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High-temperature (1300-1400°C) oxidation of FeCr(La) alloy was studied by thermogravimetry. The
kinetic dependence of the FeCr(La) mass change has a specific form due to the occurrence of
reduction of the reaction surface. This is due to the formation of diffusion barriers from lanthanum
chromite LaCrQOs. New kinetic dependence of the alloy mass change was tested, which differs from
the classical Evans equation. This new equation correctly describes the kinetics of the process. © 2023
Bull. Georg. Natl. Acad. Sci.

high-temperature oxidation, alloy FeCr(La), decrease of reaction surface

Alloys on an iron-chromium equiatomic basis (chromia-forming alloys) are materials for coating hot
components of gas turbine engines. In particular, lanthanum-doped FeCr alloys have high heat resistance
up 1300°C to 1400°C. During the oxidation of these alloys, scale Cr,Osis formed on their surface. The
boundaries of oxide grains (the main arteries of mass transfer) in it are blocked by diffusion barriers from
chromite LaCrOs. This is equivalent to a decrease in the effective area of the reaction and leads to a
deviation of the oxidation kinetics from parabolic [1, 2]. For the processes with the decreased reaction
surface, U.R. Evans deduced the following ratio [3]:

p=S/So=e"", (1)

where, Sy is the initial area of metal or alloy surface, and S is the area free from the diffusion barriers of the
surface of the specimen in case of mass gain m (mass increase at the expense of the oxygen entered into
the reaction), k is the surface reduction coefficient. Based on the parabolic dependence m? = kyt and Eq.

(1), the following equation was derived [2, 3]:
m:%ln(k«/kpt+l), )

(kp — parabolic constant, t — time). It was also derived inexplicitly kinetic dependence [4]:

© 2023 Bull. Georg. Natl. Acad. Sci.
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t=

2 [ L (i
s K (km—l)+1]+E(e -1) 3)

based on the “complex parabola” (m2 / kp)+(m / kr ) =t or in differential form (taking into account Eq.

kp .
2m+ kp / kr

described the kinetics of air oxidation of A,O3 and Cr,O3— forming alloys doped with lanthanum or yttrium

(1)): dm/dt = “m  where k- =il—r:l|t=0,m=0 is rectilinear constant. Eq. (3) correctly

[5, 6]. During the oxidation of Cr,Os -forming alloys, the evaporation of Cr,O3 in the form of suboxide

CrOs also occurs [1]. Therefore, the total mass change is M=m-v,t, where v,, is the rate of evaporation of

Cr203 for the metalic component. v =

cl 1Vp =0.48v, (q=3My/Mc, = 0.923, v, — evaporation rate of
q+

scale). (That's why the plan of evaporation of the basic oxide is: 4Cr+30,=2Cr,03; 2Cr,03+30,=4Cr,03)).
The evaporation rate of LaCrOs are 1-1.5 range lower, which can be ignored.

Results and Discussion

The experiments on air oxidation of an alloy of the Cr-V-Ta-La system were repeated at temperatures of
1300-1400°C. The total content of alloying elements was ~1 wt.%. Chromium was electrolytically refined
in hydrogen with nitrogen and carbon contents (~0.006 and 0.008 wt%). (It is known that these elements
(N, C, La) noticeably change the parameters of chromium oxidation and affect the conditions for the
formation of a protective oxide layer). The ingots were obtained in a water-cooled mold by induction-arc
melting in an argon atmosphere and contained ~0.25 wt.% lanthanum. The experiments were carried out
on a continuous weighing microbalance mounted in a vacuum setup (sensitivity ~107¢g). The results of
weight measurements are presented in Fig. 1. The data obtained are somewhat (but not fundamentally)

different from the data of [2]. The values of constants shown in Table 1.

