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ABSTRACT 
 

Effect of channel-to-rib width ratio of flow channel 

plates on micro proton exchange membrane fuel cell stacks 

performance test (VI/PI) was studied experimentally. The 

channel-to-rib width ratio was varied from 0.5 to 2. The 

optimum channel-to-rib width ratio of flow channel plates 

for micro PEM fuel cell stack was found. Copper metals 

were used to make bipolar plates (BPs) by using a LIGA-

like micro-fabrication process of deep UV lithography in 

order to obtain SU-8 resist patterns/and SU-8 mould. 

Moreover, when the VI/PI performance curves were 

considered, an optimum channel-to-rib width ratio of 1 can 

be also obtained for the present study. 
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1 INTRODUCTION 
 

Proton exchange membrane (PEM) fuel cell stack has 

many advantages compared with other types of fuel cell 

stacks as portable power for mobility [1]. The application 

of fuel cell stacks to portable power is motivated by 

numerous occasions such as 3C products [2]. This is 

because the PEM fuel cell stack presents a high power 

density and operates at a relatively low temperature; two 

qualities which make it ideal for portable systems [3]. 

Further, the use of micro-fabrication technology for 

fulfillment of power generation has ever been increased 

with being widely and generally demanded in portable 

electronic applications especially for 3C products [3-5]. 

One of the notable and promising examples is micro-fuel 

cell stack system, for instance, micro-PEM fuel cell stack/ 

micro-direct methanol (DM) fuel cell stack, which is now 

target for battery replacement for portable electronic 

devices and miniature power source [5]. The micro-fuel cell 

stacks are expected to attain higher energy density than that 

of a lithium ion battery by converting hydrocarbon fuel to 

electric power at several percentage or higher efficiency. A 

micro fuel cell stack power source can be considered as an 

approach that combines thin film materials with micro-

electromechanical system (MEMS) technology [6]. 

Generally, fuel cell stacks performance would increase in 

gas velocity would facilitate reactant delivery to reaction 

sites by improved convective mass transport in a narrower 

flow channels. 

It is known that the flow channel design influences not 

only the stack resistance but the mass transport of reactant 

gases and liquids. For a conventional PEM fuel cell stacks, 

the main goals of flow channel design are to increase the 

uniformity of the current and temperature distribution at the 

operating conditions of interest while keeping or improving 

the stack performance [4]. Studies of different flow patterns 

will give a concept of how to optimize the flow channel 

design for a PEM fuel cell stack. This optimization would 

be obviously changed with the stack operating conditions. 

Data have shown that quick gas diffusion favors wider 

channel (narrower rib) width of flow channels. However, 

for a higher electric conduction, a narrower channel (i.e. 

wider rib) of flow channel configuration is needed to 

achieve a higher electric conduction. Therefore, it is 

necessary to investigate the geometric parameters involved 

with flow channels such as the flow channel type, the 

channel-to-rib width ratio, the rib shape, and the diffusion 

layer thickness on cell performance and pressure drop in 

detail as well. 

Although there are a plenty of papers dealt with PEM 

fuel cells, few papers have reported works on a micro-fuel 

cell stack flow configuration especially with an optimum 

channel-to-rib width ratio. Further, there seems to be that 

no open literature available to discuss the effect for both the 

cell stack performance and flow channel pressure drop 

simultaneously. In this work, effects of channel-to-rib width 

(with a rectangular cross-section) ratio of the serpentine 

flow channel on cell stack performance and pressure drop 

will be studied. An optimum operating condition with a 

trade-off to channel-to-rib width ratio will be obtained. 

In this study, we will focus on three different 5 cm2 flow 

channel patterns with various rib widths and a given 

channel size for 28-channel serpentine, 36-channel 

serpentine, and 44-channel serpentine flows as listed in 

Table 1. Basically, they have similar patterns with three 

different gas path lengths. They were so designed that the 

effects of flow pattern and the path length on the cell stack 

performance and pressure drop can be examined 

simultaneously to provide and develop the generic design 

information for flow channels, which might be beneficial to 

the fuel cell stack industry especially for micro-fuel cell 

stack manufacturers. This present study is a part of our 

main research goal of design and fabrication of a high 

performance micro-PEM fuel cell stack. 

