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In this paper, the influence of SiO; on the microstructure and consolidation mechanism of recrystallized silicon carbide (RSiC)
was studied by comparing the relationship of the weight losses and microstructural evolution with the SiO, contents at
different firing temperatures. The results showed that the presence of SiO, resulted in a basic weight loss proportional to the
SiO, content and an additional weight loss independent of the SiO, content. The consolidation mechanism of SiC was not
altered by the introduction of SiO,, involving surface diffusion at low temperatures and an evaporation-condensation process
at the high temperature, while the residual ambient atmosphere primarily including SiO(g), Si,C(g) and Si(g) inhibited the
recrystallization of SiC by altering the mass transport from SiC,(g), Si,C(g) and Si(g) for pure SiC to that combined with the
gaseous transport of SiO(g), Si,C(g), Si(g) and SiC(g), and the surface diffusion of C(s) at the high temperature.

Key words: Recrystallized Silicon Carbide, SiO,, Microstructure, Evaporation-Condensation.

Introduction tunately, oxygen will be introduced to the surface of SiC

particles in the form of SiO, when prepared for the needed

Recrystallized silicon carbide (RSiC) has been receiving size distribution. And the oxygen content increases when
more and more attentions as a high performance material the SiC particle size is finer. The existence of SiO, will
because of its unique combination of properties, such as have an influence on the partial pressure of SiC vapor
excellent mechanical properties maintained at elevated species, which aggravates the vapor complexity. The essence
temperature [1], good oxidation resistance, high thermal of evolution of RSiC with a little oxygen is still unknown,
conductivity, low electrical resistivity and good chemical and several explanations have been employed to describe
stability. RSiC is widely used as structural parts in kilns, the evaporation-condensation process [5-6]. Unfortunately,
electrical heating elements, thermal exchanger and so on there is little research to discuss details of the influence
[2-3]. of SiO, on the microstructural evolution and consolidation
The covalent nature of SiC tends to retard the solid-state mechanism for RSiC. In the present study, SiC powders
sintering of pure SiC compacts because of its slow bulk with different SiO, contents are used for the preparation of

diffusion especially without an applied pressure. Surface RSiC, and weight losses during firing and the microstructures
diffusion or vapor-phase transport has been considered to of the RSiC samples prepared will be characterized in detail.
be responsible for the consolidation of covalently bonded

ceramic materials without sintering agents. The preparation Experimental

of RSiC does not introduce any agents to enhance sintering

and undergoes a non-shrinking course [4]. SiC has a Two commercial raw materials consisting of coarse SiC
relatively high vapor pressure at high temperatures, and and fine SiC powders were used to reach a high packing
the evaporation-condensation process (vapor-phase transport) density (Changle Xinyuan Carborundum Micropowder
has been accepted as the consolidation mechanism for Co. Ltd., Changle, China). The particle sizes of the fine

RSiC through the difference of vapor pressures originating SiC powder ranged from 0.2 to 1.1 um (SiC contents >
from different curvature between the surface of fine particles 98.5%, Dso = 0.65 pum, Dgy = 0.85 um), while that for the

and necks between particles in the powder compact [5]. coarse powder ranged from 48 to 120 pm (SiC contents
The density of RSiC is determined by the green density >99%, Dsy =95+ 5 um, Tap density 1.86 g/cm?).

due to the non-shrinking consolidation process. Graded Considering vapor-phase transport is the main consoli-

aggregate mixtures of SiC powders with different size are dation mechanism of RSiC, the fine SiC powders become

employed to obtain a high density RSiC product. Unfor- the main evaporation unit under a high temperature, and

the fine powders can easily import oxygen as the preparation
*Corresponding author: of fine powders becayse of thei.r high specific s_urface
Tel : +86-731-88822269 area, so oxygen was introduced in the form of SiO, by
Fax: +86-731-88823554 oxidizing the fine powders in this study. In order to obtain
E-mail: hnxiao@hnu.cn the SiC powders with different SiO, contents, the fine
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powders were first treated with a 10% HF solution and
washed 10 times by deionized water. Then these fine
powders were oxidized in air at 1000 °C. The oxidized fine
powders gave SiO, contents of 1.1 wt%, 4.4 wt% and
6 wt% by controlling the oxidation time.

