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Relaxation behavior of residual stress generated by water jet peening under operation
temperature environment
— Evaluation for long term stability of residual stress improving treatment on Ni base alloy (report 1) —
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In order to prevent primary water stress corrosion cracking (PWSCC), water jet peening (WJP) has been
used on the welds of Ni-based alloys in pressurized water reactors (PWRs). However, the compressive
residual stresses induced by WJP might be relaxed during the actual operation because of the elevated
temperature environment. Therefore, the stability of the compressive residual stresses caused by WJP has
been investigated during thermal aging. The result shows that the compressive residual stresses has relaxed
in the surface layers after thermal aging, together with the hardness reduction. Furthermore, the compressive
residual stress relaxation was found to have a correlation relationship with the decrease rate of Full-Width at
the Half Maximum (FWHM) of X-ray diffraction patterns and hardness, which followed the Johnson—Mehl
kinetic equation. The estimated activation energy stated that the relaxation behavior of the residual stress is

occurred due to the recovery of plastic strain.
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Table 1 Chemical composition of Alloy 600 (mass%)

C Si Mn S Cu Cr Fe Ni
0.001 019 049 0.001 0.01 165 797 Bal.

Table 2 Thermal aging conditions.

Temperature

) Holding time, t
240 8,25 min, 1.5,4.5, 15, 45, 150, 320, 724, 2000 h
290 5, 15,40 min, 1.5,4,12, 36, 120, 250, 820 h
340 3,10, 30 min, 1, 2, 8, 24, 100, 250 h
390 45s, 2,5,15,40 min, 2,6,20,60,150h
440 8,20s, 1,3,10,30min, 1,3,10,30,100h
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Fig. 1 Schematic illustration of HV measurement.
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Fig. 2 Depth distribution of residual stress after WJP.
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Fig. 5 Comparison of depth distribution of hardness
before and after aging at 440°C for 30hr.
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Fig. 6 Decrement behavior of FWHM due to aging.

® 440°C m 390°C e 340°C A 290°C
15
4 B n=03233 .. .
o’ , ., ®
05 F . - . al
— e | ., e
= 0 | . m.’ P
= oo . ., "
S 05F /’, - o0 ‘/
= .. = A a
::/ 1 F L °
A5 f ‘ a
2 b "
25 1 1 Ll 1 1 1 1

In (t)

Fig. 7 Johnson-Mehl plot of decrement behavior of

FWHM.
0
5 + .
.
< .0 F *
E \
.
15 + ‘.
I K=-19335/T +21.955
_20"“‘1““1““1‘\“‘
0.0005 0.001 0.0015 0.002 0.0025

1T (K"

Fig. 8 Arrhenius plot of decrement behavior of FWHM.

| o 440°C = 390°C + 340°C A 290°C
. F o % eme
.. Wa-E g T et
- . . . L
- b » *
g o8 ; P - AT
o s d
z 06 | L2 e
5 y Pt B e s
g F - o g
B o4, ¢ o e,
E fe ... s
02 b _-- - e
E PY g e Symbols: Measured
¥ - * Lines: Calculated
a 0
| I | TR T B ST T B R T | PR | PR e |
0.001 0.01 0.1 1 10 100 1000 10°
Time, ¢ (h)

Fig. 9 Comparison of calculated decrement rate of
FWHM and measured result.

6. ZEBICHBEMES L FWHN ETEENDRY
%

PR IG IR & FWHM K FROBRZHAE L
TR % Fig. 10 1287, 240°C CREREIG JIREFIE A

INEWVDT, 2 ZITEWE Uiz, BRI TR FWHM
KT EHONRHEBEBERERE L TND Z ERbnD,
ZDZ ENG RIS TIEMIZ OV TS FWHM DK
THEEBEHEPOEHE TR T DO LR TED, L
5T, FWHM & F & FlW 72 sl BRI & 0 BB
BROMEREZERTDIZENTEDILDE VWD,

