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CVCAP

Optical Microscope
with Micromanipulators

Optical microscope with micromanipulators is wused for forensic
and environmental analysis:

- monitoring and manipulation with microscopic dust particles containing uranium

- evaluation of nuclear solid state polycarbonate detectors after irradiation

The system is based on the LV100ND optical microscope with reflected
and transmitted light, full X-Y-Z axis automation and two Eppendorf
TransferMan 4r micromanipulators for sampling and grain sample
transferring.

The microscope is equipped with lenses with long working distance
and magnification between 40xi 1000x allowing work with micromanipulators
and sampling system tools. The microscope includes a color scanning
camera, PC with a separate graphic card and NIC Elements software for
communicating, processing, analyzing, evaluating and assembling of image
profiles.

.- e CICRR kristina.sihelska@cvrez.cz B
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CVCAP

Optical Microscope

with Micromanipulators

Light source:

Marzhauser LED100, equivalent power 100 W, halogen bulbs, continuous
intensity adjustment

Yellow halogen filter for each LED illuminance

Color filters i day, gray ND4/ND16, green

External light source Photonic F1, equivalent power 100 W, two 1000 mm long
light guides, adjustable arms

Eyepiece tubes:

Trinocular eyepiece tube, polarizing, special optics, 30° viewing angle, 50i 75
mm inter-center distance, 3-position light divider between eyepieces/camera
Wide angle eyepiece tubes with dioptric correction

One eyepiece tube with an intentional cross

Lenses

CFI TU Plan FLUOR EPI 5x, NA 0.15, WD 23.5 mm
CFI Plan EPI SLWD 10x, NA 0.20, WD 37.0 mm
CFI Plan EPI SLWD 20x, NA 0.30, WD 30.0 mm
CFI Plan EPI SLWD 50x, NA 0.40, WD 22.0 mm
CFI Plan EPI SLWD 100x, NA 0.60, WD 10.0 mm
5-lens motorized revolver

Stage

Scanning XYZ stage Marzhauser SCANplus, motorized, feed range 100x100
mm in XY axis and 40 mm in Z axis, accuracy 1 O m¢ontrol via PC and joystick

Software

NIS-Elements BR, Lucia Forensic - full-resolution live viewing, full-featured
camera control and XYZ directional motorized microscope parts

Options of scanning, saving and editing images, assembling of images in XYZ
directions, analysis and processing

.- s CICRR kristina.sihelska@cvrez.cz B
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CVCAP

X-Ray Fluorescence Spectrometer
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X-Ray Fluorescence Spectrometer is an instrument designed to determine
the chemical composition of both solid and liquid samples and it is also
possible to measure thin-film materials. The device is designed especially for
survey input elemental analysis of samples supplied to the Center of Very
Sensitive Analytical Instruments of the Research Centre ¥ e.g

The device is primarily designed for the analysis of non-radioactive samples,
but it can not be ruled out that some samples may contain a very small
amount of plutonium-containing contemination.
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CVCAP

X-Ray Fluorescence Spectrometer

Rapid elemental analysis form F to U
Sensitivity from <1 ppm up to 100 %
Measuriement times 10-60 sec per element
Adjustable X-ray beam size form 1to 15 mm
Sample imaging with CCD camera

Detector:

- Si(Li)

- electrical cooling

- crystal area 15 mm?
- crystal depth 3.5 mm
- X-ray Generator

- Rh standard, Ag optional

- Maximum power 50 W

- Voltage range: 41 50 kV in 1 kV steps \
- Current range: 0.02-1.98 mA in 0.02 mA steps

Sample chamber:

- Maximum sample size 30x40x5 cm (possible expansion for higher samples)
- Atmosphere: air, vacuum, optional He

- Autosampler for 10 and 20 samples

Software:

- WinTrace software

- Collect and process up to eight filtered spectra per sample for any number of
analytes

- Advance deconvolution algorithms

> /F- CICRR jan.gut@cvrez.cz E




CVCAP

SEM-FIB

Scanning Electron Microscope (SEM) LYRA3 GMU, company TESCAN
with autoemission electron source (Field Emission Gun, FEG) for chemical
(EDS, WDS), crystallography (EBSD) and sample preparation of TEM
lamellas, litography and nanowelding, nanomachining by focused ion beam
(FIB).

