Investigation of the surface defect on the
MICE Liquid Hydrogen Absorber
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Introduction
Defects were found in the groove in which the indium seal sits during the cleparingss before
the seal was remade. These defects are of the order of 1mm long.

There was a concern that this defect, while not causing a leak now, could potentially change to cause
a leak in the future.

This was discussed at length with a range of peoyiding the extended hydrogen team, the
MICEISIS Hydrogen working group and an independent advi$ar things considered to be inour
favour are:

91 Any failure would be likely to be slow rather than catastrogfso we would first see a loss
in the vacium and respond accordingly.

1 The system is designed to be safe for a failure of the absorber so there is no immediate
danger if it did fail

1 H2 absorption (and therefore embrittlement) is generally not a problem at low
temperatures.

9 The vessel is underlaw stress (it contains a low pressure) and will have a low number of
thermal cycles in operation.

These peopleecommended that the following actions were taken:

Action Action recommended Action taken

Number

A literature search showed no
results regarding hydrogen
embrittlement of aluminiunt
summarised below

1 Is our alloy known to be good for
hydrogen embrittlement?

2 Has the pressure vessel been pressur| Yes, described in document numbe

tested MICEHZITR150422 by SW

3 Leak check the preool circuit to the Yesc results summarised below.
outside worldc this would confirm the
ONJ O1 R2SayQi LNEP

cool circuit (Helium leak checking is
more likely to show up crack thaaray

anyway)
4 Themal cycle 5+ times to see that thg There was no visible change to the
RSTFSOUO R2SayQi LIN| defect after thermal cycling details
below.
5 x-ray and dye penetrant test Carried out by Applus Aerospage

STEC_Certs.pdf

If we are considering a high number ol
thermal cycles in operation then we
could consider (bearing in mind effort
risk) taking the vessel out for

inspection.

The vessel is not anticipated to hav
a high number of thermal cycles
this should be revieweif the plans
change.



http://micewww.pp.rl.ac.uk/attachments/download/6538

As summarised in table, the recommended actions were carried out andiéad¢he team to
consider that, sincaone of the results indicated that there was any risiere isno further action
necessary.

Defect locations
The first defect isocated onthe face parallel and opposite to the face on which the second defect
was found. Both defects are located in the bottom corner of the groove in which the indium seal sits.

Second defect
location

First defec
location

Figurel: Defect 1

Figure2: Defect 2



Hydrogen Embrittlement

A literature search brought up that aluminium was susceptible to hydrogen dissolveing into it at the
smelting stage, which if not controlled, could led to stressrosion cracking later. Authoritative
textbooks comment on whether any alloy is better orra®than others, or what happens to cast
material at ambient temperatures?

One paper on 6063 (which is close to ours) concludes that components subjected to a hydrogen
atmosphere have a reduced fatigue Ift.

It was concluded that the lack of informati relating to hydrogen embrittlement of Aluminium
alloys at low temperatures indicated that it was not a problem people experienced.

Leak checking across the absorber body

To double check that there was not defect propagating through the material, aheaik was
carried out between the outside (visible part) of the absorber body and thepoé circuit. This was
done by connecting the leak detector to the preol circuit, then bagging the absorber body and
recording the leak rate recorded initially dafter the absorber was surrounded in a Helium
atmosphere. This is shown kigure3.

Figure3: Measuring the leak rate between theutside of the absorber and the preool circuit

! Source book on the selection and fabrication of aluminium allay®rican Society for Metals
2Welding Aluminiung Theory and practicéluminium Association
3 Hydrogen embrittlement in 6063 aluminium alldafiq Aet al., 11" International Resear/Expert Conference
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The background leak rate was measured at 3.64%t0ar.l/s. This was constant for 15mins
following the introduction of Helium into the atmosphere surrounding the absorber, and then rose
slowly to 1.5x18mbar.l/s over the next 2 hours.

The low background leak rate recorded initially combined with the time constant of the leak rate
lead the team to consider that this most likely to be a leak from the helium escaping the bag and
migrating towards the leak det¢or, and entering the system through vacuum joints etc, rather than
a leak through the absorber body itself.

Thermal cycling

The absorber was cooled by connecting add\Nvar to one end of the preool circuit and allowing
liquid to low through it evgporated nitrogen gas and eventually liquid dredgtfrom the other end
of the circuit(Figured). During this process the absorber itself was kept in a helium atmospbe
preventbuild-up of ice on the absorber bodyhis process was repeated seven times with the
absorber allowed to return to room temperature between each cycle.

The absorber coalown period was between 1-8hrs, intended to mimic the slow cooldowr the
absorber in operation. The minimum temperature in each thermal cycled varied between 80K and
140K, with tle absorber going below 100K fitmnes. The temperatures wereneasured on the

inside andbutside of theabsorber (seéigureb); the minimum temperature for each cycle is shown
in Figure 5. A full set of results for the cooldowns in given in Appendix A.

Figure4: Thermally cycling the MICE absorber with LN2
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Cycle Number

Figure5: Temperature sensor (PRT100) positions  Figure6: Minimum temperatures reached during thermal cycles

Results

Figure7 andFigure8 show images taken of the defects before and after thermal cycling. A fudf set
images is given in Appendix Bhe conclusion drawn from these images is that there is no visible
change in the defect size or shape operation the absorber will be therria cycled a low humber

of timesg so if there was no apparent change in the defect after six thermal cycles, then it can be
extrapolated that it will be safe for a number of cycles in operation.

Figure7: Defect 1- before (left) and after (right) thermal cycling



Figure8: Defect 2- before (left) and after (right) thermal cycling

Conclusion

A number of experts were consulted regarding the surface defect in the material, each of whom
made recommendations as to actions which should be takadentify if this defect caused any risk
in operating the absorber. These actions were carried oueesmmended and there is no
indication that there is any additional risk associated with operating the absorber as intended.

The only outstanding action, is that if the absorber were to be thermally cycled a high number of
times, then the option to open ughe absorber and check that the defect has not changed should be
considered.

These results were discussed at the MISES Hydrogen working group and it was agreed that the
absorber should be used as intended with no further remedial actions necéssary

*& a L-ISISPPD LH2 Working group meeting held 8re5l @ & Hnmcé aAydziSas
http://micewww.pp.rl.ac.uk/projects/rhall-operations/wiki/Lh2Meetings

























































