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Abstract−Nanosized TiO2 particles were prepared through facile sol-gel reaction by using microwave-assisted method.
To investigate the effects of surfactants on the formation of TiO2, various additives (PVP, Triton X-100 and P123) were
employed. The diameter of synthesized titania spheres could be controlled from 105 to 380 nm. The TiO2 particles pre-
pared with P123 triblock copolymer showed large surface area and high pore volume. It was attributed to the fact that
the pore site, where the surfactant template initially existed, was generated upon calcination process. The characteris-
tics of prepared TiO2 nanoparticles were analyzed by using FE-SEM, TEM, XRD, FT-IR and N2 adsorption-desorption.
As an application of prepared composites for water treatment, their photocatalytic performances for the degradation of
methylene blue dye were examined by using UV-vis spectrophotometer under room light irradiation. The prepared
TiO2 particles with Triton X-100 and P123 exhibited higher performance for methylene blue photo-degradation than
that of P25. It was attributed to the effects of large specific surface area and high porosity.
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INTRODUCTION

Over the past few decades, photocatalytic degradation of harm-
ful organic pollutants in the air and water using semiconductor
catalysts has attracted extensive attention [1,2]. Among the numer-
ous semiconductors, titanium dioxide (TiO2) particles have been
widely used in various environmental purification applications such
as antibacterial treatment, self-cleaning and deodorization as well
as the photo-decomposition of organic pollutant in aqueous solu-
tion owing to its outstanding characteristics including a high phys-
ical and chemical stability, nontoxic property for human body and
low cost [3]. In 1972, Fujishima and Honda discovered the phe-
nomenon of photocatalytic splitting of water molecule under ultra-
violet (UV) light into hydrogen and oxygen on TiO2 electrode which
has a bandgap of 3.0-3.2 eV. It was the beginning of a new era in
heterogeneous photocatalysis [4]. Hitherto, various attempts had
been made to enhance the photo-electrochemical activity of TiO2.
For instance, the immobilization of metal (e.g., Pt, Au, Ag, and so
on) on the TiO2 surface can form a Schottky barrier and this
energy barrier serves as an efficient electron trapping sites prevent-
ing electron-hole recombination in photocatalysis [5-8]. In case of
the nonmetal-TiO2 composites such as N-, C-, F- and S-TiO2, an
effective approach to drive the absorption of TiO2 in visible light
region has been proven [9-12]. Consequently, high photocatalytic
activity can be achieved by band edge shift. Among many techni-
cal approaches to enhance the photocatalytic activity, the studies
for nano-scale particles have attracted an increasing attention due
to the excellent advantages related to their small size (e.g., large

surface area, high activity, high colloidal dispersion stability, etc.)
[13-16]. Despite these advantages, there are several problems for
usage of TiO2. First, it is very difficult to handle nanoparticles, because
they are governed not by both gravity and centrifugal force but by
van der Waals force and electrostatic force [17]. It causes difficul-
ties of separation and recovery of catalyst. Also, their small size
tends to agglomerate into large particles to reduce their surface
energy, resulting in the reduction of catalyst performance. Conse-
quently, these disadvantages of nanosized particles lead to high costs.
For these reasons, many researchers have focused on mesoporous
TiO2 materials because they do not only take advantage of high sur-
face area but also make the catalyst-recovering stage less trouble-
some [18,19]. Tompsett et al. have reviewed the microwave synthesis
of nanoporous materials. They proposed that the time for the syn-
thesis of nanoporous materials can be dramatically decreased and
the distributions of crystallite/particle dimensions can be signifi-
cantly narrow. Several studies have suggested this implies more
rapid nucleation of the initial crystallites, while others suggest that
the growth process is more uniform [20].