Microscope for analyses of metallic as well as non-metallic materials
in the mode of low vacuum or C, Au coated specimens.

- Electron source: Field Emission Gun (FEG) optimized for high resolution,
brightness and electron current

- Accelerating voltage: 0.05 up to 30 kV

- Detectors: SE, BSE, in-lens SE

- In-lens SE detector: resolution 1 nm at 30 kV

- e-Beam deceleration: non-conductive samples

- lon Gun: Galium Liquid Metal lon Source

- Chemical analysis: Energy Dispersive (EDX) and Wave Dispersive (WDX)
spectrometers

- Crystallography analysis: EBSD detector

- GIS (Gas Injection System) 1 local deposition of Pt, W, C

- FIB (Focused lon Beam): TEM lamella preparation, litography, nano-milling

.- s CICRR patricie.halodova@cvrez.cz B
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CVCAP

Secondary lon Mass Spectrometer

Model: IMS 7f, Manufacturer: CAMECA (France)

The IMS 7f is a universal SIMS designed for precision elemental and isotopic
analyses of solid surfaces. It has been optimized for challenging applications
such as glass, metals, ceramics, Si-based, IlI-V and II-VI devices, bulk
materials, thin films fulfilling industry and academia requirements for R&D
and process control.

Key analytical features of the IMS 7f for solving a wide range of analytical
problems:

Analysis of all elements (including H, He) and isotopes of periodic table

Excellent detection limits (for many elements at sub-ppb level)

A unique optical design allowing for both direct ion microscopy
(resolution ~1 O m and scanning microprobe imaging (resolution <500 nm)
Shallow (tens of nm) and deep (tens of um) concentration depth profiles (depth
resolution <1.9 nm/decade)

High mass resolution (M/DM > 20000 at 10% of peak height)

High precision isotopic ratios (<0.1 % from bulk, <1 % from micrometer-size
particles)

Requirements for sample preparation:

Vacuum compatibility (cleanliness, non-volatility)
Flat surface for accurate quantification
Maximal sample diameter 25 mm, maximal sample thickness <12 mm

.- B CICRR jan.lorincik@cvrez.cz B
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Scanning probe microscope model Dimension Edge Bruker company.

The instrument is designed to determine the surface structure with
nanometer lateral resolution and subnanometric resolution in a direction
perpendicular to the surface. In addition to surface topography, local
physicochemical properties of the surface can be measured using this device
and performing nanolithographic operations and manipulations.

The instrument is designed to characterize materials at the atomic level.

Measuring modes:

- Contact, tapping, non-contact AFM
- Phase contrast mode

- Power spectroscopy

- ScanAsyst, PeakForce Tapping

- Tunneling AFM, STM

- Lithography

.- e CICRR daniela.vesela@cvrez.cz B
f




CVCAP

Scanning Probe Microscope

Movable scanning head:

Movement in X, Y and Z axes
Maximum movementin X and Y axes 90em, Z 10 em

Motorized table:

Movement in X, Y axes

Maximum movement 150x150 mm

The possibility of inserting a sample with up to 150 mm in diameter
and up to 40 mm high

Vibration isolation table

Pneumatic:

Weight 295 kg
Dimensions: 611x611x787 mm
Dimension Edge Control System

Based on the Dimension Edge NanoDrive Controller control of air and vacuum
for a motorized table

Air Vacuum Module Kit delivers compressed air or a vacuum for a motorized
table

Tunnel / Conductivity AFM Module (TUNA / CAFM):

Allows the measurement of low and ultra low currents during scanning

The optional filter allows to achieve low noise

A current amplifier with a resolution of approximately 50 fA in two ranges; 10 pA
in the entire range and 100 pA in the entire range

Tip holder for STM

compatible with the measuring head

control by selecting the right software module

Software

NanoDrive 8.05
NanoPlot Nanolithography
Nano Scope Analysis Software Package

.- e CICRR daniela.vesela@cvrez.cz B
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CVCAP

X-Ray Diffractometer

Automatic X-ray diffractometer with a 4 kW generator (max. 60 kV, 100 mA),
the X-ray lamp has a Co anode (Co-KU, wavelength 1.789 j ) allowing the \
analysis of materials (powder samples and solid samples), there is also

a posibility for micro-diffraction in the case of very small amount of available

material. The goniometer of the instrument allows measurements using

symmetric (Theta-Theta) and asymetric (omega-2Theta, GI-XRD) geometries.