The fine powder series without or with different SiO,
contents and the coarse powders were mixed in a weight
ratio of 35 : 65. Hence the SiO, contents in the mixtures
are 0 wt%, 0.39 wt%, 1.54 wt% and 2.1 wt%, and the
particle sizes of the mixtures with the fine series powder
and coarse powder were in a bimodal distribution. The
mixtures were molded under a pressure of 100 MPa to
form the samples with a size of 12 mm X 12 mm x 130 mm.
The specimens were heated to firing temperatures of 1800,
2000, 2200, 2400 °C with the heating rates of 35 K:minute™'
and with a dwell time of 1h in an Ar atmosphere.
Recrystallization was conducted in the firing process by
the evaporation of the fine SiC particles and deposition
onto the necks of the coarse SiC particles.

The weight losses of samples were measured with the
recorded weights before and after firing. The morphology
and microstructures were investigated by field-emission
scanning electron microscopy (FE-SEM; JEOL JSM-6700F).

Results

Weight loss

The variation of weight loss with firing temperature
for 1 h is illustrated in Fig. 1 for SiC compacts with different
SiO, contents. The weight loss of samples with the same
SiO, content is basically consistent in the temperature range
of 1800-2200 °C, then has a significant increase up to
2400 °C. And all the weight losses of samples are higher
than the initial contents of SiO,. The different weight loss
trends below and up to 2400 °C indicate there are different
mechanisms resulting for the two temperature ranges.

As displayed in Fig. 1, the sample weight loss increases
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Fig. 1. Weight losses of the SiC samples with different SiO,
contents heat treated at different firing temperatures for 1 h.
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Fig. 2. The linear relationship of weight losses to the SiO,
content at the same temperature.

Table 1. The parameters for the fitted linear relationships of weight
losses with SiO, contents at different temperatures

T (°C) slope Intercept R-square
1800 1.32 0.80 1.0000
2000 1.34 0.83 0.9500
2200 1.35 0.82 0.9991
2400 1.30 1.49 0.9965

with an increase of the SiO, content at the same temperatures.
And Fig. 2 indicates that there may be a linear relationship
between the weight loss and SiO, content at the same
temperature except for the pure SiC compact. The slopes
for the linear relationship seem to be approximately equal
as shown in Table 1, which indicate approximately parallel
lines despite different temperatures. Hence it may be con-
cluded that the linear phenomenon reveals a basic weight
loss which is proportional with the SiO, content at the same
temperature, and the approximately parallel relationship
indicates an additional weight loss with little difference
for different SiO, contents. The weight losses of the pure
SiC compacts below 2200°C are low, while significantly
higher weight loss is found at 2400 °C. Moreover, compared
to the weight loss differences between 2400 °C and 2200 °C
for the samples with SiO, introduced, that for pure SiC
is more distinct, which illustrates that the introduction of
SiO, has an influence on the ambience of SiC.

Microstructure

Fig. 3 shows the fracture morphology of the SiC compacts
at the experiment temperatures for 1h. From Fig. 3, we
can see that when the temperature was lower than 2400 °C,
the coarse particles showed no change of configuration,
and were surrounded by fine particles. At 1800 °C, the fine
particles have an apparent change of shape and particles
less than 1 pm in diameter have almost disappeared, resulting
in grown necks or merged by larger ones directly. With an
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Fig. 3. Microstructures of fracture surfaces of fired pressed samples
without (A, C, E) and with 2.1 wt% SiO, (B, D, F) at firing
temperatures: (A, B) 1800 °C, (C, D) 2000°C, (E, F) 2200 °C.

increase of the firing temperature, larger fine particles
disappeared and the finest particles displayed in the
figures after firing increase in diameter which became
equal in diameter by spherical particle combination. When
up to 2200 °C, a structure with only coarse particles and
particles about 10 pm in diameter has formed, and the
necks between coarse particles with diameter ~100 pm
are still small. The partial large pores among the large
particles are filled by the small particles, leading to the
coexistence of large pores and local small pores.

When the temperature is lower than 2400 °C, the SEM
observations of the development of pore-grain structure
in the fired compacts of SiC without and with different
SiO, contents reveals strikingly similar microstructural
development. It is difficult to discover a microstructural
difference of SiC samples with different SiO, contents.
Yet the difference is clear at 2400 °C in this study as shown
in Fig. 4. For the pure SiC sample, a structure with coarsened
particles and grown necks between coarse particles combined
each other can be observed directly by the disappearance
of smaller particles, and the segmented small pores by
smaller particles at lower temperatures also have grown
and formed connected large pores. However, for the samples
with SiO, added, similar to the pure SiC sample the
combined structure with coarse particles and large pores
can also be observed, but there are still some fine spherical
particles with a diameter about 10 pum in the form of a
united conformation filled into the large pores. And the
united fine particles increase with an increase of the

Fig. 4. Microstructures of fracture surfaces of fired pressed
samples with different SiO, contents at 2400 °C: (A, B) pure SiC,
(C, D) SiC sample with 1.54wt%, (E, F) SiC sample with 2.1wt%.

initial SiO, content. The appearance of the fine particles
illustrates that SiO, will affect the recrystallization of RSiC.

