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Abstract — Carbon nanotubes are considered as the most ideal nano filler in the field of composites with their excel-
lent electrical, mechanical, and thermal properties. Therefore carbon nanotubes composites are increasingly utilized in
conductive materials, structural material with high strength and low weight and multifunctional material. This review
article describes recent research trend of carbon nanotubes synthesis, modification, various properties of the carbon nan-
otubes composites and their application. Furthermore the future development direction for the commercialization of car-
bon nanotubes composites is proposed.
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Fig. 1. Types of carbon nanotubes.

Table 1. Properties of SWNT and MWNT
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Properties SWNT MWNT Comparison

Diameter (nm) 0.5~3.0 5~100 E-beam litho. Line width; 50 nm
Tensile strength (GPa) ~100 <50 High strength alloy: 1~2

Young’s Modulus (TPa) 5.5 0.4~3.7 High strength alloy: 200 GPa

Density (g/cm?) 1.33~1.40 1.40~1.60 Al:~2.7

Resistivity (Q-cm) 1.0x10 5.1x10°~5.86 Cu: 1.7x10% in-plane graphite: 3.8x10
Current density (A/cm?) ~10° - Cu: 10° A/em’

Field emission, turn-on voltage (V/pm) 0.7~2 1~5 Mo tip: 50~100

Thermal conductivity (W/m-K) Max. 6,000 Max.3,000 Diamond: 3,300 W/m-K
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Table 2. Comparison of synthesis methods of carbon nanotubes

Item Arc-discharge Laser vaporization Catalytic CVD

Equipment High voltage arc generator High energy laser Fixed bed/gas-phase reactor

Process Batch Batch Batch/Continuous

Raw material Graphite rod Graphite target Hydrocarbons

Impurity (wt%) 10~50 ~70 >97

Productivity >200g/day < 100g/day 500~2,000 kg/day

Impurities Fullerene, graphite, a-C, metal catalysts Fullerene, a-C (Lower than Arc) rare

Diameter/length SWNT; 1.2~1.4 nm, MWNT; 10~30 nm 1.2~1.4 nm/ 1~10 pm 0.8~100 nm/>1 um

Advantages Low defect of CNT Lower impurities than Arc Mass production with Low defect of CNT
Demerit High impurity contents Low productivity High equipment cost
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Fig. 2. Comparison of polymer wrapping (left) and polymer non-
wrapping (right).
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Fig. 3. SEM image (a) and conductivity (b) of Zyvex’s SWNT/ PS
composites.
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Fig. 4. Relationship between aspect ratio and carbon loading for per-
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107~10°Csq] EHAT gk HERditt.
olgf st A=A aAl o] Az o= 7]Ee] WA IEAE o] &
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5 © ANHAEEE VeRY] Skl %
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Table 3. Applications roadmap for carbon nanotubes [32]

Item Large volume applications Limited volume applications (mostly based on engineered nanotube structures)
- Battery electrode additives (MWNT)
Present - Composites (sporting goods; MWNT) - Scanning probe tips (MWNT)
- Composites (ESD applications; MWNT) - Specialized medical appliances (catheters) (MWNT)
*ESD — electrical shielding device
- Battery and super-capacitor electrodes ) Smglie Flp clectron guns
. - . . - Multi-tip array x-ray sources
- Multifunctional composites (3D, damping) - Probe array test systems
Near term - Fuel cell electrodes (catalyst support) Y Y

(less than ten years) - Transparent conducting films
- Field emission displays / lighting
- CNT based Inks for printing

- CNT brush contacts

- CNT sensor devices

- Electro-mechanical memory device
- Thermal management systems

- Power transmission cables
Long term

(beyond tenyears) CNT in photovoltaic devices

- Nano-electronics (FET, interconnects)
- Flexible electronics

- Structural composites (aerospace and automobile etc.) - CNT based bio-sensors

- CNT Fitration / separation membranes
- Drug-delivery systems

Table 4. Comparison of conductive fillers [34]

Property Carbon black Chopped carbon fiber Carbon nanotubes

Loading requirements 25~35% 15~20% 2~5%

Ability to adjust conductivity Acceptable Good can be problematic

Ease of distribution in polymer ~ Good Good can be problematic

Part performance Often degraded Variable Little change from neat polymer
Sloughing Poor Often acceptable Good