In the present study, mesoporous structured TiO2 nanoparticles
were synthesized by using facile microwave-assisted sol-gel method.
We focused on the investigation of the effect of surfactants on the
formation of TiO2 nanoparticles. To enhance the catalytic activity
in aqueous solution, hydroxyl groups were introduced onto the
surface of prepared TiO2 powder by using hydroxylation treatment.
Methylene blue decomposition was used as probe reactant to eval-
uate the photocatalytic activity of prepared TiO2 nanoparticles under
room light irradiation. Compared to commercial P25, higher pho-
tocatalytic activities were exhibited in TiO2 prepared with TritonX-
100 and P123. It is attributed to the larger surface area, higher
porosity resulted from effect of surfactant on the formation of TiO2

particles.
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EXPERIMENTAL

1. Materials
Titanium(IV) isopropoxide (TTIP, 98.0%) as a precursor was

obtained from Junsei in Japan. Isopropyl alcohol (IPA, 99.5%) was
purchased from Daejung in Korea. Ammonia solution (NH4OH,
25-27.9%) employed as a basic catalyst was purchased from Wako
in Japan. Polyvinylpyrrolidone (PVP, Mw: ~55000), TritonX-100
(laboratory grade) and poly(ethylene glycol)-poly(propylene gly-
col)-poly(ethylene glycol) triblock copolymer (P123, Mn: 5800)
purchased from Sigma-Aldrich were used to investigate the effect
of surfactant on formation of TiO2 particles. Methylene blue (MB,
97.0%) used as an organic pollutant and hydrogen peroxide solu-
tion (H2O2, 30.0%) were obtained from Daejung in Korea. The
most popular commercial form of TiO2 powder under the name
of P25 (average diameter: 25 nm, containing phase: 80% of anatase
and 20% of rutile) was obtained from Degussa. All chemical reagents
used in experiments were analytical grades and used without any
further purification. The water used in all experiments was dou-
ble-distilled and deionized by the Milli-Q Plus system (Millipore,
France) having 18.2 MΩ∙cm electrical resistivity at 25 oC.
2. Facile Synthesis of TiO2 Nanoparticles

For facile TiO2 preparation, microwave-assisted sol-gel reaction
process was performed. Mixed solution (IPA : H2O=1 : 1 (w : w))
was pre-heated for 1 min by using microwave (700 W) and then
6.62 g of different additives (PVP, TritonX-100 and P123) and
NH4OH (0.66 g) was added into the solution under vigorous stir-
ring at room temperature until the solution was completely dis-
solved. Subsequently, TTIP as a precursor was added drop by drop
into the reaction medium under magnetic stirring. After 1 min,
the suspension was heated by microwave for 1 min to finalize the
reaction (Care had to be taken because there is a possibility of
alcohol explosion attributed to microwave local heating). The re-
sultant solution was washed with ethyl alcohol three times and dried
at 50 oC. Finally, the obtained powder was calcined at 500 oC for
3 h to remove the residual organic reagents and to gain the crystal
structure of TiO2. The samples, which were prepared with differ-
ent surfactants (PVP, Triton X-100 and P123), were identified as
T-PVP, T-TX and T-P123, respectively. To compare the photocata-
lytic performance of prepared TiO2 particles, the commercial P25
powder was employed as a reference.
3. Hydroxylation Treatment

To introduce hydroxyl groups on the TiO2 surface, 0.5 g of the
TiO2 powder was added into aqueous NH4OH solution (2 M) at
70 oC for 6 h in each sample. The resultants were rinsed with water
and then dried at 50 oC for 12 h.
4. Photocatalytic Activities of the TiO2 Particles

Photocatalytic performance of TiO2 particles was estimated through
the degradation of aqueous MB solution under a room light at
25 oC. In each sample, the 0.05 g of TiO2 powder was dispersed in
100 mL of aqueous MB solution with a concentration of 1×10−5 M.
Prior to irradiation, the suspension was magnetically stirred in
dark for 30 min to allow the system to reach an adsorption/desorp-
tion equilibrium between catalyst and MB molecules. The suspen-
sion was kept constant under air-equilibrated conditions before
and during irradiation. At given irradiation time intervals (20 min),

7.5 mL of suspension was extracted and centrifuged to separate
the particles and then the MB concentration in the supernatant
solution was determined by measuring the UV-Vis absorbance of
aqueous dye solution at a wavelength of 665 nm.
5. Characterizations

