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GOAL

SEARCH for and evaluate under irradiation  
environment NEW materials or composites that 

appear to hold the answer the problem of 
survivability as high power targets by exhibiting 

unusually high strength,  very low thermal 
expansion or high ductility



Experimentation with Graphite & Carbon-Carbon Targets 
(BNL E951)



Graphite vs. Carbon-Carbon – A Clear Choice 
….. really?

BNL E951 Target Experiment 
24 GeV 3.0 e12 proton pulse on Carbon-Carbon and ATJ graphite targets

Recorded strain induced by proton pulse
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NuFact2004, Osaka, Japan

Irradiation of Super Invar Alloy at BNL to Assess Coefficient of
Thermal Expansion and Mechanical Properties



Super-Invar

Inconel-718



Effect of Irradiation on the Ultimate Stress 
of Super Invar based on the BNL Test



Solid Target Option: Super-Invar Irradiation Study

Load-Extension Data for Invar Irradiated Samples at various dpa levels 
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WHY STUDY super Invar ?
•High-Z with low CTE (0-150 oC)
•How is CTE affected by radiation?
•What happens to other important properties?



Super-Invar Irradiation Study – Temperature Effects

Effect of Heat Treatment in non-Irradiated Invar Samples
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PHASE II -TARGET MATERIAL R&D

• Carbon-Carbon Composite (BNL)
• Toyota “Gum Metal” (KEK)
• Graphite (IG-43) (KEK)
• AlBeMet (BNL)
• Beryllium (BNL)
• Ti Alloy (6Al-4V) (SLAC)
• Vascomax (BNL)
• Nickel-Plated Aluminum Used in the NUMI Horn                      

(BNL-FNAL-KEK)



WHAT IS OF INTEREST TO US WHAT IS OF INTEREST TO US 
IN POSTIN POST--IRRADIATION PHASEIRRADIATION PHASE

Resilience in terms of strength/shock absorption
• CTE evaluation
• Stress-strain 
• Fatigue
• Fracture Toughness and crack development/propagation

•Corrosion Resistance

•De-lamination (if a composite such as CC or plated HORN conductor) – Use 
of ultrasonic technology to assess changes

•Degradation of conductivity

Other tests are also in the planning for scrutiny of the successful candidates 
(laser induced shock and property measurements)



Carbon-Carbon Composite Target

Temp. % elongation

23 o   C 0%

200 o C -0.023%

400o C -0.028%

600o C -0.020%

800o C 0%

1000o C 0.040%

1200o C 0.084%

1600o C 0.190%

2000o C 0.310%

2300o C 0.405%



The Wonders of Gum Metal
(soon in peppermint flavor !!)















Tensile and CTE Specimen Design



Tensile and CTE Specimen Assembly into the Target Box During Irradiation



TARGET BOX ASSEMBLY DETAILS



GUM Metal Layout in 
Irradiation Box

Nickel-Plated Aluminum Specimens
(NUMI Horn Material)

Embedded Nickel foils used for radiography profile



Estimation of Irradiation Temperature Using Aluminum Plate 
into the BLIP Irradiation Facility and Temperature Sensitive 

Paint (TSP)

Experiment

Simulation



Activation & Beam profile Assessment



HOT CELL   Specimen Analysis

Dilatometer

Remotely operated Tensile Tester



Preliminary Results from Testing Irradiated Specimens at the 
BNL Hot Cell Facility

• NOTE that just a few of the tested specimens of each material is presented in 
the following graphs. While most of the irradiated samples have been tested, 
no correlation with the specimen activation has been made. Further, the non-
irradiated specimen testing is incomplete (this will provide a better estimate of 
what the non-irradiated stress values, such as yield and ultimate, were prior to 
irradiation)

• The Stress-Strain Curves generated are from RAW data with no adjustment for
“effective” strain gauge (results shown assume that only the 6mm neck-down 
section of the specimen contributes to the total extension of the specimen)

• Given that the position of the proton beam spot was slightly off centered, a 
second level of correlation will be performed based on the location within the 
6mm gauge (neck-down) where rupture occurred.



Titanium (Ti6Al4V) Stress Data
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VascoMax Irradiated and Non-irradiated Specimen Sress-Strain Curve
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Beryllium Data
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AlBeMet Stress-Strain Relation
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Gum Metal Stress-Strain Curve
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Effects of Irradiation on GUM metal Stress-Strain
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