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Abstract: SiC ceramics exhibit high strength and thermal stability, rendering them highly suitable for applications in
space and thermal components. However, the growing demand for large-sized and complex-shaped SiC ceramics
necessitates advanced manufacturing techniques. In comparison to traditional reduction and equal material manufacturing
methods, 3D printing technology offers significant advantages in various aspects, such as manufacturing cycle, effective
cost, and reliability. There are many 3D printing methods, each with distinct characteristics. Stereolithography (SLA)

is capable of achieving high precision and superior surface quality. However, its practical applications often necessitate
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special design of support structures. Additionally, issues such as residual stress and low solid content significantly

hinder its further development. Selective laser sintering (SLS) exhibits strong material compatibility, which is

suitable for a wide range of materials, including polymers, metals and ceramics. This technology enables large-scale

rapid prototyping at low manufacturing costs. But its surface quality of the formed billet is typically insufficient,

which needs additional post-processing. Fused deposition modeling (FDM) though facilitates the preparation of SiC

ceramics via reaction sintering, proves unsuitable for constructing large components which restricts its applicability

in actual production contexts, due to its inadequate interlayer bonding strength coupled with pronounced surface

striations and slower forming speeds. This paper reviews the latest research progresses of 3D-printed SiC ceramics

and analyzes the subsequent high-temperature densification treatments of green bodies, along with their

fundamental physical properties. Finally, it proposes some prospects of 3D printing of SiC ceramic materials, and

strengthens integration of new 3D printing technologies and various printing methods for fine regulation of ceramics’

macro- and micro-structures.
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Fig. 1 Schematic diagrams of typical 3D printing technology for ceramics
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(a) Fused deposition modeling; (b) Direct ink writing; (c) Stereolithography; (d) Selective laser sintering
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(a) Preparation of SiC slurry; (b) SLA; (c) Pyrolysis and impregnation; (d) RMI
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Table 1 Characteristics of solid-phase sintered and liquid-phase sintered SiC ceramics

[50]

Sintering method Sintering temperature/‘C

Mechanical property

Fracture mechanism Mass transfer

Solid-phase sintering 2000-2200

High flexure strength, low fracture

Transgranular fracture  Diffusion

toughness, and being sensitive to

cracks

Liquid-phase sintering 1850-2000

toughness

High flexure strength and fracture

Intergranular fracture Viscous flow
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Fig. 9 Schematic diagram of the microstructural changes in
the liquid-phase sintering process>?
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Table 2 Mechanical properties, advantages and challenges of SiC ceramics by 3D printing techniques''® 3% 60
Additive
manufacturing Mechanical property Advantage Challenge Ref.
process
FDM Bulk density: 3.12 g/cm® Being simple, efficient Poor surface roughness, additional [60]
Flexure strength: 465 MPa preparation process and low support for complex structures, and
requirements for equipment obvious step effect of layered
structure
DIW Bulk density: 3 g/cm® High adaptability of raw Dimensional restrictions, and low [16]
Flexure strength: 406.1 MPa ~ materials, simple preparation precision
process, and low
manufacturing cost
SLA Bulk density: 2.85 g/cm® High printing accuracy and Low green body strength, additional [23]
Flexure strength: 234.8 MPa  surface finish, enabling design  support structures required for complex
of macro- and micro-structures  structures, and toxic photosensitive
resins
SLS Bulk density: 3.1 g/cm® High molding efficiency, and High thermal stress, and being prone [39]

Flexure strength: 794 MPa

recoverable powder

to defects




254 WL MR

i 2 40 %

4 BREERE

3D T ENEOAR R 44 e R B HI R by A BB 25
JEURE, M T SR i e . R SiC B R
k. B, BEERKRSE. 200K SiC My &kt
(] 7 SRANWT G 22, 3D FTENERIL SE R 32 3] 1
ZRUE. P BERDRIY b m o AR AR R g iR ]
BATENSE Y, A B vl T AL B R SR AT BU e 4
Ao 5 1% Gl e ROY T3 2R 0, il 3D 4T Bk JEURE
HEBRBRAERES, & T 2MAEN. TIEE
JEORE, P DA SRR A . TR A S S AR AR AR
GRS WAL -3

SR DM i S BRI R R D SR AL, R
WENGIIF R T 270 3D FTEN(RIEE AL l3E)HoR, JIfHE
B R LR RIS R e . Hod, FDM G in#vE
M B S UL, R)E1E RS TR
B A JFRL A h DA 22 TR A5 SLA SRR
BEAVDCEM IRATCHL SiC FRE S, 5%
REWS 53— IR FEREAT [ 4k, AT SE B R 4 (0 RO
Rtk 25 TR RS RHERTENR SLS R A HL
REBIE R > TN RE R ST B, 5 Bk
PIRP TR B, RETE B PRI RS LR 1 &, R
JRE AR IRAE R I R 7 A KR AL R Bk
SLS REMWE AR RAf g E - L I ZR R AE,
RS AR BB IR, H &SRR

