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PHASE TRANSFORMATION IN SPODUMENE-DIOPSIDE GLASS

. * . .
H. Anmin , L. Ming and M. Dali
The State Key Laboratory of the Metal Matrix Composites, Shanghai Jiaotong University, 1954 Huashan road, Shanghai, P. R. China

In situ developments of platelike spodumene—diopside grains were obtained by controlled devitrification of the complex system
Li,0-CaO-MgO-A1,05-SiO, glass. The crystallization mechanisms of spodumene—diopside glass were measured by isothermal
and non-isothermal processes using classical and differential thermal analysis techniques. The Avrami constant » was 2.0-2.1, indi-
cating two-dimensional crystal growth and platelike grains. The crystalline phases precipitated first were high-quartz;, then trans-
formed to B-spodumene and diopside. The Flexural strength, fracture toughness and thermal shock resistance (in 20°C water) in-
creased from 145 MPa, 1.3 MPa m'"? 800°C (pure spodumene) to 197 MPa, 2.9 MPa m"? and 920°C (spodumene—diopside) with
low thermal expansion coefficient (from 3~9-10" to 11.8-1077 K™"). This mean in situ developments of platelike spodumene—diop-

side grains reinforced the low thermal expansion coefficient glass-ceramics.
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Introduction

Lithium aluminumsilicate glass-ceramics
(Li,0-Al,05;-Si0,, LAS) have very low thermal ex-
pansion coefficient, transparency, excellent thermal
and chemical durability, and have achieved great in-
dustrial and economical importance [1-3]. But they
have low strength (100 MPa for high-quartz; and
150 MPa for B-spodumene) and high melting temper-
ature. To obtain lower melting temperature, MgO,
Zn0O, CaO, etc. had been added in LAS glass ceramics
to low the melting point, to regulate the thermal ex-
pansion coefficient and so on for many years [4—6]. In
order to improve mechanical properties, whiskers, fi-
bers and granule were dispersed in the glass ceramics
matrix because of that they could promote crack de-
fection and grain bridging. But these methods lead
new problem, such as transient stress between the ma-
trixes and disperse phase [7].

Generally, the properties of the glass-ceramics
are determined by the main crystallization phases pre-
cipitated from the base glasses and their microstruc-
tures which depended on composition of the parent
glass as well as thermal treatment and addition of nu-
cleating agents. To achieve desired microstructure
and properties, it is important to design the composi-
tion and control the crystallization of the glass [1-5].
Diopside has high bending strength (300 MPa) and
high fracture toughness (3.5 MPam'?) [5, 6].
Ashizuka has reported that CaO-MgO-SiO,—P,05
glass-ceramics with precipites of diopside and apatite
had a high strength of 236 MPa [8]. So, by adding
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CaO and MgO to LAS glass ceramics and controlling
Li,0-Ca0O-MgO-Al,0;-Si0, devitrification,
spodumene—diopside glass ceramics may obtain. The
spodumene (Li,0-AL,03-Si10,)—diopside
(Ca0O-MgO-Si0,) glass ceramics may have the ad-
vantages — low thermal expansion coefficient, low
melting point and high bending strength.

Activation energy and crystallization mecha-
nisms are the most important kinetic parameters in the
crystallization of glasses [9—18]. These parameters
can be obtained by DTA. Two methods, namely iso-
thermal and non-isothermal methods, are usually ap-
plied for differential thermal analysis. In the isother-
mal method, glass samples are quickly heated up and
held at a temperature above the glass transition tem-
perature that means crystallization occurs at a con-
stant temperature. In the non-isothermal method,
glass samples are heated up at a fixed heating rate and
crystallized during DTA scan.

The intention of this study is to investigate the
phase transformation in spodumene—diopside glasses,
and in order to evaluate the potential use for the
glass-ceramics.

