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Synthesis of spherical nanosized silver powder 
by ultrasonic spray pyrolysis 

Stopic, S. (1); Dvorak, P. (2); Friedrich, B. (1)

Important applications for silver 
particles can be found in the 
catalyst and electronic industry 

[1-4]. For example, the production of 
formaldexyde and ethylene oxide can 
benefit from the use of silver com-
prising nanoscale catalysts. Silver 
dissociates molecular oxygen from 
the air and weakly holds the sepa-
rated oxygen atoms until an alkene, 
such as ethylene, reacts with them to 
form respective alkene oxide. Silver 
comprising nanoparticles prepared by 
the ultrasonic spray pyrolysis method 
offer the potential to reach a number 
of surprising and unique advantages. 
Especially, the unique interaction be-
tween silver in nanoparticle form 
and oxygen is high interest for the 
catalytic industry.
Chemical bonds between the Ag-
nanoparticles and the organic shell 
function as a passivation layer that 
prevents the self-cohesion of the 
nanoparticles. Fine Ag-particles (av-

erage particle size of 
100 nm) were used 
by Ide et al. [2] as a 
reference material to 
consider the effect of 
particle size on bond-
ability. By reducing 
the metal particle size, 
the surface energy and 
the vapour pressure 
increase proportion-
ately with the inverse 
of the particle radius, 
this strongly influence 
the sintering of par-
ticles and the bond-
abilities to copper.
Solid, spherical, 
micron-sized silver 
metal particles were 
produced from a sil-
ver nitrate solution. 
Plum at al. [1] show 
effects of reaction 

temperature, carrier gas type, solu-
tion concentration, and aerosol drop-
let size on the characteristics of the 
resultant silver particles. Pure, dense 
unagglomerated particles obtained 
using an ultrasonic generator at and 
above 600 °C under N2-carrier gas, 

and above 900 °C using air as the 
carrier gas. Solid particle formation 
at temperatures below the melting 
point of silver (962 °C) was attributed 
to sufficiently long residence times 
up to 4 s, which allowed the aerosol-
phase densification of the porous sil-
ver particles resulting from the reac-
tion of the precursor. As the precursor 
solution concentration was increased 
from 0.5 to 4.0 M, the particle size 
increased from 1.03 to 1.68 µm. But 
that when particles are reduced in 
size to less than 100 nm, their char-
acteristics are different from those of 
the bulk state [3]. For example, the 
melting point and the sintering tem-
perature are detectably lower. 
The ultrasonic spray pyrolysis (USP) 
is an innovative and powerful tool 
for the synthesis of nanoparticles with 
controlled and uniform particle size 
[5-8]. In the USP-process, a metal-
containing solution is cold-atomized 
and form an aerosol (Fig.1)  and 
enables an easy control of the powder 
morphology and the excellent avail-
ability of cheap precursors at accept-
able costs. This technology has a great 
potential to be the future solution for 
the synthesis of silver nanopowder. 

Spherical, non-agglomerated nanosized parti-
cles of silver were prepared by the ultrasonic 
dispersion of solutions from silver nitrate in a 
hydrogen and nitrogen atmosphere. A controlled 
particle size was realized through the choice of 
the solution concentration as well as by changing 
the aerosol decomposition parameters. The ex-
perimental investigations were performed by an 
ultrasonic source of 800 kHz, acting on the wa-
ter solution of the silver nitrate-forming aerosols 
with constant droplet sizes. This size depends on 
the characteristics of the solution and the fre-
quency of the ultrasound. The subsequent ther-
mal decomposition of the aerosol droplets was 
performed in a hydrogen atmosphere between 
150 °C-1000 °C, and in a nitrogen atmosphere 
between 600 °C and 800 °C. The paper presents 
the ways to control this synthesis over the choice 
of the reaction parameters and compares the 
experimental results with a calculation of the 
average diameter of particles of Ag-powder.