The instrument will be use for measurements of reference and irradiated

samples from the involved projects.

General parameters of the diffractometer:

- Diffractometer: Empyream 3rd generation (Panalytical)

- Goniometer: vertical, radius 240 mm

- Angular range: 0° < 2Theta < 160°

- X-ray source: Co anode (wavelenght Co-KU=1.789j )

- Automatic incident module iCore

- Focusing mirror for Co radiation

- Automatic secundary module dCore

- Detector: PIXcel 3D

- Automatic sample changer: 15 positions

- Programmable 5-axis Eulerian cradle (X,Y,Z, azimuth, tilt) with sample holder
- Software: Data Collector, HighScore+

- Database: PDF-4

Measuring configurations: Bragg-Brentano (reflection), transmission, grazing
incidence

.- s CICRR patricie.halodova@cvrez.cz B
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CVCAP

Laboratory of Light Microscopy and
Mechanical Properties

LU TEST]

Laboratory of light microscopy and mechanical properties enables
evaluation of metallographic sections of the light microscope Leica DM 2700
M in reflected light brightfield and darkfield, polarized light and Nomarski
DIC. The microscope is equipped with a 5 megapixel camera and software for
the qualitative and quantitative evaluation of the microstructure of samples
(measurement of the dimensions and details phases in the microstructure,
the evaluation of particle size, the proportion of phases, etc.).
The microscope also enables display by transmitted light for analysis of the
microstructure of thin translucent samples. The device is fully equipped for
the analysis of metallic and nonmetallic materials. The laboratory is also
equipped with microhardness from producer Struers 1 DuraScan 70,
which uses Vickers, Knoop and Brinell measurement methods with the load
range of 0.25 gfi 62.5 kgf a 6 position automatic revolver head.

LOM: Leica DM 2700 M

- 1 500x magnification

- Imaging brightfield and darkfield, polarized light, Nomarski differential
interference contrast (DIC)

Microhardness: DuraScan 70

- Load range 0.25 gfi 62.5 kgf

- Measurement methods: Vickers, Knoop, Brinell

> /4 ClCRR oksana.nechypor@cvrez.cz E
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CVCAP

High-Resolution Transmission Electron
Microscope (HR-STEM)

High-Resolution Transmission Electron Microscope (HR-STEM) used mainly
for radiation-induced damage analyses after neutron exposition. TEM
enables microstructural studies, chemical analyses and crystallographic
analyses at subnanometric level. Electron source FEG (Field Emission Gun)
enables high resolution higher than 0.2 nm, maximum accelerating voltage is
200 kV. Detectors for STEM are HAADF, ADF and BF. Diffraction modes are
CBED, NBED, SAED. Chemical analyses are performed with EDS, EELS,
EFTEM.

- Electron Source: Field Emission Gun (FEG)

- Accelerating Voltage: 200 kV

- Resolution: higher than 0.2 nm (up to 0.07 nm)

- HAADF STEM detector for Z-contrast

- EDX and EELS detectors for chemical analysis

- EF-TEM for high resolution, contrast and chemical analysis
- SAED, CBED, NBED modes

.- s CICRR pavel.zhanal@cvrez.cz E
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CVCAP

Preparation of metallographic sections
especially for LOM, SEM and TEM

Preparation of metallographic sections especially for LOM, SEM and TEM
(cutting, grinding, polishing, embedding into conductive and non masses of
hot and cold cleaning of the samples).