Table 1. The values of constants in Eq. (3)

Temperature, °C k, cm?/mg kr, mg/cm?h kp, mg%/cm*h
1300 0.59 2.88 0,95
1350 0.45 7.0 1.95
1400 0.20 —0 3.60

Empirical expressions of Eq. (3):

t=6.04[ " (0.59m ~1)+1]+0.59("*" ~1) (1300°C)
£=5.06[ " (0.45m—1)+1]+0.32(e"*" 1) (1350°C)
t=13.89[ " (0.2m—1)+1] (1400°C)

[m]= mg [em® [t]=h

Experimental curves in the used scale practically coincides with curves (1)-(3); (a) and (b) are tangents
to curves 1" and 2" at the origin of coordinates (the tangent to curve 3 practically coincides with the y-axis):
tga, f=k.
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Fig. 1. Curves M=f{(t) and m=f(t) at (1, 1) 1300, (2,2") 1350 and (3, 3") 1400°C. 1'", 2"'and 3" " according to Eq. (2).
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Fig. 2. Evaporation rate of Cr203 as a function of temperature [1] with the addition of rates at 1350 and 1400°C.

Taking into account expression (1), Eq. (3) can be rewritten as:

=2 {1—lln(e(o)}+k1 (l_lJ 4)

kzkp ¢ r (0

and also combining all the above equations, in the first approximation we get that by the moment of practical

completion of the formation of diffusion barriers: ¢4 = go‘d p/dt—>0= /21 Substituting ¢ = ¢, into

2 kkp iy rne) L [ (ktor2e)
Eq. (4), we get: ta =lpspy =——| 1———e" "7 +—rH(e" 7 —1J. The values of and t4 are
AR kzkp( 2k wl ) i and

given in Table 2.

Table 2. The values of @4 and #4

Temperature, °C 4 ta, h
1300 0.4055=0.41 5.45
1350 0.392~0.39 4.75
1400 e120.368~0.37 13.90

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023
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Fig. 3 shows the kinetic dependences constructed according to Eq. (4). The calculated points ¢, and #4
fit well on the corresponding curves for 1300 and 1350°C. As for 1400°C (at which k,—o0), then @4 = e’
should be expected at t4 = 2/k’k, ~ 14 h.

th

Fig. 3. Kinetic dependences ¢ — t at (1)1300, (2) 1350 and (3) 1400°C.

According to [1, 2], we can conclude that LaCrOs creates diffusion barriers in the Cr,O3 scale. YCrOs
and CeCrOs have been studied in a number of works ([6-10] and [11-15]). According to [6], YCrOs also
creates diffusion barriers. Thermogravimetric measurements were not carried out in this work. However, a
graph based on unpublished data from one of the authors (private notice)can be shown in Fig.4. Section
(ac) of curve 1 corresponds to sample heating from room temperature to 1400°C, section (bc) — extrapolation
of curve 2. (For construction of calculated curve, product e¥™o(km, — 1) in Eq. (5) must be given with
accuracy 107%). For the presented curve, instead of Eq.3, should be applied [4]:

2
k’kp

t= [ek’” (km —1) pL (km() —1)]+i(ekm _etm )’ (5)

2

where mo =my-o. Time shift between Eqs. (3) and (5): % = pEr
)4

kmo 1 kmo
[e (1—kmo)—1]+%(1—e ).
Empirical expression of Eq. (5): ¢=843.313[¢""(0.022m—1)-0.999 |+14.205(¢"" ~1.018)
([m] =mg/cm?, [{]=h, mo= 0.83 mg/cm? and fo= -0.43 h).

m, mg/cm?

2.5F /tgot=ke3.2mg.’cm2h

1+ k=0.022Zcm?/mg

/ c T kp=4,9mg2/cm*h
T

sl )05 1 15 2

Fig. 4. (1) Experimental kinetic curve of air oxidation of FeCr(Y) at 1400°C; (2) constructed according to Eq. (5)
curve.
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It can be seen that the curve constructed according to Eq. (5) approaches satisfactorily the experimental
one.

For CeCrOs, it can also be assumed that this chromite also creates diffusion barriers. This assumption
is supported by the data of the previous work [1]. Undoubtedly, this should be further verified by SEM and
TEM methods.

Conclusion

The study of the oxidation process of alloy FeCr(La) in air at 1300-1400°C shows the deviation of the
oxidation kinetics from parabolic. This is due to the presence of diffusion barriers from lanthanum chromite
LaCrO:s; in the scale. The processes of high-temperature oxidation of FeCr(Y) and FeCr(Ce) alloys are also
considered. And in these processes, a deviation of the oxidation kinetics from the parabolic one is observed
due to the formation of chromites YCrO3z and CeCrO:s.

