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Materials Research.aboratory U theresearchstaff includes 8 Professor& 200PhDs SWIERK

U PhDSchool ca. 8&udens

FundamentaResearch Researclachievements
Department U over500reviewedpapers with over16 000citations year

Researciprojects

NuclearEquipmen®& U overll7projectsfundedby H2020, EURATOM, NCN, NCBR, FNP, RPO
Technologypepartment U successate for EUprojectsca. 35%

Scientificcooperation
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" NOMATEN Centre of Excellence )

The NOMATEN Centre of Excellence has been created at the Poland's National Centre for Nuclear Research Poland as aatew resear
organization in which international worleclass research teams design, develop and assess innovative multifunctional materials
combining advanced structural and functional propertiedor industrial and medical applications.

CoENOMATENuwill develop along-term Sienceand Innovation Srategy and will be the SeltDrivenLaboratorySDLUn Multifunctional
materials by focusing on two strategic research and innovatioopics

~

/Novel hightemperature, corrosion andadiation resistant
materials for industrialapplicationstopic is focusedon:
Material synthesisg to develop keynaterialsfor HighTemperature

applicationsand be able to connect to leading partner and other groups
for providing samples and establishiogjlaborations

Novel hightemperature, corrosion and radiation
resistant materials for industrial applications

Functionalpropertiesof materials ¢ to investigatematerialsrange from

N@e:MATEN heatresistancgo mechanical properties daction, resistance to chemical
Centre of Excellence environments and radiation and finally to their combimeditiphysics
in Multifunctional Materials effeCtS
for Industrial and Medical
Applications

Analytics andcharacteriztionc to quantify the properties ofmaterials
after synthesisand characterizingadvanced functional materials
importantfor highrendcustomers Y

.

European Republic European Union European Union
Funds Horizon 2020 European Regional
k Smart Growth - of Poland Framework Programme Development Fund
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/Materials Research.aboratoryMRL

MRLconductsfollowing materialsresearch:

U  Re-approval and dignostic works on castrudgion materials (MARIAReacto)

U  Assesmendf welded joint§AccreditedProcedures> Macre Microstructure

U  Researchn the field of widely undstood mateials science, using desttive and non
destrudive methods.

U  Mechanicalesting(AccreditedProcedures> ISO, BS, ASTM) S P

0  Thermaltesting

U  Nondirradiated andirradiated materials testng

0  Qualityassuranceestingof the materials anaveldments

U  Materialscomponentgestingfor qualificationprocedures .

U  Consulting in materiatestingand materialgohysics& surfacescience (@11 FARA
MechanicalTesting ’

N@eMATEN

Centre of Excellence in Multifunctional Materials
for Industrial and Medical Applications

MRLactively coopeates with the PolishMinistriesand National TechnicalnspectionUnits, which supports
the devdopment of new resarch methods and allows for the maienance of modern scidrfic equpment,
including the only group ofL2 Hot Cellsin Poland

with a protection of 100 Ci, 3.1Bq

For more than thirty yearsMRLhave 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 accreditationyiz EA MLA, IAF MLA and ILAC MRA.

. : i b Structuralcharacterization 3 v & 4
Non-destructiveTesting Yo PR T £ N e
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Non-DestructiveTestingND TDivision¢ Researchnfrastructure

The nondestructivetesting divisioncarriesout testswith using NDTTestingResearchinfrastructure
following methods

Visualtest method (V)
Penetrationtestingmethod (P1)
Magneticparticlemethod (MT)
Ultrasonicmethod (UT)
Eddycurrentmethod (E)
Magneticpermeabilitytesting

(R e et e e e

ETDefectoscopeOlympus R

AccreditedNDTTesting Financecby UTDefectoscopeOlympusOMNISCAN Mx2 ~ NORTEC 600D Foerster

PolishCentre forAccreditation
AccreditationnumberAB 025

i ™

PCA

POLSKIE CENTRUM
AKREDYTACH

BADANIA
e 'y

AB 025
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VTFlexibleVideoendoscope _ _
Pinli) W Mentor VisualQ - WaygateTechnologies Penetrantmethod Magneticparticlemethod

PROJECT HTGR MAGNETOSCQRG69
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Non-DestructiveTestingND TDivision¢ NDTExpertiseworks and testing

AIS| 316L seamless pipes NDT testing for ITER Blanket System components MARIA Reactor NDT Inspections .. @® .3 Eﬁig&
@BiMO I

"1 13.7.2022 1516
X o A ‘!

