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Abstract—Microsilica, one kind of industrial solid waste material, was utilized firstly to prepare a carbon-microsilica
composite adsorbent (CMS). The prepared adsorbent was characterized with XPS, SEM and Gas sorption experi-
ments. The results indicated the SO;H groups, which are very effective in capturing cationic organic dye, were introduced
onto the surface of CMS; the Brunauer-Emmett-Teller (BET) surface area (S;;;) and total pore volume (V,,,) of CMS
reach 51 m%/g and 0.045 cm’/g, respectively. Meanwhile, the possibility of the utilization of the adsorbent for removal of
methylene blue (MB) from aqueous solution was investigated. The effect of pH, contact time and initial MB concen-
tration for MB removal were studied. Equilibrium data were modeled using the Langmuir, Freundlich and Dubinin-
Radushkevich equations to describe the equilibrium isotherms. It was found that data fit to the Langmuir equation better
than the Freundlich equation. Maximum monolayer adsorption capacity was calculated at different temperatures (298,
308, and 318 K) reach 251.81, 283.76 and 309.70 mg/g, respectively. It was observed that adsorption kinetics obeys

the pseudo- first-order equation.
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INTRODUCTION

Dyes and pigments are widely used to color many industrial prod-
ucts, especially in the textile, paper, plastics, leather, food and cos-
metic industries [1]. The amount of dyes and pigments consumed
commercially every year is estimated to be more than 100,000 tons
and at least 10% of them enter the environment as wastes [2]. These
industrial effluents may present an eco-toxic hazard and introduce
the potential danger of bioaccumulation, which may be extremely
injurious to humans through the food chain [3]. Due to complicated
and stable chemical structures, dyes and pigments, especially some
synthetic dyes, are inert and biodegradably difficult; removing them
from colored wastewater by conventional physical and chemical
processes is often inefficient and/or cost disadvantageous [4]. The
adsorption method was found to be more effective and attractive
due to the higher efficiency for removing dyes in wastewater [5].
The adsorption of acid dyes has been studied using different adsor-
bents, such as active carbon [6], polyelectrolyte impregnated meso-
porous silica [7], tripoli [2], musa spp. waste [8], gypsum [9], sug-
arcane bagasse [10], bentonite [11], chitosan [12], rice husk [13],
and sawdust [14].

Microsilica is an industrial waste of the production silicon metal
or ferrosilicon alloys with particle size in the range of 30-300 nm.
The dominant constituent of microsilica is amorphous silicon dioxide.
At present, microsilica mainly is recycled as an additive in Port-
land cement concretes and fireproof material to improve material
properties due to extremely high surface area and amorphous nature
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[15]. However, microsilica recycling is still not sufficient and novel
applications have to be explored. In the past years, utilization of
microsilica as an adsorbent for removal of pollutants such as dyes,
heavy metals, and phenolic compounds in wastewater has not been
reported in the literature.

Microsilica is not an operative adsorbent, and in our previous
work [16] we found that carbonization and sulfonation of microsil-
ica produces an adsorbent with excellent adsorption capacity for
dyes and heavy metal ions.

EXPERIMENTAL

1. Materials

Microsilica (SiO,>68%) was provided by Jiuquan Iron & Steel
Group Co., Ltd. Sucrose of chemical purity was purchased from
Shanghai Experiment Reagent Co., Ltd. Sulfuric acid (AR) was
used as carburetant. Other chemicals used are analytical reagents
(AR). Methylene blue (MB), a basic dye, is a cationic dye that was
used for evaluating the potential of the adsorbent to remove dyes
from wastewater (Fig. 1).
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Fig. 1. The molecular structure of MB.
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Fig. 2. Scheme of the synthesis route of CMS.

