutradnjosti i sa povrsine, sledi kinetiku reakcije prvog reda,
medutim brzi nestanak hidroksilnih grupa sa povrSine u odnosu na nestanak iz
unutrasnjosti ukazuje na znacaj difuzione kontrole reakcije. Temperaturno zavisna
transformacija kaolina, pra¢enjem odnosa AlOg:AlQ, i Si—O—Al:Si—-0-Si, je pokazala
da su kg, vrednosti 0,0168 i 0,0089 st za transformaciju u spinel fazu, odnosno
da su kg 0,0165 i 0,0156 st za transformaciju u mulit fazu, redom. Kaolin
kalcinisan na 650 °C pokazuje maksimalnu pucolansku aktivnost, a pucolanska
aktivnost mulita je manja od aktivnosti nekalcinisanog kaolina. XPS ukazuje na to
da se atomski odnos Si i Al ne menja pri prelasku kaolina u metakaolin (Si:Al =

Kljucne reci: Dehidroksilacija e Kaolin e
Metakaolin e Infracrveno e Pucolanska
aktivnost e Mulit

601



	naslovna No 70 no 5
	Slide Number 1

	Sponzori
	HI_V70_No5
	HEMIND_Vol70_No5_p493-500_Sep-Oct_2016
	HEMIND_Vol70_No5_p501-509_Sep-Oct_2016
	HEMIND_Vol70_No5_p511-518_Sep-Oct_2016
	HEMIND_Vol70_No5_p519-524_Sep-Oct_2016
	HEMIND_Vol70_No5_p525-537_Sep-Oct_2016
	HEMIND_Vol70_No5_p539-546_Sep-Oct_2016
	HEMIND_Vol70_No5_p547-556_Sep-Oct_2016
	HEMIND_Vol70_No5_p557-564_Sep-Oct_2016
	HEMIND_Vol70_No5_p565-572_Sep-Oct_2016
	HEMIND_Vol70_No5_p573-579_Sep-Oct_2016
	HEMIND_Vol70_No5_p581-594_Sep-Oct_2016
	HEMIND_Vol70_No5_p595-601_Sep-Oct_2016


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