- Circular saw large

- Precise diamond saw

- IsoMetE Low Speed diamond Saw

- Manual and automatic grinders, polishers

- Hotmounting press and cold mounting

- Device for cleaning and drying the samples
- Stereomicroscope

- Electrolytic polisher

- Other auxiliary equipment

.
.- @ CICRR roman.janura@cvrez.cz B
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CVCAP

Active Laboratory for TEM Sample
Preparation

" Y

Preparation of irradiated and unirradiated samples for analysis in the
Transmission Electron Microscope, cleaning and control the quality
of prepared samples.

List of Lab Devices:

A Electrolytic polisher

A Cooling unit Lauda

A Stereomicroscope

A Plasma cleaner

A Vacuum tweezer

A Vacuum vault

A Vacuum dessicator

A Transport large box for irradiated samples
A Transport small box for irradiated samples

.- B CICRR iveta.prokupkova@cvrez.cz B
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CVCAP

Active Laboratory for TEM Sample

Preparation

Electrolytic polisher-TenuPol - polishing of Lmm and 3mm foils for TEM
Cooling unit Lauda - electrolyte cooling

Nikon stereomicroscope - optical control of the samples and record the shape of
polished hole after electrolytic polishing

Plasma cleaner - plasma cleaning of TEM foils, removal of contaminants from
surfaces

Vacuum tweezer - TEM foils transfer

Vacuum safe - storing samples of the active and inactive
Vacuum dessicator - archiving of TEM foils

Transport large box - transport large irradiated samples

Transport small box - transport small irradiated samples

.- B CICRR iveta.prokupkova@cvrez.cz B
J




CVCAP

Alpha and Gamma Spectrometers

The spectrometric system for sources of alpha and gamma radiation
measurements is modular system supplied by Canberra. The system consists of
two parts with a common power supply. The alpha system is composed of an alpha
spectrometer (model 7401VR), a rotary vacuum pump and an alpha PIPS detector.
The gamma system is composed of a HPGe detector (model GX50185S), a
cryostat 7500SL, a cylindrical Pb-chamber with thickness 100 mm, a detector

LN2 (model 1786A), a spectroscopy amplifier (model 2026) and a power supply
(model 3106D).

Measurements of gamma spectrometry i environmental materials, samples of
radioactive waste (liquid, solid, gaseous, drains), samples of technological
processes and research projects within the framework of internal and external
orders, workplace monitoring.

Measurements of alpha spectrometry i thin alpha emitters, including preparation of
the radiation sources, environmental materials and samples of radioactive waste,
workplace monitoring.

> /*- ClCRR jan.gut@cvrez.cz B




CVCAP

Alpha and Gamma Spectrometers

The spectrometric system with HPGe and PIPS detectors:
The power supply NIM BIN 2100

The gamma system:

AdPGe detector GX50185S/7500SL ULB,
APower supply 3106D,

ASpectroscopy Amplifier 2026,

AMultiport Il ADC MP2-3E,

ACylindrical Pb-chamber - 100 mm.

The alpha system:

Alpha PIPS detector PA45018,

Aulifa spectrometer 7401VR,

ARotary vacuum pump 7400-04.

> /*- ClCRR jan.gut@cvrez.cz B




CVCAP

The technical solution refers to a device for single-photon emission computed
gamma tomography, enabling a three-dimensional view into the interior of small
radioactive samples with a diameter in the order of units to tens of millimeters,

with a resolution better than 1 mma3.

The device is intended to display radioactivity's spatial distribution inside
the samples.

It uses radiation emitted by the sample itself, which is first narrowly collimated and
then detected.

.- e CICRR david.zoul@cvrez.cz B
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CVCAP

Non-Active Sample Preparation
for TEM, SEM and SIMS Analysis

Sample preparation for TEM, SEM and SIMS analysis. Work with non-active
and active samples. lon polishing system for TEM and SEM. C and Au
Sputtering coater.

