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Abstract: Alumina was synthesized via sol-gel technique by the hydrolysis of aluminium ion controlled by urea in aque-

ous media. The resulting sol composed of Al(OH)3 particles coalesced and became a transparent gel. The freshly prepared 

gel was heated at 280°C to obtain alumina particles. The obtained particles were found to be amorphous - alumina parti-

cles with high porosity, characterized by FTIR, XRD and SBET techniques. Electron micrograph shows that the particles 

are nano-sized having non-spherical shape. Comparatively higher magnitude of adsorption of cationic surfactant indicated 

that the surface of alumina particles is negatively charged. 
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INTRODUCTION 

 The oxides of aluminium materials are widely used in 
ceramics, refractories and abrasives due to their hardness, 
chemical inertness, high melting point, non-volatility and 
resistance to oxidation and corrosion [1-5]. The importance 
of alumina as catalyst or catalytic support has also been 
widely recognized for many chemical reactions [6-8]. The 
transparency of alumina film and wide range of properties 
extend its application in optics as well [9]. 

 Recently many researchers are showing interest on the 
preparation and application of nano-sized alumina or  
alumina composites considering their diverse properties  
[10-16]. It is generally believed that the properties of such 
alumina particles are largely governed by the particle size, 
morphology, surface and phase homogeneity and these can 
be controlled by selecting a proper synthetic route [17].  
-Alumina with desirable surface properties such as high 

surface area and mesoporous properties is most commonly 
used as a high-temperature catalyst or catalytic support and 
as a membrane [18]. The synthesis of alumina by sol-gel 
technique generally produces a mixture of alumina phases 
( ,  and ) and these transform to a stable -alumina phase 
by heating at high temperature [10, 19-21].

 
In 2004, Macêdo  

et al., reported the synthesis of -alumina by sol-gel method 
from a saturated aqueous solution of aluminium nitrate using 
urea as neutralizing and hydrolysis control agent [22]. 

 In the present investigation similar method was used to 
prepare -alumina with slight modification. The produced 
alumina particles were characterized by XRD, FTIR and 
electron micrographs. The specific surface area (SBet) was 
measured by nitrogen adsorption applying BET method. 
Bulk (loose) and true densities were also measured. As the 
structure of the porous adsorbents plays a very important  
 

*Address correspondence to this author at the Department of Chemistry, 

Rajshahi University, Rajshahi 6205, Bangladesh; Tel: +88 0721 750916; 

Fax: +88 0721 750064; E-mail: samarhass@yahoo.com 

role in the adsorption process [23, 24], porosity, and adsorp-
tion isotherms of different organic solvents such as ethyl 
acetate (EA), methanol (MeOH), tetrahydrofuran (THF) and 
methylethyl ketone (MEK) as well as anionic and cationic 
surfactants were investigated. It is to be mentioned that so 
far mostly commercially available -alumina particles have 
been used for such detail surface property measurement.  

MATERIALS AND METHODOLOGY 

Materials  

 Aluminium nitrate nonahydrate Al(NO3)3, 9H2O from 
Hopkin & William Ltd., UK, urea and MEK from E-Merck, 
Germany, MeOH from Fisher Scientific Ltd., UK, EA from 
Biocraft Co. Ltd., India, and THF from Merck Ltd., India 
were used without further purification. Sodium dodecyl sul-
phate (SDS) and hexadecyl trimethyl ammonium bromide 
(HTABr) both from Fluka, Biochemica, Switzerland were 
used as anionic and cationic surfactants. Other chemicals 
used were of reagent grade. Distilled deionized water of con-
ductivity less than 5 s/cm was used for all measurements. 

Instruments  

 Scanning electron microscope or SEM (Hitachi S-2460) 
and transmission electron microscope or TEM (Zeiss EM 
912 Omega) were used to see the morphology of the parti-
cles. IR spectrophotometer (Shimadzu, FTIR-8900, Japan) 
was used for obtaining IR spectra (KBr). BET method was 
applied using Nova3000e apparatus from Yussa Ionocs Inc., 
Osaka, Japan, to measure the surface of alumina particles. 
The powder X-ray diffraction pattern was obtained in a  
diffractometer operating at 2°/min with CuK  radiation.  
Microprocessor pH and conductivity meters from HANNA 
Instruments, Portugal were used in this study. 

