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Abstract: The (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys were prepared using an in-situ suck-casting method in a copper mold. The effects 
of Ti addition on the microstructure, mechanical and corrosion properties of the (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys were 
investigated by X-ray diffraction, scanning electron microscopy, compressive tests and corrosion tests. It has been found that the 
addition of Ti higher than 4% (mole fraction) causes the formation of many crystalline phases in the alloy. The alloys with 1%−3%Ti 
display an obvious yield stage on their compressive stress−strain curves. An appropriate addition of Ti can improve the strength and 
ductility of the alloys. All the alloys have high corrosion resistance in 1 mol/L NaOH solution, and are corroded in 1 mol/L HCl 
solution. However, the appropriate addition of Ti can significantly improve the corrosion resistance of the alloys in HCl solution. 
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1 Introduction 
 

Zr-based bulk metallic glasses (BMGs) are 
promising candidates for the structural and functional 
applications due to their high strength, excellent glass 
forming ability, wide supercooled liquid region, and 
good corrosion resistance. In the last two decades, a large 
number of Zr-based BMGs with high glass forming 
ability have been developed [1,2]. Zr55Al10Ni5Cu30 BMG 
is one of the alloys having the largest glass forming 
ability [3]. However, the intrinsic brittleness of this alloy 
limits the range of its possible applications. To overcome 
the brittleness of many monolithic BMGs, different 
methods have been proposed. The in-situ or ex-situ 
introduction of crystalline phases at microscale or 
nanoscale into the glassy matrix could cause the 
generation of multiple shear bands in the entire sample, 
and thereby improve the ductility of the alloys [4−9]. 
The process has led to the invention of the bulk metallic 
glassy composites (BMGCs). It has been reported that 
the Zr55Al10Ni5Cu30 bulk metallic glassy composites 
reinforced by TiNb or ZrO2 have higher compressive 
fracture strength and better plasticity than the monolithic 

BMG [9]. 
Minor addition of alloying elements has great 

effects on the formation and properties of the BMGs and 
BMGCs [10]. In-situ formation of fine crystalline phases 
in the BMG matrix can be realized by an appropriate 
addition of the alloying elements. Proper addition of 
0.6% Y (mole fraction) improves the room temperature 
ductility and the glass forming ability of Zr-based   
alloy [11]. The addition of element Ta into the Zr−Cu− 
Ni−Al bulk metallic glasses enhances the mechanical 
properties of the alloy, and the metallic glassy 
composites reinforced by Ta-solid solutions can be 
obtained when Ta is 5% (mole fraction) or higher [12]. 
Small addition of Ti improves the glass forming ability 
of the Zr62−xTixCu20Ni8Al10 [13] and Cu46Zr46Al8−xTix [14] 
bulk metallic glasses, and causes the formation of tiny 
CuTi phase in the MgCuY bulk metallic glass [15]. It has 
been well accepted that the introduction of 
nanocrystallines in amorphous matrix could improve the 
ductility of the alloys. However, how the introduced 
crystalline phases affect the corrosion properties of the 
alloys is still an open question. We investigated the 
effects of Nb on the formation, mechanical and corrosion 
properties of ZrAlNiCu bulk metallic glasses [16]. In this 
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work, the minor addition of Ti into the Zr55Al10Ni5Cu30 
alloy was performed. The effects of Ti addition on the 
formation of crystalline phases, mechanical properties, 
and corrosion properties of (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix 
alloys were investigated systematically. 
 
