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Abstract Sodium aluminum hydride or sodium alanate
(NaAlH,) has been considered as a potential material for
hydrogen storage. Although its theoretical hydrogen storage
capacity is 5.5 wt.% at 250 °C, the material still has its
drawback in the regeneration issue. With the use of certain
catalysts, the regeneration problem can somewhat be
alleviated with added benefits in the decrease in the
hydrogen decomposition temperature and the increase in
the decomposition rate. This work summarizes what we
have learned from the decomposition of NaAlH, with/
without catalysts and co-dopants. The decomposition was
carried out using a thermovolumetric apparatus. For the
tested catalysts—HfCl;, VCl;, TiO,, TiCl;, and Ti—the
decomposition temperature of the hydride decreases;
however, they affect the temperature in the subsequent
cycles differently and TiO, appears to have the most
positive effect on the temperature. Sample segregation and
the morphological change are postulated to hinder the
reversibility of the hydride. To prevent the problems, co-
dopants—activated carbon, graphite, and MCM-41—were
loaded. Results show that the hydrogen reabsorption
capacity of HfCl4- and TiO,-doped NaAlH, added with
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the co-dopants increases 10-50% compared with that
without a co-dopant, and graphite is the best co-dopant in
terms of reabsorption capacity. In addition, the decompo-
sition temperature in the subsequent cycles of the co-dopant
doped samples decreases about 10-15 °C as compared to
the sample without a co-dopant. Porosity and large surface
area of the co-dopant may decrease the segregation of bulk
aluminum after the desorption and improve hydrogen
diffusion in/out bulk of desorbed/reabsorbed samples.

Keywords Hydrogen storage - Co-dopants - NaAlH,

Introduction

Sodium aluminum hydride or sodium alanate, NaAlH,, has
been considered as a candidate medium for on-board
hydrogen storage in fuel cell applications, in part, because
of its high hydrogen content up to 5.6 wt.%. NaAlH,
liberates hydrogen into two steps, as shown in Egs. 1 and 2.
The first step releases 3.7 wt.% hydrogen at 185 °C and the
second one at 250 °C with 1.8 wt.% hydrogen [1, 2].

NagAlH; — 3NaH + Al + %HQ (2)

Although NaAIH, has favorable thermodynamics and
hydrogen capacity for the fuel cell applications, the pristine
NaAlH, cannot reabsorb hydrogen. It was not until 1997
that NaAlH, became even more attractive, thanks to the
results from Bogdanovic and Schwickardi [3]. It was
reported that NaAlH,, mixed with Ti(OBu"),, can desorb
3.5-4 wt.% hydrogen and reabsorb hydrogen at 170 °C and
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150 bar. After this breakthrough, attempts have been made
to develop and modify hydrogen desorption/absorption of
NaAlH,4 in terms of its kinetics, capacity, and reversibility
[4-9]. A metal dopant and doping method significantly
affect the reversibility of NaAIH,. So far, Ti-catalysts seem
to be the best catalyst for the reaction. The reported
maximum reversible hydrogen capacity of Ti-catalyzed
NaAlH, is around 5% [10], which is still lower than the
U.S. Department of Energy goal (6.0 wt.% hydrogen for
2010) [11]. An understanding of the hydrogen desorption/
absorption of NaAlH, doped with a transition metal is still
unclear. The questions are: How do metal dopants activate
the hydrogen desorption/reabsorption in NaAlH4?; What is
the state of metal species after doping?; and Why does a Ti
dopant show higher potential than other metal dopants in
the hydrogen desorption/reabsorption in NaAlH,?

In this short review, we reported what we have learned
from the improvement of the hydrogen desorption/absorption
of NaAlH,. In addition, this work also includes information
reported by other research groups. We believe that the
understanding of the NaAlH, system would be a basis for
further development of other hydride systems, such as Mg
(AlHy), 9.27 wt.% and Ca(AlHy), 7.84 wt.% [12], and
propel the quest for hydrogen storage materials towards
reality.

