
Researchcompetenciesof CoENOMATEN 

Materials ResearchLaboratory

at National Centre for NuclearResearchPoland

¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл 
Research and Innovation programme under grant agreement No 857470



Departmentof 
ComplexSystems

RadioisotopeProduction
Centre

2

NuclearFacilitiesOperations 
Department

FundamentalResearch
Department

Materials PhysicsDepartment

NuclearEquipment
Division(HITEC)

Materials ResearchLaboratory

NuclearEquipment& 
Technology Department

Science and 
Technology Park (PNT)

Location: Otwock/ |ǿƛŜǊƪ35 km from Warsaw

The largest ResearchInstitute in Poland:
ü over1000Employees,
ü the researchstaff includes 76 Professors& 200 PhDs
üPhDSchool ca. 80Students

Researchachievements:
ü over500reviewedpapers, with over16000citations/year

Researchprojects:
ü over117 projectsfundedby H2020, EURATOM, NCN, NCBR, FNP, RPO 
ü successrate for EU projectsca. 35%

Scientificcooperation:
ü International cooperationwith the largestLaboratories

in the worldJRC, CERN, DESY, Grenoble, JParc, FAIR, 
Julich, ESS, JINR, T2K, XFEL andmany UniversitiesΧ

National Centre for Nuclear ResearchPoland(NCBJ) 

Scientificand IndustryCentres

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research
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Novel high-temperature, corrosion and radiation
resistant materials for industrial applications

Novel radiopharmaceutical materials 
for medicalapplications

Novel high-temperature, corrosion and radiation resistant 
materials for industrial applicationstopic is focusedon:

Material synthesisςto develop key materials for High-Temperature
applicationsand be able to connect to leading partner and other groups 
for providing samples and establishing collaborations

Functionalpropertiesof materials ςto investigatematerials range from 
heat resistance to mechanical properties as friction, resistance to chemical 
environments and radiation and finally to their combined multiphysics
effects

Analytics and characteriztionςto quantify the properties of materials
after synthesis and characterizingadvanced functional materials 
important for high-end customers

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research

NOMATEN Centre of Excellence 
The NOMATEN Centre of Excellence has been created at the Poland's National Centre for Nuclear Research Poland as a new research 
organization in which international world-class research teams design, develop and assess innovative multifunctional materials ς
combining advanced structural and functional properties ςfor industrial and medical applications.

CoENOMATENwill develop a Long-term Scienceand InnovationStrategy and will be the Self-DrivenLaboratorySDLin Multifunctional
materials by focusing on two strategic research and innovation topics
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Materials ResearchLaboratoryMRL 
MRLconducts following materials research:
ü Re-approval and diagnostic works on construction materials (MARIA Reactor)
ü Assesmentof welded joints (AccreditedProcedures>> Macro- Microstructure)
ü Researchin the field of widely understood materials science, using destructive and non-

destructive methods.
ü Mechanicaltesting(AccreditedProcedures>> ISO, BS, ASTM)
ü Thermaltesting
ü Non-irradiated and irradiated materials testing
ü Qualityassurancetestingof the materials and weldments
ü Materials componentstestingfor qualificationprocedures
ü Consulting in materials testingand materials physics& surfacescience

MRL actively cooperates with thePolishMinistriesand National Technical InspectionUnits, which supports 
the development of new research methods and allows for the maintenance of modern scienti fic equipment, 

including the only group of12Hot Cellsin Poland 
with a protection of 100 Ci, 3.7 TBq

For more than thirty years, MRLhave been accredited by the Polish Center for Accreditation (PCA) 
and signatory to multilateral agreements within the framework of international organizations 

active in the field of accreditation, viz: EA MLA, IAF MLA and ILAC MRA.

