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Thermal power plant’s solid environmental waste fly ash
cenosphere (FAC) is cobalt coated chemically and functionalized
by in situ synthesis of polyaniline (PANI) under nitrogen
atmosphere at —30 + 2 °C and characterized by various techniques.
The electromagnetic interference shielding effectiveness (EMI
SE) of free standing PANI/Co-FAC (PCC) films prepared by
solution casting indicates an appreciable shielding. The most
effective average EMI SE of ~ 30 dB was obtained for 89 + 3 um
thicker flexible film over the frequency range of 12.4-18 GHz
(Ku-band). Mechanistically, EMI shielding due to absorption was
found to be dominant. The obtained shielding effectiveness due
to absorbance (SE,) of PCC film is nearly two times higher than
PC film. The microwave conductivity (o) of PCC film (157-184
Sm™") is much higher than PC film (118-142 Sm™"). Moreover, the
high EM attenuation constant () value of PCC film indicates
excellent suitability of EMI shielding due to absorption.

Keywords: polyaniline, cobalt, fly ash cenosphere, EMI shielding,
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1. INTRODUCTION

In recent years, due to the development of electronic
systems and telecommunications electromagnetic interference
(EMI) is as a major problem." The microwave frequency
range 12.4-18 GHz is known as Ku-band. The importance of
this frequency range is that it offers users more flexibility as
it enables smaller antenna.* The Ku-band frequency range is
used for many potential applications e.g., satellite
communications, broadcasting, military and aerospace
applications. Thus the probability of electromagnetic
interference (EMI) is higher in this frequency range and the
need of newer shielding materials is increasingly felt."
Efforts are continuously required to replace traditional
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metallic sheet based shielding materials by carbon based
polymeric materials. Intrinsic conducting polymers (ICP)
has many advantages including light weight, low density,
flexibility and low cost.!” Joo et al investigated the
thickness dependency of total shielding efficiency of various
ICP films (100-800 ). The work looked at the pronounced
thickness effects for shielding effectiveness (SE) of PANI
and PPY films along with weak temperature dependency.’
In a related activity, they studied the multilayer films of
various thicknesses by sandwiching a lossy dielectric
between two sheets of the same thickness.”!

In case of EMI shielding materials, the synergetic effect of
magnetic and electrically conductive ingredients has been
investigated.™' Lately, to have a better degree of EMI
shielding efficiency, core-shell structure has received
considerable attention along with conducting polymers.**!
Fly ash cenosphere (FAC), an environmental pollutant solid
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waste product in power generation plants, shows properties
such as light weight, low density, nontoxic, and good
insulation."”"*! Metal coated FAC, an important core-shell
composite, has been proposed for wider applications
including EMI shielding as it possesses microwave absorbing
properties."*"” Fu et al. reported that magnetically active
CoFe;O, coated hollow microspheres (FAC) behave like
microwave “blackbody” in certain range (4-18 GHz).""” In
an another study, the microwave absorption of barium-ferrite
-coated FAC at 2-18 GHz was found to display maximum
reflection loss —15.4 dB for 3 mm thick powder pressed
sample.”” Recent investigation shows the controllable EMI
shielding property of conducting polymer/cobalt nano-
composite.”!  The microwave absorption property of
polypyrol-Co nanocomposite was reported by Luo et al.*”
Under optimal conditions, they reported the average
reflection loss was ~ 10 dB for 4 mm thicker powder pressed
sample in the frequency range 2-18 GHz.™ Singh et al.
studied the EMI shielding property of PANI-FAC composites
in the frequency range 12.4-18 GHz. According to their
result, the average EMI shielding effectiveness of PANI-
FAC composites (PANI to FAC ratio 1:1) was reported
~30dB (shielding due to absorption was ~20 dB and
shielding due to reflection was ~ 10 dB) for 2 mm powder
pressed sample.””! In the present investigation, magnetically
active PANI/Co-FAC core-shell composite were synthesized
and EMI SE are measured in thin film keeping in interest at
minimum thickness with better flexibility.

