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Abstract This paper compares the microstructure devel-

opment of two alumina–15 vol% mullite composites during

the sintering. The nanopowders of alumina–mullite com-

posite were synthesized by the sol–gel method using alu-

minum chloride hexahydrate and two different silicon

sources (colloidal silica in route 1 and tetraethyl orthosil-

icate in route 2). The alumina–mullite composites were

prepared by pressing and sintering of the nanopowders.

Although the intergranular mullites were observed in both

routes, there were mullite particles in route 2 formed inside

the alumina grains (intragranular mullite). Formation of the

intragranular mullite is attributed to the drop in silica sol-

ubility, which occurs during the transition from metastable

alumina to stable alumina. Compared to route 1, the rela-

tive density and the average grain size were increased and

accelerated by route 2. The two-stage sintering is not useful

for the mullite decomposition.

Keywords Phase evolution � Microstructure

development � Alumina � Mullite � Nanocomposite

1 Introduction

Alumina has different applications such as insulating

refractory linings of furnaces, seals, thermocouple wire

protection and armors because of its specific physical and

mechanical properties (high melting point and high

strength) [1–3]. Mullite1 (3Al2O3�2SiO2) is one of the most

extensively studied crystalline phases in the Al2O3�SiO2

binary system [5, 6] due to its low thermal expansion, good

thermal and chemical stability and high creep resistance

[7]. Mullite in the alumina matrix reduces the Young’s

modulus and the thermal expansion coefficient of com-

posite, leading to a better thermal shock resistance [8–10].

Meanwhile, mullite has low toughness and hardness [11].

Small mullite additions (5–15 vol%) allow desirable values

of hardness and toughness of alumina to be maintained

while reducing the Young’s modulus below that of alu-

mina, so that it is expected that the thermal shock behavior

will be improved [12].

A number of recent works involved the addition of

impurities in order to achieve better densification behavior

and, as a consequence, higher densities and better

microstructural and mechanical properties [13, 14].

Schehl et al. [15] presented a modified processing route,

which consisted in the doping of a commercial high-

purity alumina powder. So that its microstructure was

modified with such nanoparticles as zirconia and mullite,

formed at the sintering stage. As a result, the grain

boundaries of high-purity alumina powder were modified
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by segregation of the secondary phases or by the forma-

tion of well-distributed zirconia and mullite nanoparticles.

Thus it is possible to tailor the microstructures by means

of secondary phases through referring to the correspond-

ing phase equilibrium diagrams.

Very high homogeneous multicomponent ceramics and

composite ceramics can be obtained via sol–gel method,

for its energy and, therefore, synthesis temperature is low

[16].

In this work, the alumina composite nanopowders were

synthesized by sol–gel method using aluminum chloride

hexahydrate and two different silicon sources. Then the

alumina–mullite composites were prepared by pressing

and sintering of the above nanopowders. The pur-

pose of this work is a comparative study of microstruc-

tural development in the sol–gel derived alumina–mullite

nanocomposites.

2 Experimental

As shown in Fig. 1, the alumina composite nanopowders

were synthesized using aluminum chloride hexahydrate2

(dissolved in distilled water) and two different silicon

sources (colloidal silica3 in route 1 and tetraethyl ortho-

silicate4 (TEOS) in route 2). The absolute ethanol was used

as homogenizing agent for TEOS. According to the stoi-

chiometric ratio of mullite (3Al2O3�2SiO2) and the desired

volume percentage (15 vol%) of mullite, the aqueous

solution of aluminum chloride hexahydrate and the

required amount of colloidal silica (in route 1) or the

alcoholic solution of TEOS (in route 2) were refluxed at

60 �C for 24 h. Also a mullite gel was prepared using the

aqueous solution of aluminum chloride hexahydrate and

the alcoholic solution of TEOS (in route 2). After con-

densation, the gels were dried at 120 �C for 24 h and

ground in an agate mortar. The precursors of alumina–

mullite composites were calcined at 900 �C for 2 h. The

calcined powders were ball milled using alumina balls and

absolute ethanol. After drying, the powders were sieved

using a 80 lm mesh. The mullite gel was calcined at dif-

ferent temperatures for 2 h.

