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An accurate determination of membrane pore size and pore size distribution is important for media
used in filtration and separation processes. Ultrafiltration membranes were produced from the
solutions of various concentrations of polysulfone and polyoxadiazole (solvent N-methylpyrrolidone).
Membrane films were produced from the polymer homogeneous solutions by the phase inversion
method with the use of Automatic Coating Machine (Memcast™, Porometer NV). We varied the
parameters, namely: cast thickness, casting speed, time of waiting. As a result, we produced the
polymeric membranes of various thickness and porosity. Membrane pore sizes were determined with
the use of the POROLUX™ 500 (Porometer NV), an instrument based on capillary flow porometry
measuring pore size distribution and gas permeability. By means of the Porometer we measured the
following properties of the membrane synthesized by us: the smallest, mean and bubble point pore
sizes, air permeability, hydraulic flow, classification of pores according to sizes. For the samples
where the POROLUX™ showed very small flow at the end pressure of 35 bar we used also the
alternative method of Liquid Liquid Porometry (LLP). We researched the properties of the
synthesized membrane such as trapping of the dispersed colloids and microorganisms containing in
water and matching the optimal dimensions of the membrane pores. The obtained data is important
for matching of the appropriate membrane for filtration process and for further research and
modification of membranes. © 2020 Bull. Georg. Natl. Acad. Sci.

Ultrafiltration membranes, capillary flow porometry, pore sizes distribution

At the beginning of the 21* century the mankind is  technologies play an important role [1-3].

faced with the global problem of provision of
population with high quality food, water, energetic
resources, protection of the environment,
secondary use of raw materials and food supply,

etc. In solving these problems the membrane

Membrane technologies (microfiltration, electro-
dialysis, ultrafiltration, reverse osmosis) allow to
effect separation, concentration of liquid mixtures
and their purification on the molecular level as well

as separation of the valuable components and

© 2020 Bull. Georg. Natl. Acad. Sci.
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secondary utilization of wastes. Membrane
separation technology is used in production of food
and pharmaceuticals, waste water treatment (waste
water recycling, desalination, micro pollutants and
organics removals, etc.) [4-6]. The membranes can
act as barriers to a whole range of particles, both
organic and inorganic, including bacteria, pollens,
spores, pathogens and pesticides and even high
molecular weight solutes, colloidal suspensions,
and viruses.

To solve the above problems and tasks it is very
important to create and research new, thermo- and
chemically stable membranes, determine their
parameters and thoroughly research filtration
processes for forecasting the industrial processes.
For the purpose of production of such membranes,
it is required to match polymeric material
containing various functional substitutes. Use of
the membrane production methods will be based on
the regular researches of “structure-feature”
relation. Production of the new membranes with the
predetermined structure and porosity is required for
growing of permeability and selectiveness [7-10].

Nowadays the

following techniques of

measuring the pores dimensions are known:

* (Mercury) Intrusion Porosimetry. The pressu-
rized mercury is forced into the cavities of the
porous material. The penetration pressure allows to
calculate the pore dimensions. Pore size range: 900

pm— 3.6 nm.

* Physisorption. An inert gas (N2) kept at liquid
N2 temperature is adsorbed on the surface of a
porous solid material. This allows to calculate the
surface area and dimensions of the pores of the

material. Pore size range: 0.35 — 200 nm.

¢ Capillary Flow Porometry. An inert gas is used
to displace wetting liquid from pores and gas flow
rate is normally measured using flow meters. Pore
size range: 300 um — 15 nm Only measures through
pores. Measured diameter of pore is the size at the

most constricted part of the pore or pore throat.
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* Liquid-liquid Porometry. The wetting liquid is
displaced from pores by another liquid having
higher density. The very low liquid flow rates are
measured using a liquid flow meter or a

microbalance. Pore size range: 0.5 pm — 2 nm.

