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Investigation of a Micro PEM Fuel Cell Pack Based on MEMS Technology
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Abstract: Investigation of a micro PEM fuel cell pack based on MEMS technology is carried out in this paper. A Novel
type of Z-type anode flow field plates were applied to replace the full pin-type ones used previously and all the single
cells were assembled in the same plane with a fuel distributor as their support. The total pack’s volume is about 4.0ml.
Operating on dry H; and air-breathing conditions at 20+3°C and 50£3% RH, the pack produced the peak power of 1.34W
and the estimated maximum power density of the pack could reach 335W/L. Meanwhile, all the single cells had rather
even performances which were based on V-/ and internal resistance measurement (EIS). The results suggested that the
pack’s performance was greatly improved compared to the previous work. The novel Z-type anode flow field leading to
more even fuel distribution among each cell probably had the greatest contribution for the improvement.
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1. INTRODUCTION

With the fast development and miniaturization of port-
able devices such as cellular phones, lap-top computers, digi-
tal cameras or any other mobile electronics, the micro fuel
cells (LFCs) with high energy density are extensively needed
in today’s daily life [1]. Because pFCs are widely considered
to be a major candidate for the micro scaled power genera-
tion with higher energy densities than the most competitive
rechargeable batteries, many researchers have taken great
labor in fabrication of uFCs or its components [2-15]. How-
ever, apart from the good designs and advanced materials,
miniaturizing fuel cells for micro scaled power source is
actually hindered by the difficulty of reducing their physical
dimensions because macro-sized fuel cell components (such
as bipolar plates and fuel storage cans) are often limited by
their characteristic fabrication technology constraints.
Thanks to Micro-Electronic-Mechanical-System (MEMS)
technology, micro-channel patterns of uFCs bipolar plates
into which reactants are fed and other components (such as
micro fuel reformers/processors [7, 12, 13] and micro pumps
[3]) can be fabricated on a silicon wafer with high resolution
and good reproducibility. It has been demonstrated that
MEMS technology is one of the most promising technolo-
gies for fuel cell miniaturization and integration. However, a
lot of work was focused only on using such technology for
fabrication of a single cell [2, 8, 9]. In fact, for the practical

*Address correspondence to this author at the Shanghai Institute of Micro-
system and Information Technology, Chinese Academy of Sciences, Shang-
hai 200050, China; Tel: 86-21-62511070-8813; Fax: 86-21-524139930;
E-mail: zhangxigui@mail.sim.ac.cn

1874-2483/08

uses, several or even hundreds of single cells are needed to
be serially grouped or integrated to offer the required voltage
and power. From our knowledge, only a few of packs fabri-
cated by MEMS technology were reported or proposed [14-
16]. For example, Lee ef al. [14] reported a micro fuel cell
pack in which a planar array of cells is serially connected in
a “flip-flop” configuration. The peak power in a 4-cell sili-
con assembly was reported to reach 40 mW/cm?” using hy-
drogen and oxygen as fuel and oxidizer. Yu et al. [15] fabri-
cated miniature twin fuel cells connected in series by sand-
wiching two membrane-electrode assemblies between two
silicon micro-machined plates. The electricity interconnec-
tion from the cathode of one cell to the anode of another cell
is made in the same plane and the interconnection was fabri-
cated by sputtering a layer of copper over a layer of gold on
the top of the silicon wafer. The measured peak power den-
sity was 190.4mW/cm® at 270mA/cm® when operating on
dry H, / O, at 25°C and atmospheric pressure.

