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Energiatudomanyi -

* Neutron fluxus mérése a RAD berendezésnél, a 2-es szamu radialis csatornan

* Aktivitas mérése gamma-spektrometriaval, a telitési aktivitas meghatarozasa

* |smerkedés a nuklearis adatbazisokkal

e Az aktivalt mintakban lejatszodo nuklearis reakciok meghatarozasa

* A szukséges reakcio hataskeresztmetszetek letoltése, bomlasi séma jelentfsége
* Modell neutron fluxus gorbe illesztése és a paraméterek meghatarozasa

* Eredmények
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Kutatokézpont @ RAD neutron-nyalabkivezetés
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Energiatudomsnyi Az aktivalt foliak mérése az NAA D5-6s detektoran

Kutatékozpont

Gamma Viewer - D:\MyDocuments\Energiakutatd-Intézet\20200BNC\RAD_fluxusmérés\RAD_Kis_Zoli_Fluxusmonitorok_2018apri01331_RAD_Ni5_Cd_10cm_3d.5pc
File Edit View Calibration Help

& Wl = (1% - @0 e

[Expand: 782 745 keV to 649936 key | 4092 ch (516,24 kev) - 240 ont [ {E10292 ke ;39658)

. 811keV

Nikkel folia bomlasi
spektruma Cd takarassal,
spektrum :

01331 RAD_Ni5 Cd 10cm

Mi-58(n,p)Co-58
(E,=811 keV) : -

Acquisition Info | Calibration Info HDIInfDI Libramy Search Muclide I | Compare Mode | Reporting

Elapsed Time |nfo Spectium Infio
. Acquisition start: 2018, Apriis 19, csiitartdk, 13324
Live Time: ZDT g, mode: 0
- Murnber of Channels: 16384
Vi Vs EeEIgzs Integral: 534056 Fiate: 20619 ops
Diead Time: 0.00% I— Mawimum Count: 37707
sad Hime Sample ID; 01331_RAD_Ni5_Cd_10cm_3d 5
Fleady. [13:10 202012 02
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Kutatkdzpont @ Guilheim Paradol (Phelma IPN) nyari szakmai gyakorlatos nuklearis mérnok

’ UGA Lestechnologies de demain simaginent aujourdht f v o I
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A school for tomorrow's

Operando characterization of the structure and

technologies
interfaces of batteries using 3D synchrotron / neutron
N R : , ; techniques
School of engineering in LA e " 4l by Guilhem Parado

Physics, Applied Physics,
Electronics & Materials : : - S {
Science EEl : y e it e [ 11 Summary

3 ’ : : % y : The thesis focuses on the advanced characterization of materials for lithium ion batteries, in particular
silicone-graphite or lithium metal anode materials as well as solid electrolytes. This operando
characterization will be done by 3D method in order to document the spatial distribution of the
intermediate phases, their stability as well as their aging, the constraints and tensions at the global level as
at that of the particles, the transformations and heterogeneities at the nanometric scale, microstructure
”, ’r ”, and morphology at the component level (electrode / electrolyte), as well as the distribution, trapping and
FEIadata: (Temavezeto BEIgya TamaS) deposits of lithium, in particular at the interfaces. To do this, 3D tomography synchrotron / neutron

measurements will be set up in collaboration with partner researchers at ESRF and ILL, as well as with other

) A m é rt ga mmas pe kt ru mok k|é rté kelése a te I |'tés| a kt|V|téS projects of the FOCUS program developing new materials and complementary experiments and models. The
’ work of the thesis will also focus on Big Data analysis which is essential for processing the data collected

L L during measurements. Algorithms will be developed to reconstruct 3D structures and exploit the full

meghata rozasa potential of 3D tomography measurements, which could lead to machine learning codes. The results thus

obtained will be analyzed in close collaboration with research groups working on battery modeling. with the

. . Vé 7 . 7 .
MEglsmerkedes d nNu klea ris adatbaZ|SOkka| other projects of the FOCUS program developing new materials and complementary experiments and
models. The work of the thesis will also focus on Big Data analysis which is essential for processing the data

i AZ d ktlva, It m | nta, kba n IEJétSZéd é nu kleal rls rea kClé k megh atal rOZésa collected during measurements. Algorithms will be developed to reconstruct 3D structures and exploit the

full potential of 3D tomography measurements, which could lead to machine learning codes. The results

