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Purpose and Outline

• SRNS is supplying tritium gas for Physics 
experiments at Jefferson Labs

• SRNL is conducting experiments to provide 
additional support for Jefferson Lab safety 

• The experiments are designed to measure 
cracking thresholds in tritium gas for 7075 
Aluminum at conditions similar to, and greater 
than, the operating conditions of the Jefferson 
Labs tritium cell.

• SRNL interested in understanding tritium effects in 
aluminum and conducting in-situ testing.

• Just 4 months into a 12 month experiment

Keep going for information 
on SRNL family colors.
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Outline
• Background – Jefferson Labs Experiment 
• 7075 Aluminum Tritium Cell 
• Effects of Hydrogen/Tritium on Al
• Experimental Approach and Project Plan
• Initial Results – 4 month tritium exposure
• Fracture Mechanics Analysis
• Preliminary Conclusions and Future Work

Jefferson Lab 
Tritium Cell

Five‐Cell 
Tritium Target 

System
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Jefferson Lab – Measuring the Properties of Nucleons

SRNS is providing tritium gas for the experiment 
and tritium effects data  to support for the safety 
basis for experiments designed to establish the 
internal quark structure of the nucleon.

Proposal to Measure the EMC Effect in 
Deep Inelastic  Scattering off the Tritium 

and Helium Mirror Nuclei 
The JLAB Marathon Collaboration 

including Dr. David Meekins, of Jefferson 
Lab, Newport News, VA.

“The primary safety concern for the
target is a tritium leak due to
mechanical failure of windows due to
hydrogen embrittlement, radiation
damage, or loss of target integrity
from accidental excessive beam
heating due to failure of the raster or
grossly mis‐steered beam.”
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Proposal Awarded Pending “Management Review of Safety Aspects of Tritium Cell”
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Pressure Estimates and Burst Test of Tritium Cell

Cell pressure at room temperature 
was estimated from an assumed fill 
of 1090 Ci  (4.03 E13 Bq) of T2 at 
100% purity to be 1.38 MPa:

Burst Pressure was >=20 MPa
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Effective Tritium Pressure for Beam-On Conditions is 21.5 MPa

3114 psi = 21.5 MPa

SRNL tritium exposures were conducted at 17.2 MPa (2500 psi) at ambient temperature
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Composition and Properties of 7075 Aluminum

We measured KIC to be 24.2 MPa‐√m, in agreement with alloy data sheets. Tritium effect 
on KIc, i. e, KTH, (Cracking Threshold) for 7075 Aluminum is unknown and being measured.
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Aluminum Resistant to H2 Embrittlement - Oxide Film Prevents Dissociation and Permeation

Exceptions – Intermetallic compound particles and water environments

In Jefferson Lab experiment, dissociated tritium atoms 
are available because of decay and in‐beam conditions

Tritium Associated With 
Intermetallic Compounds in 7075 
Aluminum Using Autoradiography*
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Effect of Humidity and Stress Intensity on SCC Velocity of 7075 Aluminum*

*Markus O. Speidel, Met. Trans A Volume 6A April 1975 “Stress Corrosion Cracking of Aluminum Alloys”

Hydrogen Caused Cracks to Grow at Cracking 
Thresholds (KTH) between 7‐10 MPa‐√m. 

Fracture Mode Change to Intergranular Fracture

Environmental 
Cracking Will Occur 
at a Critical Flaw Size, 

Stress Level, and 
Material Toughness.
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• Use ASTM E1681 to measure cracking thresholds in tritium gas using 
Jefferson Lab supplied 7075 Aluminum;

• Fatigue pre‐crack specimens and bolt‐load to low, medium and high 
values of stress intensity ‐ corresponding to,  and greater than, Jefferson 
Lab cell conditions;

• Place stressed samples in a pressure vessel and hold in 17.2 MPa (2500 
psi) tritium gas for up to twelve months;

• Examine specimens for cracking after four, eight, and twelve months of 
exposure. 

• Tests on companion specimens in moist hydrogen and air are planned to 
isolate the effects from hydrogen isotopes from decay helium. 

• Post exposure characterization will be utilized to ascertain the primary 
mechanisms of embrittlement. 

• Verify cracking thresholds are well below tritium cell stress intensities to 
ensure safe operating conditions.