The morphological property of synthesized TiO2 particles was
observed by field emission scanning electron microscope (FE-SEM,
JEOL, JSM-6700F) and high resolution transmission electron micro-
scope (TEM, JEOL, JEM-2100F). Before the analysis of FE-SEM,
all samples were coated with platinum by sputtering at 15 mA for
3 min using a coating machine. To obtain specimens for TEM anal-
ysis, the particles were redispersed in ethanol. A drop of diluted
solution was placed on the TEM grid and dried in drying oven at
70 oC for 1 day prior to observation. The X-ray diffractometer (XRD,
Rigaku, D/MAX-2500) was operated to identify the crystal structure
of TiO2 particles. The incident wavelength was Cu Kα radiation
(λ=1.54056 Å) and the detector moved step by step (Δ2θ=0.05o)
between 10 and 80o 2θ with 2o/min of scan speed. Fourier trans-
form infrared spectrometer (FT-IR, Varian 640-IR) was employed
to confirm the presence of organic template in the prepared sample.
The specific surface area of product was measured by N2 adsorp-
tion-desorption isotherm measurements at 77 K using Brunauer-
Emmett-Teller surface area apparatus (BET, BELSORP-mini II).
Pore volume and pore size were calculated by using Barrett-Joyner-
Halenda (BJH) model on the desorption branch. The photocata-
lytic property of prepared TiO2 particles was measured by UV-Vis
spectrophotometer (Agilent Technologies, Agilent 8435).

RESULTS AND DISCUSSION

1. Synthesis Mechanism and Size Control
The spherical TiO2 nanoparticles were synthesized with various

surfactants via microwave assisted sol-gel method. For the investi-
gation into the effect of surfactants on morphological property, ex-
periments with different surfactants were performed. Fig. 1 shows
the effect of surfactants on the formation of TiO2 nanoparticles. In
the case that the surfactant was absent, the shape of TiO2 was irreg-
ular and their particle size distribution was broader as shown in
Fig. 1(a). In sol-gel reaction, hydrolysis and condensation reactions
took place when the alkoxide precursor reacted immediately in the
presence of water leading to formation of larger and heterogeneous
product [21]. On the other hand, the monodispersed TiO2 spheres
were observed in all other samples. As shown in Fig. 1(b), (c) and
(d), the average diameters of T-PVP, T-TX, and T-P123 were 155,
105 and 380 nm as shown in SEM images. Their size is indicated
in Table 1. There are differences in particles size because of the dif-
ference of surfactant behavior and micellar structures. Interestingly,
prepared TiO2 by using P123 surfactant were composed of very
small particles with diameter of 20 nm as in the inset image of Fig.
1(d). It was expected that the growth step of primary particle was
suppressed by P123 polymer triblock copolymer, which has a more
complex structure compared to that of T-TX and T-PVP. Thus,
smaller TiO2 particles could be obtained by using P123 polymeric
surfactant [22]. The plausible formation mechanism of TiO2 nano-
particles could be proposed as illustrated in Fig. 2(a). (i) When the
concentration of surfactant was above critical micelle concentra-
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tion (CMC), surfactant molecules formed micelles in aqueous solu-
tion to achieve a thermodynamically stable state. (ii) When TTIP
precursor was added into the micellar solution, TiO2-surfactant
complex was formed by the interaction between hydrolyzed TTIP
and hydrophilic part of surfactant based on the hydrogen bond-
ing (Fig. 2(b)). Subsequently, further hydrolysis and condensation
reactions proceeded and then, the growth step was carried out for
the formation of TiO2 nanoparticles. Finally, (iii) the mesoporous
structured TiO2 could be obtained after the removal of template
through calcination process.

Fig. 3 indicates the FT-IR of prepared TiO2 particles in the range
from 700 to 4,000 cm−1. The broad band at 3,400 cm−1 is ascribed to
adsorbed H2O molecules and surface -OH groups [23]. The strong
band located at ~1,000 cm−1 was ascribed to T-O stretching and
Ti-O-Ti bridge stretching modes [24]. In T-PVP curve, the weak
band at 2,930 cm−1 s was attributed to the stretching vibration of
C-H in PVP molecular structure and the peak at 1,651 cm−1 to the
amide I band [25]. The T-PVP peaks at 1,095 and 1,039 cm−1 cor-
responded to Ti-OH stretching motions and Ti-OC4H9 bending,
respectively [26]. The characteristic T-TX peaks at 1,637, 1,090 and
1,056 cm−1 were assigned as vc–c of benzene, φ-O and C-O stretch-