Effect of dopant on the hydrogen desorption/absorption
of NaAlH,

After the discovery that doping Ti substantially improves
the desorption kinetics and hydrogen reversibility of
NaAlH,, other metal transitions, particularly transition
metals in the same group with Ti (Zr, Hf, and V), have
been used as a catalyst for hydrogen desorpiton/absorption
of NaAlH,. In addition, Anton has reported that almost all
transition metals improve the reversibility of NaAlH, but
with a difference extend depending on the nature of each
metal [6]. Besides a metal catalyst, a method to load a
transition metal is also equally important if not more.
NaAlH, was first doped with Ti(OBu)4 by co-precipitation
or wet method [3, 7]. The drawback is the inherited
complicated preparation technique and organic contamina-
tion in the product [13]. Then, the ball milling method was
introduced to mix Ti(OBu), with NaAIH,. It was found that
the material prepared by the ball milling method shows
better kinetic hydrogen desorption than that prepared by the
wet method [1]. However, to avoid the contamination of
organic compounds from the decomposition of Ti(OBu)y,
TiCl;, and other Ti-based inorganic materials were used
instead. As shown in Fig. 1, we reported the temperature
program desorption from the first hydrogen desorption of
milled NaAlH,;, NaAlH; doped with 4 mol% HfCl,
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Fig. 1 Correlation between temperature and hydrogen capacity, during
the first hydrogen desorption on NaAlH,: @ undoped NaAlHy; b 4%ZrCly-
NaAlHy; ¢ VCl3-NaAlHy; d 4%TiCl;-NaAlH,, and e 4%HfCl;-NaAlH,

(4%HfCl4-NaAlH,), NaAlH,; doped with 4 mol% TiCl;
(4%TiCls-NaAlH,), NaAlH,; doped with 4 mol% ZrCly
(4%ZrCl4-NaAlH,), and NaAlH, doped with 4 mol% VCl,
(4%VCl3-NaAlH,). In addition, the reversibility of each
sample is shown in Fig. 2. Both figures indicate that all
tested transition metals catalyze the hydrogen desorption of
NaAlH, by lowering the desorption temperature and
contribute to the reversibility of NaAlH4. About 30-75%
of their original hydrogen capacities can be recovered.
NaAlH, doped with TiCl; has the highest reversible
hydrogen capacity. It can reabsorb hydrogen up to
3.85 wt.% (H/M), while the reversible hydrogen capacities
of HfCl;-NaAlH,, ZrCly;-NaAlH,, and VCl;-NaAlH, are
about 2.75 wt.% (H/M), 2.5 wt.% (H/M), and 1.5 wt.% (H/M),
respectively. A possible reason why a transition metal chloride
can reduce the desorption temperature of NaAlH, is because
of the reaction between NaAlH, and the metal chloride
forming NaCl and facilitating the decomposition of Al-H
bond as shown in Eq. 3.

xNaAlH, + MCl, — xNaCl + M + x[AlH,]~
— xNaCl + M + xAl° 4 2xHs,, (3)

where M is donated the transition metal, and x is the
stoichiometric number. Although the formation of NaCl
accelerates the decomposition of NaAlHy, it also lowers the
hydrogen capacity of NaAlH, as NaCl is a non-reducible
species. In other words, doping a metal chloride in the
hydride system poses the formation of NaCl, which
consumes active Na in the hydride system and may be one
of the reasons for the low reversible hydrogen capacity of
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Fig. 2 Reversibility of: 4%TiCl3-NaAlH,, 4%ZrCl;-NaAlH,, 4%HfC1,-NaAlH,, and VCl;-NaAlH,

NaAlIH4. In addition, it was found that the undoped hydride =~ Unexpectedly, the hydrogen reabsorption of TiO,-NaAlH4
sinters and totally changes its morphology after the thermal is superior to that of TiCl;-NaAlH, (Fig. 4). From the BET
hydrogen desorption. However, the addition of one of the  surface area result, the sample doped with TiO, has a higher
metal catalysts decreases the extent to which the morphology  surface area than the one doped with TiCl;. This may
of the desorbed product changes. In other words, it prevents  elucidate that adding TiO, increases the surface area of the
the segregation and agglomeration of NaH and Al after  hydride because the porous structure of TiO, increases the
heating [14, 15]. The effect of the catalyst nevertheless  grain boundary, prevents the agglomeration, and maintains
diminishes with the increase in the hydrogen desorption/  the small grain size of the desorbed sample (Suttisawat et al.,
absorption cycle [16]. submitted). These facilitate the hydrogen diffusion into the