In this work, design, fabrication and performance charac-
terization of a 6-cell PEMFC pack based MEMS was inves-
tigated. A novel anode flow field plates for the pack and a
fuel distributor were fabricated by a classical MEMS etching
and silicon-glass bonding technologies, respectively. Each
cell was made by sandwiching a membrane-electrode-
assembly (MEA) between two flow field plates and they
were assembled in the same plane with a fuel distributor as
their support. Performance and electrochemical resistance
characterization of the pack were done by the linear polariza-
tion and Electrochemical Impedance Spectroscopy (EIS)
under dry hydrogen and air-breathing conditions for the
cathode.
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2. EXPERIMENTAL
2.1. Design of the Pack

The MEMS-based pack was made by assembling 6 single
cells in the same plane with a fuel distributor as their sup-
port. The fuel distributor was fabricated by a silicon-glass
bonding technology. Each cell was fabricated by sandwich-
ing the home-made MEA between two silicon wafer-based
flow field plates with an active area of 1.2x1.2cm’. Two
strips of the cells were arranged with 3 cells in a row. Fuel
from the hydrogen source is first flowing into the chamber of
fuel distributor, then distributing to each cell through the
holes formed in the Pyrex glass. A C-type channel collects
exhausted gases from the 6 cells and drains them out from
the outlet hole formed on the silicon wafer. The structure
diagram of the 6-Cell MEMS-based PEMFC pack is sche-
matically shown in Fig. (1).

(@

(b)

Fig. (1). The schematic structure diagram of the 6-Cell MEMS-
based PEMFC pack.

2.2. Fabrication of the Flow Field Plates and Fuel Dis-
tributor by MEMS Technology

Fig. (2) shows the fabrication sequences of Z-type anode
flow field plates and air-breathing cathode. A 4 inch,
525+20pm-thick N-type <1 0 0> silicon wafer with resis-
tance ratio ranging from 1.5 to 2.5Q-cm was used as the
original material in this work. The fabricating processes
were briefly introduced as follows: (1) Heat deposit of a sili-
con dioxide layer on the wafer used as a silicon etch mask;
(2) Photolithography of the mask windows on the back of the
wafer; (3) Heat deposit of a silicon dioxide layer again to
form the different thick layers on the back of the wafer; (4)
Photolithography of the mask windows on the front of the
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wafer; (5) Etch of the front wafer in 40wt% KOH solution at
50°C and the etching depth was controlled at 100um+2pm;
(6) Wash the wafer in BOE solution (4 portions of 40%
NH4F and 6 of 49% HF mixture solution); (7) Double sides
wet the etch wafer in KOH solution again to form the pin-
type flow field patterns with two square through holes for the
hydrogen plates and the through holes flow field patterns for
the oxygen plates; (8) Remove the residual silicon dioxide
on the surface of the wafer; (9) Heat deposit of continuous
silicon dioxide layers for electrical insulation; (10) Sputter-
ing a Ti/Pt/Au composite metal layers on the wafer surface
to act as conductive layer and ensure the metal layers would
bond well in contact with the silicon wafer. The thickness of
Ti, Pt and Au layer was controlled at 0.1um. 0.3 pm and
0.5um respectively. The flow field patterns of the anode are
an array of pin-type isolated ‘isles’ and two through pseudo-
square holes for fuel in and out. The isle is about
293x293um” on top and 300pm in depth. Note that two
pieces of micro grooves measuring 8cm were formed simul-
taneously (Fig. 3a). The through hole for hydrogen in is
about 1.5x1.5mm’ and that for hydrogen out is about
0.5%0.5mm” respectively. The flow field pattern of the cath-
ode is an array of pin-type isolated through ‘isles’ using for
air-breathing (Fig. 3b). The dimension of the flow field plate
is about 1.6x1.8cm’ with active area of 1.2x1.2cm’. Note
that the width and length of the two plates is not equal and
about 0.2x1.6cm* free spaces were used for spot welding
between the adjacent cells. In total, ten anode flow field
plates and ten cathode flow field plates were formed on the
silicon wafer.
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Fig. (2). The fabrication sequences of Z-type anode flow field
plates and air-breathing cathode (a) anode, (b) cathode.

MEMS etching and bonding technology were applied to
make the fuel distributor. First, using the similar wet etching
method described above, a strip chamber with dimensions of
about 43mm long, 11mm wide and 100pm deep was formed
on the front side of another piece of silicon wafer with 350pum
thickness. This chamber will act as fuel (hydrogen) distributor.
A C-type channel, a fuel feed hole and a square outlet hole
were fabricated at the same time. The C-type channel is about
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Fig. (3). The SEM pictures of the anode and cathode flow field
plates fabricated. (a) anode, (b) cathode.