Surface finish Acceptable Acceptable Good

Ease of pigmentation Unacceptable (all parts black) Occasionally acceptable Good

Cost of filler $1-$2/1b $4-$5/1b $20/1b

Cost of finished polymer $2.50-$4 $8-$9 $15-$20

Performance/cost Relatively low cost, low performance

Higher performance, higher cost

Very high performance, very high cost
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Table 5. Comparison of competitive transparent conductive coating technology

Item CNT dispersions Sputtered ITO ITO dispersions Nano Metal dispersions ICP dispersions
Transparency O O A A @)
Conductivity A ) x @) A
Cost @) A @) X A
Color @) A x o) A
Printing capability @) x A x @)
Flexibility / durability @) x x @) @)
Environmental stability @) ) @) @) x

O: excellent A: good x: poor

Fig. 6. Conductive coating maintains electrical properties (180 C/sq)
after creasing (left) and SWNT coating patterned by ink-jet
laser printing (right).

FHEES Pdeto] SFAAIE 250 et/ B A9
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o] AA7Iolt), ¥kaAd-7-2] 7%, 749 (stiffness )y 230~725 GPa, 4%
(strengthy= 1.5~4.8 GPa WH912] 7|44 £/3-& R [37], #H
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TEAEEA B beRE 37 3849 ¢ Sl 2ok &
x= 3, ARsAL, T], @] 5 ol AR EA 48
ATk ddZ AAA TP T2 AF Ato]F th3]Q! Tour de
Franceol|X] 200650l 955 2FA| 8k 272 ZHYelli= Zyvex
ARe) 71 e R EE AEE ST 38]. S AES ©
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Table 6. Comparison of airframe materials

Material Density (g/cm’) Modulus (GPa) Strength (MPa)
High strength steel 7.6 207 676
Titanium (Ti-55A) 4.5 83 421
Aluminum 2024 2.8 70 468
Carbon Fiber RP 2.7 140 2,505
Carbon Nanotube RP 1.2 147 15,220
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FTAEE 719 Titanium®] Aluminum ZAolA] 8-4A3R-2] AF
GHlTo] F2 7R AL 9l FAlolth 1L Table 60114 KR
upe} o] BiAvhie e 7dsl el dAle) ' At &
ERRE R = oF edl] ZFehaA] SIS oF 50% 7 SAE
ZHAAL Gl ol whet m)5e] Si7F 19171391 MITRES] vk
7] SAE 7159 Aluminumol|A] ©ahef e Z3sh SukE
o thAl 9 A oF 10%2] Andst G3ks 7S low
ol 5skaL 391

0

F

0|

6. A= 5l 4bY 4}

0

B R 53 de SEAEY 5y A IE,
< o] gst FRAE Folell S-8x]o] 7] 4l
1o}, 1 2dsiste] ddella] of#] dojol &

of gL RE 3 AR 4, A
ERES e AL © FAT BEAC) dwds FRsp] ¢
ot A1A B 1A B 52 Aske] w2 gulow #gst
o 717 Sl s AEA Y] A 8o PaRE Q7=
AEEE g Fsl] Fikshs 7152 gurt S8t 5
EAEES U5E 58 1A A A7) B Alse] A
e WS T3 Q4= o5 FHIP] Yl 1A )
oM B FEI ) AR o R #Ad FAaks o] Fofof gt 7
T Bo] & FakElo] giA] ¢S wli= hot spot(FEAE ZIs}
G cold spoto] EABI AFFECES] 7HE 7H 4 Gl
E3] 7129 EAIS A|L)ska et F1 Q) 712o] AR
of] uted wie- vl AL B E 53|9] A sl loA
7V Z dhER Ageith a8y #H2 gk ie Bl A
A AFA AellA 27] AR RS AR el et
71 AARRO] 71 a1 Q1 FAlell 9o 1ol ulel e R
o) 7HAstEto] Zldldnt. 53] Bl SRR o7 2
o Bab-RB 0] 49 200470 M= HyperionAle] E4E
&7} vkl whef i, 57 5o W sAkEo] A FuE o]