The paper is dedicated to the memory of prof. O.1. Mikadze.

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023



62 Irakli Nakhutsrishvili and Giorgi Mikadze

R0Y039650 FJodos

FeCr(La) 9965006md0l omoem@gd3gMsdmermemo
mgboo®mgdols 30693030l gliobgd: oxmBools 9i3gddEweo
Bg306M0L 9993060905

0. babm3MH0830¢0" s 3. dogsdy”

bogs39¢0als (99760329050 960396boBIA0, 308966990206 0bUBOBIH0, 08orobo
“bss®039¢mb 397603960 9b03965boBIH0O, 08ocrobo

(Homm@y9boos 535¢09300U 300l 3. 30308300l o))

090330893 G0Wo 3gmmEom dglifjsgwrowos @sbmsbom wgaomgdmmo FeCr 896s0bmdols
0505003 9939M5¢ G0 (1300-1400°C) mgboo®mgdols 3069@03s 35960bg. 6odndms dsliols (33¢ro-
@905 5396l B3gE0BO3MG bslosML, 065006 MYsd0ol F0dE0bsMmgMBOLsl doMomsE mJulog-
36 (Crz203) 960s© 3000 5436 JOmdoEol (LaCrOs) §s®dmgdbstsg, Gmigeog Jobols ogs-
Boed dsM0ghgdl. gmggmozg gb ofigggt mglooMgdol 306gE030L AsEIBENL 3sGsdMEYMO
396mbolsgsh. FeCr 8965006mdol o@tmordom gaomgdolsl §smdmogdbgds dglsdsdolo gohmdodo
(YCrOs), GmIgerog sbg3g Jabol @ogmbon® 3sGoghgdl s 3ol mgboomgdols 30bg@ozol
35050m@m® blosml. 3obsosb FeCr(Ce) 96500bmdol mgloomgdols 3obg@ogs FeCr(La) o
FeCr(Y) 8965006md930L mglloo®gdols 306930306 565¢rmaow®os, gs0mmddmmos 3s®smwo, Gmd
50 89900b393580(3 5000 5331 OB BOM® ds@0gMgdls JOmdoE CeCrOs-ol Lsbom.

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023



On High-Temperature Oxidation Kinetics of Alloy Fe Cr(La)... 63

REFERENCES

10.

11.

12.

13.

14.

15.

Nakhutsrishvili I., Kokhreidze R. and Kakhniashvili G. (2022) Influence of the simultaneous processes of scale
evaporation and reaction surface reduction on the oxidation kinetics of chromia-forming alloys doped with rare-
earth elements. Georgian Scient., 4: 141-146.

Tavadze F., Mikadze O., N.Keshelava N. and Bulia B. (1986) High-temperature corrosion of dilute chromium-
lantanum alloys. Oxidat. of Met., 25: 335-350.

Evans U.R. (1960) The corrosion and oxidation of metals: scientific principles and practical applications, 662 p.,
E.Arnold LTD, London.

Nakhutsrishvili I. (2006) New kinetic equation of scale growth with decrease of reaction surface. Georgian Eng.
News, 4: 134-136.

Mikadze O., Nakhutsrishvili I., Maisuradze N. and Mikadze G. (2007) Kinetic regularities of growth of scale on
heat resisting alloys with barrier layers of stable oxides. Metal Phys. and Adv. Technologies, 29: 1507-1513.
Nakhutsrishvil 1., Mikadze O. and Mikadze G. (2007) Mutual connection of unisothermal initial heating with
isothermal oxidation kinetics of heat-resistant chromium alloys. Proc. Georgian Acad. Sci., 33: 60-63.

Pillis M.F., Correa O.V. and Ramanathan L.V. (2016) High temperature oxidation behavior of yttrium dioxide
coated Fe-20Cr alloy. Materials Res., 19: 611-617.

Fontana S., Vuksa M., Chevalier S., Caboche G. and Piccardo P. (2008) On the effect of surface treatment to
improve oxidation resistance and conductivity of metallic interconnects for SOFC in perating conditions. Mater.
Sci. Forum, 595/598: 753-762.

