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SYNOPSIS

Carbothermal reduction of manganese oxides and manganese ores in the solid state was studied in hydrogen,
helium and argon at different temperatures, ore compositions and carbon to manganese oxide ratios. Wessels
ore (South Africa) and two grades of the Groote Eylandt ore (Australia) with different level of impurities were
examined. Ores were characterised by XRD, X-ray fluorescence, optical microscopy and scanning electron
microscopy. Isothermal and temperature programmed carbothermal reduction experiments were conducted
in a fixed bed reactor in a vertical tube furnace, with on-line monitoring of gas composition by the CO-CO2
infrared sensor. The reduced samples were characterised by XRD, SEM and LECO analyses. Extent of reduc-
tion was calculated using data on the off-gas composition, and LECO carbon and oxygen contents in the re-
duced sample. Manganese oxides in the ore were reduced to α-Mn and carbides Mn23C6 and Mn7C3
depending on the carbon to ore ratio. The reduction rate of manganese ores in hydrogen was higher than in
helium and argon. 
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1. INTRODUCTION

Carbothermal reduction of manganese ore is the major industrial method for processing of manganese ore,
and has been intensively studied [1-12]. It is well established that manganese oxide is reduced quite slowly
in the solid state. That is why in the industrial production of manganese alloys in blast or electric ferroalloy
furnaces, the reduction/smelting temperature is around 1500oC, at which manganese oxide is reduced from
the molten slag. However, manganese oxide in manganese ore exists in the form of a separate phase [6-8, 10].
In the smelting reduction of manganese ore, manganese oxide is firstly dissolved into the molten MnO-SiO2-
Al2O3-CaO-MgO slag, and then is reduced from the slag. Reduction of manganese oxide from the slag is
strongly retarded by silica, and is slower than the reduction of pure manganese oxide [7, 8]. Reduction or pre-
reduction of manganese ore in the solid state, if it is implemented at a reasonable rate, can improve efficiency
of processing of manganese ore. A study of the solid-state manganese ore reduction is the aim of this paper.

Effects of temperature, ore composition and size are quite well established [1, 3, 5, 7, 8, 10-15]. The effect
of gas atmosphere on the carbothermal reduction of manganese oxide and manganese ore has been studied to
a lesser extent. Ding [16] examined the effect of the partial pressure of CO on the manganese ore reduction.
He stated that decreasing the CO partial pressure by about two thirds is equivalent to a temperature increase
of 60-70 degrees. Skjervheim and Olsen [12] also found that lowering the CO partial pressure enhanced the
rate of reduction. Eric and Burucu [3] compared rates of MnO reduction by graphite in different gas atmos-
pheres; in argon, carbon monoxide, carbon dioxide, and by CO. They showed that the argon and carbon com-
bination gave the greatest rate and extent of reaction, followed by the other systems in the order above. Data
obtained by Terayama and Ikeda [11] for carbothermal MnO reduction in helium showed that MnO is reduced
much faster in helium than in argon. Similar results were obtained by Yastreboff et al. [9] for MnO, manga-
nese ore and ferromanganese slag. The strong response to changing the atmosphere to a different inert gas
with different diffusivity provides an insight not only to the reaction mechanism, but also to the identification
of limiting stages.
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This paper examines carbothermal reduction of MnO and manganese ores in argon, helium and hydrogen.  No
previous work on carbothermal reduction of manganese oxides or manganese ore in hydrogen has been pub-
lished to our knowledge. The paper presents experimental results on the carbothermal reduction of MnO,
Wessels ore (South Africa) and two grades of the Groote Eylandt ore (Australia).

2. EXPERIMENTAL

Samples were made by mixing pure MnO or manganese ore with graphite. Manganese monoxide was sup-
plied by Aldrich Chemical Company, Inc. The manganese monoxide was in powder of -60+170 mesh, with
a purity of > 99%. Synthetic graphite (CAS 7782-42-5) in a powder of <20 microns was mechanically mixed
with manganese oxide MnO with varied MnO/C.

The investigated manganese ores were
Groote Eylandt (Australia) and Wessels (South
Africa) ores. Two grades of Groote Eylandt
were studied: Groote Eylandt Premium Sand
with high silica content (GE-PS) and Groote
Eylandt Premium Fines (GE-PF). Manganese
ores were preheated in air at 1000 C for 3 hours.
Results of XRF and LECO (oxygen) analyses
of preheated ores are shown in Table 1. The ex-
amined ores had a fraction of +45-150  m. 

