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J-PARC OTR: 50um-thick metastable-8 (BCC) Ti-15V-3AI-3Cr-3Sn (ST)
Irradiation Damage Analysis at PNNL
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Before irradiation, microstructures of 15-3 Ti exhibited a high density of nano-clusters of
athermal ® and martensitic a’”’ phases. These were stable after irradiation.

Very low density of defect clusters were formed by irradiation about 0. 06 dpa.
No significant changes on micro-Vickers hardness

:> 15-3 Ti alloy may have a high resistance for radiation damage,
due to nano-scale precipitates working as point-defect sink-cites
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B Correlation of Radiation Hardening Measurement Method
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(M. Ando, et al., J. Japan Inst. Metals, Vol. 72, No. 10 (2008), pp. 785-788.) Vickers Hardness, #v
— Low energy ion beam irradiation is useful in the evaluation of
hardening behavior at high DPA region )
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Objective

. Complement studies with high energy proton
irradiation experiments

. Estimate hardening behaviors in high DPA region
and obtain DPA dependence for different alloys

. Select material grades and heat treatments with

higher radiation damage resistance
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Specimen | Electro-polishing condition

Ti-15V-3Cr-3Al-3Sn (Metastablep) -40V, flow rate 22, 60-68 mA
Solution Treatment, not Aged (ST)

Ti-15V-3Cr-3AI-3Sn (Metastablep) -40V, flow20, 10sec, 68 mA
Solution Treatment and Aged (STA)

Ti-64 (o+B) Annealed (A) -60V, flow22, 10sec, 106 mA
Ti-64 (a+B) STA (WQ -> Aging) -50V, flow22, 10sec, 88 mA
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HIT: High Fluence Irradiation Facility of The Univ. of Tokyo
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HIT Ion Irradiation Experiment’ s Matrix in
August 2019 (3 days)
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W-TFGR: “Toughened Fine-Grained Recrystallized” Highly-ductile

Tungsten - S. Makimura
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Nano Indentation Test

EIT Analysis (EIT: Elastic modulus of Indentation Testing)

G : ,_‘ @ .. Indente _.-
specimen
Unloadmg @ - _
Curve 5 o
L max c
S | Loading :
S | Curve 3 |
hel S h_p
. Contact
- ' Projection
hp hr lhc Amax Area: Ap
Indentation Depth, h
. Er : Elastic modulus of composite of
he = hmax — (hmax - hr) Indenter and specimen S\/ﬁ

Fmax E. =
Hiyr = ’

Shimazu- DUH-211S type, set Ap(h) 2 /Ap(hc)
in the University of Tokyo

B The indentation modulus EIT of the specimen material is related to
q " H the reduced elastic modulus Er and the indenter modulus Ei:
Indenter : Berkovich(115° — (p.)?

( ) 1 (VS) Ei, vi: Elastic modulus, Poisson’ s ratio of Indenter

Indentation deDth :150nm (f|X) Eir = 1-— (vi)z Vs: Poisson’ s ratio of specimen, 14

1
Er Ei




6-4(A) 300 indentations (10pum intervals)

15-3(ST) 100 indentations
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Result: Ti Alloys — Averaged Nano-Hardness
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Crystal orientation effect
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* Electro-polishing process could not be

TFGR-W Irradiation test

optimized on time.

* Many pivots were observed on the

specimen surface

» Load-strain curve is not smooth, probably
because indenter slides on surface

* Improvements on electro-polish process are
on-going

» Results to be obtained at next irradiation

scheduled on March 2020.
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Summary

High-DPA ion beam irradiation experiment has been conducted at
the HIT facility on Titanium alloys and Tungsten alloys: a+[3 64-Ti,
metastable-f3 15-3-Ti, pure W and TFGR-W were irradiated to 1, 5,
and 10 dpa (W: 10 dpa only) by Fe?* at ambient temperature.
Preliminary results of nano-hardness measurements for 64-Ti(A), 15-
3-Ti (ST), and 15-3-Ti(STA) irradiated to 10 dpa were reported.

The radiation hardening of 15-3-Ti alloys were significantly smaller
than that for 64-Ti alloy. Especially, hardness of 15-3-Ti(ST) stays the
same within the statistical error after the irradiation to 10 dpa.

This may suggest that the metastable-3 Ti alloys exhibit high defect
sink strength, because of their nature to employ “precipitation
strengthening”, nano-scale precipitates act as defect sink cites.

Next irradiation at the HIT facility will be conducted in March 2020
on aerospace grade metastable 3 Ti alloy(s), which has better creep
property to higher temperature than 15-3 Ti (200°C).

The TFGR-W will also be examined with optimized polishing.



Thank you for your attention.
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