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Objective T12 Develop new advanced materials for accelerators WP 12 

Roadmap: particle physics. Synergies: nuclear physics, energy, industrial applications.

State-of-the-art: next-generation accelerators and spallation targets face critical material limitations under extreme radiation and thermal

loads. Although Chromium-Graphite composites (Cr-Gr, developed in I.FAST) and refractory high-entropy alloys (HEAs) show great

potential, they still require optimisation and validation for these demanding applications through advanced manufacturing techniques, as well

as subsequent commercialisation.

Aims: a) validate novel Cr-Gr composites under beam irradiation, demonstrating industrial-scale production suitability; b) develop

advanced refractory HEAs via AM and field-assisted sintering technology / spark plasma sintering (FAST/SPS) tailored for radiation-resistant

components in accelerator and fusion environments.

Success metrics: Achieve thermal conductivity ≥500 W/(m⋅K), electrical conductivity ≥0.75 MS ⋅m with Cr-Gr composites, and measure

evolution of thermophysical properties under irradiation over 10-4–10-2 Displacements Per Atom (DPA).

TRL progress: from 3 to 4 (Cr-Gr composites); from 2 to 3 (refractory HEA materials)

Ambition: establish a new standard for functional materials in future accelerators by delivering breakthrough Cr-Gr composites and refractory

HEAs optimised for extreme radiation and thermal loads via advanced, sustainable manufacturing, enabling longer component lifetimes, lower

costs, and enhanced performance in accelerator and fusion infrastructure while fostering industrial uptake in sustainable energy, medical, and

aerospace sectors.

https://zenodo.org/records/7896326#.ZFOyV87P1aQ
https://doi.org/10.1016/j.jmrt.2024.01.246


WP12.1 Methodology

3

WP 12 Advanced Materials for Accelerators

The WP will develop advanced Cr-Gr composites and refractory high-entropy alloys (HEAs) via advanced sustainable processing routes, including

AM and Spark Plasma Sintering (FAST/SPS). The project builds on ARIES and I.FAST, leveraging an integrated, interdisciplinary approach with

scientific and industrial partners. In Task 12.1 will be defined specifications of the minimum required thermophysical properties and machining

tolerances based on the I.FAST results. Produce of ≥4 prototype absorbing blocks will follow. Checks of repeatability of properties and

dimensional tolerances will be done at the metrology and mechanical laboratories of CERN. Finally, samples for irradiation will be produced

and measured. In Task 12.2, at a lower TRL level, the investigation will be done only through samples, characterised before and after ion irradiation.

https://aries.web.cern.ch/wp17
https://ifast-project.eu/wp4-managing-innovation-new-materials
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21 12 Carbide-Carbon beam 

absorbers

Manufacture (at least 4) functional Cr-Gr prototype 

beam absorber blocks ensuring repeatability 

(thermophysical properties, tolerances)
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Description of work

Task 12.1: Carbide-Carbon Materials with High Thermomechanical Properties (CERN, GSI, Nanoker, RHP)

Nanoker will build four functional Cr-Gr beam absorber block prototypes of indicative size 120 x 40 x 20 mm3 and flatness < 50 µm to demonstrate reproducibility and capability of

machining to precise functional tolerances, along with samples for irradiation tests. RHP will characterise the prototypes with a large-scale testing method, measuring the coefficient

of thermal expansion and thermal diffusivity in multiple areas of the components. RHP and Nanoker will also contribute expertise in sintering techniques to improve material

homogeneity and explore potential scale-up of component dimensions. GSI will conduct irradiation tests under ion beam, also characterising the property variation in post-irradiated

samples. CERN will perform thermomechanical simulations for the irradiation campaign, as well as a comprehensive thermophysical characterisation of the unirradiated material.

D12.1 Cr-Gr prototypes Manufacturing, characterisation, and irradiation of Cr-Gr samples. 12.1 CERN DEM/R PU Month 32

MS12.1 Production and characterization of 4 Cr-Gr functional prototype beam absorber blocks. 12.1 Month 20 Prototype



WP12.1 rough roadmap (for discussion)
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• M1: May 2026

• M2: definition of a material specification (CERN)
• Minimum required thermophysical properties and machining tolerances

• Will be based on I.FAST results / required tolerances for collimators absorbers / should contain also KPI in terms of 
reproducibility 

• M8: Production of two plates D230mm, t25mm, in one machine cycle (NNK)
• Same “recipe” of I.FAST deliverable (maybe we can discuss the duration of the pre-dwell)

• Measurement of electrical conductivity in different plate spots

• M10: Machining of 4 collimator absorber blocks (out of the two plates), as well as some samples (from 
leftovers) for thermomechanical characterization at CERN, and possibly irradiation (NNK)
• Blocks: use HL-LHC collimator drawing

• Perform metrology (NNK)

• CERN to perform (CERN - M12):

• Metrology (check for possible springback)

• UHV testing

• Microscopy or else (non-destructive)

• Thermomechanical characterization of samples (also check properties spread)

• RHP to perform non-destructive testing (thermal expansion and thermal diffusivity) (RHP – M15)
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7

• M18: Complete MS12.1 report (CERN) (anticipating deadline of M20)

• M18: Production of two plates D230mm, t25mm, in one machine cycle (NNK)
• Machining of samples for thermomechanical characterization (@CERN – M24)

• Machining of samples for ion irradiation (@GSI – can irradiation take place in 2028? Or do we need to already 
irradiate something in 2027?)