Experimental

The starting materials were analytical grade reagents
(mass%): 61.5Si0,, 14.4A1,05;, 6.1MgO, 4.0Li,0,
7.0Ca0 and 7.0TiO,. Glass batches were well mixed by
ball-milling for 12 h, and thereafter melted in alumina
crucibles at 1500°C in an electric furnace for 2 h. The
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as-cast glass samples were annealed at 600°C for 1 h
followed by slow cooling to the room temperature. DTA
scans of annealed glass specimens were carried out in a
Dupont 2100 Thermal Analyzer. After crushing an-
nealed glasses to the size of about 100-200 mesh,
non-isothermal and isothermal experiments were per-
formed by heating 30 mg glass samples in a Pt crucible
and using Al,Oj; as the reference material in the temper-
ature ranging from 20 to 1200°C.

The characterization of the glass-ceramic sam-
ples was carried out using both X-ray diffraction and
electron microscopy techniques (SEM). X-ray dif-
fraction (XRD) investigations were done with a
D-max-RB diffractometer with CuK, radiation
( a1 =1.5406 A) operating at 35 kV and 40 mA in the
20 range from 10 to 70° at 0.02° steps. SEM was done
with a JSM-6301F. Optical mount specimens were
prepared with standard metallographic techniques
followed by chemical etching in an HF solution (5%)
for 1.5 min. Etched glass-ceramic samples were
coated with a thin layer of gold.

The strength was measured in ten specimens us-
ing a 4-point bending fixture with a span of 30 mm at
a crosshead speed of 0.5 mm min'. The fracture
toughness was measured by an indentation fracture
(IF) method using the Evans equation to calculate K¢
from the length of the crack and the semi-diagonal of
the indentation [19].

Results and discussion
Non-isothermal transformation kinetics

DTA curves of the glasses at heating rates of 5, 10, 15,
20 K min™" are shown in Fig. 1. Only one exothermal
peak appeared in the DTA scan curves [1-3], this
exothermal peak was associated with high-quartzg pre-
cipitated which could be seen from XRD analysis. As
seen in Fig. 1, the crystallization peak temperatures and
heights increased with heating rate. Because in
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Fig. 1 DTA plots of the glass at different heating rates
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quenched samples without nucleation treatment, as in
this study, nuclei are formed during DTA scans, it is
necessary to have an induction time for nucleation to oc-
cur, when the heating rate increases, the time to reach
the desired temperature decreases and there is a minor
soaking time in the nucleation range. Consequently,
crystallization begins at relatively higher temperatures
and higher speed. This result is in good agreement with
previous reports [20, 21].

From the Johnson—Mehl-Avrami (JMA) equa-
tion [9—12], non-isothermal crystallization kinetics of
glass be expressed by Kissinger equation [13—15]:

2

In—=—+In— (1)

where 7, is the crystallization peak maximum temper-
ature in a DTA curve, a is the heating rate, R is the
gas constant and £ is activation energy for the phase
transformation. Figure 2 shows the plot of In(T' pz /oL vs.
1000/7,. Activation energy £ was determined as
369 kJ mol .
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Fig. 2 The plots Ofln(sz/OL) vs. 1000/,

The value of the Avrami parameter or the order
of the crystallization reaction, n, was determined by
the Ozawa equation [17]:

In[-In(1 — x)]r = —nlna + const (2)

In Eq. (2), x is the volume fraction crystallized at
a fixed temperature 7, o is the DTA scan rate, the plot
of In[-In(1—x)] vs. Ina at 760°C is showed in Fig. 3.
A value of n determined from the slopes using linear
regression analysis is 2.0. The value of n close to 1
means that surface crystallization dominates crystalli-
zation while the value of 3 implies a significant con-
tribution of the bulk crystallization process, the
Avrami parameters » closed to 2.0 indicate crystalli-
zation is between surface crystallization and bulk
crystallization in this glass, and this means a
plate-like development of the crystallization centers.
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Fig. 3 The Ozawa plot of In[(—In(1—x))]r vs. Ina for determi-
nation of n

From the values of activation energy, the Avrami
parameters (n) are calculated by the Augis—Bennett
equation [18]:

25 RT}

n= 3
AT E @
In Eq. (3), AT is the full width of the exothermic
peak at the half maximum intensity. As can see from

the calculation, the value of n is 2.1. It showed good
agreement with Ozawa method [15].

