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Abstract: Polymer-based dielectrics are widely used in metalized film capacitors because of their high breakdown
strength, excellent processability, and low cost. Nowadays the most commonly used energy storage dielectric material is
biaxially oriented polypropylene(BOPP), which has defects such as low discharged energy density and large dielectric
losses at high temperatures. Therefore, improving the performance of energy storage density and high-temperature re-
sistance of polymer-based dielectric materials is an important issue in the field of dielectric energy storage. This paper
reviews the application progress of new polymer-based dielectric materials in the field of high-temperature dielectric en-
ergy storage in recent years. Firstly, the charging and discharging principle of dielectric materials and the key parameters
that determine the energy storage density of dielectric materials are introduced. Then, the latest research progress of
high-temperature resistance dielectrics is reviewed from three aspects: dielectrics with high glass transition temperature,
crosslinking dielectrics, and dielectrics with charge traps. Finally, the prospects in development direction of poly-
mer-based high-temperature resistance dielectrics are concluded.
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energy storage performance diagram at high temperatures
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D-E loops and dielectric energy storage performance of P(IMMA-VK)-2 and BOPP at ambient temperature and 100 ‘C



SRR, TR v i I A R RE Y R R T T ik

2317

o RN o o R T ok R R

HLA T A A v L R F IR A BT T U 2 4R 1Y
SURISE I~ NN R G A O R i A s
W N B BRI, I HOUE TAPEHN iR H
PERE. 2T UL, ARKESD A BRI
FALUT L.

D RFULERTE, B RALR T AR
YRR G BTGB DUA R R RS
LA AR o 2 5 FE AN i PR RE o P AT e di
REWH AN AR R TT 17 R M T2 i
HRMm A, B APREBEIN, Sl
RGN BRI R TSI T R
VERERT A

2) WhHh, REVEEEMEREASNEE
REJIX ARG E s T th B R H 2, (HRH A @l
B A, fEE Pl R BB
4R SR BT E R

3) A, REVHRAN BRI AR TR N A
XFREREI g A Ve R AN LA R et T B v
R, FETFUREH Y FL A BEPE RE A [N EE LR & % R
TR

S22k References

[1] PALNEEDI H, PEDDIGARI M, HWANG G T, et al
High-performance dielectric ceramic films for energy storage
capacitors: progress and outlook[J]. Advanced Functional Materials,
2018, 28(42): 1803665.

[2] ZHONG M, CHAI L, WANG Y J. Core-shell structure of ZnO@TiO»
nanorod arrays as electron transport layer for perovskite solar cell with
enhanced efficiency and stability[J]. Applied Surface Science, 2019,
464:301-310.

[3] BRIMMO A T, SODIQ A, SOFELA S, et al. Sustainable energy
development in Nigeria: wind, hydropower, geothermal and nuclear
(vol. 1)[J]. Renewable and Sustainable Energy Reviews, 2017, 74:
474-490.

[4] AKURU U B, KAMPER M J. Formulation and multiobjective design
optimization of wound-field flux switching machines for wind energy
drives[J]. IEEE Transactions on Industrial Electronics, 2018, 65(2):
1828-1836.

[S] LI L, CHENG J S, CHENG Y Y, et al. Significantly enhancing the
dielectric constant and breakdown strength of linear dielectric
polymers by utilizing ultralow loadings of nanofillers[J]. Journal of
Materials Chemistry A, 2021, 9(40): 23028-23036.

[6] CHU B J, ZHOU X, REN K L, et al. A dielectric polymer with high
electric energy density and fast discharge speed[J]. Science, 2006,
313(5785): 334-336.

[77 ZHOU Y, WANG Q. Advanced polymer dielectrics for high
temperature capacitive energy storage[J]. Journal of Applied Physics,
2020, 127(24): 240902.

[8] ZHU L. Exploring strategies for high dielectric constant and low loss
polymer dielectrics[J]. The Journal of Physical Chemistry Letters,
2014, 5(21): 3677-3687.

[9] LIH,ZHOUY, LIUYY, et al. Dielectric polymers for high-temperature
capacitive energy storage[J]. Chemical Society Reviews, 2021, 50(11):
6369-6400.