 

Clean Technology 2009, www.ct-si.org, ISBN 978-1-4398-1787-2 234



Case 1 2 3 

Channel width ( m) 300 300 300 

Rib width ( m) 600 300 150 

Channel length (mm) 160 205 250 

Channel pass 4 5 6 

Channel number 28 36 44 

Channel-to-rib width ratio 0.5 1.0 2.0 

Open ratio (%) 37.9 49.2 60.0 

Channel depth ( m) 200 

Reynolds number (anode) 6.26 

Reynolds number (cathode) 229.03 

Knudsen number (anode) 4.97 10-4 

Knudsen number (cathode) 2.60 10-4 

Mach number (anode) 0.0021 

Mach number (cathode) 0.0402 

 

Table 1 Geometry of bipolar plates 

 

Copper metals were used to make bipolar plates (BPs) 

by using a LIGA-like micro-fabrication process of deep UV 

lithography in order to obtain SU-8 mould. The bipolar 

plate has many flow channels on each side that are designed 

for supplying fuel and oxidant. They are designed to 

accomplish the following functions (a) distribute reactants 

uniformly over the active areas (b) remove heat from the 

active areas (c) act as current collector (d) keep 

reactants separate and (e) prevent leakage of reactants. In 

addition, the plates should mot only be of inexpensive, high 

electric (ion) and thermal conductivity materials, and also 

easily manufactured. Efforts are now underway to develop 

BP materials that satisfy the aforementioned demands. 

Among those possible BP materials, copper (Cu) has high 

mechanical strength and stability, electric conductivity and 

thermal conductivity and can be easily fabricated to the 

desired shape to accommodate the flow channels. However, 

due to its weight, copper is infrequently considered as a BP 

material. 

 

2 EXPERIMENTAL 
 

2.1 Bipolar plates preparation 

Copper slims (250  m thick) were used as substrates 

(base plates). An electrolytic direct current (dc) plating 

process was used in the subsequent stage after defining the 

SU-8 mould for the fabrication of Cu bipolar plates with 

serpentine (meandering) flow channels. Detailed fabrication 

steps in sequence and fabrication parameters and operating 

conditions are shown in Table 2. Then, the substrate was 

first cleaned with acetone for 3 min and then heated to 150 
oC for another 3 min for dryness. After the substrate cooled 

down enough to reach ambient temperature, SU-8 (2100) 

(MicroChem, Newton, MA) was spun-coated on the Cu 

substrate with a final thickness of 200  m. The spin speed 

starts at zero with a linear increase to 400 rpm (slop 100 

rpm/s) for 4 s followed by a constant speed for 36 s. Then, 

the spin speed increases again linearly with the same slop 

as previously for 3 s. Finally, the speed is maintained at 700 

rpm for 57 s. The total spinning time is 100 s. 

The SU-8 coated Cu film in the soft baking process was 

heated on a hotplate, based on the following steps first it 

was baked at 65 oC for 5 min, then at 95 oC for another 70 

min. To avoid the shrinkage and wrinkling of SU-8 and Cu 

substrates, it was firstly cooled to 65 oC for 5 min. Then, 

the relaxed SU-8 and Cu substrate was kept at room 

temperature on a flat plate for 50 min. After soft baking, a 

pre-designed (by CAD software) and prepared by a 10,000 

dpi (photo-resist width 15 m) image setter photo-mask 

was aligned in position. Then, SU-8 and Cu substrate was 

exposed to UV light (Hg lamp with wavelength of 365 nm, 

33mW/cm2) for 75 s using a UV aligner. Meanwhile, SU-8 

was simultaneously lithographically structured. Once 

exposure was completed, heat was applied again for post-

baking. It was first heated to 65 oC for 2 min, followed by 

17 min heating at 95 oC on a hotplate. Similarly, it was 

cooled to 65 oC for 5 min and then relaxed at room 

temperature. Using Nano SU-8 developer (MicroChem, 

Newton, MA), the development was done with an 

ultrasonic wave oscillator for 3 min. 

Before performing electroplating, the rinsing of SU-8 

patterned structure in acetone had to be properly controlled 

and applied for at least 1 min. Then, it was completely and 

carefully rinsed again in de-ionized (DI) water. The 

pattered SU-8 channel structure (200  m depth, 300  m 

width and different rib width) was electroformed with 

copper using copper sulfate and H2SO4 solution with dc 

applied at a current density 20 mA/cm2. The pH 4 and 31.6 
oC, respectively, to avoid damage of the plated surface by 

hydrogen bubbles. In fact, quite a few bubbles are 

generated due to good agitation, and the bubbles are quite 

small they cannot be observed by the naked eye. After 

plating, the Cu microstructure was obtained when the SU-8 

mould was stripped off by remover propylene glycol 

remover (PG, MicroChem, Newton, MA) and rinsed by DI 

water in an ultrasonic wave oscillator at 70 oC for 20 min. 

The most suitable operating condition was at the above-

stated temperature and time duration with 40% ultrasonic 

wave oscillation assistance. Since PG remover is acidic by 

nature, a time reduction for water bath would assist in 

securing a more uniform and flat surface. Deteriorating 

adhesion of the copper structure to the substrate apparently 

never occurred.  