Preparation of -Alumina 

 Al(NO3)3, 9H2O (35 g) was dissolved in 35 mL distilled 
deionized water at 22°C under magnetic stirring. Urea (72 g) 
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was added keeping the molar ratio of Al
3+

/urea at 1/13. The 
solution mixture was maintained at 22°C for 1 h and then 
filtered to remove any insoluble impurity. The alumin-
ium/urea saturated solution was heated at 90°C for around 12 
h. The pH of the solution mixture was initially 2.0. As the 
reaction proceeds the pH gradually increased and rose 
sharply from 3 to 6 producing alumina sol. The sol was 
heated for another 3 h to a transparent gel. 

 The freshly prepared alumina gel was dried at 280°C  
for 1 h in presence of air to eliminate the remaining urea  
and nitrate and resulted in porous, amorphous -alumina 
powder.  

Material Characterization:  

 Bulk density (loose) a property of particulate materials is 
the mass of many particles of the material divided by the 
volume they occupy. The occupied volume includes the 
space between particles as well as the space inside the pores 
of individual particles. This was measured at 22°C using a 
10 cc graduated cylinder. Oven dried -alumina powder was 
poured into the cylinder. The weight and volume of the 
powder were recorded and the bulk density was obtained 
using the equation (1). 

        (1) 

 The particle density or true density is the density of the 
particles that make up the powder. This density was meas-
ured using a densimetric bottle at 22°C. The volume of the 
densimetric bottle was first calculated using the appropriate 
density value of water. Then, 5 to 6 g of oven dried -
alumina powder was taken in the bottle. Distilled water was 
added and the contents in the bottle were gently boiled for 10 
min to remove any entrapped air. The increase in weight 
over the alumina powder was used to obtain the volume of 
water in the bottle. The volume of the alumina powder in the 
bottle was obtained by subtracting this volume from the total 
volume of densimetric bottle. Equation (2) was used to cal-
culate the particle density: 

         (2) 

Both bulk density and particle density were measured in du-
plicate and the average values are reported in Table 1. 

 The amount of pore space or porosity was obtained by 
density measurement using the equation (3). 

        (3) 

 The specific surface area (SBET) of the powdered sample 
was measured by 6-point adsorption measurement using 
BET method at 77 K with NOVA3000e apparatus. Prior to 
the measurement the sample was dried in oven at 100°C. 

 For electron microscopic observation, dilute -alumina 
dispersion (0.1% solid) in water was prepared by sonication 
for 30 min. A few drop of the diluted dispersion was placed 
on a carbon coated copper grid and dried at ambient tem-
perature prior to the observation by TEM. For SEM, diluted 
sample was placed directly onto aluminium stub, dried at 

ambient temperature and then sputter-coated with an ultra-
thin layer of gold before observation. 

 For adsorption measurement of different organic solvents 
(EA, MeOH, THF and MEK), specific amount of -alumina 
particles (0.1 g) was mixed with 5 mL of each organic sol-
vent. The mixture was maintained at the respective tempera-
ture with occasional stirring for 45 min. Then -alumina  
was decanted and separated. The excess solvent adsorbed on 
the surface was removed by tapping with filter paper [25]. 
The increase in the weight of -alumina over the initial 
weight was used to calculate the amount of adsorption (mg/g 
of particles). 

Table 1. Experimental Values of Physical Parameters of  

-Alumina 

S. No. Parameter Value 

1 Bulk density (loose), g/cc 0.9333 

2 Particle density or true density, g/cc 1.9867 

3 Porosity, % 52.46 

4 Specific Surface area (SBET) m2/g 4.49 

 