Au Sputtering coater Q150T S:
- High resolution sputtering coater suitable for oxidizing and non-oxidizing metals
- Crtarget is available (SEM, TEM, SIMS)

C sputtering coater Q150T E:
- High resolution sputtering coater for SEM and TEM applications
- Equipped with inlay for carbon stick

lon polishing system llion +lII:
- Bulk sample polishing with Ar ion beam (SEM)

lon polishing system PIPS II:
- Thin foil polishing with Ar ion beam (TEM)

Dimple grinder:
- Mechanical grinding system for ultrathin (< 20 O m yample preparation (TEM)

> /4 ClCRR oksana.nechypor@cvrez.cz E
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Testing possibilities:

- Effect of radiation and temperature on agging materials.
- Simulation radiation and temperature conditions in the nuclear

powerstations.
- Testing materials for space industry.

- Testing impact of gama radiation on the materials.
- Sterilization tools for health care industry.

- Glass coloration

- Radiation source Co-60
- Radiation activity 150 TBq

- Testing in temperatures from -180 to +400 °C

- Possibility to provide testing in vacuum

. "+ CICRR

vit.rosnecky@cvrez.cz E
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Scanning Electron Microscope
MIRA3 GMU

Analytic Scanning Electron Microscope (SEM) MYRA3 GMU, with
autoemission electron source (Field Emission Gun, FEG) for chemical (EDS,
WDS), crystallography (EBSD) and tensile stage for in-situ mechanical
testing at room or hight temperature. Microscope for analyses of metallic
as well as non-metallic materials in the mode of low vacuum.

Electron source:

- Field Emission Gun (FEG) optimized for high resolution, brightness and electron
current

Accelerating voltage:

- 0.05upto 30 kv

Detectors:

- SE, BSE, in-lens SE-In-lens SE detector: resolution 1 nm at 30 kV

E-Beam deceleration:

- Non-conductive samples

Chemical analysis:

- Energy Dispersive (EDX)

Crystallographic analysis (EBSD) with in situ mechanical and thermal loading

tests of the samples Y max. |l oading force

600 °C

.- o CICRR david.bricin@cvrez.cz B
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Hall 213

Supercritical Water Autoclave -
SCWAC

Supercritical water autoclave with specimen channel with diameter 25 mm for
material tests under SCW conditions. Autoclave pressure vessel is made from
Inconel 600, vessel has external heating and small liquid flow in milliliter per minute
scale.

Aworking temperature: 600 AC
Aworking pressure: 25 MPa
Aorocess liquid: pure demi water

. e CICRR jan.vit@cvrez.cz B




Hall 213

Static Tanks COLONRI

Five separate vessels (static tanks) for experiments with Heavy Liquid
Metals: Pb, PbBi, PbLi.

No. 1 and No. 2:

- Diameter: 100 mm

- Height: 200 mm

- Gas sytem: Ar or Ar+H,, vacuum
- Access: 3x port CF 40

No. 3, No. 4 and No. 5:

- Diameter: 150 mm,

- Height: 300 mm,

- Gas sytem: Ar, Ar+H,, Ar+O,, vacuum

- Inert gas chamber for inserting the samples

- Oxygen probe in liquid metal for oxygen contrrol

- Liquid metal is kept in inert container (Alumina crucible)

o
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Hall 213

KARELIA Loop
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Loop for testing pumps of liquid lead.

o
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Hall 213

Autoclave COSA

The COSA Autoclave is based on the the Parr Instruments Series 4530
reactor mounted on a movable cart. It is designed to be moveable, allowing
for easy relocation. The reactor is equipped with a Grafoil gasket, which
allows for operating temperatures up to 600°C. This high-temperature
capability along with inert gas handling systems makes it particularly
suitable for a wide range of experiments, including those involving liquid
metals.

The COSA autoclave features a main vessel with a 2-liter capacity and inner
dimensions of 4 x 10.5 inches. A head with magnetic coupling enables continuous
stirring of the v e s s eohténts, and multiple 1/80 N Pand 1/46 N P gdorts allow
for the connection of additional accessories. Inert gas, such as Argon, Helium
or other can be used as cover gas to displace atmospheric oxygen and maintain
oxygen free environment during the experiment. The autoclave is supplemented
with an external melting/filling vessel of 3L volume, which is connected to the main
vessel with a heated 1/2ftube with a high temperature valve. The melting vessel
has a pure Iron liner to reduce contamination of the liquid with other metals present
in the vessel material. During an experiment, samples of the liquid can be taken
using a dedicated liquid sampling system which uses ceramic tubes to prevent
contamination of the sample with other metals. The sampling system is designed
with particular emphasis on preventing changes of the inner atmosphere during
the sampling process.