2. Preparation of Adsorbent

The carbon-microsilica composite adsorbent (CMS) was pre-
pared via a partial carbonization, mixture, and sulfonation process
(as shown in Fig. 2). Briefly, 2 g of sucrose was dissolved in 1 ml
H,0, after which 4 ml 98% H,SO, was added dropwise at ambient
temperature to obtain carbon precursor, and then 5 g microsilica
was immediately added in this precursor, and stirred to a mash, which
was then heated to 150 °C to form a bread shape in thermostatic
drying oven. Thereafter, the bread-shaped substance was sulfonated
and desulfurized at 220 °C in 0.06 MPa for 5 hours in vacuum drying
oven, and then was cooled to ambient temperature in vacuum. A
black carbon-microsilica composite adsorbent powder then was ob-
tained.
3. Characteristics of the Adsorbent

X photoelectron spectra (XPS, Escalab210, Vg Scientific Ltd.,
UK) analyses were utilized for surface chemistry determination.
Scan electron microscope (SEM, JSM-6701F, Japan Electron Optics
Laboratory Co., Ltd., Japan) was used for structure analysis. Nitro-
gen adsorption/desorption isotherms were determined by Surface
area and porosimetry analyzer (Tristar 3000, Micromeritics Ltd.,
USA) in 77 K to characterize the textural properties. BET surface
area was determined by means of standard BET equation applied
in the pressure ranging from 0.05 to 0.3. Total pore volume was
calculated at relative pressure of approximately 0.98, and at this
relative pressure all pores were completely filled with nitrogen gas
[17].
4. Batch Adsorption Experiments

Adsorption experiments were performed in a shaking thermo-
static gas bath at 298, 308 and 318 K for a period of 6 h at 160
rpm using 100 ml Erlenmeyer flasks. A stock solution of MB was
prepared (1,000 mg/L) by dissolving the required amount of MB
in distilled water. The stock solution was diluted with distilled water
to give the appropriate concentration of the working solutions. Batch
adsorption experiments were performed by contacting 0.1 g of CMS
samples with 50 ml of an aqueous solution of MB of the desired
concentration, temperature and pH. The residual MB after adsorp-
tion was measured with a UV/visible spectrometer (U-2001, Hita-
chi, Japan) at a 4,,,. corresponding to the maximum absorption for

MB (4,,=661 nm); the MB amount retained in the adsorbent phase
was calculated according to
_(cp=c)V
q= (M

where q, (mg/g) is the amount of MB adsorbed per unit mass of
CMS, ¢, and c, are the initial and equilibrium concentrations (mg/
L) of MB solution, respectively; V is the volume (/); and W is the
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The percent removal of MB from aqueous solution was calcu-
lated by the following equation:

9%Removal =
Co

S S 100 ®)

RESULTS AND DISCUSSION

1. Characteristics of CMS

XPS was employed to determine the surface elemental composi-
tion and functional groups of CMS. XPS survey spectra, as is shown
in Fig. 3(a), indicates that carbon, oxygen, silica and sulfur elements
are main elements on CMS surface, thereinto, carbon and oxygen
elements are dominant superficial elements. The atomic ratio of O/C
reaches 2.3 : 1, which implies that abundant of oxygen functional
groups existed on CMS surface. The XPS survey spectra of CMS
exhibits a single S2p peak attributable to SO;H groups at 168 eV
(see Fig. 3(b)) [18]. Toda et al. [19] reported that incomplete car-
bonization of sugar can result in a rigid carbon material that is com-
posed of small polycyclic aromatic carbon sheets in a three-dimen-
sional sp’-bonded structure and sulfonation of this material would
generate -SO,H groups on the surface of CMS. In our experiment,
sucrose is partially carbonized by 98% H,SO,, and then was sul-
fonated by concentrated sulfuric acid, and -SO,H groups were suc-
cessfully introduced onto the surface of CMS. These functional groups
are very effective in capturing cationic organic dyes from aqueous
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Fig. 3. The XPS survey spectra of CMS ((a) XPS survey spectra;
(b) The high-resolution XPS S2p spectra).
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Fig. 4. The SEM photos of microsilica and CMS ((a) The SEM photo of microsilica; (b) The SEM photo of CMS).
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Fig. 5. The nitrogen adsorption/desorption isotherms of CMS.

solution.