[10] LI Q, CHEN L, GADINSKI M R, et al. Flexible high-temperature

(1]

(12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]
(29]

(30]

dielectric materials from polymer nanocomposites[J]. Nature, 2015,
523(7562): 576-579.

BIRE, ¥ %, R, 5. REREES-EAHE 4 EPDM 54
S LR VR REWT AL D], e R B, 2021, 47(1): 223-230.
CHI Qingguo, YANG Meng, ZHNAG Tiandong, et al. Study on
electrical and mechanical properties of calcium copper titanate-boron
nitride doped EPDM composites[J]. High Voltage Engineering, 2021,
47(1): 223-230.

YAO Z H, SONG Z, HAO H, et al. Homogeneous/inhomogeneous-
structured dielectrics and their energy-storage performances[J].
Advanced Materials, 2017, 29(20): 1601727.

ZHANG T, CHEN X, THAKUR Y, et al. A highly scalable dielectric
metamaterial with superior capacitor performance over a broad
temperature[J]. Science Advances, 2020, 6(4): eaax6622.

RABUFFI M, PICCI G. Status quo and future prospects for metallized
polypropylene energy storage capacitors[J]. IEEE Transactions on
Plasma Science, 2002, 30(5): 1939-1942.

HUAN T D, BOGGS S, TEYSSEDRE G, et al. Advanced polymeric
dielectrics for high energy density applications[J]. Progress in
Materials Science, 2016, 83: 236-269.

RCRG X kr, B2 B RERER SR BRI T RE R (D).
EHERAR, 2023, 49(3): 1046-1054.

LIU Wenfeng, LIU Biao, CHENG Lu. Research progress of high
energy storage dielectric polymer materials[J]. High Voltage
Engineering, 2023, 49(3): 1046-1054.

SUN L, SHI Z C, WANG H L, et al. Ultrahigh discharge efficiency
and improved energy density in rationally designed bilayer
polyetherimide-BaTiO3/P(VDF-HFP)  composites[J].
Materials Chemistry A, 2020, 8(11): 5750-5757.
FOE, FEE. mERESYMB RS AR IR S R ).
EHEROR, 2021, 47(9): 3105-3123.

LI Qi, LI Manxi. High-temperature polymer dielectrics for film
capacitors: review and prospect[J]. High Voltage Engineering, 2021,
47(9): 3105-3123.

BRE, UL, XIE 0, S AR e i S i e A
W] mEERAR, 2021, 47(5): 1759-1770.

ZHA Junwei, TIAN Yaya, LIU Xuejie, et al. Research progress of
intrinsic high temperature resistant polyimide for energy storage
dielectrics[J]. High Voltage Engineering, 2021, 47(5): 1759-1770.

LUO H, ZHOU X F, ELLINGFORD C, et al. Interface design for high
energy density polymer nanocomposites[J]. Chemical Society Reviews,
2019, 48(16): 4424-4465.

LIU X J, ZHENG M S, CHEN G, et al. High-temperature polyimide
dielectric materials for energy storage: theory, design, preparation and
properties[J]. Energy & Environmental Science, 2022, 15(1): 56-81.
TAN D, ZHANG L L, CHEN Q, et al. High-temperature capacitor
polymer films[J]. Journal of Electronic Materials, 2014, 43(12):
4569-4575.

YUAN C, ZHOU Y, ZHU Y J, et al. Polymer/molecular semiconductor
all-organic composites for high-temperature dielectric
storage[J]. Nature Communications, 2020, 11(1): 3919.

YAO Z H, SONG Z, HAO H, et al. Homogeneous/
inhomogeneous-structured ~ dielectrics and their energy-storage
performances[J]. Advanced Materials, 2017, 29(20): 1601727.

SU R, TSENG J K, LU M S, et al. Ferroelectric behavior in the high
temperature paraelectric phase in a poly(vinylidene
fluoride-co-trifluoroethylene) random copolymer[J]. Polymer, 2012,
53(3): 728-739.

YANG L Y, LI X Y, ALLAHYAROV E, et al. Novel polymer
ferroelectric behavior via crystal isomorphism and the nanoconfine-
ment effect[J]. Polymer, 2013, 54(7): 1709-1728.