° A Szu kSégeS hatéSke resztmetszetek Ietoltése thus thaingd will be analyzed in close collaboration with research groups working on battery
modeling. with the other projects of the FOCUS program developing new materials and complementary
. . ’ Vé Vd . . . . . . . .
° experiments and models. The work of the thesis will also focus on Big Data analysis which is essential for
MOde” neUtron ﬂuxus gorbe IIIeSZtese es a parameterEk processing the data collected during measurements. Algorithms will be developed to reconstruct 3D
s 4 structures and exploit the full potential of 3D tomography measurements, which could lead to machine
meghata roza Sa learning codes. The results thus obtained will be analyzed in close collaboration with research groups
, , P working on battery modeling. Algorithms will be developed to reconstruct 3D structures and exploit the full
L d Jelentes kESZItES potential of 3D tomography measurements, which could lead to machine learning codes. The results thus

obtained will be analyzed in close collaboration with research groups working on battery
modeling. Algorithms will be developed to reconstruct 3D structures and exploit the full potential of 3D
tomography measurements, which could lead to machine learning codes. The results thusgbtained will be

2020. december BNC Karanténbeszamolok analyzed in close collaboration with research groups working on battery modeling.
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Kutatokdzpont @ Telitési aktivalas és mérés

A t,idejl aktivalas soran keletkezé N, leanymagok szama, ha a kiindulo atommagok szama Ny = Ngjem 0iz0t6p €5 @ Neutron
fluxus @, (E) id6ben allandd, tovabba a leany atommag bomlasi allanddja A és a reakcio hataskeresztmetszete o (E)

°° 1 —exp(—At,)

Ny(te) = Ny fo o (E) g (E)IE— 2

telitési v. saturation faktor, a <ﬁ=fooo @, (E)dE az atlag fluxus ésa g = fooo o(E)@,(E)dE /{p az atlag hataskeresztmetszet.

= N15(ta)j o(E)p,(E)dE = N,S(t,)a@ , ahol S(t,) az G.n.
0

A t4idejl hiilés utan maradt leanymagok szama N, (t, + t;) = N,(t,)exp(—Aty), ahol D(t;) = exp(—At,) az u.n.
hdlési v. decay faktor.

A t,,idejld mérés utan maradt lednymagok szama N, (t, + t4 + t,,) = N, (t,)exp(—A(t +t,,)), amibbl a mérés
alatt elbomlott lednymagok szdma Ny ,,, = Ny (tg + tg)-No(tq + tg + t)=N16@S(t,)D(t4)(1-exp(—At,,), ahol
C(tm)

C(t,,) a szamlalasi v. counting faktor.

Miutan a mérés alatt elbomlott atomok szamat az altaluk kibocsatott v, B vagy a sugarzas szamlalasaval mérjuk, a kapott
pl. y csucsterulet T

T —_——
le(ta)D(td)C(tm)e(Ey)py =0

T = NlﬁgﬁS(ta)D(td)C(tm)e(Ey)Py, ebbdl az 1 atomra a telitési rata R =

2020. december BNC Karanténbeszamoldk 7



Energiatudomanyi

Kutatkdzpont Nuklearis adatbazisok | IAEA NDS

® EKWeb | » Hap | '@ Google labsan | @ kazéps |  White | [ PhPre | § (20+)¢ | I theses [RCHNEVERH Decay | | @8 Phys

« > C 8 nds.iaea.org/relnsd/vcharthtml/VChartHTMLhtml

CQ#w BEYwe L » @

Live Chart of Nuclides -

H) nuclear structure and decay data
email: nds contact point guide & sources

color zones by
value ® qua

Main Decay Mode

, Mass chains
and ec decays plotting

«_ Meutron Cross Sactions
® neconance Integrals

List of updates

From Jan 2015 & 202
« Click on a nuclide to he data tabs.
- Double click to bring it to the centre,

hechart drag

zoom

- Numeric keypad: zoom with 3 and 7
Use 8, 6, 2, 4,9, 110 move and § to reset

Ground State isomers Levels Gammas Decay Radiation Nuclear Moments MNeutron Capture Fission Yields Schema Plot
" New in Livechart Medical Isotopes Search & Filter 4 3D Plotting e ] e DECEY Portal Isotope Browser for mobile
B+ part of y radiation Accelerators B ey panel on : ll © with zoom, rotation, cormpare different —_— - e
i : - — . =@ &
in EC B+ decays simulation structure and decay & and filter evaluations e &, ' E
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Energiatudomanyi OECD NEA Janis Web

Kutatékozpont

PhPre | § (@

& C  #® oecd-nea.org/fjanisweb/book/neutrons/Ni58/MT102/renderer/459 @ ¥ B Y ow ot o W S 0 :