Sayto Y. (1989) Effects of rare earth elements on the high temperature oxidation of heat-resistant alloys. In:
Studies in Organic Chemistry, 391 p., Elsevier, Amsterdam-Oxford-New Y ork-Tokyo.

Molin S., Persson A.H., Skafte T.L., Smitshuysen A.L., Jensen S.H., Andersen K.B., Xu H. and Chen M. (2019)
Effective yttrium based coating for steel interconnects of solid oxide cells: corrosion evaluation in steam-
hydrogen atmosphere. Power Sources, 440: article id. 26814.

Downham D.A., Hussey R.J., Mitchell D.F. and Graham,M.J. (1990) Segregation of cerium in chromia scales.
Proc. Int. Symp. on high-temperature oxidation and sulphidation processes, 101-106. Hamilton, Ontario,
Canada, August 26-30.

Li H., Cui X and Chen W. (2011) Mechanism of coke formation caused by catalytic nanochromium carbide
particles from decomposition of CeCrOs. Amer. Cer. Soc., 94: 2578-2584.

Mikkelsen L. and Linderoth S. (2003) High temperature oxidation of Fe—Cr alloy in O2—H2H20 atmospheres;
microstructure and kinetics. Materials Sci. and Eng. A, 361: 198-212.

Rhis-Jones T.N., Grabke H.J. and Kudielka H. (1987) The high temperature oxidation of iron-chromium alloys
containing 0.1 wt. % cerium or cerium oxide. Materials and Corros.,3: 65-72.

Tufiq Jamila M. , Ahmada J., Hamad Bukharia S. and Saleemb M. (2018) Effect of Re and Tm-site on
morphology structure and optical band gap of ReTmOs (Re = La, Ce Nd, Gd, Dy, Y and Tm = Fe, Cr) prepared
by sol-gel method. Rev. Mex. de F'isica, 64: 381-391.

Received September, 2022

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023




<<

  /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

    /AgencyFB-Bold

    /AgencyFB-Reg

    /Algerian

    /Arial-Black

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialRoundedMTBold

    /Bahnschrift

    /BaskOldFace

    /Bauhaus93

    /BellMT

    /BellMTBold

    /BellMTItalic

    /BerlinSansFB-Bold

    /BerlinSansFBDemi-Bold

    /BerlinSansFB-Reg

    /BernardMT-Condensed

    /BlackadderITC-Regular

    /BodoniBT-Bold

    /BodoniBT-BoldItalic

    /BodoniBT-Book

    /BodoniBT-BookItalic

    /BodoniMT

    /BodoniMTBlack

    /BodoniMTBlack-Italic

    /BodoniMT-Bold

    /BodoniMT-BoldItalic

    /BodoniMTCondensed

    /BodoniMTCondensed-Bold

    /BodoniMTCondensed-BoldItalic

    /BodoniMTCondensed-Italic

    /BodoniMT-Italic

    /BodoniMTPosterCompressed

    /BookAntiqua

    /BookAntiqua-Bold

    /BookAntiqua-BoldItalic

    /BookAntiqua-Italic

    /BookmanOldStyle

    /BookmanOldStyle-Bold

    /BookmanOldStyle-BoldItalic

    /BookmanOldStyle-Italic

    /BookshelfSymbolSeven

    /BradleyHandITC

    /BritannicBold

    /Broadway

    /BrushScriptMT

    /Calibri

    /Calibri-Bold

    /Calibri-BoldItalic

    /Calibri-Italic

    /Calibri-Light

    /Calibri-LightItalic

    /CalifornianFB-Bold

    /CalifornianFB-Italic

    /CalifornianFB-Reg

    /CalisMTBol

    /CalistoMT

    /CalistoMT-BoldItalic

    /CalistoMT-Italic

    /Cambria

    /Cambria-Bold

    /Cambria-BoldItalic

    /Cambria-Italic

    /CambriaMath

    /Candara

    /Candara-Bold

    /Candara-BoldItalic

    /Candara-Italic

    /Candara-Light

    /Candara-LightItalic

    /Castellar

    /Centaur

    /Century

    /Century725BT-RomanCondensed

    /Century751BT-BoldB

    /Century751BT-BoldItalicB

    /Century751BT-ItalicB

    /Century751BT-No2ItalicB

    /Century751BT-RomanB

    /Century751BT-RomanNo2B

    /Century751BT-SemiBold

    /Century751BT-SemiBoldItalicB

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CenturySchlbkCyrillicBT-Bold

