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SCOPE

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

e|s Carbon-Carbon the alternative to Graphite?

e How about these new “smart” materials? (Gum metal, AIBemet, etc.)
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PAST STUDIES: Super-Invar Irradiation

What did we learn ?
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Some Alloys Change Drastically and some Don’t

Inconel Dilatometer Measurements
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PHASE-Il TARGET MATERIAL STUDY

Material Matrix

Carbon-Carbon composite

GRAPHITE (1G-43)

Titanium Ti-6Al-4V alloy

Toyota “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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ATJ Graphite vs. Carbon-Carbon Composite

E951 assessment: CC is the way to go
If we care to absorb shock.
Do things hold true after irradiation?
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| AIBeMet® Property Comparison)

Ba ryllium AlBeMet EMaterial Magresium  Aluminum Stainless Steel Copper  Titanium
Property S200FIAMSTI0S AMTEHAMSTI1 E-£0 AZEDA TS E0E1 TE 04 H4 Grade 4
Density 0.067 {1.86) 0.076 {2.10)  0.091 [2.61) 0.086 (1.80) O0.098(270)  0.29 (8.0}  0.32 [(8.9) 0.163 (4.5
Ibsfcuin jglee)
Modulus 44 [303) 28 (193} 48 (331 &.5 [45) 10 (69} 30 (206) 16.7 (115}  16.2 [108)
ME! (Gpa)
uTs 47 [324) 18 [262) 9.3 (273) 49 [340) 45 (310) 76 (615) 45 (110) 9.7 [6&D0)
K51 (Gpa)
¥S 16 [241) 28 (183} MR 18 (260) 40 (278) 30 (206) 40 (276]  BE.G [530)
K51 (Gpa)
Elangation 2 2 < .06 3 12 a0 20 20
e
Fafigue Strength 17.9 [261) 14 (37) MR 14.5 [100) 14 (96} NIA NIA NIA
K51 [Gpa)
Thermal Conductivity 126 [218) 121 (210} 121 [210) a4 (T8) 104 (180) 9.4 (18) 226 {191] 9.7 [16.9)
Bt RIF [Wim-K)
Heat Capacity A [1.98) 373 (1.58) 10 {1.28) 261 (1.0B) 214 [.E9E) A2 B 092 (38E) 129 |54}
btullb-F {Jig-C)
CTE £.3 (1.3} 7.7 (13.9) 1.4 (6.1) 14.4 (26) 13 (24) 9.6 (17.3) 9.4 (17) 4.8 (8.8)
ppmiF (ppmiC)
Electrical Resistivity 4.2 E08 1.6 E0B NiA 14.5 E-06 4 E-08 72 E06 1.71 EQ6 &0 EO6

ahm-cm
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VASCOMAX-350 TENSILE Specimen
Thickness = 1.0mm
Neck-Down width = 1.5mm
Tensile Strength  ~ 350 Ksi (2400 MPa)

Alignment Imm diam. 15mm
THRTU hole

CTE Specimen for Vascomax-350

Number of specimens needed = 13
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LIP Beam Autoradiagraphy

Results of autoradiographic beam profile measurements tor the
2004 BLIP nradiation, using the ““downstream™ nickel toil.

Horizontal position Vertical pogition | Horizontal rms Vertical rms
looking at the surface width width Tiradiation Damage Analysis
Yehes i bea.l IGEKiens e (G) (5) (dpa) showed that this cefl
oL associated with the tensile
29+£0.5 mm 45+£05mm | 81+ 03mm | 84 £ 0.3 mm specimenn experiences most
left of center below center damage
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pid| 215 216| 217 pis| 219 bpao| 221 p22| 223 224| 225 B2e
PO1{ 202 203| 204 05| 206 07| 208 209| 210 211| 212 213
no N\

L66] 167 168 169 170 fru\ 172 173 74| 175 L76( 177 Q78
La 154 1s5| 156 157|158 |hs9| 160 hei| 162 63| 164 le5
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VASCOMAX SAMPLE
ACTIVATION

CTEs: 7.52 mCi- 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 VVascomax.

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-lIrradiation Study at BNL Hot Cell

Dilatometer — Mechanical Tester




Vascomax Stress-Strain
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Vasomax is a very interesting Material

oIt strengthens with irradiation without turning brittle
*CTE is not affected by irradiation
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Thermal Strain (%)

AlBeMet Thermal Expansion
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Ti-6Al-4V Stress Strain Relationship

Ti-6Al-4V (unirradiated)
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Gum Metal Stress_Strain
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Effects of Irradiation on Gum Thermal Expansion
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Thermal Strain (%)
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Thermal Strain (%)

Thermal Expansion in CC Carbon (90-deg fiber orientation)
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Thermal Strain (%)
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REMAINING "TO DO” LIST

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

® in vacuum
e 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