To research the pore dimensions of the
membranes synthesized by us, their sorting out
according to pore dimensions and gas permeability
method of Capillary Flow Porometry (CFP) was
used [11-13]. The method depends upon the
capillary rise created by surface tension. This
pressure (P) required for displacement of liquid
from the pores is inversely related to the pores
diameter (D) [11]. Dependence of these two values

is expressed by Young—Laplace equation (1):

P 4*ycosO ’
D

where vy is the liquid surface tension, 0 is fluid-

membrane contact angle. When fluid wets surface,

6=0 and cos 6=1.
Diameter (D)

constricted part of the pores in the membranes (pore

corresponds to the most
throat). The pressure at which the first flow occurs
corresponds to the diameter of the largest most
constricted pore, the so-called First Bubble point
(FBP). The method of capillary flow porometry
(CFP) allows to obtain the data of the smallest,
mean pores and to classify the pores according to
their dimensions.

During the pressure scan the pores with the
same diameter but longer pore path can not be
emptied at the pressure corresponding to their
diameter (if the scan is too fast, there is not enough
time to allow the gas to displace the wetting liquid
through the pore length). Therefore the longer pores
will be detected at higher pressures (later in time)
and report smaller diameters than they actually
possess. A more accurate measurement of the pore
sizes is possible with the so-called pressure/step
stability method. A data point is recorded when the
defined stability algorithms are met for both

pressure and flow. The porometer detects when a



66 Nino Mkheidze, Raul Gotsiridze, Svetlana Mkheidze, Danny Pattyn

pore empties at a certain pressure and waits until all
pores of the same diameter are completely emptied
before accepting the data point.

Two approaches of CFP method are as follows:
the pressure/step stability method is often used in
scientific research: pressure used for displacing the
liquid from the pores is stabilized during some
period of time and the corresponding data point is
recorded when the defined stability algorithms are
met for both pressure and flow. This method allows
to take into consideration structural peculiarities of
pores in case of equal diameter, but different shape
and length. We pass to the next data point when the
same diameter pores are empty (test liquid is
displaced).

In the pressure scan method, gas is supplied
continuously, without intermediate stabilization
and the data points are recorded uninterruptedly.
This method is used for rapid data recording, for
example, for determination of the quality of a
membrane filter and for testing the same porosity
samples. If the materials structure is complicated
and the pores are of different shapes and tortuosity,
this method causes measurement inaccuracy;
because of passing a longer trajectory, the pressure
will be higher than required for displacing the
liquid from the same diameter pores with gas flow.
The data are received at higher pressure and
correspond to smaller diameter pores [14-16].

In theory, many different wetting liquids can be
used. In order to obtain good wetting of the sample,
the wetting liquid should have the following
physical properties: zero contact angle, low surface
tension, low vapor pressure. Wetting liquids also
should be chemically inert and should not causing
swelling of the sample.

Thus, capillary flow porometry (CFP) method
is a precise technique for measuring the membrane
pores for a researcher intending to match a
membrane for specific purpose and for further
researches. In this work the pressure/step stability
method is used for research of the properties of the

pores in the membranes synthesized by us.

Bull. Georg. Natl. Acad. Sci., vol. 14, no. 1, 2020

Materials, Research Objects and Methods

Production of the membranes and determination of
their properties were done in the Membrane
Technologies Research Laboratory at the Agrarian
and Membrane Technologies Institute, Batumi
State University. Pilot cell and plant designed for
research of macro- and ultrafiltration process were
produced in the mechanic workshop of the Institute.

The material under research includes
ultrafiltration membranes synthesized by us from
thermally and chemically stable polymers, namely,
polyoxadiasol and polysulfone, as well as N-
methylpirrolidone for preparation of polymer
casting solution. N-methylpirrolidone (NMP, 99%)
dissolves these polymers well and mixes with water
unlimitedly. We preliminarily dried the polymer at
100-110°C temperature up to constant weight, and

dewatered the solvent by evaporation.

