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SCOPE

• ASSESS the effects of proton irradiation on material properties that 
are key in the design and operation of high power targets

•Is Carbon-Carbon the alternative to Graphite?

• How about these new “smart” materials? (Gum metal, AlBemet, etc.)



PAST STUDIES: Super-Invar Irradiation
What did we learn ?



Some Alloys Change Drastically and some Don’t



PHASE-II TARGET MATERIAL STUDY

Carbon-Carbon composite

GRAPHITE (IG-43)

Titanium Ti-6Al-4V alloy

Toyota “Gum Metal”.

VASCOMAX

AlBeMet

Nickel-Plated Aluminum

Material Matrix 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?



ATJ Graphite vs. Carbon-Carbon Composite

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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E951 assessment: CC is the way to go
if we care to absorb shock.
Do things hold true after irradiation?



Gum Metal (Toyota Ti alloy)





200 MeV Protons





Establishing Irradiation Temperature
Thermal Sensitive Paint Technique







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
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Vasomax is a very interesting Material

•It strengthens with irradiation without turning brittle
•CTE is not affected by irradiation



Be ryllium S t re ss- S t ra in
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AlBeMet Thermal Expansion
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Yield = 276 MPa



Ti-6 Al-4 V  S t re ss S t ra in Re la t ionship
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Yield Point for Ti-6Al-4V is matched perfectly !



G um Me t a l S t re ss_ S t ra in
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GUM Metal
Strengthens but clearly looses 
the “super-ductility property

The type of gum metal being tested 
(between annealed and 90% cold worked ) 
Appears to hold its CTE characteristics



Effects of Irradiation on Gum Thermal Expansion



Unirra dia t e d G um Me t a l S t re ss- S t ra in
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IG-43 Graphite - Thermal Expansion (%)
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Thermal Expansion in CC Carbon (90-deg fiber orientation)
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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%

Carbon-Carbon Composite Thermal Expansion
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REMAINING “TO DO” LIST

• 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

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

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

• 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

• 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