.- s CICRR jaroslav.kekrt@cvrez.cz B
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Hot Cells

Hot Cell 1T Metalography

It is a hot cell designed for work with irradiated samples, where especially \
metallographic cutouts for LOM and SEM are prepared (Cutting, Grinding,

Polishing, Hot and cold pouring into conductive and non-conductive

materials, sample cleaning).

Laboratory equipment:

- Slow speed metallographic gravity saw for cutting material up to I 38 mm
or 30x40 mm size

- Metallographic saw for cutting material up to I 70 or 50x165 mm size

- Metallographic press for hot potting of samples | 40 mm

- Combined automatic metallographic grinding/polishing machine with 3 sample
holders T 40 mm with automatic dosing of polishing slurries.

- Ultrasonic cleaner for sample cleaning

- Stereomicroscope Zeiss Stemi 508

- Metallographic pr é@mm litisapressavith pot ti ng: |1
electro-hydraulic principle without the need of compressed air

-Slow running metall ographic gravmmy saw fc
or 30x40 mm size

- Metallographic saw for cutting samples with a diameter up to 70 mm
or 165x50 mm size

- Metallographic grinder/polisher (polishing plate diameter 200mm) equipped by
holder for thomm) samples (I

.- e CICRR petr.svrcula@cvrez.cz B
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Hot Cells

Hot Cell 2 VCNC Machining

The combinated CNC machining center with four controlled axis equipped by
lathe machine for round samples production. CNC grinding machine for
surface grinding, which includes cycles for all the usual methods of surface
grinding.

Lathe machine:

- Maximum worpiece length: 200 mm

- Maximum workpiece diameter: 600 mm

- Maximum workpiece weight: 5 kg

- For production of round shapes testing samples

Grinding machine:
- For grinding samples of type: TPB, ¢ TPB, CT, 0.5 CT, RCT, flat samples

.- s CICRR petr.svrcula@cvrez.cz B
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Hot Cells

HK3 - Electrical Discharge
Machine

\

EDM for machining and cutting of testing specimens without heat treatment of basic
microstucture.

The cutting is realized by cutting wire with different diameters (0,1 up 0,3).

The range of table movementinx, vy, z

Maximum parameters in each axis X: 30cm, Y: 39 cm, Z: 12cm

Maximum workpiece weight: 5 kg

For production of samples shapes: TPB, ¢ T P, BT, 0.5 CT, RCT, flat tensile
specimens.

petr.svrcula@cvrez.cz B




Hot Cells

HK4 - Autoclave Testing System

Autoclave testing system: High-temperature autoclave with waterloop
with controled chemical composition and performing testing of material resistance
in pressurized or boiling environment.

The device enables to perform the following types of tests:

a) test according to DIN EN ISO 7539, thus measuring sensitivity to stress
corrosion cracking.

b) determining the resistance of the material against static, slow and cyclic stresses
in the water environment.

Autoclave with water loop

Device for testing materials in controlled environment (water, high pressure,
high temperature).

Main parameters: Loading up to 40 kN; maximum testing temperatures: 350 AC
(water with controled chemical composition); maximum sample size: 1 CT

Test type: Tests of mechanical and corrosion resistance properties (Stress
corrosion cracking, slow strain rate test, lubricant hydrolysis), crack growth rate
test.

.- s CICRR petr.svrcula@cvrez.cz B
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Hot Cells

HK5 - Fuel Cycle

The device is intended for research and development of pyrochemical separation \
methods in molten fluoride salts and for use of fluorinating agents (especially

fluorine, hydrogen fluoride) for separating technology of the fuel cycle of new-

generation nuclear reactors. Key devices are placed inside the hot cell, which is

equipped with a shield visor, camera surveillance system and a pair of mechanical

copying manipulators. The safety is ensured by dose rate probes placed in the

chamber and operators center, active ventilation, radioactive drainage for liquid

radioactive wastes with retaining tanks and probes for measuring of the volume

activity.