_ 250
L]
o
£
5 200
S a
-1 A A *
X 150 v
£ ¢ g |
8 = ®
s [
5% A 440°C
e
2 *380°C
2 s0
@ ¥340°C
K]
3 290°C
2 0
]
x 0 02 0.4 0.6 08 1
Decrease ratio of FWHM, f
(a) ox
_ 250
[
o
< ¥
200 A A
* n
-
= -
z 150 ]
n
100 4 440°C
é *390°C
50 [ ] o
B 340°C
290°C
E
0
o 0 02 04 06 08 1
Decrease ratio of FWHM, f
(b) oy
250
;E-_’ 200 A
= PO
S - u
% 150 *
3 . ®
[
= n
4 100
2! A 440°C
@
§ *300°C
£ 50
H ®340°C
290°C
0
0 0.2 0.4 06 0.8 1

Decrease ratio of FWHM, f

(c) Mises stress
Fig. 10 Relationship between residual stress

relaxation and decrement rate of FWHM.

7. REBIGHENESHLESETESDOME
E3]ESMER

71 BEYMICHESEIETEHICEHT H5EER
BRRES

BRE NI O i SR T 2Bk U Cl B AR IR
ZFER L=, ZOMSIHELH . FWHM K R 268 &
i SR FRENCER N D DN L CTRIEETT- 72,



R£% Vol 18, No. 1 (2019)

5 < JHE T BMRFRIAE 0D 20 pm 8 SATxE LT L 7=,
20 pm RS IIEEERNICAE O M AR T 28 b K& o
RS THY ., ZOES ZabadR e LTERM L,
B O RE Fig 11IRT, ZOREZHANT
HERBIMRET 21T o7, SR TRELT, UTD

R(6) &2 EHE LT,
ra HY,ore = HV oo ©)
HY, e = HV 1
22T, HVigs BT TORFRENZE S (HV),

HVpotore: BARFENRITIE X(263.4 HV), HV ot $EFNSE T #2
HX(Q2272HV)TH D, Z D% AT Johnson-Mehl
7ay METV, ORI GG HE EEIC
DT, Arrthenius 72 > h&E{TH72, U6 ORER
ZZ NI Fig 12 B X OV Fig. 13 1o d, £72, 55
NI=BEHOME, FWHM (K FIZBI9 2 5558 & bl
LT Table 3 IZ/RT, X HIZ, ZHDOEA HWTHE
SR TR E FWHM K FER% s L2 k58 % Fig. 14
VRS, JIE LR ST IR e 2 b O O 4E
PEEIL FWHM OFE R L IZIERI U CTh D, £/2, AU
REZhSH 21T %5 FWHM B O SO TFEL B
<—HLTWD
72 BRBIEHENEBELESEBTEBHOER
AR X 0 BRI 5 i SR 28 & FWHM K
THEIIZIER—-CTHDZ L ERLE, £, EH
IR E & FWHM (R T & OMICAHBEREERS & 5
ERHBNTWS, LR T, Fig. 14 2R3
SR T L FWHM K FEOBIR G | il KT E &
PRSIk B O BRIT Fig. 15 D X H [CBHETE 5,
ORIV SETICOWT SIS IEmE
BB Z A LT 0 | FRFEIS IR S KT &
RO 2R3 E VWi, ST EEOEERIC
£ ﬁfﬁﬁﬁ;ﬁfzﬁu@ KT aidm ) D &M TED

® 440°C m 390°C + 340°C & 290°C

270
< e Before agin_(_;m
L 260 | a
. L] i
g . 4 4
Foasof* e m, * . "
- A
g L n .
2 N
5 240 | . . . a
) . *
; u L
g 230 fe " L.
R e e Rn IR -t
= After aging

220 1 ! ! ! 1 L |

0.001 0.0 01 1 10 100 1000 10*

Time, t(h)

Fig. 11 Hardness reduction behavior due to aging at
the depth of 20pm.

