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Investigations of Chemical Kinetic Mechanisms for Low—to—medium Temper—
ature Ignition of Ethylene
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(College of Chemical Engineering, Sichuan University, Chengdu 610065)

Abstract In order to investigate the ignition characteristic of ethylene combustion at low-to-medium temperature, contem-
porary detailed kinetic mechanisms for ethylene combustion, including AramcoMech 1.3 mechanism, Creck mechanism,
Glarborg's mechanism, San Diego (UCSD) mechanism and Wang's mechanism, were used to simulate ignition delay times of
ethylene combustion by Chemkin Pro software reflected shock tube model and closed homogeneous reactor under the as-
sumption of constant-volume, homogeneous and adiabatic conditions. Simulated ignition delay times of ethylene combustion
using these mechanisms disagree with the experimental data from literatures at low-to-medium temperature.

Sensitivity analysis was carried out to identify the controlling steps of C,H, ignition at 800~1300 K. The sensitivity of ig-
nition delay time was calculated by the formula Sensitivity = [7;g(24;) — Tign(ki) )/ Tian(ki) X 100%. Here 7;4,4(k;) s ignition delay
time based on the original combustion mechanism, 7;,,(2k;) is ignition delay time simulated using this mechanism in which
the rate constant of reaction i is doubled through multiplying the pre-exponential factor of reaction i by 2. It was demonstrat-
ed that C,H;+0,=CH,CHO+O(R1), C,H3+0,=CH,0+HCO(R2) have great sensitivity to the ignition of C,H4 over a
wide temperature range, while those reactions involved HO, (including H,-O, and C,H4+HO, system) are important for
C,H, ignition process at low temperature.

By modifying these rate constants of R1 and R2 with more accurate calculated results and adding C,H;+0,=C,H;00
reaction and those reactions involved C,H;+HO, system, one revised mechanism (UCSD-R2) was obtained. UCSD-R2
mechanism can produce better agreement with recent ethylene ignition delay time experimental data from literatures at low-
to-medium temperature compared with UCSD mechanism.

When UCSD-R2 mechanism was adopted to simulate the ignition delay time of ethylene combustion, the first stage igni-
tion delay time at low temperature (800~950 K) and negative temperature coefficient at medium temperature (950~1100 K)
were found. They were explained by using sensitivity analysis and rate-of-production analysis. The method of rate-of-
production analysis can be employed to calculate the contribution of each reaction to the production and consumption of
every species or to calculate total rate-of-production of every species, by Chemkin Pro software closed homogeneous reactor
under the assumption of constant-volume, homogeneous and adiabatic conditions. It was demonstrated that C,H;+HO, sys-
tem can shorten the ignition delay time obviously, the production and consumption of HO, radical play a significant role for
first stage ignition of C,H, at low temperature, the consumption of C,H; radical results in the negative temperature coefficient
at medium temperature.

Keywords ecthylene; low-to-medium temperature; ignition delay time; first stage ignition; negative temperature coefficient;
mechanism
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Table 1 Combustion mechanisms of smaller hydrocarbon
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Figure 6 Comparison of ethylene experimental ignition times with
calculated results using revised mechanisms
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Figure 8a The simulated concentration of specified species as a func-
tion of time by using UCSD-R2 mechanism
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Figure 8b The simulated total rate-of-production of specified species as
a function of time by using UCSD-R2 mechanism

5 |——HO, total

9.0x10 T—o—Ho,+oH=H,0+0,
_5_+2Ho =H,0,+0,

6.0x10 —— HCO+0,=CO+HO,
5

3 0x1 0" J—C.H,#HO,=C.H,0+OH

—>=—C,H,+0,=C,H,+HO,

213" Y2 V2

ROP/[mol/(cm?-s)]
o
ad

C

-9.0x10°°1
0.000 0.001 0.002 0.003 0.004
Timels
B 8c ] UCSD-R2 HUERASDL A 2 2 [ RS2 HO, 2B BN FE Y 5T ik
Figure 8¢ The calculated contribution of specified reactions to the

production and consumption of HO, species by using UCSD-R2 mecha-
nism

5 0, RMNAR HO, & HO, A4 it B B ()iliE. X it
iE 7 Goldsmith %1\ 4 CH,O0+HCO E{&/mﬁxﬁgﬂ’a
JR A, HO, H#E £ E i@t 2HO,=H,0,+0,(R4) (Xth
& H,0, FRRIFE), B 3G, &M AR R A S,
H,0, 70 T4 H 2 4~ OH (R3), &5 IEH K.

