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Abstract—Carbon nanomaterials (fullerite, detonation nanodiamonds, Taunit, fullerenol, fullerene-containing
black) were decorated with platinum group metal nanoparticles in situ in one step by low-temperature combus-
tion (~250-270°C) of a powdered mixture of platinum metal acetylacetonate [Pt-M(acac),,, Pt-M = Pt(1l), Pd(I),
Rh(IIT), Ir(IIT), acac = CH;COCHCOCHS;, 7 is the oxidation state of Pt-M] with carbon nanomaterials in air. As
shown by thermal analysis, the process is based on thermal oxidative degradation of the organometallic complex,
catalyzed by carbon nanomaterials, with oxidation (combustion) of the organic moiety and release of the metal into
the condensed phase. The thermal process in an open system occurs in the glowing mode (210-250°C); the size
of the nanoparticles formed is 7-30 nm. Under the conditions restricting the air access to the reaction mixture and
free outflow of gaseous products formed by oxidation of acac ligands, the nanoparticle size decreases to 3—10 nm.
The particle size depends on the metal amount in the initial powder mixture and on the support morphology.

Keywords: carbon nanomaterials, platinum metal nanoparticles, in situ one-step method
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Nanostructured carbon materials (NCMs) with
surface-deposited  platinum metal nanoparticles
attract growing attention because of the possibilities
of using them in catalysis [1, 2], power units [3, 4],
electrochemical probing [5, 6], and synthesis of
materials for fuel cells [7-9]. On the other hand, the
problem of preparing uniform fine platinum metal
particles dispersed on a carbon support remains to be
solved because of agglomeration of these particles in the
course of the synthesis. However, because the particle
growth and agglomeration are processes depending on
the time of diffusion and migration over the support
surface, short-time in situ one-step synthesis allows
preparation of very fine (2—7 nm) nanoparticles [10].

One-step in situ methods for gas-phase thermolysis
of Pt(acac), have been successfully used recently for

preparing platinum nanoparticles deposited onto carbon
supports of various types. Choi et al. [11] prepared Pt
nanoparticles (2—7 nm) deposited onto a carbon material
(VulcanXC-72R) by combustion of Pt(acac), in a flame
of a combustible solvent (xylene/acetone). Merche
et al. [12] deposited Pt nanoparticles (~7 nm) onto
carbon black by decomposing Pt(acac), powder in the
post discharge of atmospheric radiofrequency plasma
combustion. Mercado-Zufiga et al. [13] decorated
carbon nanotubes by direct gas-phase thermolysis of
Pt(acac),. The mixture of Pt(acac), with nanotubes was
heated in a quartz tubular reactor first at 180 and then at
400°C. Wang et al. [14] decorated multiwalled carbon
nanotubes with palladium nanoparticles by thermal
decomposition of palladium acetylacetonate [Pd(acac),]
inrefluxing xylene. As reported by Isakovaetal. [15-17],
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direct heating of powdered mixtures of platinum metal
acetylacetonates with NCMs (detonation nanodiamonds,
fullerite, fullerene-containing black) in air leads to the
ignition at 170-180°C and low-temperature combustion
in the glowing mode with the formation of metal
or oxide particles. However, the mechanism of the
thermal reaction in the Pt-M(acac),/NCM system and
the product morphology were not studied in detail. In
[18], we used the combustion of powdered mixtures of
Pt(acac), and Pd(acac), with detonation nanodiamonds
(DNDs) as an in situ one-step method for depositing Pt
and Pd nanoparticles (7-10 nm) onto the DND powder.

This study deals withinsituone-step synthesis of platinum
metal (Pt, Pd, Ir, Rh) nanoparticles deposited onto
detonation nanodiamonds, fullerite, fullerenol, Taunit,
and fullerene-containing black by low-temperature
combustion of powdered mixtures of platinum metal
acetylacetonates with a carbon nanomaterial in air.
Conditions were determined for decreasing the metal
particle size by varying the deposition conditions.