* By nuclide ~ | << 27-Co-60m 28-Ni-58 28-Ni-59 >> | — Plotter
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r JI
e MTI105 (n,t) Incident energy
o MT107 {n,a)
: mgéé (n.p+a) ¥ NEA [ Incident neutron data -
(n,n+p+3He) » EXFOR / Cross sections / Ni58 [ (,5)28-NI-59
o MT192 (n,d+3He) BROND-3.1 / Cross sections / Ni58 [/ MT=102 : (z,y) / Cross section et
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o 28-Ni-65 JENDL-4.0u / Cross sections / NiS8 / MT=102 : (z,y) / Cross section et
: gggj JENDL/HE-2007 / Cross sections / Ni58 / MT=102 : (z,y) / Cross section eOT
@ 31-Ga TENDL-201% / Energy-angle distributions / Ni58 / MT=5 : (z,anything) / MF3+MFE6MTS -

e M m
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Energiatudomanyi s y
Kutatokézpont @ Magreakciok

Bemen{ csatorna

v

K6zbensd
mag

1016

Kimeno csatornak reakcio

n

»

v

v

v

élettartama:

v

v

»

v

>

(n,fy) )
hasadas
(n,Xn fy)

(n,n) rugalmas széras
(n, v) sugarzasos neutronbefogds

(n,n”y) rugalmatlan széras

(n,py) » (p,P’Y), (P, N), (P)Y) ...

(n,2ny)
(n,3n7) } magreakcio

(n,ay) > (o,p), (a, n), (o)) ...

Ha az /;XN szil6magbdl a reakcio v. aktivalas (befogds) soran keletkez6 leanymag
instabil, akkor egy vagy tébb bomlassal addig bomlik, amig stabil leanymag

keletkezik

2020. december
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Ni58 (n,p) or Co58 production
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Energiatudomanyi

Kutatokozpont Modell neutronfluxus

Maxwell (termikus) neutron & fluxus str(iség Epitermikus fluxus stirliség

IV.2,2. Other spectrum representations

II. 1,1, Maxwellian spectrum

The 1/E™*™ spectrum representation

When neutrons reach thermal equilibrium with the moderator, their

As i d ab ti V.2.1,), the 1/E spectrum can onl;
energies are determined by the thermal energy distribution of the moderator messioned: boye (Section, [ ) [ I o

17 Lo . S be expected under certain conditions (called a....e) that are not always
0 : +  atoms and the neutron energy spectrum bccome.s a Maxwellian distribution satisfied in practice. Recently, Schumann and Albert [11] have given a
I . at the tempera'.urg T°K of ‘.he‘moderator material, This spectrum 1»9 com=- qualitative description of the deviations from the 1/E shape in the energy
L . , monly expressed in several different forms which must be clearly dlstip- region from 1 to 500 eV that can be expected when the assumptions are not
o ) . guished, .Eilher the neufron flux or the neu.tron density is quoted and either valid any more. Their arguments are repeated here,
105+ : ) may be given as a function of neutron velocity or of neutron energy. A violation of requirement (a) discussed in section IV.2.1, that the
: The neutron density as a function of velocity n(v) is given in Eq.(IL 1) medium is homogeneous and infinite, has no strong effect. For a finite
L ’ o Do ‘ ' and the neutron flux as a function of energy 9(E) in Eq.(II. 2). Both of these heterogeneous slab-type reactor the neutron spectrum in the moderator
) equations are normalized to unit area (Fig.I1. 1), can be written as .
B 107} - | INTERMEDIATE | 4 /m )3/’ 2 2 . 221 /D
M o ‘ : n(v) = T\ kT v* exp(-mv*/2kT) (II.1) P(E) « Ehm with -m = 7 75 5—}:) (IV. 14)
s :
o L E
E Cold 9(E) = Tl exp(-E/kT) (1L 2) where £ denotes the linear dimension of the fuel region, D the diffusion
E ., Thermal  Epithermal coefficient and £E; the slowing-down power. If the fast neutron sources
S L . are not homogeneously distributed (as assumed under (b)) but localized,
* Subcadmium Epicadmium Neutron fluence measurements, Tech, Report Series No. 107, |AEA, 1970 p. 7 then for large distances to the sources the spectrum decreases steeper
o L (C-Neutrons} ~N) than corresponds with the 1/E shape.
- " AKY
@ mta LV MRS BATATOABLSNT
z
w10t -
c
> ) ¢
3 i 11.1.2. Fission neutron spectrum
w .
z
g AN Resonante - The energy distribution of neutrons produced in the fission process is
2 known as the fission spectrum and has been measured for all the common
z X fissile elements. Several empirical relations have been fitted to the experi-
mental results within the accuracy of the measurements, of which one of
o L the most commonly used is that due to Watt [2].
i s(E) = AeE sinh J2E _ (11. 4)
3 , ! i I where E is the energy in MeV S(E) the number of neutrons per unit energy
10
10" 10° 1" interval and A is the normalizing constanty2/(re) = 0, 484, Modifications
NEUTRON ENERGY, E{eV) . to this ‘fo}nnula have been made by including fitted constants in the two
. terms (3 ’