To avoid the NaCl formation problem as a by-product, system and lead to better hydrogen reabsorption of the TiO,-
the effects of using other Ti precursors (metal Ti micropar-  NaAlH, sample. This reveals that TiO, not only acts as a
ticle and TiO,) as a catalyst were investigated. We found  catalyst but also as a grain refiner for the hydride. However,
that NaAlH, doped with TiO, (TiO,-NaAlH,) exhibits the =~ some TiO, is reduced by NaAlH, and produces sodium
similar behavior as that doped with TiCl; with the  oxide and hydroxide as by-products. This may be a reason
reversible hydrogen capacity about 3.8 wt.% (H/M). In  why the reversible hydrogen capacity of TiO,-NaAlH, is
contrast, the hydrogen capacity of NaAlH, doped with Ti ~ not different from that of TiCl;-NaAlH,4. Surprisingly, Ti-
(Ti-NaAlHy) is around 1 wt.% (H/M) as shown in Fig. 3.  NaAlH, shows inferior hydrogen desorption/reabsorption.
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Fig. 3 Comparison of the hydrogen desorption in the seventh
desorption of a TiO,-NaAlH,, b TiCl3-NaAlH,, and ¢ Ti-NaAlH,

Its hydrogen reversible capacity is around 1 wt.% (H/M).
The formation of TiH(1x2) was detected by XRD in the
sample after hydrogen desorption/reabsorption, Fig. 5. This
may be attributed to the formation of TiH, that decreases
the activity of hydrogen dissociation in the desorbed
sample. However, nanosized Ti was reported to show the
most positive effect on the hydrogen desorption/absorption
of NaAlH, with respect to other metal precursors [10, 17].
In addition, Lee et al. also reported the effect of TiAl; with
various particle sizes on the hydrogen desorption of
NaAlH, [18]. However, recently many research groups
claimed the catalytic effect of Ce, Sc, and Pr on the

5

Re-absorbed hydroegn, wt%(H/M)

0 T T T T T T T T T
0 60 120 180 240 300 360 420 480 540 600

Time, min

Fig. 4 Hydrogen reabsorption rate of a TiO,-NaAlH,, b TiCls-
NaAlHy, and ¢ Ti-NaAlH,
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Fig. 5 XRD patterns of 4 mol% Ti-NaAlHy: a after milling, b after
the hydrogen desorption, and ¢ after hydrogen reabsorption

reversible hydrogen capacity of NaAlH, is superior to that
of Ti after several cycles [19-21]. Therefore, it can be
concluded that a type of metal, particle size, and doping
technique all play important roles on the activity of catalyst
of the hydrogen desorption/absorption of NaAlH,.

As mentioned above that the increase in the surface area
or grain boundary of the hydride system from the addition
of TiO, leads to the faster hydrogen reabsorption, interests
were then shifted to the effects of adding porous and high
surface materials or co-dopant, together with transition
metal catalysts in order to prevent the agglomeration and
increase the surface area of the hydride system. Figure 6
shows the reversible hydrogen capacity of NaAlH, doped
with 4 mol% HfCl, together with 10 wt.% co-dopant
(graphite, activated carbon, CMC-41). To better reflect the
effect of the co-dopant, the reported hydrogen capacity was
calculated based on the total weight of sample (NaAlH,
plus dopant). The results reveal that all co-dopants increase
the amount of the reabsorbed hydrogen and decrease the
desorption temperature in the subsequent cycles compared
to NaAlH, doped with only HfCl,. An increase of about
40-50% in the reabsorbed hydrogen amount from the
sample without any co-dopant can be observed. Among the
studied co-dopants, graphite exhibits the best activity for
the hydrogen desorption/reabsorption of NaAlH, with the
transition metal catalysts. The hydrogen capacity of
NaAlH, doped with TiO, and graphite (3.7 wt.%) is
increased around 10% as compared with the sample without
graphite [22]. This may be because of the unique properties
of graphite as a mixing agent manifested through lubrica-
tion phenomena and as a micro-grinding agent manifested
through the formation of carbide species, which is known
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Fig. 6 Correlation between temperature and hydrogen released during
the seventh hydrogen desorption cycle of doped NaAlH4: a 4 mol%
HfCl, + 10 wt.% graphite, b 4 mol% HfCl,, ¢ 4 mol% HfCl, + 10 wt.%
activated carbon, and d 4 mol% HfCl, + 10 wt.% MCM-41 [31]