Production of polymeric ultrafiltration memb-
ranes. Based on the preliminary researches, we
chose polyoxadiazole (POD), polysulfone (PSF), as
raw materials for ultrafiltration membrane and N-
methylpirrolidone (Tooii. =202°C) as a solvent for
preparation of polymer casting solution. We loaded
the polymer into a hermetically closed vessel and
periodically mixed up to complete dissolution.

For research purposes we prepared a membrane
casting solution with various concentrations of
polymer (18%, 20% and 22%). We produced
membrane films from polymers homogeneous
solutions by the phase inversion method with the
use of Automatic Coating Machine (Memcast™,
Porometer NV).

After casting the membrane we waited for 20-
30 seconds and then dipped the membrane film into
coagulation bath (water temperature in the bath —
12-20°C). After 15-20 minutes we washed the
produced membrane with running water and stored
it in the distilled water before using. In the course
of the experiments we varied the parameters,
namely: cast thickness 200-250 pum, casting speed

1-2, time of waiting. As a result, we produced the
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polymeric membranes samples: various thickness
polymeric membranes of various porosity.

Membrane capacity (Q) was calculated by the
formula [17]:

4

=5
where Q is the membrane capacity (I/m*h); V is
pure water volume (I); S is average space of
membrane (m?); t is filtration time (h). Initial
capacity was investigated in the pilot plant.
Indications were taken in 10 minutes from starting
of filtration at 0.15mPa.

The membrane pores sizes were determined with
the use of the POROLUX™ 500 (Porometer nv), an
instrument based on Capillary Flow Porometry to
measure pore size distribution and gas permeability.

In case of capillary porometry, determination of
the open-ended pores in the material investigated
was provided by the pressure scan method:
scanning of the material with gradually rising
pressure and ejection of the test fluid from pores by
compressed air (ASTM F-316 standard).

By means of porometer we measured the
following properties of the membrane synthesized
by us: the smallest, mean and bubble point pore
sizes, air permeability, hydraulic flow, classify-
cation of pores according to sizes. The sample is
submersed in Porefil™ (surface tension y=16
dynes/cm), the wetting liquid that fills all pores. The
wetted sample is placed in a sample holder and is
subjected to increasing pressure. When the gas
pressure becomes larger than the capillary force that
holds the liquid in the largest pores, the wetting
liquid is pushed out. Further increase of pressure
results in the opening of more pores and further
increase of flow through smaller pores until all the
pores are emptied. Wet run: the monitoring of the gas
pressure applied and the resulting flow of gas when
liquid is being expelled. Dry run: same test but
without liquid in the pores (this is the gas
permeability of the sample). Pore size distribution
calculated by comparing the flows on the “wet” with
the “dry” run.
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pore diameter distribution

flow rate

FBP pressure

Fig. 1. Exemplary measuring curves and resulting para-
meters in CFP (d=dry curve, w=wet curve, d/2= half-dry
curve, FBP=largest pore, MFP=mean flow pore).

For the samples, where the POROLUX™
showed very small flow at the end pressure of 35
bar, we used an alternative method of Liquid-liquid
Porometry (LLP) [18,19].

The measurement consists in the impregnation
of the porous sample with a wetting fluid but,
unlike CFP, the displacement of the wetting fluid is
carried out by using a second fluid immiscible with
the first one (called displacement fluid) at
increasing pressure. As the displacement fluid we
used water saturated with isobutanol. The samples
for measurement were prepared by the following
method: we put (water) wet samples in pure
isobutanol to exchange the water. The samples in
isobutanol were heated up to 35°C for about 3h.
The samples were subsequently measured on the
POROLIQ™ 1000 (Porometer NV).

The obtained data is important in finding the
right membrane for the concrete filtration process,
as well as for further research and modification of
membrane.

