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What do we study and why?

Beryllium - Grade PF-60 Long-Baseline Neutrino Experiment (LBNE)
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Environment: elevated temperature +
radiation + pulsing loads
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Simulation with ion irradiation experiments

Low energy in-situ irradiation: High-energy irradiation + PIE

o easy variation of irradiation parameters; o microstructural and micromechanical tests data will be
o reasonable correspondence of He/dpa ratio. available

o observation of evolution of microstructure

structure vs dose/appm; o _ _ _
But: validity of the simulation should be confirmed




Be under irradiation

n-irradiation:
* At low T, below ~ 200°C (Chakin et al. JINM 2009)

Irr

or 400°C (Gelles et al. JNM 1994): “black dots” and Implantation of He and H:

dislocation loops. bubbles can dominate even at RT
* At higher T: mainly He babbles

Irr. Be, TEM, DF, dislocation loops, Irr. Be, TEM, BF, He bubbles, S-200-F, H implantation (120keV, RT.
Tirr.=70 °C, F = 6x10%2 cm™ Tirr.=413 °C, F = 6.5%x10%1 cm2 2x10% jons/cm?), (from Kang et al. Journal

(E > 0.1 MeV) (Chakin et al. INM (E>1 MeV) (Klimenkov et al. INM of the Korean Physical Society, 63, 2013)

2009) 2013)
I He gas production in Be
Irradiation Source (appm/DPA)
Mixed spectrum fission reactor 10-500 What can we expect
Fusion reactor 550 from Gev protons?
High energy proton beam (NuMI) ~ 4000

Ion implantation ~ 35000...50000



Be under irradiation

Conseqguences of supersaturation of defects: Impurities in Beryllium matrix (preliminary)

Fe, appm Cu, appm Ni, appm O, appm
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preparation of TEM samples

2/2/2015 | dwell | Hv | cur | HPW | mode | det frame | mag E§|  —— 100 ym —— oo | 2/2/2015  dwel HY Gy HPW | mode | det | frame mag B — 10 pm —
10:44:01 AM | 10 ps | 30.00 kV | 80 pA | 592 pm SE ETD 16.3s | 350x | Helios ol 11:35:54 AM 10 ps  30.00 kV | 80 pA | 82.9 pm SE ETD 16.3s 2500 x Helios

TEM lamella;

Size ~ 10x7 ym
Thickness ~ 100 nm

Taxk 4 & v oo

2/2/2015 HV curr mag B8 | HRW det | mode | Integrate —30 ym ——— | ﬂ 3/31/2015 dwell Hv HRW Wi tilt | mode | det Sum
2:23:03PM | 20.00kV | 28nA | 1500x | 138pm | TLD | SE 1 Helios 11:34:28AM | 10ps | 5.00kV | 17.3pm |[4.1mm 54° [ SE | ETD Helios




Pre-examination of TEM samples

ifd 4 L i i £ 2 & “ : 4 Yy
Hﬁ? 4/1/2015 dwell Hy HPW WD tilt mode  det
¢ 1:26:17PM  10ps | 3.00kv | 207 ym 41mm 54° SE ETD




HUDDERSFIELD

q p University of

Microscope and lon Accelerator for Materials Investigations facility
(MIAMI) University of Huddersfield , UK

lons: He+
Beam energy: ~ 18keV
Temperature: 50°Cc

From http://www.hud.ac.uk/research/researchcentres/emma/miami/




TEM foil lons: He+
Beam energy: ~ 18keV

Mean He/dpa = 4000
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Defocus contrast (preliminary)

Size:upto1...2 nm
ND ~ 5-10%3...1-10%4 m-3




Defocus contrast (preliminary)
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Dislocation loops (preliminary)

PF60.
1.5dpa/6000appm of He, T=50°C




Dislocation loops (preliminary)

PF60.
1.5dpa/6000appm of He, T=50°C Preliminary, only one lamella, 1.5 dpa

Size: up to 10 nm

ND ~ 5-1023 m-3

Dislocation density ~ 5-1016 m-2
b=1/3<11-20>




Future plans:

o Finish the ex-situ analysis (dislocations, bubbles, precipitates)

o Repeat 50°C irradiation up to 0.5 dpa (NuMI conditions)

o Perform irradiations at 200°C (future LBNF conditions)

o Hand Liirradiations

o High-energy implantation
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He implantation experiments

UNIVERSITY OF

Surrey lon Beam Centre, UK
(collaboration with Prof. R.Gwilliam)

lons: He+
Maximum beam energy: 2 MeV => 7.5um
implantation depth (SRIM)

Dose: up to 1 dpa

Temperature: 2002C (1002C, 5002C)

Micromechanical tests

A | HFW | Det | Mag | Tit |FwD|—
5.0 30.4 ym | COM-E[ 100 kx| 45.0° | 18.0
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Issues:

Al coating — how to remove then?

SEM Scan Rot = Off EHT = 5.00 kV Width = 26.25 pm Titt Corrn. = ¢ at 0
Mag= 3096 KX 2pm WD = 5.0 mm Signal A= ESB FIB Lock Mags = No 4 Dec2014  12:46:23
—___  _ ______ _________ ______________________________ |Auriga39-24 — FIB Mode = Imaging Noise Reduction = Pixel Avg. FIB Probe = 30KV:600pA  System Vacuum = 2.76e.006 mbar




He implantation in Be through Al degrader (1um), high energy implantation

Issues:
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Thank you for your attention!




