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Abstract

Saudi Arabia is the major date producer in the world. In order to get the maximum pro-
duction from date tree there is a need to prune the trees on annual basis and is considered
as a serious environmental threat. The single step procedure for the synthesis of porous
activated carbon (AC) from Saudi date tree fronds using mixture of gases (N, and CO,) was
carried out at different carbonization/activation temperatures staring from 700 to 1000 °C
at a ramp rate of 10 °C/min. Alloy 330 horizontal reactor was used in tube furnace. Flow
rate of N, and CO, gases were kept at 150 and 50 ml/min, respectively. Results revealed
that at 850 °C larger surface area was achieved and can offer higher potential to produce
activated carbon of greater adsorption capacity from date fronds waste. The BET surface
area of the activated carbon prepared at 850 °C after 30 min activation time is 1094 mz/g.
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Any cheap material, with a high carbon content and
low in organics, can be used as a raw material for the
production of activated carbon (AC) [1]; agricultural by-
products have proved to be promising raw materials
for the production of activated carbons (ACs) because
of their availability at a low price. They can be used for
the production of activated carbon (AC) with a high
adsorption capacity, considerable mechanical strength,
and low ash content [2]. Literature survey indicates
that there have been many attempts to obtain low-cost
activated carbons (AC) or adsorbent from agricultural
wastes [3-7].

Saudi Arabia is the major date producer in the
world. In order to get the maximum production from
date tree there is a need to prune the trees on annual
basis. About twelve million of date-palm trees exist in
Saudi Arabia. Approximately about three million trees
were cut and then pruned every year. It is reported
that about 75,000 tons of palm tree fronds, also con-
sisted of foliar parts and thorns, are left during pruning
process [8]. This quantity is either disposed off as waste
or burnt and ultimately ends up with a harmful effect
to the environment. Carbonaceous material can be
used to produce activated carbon. Many studies have
been reported for the preparation of activated carbon
(AC) through agricultural waste material [9-14].
Therefore, the plenty of this agriculture waste material
(palm tree fronds) is available in Saudi Arabia and con-
sidered as an ideal source as a precursor for production
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of activated carbon (AC). For the manufacturing of acti-
vated carbon (AC) two methods have been reported,
i.e., physical and chemical activation [15-20]. In the
present study the aim is to prepare activated carbon
(AC) of high surface area and porosity using physical
method.

Pyrolysis is one form of energy recovery process,
which has the potential to generate char, oil and gas
product [21]. Because of the thermal treatment, which
removes the moisture and the volatile matter contents
of the biomass, the remaining solid char shows dif-
ferent properties than the parent biomass materials.
The remarkable differences are mainly in porosity, sur-
face area, pore structures (micro pores, mesopores and
macropores) and physicochemical properties such as
composition, elemental analysis and ash content. These
changes in the properties usually lead to high reactivity,
and hence, an alternative usage of char as an adsorb-
ent material becomes possible [22]. Thus, the char
becomes an attractive by-product, with applications
including production of activated carbons (ACs), which
is useful as a sorbent for air pollution control [23]. Acti-
vated carbons (ACs) are carbons of highly micro porous
form with both high internal surface area and porosity,
and commercially the most common adsorbents used
for the removal of organic compounds from air and
water streams.

EXPERIMENTAL

The fronds were dried at 105 °C for 8 h to reduce
the moisture content, sliced with sophisticated wood
cutter to a size range of 2—3 mm. Pyrolysis of the palm
fronds and activation of the resulting chars were both
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carried out in a horizontal stainless-steel tube alloy
reactor Alloy 330 (UNS N08330) having ID 30mm, OD
36 mm by Sandmeyer steel company, which was placed
in a Carbolyte MTF 12/38/250 tube furnace. During the
pyrolysis process, about 10 g of sliced precursor was
used in high alumina sample tray to prepare the chars.
Grade 5 (99.999%) nitrogen gas at a flow rate of 150
ml/min was passed through the reactor right from the
beginning of the pyrolysis process. The furnace tempe-
rature was increased at a rate of 10 °C/min from room
temperature to 850 °C now activation gas carbon
dioxide gas was introduced at a flow rate of 50 ml/min
for 30 min. Inside reactor the pressure was maintained
at 0.25 bar for all the samples. The prepared activated
carbon was characterized by calculating surface area,
pore size, pore volume, SEM and FTIR. The schematic of
the process is shown below in Fig. 1 [15,24].

RESULT AND DISCUSSION

Proximate and chemical analysis of date fronds

Date palm tree fronds were used as the precursor in
the present study. The proximate and chemical analysis
of the precursor is given in Table 1.