Fig. 1: The principle of the aerosol production
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The piezo-electric ceramic Pb(Zr,Ti)O3 
transforms the alternating tension of 
an ultrasonic source into mechani-
cal vibrations, which influence the 
formation of the geyser and aerosol. 
The transducer type influence the 
gas-liquid interface forming an aero-
sol of constant droplet sizes of D= 
2.3 - 4.9 µm at ultrasonic frequen-
cies of 0.8 - 2.5 MHz. This aerosol 
is transported by a carrier, mostly 
a reduction gas, into a hot reactor, 
where the aerosol droplets undergo 
drying, droplet shrinkage, solute pre-
cipitation, thermolysis and sintering 
to form spherical particles. Very short 
residence times of several seconds 
are mostly sufficient to ensure the 
formation of the desired spherical 
nanoproduct.
Using the prices of Ag-nanopowder 
from the USA, the benefit of this 
research and the potential economic 
impact on nanocatalyst industry of 
this research are shown in Fig. 2. The 
decrease of the particle size of silver 
nanopowder from 500 nm to 30 nm 
leads to a price increase from 571 $ 
per kg to 15.000 $ per kg. The shown 
values were obtained by INFRAMAT, 
Advanced Materials, USA, and NANO-
TECNOLOGIES Inc., USA [9]. 
The aim of this paper is to present the 
investigations concerning the synthe-
sis of spherical nanoparticles of silver 
by the ultrasonic spray pyrolysis 
method. The study explains the influ-
ence of the different parameters of the 
synthesis (different concentration of 
the initial solution, reaction tempera-
ture, atmosphere) on the morphologi-

cal characteristics of the powders and 
is based on both thermochemical and 
experimental studies. 

Thermochemical analysis of 
the decomposition of silver 
nitrate

In order to model the reaction system 
the following decomposition chemi-
cal reactions are considered:

AgNO3 k Ag + NO2 + 1/2 O2  (1)
AgNO3 + H2 k Ag + NO2 + H2O (2)

A FactSage®- thermochemical analy-
sis of the hydrogen reaction with sil-
ver nitrate (Eq. 2) and the decompo-

sition of silver nitrate Eq. (1) showed 
in the temperature range between 0 
and 1000 °C that the thermodynamic 
equilibrium is present at 400°C for 
the decomposition. In the presence of 
hydrogen, the thermodynamic equi-
librium is already present at room 
temperature.
The decomposition behaviour of sil-
ver nitrate was investigated using 
thermogravimetric (TGA) and dif-
ferential thermal analysis (DTA). 
This study was conducted under an 
argon atmosphere in a temperature 
range between 25 °C and 1000 °C 
using Derivatograph NETZSCH STA 
409 with α-Al2O3. The heating rate 
amounts to 10 °C/min. The DTA and 
TGA analyses of the decomposition of 
silver nitrate in argon have confirmed 
the mechanism expressed in Eq. (1). 
The decomposition temperature of 
silver nitrate amounts to 485°C at 
the heating rate of 10 °C/min. Weip-
ing and Lide [3] concluded that the 
decomposition of silver nitrate in 
argon starts at temperatures above 
300°C, according to Eq. (1). 

Experimental

Material and procedure

Silver nitrate (Merck, Darmstadt, Ger-
many) was used as the precursor 

Fig. 2: Price of nanopowder of silver depending on the particle size

Fig. 3: Experimental apparatus for the USP-synthesis of silver particles 
(1. ultrasonic generator, 2. thermostat, 3. quartz glass tube, 4. furnace, 
5. collection of powder)
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material for the preparation of silver 
powders by ultrasonic spray pyroly-
sis, using the equipment shown in 
Fig. 3. The apparatus consists of 
an aerosol generator, an electrically 
heated reac-tion furnace carrying a 
quartz tube (670 mm in length and 
20 mm inner diameter), and a powder 
collection chamber. The experiments 
were carried out in the temperature 
range of 150 °C and 1000 °C in a H2-
atmosphere, and of 600 °C and 800 °C 
in a nitrogen atmosphere. Ten experi-
ments were performed (Table 1). The 
first six experiments were connected 
with the reduction of silver nitrate by 
hydrogen. The experiments 6 and 7 
were associated with  the decompo-
sition of silver nitrate in a nitrogen 
atmosphere. In order to investigate 
the influence of a reduced tempera-
ture on the morphological charac-
teristics of particles, the experiments 
8 - 10 were additionally performed in 
a hydrogen atmosphere.
The atomization of the silver nitrate 
solutions took place in an ultra-
sonic atomizer (Pyrosol 7901, RBI, 
France). Only one transducer was 
implemented to create the aerosol. 
For this ultrasonic atomizing system, 
the resonant frequency was selected 
to 0.8 MHz. Nitrogen with a flow 
rate of 1 l/min was used for oxygen 
removal. Under spray pyrolysis con-
ditions, a hydrogen atmosphere at 
a flow rate of 1 l/min continuously 
passed the quartz tube. The calculated 