2. EXPERIMENTAL PROCEDURE

The fly ash cenospheres were (particle size range 5-
50 um) cleaned by conventional acid and base treatment. It
was cobalt coated by chemical heterogeneous precipitation
thermal reduction method.”™ Optimally, 2.5 weight % of Co
coated cenosphere (Co-FAC) was dispersed in anilinium ion
and in situ synthesis of PANI/Co-FAC composite was carried
out under nitrogen atmosphere at —30 & 2 °C according to the
procedure adopted in the literature.” Similarly, PANI-FAC
composite was also synthesized under same condition for
comparison. Obtained PANI/Co-FAC composite powder
was solution processed for film preparation. Typically,
4 weight % of the synthesized composite was added very
slowly to dimethyl-propylene urea (DMPU) solution under
stirring for 5 h. In the next step, this solution was poured on
to special moulds and kept in vacuum oven at 70 °C for 12 h.
Thus obtained films were 1 M HCI acid vapor treated for
72h to achieve stable conductivity. Finally, ultra-pure
nitrogen was passed for drying and purification. Prepared,
PANI/Co-FAC and PANI-FAC composite were named as
PCC and PC film respectively. The average thicknesses of as
prepared films were measured by using optical profilometry,
obtained thicknesses were 91 =3 pm and 89 + 3 gm for PC

and PCC film respectively. Obtained root mean square (rms)
roughness for PC and PCC film was found as 0.17+
0.03 pm and 0.14 £ 0.05 wm, respectively.

3. RESULTS AND DISCUSSION

The surface morphology of chemically prepared Co-FAC
composite and its elemental results are as shown in Fig.
1(A). No magnetic element was found in these FAC
particles, as reported earlier,"” silicates and alumina are
observed to be the major constituents. Mostly uniform
coating of Co nanoparticle was observed. However, in some
regions agglomeration is also seen (particularly in defect
bearing FAC). The chemical linkage which connects the
shell and core are Si-O-Co and Al-O-Co respectively.** The
X-ray diffraction patterns of Co-FAC and PANI/Co-FAC
core-shell composites are shown in Fig. 1(B). In Co-FAC
core shell three peaks at 26 = 44.82 °, 55.52 ° and 77.21°
(less intense) are observed, which corresponds to (111),
(200) and (220) planes of face cantered cubic (fcc) structure
of cobalt.”***! Using Scherrer formula,”* from the full width
half maxima (FWHM) of (111) plane, crystallite size is
calculated to be as ~ 26 nm. In the X-ray diffraction pattern
of composites, both the Co and FAC diffraction peaks were
observed along with PANI diffraction peaks which were
observed at ~15° and ~25°. This is due to the lower
coherence length and the periodicity parallel and perpendicular
to PANI chains respectively.”” The magnetic properties of
the composites were shown in Fig. 1(C). The obtained
hysteresis loops indicating that both Co-FAC and PANI/Co-
FAC are typically soft ferromagnetic materials. The saturation
magnetization (M,) and coercivity (H;) of Co-FAC was
found to be 45.06 emu/g and 186.25 G respectively. In case
of PANI/Co-FAC composite obtained M, was 20.98 emu/g
with negligible change in H. (184.25 G). To investigate the
nature of dispersion of the Co-FAC in PANI matrix, the
composite samples were analyzed by FESEM and elemental
mappings were carried out (Fig. 2). These images suggest a
homogenous dispersion of Co-FAC in PANI matrix. Few
small agglomerated regions are noticed (due to defect
bearing FAC and magnetic dipole interactions) which affect
the surface topography of the film and these might help in
EMI shielding.

The electromagnetic interference shielding effectiveness
(EMI SE) is the logarithmic ratio of incident (P;) to
transmitted (Pr) power of radiation i.e."

