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Effects of Solution Heat Treatment on the Microstructure, Oxidation, and
Mechanical Properties of a Cast Niz;Al-Based intermetallic Alloy

Dongyun Lee*

Department of Materials Science and Engineering, The University of Tennessee, Knoxville, TN, USA

Solution heat treatment is employed in an attempt to improve oxidation and mechanical properties of an
as-cast Ni;Al alloy (IC221M) at operation temperature, 900 °C. Solution heat treatment was hypothesized
to have beneficial effects through dissolving y + NisZr eutectic into the matrix. The microstructures, oxidation
behavior in air at 900 °C, and mechanical properties with aging times at 900 °C were examined after solution
heat treatment of as-cast Ni;Al alloy in Ar for up to 100 h at 1100 °C. The oxide penetration depth into
the matrix was dramatically decreased and more homogeneous surface oxides were obtained relative to the
no solution treatment case. Hardness was improved by solution heat treatment due to a solid solution strength-
ening effect by Zr, but the tensile properties after solution heat treatment were not significantly different

from those prior to treatment.
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1. INTRODUCTION

For the last several decades, intermetallic alloys have been
intensively studied for commercialization since they are
among the most promising materials for structural use at
high temperatures [1]. In order to commercialize these
alloys, particularly for structural application, castability and
weldability are crucial factors as well as high strength both at
room and elevated temperatures. Ni;Al based intermetallic
alloys such as the 1C-series of alloys developed at Oak Ridge
National Laboratory (Oak Ridge, Tennessee, USA) have
been successfully developed for this purpose. The alloy
IC221M provides a good combination of strength, ductility,
castability, and weldability properties. This alloy is presently
used in transfer rolls for steel austenitizing furnaces at a
major US steel producer.

Recently, we documented how the microstructures, oxida-
tion, and mechanical properties of as-cast I[C221M are influ-
enced at an operation temperature of this alloy [2-4]. In
particular, we found that the v + NisZr eutectic constituents
formed during the casting process have a negative effect on
properties such as the preferred oxidation path, crack propa-
gation path, etc. The y + NisZr eutectic constituents do, how-
ever, offer many advantages to fabricate excellent intermetallics,
including reduction of solidification cracking and enhance-
ment of welding properties [5]. It was hereupon hypothe-
sized that if the y + NisZr eutectic constituents of as-cast
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IC221M alloy were dissolved by solution heat treatment
some of drawbacks of this alloy could feasibly be removed.

In general, heat treatment of intermetallic alloys is
employed for modifying properties such as strengthening by
precipitation and/or solid solution, improving creep proper-
ties, corrosion resistance, etc. Solution heat treatment is a
means to enter the constituents into solid solution by cooling
rapidly enough to hold these constituents in solution [6].
Mechanical properties, especially ductility, are sensitive to
the heat treatment process [7]. In the present study, a solution
treating temperature of 1100 °C was chosen to reduce the
volume fraction of the y + NisZr eutectic colonies by re-dis-
solution without melting the colonies. The melting tempera-
ture of the y + NisZr eutectic colonies is 1170 °C. The
volume fraction of the y + NisZr eutectic colonies drops from
the as-cast value 6.5 vol.% to less than 0.5 vol.% after 100 h
solution treatment at 1100 °C [4]. Therefore, 100 h was cho-
sen as the period of solution heat treatment.

2. EXPERIMENTAL PROCEDURE

For examination of the solution heat treatment (ST) effects
of the commercialized Ni;Al alloy IC221M in terms of its
oxidation and mechanical properties at 900 °C (an operation
temperature of a heat-treating furnace with transfer rolls fab-
ricated by 1C221M), materials cut from the casting ring were
capsulated in a quartz tube. The tube was filled with inert Ar
gas so as to avoid oxidation, and then the specimen was solu-
tion treated for up to 100 h at 1100 °C. The solution heat
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Fig. 1. A flow chart of procedures of solution heat treatment and
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treated specimen was then water quenched. Following solu-
tion heat treatment, isothermal oxidation behavior was stud-
ied in still air at 900 °C for up to 1000 h. The oxides were
observed by optical microscopy and a scanning electron
microscopy (SEM) equipped with an energy dispersive X-
ray (EDX) spectrometer. Elemental maps of the oxidized
specimens after solution treatment were extracted from EDX
spectrum images using an EMISPEC Vision system, and
compositionally distinct features were determined from the
EDX spectrum images using a multivariate statistical analy-
sis (MSA). The detailed procedure of analyzing elemental
maps is described elsewhere [2,4]. Mechanical properties of
the solution treated specimens were examined by tensile test-
ing and hardness testing (Vickers indentation with a 300 g
load) and compared with the properties of the as-cast mate-
rial. Tensile specimens machined to a thin flat dog-bone
shape were aged in Ar for 1000 h at 900 °C, and then tested
at various temperatures up to 1100 °C in air. The procedures
of the solution treatment and mechanical testing are summa-
rized in Fig. 1. The fracture surface was examined using a
scanning electron microscopy equipped with EDX.

