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Abstract—The effect of surface of multiwall carbon nanotubes on the course of oxidative polymerization of
aniline has been studied. In the presence of amorphous carbon fragments at the nanotubes surface, the
polymerization at the monomer : nanotubes mass ratio of 10 : 1 yields the composite based on polyaniline and
carbon nanotubes. At the same components ratio, carbon nanotubes purified of amorphous carbon inhibit
polymerization of aniline, and the process results in oxidation of the nanotubes surface; however, at the lower
purified nanotubes content the polymerization proceeds to give the polyaniline/nanotubes composite.
Purification of the nanotubes of amorphous carbon significantly enhances electrochemical stability of their

composites with polyaniline.
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Polyaniline (PANI) is an organic conductive polymer
recognized for the preparation simplicity, excellent
stability under environmental conditions [1], and a wide
range of possible applications including antistatic,
corrosion-inhibiting, and conductive coatings [2],
electrochromic devices [3, 4], lithium batteries [5], and
sensors [6—8]. Multiwall carbon nanotubes (MWCNT)
are known for outstanding electronic [9] and mecha-
nical [10] properties and serve as promising com-
ponents of advanced materials. The combination of
electrochemical properties of PANI and high surface
area of MWCNT allows for production of high-capacity
electrochemical capacitors. Interestingly, electrical
conductivity of the PANI/MWCNT composite may be
higher than that of the initial components [11].
Furthermore, the presence of MWCNT in the polymeriza-
tion mixture is known to affect the aniline polymeriza-
tion course (the induction period is decreased) as well
as the product properties (polyaniline is formed in the
more oxidized state) [11]. To the best of our
knowledge, the influence of the MWCNT surface
nature on aniline polymerization and the properties of
the formed polyaniline has not been reported in the
literature so far. In order to fill in the gap, herein we
present and discuss the relevant experimental data.

Transition metal salts [for instance, these of Fe(III)
and Ce(IV)] act as mediators of oxidative poly-
merization of aniline [12, 13] and may change the
formed polymer physico-chemical properties [12];
therefore, the MWCNT used in this work were purified
of the residual metal catalyst via treatment with
hydrochloric acid (cf. Experimental section and [14]).
Figure 1 presents TGA data for pristine MWCNT and
the nanotubes purified with hydrochloric acid
(hereafter designated as MWCNTy()).

Thermal oxidative decomposition of the pristine
MWCNT over 250-550°C was accompanied with
mass loss of 15% (Fig. 1, curve 1), likely cor-
responding to decomposition of fragments of
amorphous carbon initially present at the MWCNT
surface. The second stage of mass loss was observed at
550-650°C (the mass loss of 75%) and was assigned to
decomposition of carbon nanotubes [15]. The high-
temperature residue at 650°C was of 10% of the
starting mass; the specimen mass somewhat increased
upon further heating, likely due to oxidation of the
metal catalyst. The mass loss at 250-550°C was not
observed upon heating of the nanotubes purified with
HCI (Fig. 1, curve 2). Hence, treatment of MWCNT
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Fig. 1. TGA curves of (/) pristine multiwall carbon nano-

tubes and (2) MWCNTyq in air.

with HCI allowed for complete removal of amorphous
carbon admixture from the material. The mass loss
corresponding to thermal oxidation of the so purified
nanotubes was observed at 600-680°C, at higher
temperature as compared to the pristine MWCNT.
That was due to partial removal of metal catalyst
residue (which presence is known to deteriorate the
nanotubes stability against thermal oxidation [15])
from the material.

TEM images revealed that pristine MWCNT
sample contained individual carbon nanotubes as well
as those surrounded with amorphous carbon fragments
(Fig. 2a), whereas the MWCNTyc, one consisted
exclusively of individual nanotubes (Fig. 2b).

Electrochemical properties of pristine MWCNT and
MWCNTy were also different. As seen from cyclic
voltammetry results (Fig. 3), voltammograms of the
pristine  MWCNT (curve 1) was close to the
rectangular shape, due to charging of the electrical
double layer [16]. Weak oxidation peaks at =0.15 V
and ~0.3 V could be likely assigned to redox
transitions of oxygen-containing groups present at the
amorphous carbon part of the sample [14]. Those
peaks were not observed in the voltammogram of the
MWCNTye sample, the registered current cor-
responded exclusively to capacitance of the electrical
double layer (curve 2). Decrease of the specific
capacitance of MWCNTyc (2.5 F/g) as compared to
that of pristine MWCNT (4.2 F/g) evidenced about the
nanotubes surface change due to removal of the
amorphous carbon fragments [17]. Hence, TGA, TEM,
and cyclic voltammetry results demonstrated that
treatment of pristine MWCNT with hydrochloric acid
purified the nanotubes of amorphous carbon and the
metal catalyst residue.
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Fig. 2. TEM images of (a) pristine multiwall carbon nano-
tubes and (b) MWCNTyc; .

