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Qualification of materials for MYRRHA

SCK•CEN institutes combine expertise

A major R&D programme is linked to MYRRHA. It aims to 

further investigate the technological challenges in the 

design of the reactor between 2010 and 2014. Material 

qualification is therefore quite a big challenge. The materi-

als specialists at SCK•CEN are looking for an answer to the 

question of how MYRRHA materials will behave under the 

demanding conditions inherent in the reactor.  

The right choice of materials for the various reactor components 

is, along with the functional design, the final link in the safe op-

eration of any nuclear facility. Extreme conditions occur in the 

MYRRHA reactor, which will demand the utmost from the materi-

als used in the reactor. Apart from the effect of continuous irradia-

tion, the temperature, which can reach up to 500 °C, severely tests 

the materials. The highly aggressive chemical environment in the 

cooling circuit is specific to MYRRHA and has never been used in 

peaceful applications earlier. The coolant of the reactor consists of 

an alloy of lead and bismuth, a highly corrosive, liquid metal. The 

performance of the materials and components in this circuit, such 

as heat exchangers and pumps, has so far not been adequately 

demonstrated in this environment.

Selection of materials

Rather than developing and optimising innovative materials, 

the MYRRHA designers chose industrially available materials. 

These have already been tested and qualified for other nuclear 

applications, but have not yet proven their performance under the 

extreme conditions in MYRRHA. 

SCK•CEN investigates the behaviour of the prospective materials 

under MYRRHA conditions, using mechanical experiments and 

irradiation testing, among others. The specialists of SCK•CEN will 

use this experimental programme to justify the final choice of 

materials for the reactor.

Critical phenomena

In concrete terms, a number of critical phenomena will be exam-

ined, such as liquid metal corrosion, embrittlement (due to radiation 

and the surrounding metal), metal fatigue, creep, swelling (due to 

irradiation), etc. The first section of the experimental programme 

consists of mechanical tests in the lead-bismuth environment, for 

which SCK•CEN developed a specialised testing infrastructure. 

The first experiments on a laboratory scale show that at least one 

prospective material undergoes embrittlement within the safety 

margins, in other words, it adequately retains its strength. 

A second part of the test programme consists of the irradiation 

experiments. A first experiment was initiated in 2010 in BOR-60, 

an experimental sodium-cooled fast reactor at the Research In-

stitute of Atomic Reactors (RIAR, Russia). The aim of this experi-

ment is to investigate the effect, on the prospective materials, 

of irradiation with fast neutrons. The results will be compared 

to those of materials exposed to the same temperatures, but 

without irradiation. Thus a distinction can be made between the    Preparation of pressurized tubes specimens for irradiation in the BOR-60 

reactor.
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effects of irradiation, and the effects of the liquid metal environ-

ment.

Reciprocity

A unique feature of the research programme on MYRRHA is that de-

sign experts, material specialists, nuclear fuel experts and systems 

engineers all work together. This gives rise to a unique interaction 

between materials research and design. The materials specialists 

pass on their experimental findings to the designers, who therefore 

further optimise and validate the reactor design. Conversely, the 

designer imposes certain conditions (for example a specific temper-

ature range, combined with a neutron dose), the effects of which 

the materials specialist will closely examine. This in-depth material 

characterisation is primarily intended to improve the MYRRHA de-

sign, but will also provide an important scientific input for all the 

fourth-generation reactors.

“Unique to the MYRRHA design team is 
the interaction between designers, ma-
terials specialists, nuclear fuel experts 
and systems engineers. Such an exchan-
ge of expertise should lead to a sophisti-
cated and flawless design when MYRRHA 
is actually constructed.” 

Gunter Coen
Marlies Lambrecht
Serguei Gavrilov

   Tensile specimens made of MYRRHA candidate materials for mechanical 

properties measurements.