\13.7.2022 14:47
A

AccreditedNDTtestsrealizedaccordingto:

d

U=

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

A Welded joints on secondary circuit
ITER Blanket System Specification

piping with UT, VT, MT

™ ot i
scanning ‘
) vehicle |
o
} ) i ; y

Visual Testing VT i visual inspection outer / inner surface
Ultrasound tchickness test UTT T wall tchickness U -
Direct meaurements i pipes dimensions

Cold drawing effects depth
measurements

5 Analysedoy VTFlexiblevideoendoscope

Magnetic Permeability Test

according to IEC 60404-15 and ASTM A342M

f
(7N : EUROFER 97 after Electron Beam Welding NDT testing “(IT
{(_J) EUROfusion A\ VT, UT reactor poo

weld joints inspection

= In cooperation with Karlsruher Institut f ¢lechnologie i
e 1Y \
: ; é‘ B ——— e :g :Z \_dxfx \x
Ewp\‘@kyw‘w i u,“3‘%“;%3‘!{%ul‘“é‘(!‘m”f;;‘(‘)”””:(‘)mi_l‘ll | r|1lll1|L°1U1TT| 2 éiz J
i : - ; Thicknes=valuation ofALQ, layerof MARIAreactor weldjoints
i e A 2 o4 _ _ I — the fuel element shell€ddyCurrent UTscanning vehicldesignedy
UltrasoundtestingUT MagneticparticleinspectionMT

Testing Reactorand MRLengineers
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" ResearciNuclearReactorMARIAupgradec Neutron Diffractometers/ NDT Testing s:lle A

New Large ScaleScientificinstrumentsfor the MARIAreactorX fstallation alreadystarted X @®eddyto usein 2024
NCB&ooperationwith HelmholtzZentrumBerlin

H1 Thermal neutron Spectrometer
H2 Flat Cone Diffractometer
H3 Residual Stress Analysis Diffractometer
H4 Two-AXIs Diffractometer
H5 FourCircle Diffractometer
H6 Focusing Diffractometer

. e Reaktor
: MARIA

NATIONAL

ﬂ
CENTRE
H B . ] ) FOR NUCLEAR
RESEARCH
Z Helmholtz SWIERK

Zentrum Berlin

i NR of
Diesel Engines
Nozzle

Source:
IAEATECDOC604

“ 14

NR of Aircraft Engine Turbine Blade Source: IAEAECDOCE04

/ Materials Researclwith new Neutron Infrastructure \
- NeutronRadiographyNR¢ NDTTestingof readyelements.e. Microcracks
analysis Porosityafter casting,Weldmentsguality control etc.
- Analysi®f internaland residual stresses deep witlarystallinematerial
- Determimation of the atomicand magnetic structure
of acrystallinesolids, gasses, liquids or amorphous materials

k— Measurement®f highly-texturedelements /
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MechanicalTestingDivision¢ Researchnfrastructure

Staticand dynamicstrength testing

INSTRON UniversaestingMachine

;
;
;
;
;

i

Servohydrauli¢static/dynamic testing)
Load capacity 100 kN

Class 0.5 starting from 200 N

Clipon extensometers class 0.5

AlignPRO Alignment Fixture provides full
angularity and concentricity adjustment
while load is applied to the specimen

Additional 1kN load cell

—

| 21 ,«H %l, ﬂ_

0
0
0

Temperaturetest chamber
with cooling module

Temperature range:  A|| testsaccordingto International Standards. { h = ! {

0

from -150cC to +350C

SPT3mall PunchTest
Samplesf 3 x 0,25 mndiscs
Punch Ballf =1 mm
Temperatureof test: ambient

AccreditedMechanicalfesting W\ 3
PolishCentre forAccreditation M P[:A
AccreditationnumberAB 025 <

PoLEKIE CEMTRUM

/’R S AKREDYTACJI
\\

BADANIA
'

. . - s . . .
MechanicalTestingDivisionrealizes AB 025

Tensile testing
Compression testing

Fracture toughness testing K aitical CTOD, J.
(CT25, SENB)

Determination of the rate of fatigue crack
growth da/dN

Small Punch Test (SPT)

| _ " Mec nanicalTestingDivision
ThreeHeating pne split furnace N _ - . .
Nominal maximum u eStsamplegnlnlaturlzatlon
specimertemperature- 1000 U Testingof mm samples at HT withon-contactDICextensometenr!!