Raman spectroscopy is among the widespread
methods to study carbon materials allowing estimation
of relative defectiveness of MWCNT from the ratio of
the I (=1600 cm™', C—C stretching in graphene sheets)
and I, (%1330 cm ', vibration of the defective fragments
of the nanotubes [14]) band intensities. In the case of
MWCNT, the D band is mostly contributed by defects
of the graphene sheets rather than the amorphous
carbon admixture [18]. Figure 4 displays Raman
spectra of the pristine MWCNT and the MWCNTy(
samples at the excitation wavelength of 514 nm.

No. 5 2015
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Fig. 3. Cyclic voltammograms of (/) pristine multiwall
carbon nanotubes and (2) MWCNTy,.

The Ip/lg ratio in spectra of MWCNTy( (1.2) was
lower than that of the pristine MWCNT (1.35). The
presence of a strong D band in the Raman spectrum of
the nanotubes treated with HCI evidenced about the
presence of defects in their walls, becoming exposed to
the reaction mixture after removal of the amorphous
carbon fragments.

Oxidative polymerization of aniline with ammo-
nium persulfate in the acidic medium (pH 0) was
performed in the presence of the MWCNTyc (the
aniline : nanotubes mass ratio being of 10 : 1 or 30 : 1)
or in the presence of the pristine MWCNT (10 : 1).
Figure 5 shows IR spectra of the reaction products
under those conditions.

IR spectrum of the product of oxidative poly-
merization of aniline in the presence of MWCNTy¢
(aniline : MWCNTy¢ = 10 : 1) (Fig. 5, curve 1)
contained no characteristic absorption bands of PANI
(around 1600, 1500, and 1300 cm ') but exhibited
strong bands at 1390 cm™' and at 1100 cm™' (broad).
Similar absorption bands assigned to COH deforma-
tion [19] and C—O stretching [20] have been observed
in IR spectrum of MWCNT treated with ammonium
persulfate [21, 22]. Hence, under the mentioned
conditions aniline almost was not polymerized;
instead, MWCNTyc were oxidized with ammonium
persulfate to introduce oxygen-containing groups at the
nanotubes surface. As seen from Fig. 5 (curve 2), when
the aniline : nanotubes ratio was changed to 30 : 1, IR
spectrum  of the reaction mixture contained
characteristic absorption bands of PANI: 1570 cm
(C=C stretching in quinonediimine fragments),
1490 cm' (C—C stretching in phenylenediamine
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Fig. 4. Raman spectra of (/) pristine multiwall carbon
nanotubes and (2) MWCNTyq.

fragments), and 1300 cm' (C-N deformation vibra-
tions [23]) as well as 1250 and 1130 cm ' (C-N"*
stretching in the polaron structures [24]). The spec-
trum of product of oxidative polymerization of aniline
in the presence of the pristine MWCNT (10 : 1) (Fig. 5,
curve 3) contained the characteristic absorption bands
of PANI (1566, 1481, 1296, 1240, and 1130 cm ) as
well. On top of that, the absorption band at 1403 cm™
was observed, and the band at 1460 cm' was
broadened; those changes pointed at formation of side
products along with PANI. In summary, IR spectro-
scopy of the reaction products evidenced that at the
aniline : MWCNTy(, ratio of 10 : 1 aniline was not poly-
merized, but PANI was formed in the similar system at
the aniline : MWCNTy ratio of 30 : 1 or in the
aniline/pristine MWCNT (10 1) system. Major
absorption bands of the prepared PANI samples were
shifted towards higher wavenumbers as compared with
those of PANI synthesized in the absence of any carbon
nanotubes. Hence, the interaction between PANI and
pristine MWCNT (or MWCNTycy) could be pointed out.

Polymerization of aniline follows the scheme shown
below; each stage of the monomer addition includes
oxidation of the terminal amino group of the growing
chain with the initiator or its decomposition product (for
instance, sulfate anion-radical) [25]. The chain
propagates while the oxidizer was present in the
reaction mixture [26], therefore the monomer-to-
oxidizer is a crucial parameter determining the
possibility of aniline polymerization to yield high-
molecular weight PANI (Scheme 1).