Fig. 4 shows the SEM photos of microsilica and CMS. As shown
in Fig. 4(a), microsilica exhibits regular spherical structure with parti-
cle size in the range of 30-300 nm. The CMS, Fig. 4(b), exhibits
evident core-shell structure of carbon covered microsilica. The struc-
ture of microsilica changed from homogeneously dispersed sphere
with regular interface to steric continuous network with abundant
slit-like mesopores, which average width was about 30 nm when
microsilica was coated by carbon particles.

Fig. 5 shows the nitrogen adsorption/desorption isotherms of CMS.
As shown, the nitrogen adsorption/desorption isotherms of CMS
exhibit type IV isotherm with H3 type hysteresis loop at relatively
high pressure P/P,, which is always given by many mesoporous
industrial adsorbents, indicating the mesoporous characteristics of
CMS [20]. The BET surface area and total pore volume are 51 m?%/
g and 0.045 m’/g, respectively.

2. Effect of pH on the Removal of MB

The effect of pH on the removal of MB for 200 mg/L MB solution
by CMS was investigated in the pH range of 2-10 (which was ad-
justed with HCI or NaOH at the beginning of the experiment and
not controlled afterwards) at 298 K. As shown in Fig. 6, the removal
efficiency was found to be highly dependent on hydrogen ion con-
centration of solution. When initial pH value of the MB solution
was increased from 2 to 6, the removal efficiency increased from
39.2 10 97.5%. With increase in pH value up to 10, the removal effi-

100

%Removal

Fig. 6. Effect of pH on the removal of MB.

ciency was more than 99%.

The pH value of the system is very effective on the adsorption
capacity of MB onto CMS, presumably due to its influence on the
surface properties of CMS and ionization/dissociation of the adsor-
bate molecules. Lower removal efficiency of MB, one cationic dye,
at acidic pH is probably due to the presence of excess H' ions com-
peting with the dye cations for the adsorption sites. At the alkaline
pH, the number of negatively charged sites on CMS surface increase,
which favors the adsorption of the cationic dye due to electrostatic
attraction between them [21].

3. Effects of Contact Time

The relation between removal efficiency of MB and contact time
was investigated to identify the rate of dyes removal at 298 K. Fig,
7 shows the removal efficiency of MB for 200 mg/L MB solution
at pH 6.0. As shown in Fig. 7, the removal efficiency increases with
increasing contact time. More than 95% removal of dyes concen-
tration occurred in the first 240 min, and thereafter the rate of ad-
sorption was found to be slow. Equilibrium reached after nearly
5 h. During initial stage of adsorption, a large number of vacant sur-
face sites are available for MB molecules. Then, a decrease in the
number of adsorption sites and repulsion between free and adsorbed
MB molecules slows down the rate of adsorption. This process slows
down the rate of MB adsorption during the later period of adsorp-
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Fig. 7. Effect of contact time on the removal of MB.
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Fig. 8. Effect of initial MB concentration on the removal of MB.

tion [22].
4. Effect of Initial MB Concentration

The effect of initial MB concentration on the removal of MB from
aqueous solution by CMS is shown in Fig. 8; these data have been
obtained over an MB initial concentration range of 200-1,000 mg/
L at 298 K. The procedure outlined in the experimental section was
followed with 0.1 g of CMS and 50 ml of MB solution of the desired
concentration at pH 6.0.

The removal efficiency of MB decreased from 99.0 to 24.5% as
the initial MB concentration increased from 200-1,000 mg/L; mean-
while, the adsorption amount of MB increased from 198.1 to 244.9
mg/g. The result indicated that the adsorbent has an excellent poten-
tial for removal of dyes from colored wastewater. At lower MB con-
centrations, sufficient adsorption sites are available for adsorbing
MB molecules. However, adsorbent is saturated at higher MB con-
centration.