Proximate analysis of date palm tree fronds was
conducted as per the method given in [22]. The method
was effectively applied to determine the ash contents,
moisture, fixed carbon content and volatile matter in
the date palm tree fronds. The properties of the pre-
cursor are given in Table 1. To calculate the moisture
content in fronds, air dried 1.0 g of date palm tree
fronds was loaded in a crucible and placed in an oven

at 110 °C for 3 h until total dehydration was occurred.
In order to measure the amount of volatile 1.0 g of air
dried sample was placed in a muffle furnace at 850 °C
for 7 min. The sample was weighed after cooling in the
desiccator to get the volatile contents present in the
starting material. For the determination of ash content
about 1.0 g of starting material was placed in the
muffle furnace for 3 h at 750 °C. After 3 h the crucible
was placed in desiccators for cooling. The crucible was
then weighed to get the ash contents present in the
sample. Subtracting the calculated values for moisture,
ash content and volatile matter from 100% fixed car-
bon content was calculated. Chemical composition of
date palm tree fronds was conducted as per the
method [25] and the results were shown in terms of
lignin, hemicellulose and cellulose.

Thermo gravimetric Analysis (TG) of date fronds

Thermo-gravimetric (TG) experiments were carried
out by a thermo-gravimetric analyzer (Netzsch STA 409)
to study the pyrolysis behavior of date fronds. The
dried fronds was directed to analyze in the tempe-
rature range of 25-900 °C at heating rate 10 °C/min
under nitrogen with a holding time at 900 °C for 15
min. Figure 2 [24] illustrates the TG curve of raw date
frond by % weight loss under N, atmosphere and at a
heating rate of 10 °C/min.

During the first stage, i.e., from 250 to 375 °C cel-
lulose and hemi-cellulose of the fronds decomposed to
(acetic acid, methanol and, wood tar) that are con-
sidered as a condensable gases and (CO, CO,, CH,4, H,
and H,0) are non-condensable gas. A little loss in wt. %
can easily be seen below 250 °C in Fig. 2 [24], as the
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Fig. 1. Schematic of Process [24] ("Reprinted from Biomass and Bioenergy, Vol 73, M. Shoaib, H. M. Al-Swaidan, Optimization and
characterization of sliced activated carbon prepared from date palm tree fronds by physical activation, 124-134, Copyright (2015),

with permission from Elsevier").

Table 1. Properties of the palm tree fronds

Proximate analysis, wt.%

Chemical composition, %

Moisture Volatile Fixed carbon

Ash

Cellulose Hemicellulose Lignin

9.1 74.6 10.3

6.0

44 29.8 26.2
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Fig. 2. Thermogravimetric Analysis (TG) of date fronds (this material is reproduced with kind permission of Elsevier) [24] ("Reprinted
from Biomass and Bioenergy, Vol 73, M. Shoaib, H. M. Al-Swaidan, Optimization and characterization of sliced activated carbon
prepared from date palm tree fronds by physical activation, 124-134, Copyright (2015), with permission from Elsevier").

frond had been dried under 105 °C for 8 h. Curve at
temperature over 850 °C showed the weight
unchanged at this stage. The carbon at this stage is
acceptable as a precursor for producing activated car-
bon because a carbon with 10-15% volatile is not too
tight, and can easily react with activating gas to pro-
duce big surface and huge pore volume. So it is appar-
ent that date frond can be as good raw material.

BET surface area, pore size and pore volume

Specific surface areas pore size and pore volumes of
the activated carbons were determined by N, gas
adsorption at 77 K with an automated adsorption
instrument (Gemini VII, 2390 Micromeritics). Prior to
the determination, the sample (about 0.05 g) was
degassed for 45 min at 15 °C under nitrogen to remove
moisture and other volatiles from the sample. The
surface areas of activated carbon produced at various
activation temperatures are shown in Table 2.

Increasing temperature causes increasing release of
volatiles and increasing carbon burn off due to carbon-

—CO, reaction. Hence, the yield decreases with inc-
reasing temperature. For an activation temperature of
100 °C, the yield has reached at 8.5% and it mainly
contains the ash whereas at 850 °C 18.75% yield was
obtained with high surface area and pore volume as
shown in Table 2. Increasing the activation tempe-
rature enhances the existing pores and forms new
pores from 700 to 850 °C by continual devolatilization
of the chars and carbon burn off due to the carbon—CO,
reaction, resulting in increasing BET surface area, pore
volume, and non-pore volume. A decreasing trend from
900 °C and above was also observed and this is maybe
because of the accumulation of carbon in the pores.
The pore size may have started increasing and pore
fusions might occur, causing decrease in surface area.
The highest surface area 1094 m’ g_1 for AC prepared at
850 °C was obtained.