Membrane porosity (Pt) determines its
permeability and selectiveness. Membrane value is
determined with the formula [20]:

Pt Ww-Wwd ’

pwxlV
where pw is water density at room temperature
(kg/m®); V is membrane volume (m?); Ww, Wd are
in  wetted state

membrane mass and dry

respectively.
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Table. Maximum, minimum and mean pore size diameters for different membrane samples (Ft-fluoroplastic;

POD-polyoxadiasole, PSf- polysulfone)

. Bubble |Smallest| Main Bubble | Bubble
Smallest| Main . . . Pressur . .
. .__|point pore| pore flow point point Run time| wetting
Sample |pore size|pore size . . e . liqui
(um) (um) size pressure | pressure | pressure F ow (bar) (min) iquid
(um) (bar) (bar) (bar) (1/min)
Ft 0.652 4.485 10.65 0.980 0.142 0.060 0.293 0-1 3:17 porefil
Ft 1.498 4.418 9.416 0.427 | 0.1449 0.067 0.238 0-3 9:43 porefil
PSf 0.109 | 0.112 0.224 5.851 5.705 2.850 0.001 0-6 20:04 | porefil
PSf 0.145 0.148 0.358 4.408 4.309 1.788 0.013 0-55 | 17:43 porefil
PSf 0.160 0.169 0.354 4.000 3.776 1.807 0.035 0-4 12:53 porefil
POD 0.152 | 0.155 0.213 4200 | 4.119 3.000 0.020 0-5 16:39 | porefil
POD 0.168 0.176 0.581 3.800 3.625 1.100 0,003 0-5 16:19 porefil
ter-
POD* | 0.005 | 0.006 | 0010 | 149 | 133 | 79 | 0012 | 815 | 89:18 | "o
izobutanol
ter-
POD* | 0.027 | 0.032 | 0043 | 295 | 244 | 182 | 0003 | 13 | 6732 | "0
izobutanol

* Membrane pores sizes were determined with the use of the POROLIQ 1000AQ (test liquid — isobutanol — water).

Results and Discussions

We measured dimensions of the pores of various
membranes produced by us using the
POROLUX™ 500 porometer. The results are
demonstrated in the Table, where bubble point pore
size corresponds to the maximum pore diameter,
the smallest pore size — to the pressure where the
dry curve meets the wet curve, the Main flow
diameter- to the pressure where the wet and the half
dry curve (obtained by dividing the flow of the dry
curve by 2) meet. Half of the flow is through pores
larger than the diameter.

Due to changes of the membranes synthesis
parameters (casting knife with coating thickness
200 um and 250 um, casting rate, lag time, etc.) the
values measured in the various membranes change
within the following range:

Polysulfone membrane — minimum pore size is
0.07-0.267 um; main pore size is 0.08-0.597 um,
maximum pore size is 0.149-4.004 um;

Polyoxadiazole membrane — minimum pore
size is 0.005-0.2528 um; main pore size is 0.1554-
0.574 um; maximum pore size is 0.2133-5.86 um.

Below we show the curve demonstrating the

results of the analysis:
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I'low/Pressure

flow (I/min)
r 53] B w [

0 1 2 3 4 5
Pressure (bar)
—e— Wet curve [WET] —s—Intcrpolated dry curve

—— Half interpolated dry curve

Fig. 2. Flow(ml/min) — pressure (bar) curve. Polysulfone
membrane.

Measurement of flux and rejection. From the

produced membrane samples we selected
polyoxadiazole and polysulfone membranes and
investigated their capacity indexes and selectivity
through the device designed in the Institute.
Fluoroplastic (pores size 4.48 um) was also used as
a support layer for polyoxadiazole and polysulfone
membranes.

We researched selectivity of the chosen
membranes. We performed the experiments with
drinking water, sea water filtration and established
the membranes ability to retain 88-90% of the

particles suspended in water.
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Fig. 3. Flow(%) — diameter (um) curve. Polysulfone membrane.
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Fig. 4. Pore size (nm) flow distribution. POD* membrane.

Membranes’ ability to disinfect water was
proved: the microbiological analyses results
showed that after filtration coli-index corresponds

to the permitted norm (E-coli <3).

Conclusion

e Ultrafiltration membranes are produced using
polysulfone and polyoxadiazole polymeric
materials;

e Their properties, namely membrane thickness,

porosity, pore sizes, productivity are researched;
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Selectivity of the chosen membranes is
investigated. The membranes’ ability to
retain the suspended particles in water, as
well as possibility of microbiological
disinfection of water using the membranes are
established.