5. Adsorption Kinetics

To investigate the controlling mechanism of the adsorption pro-
cess, the experimental data of MB adsorption onto CMS, from 30
to 550 min were modeled by the pseudo-first-order [23] and pseudo-
second-order kinetics equations [24].

5-1. Pseudo-first-order Model
A pseudo-first-order model can be expressed in a non-linear form
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Table 1. The pseudo-first-order and second-order kinetic param-
eters for adsorption of MB at different temperatures

Pseudo-first-order kinetics Pseudo-second-order kinetics
T/K qe kl qe k2

(mg/g) (L/min) (mg/g) (g/mg-min)
298 251.79 2.4x107 0992 266.56 9.77x10° 0.979

308 283.85 2.7x107° 0.976 397.84 1.504x10° 0.956
318 303.63 3.5x107 0.983 311.47 2.95x10”° 0.975

2

RZ

q=q-—% 3)

2303
(S

where q, is the adsorption amount of MB (mg/g) at time t (min), g,
is the adsorption amount of MB at equilibrium (mg/g), and k; is the
equilibrium rate constant of pseudo-first-order adsorption (min ™).
5-2. Pseudo-second-order Model

The adsorption kinetics may also be described by a pseudo-sec-
ond-order kinetic model. The non-linear form of the model is

— qe
4= (©)]

where k, is the pseudo-second-order rate constant of adsorption.
The adsorption kinetic studies were conducted using initial MB
concentrations of 600 mg/L. Kinetic parameters obtained from two
models at different temperatures are listed in Table 1. The fitted data
to the pseudo-first-order model gave higher values of correlation
coefficients than those for the pseudo-second-order kinetic model
at all temperatures. The results showed that the pseudo-first-order
model fit better the experimental data than the pseudo-second-order
model.
6. Adsorption Isotherms and Thermodynamic Parameters
Equilibrium relationships between adsorbent and adsorbate are
described by adsorption isotherms. The adsorption isotherm is im-
portant from both a theoretical and a practical point of view. Iso-
therm data should accurately fit to different isotherm models to find
a suitable model that can be used for the design of adsorption pro-
cess. The experimental data obtained in the present work were tested
by the Langmuir [25], Freundlich [26] and Dubinin-Radushkevich
models [27]. The linear form of the Langmuir is represented by the
following equation:

1 ( 1)1 q
—= ==+ 5
q. ‘Kaq./c. qn &)

where ¢, (mg/L) is the equilibrium concentration of the MB, g, is
the maximum adsorption at monolayer coverage and K (L/mg) is
the constant related to the extent of adsorption, respectively.

The Freundlich isotherm is written as follows:

logq.=logKr+ nilogCe ©6)
F

where K,. and n,. are Freundlich constants with n,. giving an indica-
tion of how favorable the adsorption process and K (mg/g) related
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Table 2. Parameters of the Langmuir, Freundlich and Dubinin-Radushkevich isotherms for adsorption of MB at different temperatures

TK) Langmuir Freundlich Dubinin-Radushkevich
q,(mgg) K(L/mg) R'(n=8)  K,(mg/g) 1/n, R’(n=8)  q,(mg/g) E(kI/mol) R’(n=8)
298 251.81 0.0781 0.990 174.48 0.0547 0.939 2453 1.96 0.92
308 283.76 0.1049 0.985 198.86 0.0451 0.936 277.13 2.56 0.90
318 309.70 0.1308 0.991 253.64 0.0296 0.948 302.05 4.88 0.86
to the bonding energy [28]. Table 3. Thermodynamic parameters for adsorption of MB onto
The Dubinin-Radushkevich is given by: CMS
Thermodynamic parameters
—lng, 1YY T (K ynamie p
Ing, = Inq, ~ By(RTIn( 1+ c)) M ) G o) AHImol)  AS/U/molK)
where B, (mol/)%) is related to the free energy of adsorption per 298 91.00
mole of the adsorbate and q, is the theoretical monolayer saturation 308 84.18 29424 0.682
capacity. The apparent energy of adsorption from Dubinin- Radush- 318 77.36
kevich isotherm, E, (kJ/mol) that gives information about chemical
and physical adsorption can be computed using the relationship (Eq.
ik, =43 _AH )
@®)). ‘"R RT
__1 AG=AH-TAS 10)
E= 8
B, ®