EXPERIMENTAL

A 0.2-0.3-g portion of a mixture of nanostructured
carbon material and platinum metal acetylacetonate
powders [Pt-M(acac),/NCM] with 5 and 10 wt %
metal content relative to NCM was ground in a mortar
and heated in a crucible using two procedures. In the
first procedure, the mixtures were heated in open air
at a heater temperature of 250°C up to ignition of the
powders (~180°C) with their subsequent glowing. In
the second procedure, the mixtures were heated in an
untightly closed crucible at ~220 and 250°C for ~20—
30 min. Mixtures of Rh(acac), and Ir(acac); with NCM
were heated at 250°C and introduced into a crucible
preheated to 250°C.

Detonation  nanodiamonds  [TU  (Technical
Specification) 84-1124-87, Altai Federal Research
and Production Center, Biisk, Altai krai, Russia] were
annealed with sodium acetylacetonate and then kept in
a boiling HCI solution for additional purification and
disintegration of particle aggregates [18]. Fullerite was
extracted with toluene from fullerene-containing black
prepared by electric arc synthesis in carbon—helium
plasma of high-frequency arc. Fullerenols were prepared
by the previously described procedure [19]. Taunit
(TU 2166-001-02069289-2007, Komsomolets Plant,
Tambov, Russia) was modified to obtain —COOH groups

ISAKOVA et al.

on the surface by treatment with concentrated nitric acid
at 70°C for 10 h [20]. Platinum metal acetylacetonates
were synthesized by the procedures described in [21].

The structure of the solids obtained was studied by
X-ray diffraction (XRD) with a DRON-4 diffractometer
using CuK,, radiation. Synchronous thermal analysis
(STA) combining thermal gravimetric analysis (TG)
with differential scanning calorimetry (DSC) was
performed with an STA 449 C Jupiter device (Netzsch).
The samples were heated in crucibles with untight lids
at a rate of 10 deg min-! to 750°C in a flow (35 mL
min!) of a 1 : 5 oxygen—argon mixture. The weights
of Pt(acac),/fullerite, Pd(acac),/fullerite, and Rh(acac),/
fullerite samples were 5 mg, and that of Ir(acac),/
fullerite sample (7 wt % metal), 2 mg. The images of
the sample surface were obtained by scanning electron
microscopy (SEM) with a Hitachi S-5500 microscope
and by transmission electron microscopy (TEM) with an
HT-7700 microscope.

RESULTS AND DISCUSSION

Heating of Pt(acac),/NCM, Pd(acac),/NCM, and
Rh(acac);/NCM powdered mixtures in air leads to their
ignition with the subsequent glowing. Ir(acac);/NCM
mixtures inflame. The ignition occurs at temperatures
corresponding to vaporization of the free complexes
but below the temperatures of their thermolysis in air
[Pt(acac),, 237°C; Pd(acac),, 208°C; Rh(acac);, 247°C;
Ir(acac);, 252°C] [22]. The exothermic behavior of the
Pt-M(acac),/NCM powdered mixture is a consequence
of physicochemical transformations of the vapor phase
of metal acetylacetonates on the solid surface of NCM
particles. Red heat spots in the course of powder glowing
are local. That is, there are small overheating areas (hot
points) in which the exothermic reaction occurs, but
the temperature of the mixture as a whole increases
insignificantly (~250-270°C).

After the completion of the combustion of Pt-M(acac)
/NCM powdered mixtures, the weight loss determined
by weighing corresponded, except the Ir(acac);/NCM
samples, to the weight of the acac ligands in the initial
mixtures with a slight increase for the Pd(acac),/
NCM samples. This fact shows that Pt-M(acac),/NCM
mixtures decompose to metal particles without loss
(oxidation) of nanocarbon.

