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Abstract: A Ti(Al,Si)3 diffusion coating was prepared on γ-TiAl alloy by cold sprayed Al−20Si alloy coating, followed by a 
heat-treatment. The isothermal and cyclic oxidation tests were conducted at 900 °C for 1000 h and 120 cycles to check the oxidation 
resistance of the coating. The microstructure and phase transformation of the coating before and after the oxidation were studied by 
SEM, XRD and EPMA. The results indicate that the diffusion coating shows good oxidation resistance. The mass gain of the 
diffusion coating is only a quarter of that of bare alloy. After oxidation, the diffusion coating is degraded into three layers: an inner 
TiAl2 layer, a two-phase intermediate layer composed of a Ti(Al,Si)3 matrix and Si-rich precipitates, and a porous layer because of 
the inter-diffusion between the coating and substrate. 
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1 Introduction 
 

TiAl-based alloys exhibit great potential for 
high-temperature structural applications such as turbine 
blades of internal-combustion engines, owing to their 
low density, high specific strength, and high creep 
resistance [1−3]. However, the poor oxidation resistance 
at temperature above 800 °C and environmental 
embrittlement of γ-TiAl limits its application [4−6]. 
Therefore, the γ-TiAl-based alloys should be protected in 
order to be used at elevated temperatures. 

Many coating systems were applied to improving 
the oxidation resistance of γ-TiAl alloy. XU et al [7] 
reported the NiCrAlY coating with and without an Al 
interlayer [7]. GAO et al [8] reported the oxidation 
behavior of γ-TiAl-based alloy with Al2O3−Y2O3 
composite coatings. GAUTHIER et al [9] and BRAUN 
et al [10] studied the performance of thermal barrier 
coatings on γ-TiAl. IZUMI et al [11] reported the 
superior long-term oxidation resistance of Ni−Al-coated 
TiAl alloys. The TiAl3 intermetallic had good 
compatibility with γ-TiAl substrate and attracted great 
interest. The most common method to prepare TiAl3 
coating was aluminizing, including pack cementation 
[12], thermal spray aluminum and annealing [13], 

deposition of aluminum by PVD and annealing [14], 
electro- deposition aluminum and annealing [15], and 
cold sprayed aluminum and annealing [16]. 

However, the brittleness and fast degradation during 
the high temperature exposure decreased the oxidation 
resistance of the TiAl3 coating. To improve the properties 
of TiAl3, the coating modified with the third element was 
widely reported [17−22]. XIONG et al [17,18] reported 
liquid-phase siliconized by Al−Si alloys on TiAl-based 
alloy and studied its oxidation resistance. SWADZBA  
et al [19] studied the long-term cyclic oxidation of Al−Si 
diffusion coatings deposited by arc-PVD. XIANG     
et al [20] studied co-deposition of Al and Si to form 
oxidation-resistant coatings by pack cementation. 
GORAL et al [21,22] studied the influence of Si on 
structure and oxidation resistance of aluminide coatings. 
LI et al [23] reported the microstructure and high 
temperature oxidation resistance of Si−Y co-deposition 
coatings prepared on TiAl alloy by pack cementation 
process. The results showed that the aluminide coating 
modified with silicon could improve the oxidation 
resistance of the bare alloy significantly. 

In the study of joining pure aluminum to the TiAl 
alloy by using a Si-containing aluminum-based brazing 
alloy, XIONG et al [24] found that Si diffused strongly 
from the brazing alloy to the surface of TiAl, indicating 
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that Si also has a great affinity with Ti in TiAl. Taking 
the above phenomenon into account, a Si-modified 
Ti(Al,Si)3 coating was firstly deposited on γ-TiAl alloy 
by cold sprayed Al−20Si alloy coating and subsequent 
heat-treatment in this work. The high temperature 
oxidation resistance of the coating was investigated. The 
phase transformation, microstructure and composition of 
the coating were also studied. 
 
2 Experimental 
 

The nominal composition of the γ-TiAl substrate 
was Ti−47Al−2Cr−2Nb−0.15B (mole fraction, %), 
which was provided by Titanium Alloys Division, 
Institute of Metal Research, Chinese Academy of 
Sciences. The ingot was cut into 15 mm × 10 mm ×    
2 mm coupons. The surface of all the specimens was 
ground with SiC paper up to 800 grit, cleaned 
ultrasonically in anhydrous alcohol, dried and then pilled 
before cold spray. 