Carbon nanotubes have been recognized as efficient
free radicals trap [27-30]; they could hence intercept

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 5 2015
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the active anion-radicals present in the system, thus
inhibiting the polymerization. It was the anion-radicals
trapping with the defects at the nanotubes surface that
decreased the effective oxidizer concentration and
inhibited PANI chains propagation in the presence of
MWCNTy( (aniline : MWCNTyc ratio of 10 : 1). The
observed difference in the behavior of the pristine
MWCNT and the MWCNTy was due to the exposi-
tion of the nanotubes defects (acceptors of free
radicals) to the reaction mixture after removal of
amorphous carbon during the acidic treatment.

Electrochemical properties of the products of
aniline polymerization in the presence of the pristine
MWCNT (10 : 1) and MWCNTyq (30 : 1) were
further studied by means of cyclic voltammetry
(Fig. 6). In the both cases, the voltammograms
(2nd cycles) contained the anodic peaks at ~0.1 V and
~0.55 V, typical of the redox transitions of PANI
(leucoemeraldine — emeraldine and emeraldine —
pernigraniline, respectively).

The voltammograms shown in Fig. 6 demonstrated
that cycling behavior of the studied composite
materials was significantly different. In particular,
cyclic voltammogram of the composite prepared via
polymerization in the presence of pristine MWCNT
exhibited the steadily weakening of peaks assigned to
PANI redox transitions with the cycle number growing
from 2 to 10; the overall current decreased to reach the
constant value (the equilibrium specific redox
capacitance of 42 F/g). In the case of the composite
prepared in the presence of MWOCNTyq, the
voltammogram shape and intensity were practically
constant up to 10th cycle, the equilibrium redox
capacitance of the material being of about 45 F/g. The
different electrochemical behavior of PANI com-
posites prepared in the presence of the pristine
MWCNT and MWCNTye was attributed to the
structural properties of the nanotubes surface; in
particular, with the nature of interaction of PANI with
conjugated aromatic system of MWOCNTyc (@-
stacking) and with the pristine MWCNT (hydrogen

1149
1
3
2
1
3000 2600 2200 1800 1400 1000
v, cm’!

Fig. 5. IR spectra of products of oxidative polymerization
of aniline in the presence of MWCNTyc [aniline :
MWCNTye = 10 : 1 (7) and 30 : 1 (2)] and (3) in the
presence of pristine multiwall carbon nanotubes [aniline :
nanotubes = 10 : 1].

bonding with oxygen-containing groups at the amorp-
hous carbon fragments).

To conclude, we demonstrated the effect of the
surface nature of multiwall carbon nanotubes (in
particular, the presence of amorphous carbon frag-
ments) on oxidative polymerization of aromatic amines
taking aniline as an example. The presence of
MWCNTy acting as free radicals trap prevented the
oxidative polymerization; however, at the lower
nanotubes loading PANI was formed as emeraldine
salt. Similarly, in the presence of the pristine MWCNT
with the radical traps shielded with amorphous carbon
the emeraldine form of PANI was formed. Purification
of the nanotubes of amorphous carbon allowed
significant enhancement of electrochemical stability of
the prepared composite PANI materials.

EXPERIMENTAL

Aniline hydrochloride (MP Biomedicals, USA) and
ammonium persulfate (ICN Biomedicals, USA) were
used as received. Hydrochloric acid (1 mol/L) solution

Scheme 1.

o0 2 +eo + 2— o—
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Fig. 6. Cyclic voltammograms of products of oxidative
polymerization of aniline in the presence of pristine
multiwall carbon nanotubes (10 : 1) (a) and MWCNTyg
(30 : 1) (b). Arrows point at the curve change with the
cycle number.

was prepared from the standard titrimetric sample.
Twice distilled water was used as solvent.

Multiwall carbon nanotubes produced via CVD
(diameter of 8-20 nm and up to 2 um long, Nanocyl
NC-7000, Belgium) were either used as received or
treated with hydrochloric acid (100 mg of the pristine
MWCNT were stirred with 100 mL of conc. HCI
during 24 h at 20°C). The purified nanotubes were
filtered off using a nylon filter (pores diameter of
0.2 pm), washed with water till neutral reaction of the
washings, and dried in air.

MILAKIN et al.