as the hardest materials. Moreover, it was reported that
graphite might be imparting an electron contribution to
transition metal catalysts through a hydrogen spillover
mechanism [20-26]. Some research works reported that
the hydrogen capacity of NaAlH, doped with Ti and single-
walled carbon nanotube (SWNT) can uptake hydrogen
more than 4 wt.% and increase the hydrogen absorption rate
more than twofolds as compared with the one without
SWNT [27, 28]. One possible reason for the improvement
of the hydrogen desorption/reabsorption of NaAlH, with
the co-dopants could be the role of their physical properties
(porosity and high surface area) as it is these properties that

may help in increasing the hydrogen transfer in and out
from the bulk sample by decreasing the grain aggregation
of the desorbed NaAlH, as reported by Cento et al. [29].
Moreover, the co-dopants could facilitate the mixing during
the sample preparation and increase the dispersion of the
metal catalysts in the sample. Recently, Berseth et al.
reported the fundamental electronic effect of carbon
materials on the catalyzed decomposition of NaAlH, that
the electronegative carbon substrate induces the electron
from Na of NaAlH, leading to the weaken AIH, bond
[30]. It was found that the larger curvature of carbon
substrate, the higher electron affinity of carbon substrate
leading to the lower H-removal energy. Cq, shows better
electron affinity than graphite and CNT.

State of metal catalyst and action on the reaction
of NaAlH,

So far, Ti-dopants seem to be the best catalyst on the
hydrogen desorption/absorption of NaAlH,4. The reversible
hydrogen capacities of NaAlH, doped with Ti-catalysts
were reported in the range of 3.5-5 wt.% depending on a type
of Ti, purity of NaAIH,4, and a doping method [10, 11, 31].
However, the hidden roles of a metal catalyst on the
hydrogen desorption/absorption of NaAlH, have been
argued. Sun et al. suggested that a Ti dopant might catalyze
the reaction by the substitution of the dopant in the lattice
of NaAlH, then affecting the activation and involving the
lattice distortions [32]. In the mechanism, Ti is believed to
substitute Na* and form Ti*" resulting in the lattice
distortions, vacancy formation, and enhancement of hydro-
gen desorption kinetics when less than 2 mol% of Ti
(OBu"), is doped into NaAlH,. However, it was also found

Fig. 7 XRD patterns of a
as-received NaAlHy, b 4%VCl;s-
NaAlHy, ¢ 4%VCl;-NaAlH-after
subsequent desorption, and

d 4%V Cl3-NaAlH,-after
reabsorption (Suttisawat et al.,
submitted)

