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Abstract In this study, the inhibiting effect of cerium

ions (Ce3?) on corrosion of 3003 aluminum alloy

(AA3003) in ethylene glycol–water solutions was investi-

gated using a rotating cylinder electrode, simulating the

hydrodynamic condition of the automotive cooling system.

Electrochemical measurements and surface characteriza-

tion were conducted to study the inhibiting mechanism of

Ce3? on the Al alloy corrosion. It is found that Ce3? serves

as a cathodic inhibitor, and inhibits effectively corrosion of

AA3003 in the flowing ethylene glycol–water solutions.

The inhibiting effect of Ce3? is resulted from the formation

and deposit of Ce oxide and/or Ce hydroxide on the elec-

trode surface. With the immersion time, the Ce deposit

layer increases its thickness to cover the second phase

particles, eliminating the galvanic coupling effect between

the second phase particles and Al alloy substrate.

Keywords Corrosion inhibitor � Aluminum alloy �
Ethylene glycol

1 Introduction

Previous study conducted in Cheng’s group [1–9] has

demonstrated that Al alloy would experience pitting cor-

rosion, flow-assisted corrosion and erosion-corrosion in the

automotive cooling system, even in the inhibited coolant. It

was reported [10, 11] that, although inhibitors have been

added in the commercial coolants, i.e., ethylene glycol–

water solutions, most of them are not designed for

corrosion inhibition of Al alloys, but for stainless steels and

copper alloys that have been the conventional materials for

fabrication of the automotive heat exchangers.

The inhibitive studies against the Al alloy corrosion

have so far been tested under static aqueous solutions,

which are quite different from a flowing system

[10, 12–15], especially the ethylene glycol–water coolants

[16, 17]. In the recent 20 years, rare earth metal salts have

been acknowledged as excellent inhibitors for Al alloy

corrosion [18–22]. The environment-friendly property

makes them favorable be used in practice, replacing some

toxic organic inhibitors [18]. For example, Aldykewicz

et al. [19] studied the inhibiting effect of cerium (Ce) salts

for an Al–Cu alloy in chloride-containing solutions, and

found that Ce ions (Ce3?) inhibit corrosion by reducing the

cathodic reaction rate. Shao et al. [20] used scanning

micro-reference electrode technique to probe the potential

map on a 2024 Al alloy electrode in CeCl3 solution. It was

found that the passive film formed Al alloy electrode was

enriched in CeO2 and Ce2O3, showing a high corrosion

resistance. Forsyth et al. [21] studied the inhibiting effect

of a combination of rare earth metals including Ce, lan-

thanum (La), praseodymium (Pr), which showed an

excellent corrosion inhibition for 2024-73 Al alloy in

aqueous chloride environments.

To date, the inhibiting effect of rare earth metal salts for

Al alloy corrosion in the flowing ethylene glycol–water

solution has not yet understood. In this study, the inhibiting

effect of Ce3? on electrochemical corrosion of an AA3003

in ethylene glycol–water solutions was investigated

through a rotating cylinder electrode (RCE) technique

simulating the hydrodynamic condition of the automotive

cooling system. Various electrochemical measurements,

including corrosion potential, linear polarization resistance

and electrochemical impedance spectroscopy (EIS), were
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conducted to study the corrosion behavior of the Al alloy

electrode in the presence and absence of inhibitor. The

surface morphology and composition of Al alloy after

electrochemical test was characterized by a scanning

electrochemical microscopy (SEM) and energy-dispersive

X-ray analysis (EDXA). The inhibiting mechanism of Ce3?

on Al alloy corrosion in the flowing ethylene glycol–water

solutions was analyzed.

2 Experimental

2.1 Electrode and solution

The RCE with a dimension of U16.5 mm 9 7 mm were

made of AA3003 rod bar supplied by Dana Canada Cor-

poration, with a chemical composition (wt%): Cu 0.20, Fe

0.70, Si 0.60, Mn 1.50, Mg 0.05, Cr 0.05, Zn 0.10, Ti 0.05,

and Al balance. The unexposed faces and edges of the RCE

were sealed with a Teflon epoxy, leaving a working area of

3.63 cm2. The working surface of the electrode was ground

with 800 and 1200 grit silicon carbide papers, polished

with a 1 micron alumina paste, cleaned by deionized water,

and dried in air.

The base test solution was a mixture of 50% (v/v) eth-

ylene glycol ? 50% deionized water ? 0.01 M NaCl

solution, simulating the automotive coolant. To investigate

the inhibiting effect of Ce3?, 0.003 M CeCl3 was added

into the base test solution. When inhibitor was added, the

base solution did not contain NaCl in order to keep the

constant Cl- concentration. The pH values of the solutions

before and after the inhibitor addition were about 6.41 and

6.47, respectively. All solutions were made from analytic

grade reagents and ultra-pure deionized water (18 MX cm

in resistivity).

