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Characterization of the Galvanizing Behavior Depending on
Annealing Dew Point and Chemical Composition in Dual-Phase Steels
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The characteristics of selective oxidation prior to hot-dip galvanizing with the annealing atmosphere dew
point and chemical composition in dual-phase steels and their effect on the inhibition layer formation relevant
to coating adhesion have been studied using a combination of electron microscopic and surface analytical
techniques. The annealed and also galvanized samples of 3 kinds of Si/Mn ratios with varied amounts
of Si addition were prepared by galvanizing simulator. The dew point was controlled at soaking temperature
800 ℃ in 15%H2-85%N2 atmosphere. It was shown that good adhesion factors were mainly uniformity
of oxide particle distribution of low number density and low Si/Mn ratio prior to hot-dip galvanizing. Their
effect was the greatly reduced coating bare spots and the formation of uniform inhibition layer leading
to good adhesion of Zn overlay. The mechanism of good adhesion is suggested by two processes: the
formation of inhibition layer on the oxide free surface uncovered with no SiO2-containing particles in particular,
and the inhibition layer bridging of oxide particles. The growth of inhibition layer was enhanced markedly
by the delayed reaction of Fe and Al with the increase of Si/Mn ratio.
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1. Introduction

High strength dual-phase steel(HS-DP) is one of the at-
tractive candidates for lightweight automotive applications 
due to its high strength and good formability brought about 
by a complex ferrite-martensite microstructure.1),2) For au-
tomobile durability by means of corrosion protection, good 
galvanizability is essentially required. The dual-phase fer-
rite-martensite microstructure is conventionally obtained 
by adding the following alloying elements: Mn with Si, 
Cr, or Al, and an appropriate annealing heat cycle consist-
ing of an intercritical annealing and then rapid cooling 
in order to transform the intercritical austenite to marten-
site.3)-5) Mn or Cr plays an important role of increasing 
the strengthening and hardenability as well, and Si or Al 
is used for solid solution strengthening and suppressing 
the carbide formation.
  However, these alloying elements are known to form 
selective oxides in surface region in conventional con-
tinuous galvanizing line atmosphere, possibly leading to 
the poor Zn wettability.6),7) The reactive wetting of the 

steel surface by molten Zn is of primary importance for 
the formation of well-developed inhibition layer and corre-
sponding coating adhesion. In this work, the influence of 
the annealing atmosphere dew point and chemical compo-
sition in dual phase steels on the surface selective oxida-
tions and their effect on the formation of inhibition layer 
in association with coating adhesion have been studied us-
ing electron microscopic and surface analytical techniques. 
The results of surface chemistry by selective oxidation 
were interpreted in comparison with those of SiO2-MnO 
binary phase diagram.

2. Experiment

  Chemical compositions of the 3 steels of Si/Mn mass 
ratios by a 1.9 wt% Mn-added steel base and varied 
amounts of Si addition are listed in Table 1. The volume 
fraction was predicted using database TCFE5 of Thermo- 
Calc version R. Samples of size 200 mm x 120 mm x 
0.8 mm cut from the cold-rolled sheets were annealed in 
the protective atmosphere of 15 vol% H2-85 vol% N2 and 
galvanized by dipping them into molten Zn containing 
0.23 wt% Al using Rhescar hot-dip Simulator. The sam-
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Table 1. Chemical compositions of substrate steel used in the present study (in mass %)

steel C Mn Si P S-Al Si/Mn ratio volume fraction at soaking 
temperature 800 ℃

No 3 0.08 1.91 0.12 0.018 0.04 0.063 BCC: 0.32; FCC:0.68
No 6 〃 1.91 0.50 〃 〃 0.26 BCC: 0.41; FCC:0.59
No 7 〃 1.88 0.97 〃 〃 0.52 BCC: 0.54; FCC:0.46

 pH2O/pH2 on dew points -60 ℃, -40 ℃, -20 ℃, and 0 ℃ : 0.0000107, 0.000126, 0.00102, and 0.00603

(a) Si/Mn = 0.063              (b) Si/Mn = 0.26               (c) Si/Mn = 0.52
Fig. 2. Effect of Si content on the surface morphology by selective oxidation of HS-DP steels after annealing in the -60 ℃ 
dew point atmosphere under 15%H2-N2 at 800 ℃ for 40s: (a) steel No 3, Si/Mn=0.063; (b) steel No 6, Si/Mn=0.26; (c) steel 
No 7, Si/Mn=0.52.