 The adsorption isotherms of anionic SDS and cationic 
HTABr emulsifiers were obtained at 30°C by the following 
method. A dispersion of -alumina (1.0 g) was prepared in 
10 mL of distilled deionized water. For each measurement, a 
mixture of 30 mL was then prepared from alumina disper-
sion and emulsifier aqueous solution. The emulsifier aqueous 
solution was prepared in such a way that the concentration of 
the emulsifier in the mixture remained below the critical 
micelle concentration. The pH value of the mixture was im-
mediately adjusted to 7.0 by dilute HCl/KOH aqueous solu-
tion. The alumina dispersion-emulsifier mixture was then 
allowed to stand for specified time at 30°C. In order to ex-
amine the adsorption behavior of the emulsifier onto the 
alumina particles the conductance was recorded at 30°C. The 
amount of emulsifier adsorbed was obtained by subtracting 
the emulsifier concentration in the medium from the initial 
concentration. The emulsifier concentration was obtained 
using calibration curves, representing the relationship be-
tween the concentration and the conductance of emulsifier 
aqueous solution at the pH value of 7.0 assuming that the 
adsorbed emulsifier molecules do not contribute to the con-
ductance. 

RESULTS AND DISCUSSION 

 Experimental values of the physical property of alumina 
powder are shown in Table 1. Particle density or true density 
provides information about the kind of material present in 
the sample. The particle density higher than 1.0 g/cc is at-
tributed to high alumina content in the sample rather than the 
organic matter. Porosity is also reasonably high as expected

 

[23]. For application as catalyst or catalytic support, porosity 
is an important parameter as it tells how much wa-
ter/hydrocarbons/gases can be stored in. This property also 
gives idea about the rate at which air/water/hydrocarbon can 
pass through in alumina packed chromatographic column.  
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 Morphological studies were carried out using SEM and 

TEM photographs. Fig. (1a), shows the SEM photograph of 

alumina. The produced alumina particles are mostly nano-
sized and a close observation by TEM Fig. (1b), indicates 

that the shape of particle is non-spherical. The particles are 

typically around 30-40 nm in length with an outer diameter 
of around 10 nm. The surface area (SBET) shown in Table 1 is 

lower than that estimated from electron micrographs. This 

can be explained by considering the coagulation of particles 

in the dried state. 

 The X-ray diffraction pattern shown in Fig. (2), indicates 
that the produced alumina is completely amorphous. Two 
broad peaks appeared at around 42° and 65° respectively as 
indicated by arrows are the characteristics of -alumina 
phase [10, 22]. FTIR spectra of the alumina powder recorded 
in KBr pellet is shown in Fig. (3). The absorption bands ap-

 

 

 

 

 

 

Fig. (1). Electron micrographs of -alumina particles: a) SEM and b) TEM. 

 

 

 

 

 

 

 

 

 

 

Fig. (2). X-ray diffraction spectra of -alumina particles. 

 

 

 

 

 

 

 

 

Fig. (3). FTIR spectra of -alumina particles. 
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peared at ~545 and ~788 cm
-1

 represent aluminium ions in 
octahedral and tetrahedral environments. These results are in 
agreement with the FTIR spectrum of -alumina as reported 
elsewhere [26, 27]. Broad OH stretching band appeared at 
around 3354 cm

-1
 reveals the presence of hydroxyl groups. 

The additional peaks appeared in the region of 1100-1700 
cm

-1
 represent the presence of physisorbed water [26]. Calci-

nation at the temperature of 280°C to produce -alumina is 
probably not enough to drive off this physisorbed water. 

 Fig. (4), shows the adsorption isotherms of different  
organic solvents on -alumina at different temperatures.  
The adsorption is a complex process and its magnitude is 
influenced by many factors such as pore volume or surface 
heterogeneity of alumina particles as well as molecular size, 
hydrophobicity of the alkyl chain of the adsorbate. The  
magnitude of adsorption of MeOH and THF increased  
with increasing temperature whereas those of MEK and EA 
decreased. Comparatively, the magnitude of adsorption for 
MeOH is much higher and almost levelled off at 35° to 
45°C. This higher adsorption of MeOH on the alumina sur-
face is probably accompanied by the formation of hydrogen 
bond as both alumina surface and MeOH contain hydroxyl 
groups. The levelling off in magnitude of adsorption at 
higher temperature indicates that alumina surface is saturated 
with layer of MeOH. The decrease in adsorption for MEK 
and EA with increase in temperature can be explained by 
considering two different adsorption processes at lower and 
higher temperatures [24]. The physical adsorption at lower 
temperature possibly changed into chemisorption at higher 
temperature. 