IRIBAR. ERE SiC M % B A R R AR ) FT SE T
i S RE LA SR TT -

BE— DA AL B S 3D 4T ENEOR RENS T 47 S B
FEAR-PERE AR ) B D R 8], RRO AR R 0 B B i
HaYh 2 — o AT DO R RORL B3 b Ak, il %
The. mitEREr 2 & R R Ak iA, DALGE S HUAEE
T BRI I, Bt b s T E R AL
B8 LAN, ALK R AN 3D 3T ENEOR A R (oL
FDM T 20), W2 fT ENJridk LS I SE s i K 1
PegzE . R, SR AR, g R h
AT N RO e o AERDRE AU ] iE A 2
XK LREITRE DI ST, R 3D 4T ENEoAR ] 4% 19
St SiC W B A 0 4 FEBORIBR 22 1Y) S B W FH 45K
K& 5T, AW LI B 3 AR K54 77

S 3 k:

[1] ZOCCA A, COLOMBO P, GOMES C M, et al. Additive
manufacturing of ceramics: issues, potentialities, and opportunities.
Journal of the American Ceramic Society, 2015, 98(7): 1983.

[2] BAUX A, JACQUES S, ALLEMAND A, et al. Complex geometry

[3]

(4]

[3]

(e

[7]

(8]

9]

[10]

[11

—

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

macroporous SiC ceramics obtained by 3D-printing, polymer
impregnation and pyrolysis (PIP) and chemical vapor deposition
(CVD). Journal of the European Ceramic Society, 2021, 41(6): 3274.
SHEN T, XIONG H, LI Z, et al. Fused deposition fabrication of
high-quality zirconia ceramics using granular feedstock. Ceramics
International, 2021, 47(24): 34352.

CHEN A, SU J, L1Y, et al. 3D/4D printed bio-piezoelectric smart
scaffolds for next-generation bone tissue engineering. International
Journal of Extreme Manufacturing, 2023, 5(3): 032007.
SHAHZAD A, LAZOGLU 1. Direct ink writing (DIW) of
structural and functional ceramics: recent achievements and future
challenges. Composites Part B: Engineering, 2021, 225: 109249.
JIANG Q, YANG D, YUAN H, ef al. Fabrication and properties of
SiN,O-Si3Ny ceramics via direct ink writing and low-temperature
sintering. Ceramics International, 2022, 48(1): 32.

HOSSAIN S S, LU K. Recent progress of alumina ceramics by
direct ink writing: ink design, printing and post-processing.
Ceramics International, 2023, 49(7): 10199.

TANG J, CHANG H, GUO X, et al. Preparation of carbon fiber-
reinforced SiC ceramics by stereolithography and secondary
silicon infiltration. Ceramics International, 2022, 48(17): 25159.
BAI X, DING G, ZHANG K, et al. Stereolithography additive
manufacturing and sintering approaches of SiC ceramics. Open
Ceramics, 2021, 5: 100046.

HE R, ZHOU N, ZHANG K, et al. Progress and challenges
towards additive manufacturing of SiC ceramic. Journal of
Advanced Ceramics, 2021, 10(4): 637.

HASSANIN H, ESSA K, ELSHAER A, et al. Micro-fabrication of
ceramics: additive manufacturing and conventional technologies.
Journal of Advanced Ceramics, 2021, 10(1): 1.

CHEN X, YIN J, HUANG L, et al. Microstructural tailoring,
mechanical and thermal properties of SiC composites fabricated by
selective laser sintering and reactive melt infiltration. Journal of
Advanced Ceramics, 2023, 12(4): 830.

NGO T D, KASHANI A, IMBALZANO G, et al. Additive
manufacturing (3D printing): a review of materials, methods,
applications and challenges. Composites Part B: Engineering,
2018, 143: 172.

MEI H, YAN Y, FENG L, et al. First printing of continuous fibers
into ceramics. Journal of the American Ceramic Society, 2019,
102(6): 3244.

LI F F, MAN N, CHEN J, et al. SiC ceramic mirror fabricated by
additive manufacturing with material extrusion and laser cladding.
Additive Manufacturing, 2022, 58: 102994.

WEN J, ZENG T, PAN X, et al. Effect of solid loading and carbon
additive on microstructure and mechanical properties of 3D-printed
SiC ceramic. International Journal of Applied Ceramic Technology,
2022, 19(6): 3007.