@® 440°C W 390°C & 340°C A 290°C
3
Fn=0.3353 RAm— | R
05 ,’ s R
E 0 L * .
ok R I RN
= F ’ - - ,”
< 05k A o
T L ./ ’,. & . 7
S F Kd
Sask” L Wt
2 :_ * ,‘/
.2.5-\\\\\\’\\\\’\\\\\\\/\\\\\\\\\\\\\\\
0 2 4 6 8 10 12 14 16
In (t)

Fig. 12 Johnson-Mehl plot of hardness reduction

behavior.
0
.5 - ‘.‘
N
< -0 | 5,
z .
%
15 |+ ‘e
In K=-19009 /T + 21.269 )
‘1““1““1‘\“‘

20 L
0.0005 0001  0.0015  0.002

1T (K"

0.0025

Fig. 13 Arrhenius plot of hardness reduction behavior.

Table 3 Comparison of kinetic constants between
FWHM and hardness reduction

Constants FWHM Hardness
n 0.3233 0.3353
Q (kJ/mol) 160.75 158.04
Ko (s7) 3.427 % 10° 1.726 = 10°
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Fig. 14 Comparison of decrement behavior of
hardness and FWHM.
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Fig. 15 Relationship between residual stress

relaxation and reduction rate of hardness.

Table 4 Activation energies of various phenomena for
pure Ni and Ni based alloys [12-20].

Experimental method Activation
Material Behavior T at ) energy Ref.
‘emperature range Q (kdimol)
600 Alloy — Measuring FWHM 160.8 This study
X-ray intensity ratio with
Pure Ni Lattice diffusion radioisotope tracer 284.5 [12]
(1042 ~ 1404°C)
Ni-10%Cr alloy X-ray intensity ratio with 203.7
Ni-20%Cr alloy  Lattice diffusion radioisotope tracer 295.0 [12)
Ni-30%Cr alloy (1042 - 1275°C) 205.0
Dislocation X-ray intensity ratio with
Pure Ni diffusion radioisotope tracer 160.0 [13]
(500 ~ 600°C)
" Grain boundary 1225~
Pure Ni diffusion - 127.4 ()
" Movement of a Measuring electrical
Pure Ni single vacancy resistance ( ~ 800°C) ne.6 [15]
Re’ver_si!:_\e magnetic
Bure Ni Movemenl ofa susceptibility, Coercive 1351 ~ [16]
single vacancy force 144.7
(around 340°C)
Pure Ni ?E;‘;ﬁgl Measuring electrical 2412 .
(Cold working) resistanca) resistance (100 ~ 350°C)
Pure Ni Dynamic Flow stress at torsion test 234.3 18]
(Hot working) recrystallization (760 ~ 1280°C) :
. Steady state Creep test
Pure Ni creep (827 ~ 1277 °C) 750 [19]
. Steady state Creep test
Ni-20%Cr creep (around 750°C) 2962 120]

9. &8
AR TIE, WIP (2 &0 ARk S L7z EME iR Bt 7

D FHEEREE TITI T D MEEEI B L TRt L7z,

F 7o BRSNS TIREM & XAREHT N2 — 2 O FWHM

FOME S ORRE R Lz, o Elekkime L

TR,

1) WIP Jii TAFIZx LT, BARFRhi% D588 s i fn
I RKEEY 100 pm FREDOER S F TIZIB W THiE
RTET, BREICEL X, RmIZBW T
HokE <, #9200 MPa DFEFINHER CT& 7=,

2) AR O SIK T IE 100 pm FREOWES £ T
ALTEY, TR MDA HERTE
WS ER%ETHD, £, BEISOREmMMAK
ELADNFRSICBOV TS b RE KT
LTCW/=,

3)  ARFEFEIZIIT S FWHM OfX FEENCKR L
THERIRR 21T o iR, Bz kv 4
U % FWHM 1% T i<, Johnson-Mehl L D IZHE 5
ZENWERTE, o, BYEISDEMREL
FWHM (K FHEOBIRZ A L 72 k55, Wi OfH
WZIZH O R HBEBIR A B 0 | i S DR T 258)
& FWHM OIRTFZE@8h 238 {El L Tuiz,

4) FWHM K TFEGOIEMb= KL F—IL Ni = K
U 7 A BEOESAEBC L —Z2 Lo B E) & [
Thd, ZOZEnb, BEISTIOREmMA =
R AL WIP BRI AR S ALz R i kg T o[E1E
ThHHLOEHRI NI,



R£% Vol 18, No. 1 (2019)

e

ATFEOWEICI T, KRR T
BB THEHIC S RN % RV,

)—)—é
— —

L THEZRT D,

SE XK

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

MNTATBOE NI 772 4 AR <tk
MisF Mg &~ = o 7 Vs EE i,
JNES-RE-2013-9012, (2013).