3mm wide and 100um deep. The C-type channel will collect
exhaust gases from the 6 cells and drain them out from the
outlet hole. The fuel feed hole and outlet hole are 2.5mm
wide. Second, a single side is polished. A piece of Pyrex
glass with 500pum thickness was ultrasonically drilled to
form 12 through holes with 2mm in diameter. The sili-
con/glass bonding was applied then in the bonding machine
with 400V working voltage for about 15minutes, and the
bonding temperature was controlled at about 800°C. Note
again that 6 of the 12 through holes were designed to act as
the single cells’ feed hole and the remains outlet holes re-
spectively. The picture of the final bonded fuel distributor is
given in Fig. (4).

Fuel inlet

from the canister

Fuel chamber
Fuel inlet for the cell

Exhaust gases outlet
from the cell

C-type channel

Exhaust gases outlet
from the pack

Fig. (4). The picture of the fuel distributor fabricated based on
MEMS silicon-glass bonding technology.

2.3. Assembly of the Pack

Prior to assemble the single cells, a homemade mem-
brane-electrode-assembly (MEA, with Pt loading 0.3mg/cm’
for anode and 0.5mg/cm® for cathode respectively;
Nafionl112 was used as separate membrane) was cut into 6
pieces with the dimension of 1.4cmx1.4cm. In order to pre-
vent short-circuited, the cut MEAs were ultrasonically agi-
tated in deionized water for several seconds to remove the
residential conductive materials on the cut sides.

To assemble the single cell, a MEA was sandwiched be-
tween the anode and cathode plates and pressed for about 12
hours by an electronic spiral micrometer. A kind of Epoxy
resin was used to seal the cell and act as a bonding agent
between the MEA and the plates.

The assembled cells were then one by one mounted on
the fuel distributor with the cathode facing up. All the void
space between the cells and the glasses was filled with epoxy
resin seals to guarantee no gas leakage and good sealing.
Work of assembling the 6-cell pack was finally completed
by spot welding the adjacent cells to make them electrically
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conductive. The pack is about 4.0ml in volume. The picture
of the finally assembled pack is shown in Fig. (5).

Fig. (5). The picture of the assembled pack under testing.

2.4. Electrochemical Performance Characterization of
the Pack

Electrochemical performance characterization was car-
ried out through the Arbin FCTs fuel cell instrument. Before
collecting data, the pack was allowed to be activated for at
leat one hour at a current density of 35mA/cm’. The pack
was operated on dry hydrogen at atmospheric pressure and
air-breathing at 20+3°C and 50+3% RH.

Impedance measurements were carried out using a So-
lartron SI 1287 electrochemical analyzer combined with a
Solartron 1255B frequency interface and Zview 3.0 soft-
ware. The instrument used in potentiostatic mode with am-
plitude 40mV over a frequency range from 0.1 Hz to
100,000Hz, covered with 10 points per decade. Nyquist plot
in our impedance measurement exhibited a typical semi-
circle behavior. The left point of intersection with x axis cor-
responds to ohmic resistance.