2.2 Hydrodynamic simulating

During test, the rotating speed of RCE was set at 3000 rpm.

The Reynolds number (Re) was determined by the geom-

etry of the electrode, fluid flow velocity, and kinematic

viscosity of the solution by [23]:

Re ¼ 2xr2

m
for RCEð Þ ð1Þ

where x is the angular rotating velocity of RCE, r is the

radius of RCE, and m is the kinematic viscosity of the

solution (2.03 9 10-6 m2 s-1). At a rotating speed of

3000 rpm, Re was approximately equal to 20,000, repre-

senting a turbulent flow.

2.3 Electrochemical measurement

Electrochemical measurements were conducted on a three-

electrode cell, where AA3003 RCE was used as working

electrode (WE), a saturated calomel electrode (SCE) as

reference electrode (RE), and a Pt wire as counter electrode

(CE), using a Solartron 1280c electrochemical system. The

IR drop compensation mode of the instrument was set at

‘‘ON’’ with an input value around 6,000 X, which was

estimated through the EIS measurement.

Prior to electrochemical measurement, the Al alloy WE

was immersed in the solution for 1–3 days. Linear polari-

zation resistance measurement was then performed at the

potential range of Ecorr ± 25 mV, with a potential sweep

rate of 0.166 mV/s. The values of polarization resistance,

corrosion current density, and corrosion potential were

fitted through a PowerCORR analytical software. The EIS

were measured at corrosion potential with a sinusoidal

potential excitation of 20 mV (peak-to-peak) in the fre-

quency range from 105 to 10-3 Hz.

All the tests were performed at a room temperature

(about 20 �C) and open to air.

2.4 Surface characterization

After immersion for 1–3 days, the Al alloy electrode was

removed from the solution, rinsed with deionized water,

dried with cold air, and sent for surface analysis. The

morphology of the electrode was observed with a Philips

XL30 SEM. Prior to the SEM observation, a layer of gold

was coated on the electrode surface to enhance the elec-

trical conductivity. Chemical composition was determined

by the combined EDXA.

3 Results

3.1 Corrosion potential measurement

Figure 1 shows the time dependence of corrosion potential

of AA3003 RCE measured in the base solution in the

presence and absence of 0.003 M CeCl3. It is seen that the

addition of CeCl3 in the solution shifted Ecorr of the Al

alloy RCE negatively.

3.2 Linear polarization resistance measurements

Figure 2 shows the linear polarization resistance of

AA3003 RCE measured in the base solution with and

without 0.003 M CeCl3 after 3 days of immersion.
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According to Stern and Geary model [24, 25], the polari-

zation resistance (Rp) is obtained from the fitting slope

(dE/di) of the linear relationship between potential and

current density:

Rp ¼
DE

Di

� �
DE!0

ð2Þ

The corrosion current density (icorr) was calculated by:

icorr ¼
B

Rp
ð3Þ

where B is a proportionality constant which is usually taken

as 26 mV [27].

The fitting values of Rp, icorr, and Ecorr are listed in

Table 1. It is seen that, in the presence of Ce3?, the

polarization resistance increased and the corrosion current

density decreased, compared to those measured in the

absence of Ce3?.

3.3 EIS measurement

Figure 3 shows the Nyquist diagrams measured on

AA3003 RCE measured in the base solution without and

with 0.003 M CeCl3 after 1 and 3 days of immersion. It is

seen that the EIS plot measured in the absence of CeCl3
was characterized with a semicircle over the whole fre-

quency range. For RCE immersing in CeCl3-containing

solution for 1 day, a semicircle with the bigger size than

that measured in the absence of CeCl3 was observed. After

3 days of immersion in CeCl3-containing solution, the EIS

plot showed an overlap of two semicircles, with a further

bigger size.

Fig. 1 Time dependence of corrosion potential of AA3003 RCE

measured in the base solution with and without 0.003 M CeCl3

Fig. 2 Linear polarization

resistances measured on

AA3003 RCE after 3 days of

immersion in the base solution

without and with 0.003 M

CeCl3

Table 1 Electrochemical parameters fitted from the linear polariza-

tion resistance measurement for AA3003 RCE after 3 days of

immersion in the base solution with and without 0.003 M CeCl3

Solution Rp (9105)

(X cm2)

icorr

(nA cm-2)

Ecorr

(V, SCE)

Without CeCl3 0.21 1220 -0.595

With CeCl3 7.36 35.3 -0.615

Fig. 3 Nyquist diagram measured on AA3003 electrode in the base

solution without and with 0.003 M CeCl3 after 1 and 3 days of

immersion
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3.4 Surface characterization

Figure 4 shows the SEM surface morphology of AA3003

electrode after 1 day of immersion in CeCl3-containing

solution. A number of second phase particles shaped of a

stretched ellipse with a diameter of about 5 lm were

observed on Al alloy substrate. Moreover, another type of

particles shaped of needles with an average length of about

1 lm was also observed. Figure 5 shows the EDX spec-

trum measured at the area marked in Fig. 4, where both

second phase particles and the needle-shaped particles

were included. It is seen that elements Fe, Mn, and Ce were

detected. A comparable elemental distribution is shown in

Table 2.