The authors would like to acknowledge Isabel

Kienbaum for membrane tests provided on

Poroliq instrument in Porometer NV Lab.



70 Nino Mkheidze, Raul Gotsiridze, Svetlana Mkheidze, Danny Pattyn

R0Y037960 Jodos

3m0dgeeo 999003690l gmMgdols Bmdgdols
39650 9d0l g3blsBE3ms Js30sMvIemo bsgzsols
RMmOMIgGGH®ool IgommEol 45dmygbgdoo

6. Abgodyg’, O. gmE0Mmody’, b. Abgodyg’, . 3s¢obo™

* o090l Feros Glosggemol bsbgerdfonm «6039HLodIAH0, s3@sGecmo s 8938656230

O97602¢2m30980L 0bUAOBLIA0, Bs09B0, bsgstoz9emm
* 20G3s , 302639596, 65B5GI00, BJarg0s

(Ho68myb00s 5350093000 fg3M0L 6. Jozstagol dogm)

0990®36900L gMIdOL BrmPgdol ©s BMOHYPOL bmIgdols sbsfogrgdols BB oBlsbEgMs
960836900m35605  BomGMIEom ©s  1Y3sMegoree  3OHmEgLgddo.  NYEGMIBOWEBHPIEOTIO
099dMs6gd0 900900 Lbgsslsbgs 36396¢®sgools 3memolryeambols Q5
30momJLsosBemerol blibstgdogsb (3sdblbgemo N-8gmogdomemeogmbo). 9933Gsbol goMgdo
9009005 3m¢rodgmol 3mBmagbmmo blbs®osb 9. BsBsms 0bgzg®liools dgmmEom s
530Mgd0lL BsdmAlbIgeo 533MIsEHNMMo dmfiymdogmdols §sdmygbgdoo (Memcast™, Porometer NV).
3565993 H900L, 39MHdmE EsBAOL Lolidol, EsbIoL boBJsMol, IymM3bgdol EMmMOL (33¢0EgdOc
B3gb dogomgm ULbgsslbgs Lobdolb s BmM®M3badol 3meodghmero dgdd®msbgdo. dgddmsbol
537006 DMIgdOo 3bLBNIOHNMEos GmMmdgBHoll POROLUX™ 500 (Porometer NV) a53mygbgdoom,
bgmbsfigmbg, GmIgwbHgs mOPOL BmIPoL ©d  30MYTIBHIOMOOL  3sblsbOgMs  gdysMgds
3930560 RmeMmIgE®mool (CFP) dgommeb. gm®mdg@mol 4sdmyggbgdoom gs63Lsbaghgo B39
o9 Lobmgbomgdmeo 9590Mbgdol 8gdwgao M30LgdYd0: MIEoMgLo, Lsdwsem ©s YoEIlio
agmdol dmdgdo (bubble point pore sizes), 50G0L go9EsOMBS, 300M3EWOIMMO 6535000, BMMHIdOL
bmdgdols dobgzom sbsfowrgds. 60dMdgdolorgol, Lowss BnMmIgEHMA> sBzgbs dgomg B30,
B3gb6 959m3099bg0n Lombg-Lombols BmMmMIgE®ool dgmmeo (LLP). B3gb s3®gomgzg 390m3033w0go
LobmgboMgdmo d993@msbgdol MBsto 8g5353mL Fyserdo Eol3gMLoMdEO JMEMOEIBO ©S
9036:mmeM960bo0 ©s dg3:MBogom g0dMmBgd0 M3GH0TsEmo BmMmgdol HBmIgdom. domgdyemo
9mbs3gdgdo  3608369emmasbos om@mogormo 3MmEgligdolbmgol dgddGmbgdol  dglscBgzs,
33M9039 d99amdo 33¢7g3900L5 s 9933656530l dmpogoaomgdolismgols.