Reduction experiments were conducted in an
alumina reactor in the vertical electric furnace.
The furnace gas atmosphere was made from
pure hydrogen, helium or argon. Brooks mass
flow controllers with electronics were used to
regulate gas flow rates. A powder sample was
placed into a graphite crucible with 10 mm di-
ameter and 21 mm height. The average sample
mass was 1.00 g. The exit gas was analysed us-
ing CO-CO2 Infrared Analyser and dew point
monitor. Phase composition of samples was
characterized by X-ray Siemens D5000 diffrac-
tometer with Ni-filtered Cu K  radiation.

3. RESULTS

3.1 Carbothermal reduction of pure MnO in 
different gas atmospheres

Carbothermal reduction of pure MnO in hydrogen, helium and argon was studied in the temperature range
1050-1400oC. Reduction in hydrogen was examined at different MnO/carbon molar ratios. Figure 1 shows
reduction curves at 1200oC for the MnO/C molar ratio in the range 1/0.34 to 1/2. Reduction behaviour was
not affected by the MnO/C ratio, when it was below 1/1.22. However, this ratio had a strong affect on the
phases formed in the course of reduction (Fig. 2). Table 2 summarises results of XRD analysis (Fig. 2) of sam-
ples obtained in the MnO reduction in the temperature range 1200 to 1300 oC with different MnO/C ratio.

For samples with MnO/C ratio more than 1 the main phase was MnO; only a small amount of manganese
carbide Mn23C6 and  was observed. When the molar MnO/C ratio was in the range of 1 to 1/2 or small-
er no oxide phase was detected; the main phases were  and Mn23C6 . Reduced samples with MnO/C

α Mn–
α Mn–

Table 1: Chemical analysis of preheated ores, wt%

Element Wessels GE-PF GE-PS
Mn 49.20 59.27 42.26
Fe 10.15 3.58 5.06
O 30.04 30.32 32.61
Si 1.772 2.25 14.06
Al 0.727 1.78 2.86
Ca 5.405 0.10 0.10
Mg 0.3987 0.09 0.08
K - 0.92 0.53
Ba 0.6645 0.43 1.13
P 0.0353 0.07 0.08
Ti 0.0266 0.08 0.19
Zn 0.0206 0.02 0.02
V - 0.02 0.02
Sr - 0.04 -
Cd 0.0111 - -

Other 1.5567 1.05 0.99
Total 100 100 100

Mn/Fe ratio 4.85 16.5 8.34
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less than 1/1.5 contained only carbide
phase Mn7C3 (Table 2). No residual car-
bon was observed in a sample produced
in the reduction with MnO/C ratio 1/1.3
and above. The stoichiometric MnO/C
molar ratio for complete conversion of
MnO to Mn7C3 is 1/1.43 (7/10).

The XRD examination of samples
with MnO/C ratio below the stoichio-
metric value in the course of reduction
revealed (Fig. 3) that reduction of MnO
proceeded to Mn23C6 through the high
carbon manganese carbide Mn7C3. The
final product depended on the MnO/C
ratio (see Table 2) and was independent
of the gas atmosphere. For a sample
with MnO/C=1/1.3, the formation of
Mn7C3 carbide was completed in 60
min, when the degree of reaction

reached 91% reduction, and all carbon was consumed. This reduction stage can be presented by the equation: 

MnO + 1.3C = 0.13Mn7C3 + 0.91CO + 0.09MnO (1)

Further reduction proceeded in accordance with the equation (2): 

0.09MnO + 0.097Mn7C3 = Mn23C6 + 0.09CO 2)

Reduction curves for carbothermal reduction of MnO with MnO/C ratio of 1/1.3 in hydrogen in the
temperature range 1050-1400oC are presented in Figure 4. In all gases, reduction rate increased with
increasing temperature

Table 2: Phases formed in the carbothermal MnO reduction with different Mn/OC ratios

MnO/C ratio >1 1/1.1 1/1.3 1/1.5 ½
Final products MnO,  -Mn, Mn23C6 a-Mn, Mn23C6 Mn23C6 Mn7C3, C Mn7C3, Cα
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Figure 1: Carbothermal reduction of MnO samples with different 
MnO/C molar ratios at 1200 oC in hydrogen
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Figure 2: XRD patterns of reduced MnO samples with different MnO/C ratios  in hydrogen and helium in the 
1200 to1300 oC
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Figure 3: XRD patterns taken at various stages of MnO reduction in hydrogen with MnO/C ratio 1/1.3
at 1200o C