Ashielding material: steel
Anaximum activity: 300 TBq
Aallis crane (25 tons)

Aairlock for insertion of samples
Ashielding visor

Aootentiostat PARSTAT 4000

.- s CICRR petr.svrcula@cvrez.cz B
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Hot Cells

Hot Cells 51 Pycnometer
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Using water pycnometer allows for the determination of the density
of material with open pores and cracks, measured through the water volume.
Helium pycnometer uses helium gas to determine the volume of the material,
including its internal pores. Based on the known weight of the material, its
density can be determined. By comparing and converting the results of these
methods, the porosity of the material can be determined.

Water pycnometer:
- Analytical balance Kern ABS-N_ABJ-NM
- YDB-03 kit for density determination

Helium pycnometer:

- Pycnomatic ATC (Thermo scientific Porotec)

- Using helium gas of quality 6 (minimum 4) as the medium. Minimum required
weight of the sample is 1 g

.- B CICRR petr.svrcula@cvrez.cz B
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Hot Cells

Hot Cell 6 7 Recelving, Sorting and
Storage Cell

Hot cell 6 is designed to receive samples from the customer in various
transport containers. After receiving specimens, they are identified, sorted
and stored
in marked cases and stored or transported to other hot cells for further
testing.

The hot cell is equipped with a transport carousel, a storage vault, a saw for
rough cutting of various capsules with specimens, an ultrasonic cleaner and
various tools for disassembling and sorting specimens.

.- s CICRR petr.svrcula@cvrez.cz B
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Hot Cells

Hot Cell 7T Universal Hydraulic
Tensile Testing Machine

Universal hydraulic tensile testing machine i tensile and compression:
Servo-hydraulic testing machine for fatigue tests of round or quadrangular
cross-sections  samples, loaded under stress  (tension-compression)
with the possibility of testing in the temperature range from -80 to at least 800 °C.

- Fatigue tests of low cycle fatigue, with controlled force (soft loading)
or with controlled deformation (hard loading)

- Measuring the speed of crack propagation depending on the amplitude
of the stress intensity factor for CT specimens

Universal hydraulic tensile testing machine 1 tensile and compression,
torsion:

Servo-hydraulic test machine for fatigue tasting of round or quadrangular
cross-sections samples, loaded in combined stress (tensile-compression, torsion),
with the possibility of testing in the temperature range from -150 to at least 800 °C
(air).
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Hot Cells

Hot Cell 7 VUniversal Hydraulic

Tensile Testing Machine

Universal tensile testing machine:

- Device for testing mechanical properties

- Tension and compression up to 250 kN

- Combined axial-torsional loading

- Testing temperatures: -150i 350 °C (liquid nitrogen-air), RTi 800 °C (air), RTi
1200 °C (argon/vacuum)

- Maximum sample size: 10CT

- Test types: tensile test, fracture toughness test, low cycle fatigue, combined
loading test

- Producer: Igitur (Instron)

Universal servohydraulic tensile testing machine for combined loading:

- Tension and compression up to 25 kN

- Combined axial-torsional loading with maximum load of 100 Nm

- Testing temperatures: -1501 800 °C (air)

- Test types: tensile test, fracture toughness test, low cycle fatigue testing \
(tension/compression) at RT, low cycle fatigue testing (uniaxial and combined
loading), torsion, combined loading

- Producer: Igitur (Instron)
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Hot Cells

Hot Cell 8 T Electromagnetic
Resonance Testing Machine

Electromagnetic resonance testing machine: the axial dynamic load strength
of at least £ 25 kN, with the power capacity of at least £ 50 KN (x 10%)
and the maximum stroke amplitude of at least 2 mm and 250 Hz.

- Fatigue tests in high cycle fatigue

- Creating a crack on CT and TPB specimens

Measuring devices for tested irradiated specimens: A set of instruments
capable of measuring basic parameters of irradiated specimens. Automatic
multisensor measuring device for determining the dimensions of test
samples using video sensor and probe.

Electromagnetic driver mounted to the main mass in the upper crossbar

for the resonant excitation. The system operates in resonant operation,

which is influenced by the main mass set in the upper crossbar, sizes against mass

and elasticity of the loaded test sample.