Discussion

With microstructural evolution mentioned above, the
existence of SiO, can affect the recrystallization of SiC.
For covalently bonded SiC materials, the consolidation
of SiC free of sintering agents achieves mass transport
via surface diffusion or an evaporation-condensation process
which is determined by the firing temperature [7]. However,
SiO, can react with SiC under an inert atmosphere at
high temperatures, generating gaseous products which lead
to weight loss by these products escaping to the outside
of samples. And the higher weight loss than the initial
SiO, content illustrated in Fig. 1 confirms the truth of this
reaction. The previously obtained linear relationship between
weight loss and the SiO, content, and the almost equal
slopes are in agreement with the reported reaction mechanism
by other researchers [8-9], through the reaction:

Si0x(1) + SiC(s) = 3Si0(g) + CO(g) (1)

The proportion of the weight loss to SiO, caused by
reaction (1) is (mg;o + Mco)/msior = 1.33, which exactly
coincides with the experiments (Table 1, slopes of the
linear relationship). The agreement reveals the existence
of the reaction (1) leading to a basic weight loss for SiC
samples with SiO,. And we define the theoretical weight
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Table 2 The theoretical weight losses (w,) resulting by reaction
(1), additional weight losses (w,) and recrystallized weight losses
(w,) vs SiO, contents

SiO, Wi A
(Wt%)  (Wi%) Wi%)

- -- 1800 2000 2200 2400 2400
039 0.52 0.80 0.85 0.83 1.46 0.63
1.54  2.05 0.79 0.77 0.81 1.40 0.59
2.10  2.80 0.78 0.88 0.86 1.39 0.53

w, (Wt%) at different temperatures (°C) (

loss resulted by reaction (1) as the basic weight loss.

The theoretical weight losses (w,) to the SiO, content
by reaction (1) have been listed in Table 2, which are much
lower than the experimental values. This indicates other
weight losses existed. The differences are also listed in
Table 2, and we named them as additional weight losses
(w,). The additional weight losses are approximately equal
when the temperature is lower than 2400 °C, indicating
the same weight loss mechanism for w, is independent
of the SiO, content. In addition, there may be another weight
loss mechanism at 2400 °C besides the two mentioned
mechanism previously compared to the lower temperatures.

The almost equal weight loss for the samples with the
same content of SiO, at different temperatures lower than
2400 °C indicates a mechanism went through surface
diffusion to achieve consolidation. Otherwise, if it went
through an evaporation-condensation process, the weight
loss would be great with the increase of the firing temperature
because of the enhanced vapor pressure of SiC, which is
not consistent with the experimental results. The increased
weight loss at 2400 °C reveals the enhanced SiC vapor
pressure which resulted in the consolidation of SiC via
evaporation-condensation process.

There may be some other reaction creating the additional
weight loss. Rijswijk and Shanefield considered that the
SiO(g) generated might continue to react with SiC(s) as
described in the following [10]:

SiO(g) + SiC(s) = Si(g) + CO(g) 2)

However, even if all the SiO(g) had been consumed
by SiC(s), and all of the products escaped to the outside
of samples, the calculated weight loss by reaction (2) would
be 0.39 wt% for the sample with a SiO, content of 0.39 wt%,
which is still less than the actual additional weight loss of
about 0.80 wt% (Table 2). Hence this is not suitable to
explain this phenomena.

The basic components of the evaporation of SiC are Si,
SiCy(g), Si,C(g) and SiC(g) detected by mass spectrometry
[11], besides the neglectable components such as Si,, C,
C, and C; because of their insignificant contents. The
dissociative evaporation of SiC(s) can be represented by
the following reactions:

SiC(s) 2 Si(g) + C(s) 3)

2SiC(s) 2 Si,C(g) + C(s) “)
2SiC(s) 2 SiCx(g) + Si(g) (5)
SiC(s) 2 SiC(g) (6)

For the pure SiC samples, the partial pressures of Si(g),
Si,C(g), and SiC,(g) are in roughly an order of magnitude
at the same temperature as calculated by Lilov [12], yet
about 2-3 orders of magnitude higher than that of SiC(g).
However, as to the samples with SiO,, the SiO(g) generated
can affect the dissociative evaporating process of SiC(s),
as a result of an altered constituent of the vapor pressure.
SiO(g) may react with SiC, (g) described as follows:

SiO(g) + SiCa(g) = SixC(g) + CO(g) (7)

This reaction, with AG <0 at the firing temperatures in
this study is shown in Fig. 5, should be very efficient.
And the Pgs;o/Pco=3 generated by reaction (1) which
determined the ambient pressure makes the SiC,(g) move
to Si,C(g) with a high conversion rate. The consumption
of SiCy(g) will make the reaction (5) move to the right,
and the escaped gas products result in a large weight loss,
therefor it is possibly responsible for the weight losses
in this study due to incomplete consumption of SiO(g).