    /CenturySchlbkCyrillicBT-BoldIt

    /CenturySchlbkCyrillicBT-Italic

    /CenturySchlbkCyrillicBT-Roman

    /CenturySchoolbook

    /CenturySchoolbook-Bold

    /CenturySchoolbook-BoldItalic

    /CenturySchoolbook-Italic

    /Chiller-Regular

    /ClarendonBT-Black

    /ClarendonBT-Bold

    /ClarendonBT-Light

    /ClarendonBT-Roman

    /ColonnaMT

    /ComicSansMS

    /ComicSansMS-Bold

    /ComicSansMS-BoldItalic

    /ComicSansMS-Italic

    /Consolas

    /Consolas-Bold

    /Consolas-BoldItalic

    /Consolas-Italic

    /Constantia

    /Constantia-Bold

    /Constantia-BoldItalic

    /Constantia-Italic

    /CooperBlack

    /CopperplateGothic-Bold

    /CopperplateGothic-Light

    /Corbel

    /Corbel-Bold

    /Corbel-BoldItalic

    /Corbel-Italic

    /CorbelLight

    /CorbelLight-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /CurlzMT

    /DeVinneBT-Text

    /DFGothic-EB-WIN-RKSJ-H

    /DFKaiSho-SB-WIN-RKSJ-H

    /DFMincho-SU-WIN-RKSJ-H

    /DFMincho-UB-WIN-RKSJ-H

    /DFMincho-W5-WIN-RKSJ-H

    /DFPOP1-W9-WIN-RKSJ-H

    /Ebrima

    /Ebrima-Bold

    /EdwardianScriptITC

    /Elephant-Italic

    /Elephant-Regular

    /EmbassyBT-Regular

    /EngraversGothicBT-Regular

    /EngraversMT

    /ErasITC-Bold

    /ErasITC-Demi

    /ErasITC-Light

    /ErasITC-Medium

    /Exotic350BT-Bold

    /Exotic350BT-DemiBold

    /FelixTitlingMT

    /FootlightMTLight

    /ForteMT

    /FranklinGothic-Book

    /FranklinGothic-BookItalic

    /FranklinGothic-Demi

    /FranklinGothic-DemiCond

    /FranklinGothic-DemiItalic

    /FranklinGothic-Heavy

    /FranklinGothic-HeavyItalic

    /FranklinGothic-Medium

    /FranklinGothic-MediumCond

    /FranklinGothic-MediumItalic

    /Freehand521BT-RegularC

    /FreestyleScript-Regular

    /FrenchScriptMT

    /FuturaBT-Bold

    /FuturaBT-BoldItalic

    /FuturaBT-Book

    /FuturaBT-BookItalic

    /FuturaBT-Medium

    /FuturaBT-MediumItalic

    /Gabriola

    /Gadugi

    /Gadugi-Bold

    /Garamond

    /Garamond-Bold

    /Garamond-Italic

    /Geometric212BT-BookCondensed

    /Geometric212BT-HeavyCondensed

    /Geometric415BT-BlackA

    /Geometric706BT-BlackCondensedB

    /GeometricSlab703BT-Bold

    /GeometricSlab703BT-BoldCond

    /GeometricSlab703BT-BoldItalic

    /GeometricSlab703BT-Medium

    /GeometricSlab703BT-MediumCond

    /GeometricSlab703BT-MediumItalic

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /Gigi-Regular

    /GillSansMT

    /GillSansMT-Bold

    /GillSansMT-BoldItalic

    /GillSansMT-Condensed

    /GillSansMT-ExtraCondensedBold

    /GillSansMT-Italic

    /GillSans-UltraBold

    /GillSans-UltraBoldCondensed

    /GloucesterMT-ExtraCondensed

    /GoudyOldStyleT-Bold

    /GoudyOldStyleT-Italic

    /GoudyOldStyleT-Regular

    /GoudyStout

    /Haettenschweiler

    /HarlowSolid

    /Harrington

    /HighTowerText-Italic

    /HighTowerText-Reg