• M19-M24: samples ion irradiation at GSI (GSI)
• Characterization of pristine and irradiated samples 

• M26: Draft D12.1 (GSI, CERN)
• Including characterization of pristine and irradiated samples

• Including full thermomechanical characterization of (other) samples at CERN (hopefully this gives the same 
result of those of MS12.1 – repeatability!)

• We can then brainstorm, also depending on remaining budget, about further activities in 
the last 1.5 years of the project (do not forget that we also have in parallel WP12.2)



WP12.1 Budget
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Benef. 
No.

Beneficiary 
short name PM

Monthly 
personnel cost

Personnel 
costs

Subcontracting 
costs

Travel and 
subsistence Equipment

Other goods, 
works and 
services

Total Purchase 
costs Indirect costs

Financial 
support to third 
parties

Internally 
invoiced goods 
and services

TA/VA to RI 
unit costs Total direct costs

Total eligible 
costs

Maximum EU 
contribution to 
eligible costs

Requested EU 
contribution to 
eligible costs

Task 12.1: Carbide-Carbon Materials with High Thermomechanical Properties

1CERN 1.75 20,000 €    35,000.00 €                        - €      3,000.00 €                   - €      2,000.00 €            5,000.00 €          10,000.00 €                        - €          40,000.00 €          50,000.00 €       50,000.00 €           50,000.00

1CERN 0.75 20,000 €    15,000.00 €                        - €                   - €                   - €    25,000.00 €          25,000.00 €                         - €                        - €          40,000.00 €          40,000.00 €       40,000.00 €                          -

2GSI 4.50 €    30,000.00 €                        - €    10,000.00 €                   - €                   - €          10,000.00 €          10,000.00 €                        - €          40,000.00 €          50,000.00 €       50,000.00 €           50,000.00

2GSI 4.00 €    30,000.00 €                        - €                   - €                   - €                   - €                         - €                         - €                        - €          30,000.00 €          30,000.00 €       30,000.00 €                          -

3Nanoker 2.50 €    20,000.00 €                        - €      5,000.00 €                   - €    95,000.00 €       100,000.00 €          30,000.00 €                        - €       120,000.00 €       150,000.00 €     150,000.00 €         150,000.00

3Nanoker 7.50 €    60,000.00 €                        - €                   - €                   - €                   - €                         - €                         - €                        - €          60,000.00 €          60,000.00 €       60,000.00 €                          -

4RHP 1.50 €    10,000.00 €                        - €      5,000.00 €                   - €    25,000.00 €          30,000.00 €          10,000.00 €                        - €          40,000.00 €          50,000.00 €       50,000.00 €           50,000.00

4RHP 3.00 €    20,000.00 €                        - €                   - €                   - €                   - €                         - €                         - €                        - €          20,000.00 €          20,000.00 €       20,000.00 €                          -



Communication/dissemination

• We shall have at least one paper on CrGr (never 
published so far!). Jorge Guardia should be in the loop

• Marilena plans also to write two papers still from MoGr 
results
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Identified key points / actions
• Big fire in GSI accelerators, no beam time in 2026

• Marilena will submit an EPITA-dedicated application for 2027 (and possibly already 2028, too?)

• Also, Marilena to look for alternative plans (Rosendorf, Gallia – procedure for application

• CrGr: some old grades were possibly already ion-irradiated in the past

• Federico and Marilena to look at past actions / data on this (we can then use them as reference for EPITA)

• Personnel

• Probably 2 students (one of which PhD) at Munster, partially funded by EPITA

• CERN support via (small) % of working time of STAFF and GRAD personnel (coordination, testing followup, 
travels, support/presence to beam irradiation, simulations)

• Federico to check with Toms about students mobility program @industry, and Innovation Fund within other 
EU projects
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Identified key points / actions
• Technical specification

• Federico to put together a draft of spec, to be shared and discussed with the participants

• SPS machine production cycles

• Carlos mentioned that we can probably anticipate the SPS cycle dates – Carlos to propose a tentative date, 
at least for the first SPS cycle – two plates in the same cycle (currently planned in M8)

• CTE and thermal diffusivity measurements on blocks at RHP

• Nikolina to ship 2 MoGr blocks to RHP for tests on the optimal thickness

• Michael to perform such tests

• Papers

• Marilena to drive the preparation of two papers on MoGr with previous existing data

• Federico to drive the preparation of one paper on CrGr (can make use of already existing data + new ones)
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