Isothermal transformation kinetics

The glass power was isothermally heated at 750, 760,
770 and 780°C. The typical isothermal DTA curve
(760°C) is showed in Fig. 4. The isothermal
devitrification kinetics of glass are described by the
Johnson—Mehl-Avrami (JMA) equation [9—-11].

x=1—exp[—(k))]" 4)

In Eq. (4), x is the volume fraction crystallized at
a given temperature during time #; n is the Avrami ex-
ponent, which is dependent on the crystallization
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Fig. 4 A typical DTA curve of LCMAS glass power isother-
mally heated at 760°C
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mechanism; and £ is the crystallization rate constant,
which is usually assigned an Arrhenian temperature

dependence:
E
k=vexp ——— 5
{1 ©)

In Eq. (5), v is the frequency factor, R is the gas
constant, 7 is the absolute temperature, and E is the
effective overall activation energy. Taking natural
logarithm for both Eqs (4) and (5), the equations can
be as follows:

In[~In(1 —x)]r = nlnk + nln¢ (6)

and
Ink =Inv— £ (7)
RT

According to the Eq. (6), Fig. 5 showed the plot of
In[-In(1—x)] vs. Inz at different temperatures from 750 to
780°C. The Avrami exponents n are the slope of the
curves, which are 1.94, 2.02, 2.11, 2.17, and nlnk can be
obtained by the intercept, so Ink are obtained.

From the Eq. (7), by plotting Ink vs. 1/7, as
shown in Fig. 6, the activation energy is 392 kJ mol .
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Fig. 5 The plots of In[-In(1-x)] vs. Inf for » and Ink
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As in glass transformation procedure, Si—O and Al-O
bands break, the dissociation energy for Si—O bonds
is 445 kI mol' and for Al-O bonds is
330-423 kJ mol™'. Thus the activation energy for
transformation (369-392 kJ mol™") is lower than the
dissociation energy values for the ion bonds. It is rea-
sonable to think that during the crystallization proce-
dure, the strengths of Li—O, Ca—O, Mg—O bonds,
which is 326, 331 and 287 kJ mol ™' [22], should be
considered. As the presence of nucleating agents
(Ti0,), phase separation occurred on cooling from the
melting, and subsequent heating caused the formation
of a large number of little aluminium titanate crystals.
These crystals acted as sites for heterogeneous nucle-
ation. Therefore, it is obviously that various combina-
tions could take place simultaneously.
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Fig. 7 XRD patterns of glass samples after heat treated at 750,
850 and 1000°C for 2 h

b

X-ray diffraction (XRD)

Figure 7 illustrates the powder XRD results of glasses
crystallized at 750, 850, 1000°C for 2 h. As crystal-
lized at 750°C, a broadening scattering intensity asso-
ciated with residual glass phase was observed for the
samples and small high-quartz, s appeared. After be-
ing heated at 850°C, high-quartzss transformed to
B-spodumene and diopside appeared, the main crys-
talline was B-spodumene and minor phase was diop-
side. When the temperature increased to 1000°C, the
amount of B-spodumene and diopside increased, and
minor TiO, phase appear.

Microstructure and mechanical properties

Figure 8 shows the microstructure of the glass heat
treated at 750, 1000°C for 2 h. After crystallized at
750°C, the sample showed little crystal in glass ma-
trix, according to XRD result, this crystal is
high-quartz,. As the heating temperature increased
to 1000°C, the grain showed a platelike morphology.
This platelike morphology indicates that crystalliza-
tion mechanism is surface crystallization to bulk crys-
tallization in this glass, and the Avrami parameter n is
closed to 2 [4, 6].

The mechanical properties of spodumene and
spodumene—diopside glass ceramics after crystallized
at 1000°C/2 h are shown in Table 1. It is clear that
spodumene—diopside glass ceramics have great ad-
vantage on flexural strength, fracture toughness and
thermal shock resistance, in spite of some higher ther-
mal expansion coefficient than that of spodumene
glass ceramics. The increasing of mechanical proper-

Fig. 8 SEM pictures showing the microstructure of the glass crystallized at a — 750 and b — 1000°C for 2 h

Table 1 The mechanical properties of glass-ceramics after crystallized at 1000°C/2 h

Thermal expansion coefficient/  Flextural strength/  Fracture toughness/ Therglal shock
Sample = %2 resistance/
K MPa MPam . o
in 20°C water
Spodumene—diopside 11.8-107 197 2.9 920°C
Spodumene 3~9.10" 145 1.3 800°C
500 J. Therm. Anal. Cal., 84, 2006
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ties may be ascribed to the randomly oriented and in-
terlocked spodumene- diopside crystallites, which
cause crack, divert or blunt to limit the further devel-
opment of the flaw size and increase the surface
energy of fracture [4-7].