 The magnitude of adsorption for anionic SDS and cati-
onic HTABr emulsifiers measured at pH 7.0 is shown in Fig. 
(5). The magnitude of adsorption for cationic emulsifier is 
relatively higher than that of anionic emulsifier. Moreover, 
the magnitude of adsorption for cationic emulsifier increased 
with immobilization time. These behaviour imply that sur-
face of -alumina particles are negatively charged. The de-
crease in adsorption for anionic SDS with immobilization 

time is pretty unexpected. It is not clear whether the repul-
sion between negatively charged alumina surface and emul-
sifier molecules reduced the adsorption amount over pro-
longed immobilization time. 

 Above results suggest that prepared -alumina particles 
are anionically charged, amorphous and porous in character. 
The absorption capacity of -alumina particles is pretty high 
and can be used for chromatography. These particles may 
find application in biomedical field and can also be modi-
fied/functionalized to diversify their applications. 

ACKNOWLEDGMENTS 

 Authors (HA & MAJM) would like to acknowledge  
the financial support from MOSICT, Dhaka. Special thanks 
to Md. Abdul Mannan, a PhD student at Saga University, 
Japan, for XRD instrument support. 

REFERENCES 

[1] Zhou, S.; Antonietti, M.; Niederberger, M. Low temperature syn-
thesis of -alumina nano crystals from aluminium acetylacetonate 

in nonaqueous media. Small, 2007, 3(5), 763-767.  
[2] Tang, B.; Ge, J.; Zhuo, L.; Wang, G.; Niu, J.; Shi, Z.; Dong, Y. A 

facile and controllable synthesis of -alumina nanostructures with-
out a surfactant. Eur. J. Inorg. Chem., 2005, 2005(21), 4366-4369. 

[3] Sakka, S. Sol-gel processing of insulating, electoconducting  
and superconducting fibers. J. Non-Cryst. Solids, 1990, 121(1-3), 

417-423.  
[4] Reddy, B.S.B.; Das, K.; Das, S. A review on synthesis of in situ 

aluminium based composites by thermal, mechanical and mechani-
cal-thermal activation of chemical reactions. J. Mater. Sci., 2007, 

42(22), 9366-9378.  
[5] Touati, F.; Gharbi, N.; Colomban, P.H. Structural evolution in 

polyolysed organic-inorganic alumina gels. J. Mater. Sci., 2000, 
35(6), 1565-1570. 

[6] Bujdák, J.; Rode, B.M. Alumina catalyzed reactions of amino  
acids. J. Thermal Anal. Calorim., 2003, 73(3), 797-805.  

[7] Elinaga, H.; Futamura, S. Comparative study on the catalytic  
activities of alumina-supported metal oxides for oxidation of  

benzene and cyclohexane with ozone. React. Kinet. Catal. Lett., 
2004, 81(1), 121-128. 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Adsorption isotherms of anionic SDS and cationic HTABr 

emulsifiers on -alumina particles (0.1 g) at pH 7.0 and 30°C. 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Adsorption isotherms of different organic solvents on -

alumina particles (0.1 g) at various temperatures. 



36    The Open Colloid Science Journal, 2011, Volume 4 Karim et al. 

[8] Lang, Y.; Wang, Q.; Xing, J.; Zhang, B.; Liu, H. Preparation of 

magnetic -Al2O3 supported palladium catalyst for hydrogenation 
of nitrobenzene. Process Syst. Eng., 2008, 54(9), 2303-2309.  

[9] Kobayashi, Y.; Ishizaki, T.; Kurokawa, Y. Preparation of alumina 
films by sol-gel method. J. Mater. Sci., 2005, 40(2), 263-283.  

[10] Bahlawane, N.; Watanabe, T. New sol-gel route for the preparation of 
pure -alumina at 950°C. J. Am. Ceram. Soc., 2000, 83(9), 2324-2326.  

[11] Jun, C.J.; Choi, J.H.; Lim, Y.M.; Jeun, J.P.; Kang, P.H.; Nho, Y.C. 
Preparation and characterization of polypropylene nanocomposites 

containing polystyrene-grafted alumina nanoparticles. J. Ind. Eng. 
Chem., 2006, 12(6), 900-904.  