o 5a AJ &, AramcoMech 1.3-R 1 UCSD-R A3
FRASLADN 225 SR AT 2 I 67 iR B AR e 3, B AFRATTIA N

Acta Chim. Sinica 2017, 75, 375—382



1 F F ®R

CoHi3+ O, J A S I FE 3 R B EERe . & 9 451 1
UCSD-R2 HLERREAU ) M5 H I I i K R Fl C,H ;5 T4 FE
R R. LM R (- )FRom S KAER, 78
HEEL(950 K<T<1100 K)BHIEFET = R FE AL,
MK o (A )RR FEEIB RN (W CH;+0,=CH,0
+HCO, C,H;+0,=CH,CHO+O0, C,Hy(+M)=C,H,+
H(+M)ZE FEE W) o CH; AR, (O )FREL
1B CH3+H=C,H,+H,)"* C,H; MITH KRR
% 4.

104 51

l 50 7

.g 1084 ° mE

= S

k) 149 3

3 5

c o

o

E 10°4 L 48 @
' ' r ' 47
08 09 10 1.1 12 1.3

10007 /K

B9 UCSD-R2 HLEMAN s KIEI B CoHs I #43 r

Figure 9 Ignition delay times and rate-of-production of C,H; with

UCSD-R2 mechanism

(—@—: ignition delay time; /A : rate-of-production of C,H; (CoH;+0,=

CHzo + HCO, C2H3 + 02 = CHzCHO + O, C2H3( + M) = C2H2 + H( + M)),
—-©-: 4 times of the rate-of-production of C,H;(C,H;+H=C,H,+H,)

B9 T L, BEAEIS S NAE 1000 K 2247 CoH, Y
FERIA BN /IME, L LB CoH, 17 HE 2 B iR 5
i EIEK, BT DU B0 IR BOE 1 B e e B
K, E T R K RE ST [ 5 P T v /N R 2%
MR AR Sn, FEm 2R AR B — M AU 3
& HO, A A FEI S, 2 4> HO, A #1345 H,0,
AT 0,(R4), H05(+M)=20H(+M) (R3)& & ik
FIEH RUKBIRBE R B, Fort R3 AHEL IR K Z T
— AN OH FREIE, Fr DAIX AT B /2 1R Ak
ZES /N T SR AMEE R — AN R [FE, CoH; fEVE AT
o R B M B R A D, S R K A N R R
o PR AR B U R, A2t I G0 B A0 11 B i A

3 g

A T LB AL, T 20 s KRS, (2
DA WA BEAER F8E 24 1 iR G . T8 B
JEPE I TR B S SN, AR AR BB (1 HEAR H SR AR
JFAPLE R R1 A R2 RIS 24, Hh e s
C,H;00 AHl CoHy+HO, HHEM EAHIG RN, 193] TZIE
HLEEUCSD-R2. i HLEL MBI R B se i 4R, I
FEARIR BUH BB sk, iR B BUAGR B RON, IR AE
BUA HLELAOBAES R B0A ML IRAEBUREZ 2 Hr iy
J 7 F AT R CoHy+HO, 14 28 0] LA PRI A

Acta Chim. Sinica 2017, 75, 375—382

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

KIERT; HO, 1A BRI FE A& R — B UK 0 BRI 3K
CoH; YHFEE AR b P iR B M R S S b, i ok
AE IS B IEL R T v AR B U, R R P A7 TR 3 B )
BEIEAL AN, AFAT— ANHUER ) 2 8 RS8R 4R 2 %
&I IERE, AN Ak T B AR 4% 3 T LA OB 58 38 — A HLEE,
I H H AR IR 525056 uF B0 AR X B =, B DL 2RI
BEBEIALIAN T D fk, SEIA I L.
4 HEIRH