PARK S, KIM C H, LEE W J, et al. Sol-gel metal oxide dielectrics for
all-solution-processed  electronics[J].
Engineering: R: Reports, 2017, 114: 1-22.
HU X P, YIK W, LIU J, et al. High energy density dielectrics based on
PVDF-based polymers[J]. Energy Technology, 2018, 6(5): 849-864.
WANG C C, PILANIA G, BOGGS S A, et al. Computational strategies
for polymer dielectrics design[J]. Polymer, 2014, 55(4): 979-988.
NAN C W, SHEN Y, MA J. Physical properties of composites near
percolation[J]. Annual Review of Materials Research, 2010, 40:

Journal  of

energy

Materials  Science  and



2318 e B R 2024, 50(6)
131-151. cross-linked PVDF filled with poly(dopamine) encapsulated BaTiOs[J].
[31] FAN B H, ZHOU M Y, ZHANG C, et al. Polymer-based materials for ACS Applied Materials & Interfaces, 2017, 9(3): 2995-3005.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

achieving high energy density film capacitors[J]. Progress in Polymer
Science, 2019, 97: 101143.

LAGHARI J R, SARJEANT W . Energy-storage pulsed-power
capacitor technology[J]. IEEE Transactions on Power Electronics,
1992, 7(1): 251-257.

ik & B, A, S BTl E R AR SR
RESRTE SIS TSR], R IR R, 2023, 49(3): 1081-1094.
ZHANG Lei, CHEN Yue, SUN Wenjie, et al. Research progress in
all-organic composite film energy storage enhancement strategies
based on breakdown enhancement[J]. High Voltage Engineering, 2023,
49(3): 1081-1094.

LEHR J, RON P. Electrical breakdown in solids, liquids, and
vacuum[M]. Hoboken, USA: Wiley, 2017: 439-492.

YANG L T, KONG X, LI F, et al. Perovskite lead-free dielectrics for
energy storage applications[J]. Progress in Materials Science, 2019,
102: 72-108.

HO J S, GREENBAUM S G. Polymer capacitor dielectrics for high
temperature applications[J]. ACS Applied Materials & Interfaces, 2018,
10(35): 29189-29218.

LIQ, YAOF Z, LIU Y, et al. High-temperature dielectric materials for
electrical energy storage[J]. Annual Review of Materials Research,
2018, 48:219-243.

TAKAHASHI Y, UKISHIMA S, IIJIMA M, et al. Piezoelectric
properties of thin films of aromatic polyurea prepared by vapor
deposition polymerization[J]. Journal of Applied Physics, 1991, 70(11):
6983-6987.

WANG Y, ZHOU X, LIN M R, et al. High-energy density in aromatic
polyurea thin films[J]. Applied Physics Letters, 2009, 94(20): 202905.
WU S, LI W P, LIN M R, et al. Aromatic polythiourea dielectrics with
ultrahigh breakdown field strength, low dielectric loss, and high
electric energy density[J]. Advanced Materials, 2013, 25(12):
1734-1738.

WU S, LIN M R, BURLINGAME Q, et al. Meta-aromatic polyurea
with high dipole moment and dipole density for energy storage
capacitors[J]. Applied Physics Letters, 2014, 104(7): 072903.

WU S, BURLINGAME Q, CHENG Z X, et al. Strongly dipolar
polythiourea and polyurea dielectrics with high electrical breakdown,
low loss, and high electrical energy density[J]. Journal of Electronic
Materials, 2014, 43(12): 4548-4551.

NANDAN B, KANDPAL L D, MATHUR G N. Glass transition
behaviour of poly(ether ether ketone)/poly(aryl ether sulphone) blends:
dynamic mechanical and dielectric relaxation studies[J]. Polymer,
2003, 44(4): 1267-1279.

WEI R B, TU L, YOU Y, et al. Fabrication of crosslinked
single-component polyarylene ether nitrile composite with enhanced
dielectric properties[J]. Polymer, 2019, 161: 162-169.

TANG H L, YANG J, ZHONG J C, et al. Synthesis and dielectric
properties of polyarylene ether nitriles with high thermal stability and
high mechanical strength[J]. Materials Letters, 2011, 65(17/18):
2758-2761.

BANERIJEE S, MAIER G. Novel high 7 high-strength poly(aryl
ether)s[J]. Chemistry of Materials, 1999, 11(8): 2179-2184.