In this study, the authors believe that the promoted
dissociative evaporation reaction (5) of SiC(s) happened
at the same time as SiO,(/) being consumed by SiC(s)
(Reaction (1)), not after the SiO,(/) layer disappeared.
Because if it happened after the SiO,(/) layer was consumed,
large amounts of SiO(g) would have escaped rapidly out
of the SiC samples through the pores before it reacted
with SiCy(g). And with an increase of the temperature,
the weight loss caused by SiO(g) will increase because
of the elevated pressure of SiC vapor species. This is not
consistent with the facts.

The equilibrium partial pressures of SiO(g) and CO(g)
according to reaction (1) are given in Fig. 6, assuming that
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Fig. 5. Relationship between AG and T for the reaction (7),
Thermodynamic data that was used to calculate AG are taken from
NIST-JANAF [13].
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Fig. 6. Equilibrium partial pressures of SiO(g), CO(g), and their
sum, as a function of the temperature according to reaction (1).
Thermodynamic data that was used to calculate the vapor pressures
are taken from NIST-JANAF [13].

the surface layer of SiO, on SiC was a viscous liquid. The
sum of the partial pressures of SiO(g) and CO(g) will exceed
the ambient pressure of 0.1 MPa in this study, thus the
gaseous products generated will break apart the surface
layer and escape out quickly.

In the process of the SiO,(/) layer being consumed,
the SiO(g) generated behaves with a high vapor pressure
at the interface of SiC(s) and SiO,(/). The narrow interfacial
space for SiO(g) gave it a large collision probability with
SiCy(g). As a result, it consumed the SiCy(g) as soon as
the SiO(g) generated, which promoted the dissociative
evaporation reaction (5) of SiC(s). The products of reaction
(5) and (7) escaped out of the SiO,(/) layer along with the
SiO(g) and CO(g) whose pressure exceeds the environmental
pressure, then to the outside of samples through the con-
necting pores. The consumption of SiO,(/) finished may
be in a short time, so in spite of the different thicknesses
of the SiO,(/) layer with the different SiO,(/) contents,
there was little difference of the additional weight loss
because of the short reacting time.

After the consumption of SiOx(/), large amounts of SiO(g)
and CO(g) escaped out of the samples due to the generated
vapor pressure being greater than the ambient pressure
of 0.1 MPa. The residual SiO(g) in the pores had little
influence on the weight loss of the samples because of the
large space for the molecular motion and low partial
pressure of SiC(s) vapor species despite the long firing
time after the SiO,(/) was consumed.

Surface diffusion is responsible for the material transfer
and consolidation of SiC at low temperatures. And the
existence of vapor species of SiC caused by SiO, might
not affect the consolidation of SiC compacts, as a result,
little difference can be observed in the microstructure for
the samples without or with different SiO, contents.

When fired at high temperature up to 2400 °C, the

recrystallization of pure SiC finished by the evaporation-
condensation process, and gave a notable weight loss
compared to the relatively lower temperatures in this study.
The basic weight loss caused by SiO, and the additional
weight loss affected by SiO(g) at lower temperatures are
hardly affected by the temperature. The enhanced weight
loss at 2400 °C compared to lower temperatures may be
induced by the elevated vapor pressure of SiC, which is
named the recrystallized weight loss (w,). The recrystallized
weight losses of the SiC samples with SiO, (Table 2)
are much lower than that of pure SiC (Fig. 3, 0.89 wt%),
and the existence of SiO, causes the appearance of an
unfinished microstructure with small particles in Fig. 5,
indicating that SiO, restrained the recrystallization of SiC.
And the reduced recrystallized weight losses have been
affected by the residual SiO(g) in the pores by decreasing
the partial pressure of the available recrystallization vapor.
The complex process can be decribed as follows: after
the consumption of SiO,(/), the residual ambience of SiO(g)
and CO(g) accompanied by Si(g) and Si,C(g) generated
by reaction (5) and (7) filled in the pores of SiC compacts.
It could not promote the dissociative evaporation reaction
(5) of SiC(s) because of long collision distances and a
decreased pressure of SiO(g). In addition the relatively
high partial pressure of Si(g) and Si,C(g) in the residual
ambience would inhibit the dissociative evaporation reactions
such as (3), (4) and (5) over a long time, not like the interface
between SiO,(/) and SiC(s). The normal recrystallization
of SiC would not continue until the consumption and
escape of SiO(g). Before that, the consolidation of SiC
proceeded by the evaporation-condensation process of
a relatively low SiC(g) pressure generated by reaction (6),
and the condensed reaction of Si,C(g) and Si(g) with
the C(s) by the process of surface diffusion of C(s) enhanced
by the occurrence of silicon vapor [14]. The increased initial
SiO, contents of SiC can increase the proportion of Pg;o/Pco
near to 3, which extended the time for consuming SiO(g). So
the increased SiO, contents resulted in shorter times for
normal recrystallization which displayed as the micros-
tructural evolution with an increase of the SiO, content.