0

20

40

60

80

100

0 20 40 60 80 100 120

Time, min

R
ed

uc
tio

n,
 %

1400°C 1300°C 1200°C 1100°C 1050°C

Figure 4: Carbothermal reduction of MnO at different temperatures in hydrogen, MnO/C ratio 1/1.3
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Figure 5:Reduction curves for samples with
MnO/C = 1/1.3 at 1275 oC in different gas
atmospheres
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Effect of gas atmosphere on MnO reduction at different temperatures is shown in Figures 5-7. Reduction
was the fastest in hydrogen and slowest in argon, however, effect of gas atmosphere depended strongly on the
temperature. Reduction in argon and helium at temperatures 1275oC and below was slow and incomplete;
only reduction in hydrogen was close to completion at 1200oC. However, the difference in the reduction be-
haviour in different gases decreased with temperature. At 1400oC, reduction curves obtained in hydrogen and
helium were almost identical (Fig. 7), although reduction in argon was slower than in H2 and He.

3.2 Carbothermal reduction of manganese ores

In the reduction of manganese ore, the effect of the ore to carbon ratio (by mass) was studied at 1200oC in the
hydrogen gas atmosphere. Reduction curves are presented in Figures 8-10. Reduction curves for the Wessels
ore were in a relatively narrow band for the carbon content in the ore-carbon mixture in the range 12-30 wt%.
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Figure 6: Reduction curves for samples with MnO/C = 1/1.3 at 1300 oC in different gas atmospheres
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Figure 7: Reduction curves for samples with MnO/C = 1/1.3 at 1400 oC in different gas atmospheres
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Effect of carbon content on the reduction of GE ores was quite minor when the carbon content was above 20-
22 wt%. However, the carbon content affected strongly the phase composition, which is shown in Table 3.

Reduction curves for Wessels, GE-PF, GE-PS ores and manganese oxide in hydrogen, helium and argon at
1100°C and 1200°C are shown in Figures 11 and 12 respectively. At constant temperature, rate of reduction

depended on the type of the ore and the gas atmosphere. Under identical conditions, rate and extent of reduc-
tion of Wessels ore were higher than of GE ores and of pure MnO oxide. All ores reduced faster in hydrogen
than in helium, and reduction in helium was faster than in argon. Reduction of manganese ores in helium and
argon at temperatures 1100oC and 1200oC and, in hydrogen at 1100°C was incomplete.

4. DISCUSSION

It is accepted that carbothermal reduction by solid carbon proceeds via a gas phase. The overall reaction of
MnO reduction by carbon

7MnO+10C=Mn7C3+7CO (3)

is presented as a sum of three reactions

MnO+CO=[Mn]+CO2 (4)

CO2+C=2CO (5)

7Mn + 3C = Mn7C3 (6)

The rate of the overall MnO reduction is suggested to be limited by the interfacial Boudouard reaction [1,
11], or by transport of CO2 within the porous bed of the solid reactant mixture to the carbon particles [2]. At
high temperatures, when MnO is reduced from the molten slag, direct graphite-molten slag reaction may
dominate in the reduction processes.

The rate of MnO and manganese ore carbothermal reduction is the fastest in hydrogen, and is faster in he-
lium than in argon. Strong effect of the gas atmosphere on the rate of manganese oxides reduction indicates
that external and internal mass transfer of gaseous reactants may play an important role in the reduction ki-
netics. The difference between Ar and He is the degree of resistance that they impress onto the diffusivity of
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Figure 8: Carbothermal reduction of Wessels ore with different carbon content (wt%) at 1200° C in hydrogen
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Figure 10: Carbothermal reduction of GE-PF ore with different carbon content (wt%) at 1200 oC in
hydrogen
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Figure 9: Carbothermal reduction of GE-PS ore with different carbon content (wt%) at 1200 oC in hydrogen
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other gaseous species. Diffusivity of CO in helium and argon, calculated using the Chapman-Enskog formula
[17] at 1400oC and 1 atmosphere is 16.9 cm2sec-1 and 3.6 cm2sec-1 respectively. The difference is a factor of
4.7. 