Figure 6 shows the SEM view of the surface morphol-

ogy of AA3003 electrode after 3 days of immersion in

CeCl3-containing solution. It is seen that a great number of

particles with radius of about 10–20 lm deposited on the

electrode surface. Figure 7 shows the EDX spectrum

measured at the area marked in Fig. 6, where the deposit-

ing particles were present. It is seen that, in addition to Al

and O, Ce was presented in the spectra. A comparable

elemental distribution is shown in Table 3.

4 Discussion

This study shows that the addition of Ce3? would inhibit

corrosion of AA3003 in the flowing, ethylene glycol–water

solutions, as seen by an increasing polarization resistance

and the decreasing corrosion current density in Table 1 as

well as the increasing size of the semicircle, i.e., the

charge-transfer resistance, in EIS plots in Fig. 3. Moreover,

the corrosion potential of the Al alloy electrode is shifted

negatively upon the Ce3? addition, indicating that CeCl3
serves as a cathodic inhibitor [10]. From Fig. 1, corrosion

potential of the electrode approaches a relatively steady

value more rapidly than that in the absence of Ce3? ions.

Therefore, the Ce3? inhibitor favors the stabilization of the

electrode status. In general, an addition of inhibitor in the

solution could affect the electrode state by adsorption,

oxidation, or deposit mechanism. While the adsorption

mechanism is usually encountered in organic inhibitors

where the specific atoms, such as nitrogen and oxygen,

could adsorb on the steel surface to form an adsorbing

layer, the oxidation theory proposes that the reduction of

the corrosion rate of a steel is through the oxidization of the

steel to form an oxide film. The deposit theory involves the

formation and deposit of a new product on the steel surface

to reduce corrosion of the steel.

Fig. 4 SEM views of the surface morphology of AA3003 electrode after 1 day of immersion in the base solution containing 0.003 M CeCl3.

a Backscattered SEM; b General SEM

Table 2 Elemental concentration distribution at the area marked in

Fig. 4

Elements Al Mn Fe Ce O

wt% 78.6 8.4 7.1 4.8 1.1

Fig. 5 EDX spectrum obtained on AA3003 electrode at the marked

area in Fig. 4
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After 3 days of immersion of the Al alloy electrode in

the Ce3?-containing solution, the impedance plot is fea-

tured with two overlapped semicircles (Fig. 3). Apparently,

a new interfacial reaction process is introduced. The

adsorbing film mechanism is not considered because the

added inhibitor does not include the specific adsorbing

atoms. Moreover, the growth of adsorbing film with time

does not generate new time constant, i.e., one more semi-

circle after 3 days of immersion, in EIS plot. Furthermore,

the addition of Ce3? ions in the solution would not enhance

the oxidation of the steel. Thus, the oxide film mechanism

would not apply for the inhibition in this study.

The stretched second phase particles identified in Al

alloy substrate (Fig. 4) are primarily Alx(Fe, Mn) inter-

metallics, as characterized by previous study [8] as well as

the high content of Mn in EDX results in Fig. 5 and

Table 2. It has been acknowledged [8, 26, 27] that the

Mn-enriched second phase particles forms a galvanic effect

relative to the adjacent Al alloy substrate, where the par-

ticles serve as cathode and the Al alloy substrate as anode.

Cathodic reactions occurring at second phase particles are

dominated by the reduction of oxygen:

O2 þ 2H2Oþ 4e� ! 4OH� ð4Þ

The Ce3? containing in the solution would react with

hydroxide ions to form Ce oxide or Ce hydroxide

depositing on the electrode surface [19–22]:

Ce3þ þ 3OH� ! Ce OHð Þ3 ð5Þ

Ce OHð Þ3þOH� ! CeO2 þ 2H2Oþ e ð6Þ

Therefore, the depositing needle-shaped particles

enriched in Ce in Figs. 4 and 6 are primarily Ce oxide or

Ce hydroxide, as demonstrated by the EDX spectra in

Figs. 5 and 7. The inhibiting effect of Ce3? is thus resulted

from the formation and deposit of Ce oxide and/or Ce

hydroxide on the electrode surface to affect the cathodic

reaction process, and the high-frequency semicircle

existing in the EIS plot measured after 3 days of

immersion of the electrode is associated with the

formation Ce oxide or Ce hydroxide. Furthermore, there

is no Fe and Mn detected in Ce-enriched particles after

3 days of immersion (Fig. 7), which means that the Ce

deposit layer is sufficiently thick to cover the second

phase particles, eliminating the galvanic coupling effect

between the second phase particles and Al alloy substrate.