PAN J L, LI K, LI J J, et al. Dielectric characteristics of poly(ether
ketone ketone) for high temperature capacitive energy storage[J].
Applied Physics Letters, 2009, 95(2): 022902.

PAN J L, LI K, CHUAYPRAKONG S, et al. High-temperature
poly(phthalazinone ether ketone) thin films for dielectric energy
storage[J]. ACS Applied Materials & Interfaces, 2010, 2(5):
1286-1289.

ZHENG W W, YANG T Z, QU L J, et al. Temperature resistant
amorphous polyimides with high intrinsic permittivity for electronic
applications[J]. Chemical Engineering Journal, 2022, 436: 135060.
RAN Z 'Y, WANG R, FU J, et al. Spiral-structured dielectric polymers
exhibiting ultrahigh energy density and charge-discharge efficiency at
high temperatures[J]. Advanced Materials, 2023, 35(46): 2303849.
XIE Y C, YU Y Y, FENG Y F, et al. Fabrication of stretchable
nanocomposites with high energy density and low loss from

(52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

KHANCHAITIT P, HAN K, GADINSKI M R, et al. Ferroelectric
polymer networks with high energy density and improved discharged
efficiency for dielectric energy storage[J]. Nature Communications,
2013, 4: 2845.

MAO J L, WANG S, CHENG Y H, et al. High energy storage density
and efficiency achieved in dielectric films functionalized with strong
electronegative asymmetric halogen-phenyl groups[J]. Chemical
Engineering Journal, 2022, 444: 136331.

CHEN S Y, MENG G D, KONG B, et al. Asymmetric alicyclic
amine-polyether amine molecular chain structure for improved energy
storage density of high-temperature crosslinked polymer capacitor[J].
Chemical Engineering Journal, 2020, 387: 123662.

PAN Z Z, LI L, WANG L N, et al. Tailoring poly(styrene-co-maleic
anhydride) networks for all-polymer dielectrics exhibiting ultrahigh
energy density and charge—discharge efficiency at elevated
temperatures[J]. Advanced Materials, 2023, 35(1): 2207580.

TANG Y D, XU W H, NIU S, et al. Crosslinked dielectric materials for
high-temperature capacitive energy storage[J]. Journal of Materials
Chemistry A, 2021, 9(16): 10000-10011.

LIU J, SHEN Z H, XU W H, et al. Interface-strengthened polymer
nanocomposites with reduced dielectric relaxation exhibit high energy
density at elevated temperatures utilizing a facile dual crosslinked
network[J]. Small, 2020, 16(22): 2000714.

DAI Y, MENG C B, WU H, et al. Preparation of novel aramid film
with ultra-high breakdown strength via constructing three-dimensional
covalent crosslinked structure[J]. Chemical Engineering Journal, 2019,
375:122042.

WU C, DESHMUKH A A, LI Z Z, et al. Flexible temperature-
invariant polymer dielectrics with large bandgap[J]. Advanced
Materials, 2020, 32(21): 2000499.

QIAO R, WANG C, CHEN S, et al. High-temperature dielectric
polymers with high breakdown strength and energy density via
constructing the electron traps in blends[J]. Composites Part A:
Applied Science and Manufacturing, 2022, 152: 106679.

ZHANG M R, ZHU B F, ZHANG X, et al. High energy storage
density and low energy loss achieved by inserting charge traps in all
organic dielectric materials[J]. Journal of Materials Chemistry A, 2022,
10(30): 16258-16267.

XIE H R, LUO H, LIU Y, et al. Extremely low loading of carbon
quantum dots for high energy density in polyetherimide
nanocomposites[J]. Chemical Engineering Journal, 2022, 433: 133601.

KSR CRASEH)

1977—, 5, i+, #x, f%

TBNFEAERE A TR R AR B
PRI G e S S50 AL T AE

E-mail: zhichengzhang@mail.xjtu.edu.cn

ZHANG Zhicheng
Ph.D., Professor

Corresponding author

IKER

1992—, o, M4, BhEEER
FENGEREE A TR B & RS i R
PERERT 9t AR

E-mail: zhangmr97@xjtu.edu.cn

ZHANG Meirong
Ph.D.

WREH®  2023-08-21

EEEH 2024-02-19 ks SSCHE




<<
  /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

  /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 [612.000 792.000]
>> setpagedevice


