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Amorphous Phase Formation in a Ni-Zr-Al-Y Alloy System
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Quaternary Ni-based amorphous alloys containing only metallic elements were developed through systematic
alloy design. The importance of the phase equilibria information for the development of amorphous alloys
was demonstrated through experimental results. Ni-Zr-Al ternary alloys having low liquidus temperature tend
to have high GFA. Partial replacements of Zr with Y in the ternary alloys significantly enhanced the GFA
of the quaternary alloys. The alloy Ni60Zr25Al8Y7 could be cast into a fully amorphous rod through an injection
casting method. Since most Ni-based amorphous alloys reported to date contain non-metallic elements, the
Ni-based amorphous alloys developed in the alloy system Ni-Zr-Al-Y are of interest.

Keywords: Ni-based amorphous, phase equilibria, GFA (Glass Forming Ability), Ni-Zr-Al-Y

1. INTRODUCTION

Bulk amorphous alloys (BAA) are of interest as potential
next generation structural materials. Attractive mechanical
and anti-corrosive properties of bulk amorphous alloys may
be attributed to the unique atomic arrangements as well as
defect free structures of BAAs [1,2]. The glass forming abil-
ity (GFA) of BAAs is very high, and hence fully amorphous
materials can be prepared directly from liquids through
advanced solidification processes [3].

In general, the composition ranges for BAAs are very nar-
row in multi-component alloy systems since the GFA of
BAAs can be drastically decreased even with a slight com-
positional change of the alloy. Theoretical approaches to pre-
dict the composition range for BAAs have not yet been
successful in practice. Consequently, empirical rules based
upon the atomic size and heat of mixing between alloying
elements have been widely used in alloy design for high
GFA. The basic concept of the empirical rules is to stabilize
liquid phase at low temperatures using more than three dif-
ferent alloying elements having large differences in atomic
radii and large negative heats of mixing between them [4].
Since the atomic mobility is significantly decreased as tem-
perature decreases, the liquid phase that is stabilized at low
temperatures is readily frozen to an amorphous phase upon
further cooling. Therefore, for the development of a new
BAA, information on the phase equilibria is very important.
Thus, finding a low melting composition range may be criti-
cal to the development of a new BAA. 

In a Ni-Zr-Al system in which the empirical rules are sat-
isfied, some Zr-rich composition ranges with high GFA have
been reported, and thus Zr-based BAAs could be developed
by adding fourth (or fifth) elements to Zr-rich ternary (or
quaternary) alloys [5-7]. In light of cost and difficulty in
materials processing, however, Ni-based BAAs in Ni-Zr-Al
alloy systems are more attractive for extensive structural
applications than Zr-based BAAs. Also, some properties of
the Ni-based amorphous alloys, such as corrosion resistance,
are expected to be superior to those of Zr-based amorphous
alloys. In this study, Ni-based amorphous alloys with high
GFA have been developed through systematic alloy design
based upon the phase equilibria information of the Ni-rich
corner and empirical rules for high GFA alloy design. The
results of this study can serve as a foundation for the devel-
opment of new Ni-based BAAs that have Ni, Al and Zr as
main constituents.

2. ALLOY SELECTIONS

In the Ni-rich side of the Ni-Zr binary system, there exist
two eutectic points, with Ni compositions of 91.2 % and
64 %, respectively [8]. A ternary intermetallic compound
with the stoichiometry of AlNi2Zr has been reported [9]. The
formation of a binary amorphous phase near the eutectic
point of 64 % Ni has been reported while an amorphous
phase formation near the eutectic point of 91.2 % Ni has
not yet been reported [10]. Therefore, ternary alloy compo-
sitions between the binary eutectic point with 67 % Ni and
a ternary intermetallic compound were selected for this
study (Table 1).*Corresponding author: yish@knu.ac.kr
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3. EXPERIMENTAL PROCEDURE