Commercial Al−20Si (mass fraction, %) powders 
(by Changsha Tianjiu metallic material Co., Ltd) were 
used for cold spray. Before spray, the powders were dried 
at 80 °C for 4 h to remove the moisture. The cold spray 
device was manufactured by the Institute of Metal 
Research, Chinese Academy of Sciences. The De Laval 
nozzle was a rectangle exit equipped with a cross section 
of 2 mm × 10 mm and a throat of 2 mm × 2 mm. The 
parameters for the cold spray process were 360 °C,   
2.0 MPa, and 15 mm for gas temperature, gas pressure 
and standoff distance, respectively. The as-sprayed 
specimens were subjected to heat-treatment at 750 °C for 
12 h under argon gas flow of 40 mL/min according to the 
optimal experiment. The heating rate was 3 °C/min. 
After the heat-treatment, the furnace was then cooled to 
room temperature at its natural rate by switching off its 
power. 

The isothermal oxidation tests were performed in air 
in a muffle furnace at 900 °C for 1000 h. The cyclic 
oxidation tests were also conducted in a muffle furnace 
at 900 °C for 120 cycles. The samples were kept at   
900 °C for 1 h and cooled down to room temperature for 
10 min as a cycle. During the oxidation test, all samples 
were put into the Al2O3 crucible. Therefore, the 
exfoliated oxide was collected and the mass of the 
exfoliated oxide was determined. The mass changes of 
all samples were measured at regular intervals with a 
balance. The sensitivity of the balance is 10−5 g. 

X-ray diffraction (XRD) analysis was conducted on 
D/max−2500pc (RIGAKU, Japan). Scanning electron 
microscopy (SEM−EDS) imaging was carried out using 
JSM−6301F (SHIMADZU, Japan) and Inspect F50 (FEI, 
USA). The electron probe microanalysis was performed 
using EPMA−1610 (SHIMADZU, Japan). 

 
3 Results and discussion 
 
3.1 Microstructure of Al−20Si alloy coating before 

and after heat-treatment 
Figure 1 shows the cross-section microstructures of 

Al−20Si alloy coating before and after the heat- 
treatment. From Fig. 1(a), it could be seen that the 
Al−20Si alloy coating was about 50 µm in thickness. It 
bonded well with the substrate and was compact without 
visible pores. The Si content in the coating was slightly 
less than that in the feedstock, which might be caused by 
the Si particle shedding during the sample grinding and 
polishing. From the XRD pattern of the Al−20Si alloy 
coating as shown in Fig. 2(a), the as-sprayed coating was  
 

 
Fig. 1 SEM images of cross-section microstructures of Al−20Si 
alloy coating before (a) and after (b) heat-treatment 
 

 
Fig. 2 XRD patterns of Al−20Si alloy coating before (a) and 
after (b) heat-treatment 
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composed of aluminum and silicon. This result indicated 
that no significant phase transformation occurred during 
the cold spray process. This is mainly attributed to the 
low spray temperature. 

In order to form a Ti(Al,Si)3 diffusion coating on the 
substrate, a heat-treatment was performed at 750 °C for 
12 h. From Fig. 1(b), a new layer (80−90 µm) formed 
with the disappearance of the Al−20Si alloy coating. The 
chemical composition (68.2% Al, 22.9% Ti, 6.4% Si, 
1.1% Cr, 1.4% Nb, mole fraction) and XRD pattern in 
Fig. 2(b) indicated that the new layer was Ti(Al,Si)3 
whose Al atoms had been partly substituted by Si atoms 
in the ordered lattice of TiAl3. It was reported that the 
solubility of Si in the TiAl3 phase could reach up to 15% 
(mole fraction) [25]. The chemical composition of the 
newly formed layer in this work was in agreement with 
this result. Figure 3 shows the elemental maps of Al, Ti, 
and Si of the diffusion coating. It could be seen that the 
distribution of Al and Si in the diffusion coating was 
uniform. 