Now, the Cu end plate had been obtained. For a bipolar 

plate, we needed to go through the processes again after 

flipping over the substrate. The present micro-fabrication 

and products characterization were done at MEMS 

Laboratory of National Taiwan Normal University and 
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Microsystem Laboratory of National Sun Yat-Sen 

University, respectively. 

 

Fabrication parameters and conditions 

PR coating SU-8 2100 

PR property Negative 

PR type Thick film 

Dehydration bake (oC) 150 

Speed (rpm) 450 (40sec) 950 (60sec)

Soft bake (95 oC) (min) 150 

UV light wave length (nm) 365 

Light intensity (mW/cm2) 17 

Exposure time (s) 50 

Post exposure bake  

(95 oC) (min) 
30 

Development (min) 3 

Electroforming solution 
Copper sulfate, H2SO4 

solution 

Solution pH 4 

Solution temperature (oC) 50 

Current density (mA/cm2) 10 

Photoresist remover Remover propylene glycol

Experiment operating parameters 

Anode Hydrogen (99.99%) 
Inlet gas 

Cathode Air 

Anode 20 sccm 30 sccm 
Flow rate 

Cathode 100 sccm 150 sccm 

Anode 97 kPa Gas 

backpressure Cathode 97 kPa 

Anode: Pt on carbon  

(0.5 mg/cm2) 
Nafion 117 

Cathode: Pt on carbon (0.5 

mg/cm2) 

Anode: Carbon paper based 

material (290  m) 

MEAs 

GDL 
Cathode: Carbon paper 

based material (290  m) 

Electrode Copper 

Active area 5 cm2 

Cell number 2 cell stack and 3 cell stack 

 

Table 2 Fabrication parameters and conditions/experiment 

operating parameters 

 

2.2 Stack H2/Air circulating loop and        

experimental conditions 

The computer controlled micro-PEM fuel cell stacks 

system and circulating loop is designed (see Fig. 1 for 

details) for operation with hydrogen and air. The reactant 

gases are fed in series to the stacks. Hydrogen (H2) and air 

are conducted parallel-flow mode by varying channel/pass 

(serpentine) as also listed in Table 1 on both the anode and 

cathode of the stacks. Purified (99.99%) and dry hydrogen 

is fed into the cell form a gas cylinder through a mass flow 

meter and back-pressure valve and compressed air was 

provided. Current density versus voltage curves of the stack 

were taken using a KIKUSUI PLZ16WA system interfaced 

to a personal computer (PC) at constant current and 

recorded after the system reached a stable steady state 

(about 1 h) under the different operating conditions at a 

reasonable current density. The fuel cell system used was 

similar to that of Hsieh et al [4]. The stand includes a 

electro-loading system (KIKUSUI PLZ16WA) for fuel cell 

stack operation and data acquisition for generation of a 

polarization curve (both VI and PI curve) to compare 

performance. Test with respect to performance and lifetime 

of the cell stack are in progress. The cell stack was operated 

at 25 oC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 RESULTS AND DISCUSSION 
 

3.1 Channel-to-rib width ratio on VI/PI 

curves 

Fig. 2 exhibits a performance test expressed by VI/PI 

curves with 2 cell stacks and fixed operating temperature of 

25 oC and same operating pressure Panode = Pcathode =97 kPa 

in different channel-to-rib width ratio (0.5, 1, and 2). As 

expected, the open circuit voltage (OCV) 1.89 V, 2.03 V, 

and 1.97 V/limiting current density 486.6 mA/cm2, 523.2 

mA/cm2, and 507.5 mA/cm2, in different channel-to-rib 

width ratio 0.5, 1, and 2, respectively. Fig. 3 presents a 

performance test expressed by VI/PI curves with 3 cell 

stacks and fixed operating temperature of 25 oC and same 

operating pressure Panode = Pcathode =97 kPa in different 

channel-to-rib width ratio (0.5, 1, and 2). As expected, the 

open circuit voltage (OCV) 2.70 V, 2.90 V, and 2.81 

V/limiting current density 493.2 mA/cm2, 530.3 mA/cm2, 

and 514.4 mA/cm2, in different channel-to-rib width ratio 

H2

Micro-PEM fuel 

cell stack 

Pressure 

regulator 

Gas 

purifier

Mass flow 

controller 

Pressure 

gauge 

Pressure 

gauge 

Mass flow 

controller 

Gas 

purifier 

Pressure 

regulator 

Air 

compressor

Elector-loading 

system 

Fig. 1 Schematic of experimental apparatus for 

the present cell stacks 
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0.5, 1, and 2, respectively. In order to enhance and broaden 