Ingots of 15 g were prepared by a non-consumable arc-
melting process under Ar atmosphere. In the arc-melting
process, mixtures of high purity metallic elements (> 99.9 %)
were melted more than four times to ensure chemical homo-
geneity. Rapidly quenched ribbons of 25-40 μm in thickness
and 2-4 mm in width were prepared by a melt-spinning pro-
cess. Pieces of a sliced ingot were inductively melted in a
fused silica tube and quenched onto a copper wheel rotating
at a wheel surface velocity of 30 m/sec. The phases present
in specimens were identified by X-ray diffractometry (XRD)
using Co-Kα and Cu-Kα. The as-cast microstructures were
investigated by scanning electron microscopy (SEM) in
backscattered image mode and the phase compositions were
determined by the energy dispersive spectroscopy (EDS).
The melting point of an alloy was determined by a differen-
tial thermal analyzer (DTA) using the as-cast sample in a
fused alumina crucible. Glass transition and crystallization
behaviors of amorphous ribbons were investigated by dif-
ferential scanning calorimetry (DSC) with a heating rate of
0.67 K/sec.

4. RESULTS AND DISCUSSION

4.1. The as-cast microstructures
The as-cast microstructures and the XRD patterns of arc-

melted samples are shown in Figs. 1 and 2, respectively. As
listed in Table 1, the primary phases of as-cast microstruc-
tures can be classified into 3 different phases, AlNi2Zr,
Ni21Zr8, and Ni10Zr7. The ternary compound AlNi2Zr exists
as a primary phase with dendrite morphology in the alloys
containing more than 10 % Al (#1, #2, #5, and #6). As the
alloy composition departs from the stoichiometric composi-
tion of AlNi2Zr, the volume fraction of the primary AlNi2Zr
phase decreases. Since the volume faction of the primary
AlNi2Zr phase is very low in alloy #5, it is inferred that the
alloy composition is located near the liquidus surface bound-
ary of the AlNi2Zr phase. In the alloy Ni63Zr31Al6 (#3), the
Ni21Zr8 phase is the primary phase. This phase has lath mor-
phology, and eutectic microstructure containing Ni21Zr8 and

Table 1. Nominal compositions and primary phase of Ni-Zr-Al
ternary alloys

Alloy
Composition (at.%)

Primary phase
Ni Zr Al

#1 56 33 11 AlNi2Zr
#2 53 32 15 AlNi2Zr
#3 63 31 6 Ni21Zr8

#4 59 39 2 Ni10Zr7

#5 62 28 10 AlNi2Zr
#6 57 28 15 AlNi2Zr

Fig. 1. Scanning electron micrographs (backscattered electron images) of
as-cast Ni-Zr-Al ternary alloys: (a) alloy #1; (b) alloy #2; (c) alloy #3;
(d) alloy #4; (e) alloy #5; and (f) alloy #6.

Fig. 2. XRD patterns of as-cast Ni-Zr-Al ternary alloys: (a) alloy #1;
(b) alloy #2; (c) alloy #3; (d) alloy #4; (e) alloy #5; and (f) alloy #6.
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Ni10Zr7 can be observed between the lath-type primary
phases. In alloy #4, eutectic microstructure can also be
observed between the primary phases of Ni10Zr7. Therefore,
it can be inferred that the eutectic liquidus projection is
extended from the Ni-Zr binary eutecitc point to the ternary
region between the compositions of alloys #3 and #4. Based
upon the DTA experimental results, the slope of the eutectic
liquidus projection is thought to be slightly downward to the
ternary region since the onset temperature of melting for
alloy #3 is slightly lower than that for alloy #4 (Fig. 3). The
temperature interval of melting for alloy #3 is quite narrow,
indicating the alloy composition is near to the eutectic liqui-
dus projection. Based on the results of the analysis of the as-
cast samples, it can be inferred that the alloys in the compo-
sition range near the alloy Ni63Zr31Al6 (#3) (the hatched area
in Fig. 4) may exhibit relatively high glass forming ability
(GFA), which is attributed to the low liquidus temperature.