3. RESULTS AND DISCUSSION

Fig. (6) shows the linear polarization curve of the pack at
a different hydrogen flow rates of 50, 60 and 70ml/min, re-
spectively (scan rate: v= 0.005A/s). It can be seen that the
shape of pack voltage versus current curve is similar as com-
pared with the other PEMFC pack. Usually, the curve is di-
vided into three segments by its different voltage drop rates,
which correspond to different electrochemical processes
[17]. The initial drop of the polarization curve at a very low
current was due to the electrochemical activation process,
which was caused by the sluggish kinetics of oxygen reduc-
tion at the cathode. The subsequent linear decrease of the
polarization curve was due to an ohmic loss which is attrib-
uted to the ion flow through the electrolyte membrane, the
electron flow through the electrode materials, flow field
plates and current collector. The last drop was due to a diffu-
sive loss caused by mass transfer difficulty of reactants, oxy-
gen in most cases. However, it also can be seen from Fig. (6)
that the pack’s performance had some discrepancy with dif-
ferent hydrogen flow rates. When current is less than 0.1A,
the corresponding output power had little difference; but
such is not the case with further current increase, that is, at
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the region of 0.45~0.73A, the difference became more ob-
vious and bigger. This could be explained by the following
two negative/positive factors combined that the inner pres-
sure of the pack and the diffusive rate of fuel for reaction
went up simultaneously with the flow rate increase. So as
can be expected, the moderate flow rate of 60ml/min gave
the highest output power of 1.34W. The peak power density
of 335W/I can be calculated out based on the volume of the
pack.
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Fig. (6). The linear polarization curve of the pack with different
hydrogen flow rates under conditions: An/Ca = 0.3/0.5mg Pt/cm?,
Teen = 204£3°C @ 50+3% RH, P = atmospheric, and air-breathing
for Cathode.

Fig. (7) shows the single cells’ performance under the
same conditions of Fig. (6). It is evident that all the 6 cells
had a similar performance which is attributed to the even
fuel distribution among each cells benefiting from the novel
structure design of the pack. Table 1 list out internal resis-
tances and peak power of the 6 cells. Also, it can be seen that
they were evenly distributed.
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Fig. (7). The linear polarization curve of the pack with different
hydrogen flow rates under conditions: An/Ca = 0.3/0.5mg Pt/cm?,
Teen = 204£3°C @ 50+3% RH, P = atmospheric, and air-breathing
for Cathode

Performance improvement of the sack using the novel Z-
type anode flow field plates was schematically shown in Fig.
(8b). Compared with the full pin-type flow field of anode we
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Table 1. Internal Resistance and Peak Power of the Single
Cells
Factor Calculated Value

Resistance, Q 0.51 0.51 0.49 0.50 0.50 0.51

Peak power, W 205 204 212 210 209 203

previously designed (see Fig. 8a), the novel type flow field
can make fuel flow forcedly along Z-type road. This could
mean that the fuel can reach the corner of the cells to the
greatest extent, while the red circle marked place in Fig. (8a)
probably not. Under the similar conditions of operation, the
pack’s output peak power had about 49% enhancement when
the novel Z-type anode flow field plates were used to assem-
ble the pack. More even fuel distribution among each cell
probably had the greatest contribution for the improvement.
Further work is to confirm the consequence and to investi-
gate other detailed information such as heat and water man-
agement.

Fig. (8). The schematic diagram of fuel flow road in Z-type and full
pin-type anode flow field plates (a) full pin-typed, (b) Z-typed.

4. CONCLUSIONS

Investigation of a micro PEM fuel cell pack with volume
of 4.0ml based on MEMS technology was presented. The
pack based on MEMS technology had a novel structure. A
novel type of Z-type anode flow field plates were applied to
replace the full pin-type ones used previously and all the
single cells were assembled in the same plane with a fuel
distributor as their support. Operating on dry H, and air-
breathing conditions at 20+3°C and 50+3% RH, the pack
produced the peak power of 1.34W and the estimated maxi-
mum power density of the pack could reach 335W/L when
the pack’s volume of 4.0ml was considered. Meanwhile, all
the single cells in the pack perform well even based on V-/
and internal resistance measurement (EIS). The results sug-
gested that the pack’s performance was greatly improved.
The novel flow field leading to more even fuel distribution
among each cell probably had the greatest contribution for
the improvement.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the partial financial
support from Chinese Hi-tech Research and Development
Program (863) under grant no. 2006AA04Z342 and National
Natural Foundation of China under grant no. 20773157,



50 The Open Energy and Fuels Journal, 2008, Volume 1

respectively. The authors would also like to acknowledge the
following members for their contributions during the prepa-
ration of this paper: Mr. Jian Yan, Mr. Jia Li, Mr. Haohan
Liu, Miss Ling Zhu, Miss Yuxia Li. Special thanks to Mrs.
Yuwan Lou from SIMIT for her valuable discussion and
comments.

