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1. INTRODUCTION 

World reserves of manganese ore are estimated by 
3.46 billion ton that includes 2.54 billion ton in the former 
Soviet Union. Deposits of manganese ore are distributed 
unevenly on the territory of the former USSR. In Ukraine 
is concentrated 82.4% of the total reserves of manganese 
ores, in Georgia 8.9%, in Kazakhstan 2.6%, the share of 
Russian Federation is 6.1%. The ore deposits of the Russia 
almost entirely represented by carbonate and carbonate-
silicate-oxide forms of a very complex mineralogical 
composition [1]. 

High peroxide and oxide ores available in limited 
quantities in Georgia and Ukraine (Chiatursky and 
Nikopolsky pools), to 1990 were mostly consumed. 

According to plans of USSR Ministry of Ferrous 
Metallurgy (Minchermet), the main consumer of the 
manganese ore, planned further increase of its production 
basing mainly on the processing of carbonate ores. These 
ores are not appropriate for obtaining concentrates with 
low content of phosphorites using physical and mechanical 
methods according to the technological schemes of the 
existing processing factories. Increase in the share of the 
carbonate ore at the producing manganese concentrates 
leads to a deterioration in their quality due to low yield 
of manganese and high content of phosphorus, silica and 
other impurities. To maintain the quality of manganese 
concentrates on the level of requirements of  ferroalloy and 
other metal industries, already since 1983 was necessary 
to import 180230 thousand ton/year of peroxide high-
manganese ore (MnO2) from Australia, Gabon, Canada, 
Brazil. This ore was used in domestic factories as additive 
to concentrates. Despite this, it was impossible to avoid 
decrease in the techno-economic indicators both at the stage 
of mining and in metallurgical process [2]. 

Reduction in the quality manganese concentrates 
adversely affected also another customers, the chemical 
industry, that produces chemicals and pure manganese 
compounds for electronics. This led to complication of 
technologies for producing manganese compounds, to 
increase in the amount of waste in the form of sludge, 
aggravates the ecological situation. It should be stressed 
that it was for environmental reasons that were closed 
several plants of manganese compounds, for example, 
the production of potassium permanganate in the town 
of Saki (Crimea), the production of manganese nitrate as 
chemical in the St. Petersburg and others. 

Currently, Russian Federation has a very unfortunate 
situation with the industry of manganese raw material. 
This is a result of a number of reasons, one of which 
is the lack of proper attention to its own raw material 
base in respect of manganese, owing to the existence 
until recently of powerful sources of the raw material 
in Ukraine, Georgia, and Kazakhstan. Production of 
manganese compounds and concentrates of manganese 
for the metallurgy was created predominantly at the 
existing mining and concentrating enterprises, located 
predominantly near the sources of raw materials. After 
the collapse of the Soviet Union, this led, in particular, to 
the shortage of production in Russia of many manganese 
compounds, such as potassium permanganate, electrolytic 
and chemically produced manganese dioxide, reactive 
salts for electronics, despite the fact that respective 
technologies have been developed largely by Russian 
organizations. 

As an example can serve the technology for producing 
high-purity pyroluzite from the manganese ore of any type 
by nitrate method developed by State Institute of Applied 
Chemistry in St. Petersburg (NPO GIPH) in 8090th of 
the last century. 
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the possibility of its eventual utilization for producing 
building materials. Such approach has been already 
tested on the same sludge in several research institutions, 
including GIAP (State Institute of Nitrogen Industry), 
Moscow. 

At the processing of carbonate ores (and, in particular, 
from the Russian ore deposits) with nitric acid are formed 
solutions with the mass ratio of Ca and Mg nitrates is 5 
or higher. With such a ratio of Ca and Mg in the solution, 
as will be shown below, the long-term maintenance 
of the thermal decomposition of manganese nitrate is 
impossibl6e. 

In the present paper is described a method of nitrate-
based chemical enrichment of manganese ores and the 
results of studies on the development of a technology free 
from the above-mentioned disadvantages.