Fourier transform Infrared spectroscopy (FTIR)

FTIR spectra give details about different functional
group information of the materials. Figure 3 illustrates

Table 2. Activation temperature effect on surface area, pore volume, pore size and yield %age of activated carbon; ' a-b-c-d-e-f
denotes sliced activated carbon: activation temperature ( °C), heating ramp rate ( °C/min), activation dwell time (min), CO, flow rate

(ml), reaction vessel pressure (bar)

Sample No. Sample name Surface area, mz/g Pore volume, cm3/g Pore size, A Yield, %

1 Raw date frond 2 - - -

2 SAC®-700°-10%30°-50%-0.25" 385 0.1663 17.27 28.42

3 SAC*-750°-1030°-50%-0.25" 587 0.2562 17.44 24.65

4 SAC®-800°-10°-30°-50%-0.25" 633 0.2716 17.14 20.62

5 SAC*-850°-10%-30°-50%-0.25" 1094 0.4382 16.09 18.75

6 SAC®-900°-10%-30°-50°-0.25" 727 0.3063 16.83 16.0

7 SAC*-950°-10%30-50°-0.25" 515 0.2270 17.38 14.3

8 SAC®-1000°-10°-30°-50%-0.25' ND ND ND 8.5 mainly ash
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Fig. 3. FTIR spectra for date palm tree frond and SAC-850-10-30-50-0.25 [24] ("Reprinted from Biomass and Bioenergy, Vol 73, M.
Shoaib, H.M. Al-Swaidan, Optimization and characterization of sliced activated carbon prepared from date palm tree fronds by
physical activation, 124-134, Copyright (2015), with permission from Elsevier").

the FTIR spectra of Raw Date Frond, SAC-850-10-30-50-
-0.25. Strong absorption band between 3600-3400 cm™*
can be seen in all the spectra’s shown in Fig. 3 [24],
which is the characteristic of OH group and the broad-
ening of the band is due to the high degree of hydrogen
bonding. The Raw date frond in Fig. 3 shows the most
crowded spectrum. A strong and broad adsorption
peak appeared at 3386.23 cm™", which is due to the
stretching of O—H group in the raw date frond sample.
Peak observed at 2923.75 cm " belongs to the alkane
C-H stretching. The peak at 1733.44 cm™ is a C=0
stretching and a C=C peak also observed around
1618.30 cm . The peak at 1425.46-1375.25 corres-
ponds to C—H bends and rock in alkane, respectively.
Absorption peaks at 1330.98, 1160.53, 1243.99 and
1055.98 cm™" which is the characteristic of C-O group
can also be observed. The spectrum for SAC-850-10-30-
-50-0.25, in Fig. 3 shows reduction in absorption peaks
because most of the groups are reduced at 850 °C.

Scanning electron microscopy (SEM)

SEM analysis was carried out by using Jeol JSM-
6380 LA instrument. Figure 4a shows the scanning
electron micrographs for the raw date fronds. The
image clearly shows the surface is curvy due to cellu-
lose, hemicelluloses and lignin and with less slit like
fractures or cracks. Mesoporosity can be seen in Fig.4b.
Microporous and mesoporous combination can easily
be interpreted in Fig. 4c and small pores, transitional
pores, and slit like pores with different shapes could
also be clearly identified in Fig. 4d. SEM images account
for the higher BET surface area and pore volume.
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Fig. 4. SEM micrographs showing the surface morphologies
of: a) raw date frond, b) mesopores, c) micropores and meso-
pores and d) slit like pores for SACa-850b-10c-30d-50e-0.25f
[24] ("Reprinted from Biomass and Bioenergy, Vol 73, M.
Shoaib, H. M. Al-Swaidan, Optimization and characterization
of sliced activated carbon prepared from date palm tree
fronds by physical activation, 124-134, Copyright (2015), with
permission from Elsevier").

Nitrogen adsorption isotherm

The N, adsorption isotherms of the selected five
activated carbons are presented in Fig. 5. Here the
quantity of N, adsorbed is plotted against the relative
pressure p/p° of N,. It can be seen that the N, ads-
orption isotherm of Sample SAC-850-10-30-50-0.25
shows the maximum adsorption, which indicates pre-
dominantly the presence of micro porosity with minor
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Fig. 5. Adsorption Isotherm for synthesized activated carbon [24] ("Reprinted from Biomass and Bioenergy, Vol 73, M. Shoaib, H. M.
Al-Swaidan, Optimization and characterization of sliced activated carbon prepared from date palm tree fronds by physical
activation, 124-134, Copyright (2015), with permission from Elsevier").

presence of mesoporosity in the activated carbon. This
result is similar to as observed in SEM studies.

