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INTRODUCTION

ATI 425®-MIL Alloy is a high strength, titanium alloy available in a variety of product forms, including ballistic grade plate and cold-
rolled coil or sheet. ATl 425°-MIL Alloy was originally developed for ballistic armor applications and exceeds both the ballistic
requirements and strength requirements of MIL-DTL-46077 titanium armor plate. ATl 425°-MIL Alloy is characterized as a class 4
armor plate by MIL-DTL-46077.

ATI 425°-MIL Alloy is an alpha-beta titanium alloy that uses iron and vanadium as beta stabilizers as well as aluminum as an alpha
stabilizer. The lower aluminum and vanadium contents and higher oxygen and iron contents give ATl 425®-MIL Alloy a unique
combination of ductility and tensile strength.

The combination of strength and ductility found in ATI 425°-MIL Alloy makes it useful for applications that require bending and
forming. Those parts can be easily manufactured while still having superior strength compared to parts made with similarly
formable low alloy grades of titanium or comparable strength to titanium ballistic plate with less formability.

ATI 425®-MIL Alloy in the cold-rolled titanium coil or sheet product forms provides advantages that come from continuous
processing that are not available in pack-rolled sheet. For example, ATl 425®-MIL Alloy cold rolled product has better gauge
tolerance and surface finish than pack rolled sheet and is available in lengths ranging from cut sheet to coil. Tight gauge tolerances
available in rolled coil could reduce part-to-part variation in production compared to using pack-rolled sheet. Coil length products
are generally not available in other titanium alloys with tensile strength exceeding 130 ksi (896MPa) and ductility exceeding

10% elongation.

FORMABILITY
ATI 425®-MIL Alloy can be both hot and cold worked. The excellent ductility can permit forming at room temperature. Ballistic grade
plate is capable of being formed to a 1T bend factor at 1 inch (25mm) thick if sufficient process controls and parameters are used.

WELDABILITY

ATI 425®-MIL Alloy is easily welded in the annealed condition using methods typically applied to titanium, such as TIG, MIG, EB,
and plasma. Precautions must be taken to prevent oxygen, nitrogen, and hydrogen contamination. Fusion welding can be done in
inert gas filled chambers, or using inert gas shielding of the molten metal and the adjacent heated zones. Spot, seam, and flash
welding can be performed without resorting to protective atmospheres.

CORROSION
ATI has evaluated the corrosion resistance of ATl 425°-MIL Alloy in a variety of media. ATl 425®-MIL Alloy performs similarly to
Ti-6AL-4V (6-4 titanium) and Ti-3Al-2.5V (3-2.5 titanium) in marine environments and many media of the chemical process industry.

SUPERPLASTIC FORMABILITY
ATI 425®-MIL Alloy coil or sheet can be processed so that it has good superplastic formability at 1425°F — 1650°F (774°C — 899°C).

SPECIAL PRECAUTIONS

As with other alpha-beta titanium alloys, ATl 425°-MIL Alloy can be subject to excessive contamination by hydrogen during
improper heat treatment or pickling and by oxygen, nitrogen, and carbon pick-up during forging, heat treating, brazing, etc. This
contamination could adversely affect mechanical properties and formability.

SPECIFICATIONS AND CERTIFICATIONS
MIL-DTL-46077G — Armor Plate, Titanium Alloy, Weldable

ATI 425°-MIL Alloy is designated titanium grade 38 by ASTM and covered by ASTM specifications B265, B338, B348, B381
and B861.

ATI 425®-MIL Alloy has been Board Approved for use in the ASME Boiler and PV Code 650F, making ATl 425®-MIL Alloy the
highest temperature ASME code approved titanium alloy in the B&PV. ASME Boiler Code Case 2532-2 states that ATI 425°-MIL
Alloy can be used for parts requiring strength up to 700°F (371°C).

ATI 425®-MIL Alloy can be welded using ERTI-38 weld wire, which is produced in accordance with AWS 5.16/A5.16M.

Additional industry and customer specifications are being developed.
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PRODUCT FORMS
ATI 425°-MIL Alloy is available in a variety of titanium product forms, including: sheet, plate, Precision Rolled Strip® and foil,
seamless tube, shapes and rectangles, ingot, castings and forgings.

POTENTIAL APPLICATIONS

The unique combination of high tensile strength and high ductility of ATl 425®-MIL Alloy makes it a potential candidate for a
wide variety of defense applications. High ductility is beneficial when bending or cold drawing is required. Good hot workability
combined with high strength makes ATI 425°-MIL Alloy a candidate for large, monolithic sections of armor plate that require
forming during manufacturing. Producing larger parts can improve manufacturing efficiency by reducing the number of welds
compared to parts made from a less formable alloy. Good hot workability also facilitates manufacturing of near net shape
forgings. The availability of ATl 425®-MIL Alloy cold-rolled titanium sheet and coil in long lengths facilitates its use in
manufacturing methods such as roll forming and may allow structures to be designed with fewer joints and fasteners. The tight
gauge tolerance of ATl 425®-MIL Alloy cold rolled titanium sheet and coil compared to pack rolled sheet offers opportunities for
weight reduction through use of nominally lighter gauge product. In addition, final part fabrication of ATI 425®-MIL Alloy sheet
will enable less part to part variability as it offers superior gage control over the entire length of rolled coil over most pack rolled
sheet within individually finished sheets. The excellent surface finish and corrosion resistance makes ATI 425®-MIL Alloy sheet
and coil a candidate for use in an uncoated condition.