Parameters obtained from the Langmuir, Freundlich and Dubi-
nin-Radushkevich are shown in Table 2. As seen from the results,
R? values of the Langmuir isotherm at all temperatures were greater
than those of the Freundlich isotherm. This shows that MB mole-
cules adsorb onto the prepared adsorbent as monolayer, The maxi-
mum monolayer adsorption capacity was calculated at 298, 308,
and 318 K were 251.81, 283.76 and 309.70 mg/g, respectively. It
is proposed that the -SO;H groups of the prepared adsorbent act as
its adsorption sites. The apparent energy of adsorption computed
by Eg. (8) was 1.96, 2.56 and 4.88 kJ/mol at 298, 308, and 318 K,
respectively, which indicates that the nature of adsorption of MB
onto CMS is physisorption.

Thermodynamic parameters such as free energy change (AG),
enthalpy change (AH) and entropy change (AS) of adsorption can
be evaluated from the following Equations:
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Fig. 9. The possible adsorption mechanism of MB onto CMS.
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where R (8.314 J/mol‘K) is the universal gas constant, T (K) is the
absolute solution temperature and K, (L/mg) is the Langmuir iso-
therm constant.

The values of AH and AS can be calculated, respectively, from
the slope and intercept of the van’t Hoff plot of InK versus 1/T. AG
can then be calculated using Eq. (10). The values of these parame-
ters are recorded in Table 3. The value of AH (294.24 J/mol) indi-
cated that the adsorption is physical in nature involving weak forces
of attraction. The positive values of AS obtained showed increasing
randomness at the solidOsolution interface [22].

In aqueous solutions, -SO;H groups would dissociate to -SO53,
meanwhile, the dissociation degree would increase with increase in
pH. MB molecule adsorbs on CMS surface by electrostatic attrac-
tion between the positive charge center of MB and the -SO; formed
by dissociation of -SO;H groups on CMS surface. Adsorption mech-
anism of CMS for MB is shown in Fig. 9.

Electrostatic attraction
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Table 4. Comparison of adsorption capacity of different adsorbents
for MB reported in the literature

Max adsorption capacity

Adsorbent (mg/e) Reference
Tripoli 16.6 [2]
Activated carbon 294.14 [6]
Bentonite 75.2 [11]
Rice husk 40.58 [13]
Sawdust 142.36 [14]
Microsilica 37.82 This paper
Carbon-microsilica 251.81 This paper

Finally, The adsorption capacities of the prepared adsorbent for
removal of MB are greater than those of microsilica and a number
of adsorbents [2,6,11,13,14 ] (Table 4).

CONCLUSIONS

The present study shows that carbon-microsilica composite ad-
sorbent prepared from microsilica as raw material is an efficient
adsorbent for removal of MB from aqueous solutions. The charac-
terization results indicated the BET surface area and total pore vol-
ume of CMS were 51 m*/g and 0.045 m/g, respectively. SO;H groups
of the surface of adsorbent act as adsorption sites. The adsorption
of MB is a function of pH, contact time and initial MB concentra-
tion. The adsorption isotherm studies showed that the Langmuir
adsorption isotherm fits well with the experimental data. Maximum
monolayer adsorption capacity (q,,) calculated at different tempera-
tures (298, 308, and 318 K) was 251.81, 283.76 and 309.70 mg/g,
respectively. Kinetic data of the adsorption process obey the pseudo-
first-order kinetic model.