Nitrogen adsorption-desorption isotherm

Figure 6 shows the nitrogen adsorption-desorption
isotherm at 77 K of the activated carbon prepared from
700 to 950 °C. The effects of temperatures provided

different performances of the nitrogen isotherms. All
the nitrogen isotherm curves significantly increase in
the low-relative pressure (p/p° < 0.2) indicating the
presence of pore structures with the Type | isotherm
indicates the presence of mono layers. However, at
higher relative pressure (p/p° > 0.2), the knee of nit-
rogen isotherm curves became more open and steadily
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Fig. 6. Nitrogen adsorption desorption isotherm of activated carbon synthesized at various temperatures [24] ("Reprinted from
Biomass and Bioenergy, Vol 73, M. Shoaib, H. M. Al-Swaidan, Optimization and characterization of sliced activated carbon prepared
from date palm tree fronds by physical activation, 124-134, Copyright (2015), with permission from Elsevier").
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increased to the maximum relative pressure (p/p0 =
= 0.9). These results suggested that large amount of
nitrogen was adsorbed during the adsorption process
indicating the presence of wider porosity (mesopores)
with the Type IV isotherm. The entire relative pressure
ranges suggested that the nitrogen adsorption exhi-
bited a combination of the Type | and IV isotherms,
indicating the presence of micro and mesoporosity in
the activated carbon. Additionally, the presence of hys-
teresis loops with H4 type in the desorption isotherms
closure at p/p0 = 0.4 indicates presence of small meso-
pores. This hysteresis was associated with capillary
condensation in micro and mesopores. This pheno-
menon shows that the activated carbon production
may have a combination of micro and mesopores. The
lower curves being an significance of microporosity
[26], whereas the upper curves look like a Types H4
that also verifies the presence of slit-shaped pores as
shown in SEM images.

CONCLUSION

The optimum activation temperature conditions for
the synthesis of activated carbon from date palm tree
fronds using the physical activation were a tempera-
ture of 850 °C. The above conditions verified that the
activation has occurred, BET surface area of 1094 mz/g
has been achieved moreover the synthesized activated
carbon has predominantly microporous. SEM images
verified the presence of porosities and pore develop-
ment during the pyrolysis and activation process. Thus,
it is feasible to produce high-quality porous activated
carbon from date frond agro waste using N, carbon-
ization followed by physical activation with CO, and N,
mixture.
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OPTIMIZACIJA TEMPERATURE AKTIVACUE ZA PRIPREMU POROZNOG UGLJENIKA DOBUENOG IZ LISTOVA URME
FIZICKOM AKTIVACIJOM

Mu

hammad Shoaib, Hassan M. Al-Swaidan

Department of Chemistry, College of Science, King Saud University, P.O. Box 2455, Riyadh 11451,
Kingdom of Saudi Arabia

(Strucni rad)

Saudijska Arabija je vodeéi proizvodac urmi u svetu. U cilju postizanja maksi-
malne proizvodnje koristeéi drvo urme, postoji potreba da se drveée sece na go-
diSnjem nivou, Sto se smatra ozbiljnom pretnjom za Zivotnu sredinu. U radu je
prikazan jednostavan postupak (u jednom koraku) za sintezu poroznog aktivnog
uglja (AC) iz urminog drveta iz Saudijske Arabije, koris¢enjem smese gasova (N, i
CO,). Postupak je izveden na razli¢itim temperaturama karbonizacije/aktivacije od
700 to 1000 °C pri brzini od od 10 °C/min. Horizontalni reaktor tipa Alloy 330 je
kori¢en u cevnoj peéi. Protok gasova N, i CO, je bio 150 i 50 ml/min, redom.
Rezultati pokazuju da je za 850 °C dobijena veéa povrsina, i ovi uslovi mogu ponu-
diti vece mogucnosti za proizvodnju aktivnog uglja sa veé¢im adsopcionim kapa-
citetom iz otpada od lis¢a urme. Povrsina aktivnog uglja, odredena BET analizom,
dobijenog na 850 °C posle vremena aktivacije od 30 min je iznosila 1094 mz/g.

Kljucne reci: Aktivni ugalj e Fizicka akti-
vacija ¢ MeSavina gasova ® Urme iz Sau-
dijske Arabije ® Agro otpad

157




<<
  /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