SS,
800℃x40s

Curve 1,
Annealing

Curve 2,
Galvanizing

460℃x5s 

Zn pot,
0.23%Al

- 15%H2-N2
- Dew points
:-60℃ ~0℃

Fig. 1. Schematic illustration of heat treatment cycle for annealing 
and galvanizing process for HS-DP steels.

ples were heated to 800 ℃ at soaking section(SS) and 
maintained for 40s following rapid cooling to room tem-
perature(curve1 in Fig. 1) or continued to dipping in Zn 
bath(curve 2 in Fig. 1). The application of 4 kinds of dew 
points (DPs: -60 ℃, -40 ℃, -20 ℃, 0 ℃) were performed 
during annealing cycle.
  Surface chemistry of alloying elements was characterized 
by a combination of glow discharge spectrometer (LECO 
850A, GDS) and Fourier transform infrared spectrometer 
(Shimadzu IRPrestige-21, FT-IR). Surface morphologies 
of external oxidation were also analyzed by FE SEM 
(JEOL JSM-6700F, cold FEG gun). GDS and FE- TEM 
(JEM 2100F FE TEM, JEOL) were employed to provide 
the information on the characters of inhibition layer 
structure. In the GDS analyses of inhibition layer, Zn-Fe 

intermetallics as well as pure Zn coating was removed 
by chemical dissolution procedure in a solution of distilled 
water 95 ml, HNO3 5 ml, CrO3 20 g, and ZnSO4 4 g. 
The specimen for FE TEM was prepared in thin foil by 
the application of focused ion beam (SMI3050SE FIB/ 
SEM, Seiko). The adhesion quality of Zn coating was fur-
ther confirmed by 0t-bending test and macro-photograph 
of outer bended surface.

3. Results and discussion

3.1 Surface morphologies and chemistry after annealing 
cycle
  The dependence of surface morphologies on Si/Mn ra-
tios and annealing dew points was first investigated. Fig. 
2 shows representative observations with the change of 
chemical compositions at -60 ℃ dew point by FE SEM. 
The surface of steel No 3 shows the fairly uniform dis-
tribution of nodular particles of ~100 nm size by selective 
external oxidation. No continuous oxides exist along grain 
boundary. In contrast in the case of steel No 6, the size 
distribution of oxide particles was non-uniform, grain 
boundary oxidation developed in occasional continuity of 
line-type and nodular oxides, and oxides of net type spor-
adically formed at the free surface, inside the grains. The 
surface morphology of steel No 7 is analogous to that of 
steel No 6 except for the absence of oxides of net type 
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Fig. 3. GDS in-depth composition profile of steel No 6 in the -20 ℃ and -60 ℃ dew point atmospheres at 800 ℃ soaking 
temperature.

Fig. 4. The behavior of Mn and Si surface enrichment of 3 HS-DP steels according to dew points 0 ℃, -20 ℃, -40 ℃, 
and -60 ℃. The elemental enrichment is refered to as the integral (μm*wt%) from the surface up to the depth of 80 wt% 
Fe in GDS depth compositional profile.

and the high-density distribution of surface oxides with 
a wide range of particle size. The notable difference in 
particle density between grains is presumably related to 
crystallographic anisotropy. The common aspect of surface 
oxidation of 3 steels is that there is free surface uncovered 
by selective oxides, which can give rise to the good wett-
ability of molten Zn.
  The continuous oxidation along grain boundary can be 
accounted for by the increased Si in steel No 6 and 7. 
This is because Si-related oxides, SiO2 or Mn-Si complex 
oxides, are apt to form by compact film type rather than 
by particle-like shape due to their role of diffusion barrier 
to oxygen and metal ions during annealing cycle.8) During 
intercritical annealing, diffusion coefficient of Si is much 
higher in g-phase than that of Mn,9) so that its segregation 
through easy diffusion path via grain boundary will be-
come accelerated, leading to the formation of continuous 