our fundamental understanding, stack OCV as well as stack 

average power density were plotted against the channel-to-

rib width ratio, and different cell stack number, respectively, 

at Tstack = 25 oC, Panode = Pcathode =97 kPa, and the results are 

thus shown in Fig. 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is known that the dimensions of the channels and their 

spacing affect the reactant gas (H2/Air) access to the gas 

diffusion layer and also provide wide area for water 

removal from the gas diffusion layer. This would result in 

an increase in proton conductivity. However, this could also 

cause a poor electron transfer due to a narrow spacing. On 

the contrary, wide spacing enhances conduction of 

electrical current and heat however, it simultaneously 

reduces the area directly exposed to the reactants and 

promotes the accumulation of water. Consequently, it 

results in a poor stack performance. In fact, it was found to 

be 1 in the present study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 CONCLUSIONS 
The channel and rib geometric scale effects of flow 

channel plates/bipolar plates on the performance of micro-

PEM fuel cell stacks were examined and discussed. Only 

VI/PI performance curves considered, the above-stated 

value would become a little bit bigger, an optimum 

channel-to-rib width ratio in the range of the present study 

of 0.5-2 was found to be 1.  

 

REFERENCES 
[1] C.-Y. Chen, W.-H. Lai, B.-J. Weng, H.-J. Chuang, 

C.-Y. Hsieh, and C.-C. Kung, "Planar Array Stack 

Design Aided by Rapid Prototyping in Development 

of Air-Breathing PEMFC," Journal of Power 

Sources, Vol. 179, pp. 147-154, 2008. 

[2] G. Scrivano, A. Piacentino, and F. Cardona, 

"Experimental Characterization of PEM Fuel Cell by 

Micro-Models for the Prediction of On-Site 

Performance," Renewable Energy, Vol. 34, pp. 634-

639, 2009. 

[3] S.-S. Hsieh, C.-L. Feng, and C.-F. Huang, 

"Development and Performance Analysis of a H2/air 

Micro PEM Fuel Cell Stack," Journal of Power 

Sources, Vol. 163, pp. 440-449, 2006. 

[4] S.-S. Hsieh, and K.-M. Chu, "Channel and Rib 

Geometric Scale Effects of Flowfield Plates on the 

Performance and Transient Thermal Behavior of a 

Micro-PEM Fuel Cell," Journal of Power Sources, 

Vol. 173, pp. 222-232, 2007. 

[5] S.-S. Hsieh, C.-F. Huang, and C.-L. Feng, "A Novel 

Design and Micro-Fabrication for Copper (Cu) 

Electroforming Bipolar Plates," Micron, Vol. 39, pp. 

263-268, 2008. 

[6] P.-C. Lin, B. Y. Park, and M. J. Madou, 

"Development and Characterization of a Miniature 

PEM Fuel Cell Stack with Carbon Bipolar Plates," 

Journal of Power Sources, Vol. 176, pp. 207-214, 

2008. 

0 50 100 150 200 250 300 350 400 450 500 550
0.0

0.5

1.0

1.5

2.0

2.5

3.0

0

50

100

150

200

250

300

350

 

S
ta

c
k
 v

o
lt
a

g
e

 (
V

)

Current density (mA/cm
2
)

S
ta

c
k
 p

o
w

e
r 

d
e
n
s
it
y
 (

m
W

/c
m

2
)

Channel-to-rib width ratio 1 

Channel-to-rib width ratio 0.5 

Channel-to-rib width ratio 2 

Fig. 3 The performance test for 3 cell stacks with an 

optimum condition 

0 50 100 150 200 250 300 350 400 450 500 550 600
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

0

20

40

60

80

100

120

140

160

180

200

220

240

 

S
ta

c
k
 v

o
lt
a
g

e
 (

V
)

Current density (mA/cm
2
)

S
ta

c
k
 p

o
w

e
r 

d
e

n
s
it
y
 (

m
W

/c
m

2
)

Channel-to-rib width ratio 1 

Channel-to-rib width ratio 0.5 

Channel-to-rib width ratio 2 

Fig. 2 The performance test for 2 cell stacks with an 

optimum condition 

0.0 0.5 1.0 1.5 2.0 2.5
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

0

50

100

150

200

250

S
ta

c
k
 o

p
e

n
 c

ir
c
u
it
 v

o
lt
a

g
e

 (
V

)

Channel to rib width ratio

S
ta

c
k
 a

v
e

ra
g
e

 p
o

w
e

r 
d

e
n

s
it
y
 (

m
W

/c
m

2
)

2 cell stack open circuit voltage

3 cell stack open circuit voltage

2 cell stack average power density 

3 cell stack average power density 

Fig. 4 The stack open circuit voltage and the stack average 

power density vs. channel-to-rib width ratio 

Clean Technology 2009, www.ct-si.org, ISBN 978-1-4398-1787-2237



<<
  /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