J




MechanicalTestingDivision¢ Researchnfrastructure
Materials hardnesstesting at micro-/ nanoscale

Semiautomatic Zwick RoellDuraVision o | Nanohardnessester
G5hardness tester Miniaturized samplestesting Nanolest Vantageby Micro Materials Ltd. WrexhamUK
. . o i .- . s » . . . .
u Lowload hardness testing . o' . H | \ ‘ U !Berkowch V|c.kers, Cube quner and Conitagle
Load range 0-250 kg 5 ’ = H . I | indenters available foRTtesting
grg;: Imjizﬁrdmg 1dS0 BS0RASTM E10) s l U  HT measurementsvith diamond (up to 456C) and
' L—-’“ “ cBN(up to 75@C) indenteMeasurementsunder

VickersHVaccording tdSO 6507/ASTM 82)

RockwelHR. according tdSO 650§ASTM EL.8) Dynamic testing machine controlled argon atmosphere

-A,B,C,LN,T scales (5 10-15kN) U  Humidity cell
“ -
Resonancesystem ’ U  CoupledAtomic Force Microscope
[ ¢MKHEZ [ EMKNE i Optical microscope (up to 40mag)
<100 mm samples y
Alignment Fixture u  Convers range forces from GviNto 20N
U  Load ordepth-controlledmode
U  Single forces or Load Partial Unloa
s AL
o) 25J and 450Pendulum T emem

Impact TestingVlachines : i C . :
. MechanicalTestingDivisionrealizes

U Tensile testing
U Compression testing

U Fracture toughness testing,K
critical CTOD J-(CT25, SENB)

U Determination of the rate of fatigue
crack growth dadN

0 Small Punch Test (SPT)

st . Accordingto International Standards
ISO, ASTM, { acreditedtests!

Static testing machine (2QN)
Electromechanical

0.5 class starting from 20 N
Furnace up to 1006C
Non-contact extensometer
DIC software

Subsized tensile specimens
Alignment Fixture

T
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MechanicalTestingDivision¢ Expertiseworks

Mechanicaltesting of the high-speedrailways in cooperationwith PolishRailwayInstitute

High-speedrailwayswith speeds ove200km/h, are one of the most demandingystems

that must severalrequirementsas: Safety Durability and costefficiency Minimum acoustic impact

To achieve these objectives, the higdpeed rail manufacturing process aims to

meet the following requirements

- Fracture mechangx involves the initiation and growth of a crack, which can cause

the material to break at a stre®®low its ultimate strengthin the crackfree condition.

- Chemicalmechanical and structuraBbmogeneity
- Uniformity of dimensions

- Absenceof surface and internalefects

- Impactstrength, wear and fatigugesistance

- Residualstres®s

- GoodWeldability

We realizethe complexfracture mechanicsaccreditedtests for railway

systemssince2004X

AccreditedMechanicalTesting
PolishCentre forAccreditation
AccreditationnumberAB 025
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AB 025

V We measurethe Rate of crack propagation (dadN) ¢ acc. ISO 12108
V We evaluatethe Criticalstress intensity factoK-at loweredtemperature¢ acc ASTM E399

( 70 I I( RAILWAY RESEARCH INSTITUTE
years :

Wheel
Wheel rotating
i direction
Wheel
\ Wheel running direction
Hertzi
preSsure P(x)
q(x)
-
P = Rail %ﬂm
gk A Oh
1 \\ D AN |
Sleeper Sleeper

Cracking mechanism and testing of railways
Stresses and Bielajew's point analysis

initiation

propagation

fracture

Macroscopic observations of cracks and analysis of rails breakthrough

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



Studyingeffect of ion irradiation an

Spherical nanoindentatiorRE25% Y U
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MechanicalTestingDivision¢ ResearclActivities

temperature on the properties d¢erritic/ Martensitic steels
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"~ Dislocation
{ 7
Loops

Critical load (mN)

Load (mN)

Probability

d

LD curves - pure Feirr.

5|0 1(I)O 1&)0
Depth (nm)

B Histogram (irr.)
[ Histogram (virgin)

1 —&— cumulative(irr.)
—e— cumulative (virgin)

0.6
Shear stress (GPa)

0.4
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Samples Pure FeFe9%CrEe9%GNIiSiPEurofer97
lon irradiationin HZDR up to 8MeV Fe iongfia, temp. 300 (and 454T)
TechniquesNanoindentationat rTand HT; SEM+FIB/EBSD & TEM; XRD & MD simulations

Results
U Elastic analysis based on the Hadxealed that the first popn is typicallycaused by plasticity
initiation

U Calculated shear stress is abouBBa(theoretical strength)
U Interstitial atoms like C influence pap behaviourby blocking preexisting dislocations
Mechanisms to consider:
U Dislocationnucleation at neighboring grain, unlocking pinned by C atoms dislocati@maiat
boundaries slip transfer?
U Do we sedhe impact of crystal orientation?