retention time of droplets in the reac-
tion zone was calculated to be about 
1 s. An X-ray diffractometer (Sie-
mens D 5000) and a scanning elec-
tron micro-scope (ZEISS DSM 982 
Gemini) were used for the characteri-
zation of the obtained silver powders. 
SEM-images were used to observe the 
surface morphology of the particles 
formed at different parameter sets. 
The qualitative characterization of 
the impurity level was performed 
by the energy disperse spectroscopy 
(EDS) analysis with a Si(Bi) X-ray 
detector connected to the SEM and a 
multi-channel analyzer.

Results and discussion

Hydrogen reduction of silver 
nitrate

Effect of temperature

The influence of temperature was 
investigated in a range of 150 °C 
and 1000 °C. EDS-analysis of sil-
ver powder prepared at 600 °C and 
1000 °C proved the full transforma-
tion to elementary Ag (Fig. 4), and 
did not reveal any differences in 
chemical composition with tempera-
ture. In contrast to the EDS-analysis, 
the SEM-analysis (Fig. 5a - 5d) of the 
obtained powder shows significant 
variations.
Fig. 5.d reveals that fully-reacted, 
ideally spherical, completely dense 

silver particles can be produced at 
temperatures close to the melting 
point of silver. Spherical, but not 
completely dense are obtained at 
150°C by hydrogen reduction (Fig. 
5a). This is probably due to the short 
residence time in this experiment. A 
sufficient time for the aerosol phase 
densification resulted even at lower 
temperatures to a complete reaction 
[1]. The experiments at 300 °C and 
600 °C produce the agglomerated and 
irregularly shaped Ag-particles (Figs. 
5b and 5c) 

Effect of silver nitrate 
concentration 

Three different concentration levels 
of silver nitrate (0.05, 0.1 and 0.2 
mol/l) were used for the synthesis 
(experiments 3, 4 and 5) at 600 °C. 
Fig. 6a, 6b and 6c show the result-
ing morphologies of the obtained 
silver powder. At a 0,05 mol/l 
AgNO3–concentration, the powder is 
composed of non-agglomerated and 
rarely spherical nanoparticles of sizes 
between 144.5 nm and 1000 nm. At a 
0.1 mol/l AgNO3-concentration, 
the powder is composed of non-
agglomerated, spherical nanoparti-
cles of sizes between between 83.6 
nm and 190.2 nm. Cylindrical and 
prismatic shapes are also present. An 
increase of the concentration to 0.2 
mol/l leads to more spherical and 
dense particles of sizes between 83.6 
nm and 433.6 nm. Nevertheless, big 
particles and satellites are always 
present. It is most likely that a coa-
lescence of droplets occurs during the 
spray, the drying and/or the pyrolysis 

Table 1: Experimental plan for the preparation of nanosized Ag-
powder  

Fig. 4
coatin
on rea
% Si 
using 
(440 

Exp. No. Tfurnace 
(°C)

c AgNO3 
(mol/l)

dV/dt H2 
(l/min)

dV/dt N2 
(l/min)

Tprecursor 
(°C)

1 1000 0.1 1 - 25

2 800 0.1 1 - 25

3 600 0.1 1 - 25

4 600 0.2 1 - 25

5 600 0.05 1 - 25

6 600 0.1 - 1 25

7 600 0.1 - 1 45

8 600 0.1 1 - 45

9 300 0.1 1 - 25

10 150 0.1 1 - 25

Typical EDS-analysis for Ag-powder 
(produced of 600°C – 1000°C via USP) 
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steps. The agglomeration of aerosol 
droplets is especially enhanced at 
elevated flow rates of the carrier gas 
due to turbulence effects leading to 
larger particles.