 
3.2 Isothermal oxidation test 
3.2.1 Isothermal oxidation kinetics 

Figure 4 shows the isothermal oxidation kinetics 
curves of γ-TiAl alloy with and without the diffusion 
coating at 900 °C for 1000 h. It could be seen that the 
mass gain rate for both the bare and coated γ-TiAl alloy 
was fast at the initial oxidation stage (0−24 h). After that 
period, the mass gain rate for the coated γ-TiAl decreased 
greatly while the mass gain rate for the bare γ-TiAl still 
increased quickly. Severe spallation occurred for the bare 
alloy while no spallation was observed on the coated 
alloy. The total mass gains of the bare and coated γ-TiAl 
alloy after 1000 h oxidation at 900 °C were 8.6 and   
2.3 mg/cm2, respectively. This result indicated that the 
coating decreased the oxidation rate of the γ-TiAl alloy 
significantly. 
3.2.2 Microstructure of oxidized bare alloy 

Figures 5(a) and (b) show the surface morphology,  
a high magnification (insert) and cross-section of     
the oxidized bare γ-TiAl alloy at 900 °C for 500 h, 
respectively. From Fig. 5(a), it could be seen that sever 
spallation occurred on the surface of the oxidized bare 
alloy. From the high magnification image (insert) in  
Fig. 5(a), large quantities of TiO2 crystals were observed 
on the surface. From Fig. 5(b), a 15 µm-thick multilayer 

 

 
Fig. 3 EPMA elemental maps of Al, Ti, and Si of diffusion coating 
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Fig. 4 Isothermal oxidation kinetics curves of γ-TiAl alloy with 
and without diffusion coating after oxidation at 900 °C for 
1000 h 
 

 
Fig. 5 SEM images of surface morphology (a) and 
cross-section (b) of oxidized bare γ-TiAl alloy after oxidation at 
900 °C for 500 h 
 
oxide scale formed after oxidation. It consisted of an 
outer TiO2 layer, an intermediate Al2O3-rich layer, and an 
inner TiO2 and Al2O3 mixed-oxide layer, as described in 
Ref. [6]. This multilayer oxide scale is prone to crack and 
spall off. Thus, γ-TiAl alloy shows poor oxidation 
resistance at 900 °C in air. 
3.2.3 Phase and microstructure of oxidized coating 

Figure 6 shows the XRD patterns of the diffusion 
coating after oxidation at 900 °C for 100, 300, 500, and 
1000 h, respectively. It could be seen that the main phase 
of the coating was Al2O3 and TiAl3 after 100 h and 300 h 

oxidation at 900 °C. A small amount of Ti5Si4 phase was 
also detected. TiO2 phase spectrum was observed until 
extending the oxidation time to 500 h. After 1000 h 
oxidation, Ti5Si3 phase could be detected. Al2O3 was still 
the major oxide phase formed on the coating, even 
though weak signals of TiO2 were detectable. This result 
indicated that the diffusion coating inhibited the 
formation of non-protective TiO2 and promoted the 
formation of protective Al2O3 scale. 
 

 

Fig. 6 XRD patterns of diffusion coating after oxidation at  
900 °C for 100, 300, 500, and 1000 h, respectively 
 

Figure 7 shows the cross-section microstructures of 
the diffusion coating after 300 h and 1000 h oxidation at 
900 °C. Table 1 lists the EDS analysis results. Figure 8 
shows the EPMA elemental maps of the diffusion 
coating after 300 h and 1000 h oxidation at 900 °C. From 
Fig. 7(a), the coating after 300 h oxidation was seen to 
consist of the following three distinct layers: an inner 
continuous light gray layer, a two-phase intermediate 
region identified by a dark matrix and a light second 
phase, an outer porous region. The 20 µm-thick inner 
layer (Position 1 in Fig. 7(a)) was identified as TiAl2 
according to the EDS analysis. It was widely reported 
that high temperature exposure resulted in the formation 
of a TiAl2 layer due to the inward diffusion of aluminum 
to the substrate [6,15]. It was noticeable that this TiAl2 
layer seldom contained silicon from the elemental map 
of Si in Fig. 8(a). This indicated that silicon barely 
diffused into substrate during the oxidation test. The 
two-phase region was found to consist of silicon-rich 
precipitates in an aluminum-rich matrix as shown in  
Fig. 8(a). The aluminum-rich matrix (Position 2 in    
Fig. 7(a)) was identified as Ti(Al,Si)3 according to the 
EDS analysis. The size of silicon-rich precipitates was 
about 1 µm. It contained about 25% (mole fraction) 
silicon according to the EDS analysis. Compared with 
the silicon distribution of the as-prepared coating in Fig. 
3, it demonstrated that accumulation in silicon occurred 
in the coating, which resulted in the formation of 