4.2. Amorphous phase formation
The reduced glass transition temperature (Trg) defined as

the ratio of glass transition temperature (Tg) to liquidus tem-
perature (Tl) has been conventionally used to assess the GFA
of an alloy. As the Trg increases, i.e., as the liquidus tempera-
ture decreases, the GFA of the alloy tends to increase. Based
upon an analysis of conventional homogeneous nucleation
theory, it is suggested that crystallization can be suppressed
for Trg higher than about 0.62 [11]. However, in reality, the
critical Trg values for amorphous phase formation vary as
the alloy system changes. As an alternative parameter, the
undercooled liquid region (ΔTx), which can be defined as the
temperature interval between the glass transition temperature
and the crystallization temperature (Tx) upon heating the
amorphous sample, has been recently used by Japanese
research groups [12]. As the extent of ΔTx of an amorphous
alloy increases, stability of the liquid structure against crys-
tallization tends to increase. Since the stability of the liquid
structure of an alloy is closely related to the GFA of the
alloy, most BAAs exhibit ΔTx larger than 30 K [13]. Fig. 5
shows the DSC traces of the ternary alloy ribbons. The DSC
trace of the alloy Ni63Zr31Al6 (#3) having the lowest liquidus
temperature among the ternary alloys clearly exhibits large
DTx indicating that the GFA of the alloy Ni63Zr31Al6 (#3) has
relatively high GFA among the ternary alloys. Since the
alloy Ni63Zr31Al6 (#3) seems to have slightly higher Ni con-
tent than that of the eutectic liquidus projection, a ternary
alloy of Ni60Zr32Al8 having the composition within the
hatched area in Fig. 4 was selected for the high GFA multi-
component alloy design. To enhance GFA, several fourth
elements that satisfy the empirical rules were added in the
ternary alloy Ni60Zr32Al8. In this study, we report the effects
of Y addition on the GFA of the alloy Ni60Zr32-xAl8Yx. Since
the atomic size of Y is very large and the Ni-Y mixing enthalpy is
a large negative value, partial replacement of Zr with Y may
enhance the GFA. Formation of a fully amorphous phase in
the melt-spun ribbons of the alloys Ni60Zr32-xAl8Yx can be

Fig. 3. DTA traces of as-cast Ni-Zr-Al ternary alloys.

Fig. 4. Proposed partial liquidus projection in the Ni-rich corner of the
Ni-Zr-Al ternary system.

Fig. 5. DSC traces of the melt-spun ribbons of Ni-Zr-Al ternary alloys.
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confirmed from the XRD results. Typical halo patterns for
the amorphous phase were obtained and a diffraction peak
could not be resolved, as shown in Fig. 6. The DSC traces of
the ribbons shown in Fig. 7 indicate that an optimum amount
of Y addition significantly increases the ΔTx, i.e., the GFA of
the Ni60Zr32-xAl8Yx quaternary alloy. However, Tg and Tx of
the Ni60Zr32-xAl8Yx quaternary alloys monotonically decrease
with an increase of Y content. The liquidus temperature sig-
nificantly decreases with 3 % Y addition while only a slight
increase of the liquidus temperature was observed with further
addition of Y. Therefore, the Trg values of the Ni60Zr32-xAl8Yx

quaternary alloys increases with a small amount of Y addi-
tion and then remains around 0.61 with further Y addition
(Table 2). An alloy composition of Ni60Zr25Al8Y7 with high
Trg and ΔTx was prepared in rod form by an injection casting
method. As can be inferred from the DSC trace shown in

Fig. 8, the amorphous phase was formed in rods of 1 mm
and 2 mm in diameter, respectively. Since the amount of heat
released during crystallization of the rod with the diameter of
1 mm is the same as that of the ribbon (40 J/g), the rod can
be considered fully amorphous. Most Ni-based bulk amor-
phous alloys developed to date contain non-metallic ele-
ments such as P or Si [14]. Therefore, the Ni-based bulk
amorphous alloy developed in the alloy system Ni-Zr-Al-Y
comprising only metallic elements may have unique proper-
ties that can potentially expand practical applications of the
bulk amorphous alloys. 