CONTACT INFORMATION
For Aerospace application inquiries contact ATI425.Aerospace @ATImetals.com

For Defense application inquiries contact ATI425.Defense @ATImetals.com

www.ATl425alloy.com
TYPICAL COMPOSITION
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PHYSICAL PROPERTIES
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COLD-ROLLED COIL AND SHEET TYPICAL MECHANICAL PROPERTIES - MILL ANNEAL CONDITION

Test Direction

Tensile Stress (ksi)

Tensile Stress (MPa)

Yield Stress (ksi)

Yield Stress (MPa)

Elongation (%)

Longitudinal

152

1048

132

911

13

Transverse

From product with a range of thickness from 0.01 — 0.143 in. (0.25 — 3.6 mm)

163

1123

158

1090

14

Bearing Ultimate Bearing Ultimate Bearing Yield Bearing Yield
Test Direction Strength e/D=1.5 Strength e/D=2.0 Strength e/D=1.5 Strength e/D=2.0
ksi MPa ksi MPa ksi MPa ksi MPa
Longitudinal 224 1545 227 1907 197 1357 227 1562
Transverse 248 1713 2136 201 1387 1736

Compression Yield Ultimate Shear Compression Tension Elastic
Test Direction Strength Strength Elastic Modulus Modulus
ksi MPa ksi MPa Msi GPa Msi GPa
Longitudinal 139 958 95* 659 16.3 113 153 105
Transverse 1292 18.8 129

*Shear Strength measured in L-T direction

Data from product with a range of thickness from 0.04 — 0.133 in. (1 — 3.4 mm)

Room Temperature Uniaxial Fatigue Cold Rolled Coil

150,000

Maximum Stress (psi)

140,000
130,000
120,000
110,000

100,000

90,000

80,000

70,000

R-ratio = -0.5

R-ratio = 0.5

R-ratio = 0.1

Longitudinal direction

1,000

10,000

100,000

Cycles to Failure

Data are typical and should not be construed as maximum or minimum values for specification or for final design.
Data on any particular piece of material may vary from those herein. The starburst logo and ATI 425° are registered
trademarks of ATI Properties, Inc.U.S. and foreign patents; other patents pending. © 2010 ATI. All rights reserved.

VERSION 2 (8/16/2010): PAGE 3

1,000,000

10,000,000

Allegheny Technologies Incorporated
1000 Six PPG Place

Pittsburgh, PA 15222-5479 U.S.A.
www.ATImetals.com



HOT-ROLLED SHEET & PLATE AVERAGE MECHANICAL PROPERTIES - MILL ANNEAL CONDITION

Test Direction

Tensile Stress (ksi)

Tensile Stress (MPa)

Yield Stress (ksi)

Yield Stress (MPa)

Elongation (%)

Longitudinal

151

1041

131

903

17

Transverse

From product with a range of thickness from 0.188 — 2.0 in. (4.8 — 51 mm)

157

1082

142

979

17

Bearing Ultimate Bearing Ultimate Bearing Yield Bearing Yield
Test Direction Strength e/D=1.5 Strength e/D=2.0 Strength e/D=1.5 Strength e/D=2.0
ksi MPa ksi MPa ksi MPa ksi MPa
Longitudinal 240 1654 300 2071 205 1413 245 1689
Transverse 250 1720 2172 205 1413 255 1759

Compression Yield Ultimate Shear Compression Tension Elastic
Test Direction Strength Strength Elastic Modulus Modulus
ksi MPa ksi MPa Msi GPa Msi GPa
Longitudinal 135 931 105 724 17 117 17 119
Transverse 1034 109 18 126 18

From product with a range of thickness from 0.188 — 2.0 in. (4.8 — 51 mm)

Room Temperature Uniaxial Fatigue Hot Rolled Sheet and Plate

Maximum Stress (psi)

150,000
140,000
130,000
120,000
110,000
100,000

90,000

80,000

R-ratio = -0.5

R-ratio = 0.5

—

R-ratio = 0.1

Longitudinal direction

70,000
1,000

100,000

Cycles to Failure

Data are typical and should not be construed as maximum or minimum values for specification or for final design.
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HOT WORKED BAR AND BILLET TYPICAL MECHANICAL PROPERTIES - MILL ANNEAL CONDITION

Test Direction Tensile Stress (ksi) Tensile Stress (MPa) Yield Stress (ksi) Yield Stress (MPa) Elongation (%)
Longitudinal 146 1007 135 931 21
Transverse 153 1055 147 1014 18

From product with a range of thickness from 0.188 — 2.0 in. (4.8 — 51 mm)

HOT WORKED BAR AND BILLET TYPICAL MECHANICAL PROPERTIES -
SOLUTION TREATED AND AGED CONDITION
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190
180
170

160

150 \
Yield Stress \

Stress (ksi)

17 —

S
c 16
k]
T 15
2 .
§ Elongation
[}
13
12
11
10

0.0 0.5 1.0 15 20 25 3.0 3.5

Diameter (in)

Data are typical and should not be construed as maximum or minimum values for specification or for final design. Allegheny Technologies Incorporated
Data on any particular piece of material may vary from those herein. The starburst logo and ATI 425° are registered trademarks 1000 Six PPG Place
of ATl Properties, Inc.U.S. and foreign patents; other patents pending. © 2010 ATI. All rights reserved. Pittsburgh, PA 15222-5479 US.A.

www.ATImetals.com
VERSION 2 (8/16/2010): PAGE 5




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[Press Quality]'] 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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