ol fob |

22
o

rr



ZpeRy

A ArEL] FRIAAE 2 ARKRIE AIEE el glow v

B ERALUERE S 7FE2 FA] oF 150~2008/kgoll A 2010375 ol

ofEte] AAA RS} 7HAAAYE 2HE 7 U= 50~608/kg TEE

2 slE Aow AuEy 9th

A el E&AL&%HA $= oY gaueRFE B
A
H

ols

48 7P gl
ofehe oItk 4 AP}
PN 3 S 70% o8k A A Al 3ol B

o]u}. g 2R A% Aol Aige] thEY BanbeRn u

Aedsteleh Hael 74 e By daeR
4 S Ao YRR b e 2

E]—/\ﬂ u}%tﬂ E} QLEH Hsl—xﬂo] /x]—ot-]g_,_ _Or]

Wk o}t yeiee] AlES ke 4 9l

g gl

e

:10
>4
ot
A rf

o
N
z fi

:I:‘;
-

)
>,
o

]
Mo
L
lo

A
—‘_—1>’\|
o
°

2o Lo 84y R o2

o
2
)
)

M
2
~
)y
fr gg

N
iy
fo
X
i3
S

B
:{m
Mz

[\

S
r?:

r

[N
o)

e L N =
ﬂ 73 69%/%3, o ghavbe R °R270%E /el
A 5 opAoRR|ellx o] Arteke- AlAl A
&%u 0# 63%0°ll 23l opr|oprh Rt e *ﬁ el Fesk A
Aejow g Hog oﬂl“ﬂr:}mo gk R whathie A o] Al

H3= 2006 oF 229 1ROl 20109 oF 1029 TFEE A%
3 R0z 7ldska 9lom, I S8AIE A ARgAlE
gk opet AEAk, FE-9F Roke] IR ] Aol o]27]
7HA] g ek A FA & Fl0 R ot o] ghathe
FH HopellA] A o® g84o] gt e, N
WAV, B3 7% o] A7 Besk AlFoR o

1o

)

N

X

0%

>
%
—{0 i

o
oﬁr

o]

ri

u)
=
A,
EE6

Ju—

. lijima, S., “Helical Microtubules of Graphitic Carbon} Nature,
354, 56-58(1991).

2. lijima, S. and Ichihashi, T., “Single-shell Carbon Nanotubes of

1-nm Diameter, Nature, 363, 603-605(1993).

3. Dai, H., Rinzler, A. G, Nikolaev, P., Thess, A., Colbert, D. T. and
Smalley, R. E., “Single-wall Nanotubes Produced by Metal-cat-
alyzed Disproportionation of Carbon Monoxide} Chem. Phys.
Lett., 260(3-4), 471-475(1996).

4. Lee, Y. H, “The Physical Property and Application of Carbon

Nanotube, Sea Mulli, 51(2), 84-144(2005).

. Treacy, M. M. J., Ebbesen, T. W. and Gilson, J. M., “Exception-
ally High Young’s Modulus Observed for Individual Carbon
Nanotubes”, Nature, 381, 678-680(1996).

6. Krishnan, A., Dujardin, E., Ebbesen, T. W., Yianilos, P. N. and
Treacy, M. M. J., “Measurement of the Young’s Modulus of Sin-
gle-shell Nanotubes using a TEM Phys. Rev. B, 58(20), 14013-
14019(1998).

7. Wong, E. W., Sheehan, P. E. and Lieber, C. M., “Nanobeam
Mechanics: Elasticity, Strength, and Toughness of Nanorods and
Nanotubes,’ Science, 277(5334), 1971-1975(1997).

8. Yu, M. F,, Lourie, O., Dyer, M. J., Moloni, K., Kelly, T. F. and

Ruoff, R. S., “Strength and Breaking Mechanism of Multiwalled

Carbon Nanotubes Under Tensile Load; Science, 287(5453), 637-

640(2000).

i

Halbxe] 7leE3k 13

9. Bethune, D. S., Klang, C. H., de Vries, M. S., Gorman, G., Savoy,
R., Vazquez, J. and Beyers, R., “Cobalt-catalysed Growth of Car-
bon Nanotubes with Single-Atomic-Layer Walls) Nature, 363,
605-607(1993).