3. RESULTS AND DISCUSSION

3.1. Microstructure and oxidation

The as-cast microstructures and thermal aging effects at
900 °C (operation temperature of IC221M at industries) on a
castable intermetallic alloy, IC221M, have been studied in
earlier works [2-4,8,9]. The major phases in IC221M are an
L1, ordered Ni;Al ¥’ phase, a Ni solid solution y phase, and
an intermetallic phase based on NisZr forming y’+ NisZr
eutectic colonies. The matrix is a y’ + y mixture that is pre-
dominantly y’ at room temperature (85-95 vol.%). In the as-
cast condition, y + NisZr eutectic comprises about 6.5 vol.%
of the microstructure and is segregated interdendritically (a
vertical arrow in Fig. 2(a). Figures 2(b) and (c) show that the
microstructural changes at 1100 °C chosen to push the mate-

heat treatment at 1100 °C: (a) as-cast, (b) 100 h, and (c) 1000 h.

rial to the limits of its possible application due to the lower
melting ¥ + NisZr eutectic (T, = 1170 °C) are essentially the
same as those at 900 °C. However, homogenization of the
microstructure [2,10,11] is much faster: for instance, the
coarse cellular structure (indicated by a horizontal arrow in
Fig. 2(a)) in the interdendritic regions is dramatically dimin-
ished and the eutectic colonies are spherodized to a single
phase (NisZr) in 100 h (indicated by a vertical arrow in Fig.
2(b)). Thermal aging at 1100 °C dramatically decreased the
volume fraction of the y + NisZr eutectic to below 0.5 vol.%
within the first 100 h. It is assumed that the v + NisZr eutectic
colonies dissolved into the matrix and the remnant eutectic
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Fig. 3. Temperature dependence of the relative equilibrium volume
fracti&ns of y and y’ predicted by thermodynamic simulation, Thermo-
Calc ™.

represents the solubility of Zr in the IC221M system. Ther-
modynamic predictions estimated that the equilibrium
amount of y’ at 1100 °C is approximately 46 %, as shown in
Fig. 3. Based on this information, it is presumed that the
microstructure evolved such that most of the y + NisZr eutec-
tic dissolved into the matrix. Furthermore, it is assumed that
the y' phase in matrix with aging at 1100 °C is no longer the
dominant phase, and y and ¢y’ phases might be coarsened by
heat treatment at 1100 °C, as indicated in Fig. 2(c) [4,10].

Fig. 4. Optical micrographs ((a) and (b)) and scanning electron micrographs ((c) and (d)) of IC221M: (a) and (c¢)-an untreated specimen aged in
air at 900 °C for 1000 h for comparison: (b) and (d)-solution treated at 1100 °C for 100 h, and then aged in air at 900 °C for 1000 h.

Consequently, four primary changes in the microstructures
after solution heat treatment at 1100 °C were observed: (1)
there is considerable homogenization of the cast microstruc-
tures with aging; (2) the volume fraction of y phase is
slightly higher than y’ phase; (3) the y and vy’ phases coarsen;
and (4) the y + NisZr eutectic colonies is almost eliminated.
The results of the solution heat treatment effects on the
oxidation behavior of [C221M in air at 900 °C are shown in
Figs. 4 to 5. The cross-sectional observations of oxidized
specimens by optical and scanning electron microscopy are
shown in Fig. 4. Figures 4(b) and (d) show, respectively, rep-
resentative optical and SEM micrographs of the surface
oxides of solution heat treated specimens in terms of cross-
sectional features. For comparison of oxidation behavior
before and after solution heat treatment, micrographs of the
surface oxides of an untreated alloy are also presented in
Figs. 4(a) and (c), respectively. The representative oxide fea-
tures of solution treated specimens are distinctively different
from those of the untreated specimen. In particular, the
spike-like oxides (indicated by arrows) are absent and hence
there is no deep penetration of the oxide into the matrix.
Note that because of the absence of the deep spike-like
oxides, the surface oxide is relatively uniform in appearance
and thickness. Another important result is that the NiO nod-
ules that form immediately above the y + NisZr eutectic col-
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Fig. 5. EDX spectral imaging maps of oxide distribution in cross-section of a specimen solution treated and then aged at 900 °C: (a) secondary
electron (SE) image, (b) ALOs, (¢) NiO/NiALQOs, (d) CrOs/NiCr,04, and (€) ZrO,.