3. CHARACTERISTICS OF NITRATE 
METHOD OF CHEMICAL ENRICHMENT 

OF MANGANESE ORES

The nitrate method developed in the Scientific 
center “Applied Chemistry” (formerly GIPH) is based 
on the extraction of manganese and related elements 
into solution in the form of nitrates, purifi cation of the 
solution to remove the compounds of iron, aluminum 
and phosphorus, its concentrating by evaporation and 
isolation of the fi nal product of ore dressing by thermal 
decomposition of manganese nitrate in the presence of 
nitrates of calcium, magnesium, potassium and sodium, 
in correspondence with the equation: 

Mn(NO3)2  MnO2 + 2NO2.                             (1) 

The method is suitable for processing the ore of any 
type. In the case of oxide ores the dissolution (leaching) 
of MnO2 is performed with circulating nitrogen oxides 
produced in the reaction (1) at the thermal decomposition 
of Mn(NO3)2, dissolution of MnO with reverse nitric 
acid synthesized from the nitrogen oxides and industrial 
water or  with the nitric acid  introduced into the 
process from external source. In the latter case there is a 
possibility of obtaining as a commercial product not only 
artifi cial pyrolusite (-MnO2) but also pure manganese 
nitrate solution through the dissolution of the resulting 
manganese dioxide with nitrogen oxides. 

In the case of carbonate ore whole manganese is 
extracted into solution using returned nitric acid. 

By order of the USSR Minchermet was developed a variant 
of technology based on carbonate ores of Nikopol deposits 
for producing pyrolusite with the production capacity 
150 thousand ton/year at the Marganets mining and 
enrichment plant (Ukraine). However, because of well-
known social and political changes and the collapse of the 
Soviet Union the production has not been created. 

For Russia, the development of industrial technology 
of chemical enrichment of manganese ore is extremely 
important, however, establishing of large scale production 
of pyrolusite in relation to the mining and enrichment 
plants in the short term is hardly possible. This is due 
to the poor developed of domestic deposits and poor 
infrastructure. A more realistic is another way: the crea-tion 
of a relatively small (with capacity 1020 thousand ton per 
year of pyrolusite) modules on both complex domestic and 
imported ores, not necessarily related to the mining and 
enrichment plants. From a viewpoint of high-scale iron 
and steel industry such modules would be insignifi cant, 
but they would enable acceleration of development of the 
production of pure manganese compounds for chemistry 
and electronics on a new basis. 

2. FORMULATION OF PROBLEM

Analysis of technology developed for large scale 
production in the mining and enrichment plants showed 
that a number of technical and technological solutions 
can not be used in the creation of a separate production 
of modular design. 

In the version of technology developed for Marganets 
mining and enrichment plant is used the countercurrent 
process of the ore  leaching which leads to formation 
of sludge of two types: with large particles of sand 
type (mainly, SiO2, MnO2) and fi ne clay slurry. The 
latter practically does not lose water and therefore after 
purifi cation from nitrates and biological denitration to 
maximum allowed concentration is transformed into a 
slurry (pulp) with a mass ratio of liquid/solid about 7 
which commonly is out to the plant slurry fi eld. 

It is obvious that such an option is acceptable only for 
mining and dressing enterprises which have slurry fi eld 
while at the organization of production in the  absence 
of such field the pulp withdrawal becomes a great 
disadvantage of technology hindering its implementing 
by the environmental reasons. 

Therefore, it is necessary to design the technology 
with the withdrawal of the sludge in a dry form, with 
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At the processing of the ore of any type by the nitrate 
method should be introduced fresh nitric acid in the 
quantity required for the dissolution of compounds of 
alkaline earth metals (Ca, Mg) and oxides of alkali metals 
(K, Na). In the nitrate method developed in the Center 
of Applied Chemistry the extraction into the solution of 
alkaline and the alkaline earth metals is crucial. 

As the acid to dissolve compounds Ca, Mg, K, Na 
is introduced additionally, the corresponding part of the 
solution of nitrates of these elements should be removed 
from the production line and processed into liquid or 
granular fertilizer on the basis of calcium nitrate. 

4. RESEARCH ON THE DEVELOPMENT 
OF A VERSION OF THE CONCURRENT MODE 

LEACHING THE ORE WITH THE WITHDRAWAL 
OF DRY SLUDGE

4.1. Concurrent (Single Step) Leaching

It was found that the concentration of acid in a wide 
range (from 35 to 30%) practically does not infl uence 
the rate of extraction of components of the carbonate 
manganese ore under the condition of good contact of 
solid and liquid phases (stirring). 

