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PHASE-II TARGET MATERIAL STUDY

Material Matrix

Carbon-Carbon composite

GRAPHITE (1G-43)

Titanium Ti-6A1-4V alloy

Tovota “Gum Metal”.

VASCOMAX

AlBeMet

Nickel-Plated Aluminum

TESTS (on-going + upcoming)

Mechanical property changes
Ductility loss
Strength loss/gain
Fracture toughness

Physical property changes
CTE
Diffusivity
Heat capacity

Shock resilience



WHY DO WE WANT TO DO THESE TESTS?
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VASCOMAX-350 TENSILE Specimen Alignment L diam. 192
Thickness = 1.0mm THRU hole

Neck-Down width = 1.5mm

Tensile Strength - 350 Ksi (2400 MPa)

CTE Specimen for Vascomax-350

Number of specitnens needed = 13
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LIP Beam Autoradiagraphy

Regults of autoradiographic beam profile measurements tor the
2004 BLIP uradiation, using the ““downstream™ nickel toil.
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VASCOMAX SAMPLE
ACTIVATION

CTEs: 7.52mCi- 151.2 mCi
Tensile: 5.5 mCi- 42.6 mCi

VASCOMAX SAMPLE
dpa estimates

Cell 133:
from neutrons : 0.011336 dpa
from protons: 0.222335 dpa

Cell 233:
from neutrons: 0.013827 dpa
from protons: 0.2214  dpa

Cell 220:
from neutrons: 0.0157  dpa
from protons: 0.24377 dpa



Irradiation Damage in Gum Metal

Highest dpa values estimated also near the bottom half of the
tensile specimen “gauge” as in Vascomax.

GUM (dpa) max = 0.242 (protons) + 0.0132 (neutrons)

For the rest of the materials appropriate dpa cross sections
are being sought to be introduced into the model.



Post-Irradiation Study at BNL Hot Cell

Dilatometer — Mechanical Tester




Vascomax Stress-Strain
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Vasomax is a very interesting Material

It strengthens with irradiation without turning brittle
*CTE is not affected by irradiation
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Beryllium Stress-Strain
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Thermal Strain (%)

AlBeMet Thermal Expansion
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™.

Yield Point for Ti-6Al1-4V is matched perfectly !
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Gum Metal Stress_Strain
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Young's Modulus (GPa)

Linear Expansion (%)

Effects of Irradiation on Gum Thermal Expansion

Thermal Expansion in Irradiated Gum Maetal
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Thermal Strain (%)

IG-43 Graphite - Thermal Expansion (%)
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Thermal Strain (%)

Thermal Expansion in CC Carbon (90-deg fiber orientation)
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Thermal Strain (%)

Carbon-Carbon Composite Thermal Expansion
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Effects of Irradiation on Nickel-Plated Aluminum
(Material of NUMI Horn)
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REMAINING “TO DO” LIST

e Graphite and Carbon-Carbon to be tested to cycles up to 1100 C

® in vacuum
¢ with forced helium
¢ Dilatometer will be upgraded to allow these two runs

e Thermal diffusivity (or conductivity) will be measured using the dilatometer set-
up with an implemented modification that allows for diffusivity measurements in
transient mode

e Complete the examination of the nickel-plating on aluminum (NUMI horn
material) — Preliminary (visual) examination shows serious surface changes

e Assess damage due defect generation/growth on the irradiated specimens
using ultrasonic techniques (more of an issue in graphite & CC) — System is
available and ready. Tests to be done after diffusivity measurements

e Material resilience to shock: Use of a high power — focused laser beam to excite
the materials of the matrix — Lab is set up and laser system is up and ready.
Need to borrow fiber-optic recording system from ORNL



	MATERIAL IRRADIATION STUDIES BNL AGS/BLIP/Hot Cell FACILITYSTATUS
	Effects of Irradiation on Gum Thermal Expansion


<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