Ji-qiang WANG, et al/Trans. Nonferrous Met. Soc. China 26(2016) 1155−1162 

 

1159

silicon-rich precipitates. The porous region also 
consisted of silicon-rich precipitates in an aluminum-rich 
matrix. The difference was that the amount of the 
silicon-rich phase in the porous region was far less than 
that in the intermediate region while the size of the 
silicon-rich phase in the porous region was larger. This 
silicon-rich phase was identified as Ti5Si4 phase 
combining the EDS and XRD analysis. 
 

 

Fig. 7 SEM images of cross-section microstructures of diffusion 
coating after 300 h (a) and 1000 h (b) oxidation at 900 °C 
 
Table 1 EDS analysis results of different positions in Fig. 7 

x/% 
Position 

Al Ti Si Cr Nb 
Phase 

1 in Fig. 7(a) 66.1 31.4 − 0.4 2.1 TiAl2 

2 in Fig. 7(a) 32.5 36.5 24.4 5.1 1.5 Si-rich

3 in Fig. 7(a) 65.1 26.7 5.2 1.0 2.0 Ti(Al,Si)3

4 in Fig. 7(a) 9.5 44.6 40.7 2.6 2.6 Ti5Si4 

5 in Fig. 7(a) 72.1 25.3 − 0.8 1.8 TiAl3 

1 in Fig. 7(b) 64.1 33.2 − 0.8 1.9 TiAl2 

2 in Fig. 7(b) 37.4 34.2 22.4 4.7 1.3 Si-rich

3 in Fig. 7(b) 69.7 27.8 − 0.8 1.7 TiAl3 

4 in Fig. 7(b) 9.5 45.6 34.8 9.4 0.7 Ti5Si3 

5 in Fig. 7(b) 72.3 25.5 − 0.6 1.6 TiAl3 

 
From Fig. 7(b), it could be seen that the 

microstructure of the coating after 1000 h oxidation was 
similar to that after 300 h oxidation. The difference was 

that the thickness of the TiAl2 layer increased with the 
oxidation time. Furthermore, the size of the silicon-rich 
precipitates also increased. From the elemental map of O 
in Fig. 8(b), it could be seen that O had invaded into the 
porous region of the coating. However, no oxygen was 
observed in the two-phase intermediate region and the 
TiAl2 layer. This indicated that this multilayer coating 
decreased the inward oxygen diffusion effectively and 
thus improved the oxidation resistance of the alloy. 

 
3.3 Cyclic oxidation test 
3.3.1 Cyclic oxidation kinetics 

Figure 9 shows the cyclic oxidation kinetics curves 
of γ-TiAl alloy with and without the diffusion coating 
after oxidation at 900 °C for 120 cycles. The mass gain 
of the bare alloy increased quickly with the oxidation 
time. Sever spallation was found on the surface. The total 
mass gain of the bare γ-TiAl reached up to 3.7 mg/cm2 
after 120 cycles oxidation. While the total mass gain of 
the γ-TiAl with coating was 1.2 mg/cm2 after oxidation 
under the same test conditions for 120 cycles. Slight 
spallation only occurred on the edge of coated γ-TiAl 
sample. The results demonstrated that the coating 
increased the cyclic oxidation resistance of γ-TiAl alloy 
oxidized at 900 °C. 
3.3.2 Microstructure of coating after cyclic oxidation 

Figure 10 shows the surface morphologies of the 
diffusion coating after 1000 h oxidation and 120 cycles 
oxidation at 900 °C. From Fig. 10(a), it could be seen 
that the surface was comparatively rough. No cracks or 
spallation could be found after 1000 h oxidation. The 
surface morphology of the coating after 120 cycles 
oxidation was similar to that after 1000 h oxidation 
except some significant cracks were observed as shown 
in Fig. 10(b). Although cracks generated, no spallation 
was observed. This indicated that the oxide scale had 
good adhesion to the coating. 