To determine the nature of ignition and of the
products formed, we studied the thermal behavior of

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 91 No. 7 2018
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Fig. 1. DSC and TG curves of heating in an oxygen-containing medium. (a) Pt(acac),/fullerite [(/) DSC and (2) TG] and fullerite
[(3) DSC and (4) TG], (b) Pd(acac),/fullerite [({) DSC and (2) TG, (c) Rh(acac),/fullerite [(/) DSC and (2) TG], and (d) Ir(acac);/

fullerite [(7) DSC and (2) TG].

powdered mixtures of Pt-M(acac), with fullerite as a
model system. For Pt(acac),/fullerite and Pd(acac),/
fullerite samples, there are exothermic effects in the
DSC curves with the onset at 210°C and peaks at
242 and 237°C, respectively, with small heat release
(~0.9 and ~0.6 kJ g1, respectively; Figs. 1a, 1b). These
effects correspond to low-temperature combustion of
the samples on their heating in air. The sample weight
loss calculated from the TG curves in the temperature
interval of these exothermic effects is close to the total
weight of organic acac ligands, which suggests their
oxidation and gasification with the subsequent formation
of Pt/fullerite and Pd/fullerite composites. Rh(acac);
is more stable thermally and partially sublimes under
the thermal analysis conditions; the exothermic effect
for it is observed at higher temperatures (~240-320°C)

(Fig. 1c). However, the weight loss in the temperature
region of the exothermic effect also corresponds to the
loss of acac ligands and release of the metal. For the
Ir(acac),/fullerite sample, the weight loss in the interval
180-250°C is associated with complete sublimation of
Ir(acac); (Fig. 1d).

It is known that the weight loss of free volatile
salts Pt-M(acac),, on heating in air corresponds to their
vaporization up to the exothermic effect of the oxidation
of acac ligands [20, 21], whereas the weight loss for
the Pt(acac),/fullerite and Pd(acac),/fullerite mixtures
in the experiment is associated directly with the ligand
oxidation, suggesting the catalytic effect of the support
on the thermal oxidative degradation of the platinum
metal complex in the vapor phase (Figs. 1a, 1b). Above
290°C, a strong exothermic effect is observed in the DSC

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 91 No. 7 2018
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Fig. 2. X-ray diffraction patterns of products formed by combustion of various mixtures in air. (a) Pt(acac),/NCM [(/) fullerene-
containing black and (2) fullerite], (b) Pt-M(acac),/Taunit [(/) Pt(acac),, (2) Pd(acac),, and (3) Rh(acac);], and (c) Pt-M(acac),/DND
[(Z, 2) Pt(acac),, (3, 4) Pd(acac),, and (5, 6) Rh(acac);].

curve for the Pt(acac),/fullerite sample. This effect can
be attributed to the fullerite combustion catalyzed by the
already formed platinum particles. Fullerite itselfis stable
at these temperatures, and the exothermic effect of the
fullerite combustion in the sample without Pt-M(acac)
,, starts only at 390°C (Fig. 1a). In mixtures of fullerite

with Pd(acac),, the fullerite oxidation temperature does
not decrease (Fig. 1b). Certain decrease in the fullerite
oxidation temperature is recorded for the Rh(acac),/
fullerite mixture (Fig. 1¢). Ir(acac), is characterized by
the highest thermal and chemical stability in the vapor
phase among platinum metal acetylacetonates, but at
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Fig. 3. SEM images of the surface of (a) Pd/DND_,, and (b) PdA/DND composites.

258°C the sample simultaneously sublimes, burns out,
and decomposes with very intense heat release [22].
Therefore, for thermal analysis we took Ir(acac),/
fullerite mixtures with decreased Ir content, which did
not allow conclusions on the character of the thermal
reaction of the components (Fig. 1d). Thus, combustion
of Pt-M(acac),/NCM mixtures on heating in air is due to
exothermic transformations of Pt-M(acac),, vapor on the
NCM surface, when the released heat is accumulated in
the system and prevails over the removed heat because
of low thermal conductivity of the carbon material,
which results in ignition of the mixture in the form of
glowing.