Aniline polymerization in the presence of
pristine MWCNT (10 : 1). A dispersion of 10 mg of
MWCNT in 90 mL of water was ultrasonicated (at
MELFIZ-ultrazvuk ultrasound probe, Russia) during
10 min on an ice bath. Then, 10 mL of conc. HCI,
100 mg of aniline hydrochloride, and 2 mL of 0.39 M
solution of ammonium persulfate in 1 M aqueous HCl
were added to the nanotubes dispersion (the aniline to
the oxidizer ratio was equimolar). The reaction mixture
was stirred and incubated in air during 16 h. The
reaction products were isolated via filtration through
nylon filter (pores diameter of 0.2 pm), washed with
1 M aqueous HCI, and dried in air.

Polymerization of aniline in the presence of the
MWCNTye (10 : 1 and 30 : 1) was performed
similarly, using 10 or 3.3 mg of the purified nanotubes,
respectively.

IR spectra of KBr pellets were recorded at 400—
4000 cm' with the resolution of 4 cm' using a
ThermoNicolet IR200 spectrometer. Raman spectra
were recorded using a Renishaw inVia spectrometer
(Aex = 514 nm) at 10002000 cm .

TGA was performed with an STA 449 F3 Jupiter
instrument (Netzsch) under linear heating from 25 to
1000°C at 10 K/min in air.

TEM studies were performed using a LEO912 AB
OMEGA microscope (Carl Zeiss, Germany).

Electrochemical measurements were performed in
0.1 M. aqueous HCI using a three-electrode cell based
on an EmStat potentiostat (PalmSens, the Netherlands)
at the potential scan speed of 10 mV/s. The specimen
dispersion was deposited at the working surface of a
planar electrode (Rusens, Russia) consisting of the
working electrode (graphite paste C10903P14, Gwent),
the auxiliary electrode (graphite paste C2030519D4,
Gwent), and the silver/silver chloride reference
electrode. Specific capacitance of the material was
calculated as follows [31]:

C = (U2vm(E, - E) dBE,

with C, specific capacitance of the specimen; £, and
E,, limits of the potential range; v, potential scan rate;
m, specimen mass (voltammogram area).

ACKNOWLEDGMENTS

Authors are grateful to Dr. AK. Berkovich for
TGA experiment and Dr. S.S. Abramchuk for TEM
studies.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 5 2015



EFFECT OF MULTIWALL CARBON NANOTUBES SURFACE

This work was financially supported by Russian
Foundation for Basic Research (projects 14-03-
31332 mol aand 13-03-00605_a).

REFERENCES

1. Chandrakanthi, N. and Careem, M.A., Polym. Bull.,
2000, vol. 44, p. 101. DOI: 10.1007/s002890050579.

2. Rout, T.K., Jha, G., Singh, A.K., Bandyopadhyay, N.,
and Mohanty, O.N., Surf. Coat.Technol., 2003, vol. 167,
p. 16. DOI: 10.1016/S0257-8972(02)00862-9.

3. Prakash, R. and Santhanam, K.S.V., J. Solid State
Electrochem., 1998, vol. 2, p. 123. DOI: 10.1007/
s100080050076.

4. Watanabe, A., Mori, K., Iwasaki, Y., Nakamura, Y., and
Niizuma, S., Macromolecules, 1987, vol. 20, p. 1793.
DOI: 10.1021/ma00174a015.

5. Yang, L., Qiu, W., and Liu, Q., Solid State Ion., 1996,
vols. 8688, part 2, p. 819. DOI: 10.1016/0167-2738
(96)00189-0.

6. Kukla, A.L., Shirshov, Y.M., and Piletsky, S.A., Sens.
Actuators B Chem., 1996, vol. 37, p. 135. DOLI:
10.1016/S0925- 4005(97)80128-1.

7. Bobacka, J., Ivaska, A., and Lewenstam, A., Chem.
Rev., 2008, vol. 108, p. 329. DOIL: 10.1021/cr068100w.

8. Milakin, K.A., Korovin, A.N., Moroz, E.V., Levon, K.,
Guiseppi-Elie, A., and Sergeyev, V.G., Electroanalysis,
2013, vol. 25, p. 1323. DOI: 10.1002/elan.201300023.

9. Terrones, M., Annu. Rev. Mater. Res., 2003, vol. 33,
p- 419. DOL: 10.1146/annurev.matsci.33.012802.100255.

10. Treacy, M.M.J., Ebbesen, T.W., and Gibson, J.M.,
Nature, 1996, vol. 381, p. 678. DOI: 10.1038/381678a0.

11. Konyushenko, E.N., Stejskal, J., Trchova, M., Hradil, J.,
Kovarova, J., Prokes, J., Cieslar, M., Hwang, J.-Y.,
Chen, K.-H., and Sapurina, 1., Polymer, 2006, vol. 47,
p. 5715. DOI: 10.1016/j.polymer.2006.05.059.