10. Thess, A., Lee, R., Nikolaev, P., Dai, H., Petit, P., Robert, J., Xu,
C., Lee, Y. H, Kim, S. G, Rinzler, A. G, Colbert, D. T., Scuse-
ria, G. E., Tomanek, D., Fischer, J. E. and Smalley, R. E., “Crys-
talline Ropes of Metallic Carbon Nanotubes, Science, 273(5274),
483-487(1996).

. Nikolaev, P., Bronikowski, M. J., Bradley, R. K., Rohmund, F.,
Colbert, D. T., Smith, K. A. and Smalley, R. E., “Gas-phase Cat-
alytic Growth of Single-walled Carbon Nanotubes from Carbon
Monoxide} Chem. Phys. Lett., 313(1-2), 91-97(1999).

12. Su, M., Zheng, B. and Liu, J., “A Scalable CVD Method for the
Synthesis of Single-walled Carbon Nanotubes with High Cata-
lyst Productivity, Chem. Phys. Lett., 322(5), 321-326(2000).

13. Wang, Y., Wei, F., Luo, G, Yu, H. and Gu, G, “The Large Scale
Production of Carbon Nanotubes in a Nano-agglomerate Fluid-
ized Bed Reactor} Chem. Phys. Lett., 364(5-6), 568-572(2002).

14. Haluska, M., Roth, S., Becher, M., Roth, S., Stepanek, 1. and
Bernier, P., “Hydrogen Storage in Mechanically Treated Single
Wall Carbon Nanotubes, AIP Conf. Proc. 591, 603-608(2001).

15. Pierard, N., Fonseca, A., Konya, Z., Willems, 1., Van Tendeloo,
G. and Nagy, J. B., “Production of Short Carbon Nanotubes with
Open Tips by Ball Milling) Chem. Phys. Lett, 335(1-2), 1-8(2001).

16.Li, Y. B., Wei, B. Q., Liang, J., Yu, Q. and Wu, D. H., “Trans-
formation of Carbon Nanotubes to Nanoparticles by Ball Mill-
ing Process, Carbon 37(3), 493-497(1999).

17. Hilding, J., Grulke, E. A., Zhang, Z. G. and Lockwood, F., “Dis-
persion of Carbon Nanotubes in Liquids, J. Dispersion Sci. Tech.,
24(1), 1-41(2003).

18. Boul, P. J., Liu, J., Mickelson, E. T., Huffman, C. B., Ericson, L.
M., Chiang, I. W., Smith, K. A., Colbert, D. T., Hauge, R. H., Mar-
grave, J. L. and Smalley, R. E., “Reversible Sidewall Functional-
ization of Buckytubes, Chem. Phys. Lett., 310(3-4), 367-372(1999).

19. Liu, J., Casavant, M. J., Cox, M., Walters, D. A., Boul, P,, Lu,
W., Rimberg, A. J., Smith, K. A., Colbert, D. T. and Smalley, R
E., “Controlled Deposition of Individual Single-walled Carbon
Nanotubes on Chemically Functionalized Templates, Chem. Phys.
Lett., 303(1-2), 125-129(1999).

20. Ausman, K. D., Piner, R., Lourie, O. and Ruoff, R. S., Korobov,
M., “Organic Solvent Dispersions of Single-Walled Carbon Nan-
otubes: Toward Solutions of Pristine Nanotubes}’ J. Phys. Chem.
B., 104(38), 8911-8915(2000).

21. Liu, J., Rinzler, A. G, Dai, H. J., Hafner, J. H., Bradley, R. K.,
Boul, P. J., Lu, A., Iverson, T., Shelimov, K., Huffman, C. B., Rod-
riguez-Macias, F., Shon, Y. S., Lee, T. R., Colbert, D. T. and Smalley,
R. E., “Fullerene Pipes”, Science, 280(5367), 1253-1256(1998).