Therefore, the flux density 9(E) is
= AebE SinhVoE
) ) ) s(E) = Ae gmh cE s o(E) = n(E) v - 2 E)
where, for?2¥%U, A =0,4527; b =1.036; and c = 2,29, This expression
differs only slightly from that due to Watt,
An alternative form of the fission spectrum which is also frequently
used is the Maxwellian form

FIG.1 1.1. Typical neutron differential spect:um in a well-moderated reactor showmg the various components
generally used in the literature to describe neutron energy regions, - L

S(E) = aVE exp (-Efe) (11. 5)

where ¢ is the characteristic énergy of the p‘l-ocess"and a = 2/ (med).
For 235U the best value for € is 1. 290 MeV which gives a = 0, 770,
Figure II. 2 shows the fission spectrum S(E) in the Maxwellian form,

2020. december BNC Karanténbeszamoldk 11



Energiatudomanyi - . , / ’
Kutatokozpont @ Kadmium arnyékolas

uuuuu

CdNat (n,y)

Flux 1/cm?/s

Incident energy

CdNat (n,total)

1111111

11111

10 mev 100 meV Lev
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——Flux (/cm?/s)

——Flux_tr (/cm?/s)

1E-05

1E-03 1E-01 1E+01

E, eV

n

s
m
)
~l
o ..'

o-—o—a—a—0"

—E*flux_tr -e-E*flux

0E+00 / e

1.E-09 1.E-07 1.E-05

1.e-03

1.E-01 1.E+01

E,eV
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Neutronnyaldb transzmisszio:

Ptr (E) = Qobee_G(E)*a

A feltleti atoms(rdlség a:

9
cm3
112.4g

a = 0.05cm x 8.65 X 6-1023

1
=73-10—;
cm

A Cd arnyékolasnal az
atmend fluxussal
(narancs gorbe)
szamoltuk az atlag
hataskeresztmetszetet

A hataskeresztmetszetet
a Janis szoftverrel
toltottik le a korrelacid
matrixszal egyltt

12



Energiatudomanyi
Kutatékozpont

Magreakciok azonositasa a besugarzott foliakban

A Cd-arnyékolas elnyomja a sugarzasos neutronbefogasi reakciot és ezért kiemeli
a rezonancia és gyors neutronos reakcidkat

Decay observed target & reaction reaction %| R% error | Gamma energy (keV) ‘ y-Yield % | Exp_reaction_rate | Error Rs
IN115m In115 (n,n'), metastable 100.0%| 0.0% 336.24(2) 0.459 4.72052E-18 1.35E-19
Ti47 (n,p) 99.7%| 0.2%| 159.38(2) 0.683 4.46244E-19 2.1E-20
Sca7 Ti48 (n,d) + (n,n+p) 0.3%| 0.2%
Ti49 (n,t) 0.0% 0.0%
~058 Ni58 (n,p) 100.0%)| 0.0% 810.7593(1) 0.9945 2.77902E-18 2.54E-20
Ni60 (n,t) 0.0% 0.0%
VNS4 Fe54 (n,p) 100.0%| 0.0% 834.848(3) 0.99976 1.93978E-18 1.3E-19
Fe56 (n,t) 0.0% 0.0%
Ti46 (n,p) 99.9%| 0.1%| 889.277(3) 0.99984 3.20328E-19 2.42E-20
Sc46 Ti47 (n,d) + (n,n+p) - TENDL 0.1% 0.1%
Ti48 (n,t) 0.0% 0.0%
Fe56 (n,p) 100.0%| 0.0% 846.764(2) 0.9845 3.97029E-20 1.6E-21
Mn56 Fe57 (n,d) + (n,n+p) 0.0% 0.0%
Fe58 (n,t) 0.0% 0.0%
Na24 Al27 (n,a) 100.0%| 0.0% 1368.672(5) 0.999936 2.74521E-20 8.31E-22
89 Zr90 (n,2n) 99.9% 0.1% 909.15(15) 0.9904 5.89178E-21 5.52E-22
Zr91 (n,3n) 0.1% 0.1%
Zr97 Zr96 (n,g) 100.0%| 0.0%| 743.36 0.9309 1.0787E-17 5.24E-19
\n114m In113 (n,g) 99.7% 0.0%] 190.27(3) 0.1556 3.74388E-16  2.5E-17
In115 (n,2n) 0.3% 0.0%
Ti48 (n,p) 83.1% 8.5% 983.526(12) 1 1.32393E-20 2E-21
Sc48 Ti49 (n,d) + (n,n+p) 16.9% 8.5%)
Ti50 (n,t) 0.0% 0.0%
58Ni (n,t) 39.6% 20.8% 846.770(2) 0.999399 3.94097E-21 2.43E-21
Co56 58Ni (n,n+d) 11.6%| 3.4%)|
58Ni (n,2n+p) 48.8% 17.5%
Ni57 58Ni (n,2n) 100.0%| 0.0% 1377.63(3) 0.817 1.78206E-22 5.32E-22
60Ni (n,p) 100.0%| 0.0%| 1332.492(4) 0.999826 2.14332E-18 7.6E-20
Co60 61Ni (n,d) + (n,n+p) 0.0% 0.0%
62Ni (n,t) 0.0% 0.0%
Srol 94Zr (n,a) 100.0%| 0.0%] 1024.3(1) 0.335 7.96211E-20 8.86E-21
_— 94Zr (n,g) 97.1% 0.4%| 756.725(12) 0.5438 8.00977E-19 4.94E-20
96Zr (n,2n) 2.9% 0.4%