Figure 2 shows the transmission electron microscopy

(TEM) images of the synthesized nanopowders by two

routes. The properties of these nanopowders are summa-

rized in Table 1. Nitrogen adsorption/desorption analysis

was performed at -195 �C on ASAP2010 Micrometrics.

The apparent density of the nanopowders, was measured

using a helium picnometer (Micromeritics 1035).

The powders were uniaxially pressed under 38 MPa.

Then they were cold isostatically pressed (CIP) at 380 MPa

and, finally, sintered in air at 1,300, 1,500, 1,650 and

1,750 �C for 2 h. Also some samples of route 1 were

randomly sinter and at 1,650 �C for 8 and 16 h.

X-ray diffraction (XRD) was carried out in the range of

10 \ 2h\ 80 using Philips X-pert model with Cu Ka
radiation. The microstructures of sintered bodies were

studied by a XL 30, field emission environmental scanning

electron microscope (FE-SEM) equipped with a link

energy dispersive X-ray system. The specimens for SEM

were polished to a 1 lm surface finish using diamond

spray. Thereafter, they were thermally etched for 1 h at

100 �C below the sintering temperature. The grain size

distributions on the polished samples were measured by

using image analysis software (ImageJ 1.40 g).

The Archimedes method [17] was used to measure the

density of the samples sintered by distilled water as an

immersion medium and determine three mass values (dry,

suspended and saturated masses). Moreover, the relative

density was calculated by dividing the bulk density to the

theoretical density of the specimen.

AlCl3.6H2O 

Refluxing (60 °C/24 h) 

Drying (120 ° C/24 h) and grinding 

Calcination (900 ° C/2 h) 

Wet milling (alumina balls and absolute ethanol) 

Uniaxially pressing (38 MPa) 

Cold isostatically pressing (380 MPa) 

Sintering (1300-1750 ° C/2-16 h) 

Colloidal silica (route 1) or 
[TEOS + C2H5OH] (route 2)Distilled water 

Drying (120 ° C/24 h) and screening (80 μm mesh) 

Fig. 1 The flow chart of processing of alumina–mullite nanocom-

posite with two different silicon sources, route 1 colloidal silica, route

2 TEOS

2 Merck 101084.
3 Sigma–Aldrich 4208404 (40 wt.% suspension in H2O).
4 Sigma–Aldrich 131903.
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3 Results and discussion

Figure 3 presents the XRD patterns of the alumina–15

vol% mullite precursors calcined at different temperatures

(900–1,750 �C) by route 1. It also shows the transitional

alumina (c [18], j [19]) at 900 �C. The crystallization of

quartz [20] and tridymite [21] can be observed at 1,000 �C.

Since silica retards the phase transformation of transitional

alumina to alpha alumina [22], only some of the transi-

tional alumina has been transformed to alpha alumina.

At higher temperatures (1,300–1,650 �C), the peaks of

mullite [23] were detected (Fig. 3), while at 1,750 �C, the

peaks of mullite were too weak and the alpha alumina

peaks [24] were observed in both of the routes 1 and 2.

The stability range of mullite is limited by a variety of

thermal decomposition reaction schemes in time–temper-

ature–Ptotal–PH2O space [25, 26]. In another work, after

annealing of mullite at 1,400 �C/4 h in dry air at normal

pressure, thermal decomposition of mullite gave rise to

the simultaneous formation of a-alumina platelets and an

initially siliceous glassy phase completely wetting the

platelets [27]. Meanwhile, mullite specimen surfaces heat-

treated in helium between 1,650 and 1,800 �C degrade with

the formation of alpha alumina and volatile silicon species

so that the recession progresses from the surface towards

the bulk of the specimens [28]. So it can be concluded in

our samples, that the mullite was decomposed.