onies in untreated specimen are considerably reduced after
solution heat treatment. Presumably, this is due to homoge-
nization of microstructure, which considerably reduces the
source of the Ni cation diffusion path (discussed later). The
X-ray oxide phase images presented in Fig. 5 show that
AlOs5 is formed throughout the oxide, but the outermost
layer of the oxide is composed of a mixture of Al, Ni, and O.
This might be a NiAl,O,4 spinel mixture with a small amount
of NiO (see Fig. 5(c)). It should be emphasized that NiO in
the surface may be an undesirable oxide under a certain
atmosphere, e.g. a carburizing atmosphere [12], even though
resistance to carburization of IC221M competes with the
most commonly used HU alloy [13]. A chromium oxide,
possibly Cr,O; and/or NiCr,O, spinel, forms beneath the
outermost layer. Interestingly, zirconium oxide, ZrO,, is
restricted in the surface scale instead of forming deep spike-
like oxides. This result shows that solution heat treatment
yields not only remaining keying effects of ZrO, [9], but also
reduces the preferred crack propagation path [4]. Thus, the
solution treatment appears to have beneficial effects on the
oxidation of as-cast [C221M. Figure 6 shows a graph com-
paring the oxidation rate at 900 °C of the solution treated
material to that of the as received material. The white arrow
in Fig. 5(c) indicates the continuous oxide and the black

—&— Continuous oxde (as-cast)

40 |--{ -B—Spikes (as-cast)

—4— Continuous oxide (solution treated)
—— Oxidation extent (solution treated)

Penetration depth (um)

10 15 20 25 30 35
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Fig. 6. A plot of variation of oxide penetration depth at 900 °C with

respect to the square root of aging time comparing the oxide pene-

tration depth with aging time between before and after solution heat
treatment of IC221M.

arrow shows the extent of oxidation (the thickness of the
oxide from top to bottom). As can be seen in the graph,
while the spike-like oxides of the untreated specimen pene-
trate (open square) deeply and continue to penetrate with
aging time, growth of the oxide in the solution treated speci-
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men (closed square) slows as aging proceeds. Solution treat-
ing thus retards the oxidation process.

In earlier works [2,3,8], the possible oxides based on free
energies of formation predicted by Thermo-Calc™ calcula-
tions show ZrO, is the most stable oxide and NiO is the least
stable oxide in this system. Five other oxides, Al,O;, Cr,Os,
NiALO4, NiCr,04, and MoO,, are also predicted. The oxida-
tion behavior of as-cast IC221M in air at 900 °C has been
schematically described in an earlier work [3]. For short
oxida-tion periods at 900 °C, oxides form in a manner that
follows the microsegregation patterns in the cast-microstruc-
ture. Since the y + NisZr eutectic acts a fast diffusion path,
oxygen anions diffuse quickly into the eutectic colonies, and
710, the most stable oxide in the system, forms internally.
During this process, nickel cations are rejected and diffuse to
the surface through the eutectic to form surface NiO nodules,
which subsequently react with aluminum oxide and alumi-
num in the matrix to form NiAl,O,. Therefore, upon solution
heat treatment, because y + NisZr eutectic colonies almost
vanish due to dissolution into the matrix, significantly differ-
ent oxidation behavior was observed, e.g. the absence of
deep spike-like oxides and significant reduction of NiO nod-
ules, indicating improved oxidation. However, although it
appears that the effects of solution treatment on oxidation of
IC221M may be beneficial, further study is required to deter-
mine how well the surface oxide protects the base alloy in an
atmosphere similar to that employed for commercial appli-
cations. For this purpose, cyclic oxidation tests need to be
performed to determine whether the oxide scale is adherent.

3.2. Mechanical properties

In general, solution heat treatment can improve mechani-
cal properties by reducing phases that initiate crack propaga-
tion [14]. In an earlier work [4], we found that the y + NisZr
eutectic colonies act as a preferred crack propagation path.
Therefore, reduction of the y + NisZr eutectic colonies, one
of the most significant changes in microstructure of as-cast
alloy by solution heat treatment, may improve the mechani-
cal properties of as-cast IC221M as well.