S 7% R 22t IRNEATBOE NI T T2 A
AR IR B REFINSCOICET 2 BIfEE T
DFNRDFEE”, (2006).

RIFA AN p b A 2R 24, “INCONEL
alloy 6007, (2004).

FRS FLAb: IR 7 OREER B DS £
FAEFRBREE OB, fHF R A0 S,
(2012).

W IR N BB ) h SR FepT: B DR FEME - (5
FEMER) B A BEETRAESE - BBRE S BN D
WFSE”, (2004).

A AR 8 e “PRIR B LIETA R 74
YA B DO IMENC K DS ) e E VAT,
JANTI-VIP-02, (2006).

A AR 8 e “PRIRELIETA R I A4
VB —=2 7 T1T{E]”, JANTI-VIP-03, (2006).

A AR 8 e “PRIRELIETA R I 4
VRFEEC X B Sk T9E]”, JANTI-VIP-10,
(2007).

VaJIE, o SR, YT, A B,
FEHE: RIS GER OB X D57
REFnzE gy, R - IR AT 2 —
#FL B = —, Vol. 4, (2008).

B. B. He: “Introduction to two-dimensional X-ray
diffraction”, Powder Diffraction, Vol. 18, pp. 71-85
(2003).

V. Ji, Y. Zhang and C. Chen: “The non-destructive
estimation of the superficial mechanical properties
of components in the INCONEL 600 alloy by X-ray
diffraction peak width”,
Technology, Vol. 130, pp. 95-99 (2000)

PRI =, 28—, K&JIdk: “Ni-Cr &4+ 0 Ni®
BROCO OILHe, HASE23, Vol. 28, No.
4, pp. 188-192 (1964).

Surface and Coating

[13]

[14]

[18]

[19]

M. Wuttig and H. K. Birnbaum: “Self-Diffusion
along Edge Dislocations in Nickel”, Physical
Review, Vol. 147, No. 2, pp. 495-505 (1966).

A. R. Wazzan:
self-diffusion in Ni” Journal of Applied Physics, Vol.
36, No. 11, pp. 3596-3599 (1965).

W. Wycisk and M. Feller-Kniepmeier: “Quenching
experiments in High Purity Ni”, Journal of Nuclear
Materials Vol. 69-70, No. 1-2, pp. 616-619 (1978)
AARGRFER: “BALm—T OB FE~DISH-,
HEE(1971).

A. Sosin and J. A. Brinkman: “Electrical Resistivity

“Lattice and grain boundary

Recovery in Cold-worked and Electron- irradiated
Nickel”, Acta Metallurgica, Vol. 7, pp. 478-494
(1959).

M. J. Luton and C. M. Sellars:
Recrystallization in Nickel and Nickel-Iron Alloys

“Dynamic

During High Temperature Deformation”, Acta
Metallurgica, Vol. 17, pp. 1033-1043 (1969).

S. Meagher, R. S. Borch, J. Groza, A. K. Mukherjfe
and H. W. Green II: “Activation Parameters of
High-temperature Creep in Polycrystalline Nickel at
Ambient and High Pressure”, Acta Metallurgica et
Materialia, Vol. 40, No. 1, pp. 159-166 (1992).

D. Sidey and B. Wilshire: “Mechanisms of Creep
and Recovery in Nimonic 80A”, Metal Science, Vol.
3, No. 2, pp. 56-60 (1969).

ANERIES: <RI 3 X OFAE SR, LBkt
(1968).
BEFEEHE, PSR, &k A5, 56 IERAR:

“HlidJE S O mIRA I T 20 Lk & [BI1E”,
H A4 8258, Vol. 42, No. 4, pp. 432-439
(1978).

(ERE 3045 11 A 21 B3, EA 31453 A 29 BEHR)




<<
  /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