Figure 4 shows the densification of alumina–15 vol%

mullite composites after being sintered at 1,300, 1,500,

1,650 and 1,750 �C for 2 h by the routes 1 and 2. After

sintering, the relative density of the samples increased by

increasing of the temperature. In route 1, the relative

densities were calculated as 49.8 ± 0.3, 75.9 ± 0.7 and

96.1 ± 0.5% T.D. at 1,500, 1,650 and 1,750 �C, respec-

tively. So full densification could be obtained by increasing

of the temperature in this route, but the mullite decompo-

sition was observed at 1,750 �C (Fig. 3). At 1,500, 1,650

and 1,750 �C, the relative densities of route 2 were

obtained as 67.2 ± 0.3, 99.2 ± 0.6 and 99.3 ± 0.7% T.D.,

respectively. Compared to route 1, the relative density was

increased and accelerated by route 2. On the other hand, the

BET surface areas of the nanopowders synthesized by

routes 1 and 2 were 105.4 ± 0.4 and 120.9 ± 0.5 m2/g,

respectively. So the densification was improved in route 2,

because the BET surface area of the nanopowder, synthe-

sized by this route, was more than that in route 1. At

1,500 �C, the densification was not completed and at

1,750 �C, the mullite was decomposed according to its

XRD pattern. Then in route 1, it was preferred to sinter it at

1,650 �C.

The microstructures of the sintered alumina–mullite

composite obtained in route 1 at 1,500, 1,650 and 1,750 �C

are shown in Fig. 5a, b and c, respectively. As shown, the

average grain size increases by increasing of the tempera-

ture, so that it is 0.2, 0.4 and 0.9 lm at 1,500, 1,650 and

1,750 �C, respectively. These micrographs were taken in

back-scattered electrons (BSE) mode of FE-SEM to

Fig. 2 a The TEM micrographs (bright field) of alumina–15 vol% mullite precursor calcined at 900 �C for 2 h: a by route 1 (average particle

size 34 nm), b by route 2 (average particle size 31 nm)

Table 1 Properties of the alumina–15 vol% mullite precursors cal-

cined at 900 �C for 2 h

Route 1 Route 2

BET surface area (m2/g) 105.4 ± 0.4 120.9 ± 0.5

Apparent density (g/cm3) 3.646 ± 0.007 3.637 ± 0.003

Surface area of pores (m2/g) 106 123

Total pore volume (cm3/g) 0.50 0.51

Average pore diameter (nm) 19.0 17.0
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investigate the mullite phase. There are dark and light areas

in the micrographs. Because of the energy-dispersive X-ray

spectroscopy (EDS) spectrum of these areas (Fig. 5b) and

their XRD patterns (Fig. 3), the mullite grains were formed

between the alumina grains (intergranular mullite). At

1,750 �C (Fig. 5c), porosity was observed due to sintering

(abnormal grain growth) or mullite decomposition.

The microstructures of the sintered alumina–mullite

composite obtained by route 2 at 1,500, 1,650 and 1,750 �C

are shown in Fig. 6a, b and c, respectively. It is observed

that the average grain size increases by increasing of the

temperature, so that it is 0.4, 1.4 and 2.2 lm at 1,500, 1,650

and 1,750 �C, respectively. Compared to route 1, the

average grain size was increased and accelerated in route 2.

These micrographs were taken in BSE mode of FE-SEM to

investigate the mullite phase. There are dark and light areas

in the micrographs. Because of the EDS spectrum of these

areas (Fig. 6b) and their XRD patterns, the mullite particles

were formed inside the alumina grains (intragranular

mullite). At 1,750 �C (Fig. 6c), porosity was observed

due to sintering (abnormal grain growth) or mullite

decomposition.

The mullitization temperature in routes 1 and 2 was

different. The former showed mullite formation at

1,300 �C, while the latter showed mullite formation by

firing at around 1,000 �C (Fig. 7) due to the complete

three-dimensional homogeneity, exemplified by the single-

phase gel. Okada et al. [29] reported the mullitization

temperature above 1,200 �C, using silica sol and aluminum

salt. A molecular mullite gel can directly crystallize to the

orthorhombic form of mullite (i.e., o–mullite, 3Al2O3�
2SiO2) [30].
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Fig. 3 The XRD patterns of

alumina–15 vol% mullite from

route 1 at different temperatures
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Boehmite (AlO(OH)) solid-solution gel, which yields

stoichiometric mullite (3Al2O3�2SiO2) at high tempera-

tures, was prepared by a hydrazine method using hydrous

aluminum chloride and silicon ethoxide [31]. The sequence

of phase development was summarized as follows:

AlO(OH)(ss) gel ? amorphous ? c-Al2O3(ss) ? 3Al2O3�
2SiO2 [31]. So the metastable alumina phase has a solu-

bility of silica. The difference in theoretical density of

metastable and stable alumina phases (3.41 g/cm3 for

gamma alumina, as compared to 3.98 g/cm3 for alpha

alumina [32]) supports the solubility of silica. Also the

complete three-dimensional homogeneity appears to sup-

port it in the route 2 of this work. As a consequence, the

transition from metastable to stable alumina is likely to be

associated with the formation of solute-rich precipitates.