Thermal decomposition of silver 
nitrate in nitrogen atmosphere

Pluym et al. [1] have reported that 
silver powder particles made via the 
spray pyrolysis of AgNO3-solutions 
at and above 600 °C in N2 were pure, 
dense, unagglomerated, spherical, 
micron-sized or smaller in diameter. 
The melting of silver was not required 
for aerosol-phase densification of the 
particles when nitrogen was used as 
a carrier gas. This is based on the fact 
that the residence times were suffi-
cient for densification in the aerosol 
phase. According to these results, the 
decomposition of silver nitrate was 
performed at 600 °C using gaseous 
nitrogen atmosphere (Fig. 7a), and 
additionally by the preheating of 
solution (Fig. 7b). 
Spherical particles of sizes between 
102.7 nm and 650.5 nm with a small 
amount of satellites were obtained. 

Fig. 5a: Experiment at 150 °C 
(Exp. 10)

Unlike the results reported in [1], the 
particle sizes were in the nano- and 
submicron-range. The preheating of 
the solution of silver nitrate in Exp.7 
had no influence on the morphologi-
cal characteristics of particle. 

The particle size of the obtained 
powder

The connection between the mean 
diameter of aerosol droplets and the 
frequency of the ultrasonic atomizer 
were studied by Peskin and Raco and 
used by many authors [10-12].  They 
identified the following relationship:

D = 0.34 · (8·π·γ/ρ·f2)1/3 (3)

Where D is the mean droplet diameter, 
γ is the surface tension, ρ the density 
of the atomized solution and f the 
frequency of the ultrasound. Assum-
ing that the characteristics of water 
are close to those of the used diluted 
precursor solution, the parameters of 
our experiments (g= 72.9·10-3 Nm-1, 
ρ = 1.0 g cm-3, f = 800 kHz) lead to a 
calculated value of the ultrasonically 
dispersed droplet diameter of D = 

4.79 µm. An increase of the operat-
ing frequency could decrease the 
aerosol droplet size further. 
The expected mean particle diameter 
of the Ag-powder finally obtained 
after the hydrogen reduction and the 
thermal decomposition in nitrogen 
can be calculated from the value of 
the aerosol droplet size. Depending 
on the initial concentration of the 
solution and assuming that each 
droplet is transformed into one par-
ticle and that during atomization no 

Fig. 6a: SEM-micrograph of Ag-
powder using an AgNO3-concen-
tration of 0.05 mol/l 
(Exp. 5, 600 °C)

Fig. 5b. Experiment at 300 °C 
(Exp. 9)

Fig. 5c. Experiment at 600 °C 
(Exp. 3)

Fig. 5d. Experiment at 1000 °C 
(Exp. 1)

Fig. 5. Morphologies of the obtained Ag-nanopowder 

Fig. 6b: SEM-micrograph of Ag-
powder using an AgNO3 concen-
tration of 0.1 mol/l 
(Exp. 3, 600 °C)

Fig. 6c: SEM-micrograph of Ag-
powder using the AgNO3-concen-
tration of 0.2 mol/l 
(Exp. 4, 600 °C)
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coalescence occurs, the final particle 
diameter can be calculated by using 
the formula (4) that have previously 
been presented by Messing [12]:  

Dp= D · (Cp ·MAg/ρAg MP)
1/3 (4)