[12] Siengchin, S.; Karger-Kociss, J.; Thomann, R.  Alumina-filled 
polystyrene micro- and nanocomposites prepared by melt mixing 

with and without latex precompounding: structure and properties.  
J. Appl. Polym. Sci., 2007, 105(5) 2963-2972.  

[13] Ash, B.J.; Rogers, D.F.; Wiegand, C.J.; Schadler, L.S.; Siegel, 
R.W.; Benicewicz, B.C.; Apple, T. Mechanical properties of Al2O3/ 

polymethylmethacrylate nanocomposites. Polym. Composites, 
2002, 23(6), 1014-1025. 

[14] Ash, B.J.; Siegel, R.W.; Schadler, L.S. Glass-transition temperature 
behavior of alumina/PMMA nanocomposites. J. Polym. Sci. Polym. 

Phys. Ed., 2004, 42(23), 4371-4383.  
[15] Ballav, N.; Biswas, M. Preparation and evaluation of nano- 

composites of polyfuran with Al2O3 and montmorillonite clay.  
Polym. Int., 2004, 53(10), 1467-1472.  

[16] Cinausero, N.; Azema, N.; Cochez, M.; Ferriol, M.; Essahli, M.; 
Ganachaud, F.; Lopez-Cuesta, J.M. Influence of the surface  

modification of alumina nanoparticles on the thermal stability and 
fire reaction of PMMA composites. Polym. Adv. Tech., 2008, 

19(6), 701-709.  
[17] Bahaduri, S.; Zhou, E.; Bhaduri, S.B. Auto ignition processing of 

nanocrystalline -alumina. Nanostruct. Mater., 1996, 7(5), 487-496.  

[18] Okada, K.; Otsuka, N. Characterization of the spinel phase from 

SiO2-Al2O3 xerogels and the formation process of mulite. J. Am. 
Ceram. Soc., 1986, 69(9), 652-656. 

[19] Kao, H.C.; Wei, W.C. Kinetics and microstructural evolution of 
heterogeneous transformation of -alumina to -alumina. J. Am. 

Chem. Soc., 2000, 83(2), 362-368.  
[20] Han, K.R.; Lim, C.S.; Hong, M.J.; Jan, J.W.; Hong, K.S. Prepara-

tion method of submicrometer-sized -alumina by surface modifi-
cation of -alumina with alumina sol. J. Am. Ceram. Soc., 2000, 

83(11), 750-754. 
[21] Glaubitt, W.; Sporn, D.; John, R. A new way to spinnable sols 

derived from modified aluminium alkoxides. J. Sol-gel Sci. Tech., 
1994, 2(1-3), 525-528.  

[22] Macêdo, M.I.F.; Osawa, C.C.; Bertran, C.A.  Sol-gel synthesis  
of transparent alumina gel and pure gamma alumina by urea  

hydrolysis of alumina nitrate. J. Sol-gel Sci. Tech., 2004, 30(3), 
135-140.  

[23] Schull C.G. The determination of pore size distribution from gas 
adsorption data. J. Am. Chem. Soc., 1948, 70(4), 1405-1410. 

[24] Afzal, M.; Khan, M.; Ahmad, H. Surface characterization and heats 
of adsorption of chromatographic alumina. Colloid Polym. Sci., 

1991, 269(5), 483-489.  
[25] Park, S.Y.; Bae, Y.H. Novel pH-sensitive polymers containing 

sulfonamide groups. Macromol. Rapid Commun., 1999, 20(5),  
269-273. 

[26] Jian, Z.; Yu, J.; Guo, Z.X. Preparation of functionalized core-shell 
alumina/polystyrene composite nanoparticles. Macromol. Chem. 

Phys., 2005, 206(15), 1558-1567.  
[27] Busca, G.; Lorenzelli, V.; Ramis, G.; Willey, R.J. Surface sites on 

spinel-type and corundum-type metal oxide powders. Langmuir, 
1993, 9(6), 1492-1499.  

 
 

Received: July 29, 2010 Revised: February 25, 2011 Accepted: May 03, 2011 

 

© Karim et al.; Licensee Bentham Open. 
 

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