    /HoloLensMDL2Assets

    /Humanist521BT-Bold

    /Humanist521BT-BoldItalic

    /Humanist521BT-Italic

    /Humanist521BT-Light

    /Humanist521BT-LightItalic

    /Humanist521BT-Roman

    /Humanist777BT-BlackB

    /Humanist777BT-BlackCondensedB

    /Humanist777BT-BoldCondensedB

    /Humanist777BT-LightB

    /Humanist777BT-RomanB

    /Humanist777BT-RomanCondensedB

    /Impact

    /ImprintMT-Shadow

    /InformalRoman-Regular

    /InkFree

    /JavaneseText

    /Jokerman-Regular

    /JuiceITC-Regular

    /KaufmannBT-Regular

    /KristenITC-Regular

    /KunstlerScript

    /LatinWide

    /LeelawadeeUI

    /LeelawadeeUI-Bold

    /LeelawadeeUI-Semilight

    /LucidaBright

    /LucidaBright-Demi

    /LucidaBright-DemiItalic

    /LucidaBright-Italic

    /LucidaCalligraphy-Italic

    /LucidaConsole

    /LucidaFax

    /LucidaFax-Demi

    /LucidaFax-DemiItalic

    /LucidaFax-Italic

    /LucidaHandwriting-Italic

    /LucidaSans

    /LucidaSans-Demi

    /LucidaSans-DemiItalic

    /LucidaSans-Italic

    /LucidaSans-Typewriter

    /LucidaSans-TypewriterBold

    /LucidaSans-TypewriterBoldOblique

    /LucidaSans-TypewriterOblique

    /LucidaSansUnicode

    /Magneto-Bold

    /MaiandraGD-Regular

    /MalgunGothic

    /MalgunGothicBold

    /MalgunGothic-Semilight

    /Marlett

    /MaturaMTScriptCapitals

    /MicrosoftHimalaya

    /MicrosoftJhengHeiBold

    /MicrosoftJhengHeiLight

    /MicrosoftJhengHeiRegular

    /MicrosoftJhengHeiUIBold

    /MicrosoftJhengHeiUILight

    /MicrosoftJhengHeiUIRegular

    /MicrosoftNewTaiLue

    /MicrosoftNewTaiLue-Bold

    /MicrosoftPhagsPa

    /MicrosoftPhagsPa-Bold

    /MicrosoftSansSerif

    /MicrosoftTaiLe

    /MicrosoftTaiLe-Bold

    /MicrosoftYaHei

    /MicrosoftYaHei-Bold

    /MicrosoftYaHeiLight

    /MicrosoftYaHeiUI

    /MicrosoftYaHeiUI-Bold

    /MicrosoftYaHeiUILight

    /Microsoft-Yi-Baiti

    /MingLiU-ExtB

    /Ming-Lt-HKSCS-ExtB

    /Mistral

    /Modern-Regular

    /MongolianBaiti

    /MonotypeCorsiva

    /MS-Gothic

    /MSOutlook

    /MS-PGothic

    /MSReferenceSansSerif

    /MSReferenceSpecialty

    /MS-UIGothic

    /MT-Extra

    /MVBoli

    /MyanmarText

    /MyanmarText-Bold

    /News701BT-BoldA

    /News701BT-ItalicA

    /News706BT-BoldC

    /NewsGothicBT-Bold

    /NewsGothicBT-BoldItalic

    /NewsGothicBT-Italic

    /NewsGothicBT-Light

    /NewsGothicBT-Roman

    /NewsGothicBT-RomanCondensed

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /NirmalaUI

    /NirmalaUI-Bold

    /NirmalaUI-Semilight

    /NSimSun

    /OCRAbyBT-Regular

    /OCRAExtended

    /OCRB10PitchBT-Regular

    /OldEnglishTextMT

    /Onyx

    /PalaceScriptMT

    /PalatinoLinotype-Bold

    /PalatinoLinotype-BoldItalic

    /PalatinoLinotype-Italic

    /PalatinoLinotype-Roman

    /Papyrus-Regular

    /Parchment-Regular

    /Perpetua

    /Perpetua-Bold