XIONG H, CHEN H, ZHAO L, et al. SiC,/SiC, reinforced 3D-SiC
ceramics using direct ink writing of polycarbosilane-based solution:
microstructure, composition and mechanical properties. Journal of
the European Ceramic Society, 2019, 39(8): 2648.

XIA Y, LU Z, CAO I, et al. Microstructure and mechanical
property of C¢/SiC core/shell composite fabricated by direct ink
writing. Scripta Materialia, 2019, 165: 84.

LIU Y, CHENG Y, MA D, et al. Continuous carbon fiber
reinforced ZrB,-SiC composites fabricated by direct ink writing
combined with low-temperature hot-pressing. Journal of the
European Ceramic Society, 2022, 42(9): 3699.

LI Z, CHEN Z, LIU J, et al. Additive manufacturing of lightweight
and high-strength polymer-derived SiOC ceramics. Virtual and
Physical Prototyping, 2020, 15(2): 163.



3 B 7, & SiC B 3D 4T B0 5 8U% kit e 255
[21] ECKELZ C,ZHOU C, MARTIN J H, et al. Additive manufacturing of [42] ZHONG H, WANG Z, ZHOU H, et al Properties and
polymer-derived ceramics. Science, 2016, 351(6268): 58. microstructure evolution of C¢/SiC composites fabricated by polymer

[22] FU S, ZHU M, ZHU Y. Organosilicon polymer-derived ceramics: impregnation and pyrolysis (PIP) with liquid polycarbosilane.
an overview. Journal of Advanced Ceramics, 2019, 8(4): 457. Ceramics International, 2017, 43(10): 7387.

[23] TANG J, GUO X, CHANG H, et al. The preparation of SiC [43] ZOUY, LI C H, TANG Y, et al. Preform impregnation to optimize
ceramic photosensitive slurry for rapid stereolithography. Journal the properties and microstructure of RB-SiC prepared with laser
of the European Ceramic Society, 2021, 41(15): 7516. sintering and reactive melt infiltration. Journal of the European

[24] LIU T, YANG L, CHEN Z, et al. Effects of SiC content on the Ceramic Society, 2020, 40(15): 5186.
microstructure and mechanical performance of stereolithography-based [44] ZHAO H, LIU W, LV X, et al. p-SiC nano-particles enhanced
SiC ceramics. Journal of Materials Research and Technology, 2023, thermal conductivity of pressureless solid-phase sintering SiC.
25: 5184. Ceramics International, 2024, 50(2): 2772.

[25] FU X, HUCK D, MAKEIN L, et al. Effect of particle shape and [45] WANG K, YIN J, CHEN X, et al. Microstructure and properties of
size on flow properties of lactose powders. Particuology, 2012, liquid phase sintered SiC ceramics fabricated via selective laser
10(2): 203. printing and precursor impregnation and pyrolysis. Ceramics

[26] LU H, GUO X, LIU Y, et al. Effect of particle size on flow mode International, 2024, 50(3): 4315.
and flow characteristics of pulverized coal. KONA Powder and [46] XING Y, WU H, LIU X, et al. Grain Composition on
Particle Journal, 2015, 32: 143. solid-state-sintered SiC ceramics. Journal of Inorganic Materials,

[27] JULIANO P, MUHUNTHAN B, BARBOSA-CANOVAS G V. 2018, 33(11): 1167.

Flow and shear descriptors of preconsolidated food powders. [47] SHAFFER P T B. The SiC phase in the system SiC-B,C-C.
Journal of Food Engineering, 2006, 72(2): 157. Materials Research Bulletin, 1969, 4(3): 213.

[28] KRANTZ M, ZHANG H, ZHU J. Characterization of powder flow: [48] MADDRELL E R. Pressureless sintering of silicon carbide.
static and dynamic testing. Powder Technology, 2009, 194(3): 239. Journal of Materials Science Letters, 1987, 6(4): 486.

[29] SCHUSSELE A, BAUER-BRANDL A. Note on the measurement [49] WANG K, YIN J, CHEN X, et al. Effect of particle grading on
of flowability according to the European Pharmacopoeia. International properties of silicon carbide ceramics by selective laser printing
Journal of Pharmaceutics, 2003, 257(1/2): 301. combined with solid phase sintering at atmospheric pressure.

[30] WU S, YANG L, WANG C, et al. Si/SiC ceramic lattices with a Journal of Inorganic Materials, 2024, 39(7): 754.
triply periodic minimal surface structure prepared by laser powder [50] PR, ®hR =, SRR, BUHEHEEN T RREREAR. TE L
bed fusion. Additive Manufacturing, 2022, 56: 102910. FEHAR, 2002, 1(1): 32.