REFERENCES

Yamazaki, Y. Application of MEMS technology to micro fuel
cells. Electrochim. Acta, 2004, 50, 663-66.

Lu, G.Q.; Wang, C.Y.; Yen, TJ.; Zhang, X. Development and
characterization of a silicon-based micro direct methanol fuel cell.
Electrochim. Acta, 2004, 49, 821-28.

Yao, S.C.; Tang, X.D.; Hsieh C.C.; Alyousef, Y; Vladimer, M.;
Fedder, G.K.; Cristina, H. Micro-electro-mechanical systems
(MEMS)-based micro-scale direct methanol fuel cell development.
Energy, 2006, 31, 636-49.

Yeom, J.; Jayashree, R.S; Rastogi, C.; Shannon, M.A.; Kenis,
P.J.A. Passive direct formic acid microfabricated fuel cells. J.
Power Sources, 2006, 160, 1058-64.

Shinji, M.; Mohamed, M.; Toshiyuki, M.; Shuichi, S.; Tetsuya, O.
MEMS-based design and fabrication of a new concept micro direct
methanol fuel cell (u-DMFC). Electrochem. Commun., 2004, 6,
562-65.

Maynard, H.L.; Meyers, J.P. Miniature fuel cells for portable
power: design considerations and challenges. J. Vac. Sci. Technol.
B, 2002, 20, 1287-97.

Tanaka, S.; Chang, K.S.; Min, K.B.; Satoh, D.; Yoshida, K.; Esa-
shi, M. MEMS-based components of a miniature fuel cell/fuel re-
former system. Chem. Eng. J., 2004, 101, 143-49.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Wang et al.

Kelley, S.C.; Deluga, G..A.; Smyrl, W.H. Miniature fuel cells
fabricated on silicon substrates. AICHE J, 2002, 48, 1071-1082.
Yu, JR.; Cheng, P.; Ma, Z.Q.; Yi, B.L. Fabrication of miniature
silicon wafer fuel cells with improved performance. J. Power
Sources, 2003, 124, 40-46.

Kelley, S.C.; Deluga, G..A.; Smyrl, W.H. A miniature methanol/air
polymer electrolyte fuel cell. Electrochem. Solid State, 2000, 3,
407-409.

Heinzel, A.; Hebling, C.; Miiller, M.; Zedda, M.; Miiller, C. Fuel
cells for low power applications. J. Power Sources, 2002, 105, 250-
55.

Kim, T.; Kwon, S. Catalyst preparation for fabrication of a MEMS
fuel reformer. Chem. Eng. J., 2006, 123, 93-102.

Holladay, J.D.; Jones, E.O.; Phelps, M.; Hu, J.L. Microfuel proces-
sor for use in a miniature power supply. J. Power Sources, 2002,
108,21-27.

Lee, S.J.; Chang-Chien, A.; Cha, S.W.; O' Hayre, R.; Park, Y.L;
Saito, Y.; Prinz, F.B. Design and fabrication of a micro fuel cell ar-
ray with “flip-flop” interconnection. J. Power Sources, 2002, 112,
410-18.

Yu, J.R.; Cheng, P.; Ma, Z.Q.; Yi, B.L. Fabrication of a miniature
twin-fuel-cell on silicon wafer. Electrochim. Acta, 2003, 48, 1537-
41.

Hahn, R.; Wagner, S.; Schmitz, A; Reichl, H. Development of a
planar micro fuel cell with thin film and micro patterning technolo-
gies. J. Power Sources, 2004, 131, 73-78.

Larminie J.; Dicks, A. Fuel Cell System Explained, 2nd ed.; Wiley
& Sons: New York, 2002.

Received: June 19, 2008

© Wang et al.; Licensee Bentham Open.

Revised: July 4, 2008

Accepted: July 5, 2008

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-
nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