P
SE(dB) = —101og17’ =SEx+SE,+SE,,
T

where, SEx, SE4, and SE), represents EMI shielding due to
reflection, absorption and multiple reflections respectively.
The unit of EMI SE is dB and 20 dB SE corresponds to 99%
shielding."*! The role of multiple reflections can be
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Fig. 1. (A) Surface morphology and EDX of FAC and Co-FAC. (a) cleaned FAC, (b) Co-FAC, (c) cross-sectional view of Co-FAC (d) EDX of
pure cleaned FAC, (e) EDX of Co-FAC, (f) Co mapping on FAC, (B) XRD pattern of the composites, (C) Magnetization of synthesized composites.

neglected if EMI SE is ~ 10 dB,”™ which especially takes
place at lower frequencies (less than 20 KHz) for low
absorbing materials.”! Obtained EMI SE over the frequency
range of 12.4-18 GHz (Ku-band) for PC and PCC films are
shown in Fig. 3.(A). The EMI SE of PCC film (89 £ 3 um)
was found ~30 dB which is much higher than PC film
(~ 18 dB). The obtained SE, and SEr of PC and PCC films
are shown in Fig. 3(B), here it was found that EMI shielding
due to absorption is the dominant part. The obtained SE, of
PCC film was ~ 28 dB, on the other hand, for PC film it was
found ~ 14 dB. Corresponding SE value of PCC and PC
film was obtained ~2 dB and ~ 4 dB respectively. Thus, it
suggests the shielding due to absorption property of PCC
film is nearly two times higher than PC film. A comparison
of various reported materials under optimal conditions with
present material is tabulated in the Table 1. From the Table 1,
it can be suggested that the PAN/Co-FAC (film) composite is

much superior to the other reported materials in terms of
higher shielding at minimum thickness.

The principle reason behind high EMI SE value of PCC
film is the loss of time average power of incident
electromagnetic wave,”™ to propagate an electromagnetic
wave (energy) around the material. The time average power
is needed ie. P, = %j (ExH)dS, where E (electric field)
and H (magnetic field) are the field values and the asterisk
indicates complex conjugate and it travels by changing
phase and exponentlall%/ decreasmg the magnitude (£ =
Ee "7 H %). Since the FAC (Co-FAC)
is dispersed optlmally in the composite films, the incident
electromagnetic wave has to pass through scattering and thus
loses energy which is absorbed by the composite film (due to
heterogeneity of the system) and helping increase of SE
(SE,). PCC film has magneto-dielectric properties (Co
coated FAC), hence it increases SE;. The incident
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Co mapping

Fig. 2. Surface morphology of (a) PCC film, (b) edge view of PCC film, (c) embedded Co-FAC in PCC film and (d) elemental mapping of Co.
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Fig. 3. (A) EMI Shielding effectiveness (B) EMI Shielding effectiveness due to absorption (SE,) and reflection (SEg) of PCC and PC film.

Table 1. Comparison of EMI shielding property of the various reported materials under optimal conditions.

Material Frequency SE (dB) SE, (dB) SEr(dB)  Thickness Reference
Glass microspheres coated with CoFe,O, 2-18 GHz - ~8 - 1.5 mm [19]
Barium-ferrite-coated FAC 2-18 GHz - ~15 - 3 mm [20]
Polyaniline-flyash 12.4-18 GHz ~30 ~20 ~10 2 mm [23]
Polyaniline-Y,0s 12.4-18 GHz ~16 ~13 ~3 2.8 mm [34]
Polypyrrol-Co 2-18 GHz ~ ~10 ~ 4 mm [22]
Polypyrrol-flyash 12.4-18 GHz ~21 ~ 14 ~17 2.6 mm [35]
Polyaniline-antimony oxide 12.4-18 GHz ~21 2.8 mm [36]
Polyaniline-graphene-Fe, 04 12.4-18 GHz 11 9 2.5 2 mm [37]
Polyaniline/Co-FAC (film) 12.4-18 GHz ~30 ~28 ~2 89+ 3 um Present work

Electron. Mater. Lett. Vol. 12, No. 5 (2016)



P J Boraetal. 607
a) 70 b
(a) ——PC film (b) 24] ——PC film
=5 ——PCC film 2201 —— PCC film
601 ,, 2004
oy &
& ss 180+
SO-M/V ]60.“/\\_
140+
451
120+
40+— : - . . . - . . .
13 14 15 16 17 18 13 14 15 16 17 18
Frequency (GHz) Frequency (GHz)
25
d
(c) 2.44 —PCC film ( ) ——PCC film
——PC film 2.0- ——PC film
2.0
, 1.61 7 1.5-
B 2] 1.0-
. W/_\/
0.5
0.4
0.0 0.0