Figure 2 shows the X-ray diffraction patterns of
reaction products obtained by heating Pt(acac),/NCM,
Pd(acac),/NCM, and Rh(acac);/NCM powdered
mixtures in air in an open system. The reflections
correspond to NCM [DND, 260 43.8° and 75.4°; fullerite,
20 10.7°, 17.6°, 20.6°, 21.5°, etc.; Taunit (graphite), 20
26.1°] and to the deposited metals (Pt, 20 39.8°, 46.2°,
67.5°,81.4°,and 85.7°; Pd, 20 40.1°,46.7°, 68.1°, 82.3°,
and 86.6°; Rh, 20 40.7°, 47.4°, 69.4°, 83.7°, and 88.3°).
The metal reflections correspond to the face-centered
cubic lattice of platinum, rhodium, and palladium
metal particles. Slight (~2%) oxidation of palladium is
observed.

A decrease in the metal content of the mixture leads to
broadening of metal particle reflections, which indicates
that the platinum metal particles have smaller size at the
lower metal amount on the support. The mean crystallite
size in the metal particles of Pt-M/NCM composites,
estimated by the Scherrer formula, is 7-15 nm at 5 wt %

metal content and 20-30 nm at 10 wt % metal content.
In Pt-M/Taunit samples containing 10 wt % metal, the
crystallite size in particles of the composites is 30—
35 nm.

Thorough mixing of Pt-M(acac), crystallites with
NCM is used for ensuring rapid and direct contact of the
vapor with the carbon surface on heating the samples to
the vaporization temperature of the complex. Figure 3
shows how the morphology of palladium deposited onto
DND powder varies with the support grain size. On
coarse grains (~100 um) of powders of the commercial
sample (DND_,,), palladium deposited by thermal
decomposition of Pd(acac), has the form of coarse
particles and films (Fig. 3a). The reduction of platinum
metals is an autocatalytic reaction. For example, the
deposited metal particle catalyzes further reaction of the
metal reduction and formation of new particles, which
leads to their agglomeration. On disintegrated DND
grains (particle size ~100 nm), the number of sites for
the sorption and reduction of Pd(acac), increases; as a
result, ~10-nm particles are deposited (Fig. 3b). Thus,
high dispersity of the support allows the size of the
deposited particles to be decreased.

In heating of Pt-M(acac),/NCM powdered mixtures
in crucibles with untight lids, the air access to the
mixture and the outflow of CO, and H,O vapor formed
in the course of oxidation of acac ligands and deposition
of the metal on NCM are restricted. Therefore, the
pressure of CO, and H,O vapor under the conditions
of their restricted outflow can prevent the diffusion
of metal nuclei over the NCM surface and thus their
agglomeration. The temperature of heating of Pt(acac),/

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 91 No. 7 2018



1214
Fullerite (a)
2
g
g
2 !
8 Fd 7 mac% Pt
S
d
sz
7 mac% Pd
10 20 30 40 50 60 70 80 90

20, deg

Fig. 4. X-ray diffraction patterns of products formed
by combustion of the mixtures under the conditions of
restricted outflow of CO, and H,O vapor. (a) Pt-M(acac)
J/fullerite [(/) Pt(acac),, (2) Pd(acac),, (3) Rh(acac);, and
(4) Ir(acac);] and (b) Pt-M(acac),/fullerenol [(7) Pt(acac), and
(2) Pd(acac),].

fullerite, Pd(acac),/fullerite, Pt(acac),/fullerenol, and
Pd(acac),/fullerenol mixtures (210°C) corresponded to
the onset temperature of the exothermic effect of the acac
ligand oxidation (Figs. la, 1b). Heating of Rh(acac),/
fullerite and Ir(acac)y/fullerite mixtures at 250°C in
crucibles preheated to 250°C allowed the sublimation
loss of Rh(acac); and Ir(acac); to be prevented.