Thermaltestingof the materials

Structuralcharacterization

MechanicalTesting

Non-destructiveTesting

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research



ProductionTechnologies Sector
Tools / 3D Printing / Welding/ Turbines

NuclearSector

Automotive Sector
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CoENOMATEN Materials ResearchLaboratory
Non DestructiveTestingςNDT Services

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research
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The non-destructivetesting divisioncarriesout testswith using
following methods:

üVisual test method(VT)
üPenetrationtestingmethod(PT)
üMagneticparticlemethod(MT)
üUltrasonicmethod(UT)
üEddy currentmethod(ET)
üMagneticpermeabilitytesting

Penetrant method Magneticparticlemethod

UT DefectoscopeOlympus OMNISCAN MX2 

ET DefectoscopeOlympus 
NORTEC 600D 

Non-DestructiveTestingNDT DivisionςResearchInfrastructure
NDT TestingResearchInfrastructure

VT FlexibleVideoendoscope
Mentor Visual iQ - WaygateTechnologies

AccreditedNDT Testing
PolishCentre for Accreditation
AccreditationnumberAB 025

Financedby

PROJECT HTGR 

Foerster 
MAGNETOSCOP 1.069

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research



Non-DestructiveTestingNDT DivisionςNDT Expertiseworksand testing

AISI 316L seamless pipes NDT testing for ITER Blanket System components

(First wall panels cooling system) ïcommissioned by ITERôssupplier BIMO TECH

X2CrNiMo17-12-2, (AISI 316L) First Wall Panels for 

ITER Blanket System Specification

Visual Testing VT ïvisual inspection outer / inner surface

Ultrasound tchickness test UTT ïwall tchickness

Direct meaurementsïpipes dimensions

AccreditedNDT testsrealizedaccordingto:

Cold drawing effects depth

measurements
Analysedby VT FlexibleVideoendoscope

EUROFER 97 after Electron Beam Welding NDT testing

in cooperation with Karlsruher Institut f¿rTechnologie  

MagneticparticleinspectionMTUltrasoundtestingUT

Welded joints on secondary circuit 

piping with UT, VT, MT

MARIA Reactor NDT Inspections

MARIA reactor weldjoints
UT scanning vehicledesignedby 

Reactorand MRL engineers

VT, UT reactor pool 

weld joints inspection

Thicknessevaluation ofAl2O3 layerof 
the fuel element shells, Eddy Current

Testing

Magnetic Permeability Test

according to IEC 60404-15 and ASTM A342M

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research
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ResearchNuclearReactorMARIAupgradeςNeutron Diffractometers/ NDT Testing

New Large-ScaleScientificInstrumentsfor the MARIAreactorΧΦInstallation alreadystartedΧΦΦreadyto usein 2024

NCBJcooperationwith Helmholtz-ZentrumBerlin

Visualizationof the MARIAreactorexperimental hall after upgrading

H1 Thermal neutron Spectrometer

H2 Flat Cone Diffractometer

H3 Residual Stress Analysis Diffractometer

H4 Two-Axis Diffractometer

H5 Four-Circle Diffractometer

H6 Focusing Diffractometer

Materials Researchwith new Neutron Infrastructure
- Neutron RadiographyNR ςNDT Testingof readyelementsi.e. Microcracks

analysis, Porosityafter casting, Weldmentsqualitycontroletc. 
- Analysis of internaland residual stresses deep within a crystalline material
- Determination of the atomic and magnetic structure 

of acrystalline solids, gasses, liquids or amorphous materials.
- Measurementsof highly-textured elements

NR of

Diesel Engines

Nozzle

Source:
IAEA-TECDOC-1604

NR of Aircraft Engine Turbine Blade Source: IAEA-TECDOC-1604

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research
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CoENOMATEN Materials ResearchLaboratory
MechanicalTestingServices

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research



Staticand dynamicstrength testing

MechanicalTestingDivisionςResearchInfrastructure AccreditedMechanicalTesting
PolishCentre for Accreditation
AccreditationnumberAB 025

INSTRON Universal TestingMachine

ü Servohydraulic(static/dynamic testing)

ü Load capacity 100 kN

üClass 0.5 starting from 200 N

üClip-on extensometers class 0.5 

ü AlignPRO Alignment Fixture provides full 

angularity and concentricity adjustment 

while load is applied to the specimen

ü Additional 1kN load cell

Three-Heating zone split furnace

Nominal maximum 

specimentemperature:1000ϲC

Temperaturetest chamber

with cooling module

Temperature range:

from -150ϲC to +350ϲC

MechanicalTestingDivisionrealizes:

ü Tensile testing 

ü Compression testing

ü Fracture toughness testing KIC, critical CTOD, JIC

(CT25, SENB)

ü Determination of the rate of fatigue crack 
growth da/dN

ü Small Punch Test (SPT)

All testsaccordingto International StandardsL{hΣ !{¢aΣ .{Χ

SPT Small PunchTest:
Samples: f3 x 0,25 mm discs
Punch: Ball f= 1 mm
Temperatureof test: ambient

MechanicalTestingDivision
ü Test samplesminiaturization
ü Testingof mm samples at HT with non-contactDICextensometer!!!