    /Perpetua-BoldItalic

    /Perpetua-Italic

    /PerpetuaTitlingMT-Bold

    /PerpetuaTitlingMT-Light

    /Playbill

    /PMingLiU-ExtB

    /PoorRichard-Regular

    /Pristina-Regular

    /RageItalic

    /Ravie

    /Rockwell

    /Rockwell-Bold

    /Rockwell-BoldItalic

    /Rockwell-Condensed

    /Rockwell-CondensedBold

    /Rockwell-ExtraBold

    /Rockwell-Italic

    /SchadowBT-Bold

    /SchadowBT-Roman

    /ScriptMTBold

    /SegoeMDL2Assets

    /SegoePrint

    /SegoePrint-Bold

    /SegoeScript

    /SegoeScript-Bold

    /SegoeUI

    /SegoeUIBlack

    /SegoeUIBlack-Italic

    /SegoeUI-Bold

    /SegoeUI-BoldItalic

    /SegoeUIEmoji

    /SegoeUIHistoric

    /SegoeUI-Italic

    /SegoeUI-Light

    /SegoeUI-LightItalic

    /SegoeUI-Semibold

    /SegoeUI-SemiboldItalic

    /SegoeUI-Semilight

    /SegoeUI-SemilightItalic

    /SegoeUISymbol

    /ShowcardGothic-Reg

    /SimSun

    /SimSun-ExtB

    /SitkaBanner

    /SitkaBanner-Bold

    /SitkaBanner-BoldItalic

    /SitkaBanner-Italic

    /SitkaDisplay

    /SitkaDisplay-Bold

    /SitkaDisplay-BoldItalic

    /SitkaDisplay-Italic

    /SitkaHeading

    /SitkaHeading-Bold

    /SitkaHeading-BoldItalic

    /SitkaHeading-Italic

    /SitkaSmall

    /SitkaSmall-Bold

    /SitkaSmall-BoldItalic

    /SitkaSmall-Italic

    /SitkaSubheading

    /SitkaSubheading-Bold

    /SitkaSubheading-BoldItalic

    /SitkaSubheading-Italic

    /SitkaText

    /SitkaText-Bold

    /SitkaText-BoldItalic

    /SitkaText-Italic

    /SnapITC-Regular

    /Square721BT-Bold

    /Square721BT-BoldCondensed

    /Square721BT-Roman

    /Square721BT-RomanCondensed

    /Stencil

    /Swiss721BT-Black

    /Swiss721BT-BlackCondensed

    /Swiss721BT-Bold

    /Swiss721BT-BoldCondensed

    /Swiss721BT-BoldCondensedItalic

    /Swiss721BT-BoldItalic

    /Swiss721BT-Heavy

    /Swiss721BT-Italic

    /Swiss721BT-ItalicCondensed

    /Swiss721BT-Light

    /Swiss721BT-LightExtended

    /Swiss721BT-LightItalic

    /Swiss721BT-Roman

    /Swiss721BT-RomanCondensed

    /Sylfaen

    /SymbolMT

    /SymbolTiger

    /SymbolTigerExpert

    /Tahoma

    /Tahoma-Bold

    /TempusSansITC

    /Tiger

    /TigerExpert

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /TwCenMT-Bold

    /TwCenMT-BoldItalic

    /TwCenMT-Condensed

    /TwCenMT-CondensedBold

    /TwCenMT-CondensedExtraBold

    /TwCenMT-Italic

    /TwCenMT-Regular

    /TypoUprightBT-Regular

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

    /VinerHandITC

    /Vivaldii

    /VladimirScript

    /Webdings

    /Wingdings2

    /Wingdings3

    /Wingdings-Regular

    /YuGothic-Bold

    /YuGothic-Light

    /YuGothic-Medium

    /YuGothic-Regular

    /YuGothicUI-Bold

    /YuGothicUI-Light

    /YuGothicUI-Regular

    /YuGothicUI-Semibold

    /YuGothicUI-Semilight

    /ZWAdobeF

  ]

  /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