oxide. On the other hand, Mn-rich oxide is known to grow 
in particle-like form with its less compactness8) and this 
feature is evidenced in Fig. 2(a) showing the uniform dis-
tribution of surface oxides. Additionally, a mixture of vari-
ous Si and Mn-Si oxides is probably in association with 
the non-unifomity of surface oxide distribution as shown 
in Fig. 2(b) and (c). The density of particle distribution 
with the increase of dew point becomes low because of 
the internal oxidation.
  Fig. 3 shows the typical GDS in-depth profile of an-
nealed steel No 6 demonstrating the obvious difference 
in surface selective oxidation with the change of dew 
point. The -20 DP annealed sample had much less amounts 
of Mn and Si surface segregation as well as much thinner 
oxidation than the -60 DP sample. The result was attrib-
uted to the internal oxidation in the form of Mn-Si-Al-O 
compounds at high dew point of annealing atmosphere. 
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Fig. 5. (a) FT IR measurements and (b) binary phase diagram for SiO2-MnO obtained by FactSage with the data points from 
the surface enrichments of Si and Mn of GDS depth profile indicated as crosses, triangles, and diamonds for 3 steels with the 
variation of dew point and Si/Mn ratio at 800 ℃ soaking temperature.

This situation generally applied to the other samples. 
Based on the GDS in-depth compositional profile, the en-
richment behavior of Mn and Si was further studied in 
order to obtain better insight of the dependence of surface 
enrichment on the Si/Mn ratios and annealing dew points 
as shown in Fig. 4.
  Fig. 4 depicts the tendency toward the amounts of surface 
enrichment. It can be seen with some exceptions that Si 
segregation monotonously increases with the decrease of 
dew points and the increase of Si addition, whereas the 
behavior of Mn segregation resembles each other for sepa-
rate steels, not accompanying the overall increasing char-
acter of Si enrichment. The simply increasing enrichment 
of Si is due to the fact that the low dew point makes 
internal oxidation less considerable and in addition Si and 
Mn can produce stable oxides together. The standard free 
energies (kJ/mol, 800 ℃) of formation of the oxides per 
mole oxygen as the parameter of oxide stability are 614, 
719, 889, 662, 641 for MnO, SiO2, Al2O3, MnSiO3 (2Mn 
+ 2SiO2 + O2), and Mn2SiO4 (2Mn + SiO2 + O2), respec-
tively.10) In consequence, Si can form a simple oxide of 
SiO2 or Mn-Si complex compounds. The formation of Mn- 
Si compounds via attractive interaction is more favorable 
energetically, providing that there are sufficient outward 
flux of Mn and Si, and dissolved oxygen available on the 
surface during annealing atmosphere. As for the Mn en-
richment, steel No 3 shows moderate increase with the 
lowering of dew points and steel No 6 slightly suppressed 
increase at high dew points but steep rise at -60 DP primar-
ily by the enhancement of outward Mn and Si diffusions. 
Steel No 7 demonstrates similar behavior to steel No 3 