AT Chemkin Prot™ i b (ki B AR AL, Kt
OH < 5 B I ) A% A4 P B KA 8 SN B K RER) 7y =
(deon/df)max. T Suzuki 2P (p=2.0X10° Pa, $=0.462.
1.091 A1 2.625, 70% Ar &) M EHLE N p=2X10°. 7
X 10° H1 12X 10° Pa, $=1.0, 75% Ar I8 &) IS5 241
L 800~ 1300 K 2514 LMl s K RER, FF 58
KRR L.

FIE BT EACE, KM Chemkin Prol" {4 &t
VA IS RS BB Z U R I R KRB, TR TE 5 A 3 S
N, DA FE B I IR AR A 1) B R AE A A B K [ =
(AT/dE) ], XA 57 234 30 K F (¥ 0530590 | 10
Y5 T SR UCSD MLEE, 43531 F P RS 2R A4 1) f bl &5
S, B ARV A R R N P B4 R TR R DL 8 SRAE MR TR
Bz AR K, A5 seah s AL, (3R LLRES %,

m Exp.[5]

® Exp.[7]
—=&— shock tube
—0— Closed
—e— shock tube

—o—Closed
e

- - -
o o o
w £ G}
al ul

Ignition delay time/us

-
o
™
"

08 09 10 11 12 13
10007 K™

B 10 ] UCSD HLERSs A BRI P AR AU 29 1K
I
Figure 10 Ignition delay times simulated using UCSD mechanism by

reflected shock tube and closed homogeneous reactor
(0, ¢=1.091, p=2X10° Pa, O, $=1.0, p=7X10° Pa)

A S LG A B ML B B 4R STk A A 1) AramcoMech
1.3, UCSD MM L HLEE, Glarborg!" 1 HLHE
Wang!" 1) 2975 S8 AL SO FELRHLEE B K. Creck! 42 5 [
NEMLIER S TR AL,

BURFE AT iEd s 28 0 AN RBFRRTR 9K 2 15,
RYE Sensitivity =[7ign(2k:) — Tign(k) )/ Tign(ki) X 100%, 73 3|
Z R PBUREE R BAUCE R AT, T E, 12
B4 R BUREE R PR BT R MRS Chemkin
Prol ViR {4 45 PR ¥ AR ARY 45 1A AN ) A A RS o B T 7

http://sioc-journal.cn 381



¥ F R

LIRS P R AR, LSRR S NN 25 A0l A A
THAEI TR,

References

[1] Shao, J.-X.; Tan, N.-X.; Liu, W.-X.; Li, X.-Y. Acta Phys. Chim. Sin.
2010, 26(2), 270. (HRHGH, T, XIffilk, ZRE, HELF
F 3R, 2010, 26(2), 270)

[2] Jiang, R.; Liu, G.; Zhang, X. Energ. Fuel. 2013, 27(5), 2563.

[3] Li, J.; Shao, J.-X.; Liu, C.-X.; Rao, H.-B.; Li, Z.-R.; Li, X.-Y. Acta
Chim. Sinica 2010, 68(3), 239. (X%, M, XfFE, Bk,
FR, BRI, FFIR, 2010, 68(3), 239.)

[4] Xu, C.; Konnov, A. A. Energy 2012, 43(1), 19.

[5] Suzuki, M.; Moriwaki, T.; Okazaki, S.; Okuda, T.; Tanzawa, T. 4s-
tronautica Acta 1973, 18(5), 359.

[6] Cadman, P.; Bambrey, R. J.; Box, S. K.; Thomas, G. O. Combust.
Sci. Technol. 2002, 174(11-12), 111.