ing vibrations, respectively [27]. In the curve of T-P123, the peak
located at 2,933 cm−1 was ascribed to stretching vibration (-CH3-
and -CH2-) and the peak at 1,456 cm−1 to bending vibration (C-H).
From this result, the presence of organic materials such as PVP,
Triton X-100 and P123, which interacted with TiO2, could be con-
firmed. It indicated that surfactants acted as a template for the for-
mation of nanoparticles.
2. Crystal Structure and Surface Area

Fig. 4 shows the XRD patterns of synthesized TiO2 and P25 and
their crystal phase is listed in Table 1. In the XRD pattern of T-PVP
prepared without calcination process, the curve indicates amor-
phous crystal structure. On the other hand, after thermal treat-
ment at 500 oC for 3 h, the main peaks of all samples were clearly
observed at 2θ (25.30, 37.82 and 48.06o) and they were assigned as
the (1 0 1), (0 0 4) and (2 0 0), respectively (JCPDS No. 21-1272).
Interestingly, the diffraction pattern of calcined T-PVP displayed
not only the anatase phase but also the peaks at 27.34, 35.96 and
41.10o of rutile phase (JCPDS No. 21-1276). The XRD results of
T-PVP could be explained as follows. PVP played an important
role in the crystallization of titania, because the distortion of the
structure of TiO2 was attributed to the organic groups of PVP

Fig. 1. FE-SEM images of prepared TiO2 without surfactant (a), T-PVP (b), T-TX (c) and T-P123 (d) and inset image indicates TEM image.

Table 1. Estimations of particle size, crystal structure, BET surface area (SBET), pore volume and average pore diameter of samples
Samples Particle size (nm) Crystal structure SBET (cm2/g) Pore volume (cm3/g) Average pore diameter (nm)
T-PVP 155 Anatase+Rutile 09.53 0.072 30.93
T-XT 105 Anatase 49.25 0.196 14.54
T-P123 380 Anatase 97.01 0.306 11.20
P25 025 Anatase+Rutile 56.92 0.118 10.66
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coordinated with the titanium cation. The distorted structure could
not be restored completely when PVP was removed. These were
the reasons why the crystallization of T-PVP differed from that of
other TiO2 [28]. Also, both anatase and rutile phase were observed
in the XRD pattern of P25.

N2 adsorption-desorption isotherm of prepared samples is indi-
cated in Fig. 5. The isotherm pattern exhibited typical type IV

with a hysteresis loop, indicating the characteristics of mesoporous
materials based on the IUPAC classification [29]. Their values of
BET surface area (SBET), pore volume and average pore diameter of
samples are indicated in Table 1. The highest SBET and pore vol-
ume were presented in T-P123. It was due to the difference in
structure of surfactant. Also, the porosity was increased more as
the structure of surfactant was more complex. When eliminating
the template, the pores of the mesoporous structures opened up
and they became active sites to adsorb the reactant molecules.
3. Photocatalytic Activity

To estimate the photocatalytic activity of prepared TiO2 pow-
ders, the photocatalytic performance for the degradation of MB by
TiO2 was examined under room light irradiation. The photodeg-
radation process of MB could be considered as a Langmuir-Hin-
shelwood first-order kinetics reaction [30]. The catalytic properties
of prepared TiO2 particles for decay of MB were estimated by using
the following equation: MB degradation=[(C0−C)/C0], where C0

(mg/L) was the initial concentration of MB and C (mg/L) was the
concentration of MB at a given time interval during the reaction.
Their results are indicated and lines represented regression fitting

Fig. 3. FT-IR spectra of prepared TiO2 particles.

Fig. 2. Schematic representation for synthesis mechanism (a) of mes-
oporous TiO2 particles with surfactant and the complex struc-
tures (b) of hydrolyzed TTIP-PVP, TTIP-TX and TTIP-P123.

Fig. 4. XRD diffraction patterns of samples.