13 14 15 16 17 18
Frequency (GHz)

13 14 15 16 17 18
Frequency (GHz)

Fig. 4. Frequency dependencies of the (a) real and (b) imaginary parts of the complex permittivity (¢ = £ — i€") and (c) real and (d) imaginary
parts of the complex permeability (¢° = 1’ — i) of PCC and PC film over the frequency range 12.4-18 GHz (Ku-band).

200

lw-/swgisin)/\—/
160 4

PC film (91£3 pm)

Microwave conductivity (S/m)
=

120 4
100 - w—PC film
s PCC film
s{' T L) L) T L)
13 14 15 16 17 18

Frequency (GHz)

Fig. 5. Variation of microwave conductivity (o) of PCC and PC film
with respect to frequency.

electromagnetic wave generates an electric field over the
PANI surface opposite to applied field as the electron cloud
near the surface gets distorted. This combined opposite
electric fields cause reflection of the electromagnetic wave
from the surface rather than the penetration as a result of the
impedance mismatch.*” This is the reason for the high SEx
value of PC film compared to PCC film. In addition,

enhancement of anisotropic energy, eddy current loss effect
and the synergetic effect in between PANI and Co-FAC
might be conducive to the high EMI SE (SE,) of PCC
ﬁlm'[7,8,21,30]

In case of conducting materials (metals), EMI shielding
mainly depends on conductivity and thickness.”” The
important parameter for EMI shielding due to absorption
(SE,) is skin depth (0), the distance up to which the intensity
of the electromagnetic wave decreases to 1/e of its original
strength, along with other parameters. Mathematically it is
written as,”® 5= ./2/4' wo, where, u' is the real part of
complex permeability (4 =/—in") @ is the angular
frequency, o is the microwave conductivity and it is written
as, o= o0,.+ 0, = we,&" , where £"is the imaginary part of
complex permittivity (& =& —ig"). For electrically thick
samples (sample thickness (7) > &),

~N 172
SE, = —2055 loge = —8.68{6—“2’&)

The complex permittivity and permeability of the PC and
PCC films were determined from the measured S-parameters
by using Nicholson-Ross-Weir (NRW) method.”"! Obtained
results are shown in Fig. 4. The FAC (Co-FAC) in the PANI
matrix results in the formation of more interfaces and a
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Fig. 6. Variation of EM attenuation constant of PCC and PC film
with respect to frequency.

heterogeneous system and creates the interface space charge
accumulation sites. Trapping of some polaron / bipolarons
on FAC (Co-FAC) surface (due to the dielectric difference)
and dielectric loss of SiO-, Al,O; (main constituents of FAC)
could be considered as another reason for the obtained high
value of & (loss part).”!! The variation of microwave
conductivity (o) with respect to frequency is shown in Fig. 5.
The o value is increases with frequency, obtained o value of
PC and PCC film was 118-142 Sm™ and 157-184 Sm
respectively. The effective EMI absorption is dominated by
two factors, viz. impedance matching and the EM attenuation
in the interior absorber. Ideally impedance matching is
important for electrically thin sample. The propagation of
the electromagnetic wave inside a material is determined by
the propagation constant (})."” The equation of propagation
constant is y, = ./Jjou,o,, the real part of y represents EM
attenuation constant ().”” According to the transmission
line theory, the EM attenuation is determined by ¢ and it
depends on frequency, permeability and permittivity values.