Experimental Procedure & Fracture Mechanics Approach
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For Determining Threshold Stress Intensity Factor for 
Environment‐Assisted Cracking of Metallic Materials

ASTM Standard Test Method E 1681-03
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Details Wedge-Opening Loaded (WOL) Specimen (Dimensions in Inches)
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Sample K 
MPa‐√m

COD
mm

a/w
Initial

a/w
Final

MM75‐1 19806 .28 .59 .58
MM75‐2 20346 .27 .54 .54
MM75‐3 19428 .29 .62 .65
MM75‐11 17869 .26 .60 .61
MM75‐12 18197 .26 .58 .58
MM75‐17 15029 .21 .59 .58
MM75‐18 14937 .21 .58 .57
MM75‐24 11664 .17 .60 .61

Specimen Stress Intensity Levels and Crack Lengths for 4-Month Exposure Test

Specimens Were Stacked In Layers During 
Tritium Exposure:
• Layers 1&2 Removed after 4 months
• Layers 3&4 Removed after 8 months
• Layers 5,6&7 Removed after 12 months
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Specimens were Removed from Tritium Gas and Examined Optically for Crack Growth

For Bolt‐Loaded Samples, Cracks Grow Under 
Falling K and Stop at Threshold Value
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MM75‐1 High Stress Intensity (19.8 MPa‐√m) 
)

MM75‐24 LOW Stress Intensity (11.7 MPa‐√m)

Little or No Crack Growth was Observed after 4 Months Exposure to Tritium Gas

Magnifications ~30 X
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MM75‐2 High Stress Intensity (20.3 MPa‐√m)

MM75‐3 High Stress Intensity (19.4 MPa‐√m)

Crack Extension May have Occurred in Specimens Loaded to High Stress Intensities  

Magnifications ~30 X
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MM75‐11 Medium Stress Intensity (17.9 MPa‐√m)

MM75‐12 Medium Stress Intensity (18.2 MPa‐√m)

No Crack Extension Occurred in Specimens Loaded to Medium Stress Intensities  

Magnifications ~30 X
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MM75‐17 Medium Stress Intensity (15.0 MPa‐√m)

MM75‐18 Medium Stress Intensity (14.9 MPa‐√m)

No Crack Extension Occurred in Specimens Loaded to Low Stress Intensities  

Magnifications ~30 X
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Stress Intensity Levels in Jefferson Laboratory Tritium Cell

• Applied stress intensity levels 
at operating pressure were 
estimated for the Jefferson Lab 
tritium cell 

• Estimates assumed a variety of 
flaw shapes and sizes in the 
cylindrical or spherical portion 
of the cell

• At operating pressure, Stress 
Intensity Values were less than 
2 MPa‐√m.
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Stress Intensity Levels in Jefferson Laboratory Tritium Cell

Normal 
Operating 
Pressure
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Specimens Were Loaded to Low, Medium, and High Stress Intensities 

Safe Operating Condition

Conclusion:
Since little or no crack 
growth has been observed 
after 4 months, no crack 
growth is expected in the 
Jefferson Lab tritium cell.

• The specimens were 
loaded well above the 
operating stress intensities.

• If the material cracking 
threshold approached the 
operating stress intensity, 
large, easily detected crack 
extension would have 
occurred in the specimens.
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Summary and Preliminary Conclusions

• The fracture toughness, KIC, of 7075 Aluminum was measured to be 
24 MPa‐√m for the unexposed condition in agreement with literature 
values.

• Tritium was expected to reduce the cracking threshold stress intensity 
values to ~25% KIC based on hydrogen effects in the literature for 
7075 Aluminum in moist air.

• The specimens were exposed to tritium pressures similar to the 
Jefferson cell effective pressure and loaded to much higher stress 
intensity levels than the tritium cell.

• Little or no crack growth was observed in 7075 Aluminum specimens 
stressed between 45‐80% of KIc after 4 months of tritium exposure at 
17.2 MPa

• Since little or no crack growth has been observed after 4 months, no 
crack growth is expected in the Jefferson Lab tritium cell.
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• 4‐month exposure specimens will be fractured;
• Measure crack lengths on fracture surfaces;
• Measure actual final load on specimen at end of exposure;
• Recalculate stress intensity levels for true final loads and crack lengths;
• Continue 8‐month and 12‐month exposures to allow more time for crack 

nucleation and build‐in of helium‐3 from tritium decay which could reduce 
the threshold for cracking;

• Fractography and autoradiography will be conducted on selected 
specimens to characterize fracture mode and tritium depth of 
penetration.

Future Work
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mana  

Thank you for your attention!