0 pop-ins 2 pop-ins
1.4 f
1,21
=10
£
=08
2
108
04
2l
. . . . . . ! 0.0 i . . . . . !
25 B} TH5 100 125 150 175 20 0 25 5} 75 100 125 15 175 20
Depth { nmj Depth {nmj
16 _
1 pop-in 3 pop-ins
1.4
1,24
%ﬂ.".}-
08
2
e
04 —
- 02 J
J 0.0 il
25 5} 75 10 125 18 175 A 0 25 5} 75 10 135 15 175 20
Drepth { nm) Depth {nm)
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Structureand CorrosionResearciDivisionc ResearchHnfrastructure

Metallographicsamplespreparation and analysis Microstructure characterizationg Light Microscopy
| | | U LeicaDM ILInvertedMetallurgicalMicroscope

Metallographlcsr.:lmplepre.pf':lrtlon 5.90“0” E" ‘\TA\ U Olympus BX53NWetallurgicalMicroscope
‘_f Cutoff mach|nes(p_reu_smncuttlng) QUALITY ASSURED U KeyenceVHx7000 OpticaMicroscope
U Manualor automaticgrinder/ polisher V Lightmicroscopy contrast methods such Beghtfield BF;
U Manualor automatic,electrochemical (100V)andvibropolishing(60- 120H32) Darkfield DF Polarizedlight POL andDifferential Interference
U Electrochemicapolishingandetching(0-25V)/ possibilityof electrolyticpolishingin cool Contrast DIC

temperaturemode V Olympusicensedsoftware for determining average grain Si

U HotMounting Press according to international standards

(i.a. ASTM E112, ISO 64B)dphaseanalysis

QATM Opal 41press QATMSE_iphirVibro
polisher

Olympus BX53M
MetallurgicalMicroscope

STRUER3 ectroPoklectrochemical _ _
polishing/ etchingsystem QATMSaphir250 M2 automatic
grinder/ polisher

KEYENCE VHBOO0 OpticalMicroscope 10
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Structureand CorrosionResearclbivisionc Researchinfrastructure

Samplegreparation and microstructureanalysis
p p y SEM/TEM_aboratoryfinancedby !\!'(%”MAMTFEtNMH
SEMmicroscopeHelios 5 UXDualBeam(ThermoFisher Scientific) R R D R

The Extreme High Resolution (XHR) Field Emission Scanning Electron
Microscope (FE SEMuippedwith:

C FIB Focused lon Beatechnology

C EDS (Energy Dispersivea} Spectroscopy)

C EBSD (Electron Backscatter Diffraction)

STEM imaging

lon BeamPrecisionEtchingSystem L ] % ; RecractabléSTEM 3+ detector
ThePEG lland PIPS (Gatan is usedto polish surfaces and removex’ ’
without damagewith two broad argon beamd his method is ™ o

powerful for producinghigh-quality samples
U for scanning electron microscope (SEMservations
U for SEMimagingand ED$napping
U for EBSxnalysis
u

for STEM, TEMbservationetc.

. . _ .:" 4 L Sy .:
Crystal orientatiormapping
HikariSuper EBSD Camera, 1400 fps
Operation down to 10Q@A/5kV

High resolution SEM imaging
Acceleration voltage: 350/30kV
Resolution: 0.6 nm (215kV), 0.7 nm (1 kV)
Detectors: ETD, TLD, ICD, MD, ICE

EDSChemical composition analysis
Octane Elite Plus EDS System
SSD detector, area: 30mm2, resolution
125eV, Si3N4

17
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SEM/TEM_aboratoryfinancedby

Structureand CorrosionResearclbivisionc Researchinfrastructure N@GMATEN
Samplegpreparation and microstructureanalysis CotcfEcelre Moo M

for Industrial and Medical Applications

I STEMEDShemicalcompositionanalysesof nanometric \
TEMMicrosco py precipitatesin FeCrAlY203Ti ODSalloy SafeGProject

PETANRCI M Inconelproducedin collaboration with the
- s s B University of Sheffield Nuclear Advanced
' Manufacturing Research Centre)

TransmissiortElectronMicroscopyTEMc JOEL F20Microscope

TEMwith STEM, HAADF, EDS, BEI, BF andeffors
Equippedwith in-situ tensileand HTannealingup to 100GCholders

.‘_‘;, .
AAAAAAA

TEM image and SAHiatterns of M23C6carbidein
additively manufacturedinconel 617alloy