The X-ray diffraction patterns of the composites
thus obtained contain reflections corresponding to
fullerite and platinum metals (Fig. 4). Metal reflections
correspond to the fcc structure, e.g., the Ir reflections
with 20 40.7°, 47.3°, 69.2°, 83.5°, and 88.1°. The
crystallite size of the metal deposited onto fullerite,
estimated by the Scherrer formula, is 3-8 nm at 5 wt %

ISAKOVA et al.

metal content. The mean size of metal crystallites on
fullerenol is 6 nm at 7 wt % metal content. Thus, the
metal particles have the smaller size than the particles
obtained by combustion of Pt-M(acac),/NCM in air in
an open system.

Figure 5 shows the electron micrographs of the
surface of NCM composites with the deposited metal
nanoparticles. The metal particles are uniformly
distributed over the NCM surface. The particle size is
3-7 nm at 5 wt % and 7-10 nm at 10 wt % metal content,
being, on the average, smaller than the size of particles
formed by Pt-M(acac),/NCM combustion in open air.
Thus, restriction of the outflow of CO, and H,O vapor in
the course of thermal combustion of Pt-M(acac),/NCM
mixtures is a steric factor preventing agglomeration of
the metal particles formed.

CONCLUSIONS

Platinum metal (Pt, Pd, Rh, Ir) nanoprticles sup-
ported on carbon nanomaterials (fullerite, detonation
nanodiamonds, Taunit, fullerenol, fullerene-containing
black) were prepared by an in situ one-step procedure
involving low-temperature combustion (~250-270°C)
of the powdered Pt-M(acac),/carbon nanomaterial mix-
ture in air. As shown by thermal analysis methods, the
process is based on thermal oxidative degradation of
the organometallic complex, catalyzed by carbon nano-
materials, with oxidation (combustion) of the organic
moiety and separation of the metal into the condensed
phase. In an open system, the thermal process occurs
in the low-temperature glowing mode (210-250°C), and
the size of the nanoparticles formed is 7-30 nm. Under
the conditions restricting the air access to the reaction
mixture and free outflow of gaseous products formed by
oxidation of acac ligands, the nanoparticle size decreas-
es to 3—10 nm. Also, the size of the deposited particles
depends on the metal loading in the initial powder mix-
ture and on the support morphology. The use of thermal
reactions of platinum metal acetylacetonates in a solid
mixture with carbon nanomaterials allows decoration of
carbon nanomaterials with platinum metal nanoparticles
to be performed under mild conditions. No significant
differences in the thermal behavior of Pt-M(acac),/car-
bon nanomaterial mixtures are observed with variation
of the sample weight (5 or 200 mg), which suggests the
possibility of scaling the process.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 91 No. 7 2018
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Fig. 5. Electron micrographs of the surface of Pt-M/NCM composites prepared by heating the powdered mixtures in closed crucibles.
Metal content, wt %: (a—c) 5 and (d—f) 10. (a—e) SEM and (f) TEM. (a) Pt/fullerite, (b) Ir/DND, (c) Ir/Taunit, (d) Pt/Taunit, (¢) Pd/DND,
and (f) Pd/fullerenol.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 91 No. 7 2018



1216

ACKNOWLEDGMENTS

The study was performed with the support and

equipment of the Center for Shared Use of the
Krasnoyarsk Scientific Center, Siberian Branch, Russian
Academy of Sciences.

10.

REFERENCES

. Hu, B., Deng, W., Li,R., Zhang, Q., Wang, Y., Delplanque-

Janssens, F., Paul, D., Desmedt, F., and Miquel, P.,
J. Catal., 2014, vol. 319, pp. 15-26.

. Prasad, V. and Vasanthkumar, M.S., J. Nanoparticle Res.,

2015, vol. 17, no. 10, pp. 1-8.

. Shi, J., Hu, X., Zhang, J., Tang, W., Li, H., Shen, X., and

Saito, N., Prog. Nat. Sci: Mater. Int., 2014, vol. 24, no. 6,
pp- 593-598.