Tensile test results for the solution treated specimens are
shown in Fig. 7. For comparison, the results of as-cast mate-
rial and specimens aged in Ar at 900 °C for 1000 h are also
presented. Figure 7(a) shows the variation of yield strength
with testing temperature. The yield strength of the as-cast
material increases to a peak of about 650 MPa at a tempera-
ture in the 600-800 °C range. This is consistent with previous
research [15,16] on this material and illustrates the anoma-
lous yield strength increase. Above 900 °C, the yield strength
drops dramatically due to the change of dislocation from
immobile to mobile by enhanced thermal activation [17]. As
can be seen in Fig. 7, the behavior of tension tests of the
specimens aged in Ar at 900 °C and the solution treated spec-
imens are generally similar to that of the as-cast alloy with
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Fig. 7. Variation of tensile properties with testing temperature of as-

cast and solution treated IC221M: (a) yield strength, (b) ultimate ten-
sile strength, and (c) plastic strain.

the exception of lower yield strength. In a previous study, we
provided detailed descriptions of tensile properties of
IC221M with various conditions: aging time, temperature,
and atmosphere [4]. The yield strength of a solution treated
specimen is intermediate to the as-cast and 900 °C aged
specimens up to a testing temperature of 700 °C, at which
there is a decrease in strength. Figures 7(b) and (c) show the
ultimate tensile strength (UTS) and plastic strain, respec-
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tively. While the UTS for as-cast and specimens aged at
900 °C is nearly the same for the tests at room temperature
(RT) to 500 °C, the UTS for solution heat treated specimens,
especially those tested at RT, is lower than the other two con-
ditions. The tensile strength of the solution treated specimen
peaks at 300 °C, and then gradually decreases. The decrease
of the materials strength corresponds to lower ductility; see
Fig. 7(c). The elongation of the solution heat treated speci-
men drops noticeably at testing temperatures above 500 °C
and then shows brittle fracture, which is presumably related
to oxygen induced environmental embrittlement. It is not
understood why the solution treated specimen is more sensi-

Fig. 8. SEM micrographs of solution treated IC221M tested in air at
700 °C: (a) lower magnification - revealing intergranular fracture, (b)
an enlarged micrograph of (a) - arrows indicate a single phase of NisZr,
which may act crack initiation sites.

tive to oxygen induced embrittlement than other conditions.
One possibility is that because the y + NisZr eutectic colonies
are mostly dissolved into the base alloy due to solution treat-
ment at 1100 °C, the Zr concentration in the matrix may
influence the embrittlement of the specimen. Figure 8 shows
intergranular brittle fracture of the solution treated specimen
tested at 700 °C. White arrows in Fig. 8(b), an enlarged
micrograph of a square in Fig. 8(a), indicate the remnants of
vy + NisZr eutectic colonies after solution heat treatment.
These colonies segregate in the grain boundary as a single
phase and may act a crack nucleation site.

It is not fully understood how Zr addition affects the duc-
tility of intermetallic alloys. Some previous studies show
improvement of ductility [18-19] while some note disadvan-
tages [20]. Gu et al. [21] states that a limited amount of zir-
conium in the alloys can improve the ductility, but zirconium
content over the critical amount can also lead to embrittle-
ment [21]. In this study, redistribution of Zr in the matrix
does not improve the ductility of this alloy. Presumably, oxy-
gen induced embrittlement and the remnant of y + NisZr
eutectic colonies as a single phase in grain boundaries acting
as a crack initiation site are co-related to the low ductility at
higher temperatures. Collectively, at lower temperatures
(<700 °C), the tensile properties of the solution treated spec-
imens are competitive with the as-cast material aged at 900 °C,
but the degradation of the tensile properties of the solution
treated material is faster at higher temperatures.

Figure 9 shows the variation of the Vickers microhardness
(Hv) of solution heat treated as-cast IC221M at 1100 °C for
up to 100 h followed by aging in air at 900 °C for up to 1000 h.
For comparison, the microhardness of the untreated materi-
als aged at 900 °C (closed triangle) is also presented. The
microhardness of the solution treated specimen drops slightly
with aging time but remains significantly higher than that of
the untreated specimens. This result is probably produced by
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Fig. 9. Variation of microhardness of the solution treated alloy with
aging time at 900 °C (solid diamond and open circle). Microhardness
data of untreated alloy with aging time at 900 °C are also presented for
comparison (solid triangle).
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a Zr solid solution strengthening effect due to re-dissolution
of v + NisZr eutectic colonies by solution heat treatment.
Therefore, solution heat treatment helps to improve the room
temperature hardness of as-cast IC221M.