2 Experimental 
 

Ingots with the nominal composition of (Zr0.55Al0.1- 
Ni0.05Cu0.3)100−xTix (x=0, 1, 2, 3, 4, and 5, mole fraction, 
%) were prepared by arc-melting of 99.9% Zr, Al, Ni, Cu 
and Ti under a titanium-gettered argon atmosphere. The 
ingots were remelted at least four times to achieve 
chemical homogeneity. Then, a cylindrical rod with a 
diameter of 5 mm was prepared by suck-casting into a 
copper mold under argon atmosphere. The structure of 
the as-cast samples was characterized by X-ray 
diffraction (XRD) using Cu Kα radiation (X’Pert Pro 
diffractometer). Compressive tests were performed on a 
CMT5105 machine at a strain rate of 1×10−4 s−1, where 
the test samples had 5 mm in diameter and 10 mm in 
length. The fracture surfaces were characterized using a 
scanning electron microscope (SEM SSX−50) equipped 
with energy dispersive spectrometry (EDS). The 
corrosion tests were carried out using the samples with a 
diameter of 5 mm and a length of 5 mm. The surfaces of 
the samples were ground, polished and cleaned using a 
standard routine. The masses of the samples were 
weighed using an electrical balance. The samples were 
then put into a 1 mol/L HCl or 1 mol/L NaOH solution to 
test the corrosion properties of the alloys in the acidic 
and alkaline solutions. The samples were weighed at 
different time. The corrosion surfaces were characterized 
using SEM. 
 
3 Results and discussion 
 
3.1 Formation of alloys 

Figure 1 gives the XRD patterns of as-cast 
(Zr0.55Al0.1Ni0.05Cu0.3)100−xTix (x =0, 1, 2, 3, 4, and 5, mole 
fraction, %) alloys. A clear broad diffraction peak can be 
found on the XRD patterns of the alloys with Ti 
additions of 0, 1%, 2%, 3% and 4%, indicating that the 
main phase in these alloys is amorphous. It can also be 
observed that the position of the amorphous haloes is 
slightly changed by the addition of Ti, which can be 
attributed to different clusters with short-range-order 
existing in the alloys. No obvious sharp Bragg peaks 
corresponding to crystals are found on the XRD pattern 
of the Zr55Al10Ni5Cu30 alloy within the detection 
limitation of the XRD. When x is 1, a tiny Bragg peak is 
found at 2θ=29°, which can be indexed to a NiZr phase. 
At x=3, tiny Bragg peaks corresponding to Zr2Cu and 
NiTi2 phase appear on the XRD pattern of the alloy. 

When x is 4, the NiZr, Zr2Cu, NiTi2 and unknown phases 
are found in the amorphous-based alloy. Finally, when x 
is 5, many crystalline phases are formed, and the 
amorphous phase is not the main phase in the alloy. It 
can be concluded that the appropriate addition of Ti (less 
than 4%) can enhance the formation of crystalline in the 
amorphous matrix, and thereby is beneficial to the 
formation of the BMGCs. However, an over addition of 
Ti element will completely destroy the structure of the 
amorphous phase. 
 

 
Fig. 1 XRD patterns of as-cast (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix 

alloys 
 
3.2 Mechanical properties of alloys 

Figure 2 shows the compressive stress−strain curves 
of the as-cast (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys. The 
Zr55Al10Ni5Cu30 amorphous alloy displays a brittle 
fracture, and has a maximum compressive strength of 
1426.5 MPa, which is similar to the values in other 
references [9,12]. When 1%−3% Ti was added into 
Zr55Al10Ni5Cu30 amorphous alloy, an obvious yield stage 
appears in the stress−strain curves of the three alloys. A 
few weak serrations are also found upon the onset of 
plastic yielding of (Zr0.55Al0.1Ni0.05Cu0.3)99Ti1 alloy. The  
 

 
Fig. 2 Compressive stress−strain curves of as-cast 
(Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys 
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serration events are associated with the shear band 
formation and propagation [17,18]. All the three alloys 
have large maximum compressive strength, which are 
1662.4, 1657.6, and 1726.3 MPa when x is 1, 2 and 3, 
respectively. (Zr0.55Al0.1Ni0.05Cu0.3)96Ti4 and (Zr0.55Al0.1- 
Ni0.05Cu0.3)95Ti5 alloys display the same fracture mode as 
the Zr55Al10Ni5Cu30 alloy. An appropriate addition of Ti 
may enhance the formation of the fine crystalline phases, 
which hinder the development of shear bands, and 
thereby improve the mechanical properties and ductility 
of the alloys. 