12. Fong, Y. and Schlenoff, J.B., Polymer, 1995, vol. 36,
p. 639. DOI: 10.1016/0032-3861(95)91574-Q.

13. Stejskal, J. and Gilbert, R.G., Pure Appl. Chem., 2002,
vol. 74, p. 857. DOI: 10.1351/pac200274050857.

14. Datsyuk, V., Kalyva, M., Papagelis, K., Parthenios, J.,
Tasis, D., Siokou, A., Kallitsis, I., and Galiotis, C.,
Carbon, 2008, vol. 46, p. 833. DOI: 10.1016/
j-carbon.2008.02.012.

15. Cinke, M., Li, J., Chen, B., Cassell, A., Delzeit, L., Han, J.,
and Meyyappan, M., Chem. Phys. Lett., 2002, vol. 365,

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

1151

p- 69. DOI: 10.1016/S0009-2614(02)01420-3.

Chen, J.H., Li, W.Z., Wang, D.Z., Yang, S.X., Wen, J.G.,
and Ren, Z.F., Carbon, 2002, vol. 40, p. 1193. DOI:
10.1016/S0008-6223(01)00266-4.

Hu, C.-C., Su, J.-H., and Wen, T.-C., J. Phys. Chem.
Solids, 2007, vol. 68, p. 2353. DOI. 10.1016/
jJjpcs.2007.07.002.

Osswald, S., Flahaut, E., Ye, H., and Gogotsi, Y., Chem.
Phys. Lett., 2005, vol. 402, p. 422. DOI: 10.1016/
j-cplett.2004.12.066.

Socrates, G., Infrared and Raman Characteristic Group
Frequencies: Tables and Charts, Chichester. John
Wiley & Sons, 2006, p. 97.

Xie, J., Ahmad, M.N., Bai, H., Li, H., and Yang, W.,
Sci. China Chem., 2010, vol. 53, p. 2026. DOI: 10.1007/
s11426-010-4061-5.

Moreno-Castilla, C., Carrasco-Marin, F., and Mueden, A.,
Carbon, 1997, vol. 35, p. 1619. DOI: 10.1016/S0008-
6223(97)00121-8.

Liu, P. and Wang, T., Appl. Phys. A, 2009, vol. 97,
p. 771. DOL: 10.1007/s00339-009-5314-z.

Kan,g E.T., Neoh, K.G., and Tan, K.L., Prog. Polym.
Sci., 1998, vol. 23, p. 277. DOI: 10.1016/S0079-6700
(97)00030-0.

Trchova, M. and Stejskal, J., Pure Appl. Chem., 2011,
vol. 83, p. 1803. DOI: 10.1351/PAC-REP-10-02-01.
Sivakumar, C., Gopalan, A., Vasudevan, T., and Wen, T.-C.,
Synth. Met., 2002, vol. 126, p. 123. DOI: 10.1016/
S0379-6779(01)00481-7.

Stejskal, J., Kratochvil, P., and Jenkins, A.D., Polymer,
1996, vol. 37, p. 367. DOI: 10.1016/0032-3861(96)81113-X.
Galano, A., Nanoscale, 2010, vol. 2, p. 373. DOI:
10.1039/BOYNRO0364A.

Voitko, K.V., Whitby, R.L.D., Gun’ko, V.M.,
Bakalinska, O.M., Kartel, M.T., Laszlo, K., Cundy, A.B.,
and Mikhalovsky, S.V., J. Colloid Interface Sci., 2011,
vol. 361, p. 129. DOI: 10.1016/j.jcis.2011.05.048.
Galano, A., J. Phys. Chem. (C), 2008, vol. 112, p. 8922.
DOI: 10.1021/jp801379¢g.

Fenoglio, 1., Tomatis, M., Lison, D., Muller, J.,
Fonseca, A., Nagy, J.B., and Fubini, B., Free Radic.
Biol. Med., 2006, vol. 40, p. 1227. DOI. 10.1016/
j-freeradbiomed.2005.11.010.

Chen, W., Fan, Z., Gu, L., Bao, X., and Wang, C.,,
Chem. Commun., 2010, vol. 46, p. 3905. DOI: 10.1039/
C000517G.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 5 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 (None)
  /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 <>
    /RUS (Pfeps)
    /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 [14400.000 14400.000]
>> setpagedevice