. Alegre, C., Galvez, M.E., Moliner, R., and Lazaro, M.J.,

Catalysts, 2015, vol. 5, no. 1, pp. 392-405.

. Palanisamy, S., Thirumalraj, B., Chen, S.M., Ali, M.A.,

and Al-Hemaid, FM.A., J. Colloid Interface Sci., 2015,
vol. 448, no. 15, pp. 251-256.

. Zhang, X., Ma, L.X., and Zhang, Y.C., Electrochim. Acta,

2015, vol. 177, no. 20, pp. 118-127.

. Song, M.J., Kim, J.H., Lee, SK., and Lim, D.S., 4nal

Sci., 2011, vol. 27, no. 10, pp. 985-989.

. Leghrib, R., Dufour, T., Demoisson, F., Claessens, N.,

Reniers, F., and Llobet, E., Sens. Actuators B: Chemical,
2011, vol. 160, no. 1, pp. 974-980.

. Bai, Z., Niu, L., Chao, S., Yan, H., Cui, Q., Yang, L.,

Qiao, J., and Jiang, K., Int. J. Electrochem. Sci., 2013,
vol. &, pp. 10068—10079.

Yao, Y., Chen, F., Nie, A., Lacey, S.D., Jacob, R.J.,
Xu, S., Huang, Z., Fu, K., Dai, J., Salamanca-Riba, L.,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22.

ISAKOVA et al.

Zachariah, M.R., Shahbazian-Yassar, R., and Hu, L., ACS
Cent. Sci., 2017, vol. 3, no. 4, pp. 294-301.

Choi, 1.D., Lee, H., Shim, Y.B., and Lee, D., Langmuir,
2010, vol. 26, no. 13, pp. 11212-11216.

Merche, D., Dufour, T., Baneton, J., Caldarella, G.,
Debaille, V., Job, N., and Reniers, F., Plasma Processes
Polym., 2016, vol. 13, no. 1, pp. 91-104.
Mercado-Zuiiiga, C., Vargas-Garcia, J.R., Hernandez-
Pérez, M.A., Figueroa-Torres, M.Z., Cervantes-Sodi, F.,
and Torres-Martinez, L.M., J. Alloys Compd., 2014,
vol. 615, pp. S538-S541.

Wang, Y., He, Q., Ding, K., Wei, H., Guo, J., Wang, Q.,
O’Connor, R., Huang, X., Luo, Z., Shen, T.D., Wei, S.,
and Guo, Z., J. Electrochem. Soc., 2015, vol. 162, no. 7,
pp- F755-F763.

Isakova, V.G., Petrakovskaya, E.A., Glushchenko, G.A.,
Bulina, N.V., and Churilov, G.N., Russ. J. Appl. Chem.,
2005, vol. 78, no. 9, pp. 1386—-1390.

Isakova, V.G., Petrakovskaya, E.A., Isakov, V.P,
Bayukov, O.A., and Velikanov, D.A., Phys. Met.
Metallogr., 2006, vol. 102, suppl. no. 1, pp. S57-S60.

Isakova, V.G. and Isakov, V.P., Phys. Solid State, 2004,
vol. 46, no. 4, pp. 622-624.

Isakova, V.G., [Isakov, V.P, Lyamkin, A.L,
Zharikova, N.V., Yunoshev, A.S., and Nemtsev, I.V., Int.
J. Chem., 2015, vol. 7, no. 1, pp. 1-9.

Goncharova, E.A., Isakova, V.G., Tomashevich, E.V., and
Churilov, G.N., Vestn. Sib. Gos. Aerokosm. Univ., 2009,
no. 1 (22), pp. 90-93.

Boehm, H.P., Carbon, 1994, vol. 32, no. 5, pp. 759-769.
Patent RU 2495880, Publ. 2013.

Vargas, J.R. and Goto, T., Mater. Trans., 2003, vol. 44,
no. 9, pp. 1717-1728.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 91 No. 7 2018




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Pfeps)
  >>
  /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