Figure 3 gives the SEM images of fracture surfaces 
of (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys. Clear vein-like 
patterns can be observed on the fracture surfaces. It is 
also found that local melting within the shear bands and 
liquid droplets appear on the fracture surfaces. The 
density of the vein-like structure in the alloys with 
addition of 1% Ti is higher than that in the alloy without 
Ti addition, which can be attributed to the interaction 
between the second phase and the amorphous matrix. 
The alveolate patterns are also found on the fracture 
surfaces of the alloys with x values of 2 and 3, which 
could be caused by the brittle fracture of the second 
phase. 
 
3.3 Corrosion behavior of alloys 

Figure 4 gives the masses of (Zr0.55Al0.1Ni0.05- 
Cu0.3)100−xTix alloys immersed in 1 mol/L NaOH solution 
for different time. It can be found that all the alloys show 
no obvious mass change after being immersed in 1 mol/L 
NaOH solution for 144 h, and no corrosion pits are 
observed on the surfaces of the alloys. The results 

indicate that the amorphous and amorphous-based 
composites show excellent anti-corrosion properties in 
the alkaline solution. The nature of good corrosion 
resistance of the alloys in the alkaline solution can be 
attributed to the formation of metallic oxide on the 
surfaces. 

Figure 5 shows the mass loss and corrosion rate of 
(Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys immersed in 1 mol/L 
HCl solution for different time. The mass loss and the 
average corrosion rate of the Zr55Al10Ni5Cu30 amorphous 
alloy immersed in 1 mol/L HCl solution for 168 h are 
0.18% and 4.57 μg/(cm2·h), respectively. When 1%−4% 
Ti is added into the alloys, the mass loss and corrosion 
rate of the alloys decrease with the increase of Ti content. 
However, the mass loss and the average corrosion rate of 
(Zr0.55Al0.1Ni0.05Cu0.3)95Ti5 alloy in 1 mol/L HCl solution 
for 168 h are 0.27% and 6.01 μg/(cm2·h), respectively, 
which are much higher than those of Zr55Al10Ni5Cu30 
amorphous alloy. The larger corrosion rate of 
(Zr0.55Al0.1Ni0.05Cu0.3)95Ti5 alloy could be related to the 
complex crystalline phases and the corresponding 
intergranular corrosion. 

Figure 6 displays the SEM images of (Zr0.55Al0.1- 
Ni0.05Cu0.3)100−xTix alloys immersed in 1 mol/L HCl 
solution for 168 h. The bright areas in the images are the 
regions etched by 1 mol/L HCl solution, and the dark 
areas are not etched by 1 mol/L HCl solution. It can be 
found that the etched area in the Zr55Al10Ni5Cu30 alloy is 
the largest. With the addition of Ti, the etched area 
becomes smaller, suggesting that the addition of Ti can 
enhance the corrosion resistance of the alloys in the 
acidic solution. 

 

 
Fig. 3 SEM images of fracture surfaces of (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys: (a) x=0; (b) x=1; (c) x=2; (d) x=3 
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Fig. 4 Mass of (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys as function 
of immersion time in 1 mol/L NaOH solution 
 

 

Fig. 5 Mass loss (a) and average corrosion rate (b) of 
(Zr0.55Al0.1Ni0.05Cu0.3)100−xTix in 1 mol/L HCl solution 
 

Figure 7 gives the enlarged SEM images of the 
corrosion areas of (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys 
immersed in 1 mol/L HCl solution for 168 h. The 
continuous corrosion pits are found on the corrosion 
surfaces of Zr55Al10Ni5Cu30 and (Zr0.55Al0.1Ni0.05Cu0.3)99- 
Ti1 alloys. However, the corrosion pits in (Zr0.55Al0.1- 
Ni0.05Cu0.3)99Ti1 alloy are much smaller than those in the 
Zr55Al10Ni5Cu30 alloy. The discontinuous corrosion pits 