ACKNOWLEDGEMENTS
The authors thank the Ministry of Science & Technology for fi-
nancial support through grant No. 2009GJG10041. This work was
also supported by grant No. 3ZS062-B25-027, NO. 0809DJZA011
and No. ZSO21-A25-028-C of the Natural Science Foundation of
Gansu.
REFERENCES

1. M. S. Chiou, P. Y. Ho and H. Y. Li, Dyes Pigm., 60, 69 (2004).

June, 2012

2. A. S. Alzaydien, American J. Environ. Sci., S, 197 (2009).

3. T. Robinson, G McMullan, R. Marchant and P. Nigman, Bioresour:
Technol., 77,247 (2001).

4. G. Crini, Bioresour. Technol., 97, 1061 (2006).

5. A. A. Atia, A. M. Donia and W. A. Al-Amrani, Chem. Eng. J., 150,
55(2009).

6. H. Hameed, A. L. Ahmad and K. N. A. Latiff, Dyes Pigm., 75, 143
(2007).

7.J.C.Park, J. B. Joo and J. Yi, Korean J. Chem. Eng., 26, 102 (2009).

8. G V. Kumar, P. Ramalingam, M. J. Kim, C. K. Yoo and M. D.
Kumar, Korean J. Chem. Eng., 27, 1025 (2010).

9. M. A. Rauf, S. M. Qadri, S. Ashraf and K. M. Al-Mansoori, Chem.
Eng. J., 150, 90 (2009).

10. S. S. Azhar, A. G Liew, D. Suhardy, K. F. Hafiz and M. D. Hatim,
America J. Appl. Sci., 2, 1499 (2005).

11. F. Banat, S. Al-Asheh, S. Al-Anbar and S. Al-Refaie, Bull. Eng.
Geol. Env., 66, 53 (2007).

12. Z. G Hu, J. Zhang, W. L. Chan and Y. S. Szeto, Polymer, 47, 5838
(2006).

13. V. Vadivelan and K. V. Kumar, J. Colloid Interface Sci., 286, 90
(2005).

14. O. Hamdaoui, J. Hazard. Mater., 135, 264 (2006).

15. D. Chung, J. Mater. Sci., 37,673 (2002).

16. D. Zhang, H. Luo, Y. Wang and H. Feng, Chem. Lett., 39,424 (2010).

17. K. Kaneko, J. Membr. Sci., 96, 59 (1994).

18. X. Liang, M. Zeng and C. Qi, Carbon, 48, 1844 (2010).

19. M. Toda, A. Takagaki, M. Okamura, J. N. Kondo, S. Hayashi, K.
Domen and M. Hara, Nature, 438, 178 (2005).

20. K. S. W. Sing, D. H. Everett, R. A. W. Haul, L. Moscou, R. A. W.
Pierotti, J. Rouquérol and T. Siemieniewska, Pure Appl. Chem., 57,
603 (1985).

21. H. Z. Mousavi, A. Hosseynifar, V. Jahed and S. A. M. Dehghani,
Braz. J. Chem. Eng., 27,79 (2010).

22.D. Lu, Q. Cao, X. Cao and F. Luo, J. Hazard. Mater., 166, 239
(2009).

23. S. Lagergren, Handlingar, 24, 1 (1898).

24.Y.S. Ho and G. McKay, Chem. Eng. J., 70, 115 (1998).

25. 1. Langmuir, J. Am. Chem. Soc., 40, 1361 (1918).

26. H. Freundlich, Phys. Chem., 57,384 (1906).

27.P. A. M. Freitas, K. Tha, M. C. F. C. Felinto and M. E. V. Suérez-
Tha, J. Colloid Interface Sci., 323, 1 (2008).

28.1.A. W. Tan, A. L. Ahmad and B. H. Hameed, J. Hazard. Mater.,
164, 473 (2009).




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo 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
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
  >>
  /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