Intensity

*NaAlH; AAlI  °NazAlHg o NaCl ¢ NaH
d) reabsorbed 4%V Cl-NaAlH,

A

* * N . v !\
’\ * A A a) undoped NaAlH,  » *
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that the doped metal catalyst with NaAlH, was reduced to
zerovalent state and form alloy with Al [33]. Graetz et al.
reported the result from Ti K-edge X-ray absorption near-
edge spectroscopy showing that Ti does not substitute in the
bulk lattice nor form the Ti metal, but it is present on the Al
surface in the highly dispersed form of amorphous TiAlj, so
that is why the Ti-catalyst phase is not visible by the X-ray
diffraction analysis at room temperature [34, 35]. In the
case of VCli-, ZrCly-, and HfCly-dopants after doping with
NaAlH,, they also form alloy with Al presenting in the
crystal phase, which can be detected by XRD (Fig. 7) [31,
36]. The different forms of the metal catalysts in the hydride
system may indicate the different ability on dispersion, hence,
the catalyst activity [33]. Chaudhuri et al. reported the step of
hydrogen storage in NaAlH, catalyzed by Ti using a
computational approach that Ti atoms act as a catalyst in
the hydrogen dissociation and decrease the energy barrier in
the hydrogen absorption on the Al surface. In addition, they
proposed that the formation of AlH;3 or alane is a mobile
species, which reacts with NaH to form Na3;AlHg, and then
NaAlH, [37, 38].

Conclusions

The above discussion is the improvement of hydrogen
desorption/absorption of NaAlH,. So far, the reversible
hydrogen capacity of NaAlH, catalyzed by a metal dopant
does not exceed 5 wt.%. Although the NaAlH, system
probably does not have a sufficiently high enough hydrogen
storage capacity for transportation (6 wt.%), the information
gained from the investigation of this system can be applied
with other hydrides.

e Structure defect and destabilization

Mechanical ball milling can decrease the particle size of
a hydride and introduce a crystal lattice defect in the
material. The destabilization of Al-H bond leads to the
lower temperature of hydrogen desorption.

e Action of a catalyst

A transition metal, particularly Ti, catalyzes the decom-
position of hydride and facilitates the dissociation of
hydrogen into the hydride system. Moreover, a metal
catalyst decreases the barrier energy of the hydrogen
absorption on the Al surface. Alane (AlH3) is the mobile
species to react with NaH, and then form as Nas;AlHg and
NaAlH,.

* Increasing surface area

Adding carbon materials in a hydride system can
decrease the segregation of the hydride components and
maintain the small grain size of the desorbed sample, which

@ Springer

reduces the diffusion pathway of hydrogen. This can
improve the rate of hydrogen absorption of the hydride. In
addition, electronegative carbon substrate destabilizes the
AlH, bond leading to lower the hydrogen desorption
temperature.

Acknowledgments This work was supported by Sustainable Petro-
leum and Petrochemicals Research Unit, Center for Petroleum,
Petrochemicals, and Advanced Materials, The Petrochemical and
Environmental Catalysis Research Unit, Ratchadapisek Somphot
Endowment Fund, The Petroleum and Petrochemical College,
Chulalongkorn University, The National Science and Technology
Development Agency (Reverse Brain Drain Project, Thailand), and
UOP, A Honeywell Company (USA).