In the range of small concentrations of acid (about 3%) 
to maintain acceptable, in the terms of technology, rate of 
the process is required initial grinding of ore. It was shown 
that at the grinding ore to the particle of about 1 mm size 
the increase in the process rate provides attaining the 
maximum possible degree of extraction of components 
from the ore for about 1 h at a temperature of 45 to 50°C 
and reliable fl uidization of the ore. The residual acidity 
is not higher than 0.10.2% of the totally loaded acid 
(pH in the range of 1 to 1.5), and extraction of the main 
elements of the ore are as follows: Mn  88.1%, Ca  98.4%, 
Mg  72.6%, K  89.6%, Na  83.8%. These data are very 
similar to the results of leaching in countercurrent mode 
(88.5%, 98%, 72%, 90% and 90%, respectively). The 
unreacted sludge (dry substance) is 26.8% of the mass 
of the loaded ore. 

During the leaching, the solid phase particle size 
decreases from the maximum (1 mm) and the ratio by 
weight liquid/solid of the pulp increases from 6.2 to 14.6. 
This pulp can be reliably weighted in the apparatuses 
with conventional stirring devices (such as anchor stirrer) 
and moved along the chain of technological units as 
a fl uid. This opens up a possibility of using relatively 
inexpensive standard devices instead of countercurrent 

tubular leaching apparatus of specifi c design. 
The results obtained showed that the preliminary 

crushing of ore and reliable weighing in a solution 
of salts allows to perform the leaching process in the 
concurrent (single pass) mode, with formation of sludge 
of one type. 

4.2. Separation of Sludge from the Solution, 
Washing it from Salts and Dehydration

Environmentally safe technology should include the 
separation of sludge from the solution, almost complete 
washing off the salts and dehydration of sludge to allow 
its subsequent application in the production of building 
materials. 

In the nitrate technology is adopted the most 
economical way of the sludge separation from the solution 
by settling in the thickener in the presence of fl occulants 
(polyacrylamide). The rate of the sludge thickening is 
affected by the degree of dilution of the original pulp 
(mass ratio liquid/solid), by consumption of fl occulants 
(kg  per 1 ton of sludge), by the contents of acids and salts 
in solution. It was found that the optimal consumption 
of fl occulants for the nitrate solutions at processing 
carbonate ore (mass fraction of salt is about 36%) is about 
0.7 kg/ton, and it little depends on the degree of dilution 
of the original pulp and acid content in the solution. 

The degree of dilution of the pulp has a major effect 
on the rate of thickening the sludge, especially for thin 
clay slurry obtained by countercurrent leaching. For such 
pulp the liquid/solid ratio should be at least 40 to obtain a 
suitable for the technology rate of thickening (1.5 m/h). 

We found that the sludge produced at the concurrent 
leaching can be much better concentrated, probably due 
to the presence of relatively large porous particles that can 
carry the clay fraction of sludge. Even at the ratio liquid/
solid of about 15 the thickening rate was not less than 
1.6 m/h, and the ratio liquid/solid in the condensed sludge 
equals approximately 2 instead of 78 in the clay slurry. 

In this case, the rate of sludge thickening is affected 
also by the value of pH of the solution: in the weak acid 
solution with pH 11.5 it was about twice higher than in 
the solution neutralized to pH 3.54. This is important, 
because twofold increase in the rate of sedimentation 
allows 1.4 times reducing the estimated diameter of 
thickener. 

This technology includes enhancing the pH of solution 
after leaching for its purifi cation from compounds of iron, 
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aluminum, phosphorus, etc., extracted from the ore into 
solution. In principle, the degree of purifi cation of the 
solution from these compounds by increasing its pH may 
depend on the presence or absence of sludge in the system. 
However, at the recommended conditions of purifi cation 
of solution (temperature 8090С, maintaining at pH 4 
for about 1 h) that was not found. According to atomic 
absorption analysis of trace mass fraction in the solution 
neutralized with clay slurry the content of contaminants 
is: Fe 0.0005%, Al 0.0002%, Co 0.0002%, Ni 0.0014%.  
The corresponding fi gures obtained for the clarifi ed 
solution: 0.0004%, less than 0.0002%, less than 0.0002%, 
less than 0.0014%. 

According to the data the initial separation of the pulp 
followed with neutralization is useful to reduce the size 
of thickener. 

Washing off the salt from the condensed sludge is 
carried out by countercurrent decantation in a cascade 
of thickeners. The method is applied on an industrial 
scale, and calculations of the cascade parameters are 
well known. 