22. Mawhinney, D.B., Naumenko, V., Kuznetsova, A., Yates, J. T,
Liu, J. and Smalley, R. E., “Infrared Spectral Evidence for the
Etching of Carbon Nanotubes: Ozone Oxidation at 298 K J.
Am. Chem. Soc., 122(10), 2383-2384(2000).

23. Ago, H., Kugler, T., Cacialli, F., Salaneck, W. R., Shaffer, M. S.
P., Windle, A. H. and Friend, R. H., “Work Functions and Sur-
face Functional Groups of Multiwall Carbon Nanotubes, J. Phys.
Chem. B., 103(38), 8116-8121(1999).

24. Riggs, J. E., Guo, Z., Carroll, D. L. and Sun, Y. P, “Strong Lumines-

1

J—

Korean Chem. Eng. Res., Vol. 46, No. 1, February, 2008



o1FY - 3El

cence of Solubilized Carbon Nanotubes, J. Am. Chem. Soc., 122(24),
5879-5880(2000).

. Georgakilas, V., Kordatos, K., Prato, M., Guldi, D. M., Holzinger,
M. and Hirsch, A., “Organic Functionalization of Carbon Nano-
tubes)’ J. Am. Chem. Soc., 124(5), 760-761(2002).

. Ruelle, B., Peeterbroeck, S., Gouttebaron, R., Godfroid, T., Mon-
teverde, F., Dauchot, J. P., Alexandre, M., Hecq, M. and Dubois,
P., “Functionalization of Carbon Nanotubes by Atomic Nitrogen
Formed in a Microwave Plasma Ar + N, and Subsequent Poly(e-
caprolactone) Grafting)’ J. Mater. Chem., 17, 157-159(2007).

. O'Connell, M. J., Boul, P., Ericson, L. M., Huffman, C., Wang,
Y., Haroz, E., Kuper, C., Tour, J., Ausman, K. D. and Smalley, R. E.,
“Reversible Water-solubilization of Single-walled Carbon Nano-
tubes by Polymer Wrapping] Chem. Phys. Lett., 342(3-4), 265-271
(2001).

. Chen, J., Liu, H., Weimer, W. A., Halls, M. D., Waldeck, D. H.
and Walker, G. C., “Noncovalent Engineering of Carbon Nano-
tube Surfaces by Rigid, Functional Conjugated Polymers.’ J. Am.
Chem. Soc., 124(31), 9034-9035(2002).

.Huang, Y., Li, N., Ma, Y., Du, F., Li, F., He, X., Lin, X., Gao, H.,
and Chen Y., “The Influence of Single-Walled Carbon Nanotube
Structure on the Electromagnetic Interference Shielding Effi-
ciency of its Epoxy Composites, Carbon, 45(8), 1614-1621(2007).

sHast 46 HI1S 2008 28

30. Qian, D. and Dickey, E. C., “Load Transfer and Deformation
Mechanisms in Carbon Nanotube-Polystyrene Composites, App.
Phys. Lett., 76(20), 2868-2870(2000).

31. http://www.zyvex.com.

32. Jorio, A., Dresselhaus, M. S., Dresselhaus, G., “Carbon Nanotubes:
Advanced Topics in the Synthesis, Structure, Properties and
Applications; 1st ed., Springer(2007).

33. McWilliams, A. and Brauer, S., “The Maturing ESD Market: Chal-
lenges and Opportunities for The Future; BCC Report, Report
ID: PLS006D(2004).

34. Schlechter, M., “Conductive Polymers; BCC Report, Report ID:
PLS043A(2003).

35. http://www.eikos.com.

36. http://www.topnanosys.com.

37. Callister, W. D., “Materials Science and Engineering: An Intro-
duction; 6th ed., Wiley, New York(2003).

38. http://www.news.com/2100-11395_3-6091347.html.

39. http://www.mitre.org/work/tech_papers/tech_papers_05/04_0986/
04_0986.pdf

40. Eklund, P., Ajayan, P., Blackmon, R., Hart, A. J., Kong, J., Pradhan,
B., Rao, A., Rinzler, A., “International Assessment of Research and
Development of Carbon Nanotube Manufacturing and Applica-
tions; WTEC Panel Report(2007).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