Conclusions

In order to study the influence of SiO, on microstructural
evolution and the consolidation mechanism of RSiC,
specimens composed of fine SiC powders with different
initial amounts of SiO, on the surface and coarse SiC
powders in a bimodal distribution were fired at 1800-
2400 °C in inert atmosphere.

The introduction of SiO, can react with SiC at the
Si0,/SiC interface of the fine SiC particles, resulting in
gaseous products of SiO(g) and CO(g) with a total pressure
higher than the ambient pressure. The SiO(g) generated
would promote the dissociative evaporation reaction of
SiC with enhanced contents of Si(g) and Si,C(g) at the
interface and at the same time at the consumption of SiOx(/).
In addition, the consuming and promoted reaction time
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might be very short. Then the generated gaseous species
escaped out of SiC samples resulting in a basic weight
loss and additional weight loss.

The consolidation mechanism of SiC has not been altered
by the introduction of SiO,, keeping it as surface diffusion
at low temperatures (1800-2200 °C) and as an evaporation-
condensation process at high temperature (2400 °C), while
the mass transport altered from SiC,(g), Si,C(g) and Si(g)
to those including SiO(g). Just after the consumption of
SiO,, the high partial pressure of SiO(g) remaining in
the pores of SiC samples might inhibit the effective
recrystallizing atmosphere, resulting in the initial consoli-
dation mechanism with the SiC(g) vapor and surface
diffusion of C(s). With the decreasing and escaping of the
partial pressure of SiO(g), the atmosphere in the pores
becomes normal and completed the recrystallization.

Acknowledgements

The authors thank the National Science Foundation of
China (Grant No. 50972042) for the grants that support
this research.

10.

11.

12.
13.

14

687

References

. K. Bundschuh, M. Schiize, C. Miiller, P. Greil and W.
Heider, J. Eur. Ceram. Soc. 18 (1998) 2389-2391.

. N. Orlovskaja, H. Peterlik, W. Steinkellner and K. Kromp,
J. Mater. Sci. 35 (2000) 699-705.

. Z2.Z.Yi, Z.P. Xie, Y. Huang, J.T. Ma and Y.B. Cheng,
Ceram. Int. 28 (2002) 369-376.

. J. Kriegesmann, M. Kraus and A. Gros, cfi/Ber. DKG 75
(1998) 83-88.

. T.P. Nikitina and N.E. Filonenko, Refract. Ind. Ceram. 8
(1967) 51-56.

. J. Kriegesmann, Key Eng. Mater. 264-268 (2004) 2199-2202.

. C. Greskvich and J.H. Rosolowski, J. Am. Ceram. Soc. 59
(1976) 336-343.

. G Honstein, C. Chatillon and F. Baillet, J. Alloys Compd.
452 (2008) 85-88.

. T. Grande, H. Sommerset, E. Hagen, K. Wiik and M.

Einarsrud, J. Am. Ceram. Soc. 80 (1997) 1047-1052.

W.V. Rijswijk and D.J. Shanefield, J. Am. Ceram. Soc. 73

(1990) 148-149.

J. Drowart and G. De Maria, Proc. Conf. Boston, 1959.

Pergamon Press, Oxford, 1960, 16-23.

S.K. Lilov, Mater. Sci. Eng., B 21 (1993) 65-69.

M.W. Chase Jr., NIST-JANAF Thermochemical Tables

Fourth edition. J. Phys. Chem. Ref. Data, Monograph 9, 1998.

. L. Stobierski and A. Gubernat, Ceram. Int. 29 (2003) 287-292.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