Phase composition of reduced manganese ores samples with different carbon
content at 1200°C in hydrogen

Diffusivity of CO in hydrogen and helium is about the same, therefore internal and external mass transfer
is not a factor distinguishing carbothermal reduction of manganese oxides in hydrogen and helium. However,
hydrogen is involved in the reduction process, reducing higher manganese oxides to MnO and iron oxides to
metallic iron. In the presence of carbon, hydrogen can also reduce MnO to the metallic manganese. The equi-
librium constant for the reaction 

MnO + H2 =Mn +H2O (7)

log K =-7,394/T+1.07

calculated using data from Knacke et al. [18], is below 10-3 even at 1500oC (about 10-4 at 1200oC). How-
ever, the presence of solid carbon will maintain partial pressure of H2O at a low level by the reaction:

C+H2O=CO+H2 (8)

(log K=2.68 at 1200oC and log K = 3.48 at 1500oC), what makes the reduction of manganese oxide by
hydrogen in the presence of solid carbon feasible.

Another possible mechanism of carbothermal reduction of manganese oxides in hydrogen atmosphere in-
cludes formation of methane as follows:

C + 2H2 = CH4  (9)

MnO + CH4 = Mn7C3 + H2 + CO (10)

wt%C Wessels GE-PS GE-PF

5 - Mn2SiO4 -

11 Mn2SiO4, MnSiO3, 
Mn22.6Si5.4C4, (Mn,Fe)5SiC

MnO, Mn2SiO4, (Mn,Fe)23C6

12
13

Fe0.4Mn3.6C, 
Fe0.6Mn5.4C2

MnSiO3,Mn22.6Si5.4C4
(Mn,Fe)5SiC

MnO, Mn2SiO4, (Mn,Fe)23C6

Mn2SiO4, (Mn,Fe)23C6(Mn,Fe)5SiC

14

15

16

(Mn,Fe)7C3, 
(Mn,Fe)5C2

Mn22.6Si5.4C4 
(Mn,Fe)5SiC

Mn2SiO4, MnSiO3, (Mn,Fe)7C3 
(Mn,Fe)5SiC

Mn2SiO4, (Mn,Fe)7C3, Mn6.4Fe0.6Si2

Mn2SiO4, (Mn,Fe)7C3
(MnFe)22.6Si5.4C4

17-19

(Mn,Fe)7C320

C, (Mn,Fe)7C3, Mn22.6Si5.4C4
21-30

Mn22.6Si5.4C4 
(Mn,Fe)5Si3, C



266 INFACON XI

Although partial pressure of methane in
the gas phase is low (0.01-0.03 atm in the
range of experimental temperatures), the
carbon activity of the gas phase in equi-
librium with graphite is unity, which is
sufficient for manganese carbide forma-
tion. In general, solid-gas reactions are
faster than solid-solid reactions. Methane
may act as a means for carbon transporta-
tion, what accelerates the overall reduc-
tion process.

Higher MnO reduction rate in hydrogen
than in helium and in helium than in ar-
gon indicates that the reduction rate was
mix-controlled by the chemical reaction
and internal and external mass transfer.

At high temperature (1400oC), MnO
was reduced in hydrogen and in helium
with about the same rate, which was
higher than in argon. This is an indication, that at 1400oC the reduction rate was controlled by the mass trans-
fer; a role of hydrogen in reduction was insignificant.

Reduction of manganese ores was strongly affected by the ore chemistry. Wessels ore contains much higher
iron and calcium oxides and less potassium than both GE ores; while GE-PS has high silica. Wessels ore con-
tained 10.15 wt% Fe, while iron content
in GE-PS and GE-PF ores was 5.06 wt%
and 3.58 wt% respectively. Iron oxides
were easily reduced by hydrogen to me-
tallic iron which acted as nuclei in the re-
duction of MnO. This can be one of
factors explaining faster reduction of
Wessels ore in comparison with GE, and
higher reduction rate of GE-PS in com-
parison with GE-PF. 

In the reduction of GE ores, manganese
silicate was formed, fluxed by alumina
and alkali oxides. This silicate was liquid
at temperatures above 1100oC. Formation
of liquid phase hampered the reduction of
GE ores. Wessels ore remains solid at
1200oC; its carbothermal reduction in the
solid state in hydrogen atmosphere
reached above 90% in less than in 20 min. 