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research



ü Low-load hardness testing

ü Load range 0.3-250 kg

ü BrinellHBaccording to ISO 6506(ASTM E10) 

2.5/5 mm ball

ü VickersHVaccording to ISO 6507 (ASTM E-92) 

ü RockwellHR..according to ISO 6508 (ASTM E-18) 

- A,B,C,L,N,T scales

Materials hardnesstesting at micro- / nanoscale
Semi-automatic Zwick/ RoellDuraVision

G5 hardness tester 

Nanohardnesstester
NanoTestVantageby Micro Materials Ltd., WrexhamUK 

ü Berkovich, Vickers, Cube Corner and Conical type 

indenters available for RTtesting

ü HT measurements with diamond (up to 450ϲC) and 

cBN(up to 750ϲC) indenterMeasurementsunder 

controlled argon atmosphere 

ü Humidity cell

ü Coupled Atomic Force Microscope

ü Optical microscope (up to 40xmag.)

ü Convers range forces from 0.1mNto 20N

ü Load or depth-controlledmode

ü Single forces or Load Partial Unload

MechanicalTestingDivisionςResearchInfrastructure
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Static testing machine (20 kN)
Electromechanical
0.5 class starting from 20 N
Furnace up to 1000 ϲC
Non-contact extensometer 
DIC software
Sub-sized tensile specimens 
Alignment Fixture

Dynamic testing machine 
(ҕ10-15 kN)
Resonancesystem
/¢мκнέΣ /¢мκпέ ŀƴŘ {9b. 
<100 mm samples
Alignment Fixture

25J and 450J Pendulum 

Impact Testing Machines

Miniaturizedsamplestesting

MechanicalTestingDivisionrealizes:

ü Tensile testing 

ü Compression testing

ü Fracture toughness testing KIC, 
critical CTOD, JIC(CT25, SENB)

ü Determination of the rate of fatigue 
crack growth da/dN

ü Small Punch Test (SPT)

Accordingto International Standards 

ISO, ASTM, .{Χaccreditedtests!



Mechanicaltesting of the high-speedrailways in cooperationwith PolishRailway Institute

To achieve these objectives, the high-speed rail manufacturing process aims to 
meet the following requirements:
- Fracture mechanics ςinvolves the initiation and growth of a crack, which can cause 

the material to break at a stressbelow its ultimate strengthin the crack-free condition.

- Chemical, mechanical and structural homogeneity
- Uniformity of dimensions
- Absence of surface and internal defects
- Impact strength, wear and fatigue resistance
- Residualstresses
- Good Weldability

MechanicalTestingDivisionςExpertiseworks

High-Speed ICE train disaster, Eschede, (Germany,1998)

We realizethe complexfracture mechanicsaccreditedtests for railway 
systems since 2004Χ
V We measurethe Rate of crack propagation (da/dN) ςacc. ISO 12108
V We evaluatethe Critical stress intensity factor KICat loweredtemperatureςacc. ASTM E399

High-Speed ICE Pendolino train, max. speed 250 km/h

High-speed railwayswith speeds over 200km/h, are one of the most demanding systems
that must severalrequirementsas: Safety, Durability and cost efficiency, Minimum acoustic impact

Macroscopic observations of cracks and analysis of rails breakthrough

Cracking mechanism and testing of railways

Stresses and Bielajew's point analysis

AccreditedMechanicalTesting
PolishCentre for Accreditation
AccreditationnumberAB 025

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research



Samples: Pure Fe; Fe9%Cr; Fe9%Cr-NiSiP, Eurofer97
Ion irradiation in HZDR up to 8MeV Fe ions, 5 dpa, temp. 300 (and 450ϲC)
Techniques:Nanoindentationat rTand HT; SEM+FIB/EBSD & TEM; XRD & MD simulations

Studying effect of ion irradiation and temperature on the properties of Ferritic / Martensiticsteels 
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Results: 
ü Elastic analysis based on the Hertzrevealed that the first pop-in is typicallycaused by plasticity 

initiation
ü Calculated shear stress is about 3 GPa(theoretical strength)
ü Interstitial atoms like C influence pop-in behaviourby blocking preexisting dislocations

Mechanisms to consider:
ü Dislocationnucleation at neighboring grain, unlocking pinned by C atoms dislocations at grain

boundaries, slip transfer?
ü Do we see the impact of crystal orientation?

