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Potential nuclear applications of optical fibers i
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(right) for local strain or vibration monitoring [1, 2]
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How do optical fibers work? What happens under irradiation?
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What problems are we trying to solve?

Are sapphire fibers an
option in-core at

>1,000°C?
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It takes a long time to understand the results from complex HFIR or ATR
iIrradiation experiments
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Hypothesis: Coating decomposition + radiation-induced compaction

resulted in significant compressive strain on the fiber

Coatings are necessary to protect the Polyimide/acrylate coating
fiber during handling
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Polyimide and acrylate coatings thermally decompose in air at

temperatures of ~400° C or below and turn matte-black

Polyimide (Pl) coating Acrylate (AC) coating
) 3 As-received
100 - 1000
250°C
80t "“‘ 800
) R | —~
= K s - 300°C
@ 60| N 1600 o
= ' =
2 S 400°C10h 350°C
= 407 1400 <o
o, =
O -
6 450°C 5 h 400°C
A 1200
| Polyimide Coating
o | =—=AerlateCoating | N\ g \ i 500°C 5 h 450°C
0 100 200 300 400 500 600 700
Time (min) 550°C 10 h 500°C




Just because there is a matte black (carbon?) coating, doesn’t mean it

can transfer strain to the fiber

Polyimide (Pl) coating Acrylate (AC) coating
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Just because there is a matte black (carbon?) coating, doesn’t mean it
can transfer strain to the fiber
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Just because there is a matte black (carbon?) coating, doesn’t mean it

can transfer strain to the fiber

Polyimide (Pl) coating Acrylate (AC) coating

As-received
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Just because there is a matte black (carbon?) coating, doesn’t mean it

can transfer strain to the fiber
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Under inert conditions, both coatings form glassy carbon (GC)...
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...and remain well-adhered to the fiber

Pl, 800°C, inert

Pl, 1300°C, inert




Models predict that glassy carbon compaction can induce strains that

generally match WIRE-21 fiber optic shift data

< M
=
= g
<]ﬁ ~
= &
5 = —30 - NG 15.0 pm (430 °C)
= 104 = GC 15.0 pm (430 °C)
g : —— Silica (430 °C) = —40 9 — PI-FC WIRE-21(250-400 °C)
7 —— Silica (Optical) o NG 58.5 pm (430 °C)
qﬁ) 159 — Glassy Carbon (430 °C) [%-' —50 A GC 58.5 pm (430 °C)
g —— Nuclear Graphite (430 °C) —— AC-C WIRE-21(250—400 °C)
A 9.0 ——— —60 ————— R
1018 1019 1020 1021 1018 1019 1020 1021

Fluence, ¢ (n/cm?) Fluence, ¢ (n/cm?)




Let's just remove the coating! ...
Doesn’t entirely solve the problem
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Radiation-induced compaction in fused silica is more complicated than
we realized: The models do not capture all the physics
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Raman: Irradiation changes ring structures and Si-O-Si angles
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Same sam
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What about sapphire? Will that solve our problems and allow operation

at even higher temperatures?
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Hypothesis: Rayleigh scattering from radiation-induced voids caused

excessive attenuation at high dose and high temperature
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We found voids! But it turns out they can’t explain the attenuation...
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We were wrong, but only because we picked the wrong microstructural

feature (dislocation loops)!
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Summary and conclusions
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