implying that the increased Si enrichment would probably 
lead to the formation of simple oxides of SiO2. The rising 
of concurrent enrichment of Si and Mn at 0 ℃ DP of 
steel No 3 and 7 may be related to inter-alloy element 
interactions, difference in surface defects such as dis-
location, subboundary etc. during heat treatment, or de-
carburization enhancing the surface segregation by the re-
duction of inward oxygen diffusion, and remains to be 
investigated further.
  Chemical species of the surface oxides were identified 
using FT-IR measurements, and their results were com-
pared with those predicted in the SiO2-MnO binary phase 
diagram by the surface enrichment of Si and Mn of GDS 
in-depth profile. The Fig. 5(a) presents the dependence 
of variation of infrared absorbance of SiO2, MnSiO3, and 
Mn2SiO4 on dew points and Si/Mn ratios. In the case of 
low Si/Mn ratio 0.06, the peaks of Mn-Si compounds ex-
hibit somewhat insensitive behavior to the change of dew 
point. The intensity of Mn2SiO4 at -60 ℃ DP and Si/Mn 
ratio 0.26, however, is clearly enhanced due to the sup-
pression of internal oxidation leading to the notable ele-
vation of Mn and Si enrichment as can be seen in Fig. 
4. When the Si/Mn ratio approaches to 0.56, new chemical 
state of SiO2 develops by the increased Si addition, and 
the strong intensity of Mn2SiO4 at 0 DP becomes weak 
with the lowering of dew point because of the correspond-
ing increase of the intensity of MnSiO3 peak.
  The possible chemical states of selective oxides are pre-
dicted in the SiO2-MnO phase diagram of Fig. 5(b) using 
the mole fraction, SiO2/(SiO2+MnO), obtained from the 
results in Fig. 4. When the Si/Mn ratio is low at 0.06, 
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MnO and Mn2SiO4 can coexist, which does not coincide 
with the FT-IR measurements. The disagreement indicates 
that the data from phase diagram is lacking in support 
as a guideline for the experimental results. This is very 
likely due to the fact that thermodynamic equilibrium 
phases can not generally be consistent with the surface 
selective oxides produced kinetically as a function of ele-
mental diffusivities, oxide stability, and oxide solubility 
especially during intercritical annealing. But, the MnO pre-
dicted in phase diagram may form actually in contradiction 
to FT-IR measurements, because FT-IR is not sensitive 
to the detection of surface selective oxidation in compar-
ison with surface sensitive X-ray photoelectron spectro-
scopy (not applied in this work). Recently, the elaborate 
calculations taking account of the the above parameters 
are reported, and their predictions are expected to bring 
the suitable information in assistance to the experiment.11),12) 
In the case of Si/Mn ratio 0.26, the mixture of MnSiO3 
and Mn2SiO4 in the phase diagram is in good agreement 
with the FT-IR results. When the Si/Mn ratio is high at 
0.52, the phase diagram predicts the observed oxides from 
FT-IR qualitatively well except for Mn2SiO4 oxide.

3.2 Formation of inhibition layer and its effect on coating 
adhesion for galvanized steels
  The galvanizability is determined by the visual appear-
ance of galvanized or galvannealed sheets, by observing 
the reaction products in Fe-Zn interface, and by the im-
provement of galvannealing rate.13)-15) The good reactive 
wetting in Zn bath gives rise to the reduced bare spots 
and well-developed interfacial inhibition layer relevant to 
good adhesion quality. It is well known that the wettabilty 
of molten Zn is more greatly deteriorated by selective ox-
ide SiO2 than Mn-Si-O complex compounds.12) The coat-
ing quality is assessed by measuring the coating bare spots 
and also the coating adhesion in high strength steels.
  Regarding the visual inspection of galvanized steel(not 
shown here), the No 3 and 6 steels demonstrated good 
wettability with rare bare spots being detected, whereas 
steel No 7 of high Si addition resulted in the frequent 
development of local bare spots of ~200 μm size. In order 
to reveal the dependence of the average enrichment of Fe, 
Al, and Zn on the dew points and Si/Mn ratios in inhibition 
layer, the integral compositions in GDS measurements are 
presented in Fig. 6. In the case of steel No 3, the enrich-
ment comprising Fe and Al with small amount of Zn is 
nearly independent of the dew points. Interestingly, there 
exists generally monotonous increase of the enrichment 
with the lowering of dew point and the increase of Si/Mn 
ratio in the range of 0.26~0.52. The involvement of ele-
ment Zn implies that the composition cab be Fe2Al5-xZnx 

Fig. 6. The behavior of Fe, Al, and Zn enrichment in the interfacial 
reaction product of Fe-Zn interface for 3 HS-DP galvanized steels 
with the variation of annealing dew points after stripping the 
Zn overlay. The elemental enrichment is referred to as the integral 
(μm*wt%) from the surface up to the depth of 84 wt% Fe in 
GDS depth compositional profile. The exemplary note of sample, 
3-800-20, refers to steel No3, SS 800 ℃, and -20 ℃ DP.