At the investigation of the possibility of dehydration of 
washed from salt sludge by fi ltration is found that the ore 
sludge is fi ltered much better than the clay slurry. The rate 
of fi ltering on the fi ltrate at a pressure drop on the fi lter 
0.07 MPa and the height of the layer of sediment about 
1 cm was 116 dm3 m2 h). After pressing the sediment 
on the fi lter at the above specifi ed pressure for one the 
minute its humidity was around 25%. 

The composition of sludge (per dry substance): MnO  
2.14%, MnO2  9.74%, SiO2 73.28%, oxides of Ca, Mg, K, 
Na, Al, Fe, etc. 13.1%, polyacrylamide 0.1% , Fe(OH)3 
0.45%, Al(OH)3 0.21%, FePO4 0.03%, CaCO3 0.5%, 
MgCO3 0.42%, nitrates less than 0.03%. 

5. OPTIMIZATION OF THE PROCESS 
OF THERMAL DECOMPOSITION 

OF MANGANESE NITRATE

As already indicated above, at the nitrate technology, 
it is important to conduct thermal decomposition of 
manganese nitrate in the presence of nitrates of Ca, Mg, K, 
Na, as in this case does not occur the complete dehydration 
at the temperature of up to 200°C and is formed capable to 
fl ow suspension of manganese dioxide in a solution of salts 
with a relatively low temperature of solidifi cation which 
can be easily removed from the reactor. 

To calculate the equilibrium mass fraction of 

manganese nitrate at its thermal decomposition in [3] is 
suggested an equation:

                         Cp =  A0 – AT – BX + XTnY,                      (2)

where T is absolute temperature by Kelvin, A0, A, B, C are 
constants; X, Y are dimensionless parameters refl ecting 
the composition of the solution of alkali and alkaline earth 
metal nitrates: X = mass fraction of Ca(NO3)2 /sum of 
mass fractions of Ca(NO3)2 and Mn(NO3)2; Y = the sum 
of the mass fractions of KNO3 and NaNO3 / sum of mas 
fractions of Ca(NO3)2 and Mn(NO3)2. 

Since the macro-contaminants in the solution of the 
manganese nitrate obtained from ore are Ca and Mg 
nitrates (the nitrates of alkaline metals approximately by 
an order of magnitude below), temperature and the ratio 
of Ca and Mg nitrates in the system (parameter X) exert 
the main infl uence on the equation (1). 

The main researches on nitrate technology were 
performed with the oxide-carbonate ores of Nikopol 
deposits with carbonate contents of up to 20%. For 
the solutions obtained from these ores, the value of 
X decreases to the range 0.30.5. It was found in [4] 
that at this ratio of Ca and Mg nitrates in the system 
the activation energy of reaction (1) is minimum. Also 
important is the fact that with the specifi ed X values 
fl owing melt of the salts formed, crystallization MnO2 
took place mainly in the volume of apparatus, and the 
specifi c rate of depositing the product  on the details of 
the device (mainly on the heating surface) did not exceed 
56 g MnO2 / m3 h. 

At processing carbonate ores are obtained other values 
for X, 0.8 and above. Our study showed that the increase 
of calcium content in the system negatively affects 
the process of thermal decomposition of manganese 
nitrate. 

First, at the increase in viscosity and temperature of 
freezing the salt melts, the conditions of heat transfer 
into the reaction mixture bulk deteriorate resulting in 
lower degree of decomposition of manganese nitrate and 
crystallization of MnO2 mainly on the heating surfaces. 
At higher content of calcium nitrate in the system (X = 
0.9 and above) the melts with the freezing temperature 
about 150°C are obtained, and at the working temperature 
of 175180°C (as adopted in the nitrate technology) they 
can not be unloaded from the reactor. 

Secondly, it is found that under the conditions of 
thermal decomposition of manganese nitrate, calcium 
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nitrate is able to crystallize; it is deposited and promotes 
deposition of MnO2 on the reactor parts (mechanical 
co-precipitation) 

It is shown below the dependence of temperature of the 
start of deposition of Ca(NO3)2 crystals (TєC) on the ratio 
of nitrate Ca and Mg in the salt melt (parameter X):

The data show that in order to practically exclude 
crystallization of Ca(NO3)2 at operating temperatures 
(170190єC), the value X in the system should be 0.3 or 
below. At the processing oxide and oxide-carbonate ore 
this condition is approximately fulfi lled (X ~ 0.5). It is 
useful at the processing of carbonate ores to add to the 
initial manganese ore some minerals, such as dolomitized 
magnesite from 1 kg of which at the  processing with 
nitric acid is produced, 1.55 kg of Mg(NO3)2, 0.2 kg 
of Ca(NO3)2  and 0.3 kg of sludge. It should be added 
in a quantity necessary for providing after the leaching 
the content of Ca and Mg nitrates in the desired ratio 
(the value of X less than 0.5). Adding magnesium to the 
system is useful also in another respect: it increases the 
value and effi ciency of agrochemical liquid fertilizer 
formed at the producing pyrolusite. 

