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- PAS Technique - Microstructure evolution plays an important
role in material degradation

« Vacancy type of defects is not well
understood in irradiated materials
« Two measuring modes simultaneously

— Positron annihilation lifetime
spectroscopy

— Coincidence doppler broadening
spectroscopy

— 22Na decay positrons
— T, signal, 2Na 1274.5 keV gamma
— Annihilation signal, 511 £ AE keVV gamma
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PAS Technique — Continued

 Why suitable for PIE?

1';: [ sThaArM B A bulk technique and a microscopic
-;E 00 § . technique
$ 1‘: *‘5 - P_roblng vacancy type defects
3 e E . High sensitivity
§ w 3 Has been utilized in metallic,
10 ° " ceramic, semiconductors, polymers
g v : e etc industries
4 o T ag,"u o G Tog, e, 74 o Top Tag, T Yo Top Tog, 7oy,
De
5000 ' " * Current Status
T e Does not provide sufficient data as
_ 4000 <+ Uranium oxide a stand-alone PIE technique*
%3000 A No pretty images*
g Utilizing samples from other
< 2000 techniques
8 More suitable for neutron irradiated
1000y specimens
0 Correlate well with mesoscale
0 200 400 600 800 1000 1200 mOd e| in g

Electron energy (keV)

Mallon, P. E., and D. M. Schrader. Principles and applications of positron & positronium IDAHO NATIONAL LABORATORY

chemistry. World Scientific, 2003.



- Positron Annihilation Spectroscopy (PAS) Development

Q 2019

Purchased the digital unit
Purchased Na-22 source (LDRD)

Q 2021

Rebuilt HPGe detectors (LDRD)
Commissioned CDB (LDRD)

Q 2023

Acquired HIPPOS chamber
Published CDB-AP software

Assembled system
Commissioned PALS

Salvaged HPGe detectors and parts
from previous system

Started working on CDB-AP
software (LDRD)

Upgraded PALS hardware for longer
lifetime measurements (LDRD)
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Positron Annihilation Lifetime Spectroscopy
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— 22Na decay positrons
— T, signal, 22Na 1274.5 keV gamma
— Annihilation signal, 511 + AE keV gamma
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Defects Correlation Using PALS _

nop, —t
N(t):z: —lexp<—>
i=1T; T

Size (t;) and concentration (I;)

YAG

[}
Counts/

Open volume — no positive ion
o Lower potential for positron trapping

Larger vacancies = longer lifetime
o Decreased density of electrons

No such correlation if
 Cavity too big (> 500 ps)
« Gas bubbles
 Absolute value of defect density can be obtained

with theoretically determined trapping coefficient for
specific materials*

Selim, F. A. "Positron annihilation spectroscopy of defects in nuclear and irradiated materials-a
review." Materials Characterization 174 (2021): 110952. IDAHO NATIONAL LABORATORY
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Il Coincidence Doppler Broadening Spectroscopy
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- Defects Correlation using CDB

* Non zero electron momentum at

annihilation site 1.08
. 1.06

- Coincidence not necessary s- A, o
— Reduce background P

— |rradiated materials 1.00

counts [arb. unils)

« S parameter represents annihilation with
electrons with low energy/momentum, _ow

) iy N\
hence the unbound and valence electrons £1 = *" [} 2
. Z = 320
- W parameter correlates with the core t ,f \ = ol
electrons 0 J/ e\ =it
| - IAA WA -
 Larger size vacancies a = higher S o

posiron enargy (keV)

parameter and a suppressed W parameter

SIZE OF VACANCY S/ 5g

Van Huis, M. A., A. Van Veen, H. Schut, C. V. Falub, S. W. H. Eijt, P. E. Mijnarends, and J.
Kuriplach. Physical Review B 65, no. 8 (2002): 085416.
Hakala, M., M. J. Puska and R. M. Nieminen (1998). Physical Review B 57(13): 7621.
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- Software Development of CDB-AP

- Python based, open source, transparent oo -
- No commercially available CDB data CDB Analysis Program

reduction packages | Gt

Process Techno&P File

Load Preprocessed Data O |W' 3%Re

Works for all CDB data acquired using INL Setmnbia |0

~Analyzed data to save

PAS systems £ oo G

[JSandW

[ 5 and W with Reference

Rapid processing of large data sets S

SaveSelected Data || Select All | Reset Selected Labels | Delete Selected Data Sets |
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https://github.com/ElsevierSoftwareX/SOFTX-D-23-00218

- Extract S and W parameters

( coommarmron - = |« Users have freedom adjusting S and W
[ oaRe{lsh | ES:OO:::;Wr:;iowSi::H | |0 Gaussian Smoothing [ Shift Peaks [] Linear Scale | parameter CaICUIatIng ROIS
| - Automatic folding of 2D spectra
1071}
| » Generate plots vs reference
1072¢ .
o o — Perfect material bulk parameters
= o WanRe - Non irradiated materials
© 10_4;_
o . Wy 1 * Needs improvements
' 1?' ] ‘ y |‘
10_20 4E|)5 560 505 510 515 52|0 52|5 53LO - GUI
Fnerav (keV) . )
— HIPPO Incorporation
[ — = = - in-situ PAS on neutron beams
[ - min:’m . max:m - min:m x max:[532 > | use Limits from plot
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- HIPPOS chamber

* PAS does not provide sufficient results
as a standalone PIE technique

* With HIPPOS

— In-situ annealing
— Simultaneous PALS and CDB

* HIPPQOS features
— Dual localized cartridge heaters
— Vacuum
— Static Inert gas

— Compact design allows for good
count rate*
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Il HIPPOS Chamber incorporation— CDB

- The CDB copes well with the
HIPPOS chamber

- Raw data

* Processed CDB data would be even
less impacted

— Vs Reference (bulk parameters)

Load 5 and W Parameters Ratic Curves Svs.W 5 vs- W [Ref)
Refresh [ Flip Axis
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Select a reference

W v

[ start

[ Positron Annihilation System  Version 6.5.5

File Config Clear

run number | 104 % memao  Test -Sample Holder

config  AMOC CDB  jifetime wave energy advanced

CDB({Coincidence Doppler Broadening)
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- HIPPOS Chamber incorporation — PALS

input(cps)  coincidence(cps) oid(ch) throghtput(cps) gross courn it
CH1:  59.134k 1.081k 464.170 CHL [ 17.000 520.827k
CH2:  4B.72%9k 1.079k 239.440 =

|
10k i
|

* PALS has a higher requirement of

- ’ & cHz Ifatime .
wpmsmnan L P2 S /\- = . Not ideal with HIPPOS

i count rate
L — Count rate drops by 25%
.. - Stainless steel significantly attenuates
511 keV signal in BaF, detectors

—— I SIS * Lifetime spectrum shows artifacts
Top: no HIPPOS Bottom: with HIPPOS _ _

* Design improvements
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Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy.
INL is the nation’s center for nuclear energy research and development, and also performs research
in each of DOE'’s strategic goal areas: energy, national security, science and the environment.