Where Dp is the mean particle diam-
eter, D is the mean droplet diameter, 
MP and Cp are the molar mass and the 
concentration of the precursor (here: 
AgNO3), and ρAg represents the den-
sity of silver. Using the parameters of 
our experiments (D: 4,79 µm, MAg: 
107,87 g/mol and ρAg: 10,50 g/cm3) 
the calculated mean particle diameter 
of silver develops with the precursor 
concentration, as shown in Fig. 8.
Fig. 8 reveals that the increase of 
the concentration of silver nitrate 
did not increase the particle size sig-
nificantly as the calculation request. 
The calculated values of the particle 
diameters of Ag range between 384 
and 609 nm for the used solution of 
silver nitrate of 0.05 and 0.2 mol/l. 
The experimentally obtained values 

are in range of 84 and 1070 nm. The 
experimental values of the Ag-pow-
ders show very little correlation to 
the calculated values. In contrast to 
the calculated values, the presence 
of particles below 100 nm (satellite 
nanoparticles) is evident. The differ-
ences between the calculated and the 
ex-perimentally obtained values may 
be a consequence of the approximate 
values used for the surface tension 
and the density of aqueous solutions, 
the microporosity of particles, and 
the coalescence/agglomeration of the 
aerosol droplets at a high flow rate for 
the carrier gas (turbulence effects). As 
can be seen, the particle size decreases 
with the dilution of the precursor con-
centration in the solution as the result 
of the reaction in a smaller volume. 
After the generation of drops from a 
precursor, the solution spray pyrolysis 
involves three major steps: 1) the drop 
size shrinkage due to evaporation, 2) 
the conversion of the precursor into 
metal due to hydrogen reduction and 
3) the solid particle formation. The 
vapor diffusion proceeds much faster 
than the droplet shrinkage and reach-
es a steady state before the droplet 
size changes significantly [12].
In the equation (4), too, which is 
based on the assumption of one par-
ticle per one droplet, the influence of 
temperature on the process mecha-
nism and the mean particle size was 
not taken into account. For seriously 
considering this relationship, the aer-

osol droplet size and the particle size 
should be precisely measured and 
matched, and the model has to be 
modified accordingly.

Conclusion and scale up 
steps

The ultrasonic spray pyrolysis (USP) 
was successfully used for the prepa-
ration of nanosized silver particles. 
The results of the thermodynamic 
analysis of the decomposition of 
silver nitrate revealed that the equi-
librium in presence of hydrogen is 
already present at room temperature, 
in difference to 400 °C in the absence 
of hydrogen. 
The investigation regarding the influ-
ence of the reaction parameters on 
the decomposition of the initial solu-
tion of silver nitrate showed the fol-
lowing results:

 The ultrasonic spray pyroly-
sis of AgNO3-solutions in pure 
nitrogen atmos-phere at 600°C 
(Fig. 7a and 7b) is suitable for 
the synthesis of spherical, non-
agglomerated nanopowders of 
silver. 

 The increase of the hydrogen 
reduction temperature from 
150 °C to 1000 °C increases the 
amount of spherical, dense par-
ticles in the Ag-powder struc-
ture, but there is no influence 
on the purity of the obtained 
powder of silver.

Fig. 7a: SEM-micrograph of silver 
powder obtained at 600 °C from 
0.1 mol/l AgNO3 (Exp. 6, precur-
sor temperature: 25°C)

Fig. 7b: SEM-micrograph of silver 
powder obtained at 600 °C from 
0.1 mol/l AgNO3 (Exp. 7, precur-
sor temperature: 45°C)

Fig. 8: Calculated and experimental particle size of Ag after aerosol 
drying and hydrogen reduction/thermal decomposition, depending 
on the AgNO3 -concentration in the solution 
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 The ultrasonic spray pyrolysis 
of AgNO3-solutions followed by 
a hydrogen reduction lead to 
fully dense, perfect spherical 
and non-agglomerated nano-
powders of silver at 1000 °C 
furnace temperature.

 The preheating of the AgNO3-
solution to 45 °C has no influ-
ence on the particle morphol-
ogy.

 Although the one-particle-per-
droplet model fits in many cas-
es, it does not explain the dif-
ference between the calculated 
and the measured particle sizes; 
thus, a different model must 
be examined (e.g. gas-to-parti-
cle conversion mechanism). The 
most important step to com-
mercialize this process is the 
scale-up, which will be done to 
a prototype production reactor 
at IME in Aachen in 2006. 

The most important aims are:

 The development of a scaled-up 
vertical reactor technology line 
up to improved productivity of 
powder, based on project results 
(chamber with 20 transducers), 
serving a minimum output of 
100 g/h instead of the published 
data of few grams/hour. 