Mathematically EM attenuation constant () is expressed
13332
as,

2,172,172

(&' &)+ {8~ &Y+ (e =&} )

where fis the frequency of the EM wave and c is the velocity
of the light. The variation of EM attenuation constant of the
PC (3829-5306) and PCC film (5517-8012) in the frequency
range 12.4-18 GHz was shown in Fig. 6. It was observed that
a value increase with frequency. This anomalous behaviour
of as prepared films is due to the increase of electric and
magnetic energy loss with frequency. The real part of com-
plex permittivity (£) and permeability (') corresponds to
the amount of polarization taking place inside the material

P J. Boraetal.

whilst imaginary parts (£” and ") correspond to the dissipa-
tion of electric and magnetic energies respectively.”” From
the dielectric study (Fig. 4), it was found that &' and u" of PC
and PCC film increases with frequency and &” is much
higher than &. Therefore, expected electromagnetic loss
(1"€" is high with frequency. Thus it results increase of «
value with frequency.

In the recent times, the electromagnetic interference (EMI)
problem becomes serious due to the rapidly expanding small
communication devices.” Hence, the need of coating
material is increasingly felt for these devices. The key
advantage of this lightweight composite system is that it has
both conducting polymer as well as thermally stable
magneto dielectric hollow microsphere that is useful for
impedance matching and microwave absorption. The
present investigation shows that the PCC film exhibits
excellent EMI shielding and EMI shielding due to absorption
property with outstanding EM attenuation. Therefore, PCC
film can be coated over small communication devices as its
efficiency decreases due to the common EMI problem.
Moreover, this film could be considered as a potential
candidate to coat over modern unmanned vehicles as well as
for microwave, robotic engineering.

4. CONCLUSIONS

The in situ soft magnetic PANI-Co-FAC hollow core shell
composite was synthesized. The highly flexible thin films
(thickness 89 + 3 wm) of this composite (PCC) obtained by
solution processing shows an EMI SE of ~30 dB over
frequency range of 12.4-18 GHz. Mechanistically, shielding
due to the absorption was found to be dominant. The EMI
shielding due to absorption capability of as prepared PCC
film is nearly two times higher than PC film. The microwave
conductivity and EM attenuation constant of PCC film is
also high demonstrating the excellent EMI shielding due to
absorption.

ACKNOWLEDGMENTS

Authors gratefully acknowledge the financial support by
Department of Science and Technology SB/S3/ME/51/2012
and technical support from IISc advanced characterization
centre and CeNSE for this work. Kishore would like to place
on record the AICTE for offering Emeritus position and
Prof. G. S. Gupta of Department of Materials Engineering,
IISc for providing administrative support.

REFERENCES

1. M. H. Al-Saleh, W. H. Saadeh, and U. Sundararaj, Carbon
60, 146 (2013).
2.X. C. Tong, Advanced Materials and Design for Electro-

Electron. Mater. Lett. Vol. 12, No. 5 (2016)



P J Boraetal. 609

magnetic Interference Shielding, CRC Press, USA (2008).

3.J.-H. Lim, Y.-H. Ryu, and S.-S. Kim, Electron. Mater. Lett.
11, 447 (2015).

4.K. J. Vinoy and R. M. Jha, Radar Absorbing Materials:
from Theory to Design and Characterization, Springer US,
USA (2011).

5.D. D. L. Chung, Carbon 50, 3342 (2012).

6.J. Joo and A. J. Epstein, Appl. Phys. Lett. 65, 2278 (1994).

7.J.Joo and C. Y. Lee, J. Appl. Phys. 88, 513 (2000).

8.X. G Cao and H. Y. Zhang, Electron. Mater. Lett. 8, 519
(2012)

9.J. Liu, J. Cheng, R. Che, J. Xu, M. Liu, and Z. Liu, ACS
Appl. Mater. Inter. 5, 2503 (2013).

10. H. Anwar and A. Magsood, Electron. Mater. Lett. 9, 641
(2013).

11. P. Saini, V. Choudhary, N. Vijayan, and R. K. Kotnala, J.
Phys. Chem. C 116, 13403 (2012).

12. A. Kumar, Industrial Pollution: Problems and Solutions,
Daya Publishing House, India (2006).

13. H. Tao, J. Yao, L. Zhang, and N. Xu, Mater. Lett. 63, 203
(2009).

14.P. Kolay and D. Singh, Cement Concrete Res. 31, 539
(2001).