[7] Liang, J.-H.; Hu, H.-H.; Wang, S.; Zhang, S.-T.; Fan, B.-C.; Cui,
1.-P. Chin. J. Theor. Appl. Mech. 2014, 46(1), 155. (R4&:5%, W5L
¥, E55, kM, U, EFEF, 7 FFR, 2014, 46(1), 155.)

[8] Kumar, K.; Mittal, G.; Sung, C.; Law, C. Combust. Flame 2008,
153(3), 343.

[9] Metcalfe, W. K.; Burke, S. M.; Ahmed, S. S.; Curran, H. J. Int. J.
Chem. Kinet. 2013, 45(10), 638.

[10] Zhou, C.-W.; Li, Y.; O'Connor, E.; Somers, K. P.; Thion, S.; Keesee,
C.; Mathieu, O.; Petersen, E. L.; DeVerter, T. A.; Ocehlschlaeger, M.
A.; Kukkadapu, G;; Sung, C.-J.; Alrefae, M.; Khaled, F.; Farooq, A.;
Dirrenberger, P.; Glaude, P.-A.; Battin-Leclerc, F.; Santner, J.; Ju, Y.;
Held, T.; Haas, F. M.; Dryer, F. L.; Curran, H. J. Combust. Flame
2016, 167, 353.

[t}

382  http://sioc-journal.cn

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[11] Ranzi, E.; Cavallotti, C.; Cuoci, A.; Frassoldati, A.; Pelucchi, M.;
Faravelli, T. Combust. Flame 2015, 162(5), 1679.

[12] Lopez, J. G; Rasmussen, C. L.; Alzueta, M. U.; Gao, Y.; Marshall,
P.; Glarborg, P. P. Combust. Inst. 2009, 32(1), 367.

[13] Prince, J. C.; Williams, F. A. Combust. Flame. 2012, 159(7), 2336.

[14] "Chemical-Kinetic Mechanisms for Combustion Applications", San
Diego Mechanism web page, Mechanical and Aerospace Engineer-
ing (Combustion Research), University of California at San Diego
(http://web.eng.ucsd.edu/mae/groups/combustion/mechanism.html).

[15] Guo, J.; Xu, J.; Li, Z.; Tan, N.; Li, X. J. Phys. Chem. 4 2015,
119(13), 3161.

[16] Wang, H.; Laskin, A.; Djurisic, Z. M.; Law, C. K.; Davis, S.G.; Zhu,
D. L. In Chemical and Physical Processes of Combustion, the 1999
Fall Technical Meeting of the Eastern States Section of the Combus-
tion Institute, Raleigh, NC, October, 1999, pp. 129~132.
http://ignis.usc.edu/Mechanisms/C2-C4/c2.html.

[17] Sabia, P.; Joannon, M. d.; Picarelli, A.; Chinnici, A.; Ragucci, R.
Fuel 2012, 91(1), 238.

[18] Merchant, S. S.; Goldsmith, C. F.; Vandeputte, A. G.; Burke, M. P.;
Klippenstein, S. J.; Green, W. H. Combust. Flame 2015, 162(10),
3658.

[19] CHEMKIN-PRO 15092, Reaction design, San Diego, 2009.

[20] Kopp, M. M.; Donato, N. S.; Petersen, E. L.; Metcalfe, W. K.;
Burke, S. M.; Curran, H. J. J. Propul. Power 2014, 30(3), 790.

[21] Penyazkov, O. G.; Sevrouk, K. L.; Tangirala, V.; Joshi, N. P.. Com-
bust. Inst. 2009, 32(2), 2421.

[22] Kopp, M. M.; Petersen, E. L.; Metcalfe, W. K.; Burke, S. M.; Cur-
ran, H. J. J. Propul. Power 2014, 30(3), 799.

[23] Goldsmith, C. F.; Harding, L. B.; Georgievskii, Y.; Miller, J. A.;
Klippenstein, S. J. J. Phys. Chem. 4 2015, 119(28), 7766.

(Cheng, F.)

Acta Chim. Sinica 2017, 75, 375—382




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