References

1. Jensen CM, Gross KJ (2001) Appl Phys A 72:213-219
2. Fakioglu E, Yiiriim Y, Veziroglu TN (2004) Int J Hydrogen
Energy 29:1371-1376
3. Bogdanovi¢ B, Schwickardi M (1997) J Alloys Compd 253—
254:1-9
4. Zidan A, Takara S, Hee A, Jensen CM (1999) J Alloys Compd
285:119-122
5. Jensen M, Zidan R, Mariels N, Hee A, Hagen C (1999) Int J
Hydrogen Energy 24:461-465
6. Anton DL (2003) J Alloys Compd 356-357:400—404
7. Bogdanovi¢ B, Brand RA, Marjanovic A, Schwickardi M, Tolle J
(2000) J Alloys Compd 302:36-58
8. Gross KJ, Majzoub EH, Spangler SW (2003) J Alloys Compd
356-357:423-428
9. Sandrock G, Gross K, Thomas G (2002) J Alloys Compd
399:299-308
10. Bogdanovi¢ B, Felderhoff M, Kaskel S, Pommerin A, Schlichte
K, Schiith F (2003) Advanced Materials 12:1012-1015
11. Satyapal S, Petrovic J, Read C, Thomas G, Ordaz G (2007) Catal
Today 120:246-256
12. Orimo S, Nakamori Y, Jennifer RE, Ziittel A, Jensen C (2007)
Chem Rev 107:4111-4132
13. Sandrock G, Gross K, Thomas G, Jensen C, Meeker D, Takara S
(2002) J Alloys Compd 330-332:696-701
14. Beattie SD, Grady GS (2009) Int J Hydrogen Energy 34:9151—
9156
15. Singh S, Eijt SWH, Huot J, Kockelmann WA, Wagemaker M,
Mulder FM (2007) Acta Mater 55:5549-5557
16. Andrei CM, Walmsley JC, Brinks HW, Holmestad R, Srinvasan
SS, Jensen CM, Hauback BC (2005) Appl Phys A: Mater Sci
Process 80:709-715
17. Bogdanovi¢ B, Eberle U, Felderhoff M, Schiith F (2007) Scr
Mater 56:813-816
18. Lee GJ, Kim JW, Shim JH, Cho YW, Lee HS (2007) Scr Mater
56:125-128
19. Wang T, Wang J, Ebner AD, Ritter JA (2008) J Alloys Compd
450:293-300
20. Bogdanovi¢ B, Eberle U, Felderhoff M, Schiith F (2006) Adv
Mater 18:1198-1201
21. Bogdanovi¢ B, Felderhoff M, Pommerin A, Schiith F, Spielkamp
N, Stark A (2009) J Alloys Compd 471:383-386
22. Suttisawat Y, Rangsunvigit P, Kitiyanan B, Kulprathipanja S
(2008) Int J Hydrogen Energy 33:6195-6200
23. Wang J, Ebner AD, Ritter JA (2006) J Phys Chem B 110:17353—
17358



J Solid State Electrochem (2010) 14:1813—-1819

1819

24.

25.

26.

27.

28.

29.

30.

Wang J, Ebner AD, Prozorov T, Zidan R, Ritter JA (2005) J
Alloys Compd 391:245-255

Wang J, Ebner AD, Prozorov T, Zidan R, Ritter JA (2005) J
Alloys Compd 395:252-262

Dehouuche Z, Lafi L, Grimard N, Goyette J, Chahine R (2005)
Nanotechnology 16:402—409

Pukazhselvan D, Gupta BK, Srivastava A, Srivastava ON (2005) J
Alloys Compd 403:312-317

Jun W, Ebner AD, Ritter JA (2006) J Phys Chem B 110:17353—
17358

Cento C, Gislon P, Bilgili M, Masci A, Zheng Q, Prosini PP
(2007) J Alloys Compd 437:360-366

Berseth PA, Harter AG, Zidan R, Blomqvist A, Araujo CM,
Scheicher RH, Ahuja R, Jena P (2009) Nano Lett 9:1501-1505

31.

32.

33.

34.
35.

36.

37.
38.

Suttisawat Y, Jannatisin V, Rangsunvigit P, Kitiyanan B, Kulpra-
thipanja S (2007) J Power Sources 163:997-1002

Sun D, Kiyobayashi T, Takeshita HT, Kuriyama N, Jensen CM
(2002) J Alloys Compd 337:L8-L11

Schiith F, Bogdanovi¢ B, Felderhoff M (2004) Chem Commun
20:2249-2258

Graetz J, Reilly JJ, Johnson J (2004) Appl Phys Lett 85:500-503
Brink HW, Jensen CM, Srinivasan SS, Hauback BC, Blanchard D,
Murphy K (2004) J Alloys Compd 376:215-221

Weidenthaler C, Pommerin A, Felderhoff M, Bogdanovi¢ B,
Schiith F (2003) Phys Chem Chem Phys 5:5149-5153
Chaudhuri S, Muckerman JT (2005) J Phys Chem B 109:6952—6957
Chaudhuri S, Graetz J, Ignatov A, Reilly JJ, Muckerman JT
(2006) J Am Chem Soc 128:11404-11415

@ Springer



	A reality check on using NaAlH4 as a hydrogen storage material
	Abstract
	Introduction
	Effect of dopant on the hydrogen desorption/absorption of NaAlH4
	State of metal catalyst and action on the reaction of NaAlH4
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