5. CONCLUSIONS

Ni-based bulk amorphous alloys comprising only metallic
elements have been developed in the alloy system Ni-Zr-Al-
Y system. For an alloy design for high GFA, finding compo-
sition ranges with low liquidus temperatures is important
since the GFA of the alloy is closely related to the liquidus
temperature. As an additional element to enhance GFA of
the ternary Ni60Zr32Al8 alloy, small additions of yttrium satis-
fying empirical rules for high GFA alloy design was very
effective. With the optimum replacement of Zr with Y, the
GFA of the quaternary alloys could be significantly increased.
To demonstrate high GFA of the alloy Ni60Zr25Al8Y7, a fully
amorphous rod 1 mm in diameter was prepared through an

Fig. 6. XRD patterns of the melt-spun ribbons of Ni60Zr32-xAl8Yx

alloys (x=0, 3, 5, 7, 10).

Fig. 7. DSC traces of the melt-spun ribbons of Ni60Zr32-xAl8Yx alloys
(x=0, 3, 5, 7, 10).

Table 2. Nominal compositions and thermal properties of quaternary
Ni60Zr32-xAl8Yx alloys (x=0, 3, 5, 7, 10)

Alloy Tg [K] Tx [K] ΔTx [K] Tl [K] Trg

Ni60Zr32Al8 841 862 21 1439 0.59
Ni60Zr29Al8Y3 818 844 26 1331 0.61
Ni60Zr27Al8Y5 803 836 33 1312 0.61
Ni60Zr25Al8Y7 790 825 35 1298 0.61
Ni60Zr22Al8Y10 771 797 26 1263 0.61

Fig. 8. DSC traces of the injection cast rods and ribbon of Ni60Zr25Al8Y7.
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injection casting method. The amorphous rod exhibited high
Trg (0.61), ΔTx (35K) and ΔH (40 J/g), corresponding to
those of the ribbon of the alloy.

ACKNOWLEDGMENTS

This work was financially supported by MOCIE (Ministry
of Commerce, Industry and Energy) under the development
of structural metallic materials and parts with super strength
and high performance project.

REFERENCES

1. R. Busch, A. Masuhr, and W. L. Johnson, Mater. Sci. Eng.
A 304-306, 97 (2000).

2. A. Inoue and T. Zhang, Mater. Trans. JIM 37, 1726 (1996).
3. A. Inoue, Bulk Amorphous Alloys Preparation and Funda-

mental Characteristics, p. 27, Trans Tech Publication Ltd.,
Switzerland (1998).

4. A. Inoue, Mater. Trans. JIM 36, 866 (1995).
5. W. Chen, Y. Wang, J. Qiang, and C. Dong, Acta metall. mater.

51, 1899 (2003).
6. Z. J. Yan, F. Li, S. R. He, and Y. H. Zhou, Mater. Lett. 57,

1840 (2003).
7. L. Q. Xing, P. Ochin, F. Faudot, M. Harmelin, J. Bigot, and

J. P. Chevalier, Mater. Sci. Eng. A 220, 155 (1996).
8. T. B. Massalski, Binary Alloy Phase Diagrams, 2nd edi-

tion, p. 2889, ASM Int., Materials Park, Ohio (1990).
9. P. Villars, A. Prince, and H. Okmoto, Handbook of Ternary

Alloy Phase Diagrams, p. 4240, ASM Int., Materials Park,
Ohio (1995).

10. Y. A. Babanov, V. R. Schvetsov, and A. F. Sidorenko, Phys.
B 208-209, 375 (1995).

11. J. F. Löffler, Intermetallics 11, 529 (2003).
12. A. Inoue, J. Non-Cryst. Solids 156-158, 473 (1993).
13. A. Inoue, Acta mater. 48, 279 (2000).
14. S. Yi, J. K. Lee, W. T. Kim, and D. H. Kim, J. Non-Cryst.

Solids 291, 132 (2001).



<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /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 [7200.000 7200.000]
>> setpagedevice