4. CONCLUSIONS

An attempt was made to improve the oxidation resistance
and mechanical properties of as-cast commercialized Ni;Al
alloy by solution heat treatment at 1100 °C. After solution
heat treatment, the surface oxide is relatively uniform in
appearance and thickness, and NiO surface nodules are con-
siderably reduced. X-ray maps of oxide phases show that the
outermost layer of oxide is mostly NiALO, spinel mixed
with a significantly smaller amount of NiO. A chromium
rich oxide, Cr,O; and/or NiCr,O, spinel, forms beneath the
outermost layer. An aluminum enriched oxide, AL,Os, forms
below the surface. Most importantly, zirconium oxide, ZrO,,
is restricted in the surface oxide instead of forming deep pen-
etrating spikes. The solution treated material showed some-
what improved oxidation resistance, but cyclic oxidation
tests should be conducted to determine whether the surface
oxide is well-adherent.

The hardness of a solution treated IC221M is improved
after solution treating at 1100 °C as a result of dissolution of
the v+ NisZr eutectic into the matrix. Tensile tests of the
solution treated specimens show that solution treatment
yields no significant benefit in this regard and that the prop-
erties gradually degrade above 500 °C.

ACKNOWLEDGMENTS

This research was co-sponsored by the U.S. Department
of Energy, Assistant Secretary for Energy Efficiency and
Renewable Energy, Industrial Materials for the Future Pro-
gram and the Division of Materials Sciences and Engineer-
ing under contract DE-AC05-000R22725 with UT-Battelle,
LLC. The author wishes to thank Prof. GM. Pharr at the
University of Tennessee, Knoxville, Dr. M. L. Santella at
Oak Ridge National Laboratory, and Dr. I. M. Anderson at
the National Institute of Standards and Technology for their
support and valuable discussions for this manuscript.

REFERENCES

1. V. K. Sikka, M. L. Santella, P. Angelini, J. Mengel, R.
Petrusha, A. P. Martocci, and R. 1. Pankiw, /ntermetallics
12, 837 (2004).

2.D.Y. Lee, M. L. Santella, I. M. Anderson, and G. M. Pharr,
Intermetallics 13, 187 (2005).

3.D.Y. Lee, M. L. Santella, I. M. Anderson, and G. M. Pharr,
Met. Mater. Trans. A 36, 1855 (2005).

4.D.Y. Lee, ORNL/TM-2004/101, 163 (2004).

5. M. L. Santella, Scr: Metall. Mater. 28, 1305 (1993).

6. Metals Handbook. 2" Desk ed., ASM international (1998).

7.Cai D, Yao M, Nie P, and Liu W, Mater. Let. 57, 3805
(2003).

8. D. B. Lee and M. L. Santella, Mater. Sci. Eng. A374, 217
(2004).

9. G Y. Kim and D. B. Lee, Met. Mater. -Int. 8, 375 (2002).

10. B. C. Wilson, J. A. Hickman, and G. E. Fuchs, .JOM 55, 35
(2003).

11. G. E. Fuchs and B. A. Boutwell, Mater. Sci. Eng. A333, 72
(2002).

12. M. L. Santella, Personal communication (2003).

13.S. C. Deevi and V. K. Sikka, /ntermetallics 4, 357 (1996).

14. P. S. Wang, S. L. Lee, J. C. Lin, and M. T. Jahn,.J. Mater.
Res. 15,2027 (2000).

15. V. K. Sikka, S. C. Deevi, S. Viswanathan, R. W. Swinde-
man, and M. L. Santella, Intermetallics 8, 1329 (2000).

16. V. K. Sikka, Int. Sym. Nickel & Iron Aluminides: Process-
ing, Properties, and Applications, Proceedings from Mate-
rials week 96, 361, Cincinnati (1997).

17. G. Sauthoff, Intermetallics, VCH Inc. (1995).

18. E. P. George, C. T. Liu, and D. P. Pope, Scr: Metall. Mater:
27,365 (1992).

19. E. P. George, C. T. Liu, and D. P. Pope, Scr: Metall. Mater:
28, 857 (1993).

20. A. Chiba, S. Hanada, and S. Watanabe, Mater. Sci. Eng. A
152, 108 (1992).

21.Y. Gu, D. Lin, and I. Guo, Scr. Metall. 35, 609 (1996).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [7200.000 7200.000]
>> setpagedevice


