
NEW MULTIFUNCTIONAL DUAL COATING TO SIGNIFICANTLY 
REDUCE NUCLEAR FUEL ROD CORROSION
THE TECHNOLOGY REDUCES OXIDATION BY MORE THAN 88 % 

TOP LAYER

Water Impermeable Coating
cold spray Cr, ferritic steel, chrome-nickel alloy

Zr Nuclear Fuel Rod

Nuclear Fuel Pellets
BOTTOM LAYER

Polycrystalline Diamond Coating

FEATURES BENEFITS

Polycrystalline diamond layer (300–700 nm thick), 
consisting of a combination of diamond and graphitic 
carbon phases, prepared by chemical vapour deposition.

Active protection — Carbon diff used from the diamond 
layer changes the Zr alloy surface properties, which 
suppresses Zr oxidation and H uptake.

Resistence — High mechanical hardness, chemical 
inertness and radiation hardness.

Good integrity and surface adhesion even at accident 
temperature treatment.

Scope of applicability — Active protection of Zr nuclear 
fuel rods against corrosion at working and accident 
conditions even if protective coatings are cracked.

Top metal alloy or ceramics layer (e.g. cold spray Cr, 
ferritic steel, chrome-nickel alloy), prepared by various 
coating techniques.

Impermeability for water molecules

Passive protection — Protects Zr rods against 
corrosion and hydrogen uptake.

One of the major issues in the nuclear industry, corrosion of Zr nuclear fuel rods in water-cooled nuclear power reactors, 
can be signifi cantly reduced by means of our team’s invention — a multifunctional double layer coating. We have invented 
and tested a successful coating method for protection of Zr nuclear fuel rods against corrosion — it prolongs the lifetime of 
nuclear cladding by tens of % both at accident and working temperatures in a nuclear reactor. Our innovative double layer 
consists of a polycrystalline diamond layer covered by a top water impermeable layer. 

The diamond layer provides active protection of Zr fuel rods against corrosion by the fact that carbon diff used into the Zr 
alloy during standard high temperature processes in reactor changes the physical, chemical and structural properties of 
the Zr alloy. This modifi ed Zr fuel rod surface inhibits oxidation and hydrogen uptake from reactor environment. The top 
layer separates the Zr surface from the water environment and passively protects against corrosion and hydrogen uptake. 
The active protection of diamond layer works regardless of cracks in any part of the dual coating.



TEST RESULTS
Double layer coatings (CrAlSiN as top, diamond as 
bottom layer) reduce ZIRLO nuclear fuel tube oxidation 
by more than 88 % compared to that of uncoated ZIRLO 
tubes treated for 4 days in 400 °C hot steam. 

Double layer coatings (CrAlSiN as top, diamond as 
bottom layer) provide an excellent protection of ZIRLO 
nuclear fuel tube at 1000 °C (1 hour): corrosion is 
reduced by 17 %.

Diamond coated ZIRLO @ 360 °C for up to 200 days: 
shows reduced surface hydrogen uptake, reduced 
corrosion by 25–50 %, leading to enhancement of 
nuclear fuel burnup. 

Diamond coated ZIRLO @ 1000 °C for 1 hour: shows 
an order of magnitude lower hydrogen concentration 
and corrosion is reduced by 25 %, leading to enhanced 
nuclear fuel safety.

SUMMARY
Dual protective coatings consisting of polycrystalline 
diamond and metal alloys have an excellent potential 
to become the future solution for life extension and 
safety of nuclear fuel.

WE OFFER
Experimental and theoretical knowledge to make dual, 
polycrystalline diamond and metal alloy/ceramics 
protective layer and licenses to our patents.

CONTACT
Mr. Oskar Lažanský
Technology Transfer Off ice
lazansky@fzu.cz
www.fzu.cz

HOW DOES THE DUAL 
COATING WORK? 
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PCD Coated

autoclaved 300 nm
PCD coated ZIRLO plate

autoclaved 
ZIRLO plate

HYDROGEN CONCENTRATION

PCD coating strongly protected ZIRLO tube against 
corrosion and hydrogen uptake under accident conditions.

PCD coating protected ZIRLO against corrosion (weight gain) 
even after long time corrosion (200 days), ASTM standard 
procedures.

Molecules of water are stopped by a top 
impermeable layer. 

Zr rod corrosion is actively prevented by 
a diamond layer: carbon diff uses from the 
diamond layer into the Zr alloy surface, 
suppressing Zr oxidation and hydrogen 
uptake into the Zr alloy. This active protection 
works regardless of cracks in any part 
of the dual coating.
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Two anticorrosion strategies 
are combined: 