Bull. Georg. Natl. Acad. Sci., vol. 14, no. 1, 2020



Determination of the Polymeric Membranes Pore Size Distribution... 71

REFERENCES
1. Baker R.W.(2012) Membrane technology and applications, 590. Oxford. Wiley Blackwell.
2. Missimer T. M., Watson 1. C. (2018) Water supply development for membrane water treatment facilities, 271.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Boca Raton.

Meindersma G., Kuczynski M. (1996) Implementing membrane technology in the process industry: problems
and opportunities. Journal of Membrane Science, 113(2):285-292.

Zydney A., Van Reis R. (2007) Bioprocess membrane technology. Journal of Membrane Science, 297(1-2):16-
50.

Madaeni S., Fane A., Grohmann G. (1995) Virus removal from water and wastewater using

membranes. Journal of Membrane Science, 102:65-75.

Macedonio F., Drioli E. (2017) Membrane engineering for green process engineering. Engineering, 3(3):290-
298.

Mkheidze N., Gotsiridze R., Lekishvili N. (2017) Determination of the optimal parameters for multiple using
of baromembranes for purification of Georgian popular wines. International Journal of Applied Chemical
Sciences Research, 4:1-12.

Paul Mou and Steven D. Jons. (2016) Chemistry and fabrication of polymeric nanofiltration membranes: a
review. Polymer, 103:417-456.

Sen D., Ghosh A., Mazumder S., Bindal R., Tewari P. (2014) Novel polysulfone—spray-dried silica composite
membrane for water purification: preparation, characterization and performance evaluation. Separation and
Purification Technology, 123:79-86.

Balta S.,Buruiana D. L., Simionescu C.S., Tiron L.G., Bordei M., Bruggen B. (2015) Influence of relative air
humidity and casting time on the permeation properties of PSf nanofiltration membranes. Desalination and
Water Treatment, 57, 30: 13924-13929.

Tiron L. G., Pintilie $ C., Vlad M., Birsan I. G., Baltd S.(2017) Characterization of polysulfone membranes
prepared with thermally induced phase separation technique. /OP Conference Series: Materials Science and
Engineering, 209.

Agarwal C., Pandey A., Pattyn D., Ares P., Goswami A., Cano-Odena A. (2012) Neck-size distributions of
through—pores in polymer membranes. Procedia Engineering, 44:1230-1231.

Aggarwal P., Tolley H. D., Lee M. L. (2011) Characterizing organic monolithic columns using capillary flow
porometry and scanning electron microscopy. Analytical Chemistry, 84(1):247-254.

Kolb H., Schmitt R., Dittler A., Kasper G. (2018) On the accuracy of capillary flow porometry for fibrous
filter media. Separation and Purification Technology, 199:198-205.

Daian J. (2014) Capillary behavior and porometry: experimental investigation. Equilibrium and Transfer in
Porous Media, 1:69-149.

Li D., Frey M. W., Joo Y. L. (2006) Characterization of nanofibrous membranes with capillary flow
porometry. Journal of Membrane Science, 286(1-2):104-114.

Bruyne M. A., Bruyne R. J., Moor R.J. (2006) Capillary flow porometry to assess the seal provided by root-
end filling materials in a standardized and reproducible way. Journal of Endodontics, 32(3):206-209.

Calvo J. I., Bottino A., Capannelli G., Hernandez A. (2004) Comparison of liquid—liquid displacement
porosimetry and scanning electron microscopy image analysis to characterise ultrafiltration track-etched
membranes. Journal of Membrane Science, 239(2): 189-197.

Sanz J. M., Jardines D., Bottino A., Capannelli G., Hernandez A., Calvo J. I. (2006) Liquid-liquid porometry
for an accurate membrane characterization. Desalination, 200(1-3):195-197.

Mulder M. (2010) Basic principles of membrane technology, 564. Dordrecht. Kluwer Acad. Publ.

Received July, 2019

Bull. Georg. Natl. Acad. Sci., vol. 14, no. 1, 2020




<<

  /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