Fig. 5. N2 adsorption-desorption isotherm curves of samples.
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lines in Fig. 6(a) and (b). The correlation constants for the fitted
straight line were calculated to be R2=0.99-0.96. The first-order
rate constant could be calculated by using following equation,
kt=−ln(C/C0), where k and t are first-order rate constant and reac-
tion time, respectively. The values of k are indicated in Table 2.
The k value is an important figure, indicating the photocatalytic
performance, and the value is proportional to the photocatalytic
activity. Compared to P25 as a reference, prepared TiO2 with PVP
samples showed lower photocatalytic activity. Whereas, in the case
of T-TX and T-P123, their photocatalytic performance was higher
than that of P25, because the active site of catalyst with MB mole-
cules was relative to the surface area. In spite of small surface area,

T-TX presented higher photocatalytic activity than that of P25.
The crystal structure was an important factor to affect the band
gap, resulting in the determination of catalytic performance. Gen-
erally, a homogeneous crystal structure was beneficial to higher
performance rather than anatase and rutile mixed phase in field of
photocatalyst [31]. Thus, it was expected that the higher photocat-
alytic activity of T-TX was attributed to the homogeneous crystal
phase. The highest photocatalytic performance of T-P123 was at-
tributed to the mesoporous structure caused by complex surfac-
tant template in the synthesis process.

To enhance the photocatalytic performance, hydroxylation treat-
ment was performed. The hydroxyl groups on the TiO2 surface were
beneficial to the improvement of photocatalytic activity. Compared
to the sample before hydroxylation (Fig. 6(a)), the photocatalytic
activity of hydroxylated samples was improved by 2.5-4.8 times as
shown in Fig. 6(b) and Table 2. It could be explained by the fol-
lowing reasons. First, the hydrophilic property of catalyst could be
enhanced by introducing hydroxyl group on the TiO2 surface. This
resulted in the improvement of dispersibility and adsorption of
MB molecules in aqueous solution. As listed in Table 2, the adsorp-
tion amount of MB molecule was increased after hydroxylation
treatment. It means that the dispersion stability was enhanced by
improving the hydrophilic properties of particles. Secondly, the
increase of surface hydroxyl concentration has a beneficial effect
on the photogenerated charge separation/transfer because the hy-
droxyl groups could induce the electron transfer from the TiO2

surface to electron acceptors [2]. Finally, the high density of sur-
face hydroxyl groups increased the trapping sites for photogene-
rated electron-holes. The trapping sites not only facilitated the
charge separation/transfer but also abated the electron-hole recom-
bination.

CONCLUSIONS

Mesoporous structured TiO2 nanoparticles were synthesized by
using simple microwave-assisted sol-gel method. We focused on
the research for the effect of surfactants on the formation of TiO2

nanoparticles. The particle size and specific surface area were ef-
fectively controlled by using different surfactants. The mesoporous
structured TiO2 particles prepared with TritonX-100 and P123 ex-
hibited higher photocatalytic activities compared to that of P25. It
was attributed to the large surface area and higher porosity by the
effect of surfactant on the formation of TiO2 particles. Furthermore,
hydroxylation treatment was performed to introduce the hydroxyl
groups onto the calcined TiO2 surface. Consequently, photocata-

Fig. 6. Photocatalytic activity of samples before (a)/after (b) hydrox-
ylation treatment.

Table 2. Estimations of MB adsorption amount and photocatalytic reaction rate constant (k)

Samples
MB adsorption amount (%)* k (10−3 min−1)

Before hydroxylation After hydroxylation Before hydroxylation After hydroxylation
T-PVP 0.24 0.42 05.28 13.51
T-TX 0.56 0.96 12.40 39.90
T-P123 1.25 2.35 17.20 82.80
P25 0.85 1.21 07.68 28.90

*Physically adsorbed MB amount during adsorption/desorption step in dark
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lytic performance was successfully improved about 2.5-4.8 times.

ACKNOWLEDGEMENT

This research was supported by Korea Electrotechnology Research
Institute (KERI) research program funded by Green Energy Inno-
vative Expert (GENIE) (No. 14-02-N0201-07).

REFERENCES

1. A. L. Linsebigler, G. Lu and J. T. Yates, J. Chem. Rev., 95, 735 (1995).
2. M. R. Hoffmann, S. T. Martin, W. Choi and D. W. Bahnemann, J.