typical of the structure of inhibition layer.14) It is important 
to note that this tendency toward the compositional segre-
gation in inhibition layer does not have analogy to Mn 
segregation by surface oxidation during annealing, but cor-
responds well to the tendency toward Si surface segrega-
tion, as can be seen in Fig. 4. 
  In order to obtain the better understanding of the micro-
structure of interfacial inhibition layer, FE-TEM analysis 
was performed for the FIB cross-sections of galvanized 
sheet of no bare spot including the Zn-Fe interface. The 
Fig. 7 depicts the structural characteristics of the inhibition 
layer Fe-Al-Zn, Zn-Fe intermetallics, selective surface ox-
ides remaining after galvanizing, and internal oxides for 
galvanized steel No 3 and 7 annealed at -60 ℃ dew point. 
In the case of steel No 3, the inhibition layers by the re-
active wetting of oxide free surface and on the nodular 
oxide particles were coupled to form the well-developed 
2-dimensional film of thickness ~100 nm. As for the steel 
No 7, however, there were reaction products composed 
of inhibition layer Fe-Al-Zn and Zn-Fe-(Al) intermetallics 
as well in the Zn-Fe interface. The inhibition layer was 
non-uniform in thickness of several hundreds nm and also 
somewhat discontinuous, resulting in no good inhibition 
formation.
  The standard free energies (kJ/mol, 460 ℃) of formation 
of the oxides per mole of oxygen are 666, 779, 964, 759, 
740 for MnO, SiO2, Al2O3, MnSiO3, and Mn2SiO4, res-
pectively.10) Consequently Al in the Zn bath can possess 
the thermodynamic driving force to reduce the above sur-
face selective oxides except Al2O3. The tendency toward 
the reducing reaction by Al is expected to be in the order 
of MnO, Mn2SiO4, MnSiO3, and SiO2, when taking into 
account the free energies. It has been reported recently 
that MnO oxide of high Mn dual phase steel is reduced 
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Fig. 7. The microstructure of the interfacial inhibition layer of Fe-Zn interface for No 3 and 7 samples annealed at -60 ℃ 
DP and galvanized using FE TEM with FIB cross-sections sample preparation.

by the aluminothermic reduction by Al during galvanizing, 
leading to good reactive wettability.13) Based on the as-
sumption that surface oxides prior to hot-dip galvanizing 
can be reduced to some extent in Al-containing Zn bath, 
Al will be consumed in the reduction reaction of the ox-
ides, which can create a local region in lack of Al in the 
stagnant Zn bath. The Al depletion in the region very close 
to steel surface can bring about the formation of in-
complete inhibition layer, i.e. inhibition breakdown.14) 
  When the Si/Mn ratio is high at 0.52 like steel No 7, 
however, the resultant surface oxides mainly consist of 
SiO2 and Mn-Si-O compounds with high density of oxide 
distribution, as shown in FE SEM and FT- IR analyses. 
They will be more difficult to be reduced compared to 
those of steel No 3 and 6. It is likely then that this situation 
will leave a local region of Al accumulation adjacent to 
the steel surface enriched especially with SiO2. The oxides 
are generally observed in 2 types of nodule and ultra-thin 
film on the surface annealed at reducing atmosphere. The 
distribution of nodular oxide particles can be seen in Fig. 
2, and the oxides of inhomogeneous ultra-thin film exist 
on the free surface uncovered by oxide particles. The Al 
accumulation will delay the reaction between the steel sub-
strate and the Al resident in the Zn bath, and eventually 
it is possible that more amounts of the enrichment of Fe, 
Al, and Zn or thicker inhibition layer will take place in 
agreement with the observations as shown in Fig. 6. In 
the meantime, feasible reduction of surface oxides by Al 
will give rise to the creation of Al depletion zone, where 
inhibition breakdown can be generated with the formation 
of Zn-Fe intermetallics instead as shown in Fig. 7. The 
bare spots observed for steel No 7 are very likely due 
to the bad reactive wettability by the selective surface 
oxides. The external oxides will exist in a mixture of SiO2 
and Mn-Si-O compounds of very high-density distribution 
of inhomogeneous particles locally segregated and also en-

No 3

No 6

No 7

No 3No 3

No 6No 6

No 7No 7

Fig. 8. Macrophotographs of the outer surface after 0t-bending 
testing of the No 3, 6, and 7 samples annealed at -60 ℃ DP 
and galvanized.

riched with SiO2. 
  The adhesion quality was examined by 0t-bending test, 
and the typical macrophotographs of the outer surfaces 
are shown in Fig. 8. It can be seen that indeed, the Zn 
overlay did not exhibit any cracking or splitting for steel 
No 3 and 6, but revealed the fine surface cracking fre-
quently observable for steel No 7. In addition, it was con-
firmed that this tendency to adhesion quality was generally 
independent of the dew points. The quality of no good 
adhesion of steel No 7 can be explained in a viewpoint 
of the fact that the fine cracking would be initiated at 
the Zn-Fe intermetallics, interface between thick inhibition 
layer and nodular oxide or discontinuity of inhibition layer 
in the Zn-Fe interface. The inhibition layer bridging of 
the oxide particles could sustain the adhesion force be-
tween oxides and inhibition layer.