Figure 11 shows the microstructure and the tip of 
the crack of the diffusion coating after 120 cycles 
oxidation at 900 °C. It could be seen that the coating 
after the cyclic oxidation was also composed of three 
layers, which was similar to that after the isothermal 
oxidation. However, some significant cracks were 
observed in the coating after cyclic oxidation, which was 
in accordance with the cracks observed on the surface. 
The generation and propagation of these cracks were 
attributed to the brittleness of the TiAl3 diffusion layer 
compared with the TiAl substrate, combining with the 
thermal stress produced by the mismatch in the 
coefficients of thermal expansion (CTE) between the 
coating and substrate. After observing these cracks 
carefully, it could be seen that the cracks did not 
penetrate into the substrate and ceased to extend the  
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Fig. 8 EPMA elemental maps of diffusion coating after 300 h (a) and 1000 h (b) oxidation at 900 °C 
 
bottom of the intermediate two-phase region. Moreover, 
a large amount of Si-rich precipitates could be found at 
the tip of the crack. These precipitates seemed to fill in 
the cracks and prevent the cracks from propagation. 
Although the mechanism is unclear, it indeed has a 
positive effect on the oxidation resistance of the coating. 

 
4 Conclusions 
 

1) A Ti(Al,Si)3 diffusion coating was prepared    
on the γ-TiAl alloy by cold sprayed Al−12Si coating and 
subsequent heat-treatment. The total mass gain of the  
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Fig. 9 Cyclic oxidation kinetics curves of γ-TiAl alloy with and 
without diffusion coating after oxidation at 900 °C for     
120 cycles 
 

 

Fig. 10 SEM images of surface morphologies of diffusion 
coating after 1000 h oxidation (a) and 120 cycles oxidation (b) 
at 900 °C 
 
diffusion coating after 1000 h oxidation was         
2.3 mg/cm2, only a quarter of that of the bare alloy. This 
was mainly because the diffusion coating promoted the 
formation of Al2O3 scale and thus decreased the inward 
oxygen diffusion. 

2) After 1000 h oxidation, the diffusion coating was 
degraded into three layers: an inner TiAl2 layer with a 
thickness of about 70 µm, a two-phase intermediate layer  

 

 
Fig. 11 SEM images of microstructure (a) and tip (b) of crack 
of diffusion coating after 120 cycles oxidation at 900 °C 
 
composed of a Ti(Al,Si)3 matrix and Si-rich precipitates 
with a thickness of about 50 µm, a porous layer with a 
thickness of about 50 µm. The degradation of the coating 
mainly resulted from the inter-diffusion between the 
coating and substrate. 

3) Cracks induced by thermal stress were observed 
in the coating after cyclic oxidation. However, they 
stopped propagation at the bottom of the intermediate 
layer. It might be attributed to the filling of the Si-rich 
precipitates. 
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冷喷涂制备 γ-TiAl 表面 Ti(Al,Si)3扩散涂层的高温氧化行为 
 

王吉强，孔令艳，李铁藩，熊天英 

 
中国科学院 金属研究所，沈阳 110016 

 
摘  要：通过冷喷涂 Al−20Si 合金涂层及后续热扩散处理在 γ-TiAl 合金表面制备 Ti(Al,Si)3扩散涂层。对涂层进行

900 °C 下 1000 h 等温氧化和 120 次循环氧化来测试其抗氧化性能。通过扫描电子显微镜、X-射线衍射以及电子

探针分析涂层氧化前后的组织和相转变。结果表明：该扩散涂层具有良好的抗氧化能力，其氧化增重只有基体合

金的四分之一。由于在氧化过程中涂层与基体发生互扩散，氧化后的涂层退化为 3 层：TiAl2 内层、由 Ti(Al,Si)3

和富 Si 相组成的中间层以及多孔层。 

关键词：Ti(Al,Si)3扩散涂层；γ-TiAl 合金；冷喷涂；热处理；高温氧化 

 (Edited by Xiang-qun LI) 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