Chem Rev., 95, 69 (1995).
3. X. Chen and S. S. Mao, J. Chem Rev., 107, 2891 (2007).
4. A. Fujishima and K. Honda, Nature, 238, 37 (1972).
5. J. H. Werner and H. H. Güttler, J. Appl. Phys., 69, 1522 (1991).
6. J. Yu, L. Qi and M. Jaroniec, J. Phys Chem. C, 114, 13118 (2010).
7. L. Armelao, D. Barreca, G. Bottaro, A. Gasparotto, C. Maccato, C.

Maragno, E. Tondello, U. L. Štangar, M. Bergant and D. Mahne,
Nanotechnology, 18, 375709 (2007).

8. I. Jang, K. Song, J.-H. Park, M. Kim, D.-W. Kim and S.-G. Oh,
Mater. Lett., 96, 214 (2013).

9. R. Asahi, T. Morikawa, T. Ohwaki, K. Aoki and Y. Taga, Science,
293, 269 (2001).

10. S. Sakthivel and H. Kisch, Angew. Chem. Int. Ed., 42, 4908 (2003).
11. W. Zhao, W. Ma, C. Chen, J. Zhao and Z. Shuai, J. Am. Chem. Soc.,

126, 4782 (2004).
12. T. Ohno, T. Mitsui and M. Matsumura, Chem. Lett., 32, 364

(2003).
13. L. Brus, Appl. Phys. A, 53, 465 (1991).
14. C. Wang, X. Zhang, Y. Zhang, Y. Jia, J. Yang, P. Sun and Y. Liu, J.

Phys. Chem. C, 115, 22276 (2011).

15. C. Wang, X. Zhang, Y. Zhang, Y. Jia, B. Yuan, J. Yang, P. Sun and Y.
Liu, Nanoscale, 4, 5023 (2012).

16. I. Jang, K. Song and S.-G. Oh, Chem. Lett., 41, 173 (2012).
17. J. Jiang, G. Oberdörster and P. Biswas, J. Nanopart. Res., 11, 77

(2009).
18. X. Fu, L. A. Clark, Q. Yang and M. A. Anderson, Environ. Sci. Tech-

nol., 30, 647 (1996).
19. J. Yang, J. Zhang, L. Zhu, S. Chen, Y. Zhang, Y. Tang, Y. Zhu and Y.

Li, J. Hazard. Mater., 137, 952 (2006).
20. G. A. Tompsett, W. C. Conner and K. S. Yngvesson, ChemPhys-

Chem, 7, 296 (2006).
21. Y. Wang, Z.-H. Jiang and F.-J. Yang, Mater. Sci. Eng. B, 128, 229

(2006).
22. C. Suwanchawalit and S. Wongnawa, J. Nanopart. Res., 12, 2895

(2010).
23. K. L. Yeung, S. T. Yau, A. J. Maira, J. M. Coronado, J. Soria and P. L.

Yue, J. Catal., 219, 107 (2003).
24. D. Huang, S. Liao, S. Quan, L. Liu, Z. He, J. Wan and W. Zhou, J.

Mater. Res., 22, 2389 (2007).
25. Y. Zhang and J. Lu, Cryst. Growth Des., 8, 2101 (2008).
26. S. Doeuff, M. Henry, C. Sanchez and J. Livage, J. Non-Cryst. Sol-

ids., 89, 206 (1987).
27. J. Wu, H. Yan, X. Zhang, L. Wei, X. Liu and B. Xu, J. Colloid Inter-

face Sci., 324, 167 (2008).
28. M.-P. Zheng, Y.-P. Jin, G.-L. Jin and M.-Y. Gu, J. Mater. Sci. Lett.,

19, 433 (2000).
29. D. H. Everett and L. Haul, Pure Appl. Chem., 57, 603 (1985).
30. G. W. Roberts and C. N. Satterfield, Ind. Eng. Chem. Fundam., 4,

288 (1965).
31. J.-H. Park, I. Jang, K. Song and S.-G. Oh, J. Phys. Chem. Solids, 74,

1056 (2013).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