5. CONCLUSION

Carbothermal reduction of manganese oxide and manganese ores was strongly affected by the reduction tem-
perature and gas atmospheres. Reduction of MnO in hydrogen was close to completion at 1200oC in about
two hours, while in helium and argon reduction of MnO was not completed during this reaction time at tem-
peratures below 1300oC. Carbothermal reduction of MnO and manganese ores at constant temperature was
the fastest in hydrogen and slowest in argon. Rate and extent of reduction of Wessels ore were higher in com-
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Figure 11: Carbothermal reduction of manganese ores with
30wt% carbon at 1100 oC in hydrogen, helium and argon
atmospheres
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parison with Groote Eylandt ores. Composition of phases formed in the reduction process depended on the
manganese oxide to carbon ratio, and was independent of the gas composition. Carbothermal reduction of
Wessels ore is feasible in the solid state at 1200 oC.    

REFERENCES

[1] Rankin W. J. and Van Deventer J. S. J. (1980): The Kinetics of the Reduction of Manganous Oxide by Graphite,
Journal of the South African Institute Of Mining and Metallurgy, 80, 239-247.

[2] Rankin W. J. and Wynnyckyj J. R.(1997): Kinetics of Reduction of MnO in Powder Mixtures with Carbon, Metal-
lurgical and Materials Transactions B, 28B, 307 -319.

[3] Eric R. H. and Bucuru E. (1992): The Mechanism of the Carbothermic Reduction of Mamatwan Manganese Ore
Fines, Minerals Engineering, 5, 795-815.

[4] Gasik M. I. (1992), Manganese, Metallurgiya, Moscow (in Russian).

[5] Grimsley W.D., See J.B. and King R.P. (1977): The mechanism and rate of reduction of Manwatwan manganese ore
fines by carbon, J. S. Afr. Inst. Min. Metall., (10), 51-62.

[6] Rait R. and Olsen S. E. (1999): Liquidus Relations of Ferromanganese Slags, Scandinavian Journal of Metallurgy,
28, 53-58.

[7] Ostrovski O. and Webb (1995): Reduction of Siliceous Manganese Ore by Graphite, ISIJ International, 35 (11),
1331-1339.

[8] Yastreboff M., Ostrovski O. and Ganguly S.(1998): Carbothermic Reduction of Manganese from Manganese Ore
and Ferromanganese Slag, 8th Int. Ferroalloys Congress, Beijing, China, June 7-10, 1998, 263-270.

[9] Yastreboff M., Ostrovski O. and Ganguly S., Effect of Gas Composition on the Carbothermal Reduction of Manga-
nese Oxide, ISIJ Int, 43 (2003), 161-165

[10] Tangstad M. (1996): The High Carbon Ferromanganese Process- Coke Bed Relations PhD doctorate Department of
Metallurgy, The Norwegian Institute of Technology MI-rapport 1996 (37). 

[11] Terayama K. and Ikeda M. (1985):Study on the Reduction of MnO with Carbon by Effluent Gas Analysis Method,
Transactions of the Japan Institute of Metals, 26, 108-114.

[12] Skjervheim T. and Olsen S. (1995):The Rate and Mechanism for Reduction of Manganese Oxide from Silicate
Slags, Infacon 7, Trondheim, 631-639.

[13] Koursaris A. and See J. B. (1978):The Resistivity of Mixtures of Mamatwan Manganese Ore and Reducing Agents
National Institute for Metallurgy, Johannesburg Report no. 1982, 1-13.

[14] Koursaris A. and Finn C. W. P. (1985): The Reduction of Mamatwan Manganese Ore in a Submerged-Arc Furnace,
Transactions ISIJ, 25, 109-117.

[15] Koursaris A. and See J. B. (1978):Reactions in the Production of High-Carbon Ferromanganese from Mamatwan
Manganese Ore, National Institute for Metallurgy Johannesburg, Report no. 1975, 38.

[16] Ding W. (1993): Equilibrium Relations in the Production of Manganese Alloys, PhD Thesis   University of Trond-
heim, (Feb).

[17] Bird R., Stewart W. and Lightfoot E. (1960) Transport Phenomena, John Wiley and Sons.

[18] Knacke O., Kubaschewski O. and Hesselmann K. (1991): Thermochemical Properties of Inorganic Substances I,
Springer-Verlag, Second Edition.



<<
  /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