[31] CHEN X, YIN J, LIU X, et al. Effect of laser power on mechanical [51] KINGERY W D. Densification during sintering in the presence of a
properties of SiC composites rapidly fabricated by selective laser liquid phase. 1. Theory. Journal of Applied Physics, 1959, 30(3): 301.
sintering and direct liquid silicon infiltration. Ceramics International, [52] GERMAN R M, SURI P, PARK S J. Review: liquid phase
2022, 48(13): 19123. sintering. Journal of Materials Science, 2009, 44(1): 1.

[32] POPPER P, DAVIES D G S. The preparation and properties of [53] BISWAS K, RIXECKER G, ALDINGER F. Gas pressure sintering
self-bonded silicon carbide. Powder Metallurgy, 1961, 4(8): 113. of SiC sintered with rare-earth-(II1)-oxides and their mechanical

[33] HAYUN S, FRAGE N, DARIEL M P. The morphology of ceramic properties. Ceramics International, 2005, 31(5): 703.
phases in B,C-SiC-Si infiltrated composites. Journal of Solid State [54] PEREVISLOV S N. Mechanism of liquid-phase sintering of
Chemistry, 2006, 179(9): 2875. silicon carbide and nitride with oxide activating additives. Glass

[34] XSWIE. iRk B SR o8 4f B A Tek M e AR A 26 A LAk BE AT . and Ceramics, 2013, 70(7/8): 265.

BQL: B TR 22 1 2247 180, 2010. [55] FhIEUN, XIZ7%E, EIGH, & CVI-GSI LEHl# C/C-SiC Z&

[35] B-EAE, K%, RN, 5 RELSHIXT RBSC AMEMERE RIS MBI ALRREE R 5 15 MR RE. MR TRE, 2017, 45(12): 58.
ECOCHE TR 544k, 1996, 18(3): 34. [56] LIU R, WANG F, ZHANG J, et al. Effects of CVI SiC amount and

[36] ZiERR, FhULNY, HIZTT, &5 KBS EX P a B it 42N deposition rates on properties of SiC¢/SiC composites fabricated by
SgerRzm. JE R Tk, 2017, 24(1): 18. hybrid chemical vapor infiltration (CVI) and precursor infiltration and

[37] LIS, ZHANG Y, HAN J, et al. Random chopped fibers in reaction pyrolysis (PIP) routes. Ceramics International, 2021, 47(19): 26971.
bonded SiC composite: morphology, etching and reinforcing [57] TERRANI K, JOLLY B, TRAMMELL M. 3D printing of
properties. Materials Science and Engineering: A, 2012, 551: 104. high-purity silicon carbide. Journal of the American Ceramic

[38] BOE, A%, =R, . A& SO O R e gt T Al Society, 2020, 103(3): 1575.

B SRR, WA SRS TAE, 2001, 30(2): 149. [58] FU H, ZHU W, XU Z, et al. Effect of silicon addition on the

[39] WU Q, YANG C, ZHANG H, et al. Fabrication and characterization microstructure, mechanical and thermal properties of Cg/SiC
of reaction-bonded silicon carbide with poly(methyl methacrylate) composite prepared via selective laser sintering. Journal of Alloys
as pore-forming agent. Ceramics International, 2013, 39(5): 5295. and Compounds, 2019, 792: 1045.

[40] LIU K, WANG J, WU T, et al. Effects of carbon content on [59] WANG C, CHEN X, WANG Z, et al A novel mullite
microstructure and mechanical properties of SiC ceramics anti-gyroid/SiC gyroid ceramic metastructure based on digital light
fabricated by SLS/RMI composite process. Ceramics International, processing 3D printing with enhanced electromagnetic wave
2020, 46(14): 22015. absorption and mechanical properties. Journal of Advanced

[41] PELANCONI M, COLOMBO P, ORTONA A. Additive Ceramics, 2024, 13(8): 1212.
manufacturing of silicon carbide by selective laser sintering of [60] LI F, ZHU M, CHEN J, et al. High-strength and low-silicon SiC

PA12 powders and polymer infiltration and pyrolysis. Journal of

the European Ceramic Society, 2021, 41(10): 5056.

ceramics prepared by extrusion molding 3D printing. Journal of
the European Ceramic Society, 2024, 44(2): 617.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 false
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF005B57FA4E8E201C005B9AD88D2891CF62535370005D201D005D00204F7F75288FD94E9B8BBE5B9A521B5EFA7684002000500044004600206587686353EF901A8FC7684C976262535370673A548C002000700072006F006F00660065007200208FDB884C9AD88D2891CF62535370300260A853EF4EE54F7F75280020004100630072006F0062006100740020548C002000410064006F00620065002000520065006100640065007200200035002E003000204EE553CA66F49AD87248672C676562535F00521B5EFA768400200050004400460020658768633002>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