4. Summary

  In summary, selective oxidation prior to galvanizing 
with the annealing atmosphere dew point and Si/Mn ratio 
for dual-phase steels and its effect on the inhibition layer 
formation and coating adhesion have been studied. It was 
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confirmed that good adhesion factors in hot dip galvaniz-
ing were physical uniformity of oxide particle distribution 
of low number density and chemically low Si segregation 
or low Si/Mn ratio prior to hot-dip galvanizing. The influ-
ence of dew point on adhesion was very likely insensitive 
in comparison with the chemical compositions of steels. 
The good attributes of the selective surface oxidation gave 
rise to greatly reduced coating bare spots, uniform in-
hibition layer leading to good adhesion quality by good 
reactive wetting. 
  The mechanism of good adhesion is suggested by two 
processes: the formation of inhibition layer on oxide free 
surface uncovered with no SiO2-containing particles in 
particular, and inhibition layer bridging of oxide particles. 
The growth of inhibition layer was enhanced markedly 
by the delayed reaction of Fe and Al with the increase 
of Si/Mn ratio. It is possibly due to the high density of 
selective oxidation and weak driving force of Al in molten 
Zn to reduce surface oxides. In addition, it is surmised 
that the inhibition layer bridging of oxide particles is deter-
iorated by the weakened adhesion force between inhibition 
layer and oxides in high Si/Mn ratio steel.

References

1. B. Mintz, Int. Mater. Rev., 46, 169 (2001).
2. R. Bode, M. Meurer, T.W.Schaumann, and W.Warnecke, 

Galvatech’04 Conf. Proc., p. 107 (2004).
3. K. Yosie, JSAE ’04 conf. Proc., Society of Automotive 

Engineers of Japan, Tokyo, 81-4, 29 (2004).
4. Y. Omiya and M. Kamura, Kobe Steel Engineering 

Report Tech. Rep., 52, 10 (2002).
5. Y. Tobiyama, I. Ozawa, and K. Hirata, Kawasaki Steel 

Tech. Rep., 31, 181 (1999).
6. R. Khondker, A. Mertens, and J. R. McDermid, Mater. 

Sci. Eng. A, 463, 157 (2007).
7. E. M. Bellhouse, A.I.M. Mertens, and J.R. McDermid, 

Mater. Sci. & Engineering A, 463, 147 (2007).
8. Y. Suzuki, Y. Sugimoto, and S. Fugita, Tetsu-to-hagane, 

93, 489 (2007).
9. Ramadeva Shastry, John A. Rotole, and Thomas W. 

Kaiser, Galvatech’07 Conf. Proc., p. 403 (2004).
10. E. T. Turkdogan, “Physical chemistry of high temperature 

technology”, Academic press, 1980.
11. D. Huin, P. Flauder, and J.-B. Leblond, Oxidation of 

Metals, 64, 131 (2005).
12. Y. Susuki, ISIJ Int., 49, 564 (2009).
13. E. M. Bellhouse, A. I. M. Mertens, and J. R. McDermid, 

Mater. Sci. Eng. A, 463, 147 (2007), R. Khondker, A. 
Mertens, and J.R. McDermid, ibid, 157.

14. E. M. Bellhouse and J. R. MvDermid, Mater. Sci. Eng. 
A, 491, 39 (2008).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Algerian
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /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
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /DungunM
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoM-HM
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /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
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulB
    /H2bulL
    /H2bulM
    /H2cysB
    /H2cysL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2gttB
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2mppB
    /H2mppL
    /H2porL
    /H2porM
    /H2sa1M
    /H2supE
    /H2supL
    /H2wulE
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HYbdaL
    /HYbdaM
    /HYBuDle-Medium
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYGraPhic-Bold
    /HYhaeseo
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /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
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /MicrosoftSansSerif
    /MingLiU
    /Mistral
    /Modern-Regular
    /MoeumTR-HM
    /MogfilB
    /MogfilL
    /MogfilM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /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
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /SanHgM
    /SanIgM
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