Consequently, the corrosion of Al alloy is inhibited

remarkably. It is worthy pointing out that the inhibition

mechanism of Ce3? salts applies not only on AA3003 in

this study, but on other Al alloys.

Fig. 6 SEM views of the surface morphology of AA3003 electrode

after 3 days of immersion in the base solution containing 0.003 M

CeCl3

Fig. 7 EDX spectrum obtained on AA3003 electrode at the marked

area in Fig. 6

Table 3 Elemental concentration distribution at the area marked in

Fig. 6

Elements Al Ce O

wt% 59.0 20.9 20.1
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5 Conclusions

As a cathodic inhibitor, Ce3? inhibits effectively corrosion

of AA3003 in the flowing ethylene glycol–water solutions.

The inhibiting effect of Ce3? is resulted from the formation

and deposit of Ce oxide and/or Ce hydroxide on the elec-

trode surface to affect the cathodic reaction process. With

the immersion time, the Ce deposit layer is sufficiently

thick to cover the second phase particles, eliminating the

galvanic coupling effect between the second phase parti-

cles and Al alloy substrate. Consequently, the corrosion of

Al alloy is inhibited remarkably.

Acknowledgments This study was supported by Canada Research

Chairs Program, Natural Science and Engineering Research Council

of Canada (NSERC) and Dana Canada Corporation.

References

1. Niu L, Cheng YF (2008) Wear 265:367

2. Niu L, Cheng YF (2009) Corros Eng Sci Techno 44:389

3. Niu L, Cheng YF (2007) J Mater Sci 42:8613

4. Xu LY, Cheng YF (2008) Corros Sci 50:2094

5. Zhang GA, Xu LY, Cheng YF (2009) Corros Sci 51:283

6. Liu Y, Cheng YF (2009) J Appl Electrochem 39:1267

7. Xu LY, Cheng YF (2009) Corros Sci 51:2330

8. Liu Y, Cheng YF (2010) Mater Corros 61:211

9. Liu Y, Cheng YF (2010) Mater Corros 21:574

10. Nathan CC (1981) Corrosion inhibitors, NACE. Houston, Texas,

US

11. Cessna JC (1964) Mater Prot 3:5

12. Davis JR (2000) Corrosion of aluminum and aluminum alloys.

ASM International, Materials Park, US

13. Raspini IA (1993) Corros 49:821

14. Twiss SB, Guttenplan JD (1957) Corros 12:311

15. Thomas JGN, Treacy G, Carrol WM (1994) Corros Sci 36:11

16. Abd-El-Nabey BA, Khalil N, Khamis E (1985) Corros Sci 25:225

17. Zaharieva J, Milanova M, Mitov M, Lutov L, Manev S, Todo-

rovsky D (2009) J Alloys Comp 470:397

18. Hiton BRW (1992) J Alloys Comp 180:15

19. Aldykewicz AJ Jr, Isaacs HS, Davenport AJ (1995) J Electro-

chem Soc 142:3342

20. Shao M, Huang R, Fu Y, Lin C (2002) J Rare Earths 20:640

21. Forsyth M, Markley T, Ho D, Deacon GB, Junk P, Hinton PB,

Hughes A (2008) Corros 64:191

22. Tjong SC, Huo HW (2009) J Mater Eng Perf 18:88

23. Kear G, Barker BD, Stokes KR, Walsh FC (2007) Electrochim

Acta 52:1889

24. Stern M, Geary AL (1957) J Electrochem Soc 104:56

25. Stern M, Geary AL (1958) J Electrochem Soc 105:638

26. Moore KL, Sykes JM, Hogg SC, Grant PS (2008) Corros Sci

50:3221

27. Barbucci A, Cerisola G, Bruzzone G, Saccone A (1997) Elec-

trochim Acta 42:2369

388 J Appl Electrochem (2011) 41:383–388

123


	Inhibiting effect of cerium ions on corrosion of 3003 aluminum alloy in ethylene glycol--water solutions
	Abstract
	Introduction
	Experimental
	Electrode and solution
	Hydrodynamic simulating
	Electrochemical measurement
	Surface characterization

	Results
	Corrosion potential measurement
	Linear polarization resistance measurements
	EIS measurement
	Surface characterization

	Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