CONCLUSIONS 

(1) Pre-grinding carbonate ore to the particle size of 
about 1 mm is used to perform the process of leaching 
in concurrent (single pass) mode using standard device 
with stirrer of relatively low cost. 

(2) Leaching in the concurrent regime simplifies 
considerably utilization of side products as one type of 
sludge is formed rather than two in the countercurrent 
mode. 

(3) At the separation of sludge from the acid 
salt solution (before neutralization) the rate of its 
sedimentation increases twofold that allows 1.4-fold 
decrease in the diameter of the thickeners. 

(4) The main sludge formed at the concurrent regime 
of leaching unlike the thin clay slurry obtained in the 
countercurrent mode can be dehydrated at fi ltration, and 
removed from the production in the dry state, and then 
used in the production of building materials. 

(5) Mixing the original ore with the dolomitized 
magnesite optimizes the composition of the medium at the 
thermal decomposition of manganese nitrate and ensures 
effi ciency of the reactor of thermal decomposition. 

(6) The technology including the above-mentioned 
solutions enables arrangement of the independent 
production of manganese oxide, in part, outside the 
mining and enrichment enterprises. 

REFERENCES

1. Mikhailov, B.N., Gurvich, E.M., and Dombrovskaya, Zh.V. 
et al., Abstracts of Papers, Mezhvedomstvennoe soveshchanie 
“Aktual’nye problemy obrazovaniya prognozirovaniya i 
poiskov margantsevykh rud” (Interdepartmental Meeting 
on Actual Problems of Formation, Forecasing, and Search 
of Manganese Ore), St. Petersburg, 1992, pp. 3–5.

2. Mikhailov, B.N., Abstracts of Papers, Mezhvedomstvennoe 
soveshchanie “Aktual’nye problemy obrazovaniya 
prognozirovaniya i poiskov margantsevykh rud” 
(Interdepartmental Meeting on Actual Problems of 
Formation, Forecasing, and Search of Manganese Ore), St. 
Petersburg, 1992, pp. 69–72.

3. Nasedkina, V.Kh., Konyaeva, V.D., and Shishkin, M.A., 
Abstracts of Papers, Mezhvedomstvennoe soveshchanie 
“Aktual’nye problemy obrazovaniya prognozirovaniya i 
poiskov margantsevykh rud” (Interdepartmental Meeting 
on Actual Problems of Formation, Forecasing, and Search 
of Manganese Ore), St. Petersburg, 1992, pp. 41–42.

4. Ozhogina, E.G., Bulkin, A.A., Shishkin, M.A., Abstracts 
of Papers, Mezhvedomstvennoe soveshchanie “Aktual’nye 
problemy obrazovaniya prognozirovaniya i poiskov 
margantsevykh rud” (Interdepartmental Meeting on 
Actual Problems of Formation, Forecasing, and Search of 
Manganese Ore), St. Petersburg, 1992, pp. 73–74. 

5. The program of works to provide industry in manganese 
concentrates, reducing the loss of manganese in the 
production of concentrates of manganese and ferroalloys, 
and rational use of manganese in steel production,  for the 
period up to 2005, Minchermet USSR, 1988.

6. Markov, S.S., Krasil’nikov, A.A., and Belyaeva, L.B., Zh. 
Prikl. Khim., 1988, pp. 89–94.

7. Markov, S.S. and Belyaeva, L.B., Sb. nauchnykh trudov 
NPO GIPKh “Khimiya i tekhnologiya neorganicheskikh 
ftorsoedinenii tugoplavkikh lyuminestsentnykh materialov 
i komponentov SOZh” (Coll. of Sci. Proceedings of NPO 
GIPKh “Chemistry and Technology of Neorganic Fluoro 
Compounds, Refractory Luminescent Materials, and 
Components of SOZh”), Leningrad, 1978, pp. 88–95.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


