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Abstract Lower hydrogen production and lower mass gain of CrAISIN coated sample are visible at
temperature 1000 °C. Even at temperature 1100 °Cis no hydrogen peak present at the

beginning of steam exposure and also weight gain denotes lower reaction kinetics. Exposure
at 1200 °C also shows lower oxidation kinetics but hydrogen peak during beginning of

oxidations phase is present.

Zirconium based alloys are used in almost all types of nuclear reactors as cladding of nuclear
fuel, separating fuel from cooling water. During LOCA accidents (when the temperature of

coating exceed 800 °C) intense heat and pressure triggers a reaction between zirconium

cladding and the surrounding water / steam. The high temperature oxidation of zirconium is Results

accompanied by hydrogen and heat production and can lead up to the degradation of coating

and than to the contamination of the primary circuit by fission products. A solution to the From optical microscopy is clear that PCD coating serves as partial barrier against oxygen
problem is to cover the surface with a thin film of a protective substance. diffusion and protective function is based on changes at PCD/Zr interface.
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Fig.1.PCDcoated samples — cross section optical microscopy [5]
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structure

« PCD — mixture sp3 (diamond) and sp?
(graphite) phase.

« Coating thickness is 200 — 500 nm (700
nm).

o« Only outer surface fully coated.

 Primary designed for improving
properties of cutting devices (drills etc.)

e 2—45pum thickness

 Only outer diameter coated

e Roughness Ra 0,15 — 0,20 um
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Coating Testing

Fig.1 CrAISIN coated samples — cross section optical microscopy
Long term exposure of PCD coated in operation (p, T) conditions - PCD coated samples has

lower weight gains (see Fig. 1.) compared to uncoated samples in autoclave conditions C lusi
simulating nuclear reactor environment. onciusions
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Fig.1. Weight gain of PCD coated samples after long term exposure [1] coating increases the material resistance to high temperature oxidation.

Carbon released from the PCD film enters and changes the physical properties of the

High temperature steam oxidation simulating accidental conditions. Weight gain (weight _ _ e _ _ _
underlying Zr — this effect plays significant role in PCD protective function.

change to surface area) and composition of outgoing gas was measured for PCD and CrAlISiN
coated samples. Only outer surface was coated.

10" Z?tngStZ;er?v r k ] Surface — PCD 360°C/3days rao,  Surface / Zr-PCD interface
) PCD coatings “ : 5 P}fgoiogf:;osom | 2 mi | erposurE 10% PCD coated Zr . s /A\ - Graphite
/i s Lower weight gain till %?0‘0‘302060%’:‘“ § : é 10 % 4“-'"15 Graphite / \ Diamond %”J
T = 1100 °C than reference . S— B At m:' S 10 o] LI\ omee [ e
R samples (dashed) 2l | | G mocomn | N " —— | e N
z / Lower overall hydrogen - Y T o ”ﬁf;mh o e SO e
EZZ / production ézo"', - - - Fig.1. SIMS data showing carbon entering substrate Zr alloy [1] Fig.1. XPS data — carbides formed on PCD-Zr interface [1]
| In_|t|al hydrogen peakis ¢ AR\ 3 CrAlSiN coating significantly eliminates initial oxidation kinetics and hydrogen production up to
M AT U T higher. R TR W S S————— 1100 °C
5 ; Delay in breakaway AN '
| i oxidation (20 minutes) ;‘ R o e | d CrAISiN coating serves as full barrier against oxygen diffusion, until it's mechanical failure. After
L 0 ima (i ¥ i at 1000 °C. % I “m;‘?mm] T 0 the coating mechanical failure (cracking), the oxidation process is even faster than in the case
of unprotected samples.
. Oxidation of the primary chromium, aluminum and silicon nitrides has been detected, via XRD,
6 [ ] CrAISiN coatings a0 o0 o leading to creation of highly stable and high temperature resistant layers of alumina and
5 - Lower weight than N e oo nwcraoma | chromium oxide.
| reference samples 5 CSIN - 12000/ 20 i _ _
dos o (dashed) Lol i S H— S ! Publications
2| e O Lower overall hydrogen £ | ' .
: osroduction 51 ............... e — — s ~ 1] Skarohlid, J. et al. Nanocrystalline diamond protects Zr cladding surface against oxygen and
3 0 No hydrogen peak till g CNAL hydrogen uptake: Nuclear fuel durability enhancement. Scientific Reports 7, 1-14 (2017).
UL 1200 °C A NS o o - 2] Ashcheulov, P. et al. Thin polycrystalline diamond films protecting zirconium alloys surfaces:
il S SIS S — J Significant changes in 51 .......... R R _ From technology to layer analysis and application in nuclear facilities. Applied Surface Science
7 ' oxidation curves | AV e 359, 621-628 (2015).
T i 3] Skoda, R., Skarohlid, J., Kratochvilov§, I., Taylor, A., Fendrych, F. (2015) Layer protecting the
— : N ime N N surface of zirconium alloys used in nuclear reactors. PCT W0O/2015/039636, Czech patent 305059.

4] Kratochvilovd, |. et al. Nanosized polycrystalline diamond cladding for surface protection of

_ _ _ zirconium nuclear fuel tubes. Journal of Materials Processing Technology 214, 2600—-2605 (2014).
Thermogravimetry experiments were performed at NETZSCH thermo-balance, using argon as a (5] Skarohlid, J., Skoda, R. & Kratochvilova, |. High temperature oxidation of polycrystalline diamond

cover gas. simple alumina holder was used as sample support. All steam expositions were coated zirconium alloy. International Conference on Nuclear Engineering, Proceedings, ICONE 5, 1—

iIsothermal without any changes in steam or cover gas flow-rate. All oxidations were realized 4 (2016).

with argon flow-rate of 3 | per hour and with steam flow-rate of 3 g per hour. Measured TG data

were smoothed using moving average filter, in order to eliminate oscillations of thermo-
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