- Maximum dynamic load: at least + 25 kN

- Maximum static load: at least + 50 kN

- Maximum combination of static dynamic loading must achieve = 50 kN (£ 10 %)
Frequency range: at least 50-250 Hz

- Maximum lift amplitude: at least 2 mm
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Hot Cells

Hot Cell 8 VElectromagnetic

Resonance Testing Machine

Measuring equipment:

3D coordinate measuring machine CNC control

Measuring camera equipped with a CCD chip

Possibility of setting light levels measured body (segmental circular lighting)
touch probe placed in the feeder, automatic clamping probe

Measuring range: X min. 150 mm, Y min. 150 mm, Z min. 100 mm

Axis accuracy at maximum measuring range: X i 10 mm, Yi 10Q0m, Zi 10 mm
Clamping system allows you to measure these test specimens: CT, 1/2CT, TPB,
OT P Bensilel 3and 4 mm.
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Hot Cells

HK9 - Vertex Automated Precision
Measurement Systems

Measuring devices for tested irradiated specimens: A set of instruments
capable of measuring basic parameters of irradiated specimens. Automatic
multisensor measuring device for determining the dimensions of test samples using
video sensor and probe.

Measuring equipment

3D coordinate measuring machine CNC control, Measuring camera equipped with
a CCD chip, the possibility of setting light levels measured body (segmental circular
lighting), touch probe placed in the feeder, automatic clamping probe, measuring
range, Axis X min. 150 mm Measuring range axis Y min. 150 mm Measuring range
, Z min. axis 100 mm X-axis accuracy at maximum measuring range of at least 10
mm, accuracy Y axis at maximum measuring range of at least 10 micron accuracy
in the Z axis at maximum measuring range of at least 10 mm, the machine base
insulation against vibration. Clamping system allows you to measure these test
specimens: CT,1/2CT,TPB,e TP,B Tensile 1 3a4 mm.
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Hot Cells

HK9 - Electron Beam Welding
Machine

Electron beam welding machine for preparing and reconstution of samples,
including vacuum chamber and control system,

with methodics for reconstution irradiated Inserts test speciments according to
standard ADSM E 1253-13.

Klectron's generator - Power voltage 55/60kV

ABeam's current - max 90-100mA (reality for user 30/23mA)
Awnelding in Vacuum Pa 10-6

ASize of work place 450x450x450mm
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Hot Cells

HK10 - Electromechanical Creep
Machine

Creep machine:

Electomechanical creep testing machine with 50 kN load, equipped with high-
temperature furnace (up to 800 AC), system for measuring the deformation of
samples and recording measured data. Two extensometers (video and laser) are
available for precise deformation determination. The creep facility includes
clamping adapters for a number o test specimens, accessories and can be used for
testing up to 800 AC using software for controlling basic tests and evaluation.

The equipment allows to perform the following types of tests:

a) tensile and bending creep tests to fracture according to ASTM E139, E292, crack
growth in creep according to E1457 - 13

b) tensile and bending creep tests with a cyclic loading

C) release stress test at constant deformation

Electromechanical creep machine

Is a device for testing of mechanical properties at elevated temperatures.
Main parameters: Loading up to 50 kN; Maximum temperature: 800 AC (air)
Test type: Elevated temperatures creep test, Creep-fatigue test.
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Hot Cells

Preparation Room for Thin Cuttings from
Irradiated Aggregate Samples: Glove Box,

Fume Hood, LOM

This is a shielded glove box for working with irradiated samples of
aggregates, ceramics, concrete, etc. Equipped with the Abele system (fa.
Struers)
for the preparation of thin cuttings. An unshielded hood for preparatory work
on samples equipped with a heating plate, an ultrasonic bath, a UV box and
other supporting equipment. Light optical microscope (LOM) metallographic

microscope from Nikon Eclipse LV100N POL.

- Service life: 10 year

- Energy: 5 kW

- Installation: El. outlets, compressed air, alcohol circuit
- Service: 2 perators 1 dosimetrist

.
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