Conclusions

The phase transformation in spodumene—diopside
glass was investigated by isothermal and non-isother-
mal analysis. The Avrami constant n was 2.0-2.1, in-
dicating two-dimensional crystal growth and platelike
grains.  The  activation energy FE  was
389-402 kJ mol ', which is lower than that of the dif-
fusion of silicon and aluminum ions. The crystalline
phases precipitated first were high-quartzg,, then
transformed to B-spodumene and diopside. The flex-
ural strength, fracture toughness and thermal shock
resistance (in 20°C water) increased from 145 MPa,
1.3 MPa m'?, 800°C (pure spodumene) to 197 MPa,
2.9 MPa m"? and 920°C (spodumene—diopside) with
low thermal expansion coefficient (11.8-107 K™).
This means in situ developments of platelike
spodumene—diopside grains reinforced the low ther-
mal expansion coefficient glass-ceramics.

References

1 P. Riello, P. Canto, N. Comelato, S. Polizzi, M. Verita,
G. Fagherazzi, H. Hofmeister and S. Hopfe, J. Non-Cryst.
Solids, 288 (2001) 127.

2 L. Barbieri, C. Leonelli, T. Manfredini, C. Siligardi and
A. B. Corradi, J. Am. Ceram. Soc., 80 (1997) 3077.

J. Therm. Anal. Cal., 84, 2006

3 L. Arnault, M. Gerland and A. Riviere, J. Mater. Sci.,
35(2000) 2331.
4 H. Scheidler and E. Rodek, Ceram. Bull., 68 (1989) 1926.
5 A. W. A. Elshennawi, E. M. A. Hamzawy, G. A. Khater
and A. A. Omar, Ceram. Inter., 27 (2001) 725.
6 R. Cio, P. Pernice, A. Aronne and G. Quattroni, J. Mater.
Sci., 28 (1993) 6591.
7 Y. Q. Wu, Y. F. Zhang, X. X. Huang and J. K. Guo,
J. Eur. Ceram. Soc., 21 (2001) 581.
8 L. Arnault, M. Gerland and A. Riviere, J. Mater. Sci.,
35(2000) 2331.
9 M. Avrami, J. Chem. Phys., 7 (1939), 1103, 9, 177.
10 W. A. Johnson and K. F. Mehl, Trans. AIME.,
135 (1939), pp. 416-442.
11 H. E. Kissinger, J. Res. Nat. Bureau Stand., 57 (1956) 217.
12 1. Waclawska and M. Szumera, J. Therm. Anal. Cal.,
72 (2003) 1065.
13 M. Ciecinska, J. Therm. Anal. Cal., 72 (2003) 199.
14 L. Stoch, J. Therm. Anal. Cal., 77 (2004) 7.
15 J. Malek, J. Therm. Anal. Cal., 56 (1999) 763.
16 A.M. Hu, K. M. Liang and F. Peng, Thermochim. Acta,
413 (2004) 53.
17 T. Ozawa, J. Thermal Anal., 31 (1986) 547.
18 J. A. Augis and J. E. Bennett, J. Thermal Anal.,
13 (1978) 283.
19 Y. M. Sung, J. Mater. Sci., 37 (2002) 699.
20 C. Pacurariu, M. Lipa, 1. Lazau, D. Tipa and G. Kovacs,
J. Therm. Anal. Cal., 72 (2003) 811.
21 J. A. Griggs, K. J. Anusavice and J. J. Mecholsky, Jr.,
J. Mater. Sci., 37 (2002) 2017.
22 J. M. Rincon, M. Romero, J. Marco and V. Caballer,
Mater. Res. Bull., 33 (1998) 1159.

Received: February 16, 2005
Accepted: February 17,2006

DOI: 10.1007/s10973-005-6941-z

501




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