Based on the XRD analysis of route 2 (Fig. 7), it would be

reasonable to imagine that precipitation of mullite is an

inevitable outcome of the transition of alumina from

gamma to alpha.
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Fig. 4 The densification of alumina–15 vol% mullite composites

after being sintered at 1,300–1,750 �C for 2 h

Fig. 5 The FE-SEM micrographs (BSE mode) of alumina–15 vol%

mullite sintered at different temperatures for 2 h from route 1 and the

EDS spectrum of points A and M (A: alumina, M: mullite) at

1,650 �C: a At 1,500 �C: 49.8% T.D., 0.2 lm average grain size. b At

1,650 �C: 75.9% T.D., 0.4 lm average grain size. c At 1,750 �C:

96.1% T.D., 0.9 lm average grain size

J Sol-Gel Sci Technol (2011) 58:689–697 693

123



Katarı́na et al. [33] verified the applicability of two-

stage sintering as a means of suppressing the final stage

grain growth of submicrometer alumina. The first heating

step should be short at a relatively high-temperature in

order to close porosity without significant grain growth.

The second step at lower temperature facilitates further

densification with limited grain growth. Li and Ye [34]

reported that below 82% T.D., alumina nanopowder

would not be densified even after prolong soaking in the

second step. Figure 4 shows that the relative density of

alumina–15 vol% mullite is 75% T.D. at 1,650 �C. On

the other hand, Fig. 8 shows the XRD patterns of this

sample after being sintered at 1,650 �C for 2, 8 and

16 h. Instead of the mullite, tridymite and quartz phases

were detected at 8 and 16 h. So the two-stage sintering

is not suggested for sintering because of the mullite

decomposition. However, the application of two-stage

sintering for alumina is questionable, because according

to Kanters et al. [35], the activation energy of densifi-

cation in alumina is in fact higher than the activation

energy of grain growth.

4 Conclusions

In this work, the alumina composite nanopowders, syn-

thesized via sol–gel method using aluminum chloride

hexahydrate and two different silicon sources (route 1:

colloidal silica, route 2: TEOS), were used to prepare the

alumina–mullite composite by pressing and sintering. The

findings can be summarized as follows:

1. In route 1, the mullite grains were formed between the

alumina grains (intergranular mullite), while in route 2,

there were mullite particles formed inside the alumina

grains (intragranular mullite).

2. Formation of intragranular mullite was attributed to the

drop in silica solubility, which occurred during the

transition from metastable alumina (exhibiting silica

solubility) to stable alumina (with no silica solubility).

3. Compared to route 1, the relative density and the average

grain size were increased and accelerated by route 2.

4. The two-stage sintering is not suggested for sintering

because of the mullite decomposition.

Fig. 6 The FE-SEM micrographs (BSE mode) of alumina–15 vol%

mullite sintered at different temperatures for 2 h from route 2 and the

EDS spectrum of points A and M (A: alumina, M: mullite) at

1,650 �C: a At 1,500 �C: 67.2% T.D., 0.4 lm average grain size. b At

1,650 �C: 99.2% T.D., 1.4 lm average grain size. c At 1,750 �C:

99.3% T.D., 2.2 lm average grain size
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stage sintering of alumina with submicrometer grain size. J Am

Ceram Soc 90(1):330–332

34. Li J, Ye Y (2006) Densification and grain growth of Al2O3

nanoceramics during pressureless sintering. J Am Ceram Soc

89(1):139–143

35. Kanters J, Eisele U, Rödel J (2000) Effect of initial grain size on

sintering trajectories. Acta Mater 48:1239–1246

J Sol-Gel Sci Technol (2011) 58:689–697 697

123


	A comparative study of microstructural development in the sol--gel derived alumina--mullite nanocomposites using colloidal silica and tetraethyl orthosilicate
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	References



<<
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