15. A. S. Roy, S. Saravanan, Kishore, P. C. Ramamurthy, and
G. Madras, Polym. Compos. 35, 1636 (2014).

16. X. Yu, Z. Xu, and Z. Shen, J. Phys. D Appl. Phys. 40, 2894
(2007).

17.Y. Tian, W. Zhou, L. Yu, F. Meng, K. Yu, X. Ding, M. Li,
and Z. Wang, Mater. Lett. 61, 506 (2007).

18.X. Yu and Z. Shen, J Magn. Magn. Mater. 321, 2890
(2009).

19. W. Fu, S. Liu, W. Fan, H. Yang, X. Pang, J. Xu, and G. Zou,
J. Magn. Magn. Mater. 316, 54 (2007).

20. Q. Li, J. Pang, B. Wang, D. Tao, X. Xu, L. Sun, and J. Zhai,
Adv. Powder Technol. 24, 288 (2013).

21.H. Wang, N. Ma, Z. Yan, L. Deng, J. He, Y. Hou, Y. Jiang,
and G. Yu, Nanoscale 7, 7189 (2015).

22.]. Luo and D. Gao, J. Magn. Magn. Mater. 368, 82 (2014).

23. A. P. Singh, A. K. S. A. Chandra, and S. K. Dhawan, 4IP
Adv. 1, 022147 (2011).

24. X.-F. Meng, X.-Q. Shen, and W. Liu, Appl. Surf’ Sci. 258,
2627 (2012).

25.P. C. Ramamurthy, A. N. Mallya, A. Joseph, W. R. Harrell,
and R. V. Gregory, Polym. Eng. Sci. 52, 1821 (2012).

26.B. D. Cullity and S. R. Stock, Elements of X-ray Diffrac-
tion: Pearson New International Edition, Pearson Educa-
tion, Limited, United Kingdom (2013).

27.]. P. Pouget, M. E. Jozefowicz, A. J. Epstein, X. Tang, and
A. G. MacDiarmid, Macromolecules 24, 779 (1991).

28.H. A. Reshi, A. P. Singh, S. Pillai, R. S. Yadav, S. K. Dha-
wan, and V. Shelke, J. Mater. Chem. C 3, 820 (2015).

29.C. A. Grimes and D. M. Grimes, Proc. 1993 IEEE Aero-
space Applications Conference Digest, pp. 217-226, IEEE,
Steamboat, USA (1993).

30. R. Moore, Electromagnetic Composites: Models, Measure-
ment and Characterization, You Lulu Incorporated, USA
(2014).

31.L. F. Chen, C. K. Ong, C. P. Neo, V. V. Varadan, and V. K.
Varadan, Microwave Electronics: Measurement and Mate-
rials Characterization, John Wiley & Sons, United Kingdom
(2004).

32.J. W. Gooch and J. K. Daher, Electromagnetic Shielding
and Corrosion Protection for Aerospace Vehicles, Springer
New York, USA (2007).

33.Y. Zhang, Z. Wang, B. Zhang, C. Zhou, G-L. Zhao, J.
Jiang, and S. M. Guo, J. Mater. Chem. C. 3, 9684 (2015).

34. M. Faisal and S. Khasim, Polym. Sci. Ser. A+ 56, 366
(2014).

35.S. Varshney, A. Ohlan, V. K. Jain, V. P. Dutta, and S. K.
Dhawan, Ind. Eng. Chem. Res. 53, 14282 (2014).

36. M. Faisal and S. Khasim, Iran. Polym. J. 22,473 (2013).

37.K. Singh, A. Ohlan, V. H. Pham, B. R. S. Varshney, J. Jang,
S. H. Hur, W. M. Choi, M. Kumar, S. K. Dhawan, B.-S.
Kong, and J. S. Chung, Nanoscale 5, 2411 (2013).

38.X. Liu, N. Wu, C. Cui, N. Bi, and Y. Sun, RSC Adv. §,
24016 (2015).

Electron. Mater. Lett. Vol. 12, No. 5 (2016)




<<
  /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
  /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 1.33333
  /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
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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

  /CreateJDFFile 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