2020. december BNC Karanténbeszamoldk 13



Energiatudomanyi
Kutatékozpont

Eredmeények

Decay Rs_theo error Rs_theo (abs) Rs_exp error Rs_exp (abs) [chi square : )
In115m 4.33E-18 1.32E-19 4.72E-18 1.35E-19 / Cd ta ka rt H I ba (Csa k
Sca7 4.84E-19 8.57E-20 4.46E-19 2.10E-20 R  cm-2s-1 Fluxus Cd )(5) Fluxus
Co58 2.95E-18 1.28E-19 2.78E-18 2.54E-20 60248
Mn54 2.21E-18 2.81E-19 1.94E-18 1.30E-19 WEEPEE Termikus 3.62E+05 1.10E+04 6.79E+07
Sc46 3.72E-19 4.07E-20 3.20E-19 2.42E-20 80
Mn56 4.03E-20 6.50E-21 3.97E-20 1.60E-21 0.007546 RezonanCia 831E+O6 441E+O3 862E+06
Na24 2.80E-20 2.98E-21 2.75E-20 8.31E-22 0.02668
Zr89 5.79E-21 4.52E-22 5.89E-21 5.52E-22 0.02028 GyOFS ﬂUXUS 457E+07 354E+03 465 E+07
2r97 1.08E-17 5.98E-19 1.08E-17 5.24E-19 0.003384
In114m 3.50E-16 4.57E-17 3.74E-16 2.50E-17 0.219716
Sc48 1.52E-20 6.61E-21 1.32E-20 2.00E-21 0.080409
Co56 5.75E-25 6.84E-25 3.94E-21 2.43E-21 0
Ni57 2.34E-22 3.16E-23 1.78E-22 5.32E-22 0
Co60 7.64E-20 1.31E-20 2.14E-18 7.60E-20 0
Sro1 4.17E-22 2.09E-22 7.96E-20 8.86E-21 0
Zr95 9.42E-19 1.27E-19 8.01E-19 4.94E-20 06916
SUM : 9.507087
Amplitude Maxwell 25
Amplitude resonnance 0.35
Amplitude Watt 1.91
Power M_coef_res -0.118
E_end_resonance 2.23
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e Az internship programban kit(izott feladatot Guilhem kitlin6en teljesitette
* Azonositotta a mérésben keletkezett leanyizotopok reakcioit
* Elsajatitotta az adatbazisok kezelését
» Osszegylijtotte és rendszerezte a szdmitasokhoz sziikséges adatokat
* Elvégezte a szukséges szamitasokat
* Hibaszamitast vegzett
* Legkisebb négyzetek segitségevel meghatarozta a paramétereket
 Ami hatra van: egy egyszertibb strukturaju szamitas megvalositasa

* Ezen még dolgozom

A meért fluxus felhasznalasaval Kis Zoltan végzett sugarvédelmi szamitasokat
—> kovetkez6 el6adas
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Koszonjuk a figyelmet!