 

 
Fig. 6 SEM images of (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys 
immersed in 1 mol/L HCl solution for 168 h: (a) x=0; (b) x=1; 
(c) x=2; (d) x=3; (e) x=4; (f) x=5 
 
are found on the corrosion surfaces of the other four 
alloys. The corrosion pits in (Zr0.55Al0.1Ni0.05Cu0.3)95Ti5 

are much larger and deeper than those in the 
(Zr0.55Al0.1Ni0.05Cu0.3)96Ti4 alloy. The SEM images 
suggest that (Zr0.55Al0.1Ni0.05Cu0.3)99Ti1 alloy has lower 
corrosion rate in 1 mol/L HCl solution than 
Zr55Al10Ni5Cu30 alloy, and (Zr0.55Al0.1Ni0.05Cu0.3)95Ti5 

alloy has higher corrosion rate than (Zr0.55Al0.1Ni0.05- 
Cu0.3)96Ti4 alloys, which are in good agreement with the 
conclusions above. 
 
4 Conclusions 
 

1) The effect of Ti addition on the formation and 
properties of (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix (x=0, 1, 2, 3, 4, 
and 5, mole fraction, %) alloys was investigated. The 
addition of Ti element improves the formation of 
metallic glassy composites. The addition of 1%−3% Ti 
increases the compressive strength and plasticity of the 
alloy, while the alloys with 4% Ti and 5% Ti display a 
brittle fracture. 

2) All the alloys investigated have excellent 
anti-corrosion properties in 1 mol/L NaOH solution. An 
appropriate addition of Ti improves the corrosion 
resistance of the alloys in 1 mol/L HCl solution. When 
content of Ti in the alloys increases from 0 to 4%,    
the average corrosion rate decrease from 4.57 to     
1.82 μg/(cm2·h), and (Zr0.55Al0.1Ni0.05Cu0.3)95Ti5 alloy has 
largest corrosion rate of 6.01 μg/(cm2·h). 
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Fig. 7 Enlarged SEM images of (Zr0.55Al0.1Ni0.05Cu0.3)100−xTix alloys immersed in 1 mol/L HCl solution for 168 h: (a) x=0; (b) x=1;  
(c) x=2; (d) x=3; (e) x=4; (f) x=5 
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Ti 对(Zr0.55Al0.1Ni0.05Cu0.3)100−xTix块体金属玻璃 
显微组织、力学及腐蚀性能的影响 

 
庄艳歆，王神赐，王长久，王乃鹏，赫冀成 

 
东北大学 材料电磁过程教育部重点实验室，沈阳 110819 

 
摘  要：采用铜模吸铸法制备(Zr0.55Al0.1Ni0.05Cu0.3)100−xTix合金，利用 X 射线衍射、扫描电镜、压缩实验及腐蚀测

试等手段研究 Ti 对合金显微组织、力学和腐蚀性能的影响。结果表明，当 Ti 含量高于 4% (摩尔分数) 时，合金

中出现大量晶化相；而当 Ti 含量为 1%~3%Ti 时，合金的压缩应力−应变曲线上出现屈服现象。添加适量的 Ti 元

素能提高合金的强度及韧性。在 1 mol/L NaOH 溶液中浸泡 144 h 后，(Zr0.55Al0.1Ni0.05Cu0.3)100−xTix合金质量无明显

变化，表现出良好的耐腐蚀性能；而在 1 mol/L HCl 溶液中则会发生腐蚀，但适量的 Ti 元素添加可显著提高合金

在盐酸溶液中的耐腐蚀性能。 

关键词：Zr 基块体金属玻璃；钛；力学性能；腐蚀 

 (Edited by Wei-ping CHEN) 

 
 



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