MechanicalTestingDivisionςResearchActivities

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research
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CoENOMATEN Materials ResearchLaboratory
StructureAnalysis and CorrosionResearchServices

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research
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Structureand CorrosionResearchDivisionςResearchInfrastructure

Metallographicsampleprepartion section

ü Cut-off machines(precision cutting)

ü Manual or automatic grinder/ polisher

ü Manual or automatic, electrochemical (0-100V) and vibropolishing(60 - 120 Hz) 

ü Electrochemicalpolishingand etching(0-25V)/ possibilityof electrolytic polishingin cool

temperaturemode

ü Hot MountingPress

STRUERS ςLectroPolelectrochemical
polishing/ etchingsystem

Metallographicsamplespreparationand analysis MicrostructurecharacterizationςLight Microscopy

ü LeicaDM IL InvertedMetallurgicalMicroscope

ü Olympus BX53M MetallurgicalMicroscope

ü KeyenceVHX-7000 Optical Microscope

V Lightmicroscopy contrast methods such asBrightfield BF, 

DarkfieldDF, Polarizedlight POL, and Differential Interference

ContrastDIC

V Olympus licensedsoftware for determining average grain size 

according to international standards 

(i.a. ASTM E112, ISO 643) and phaseanalysis

QATM Opal 410 press QATM SaphirVibro
polisher

Olympus BX53M 
MetallurgicalMicroscope

QATM Saphir250 M2 automatic 
grinder/ polisher

KEYENCE VHX-7000  Optical Microscope

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research



SEM/TEM Laboratoryfinancedby
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Structureand CorrosionResearchDivisionςResearchInfrastructure
Samplespreparationand microstructureanalysis

17

SEM microscopeHelios 5 UX DualBeam(ThermoFisher Scientific)
The Extreme High Resolution (XHR) Field Emission Scanning Electron 
Microscope (FE SEM)equippedwith:
Ç FIB (Focused Ion Beam) technology
Ç EDS (Energy Dispersive X-ray Spectroscopy) 
Ç EBSD (Electron Backscatter Diffraction) 

High resolution SEM imaging 
Acceleration voltage: 350V ς30kV

Resolution: 0.6 nm (2 - 15kV), 0.7 nm (1 kV)
Detectors: ETD, TLD, ICD, MD, ICE 

STEM imaging
RecractableSTEM 3+ detector

Crystal orientation mapping
HikariSuper EBSD Camera, 1400 fps

Operation down to 100 pA/5kV

EDS Chemical composition analysis
Octane Elite Plus EDS System

SSD detector, area: 30mm2, resolution: 
125eV, Si3N4 

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research

Ion BeamPrecision Etching System
The PECS IIand PIPS II(Gatan) isusedto polish surfaces and remove
without damage with two broad argon beams.This method is
powerful for producing high-qualitysamples:
ü for scanning electron microscope (SEM)observations
ü for SEM imagingand EDS mapping
ü for EBSDanalysis, 
ü for STEM, TEM observationetc.



SEM/TEM Laboratoryfinancedby
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Structureand CorrosionResearchDivisionςResearchInfrastructure
Samplespreparationand microstructureanalysis
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v

TransmissionElectronMicroscopyTEM ςJOEL F200 Microscope

TEM with STEM, HAADF, EDS, BEI, BF and ABF detectors
Equippedwith in-situ tensileand HT annealingup to 1000ϲC holders

TEM Microscopy

CoE NOMATEN Materials Research for Industry, National Centre for Nuclear Research

STEM-EDS chemicalcompositionanalysesof nanometric
precipitatesin FeCrAl-Y2O3-Ti ODS alloy

TEM image and SAED patterns of M23C6 carbidein 
additively manufacturedInconel 617 alloy

SafeGProject
Inconel produced in collaboration with the 
University of Sheffield - Nuclear Advanced 

Manufacturing Research Centre)