 The investigation of the cham-
ber characteristics and the 
hydrodynamic system in order 
to optimize the injection of the 
carrier gas and the transport of 
aerosols 

 The development of an elec-
trostatic collection system for 
nanoparticles

The new equipment is shown in Fig. 
9.

Acknowledgments

We would like to thank the DAAD 
for its 2005 research fellowships for 
Dipl.-Ing. Petr Dvorak during 10 
month at IME Process Metallurgy 
and Metal Recycling, RWTH Aachen 
University, Germany. We would also 
like to thank Mr. Dieter Leimbach for 
his highly motivated assistance in our 
experimental part. 

References
[1] Pluym, T.C., Powell, Q.H., Gurav, A.S., 

Ward, T.L., Kodas, T.T., Wang, L.M., 
Glicks-man, H.D. (1993): Solid silver 
particle production by spray pyrolysis, 
Journal Aero-sol Science 24, 3, pp. 383-
392. 

[2] Ide, E, Angata, S, Hirose, A, Kobayashi, 
K (2005): Metal-metal bonding process 
using Ag metallo-organic nanoparticles, 
Acta Materialia 53, pp.2385-2393.

[3] Majumdar, D, Glicksmann, H, Kodas, 
T (2000): Generation and sintering cha-
rac-terisics of silver-copper (II) oxide 
composite powders by spray pyrolysis, 
Powder Technology 110, pp. 76-81.

[4] Weiping, C and Lide, Z (1997): Synthe-
sis and structural and optical properties 
of mesoporous silica containing silver 
nanoparticles, J. Phus.:Condens. Matter. 
9, pp. 7257-7267.

[5] Jokanovic, V. (2006): Structures and 
substructures in spray pyrolyis process: 
Nan-odesigning, Surfactant science Se-
ries 130, ed. Spasic, A.M and Hsu, J.P, 
pp. 513-533.

[6] Stopic, S., Dvorak, P., Friedrich, B. 
(2005):Synthesis of nanopowder of cop-
per by ultrasonic spray pyrolysis method, 
World of Metallurgy Erzmetall 58, 4, pp. 
191-197.

[7] Stopic, S., Gürmen, S., Friedrich, B. 
(2005): Mechanism of synthesis of nano-

sized spherical cobalt powder by ultraso-
nic spray pyrolysis, Journal of metallurgy 
11, pp. 65-73.

[8] Marinkovic, Z., Mancic, L., Maric, R, 
Milosevic, O, (2001): Preparation of 
nanostructured Zn-Cr-O spinel powder 
by ultrasonic spray pyrolysis, J.Europ. 
Ceramic Soc., 21 pp. 2051-2055.

[9] http://environmentalchemistry.com/yo-
gi/periodic/Ag.html 

[10] Xia, B., Lengorro, W. & Okyama, K. 
(2001): Preparation of nickel powders 
by of nickel formate, J.Am.Ceram.Soc. 
84, pp. 1425-1432

[11] Peskin, R & Raco, R (1963) Ultrasonic 
atomization of Liquids, Journal of the 
acous-tical society of America 35, pp. 
1378-1381.

[12] Messing, G, Zhang, S, & Jayanthi, G 
(1993), Ceramic powder synthesis by 
spray pyrolysis, Journal American Ce-
ramic Society 76, pp. 2707-2726.

(1) Dr.-Ing. Srecko Stopic, Prof. Dr.-
Ing. Bernd Friedrich, IME Process 
Metallurgy and Metal Recycling, 
RWTH University Aachen, Ger-
many

(2) Ing. Petr Dvorak, Department of 
Metals and Corrosion Engineer-
ing, Institute of Chemical Tech-
nology, Prague, Czech Republic

Fig. 9: Scale-up of the USP system for the synthesis of nanopowder at 
IME, Aachen

Fig. 9a: Furnace with three diffe-
rent heating zones

Fig. 9b: Electrostatic collection 
powder



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /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 ()
  /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 <>
    /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 [612.000 792.000]
>> setpagedevice


