Ageing of Sodium Combustion Aerosols. a Theoretical and Experimental Study
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In the context of the Generation IV initiativengw.gen- vapour is fully consumed, the oxide aerosols can no
4.0rg and, more immediately, the strategic choice longer evolve chemically.
France may make in the coming years regarding To validate this simulation we require gas
development of nuclear power, sodium-leak accidants diffusion coefficients in the different aerosol ¢ayg
sodium-cooled fast-neutron reactor (SFR) faciliteee (taken here from Cooper, 1980). Analytical datangei
the subject of renewed interest. The objective lete essentially nonexistent, we undertook an experintent
model the aerosol contamination produced by a sodiu measure the different diffusion coefficients.
fire in the containment during a SFR severe actiden

Assuming that an accident has occurred, it hasExperimental Study
previously been shown that the mass of oxide a&roso
produced by a sodium spray fire can involve moenth To calculate the diffusion coefficients, we could
60% of the ejected sodium (Mathé and Kissane, 2012) measure the kinetics of gases consumed during the
We are now interested in the physicochemical transformation of a given quantity of sodium oxide

transformations of the sodium oxide aerosols sthed aerosol. The problem is that the gas consumptitmisa

toxicity diminishes as they age. too fast to measure. Instead, we developed expetime
using thin pellets of sodium oxide and hydroxidéeT

Theoretical Study different diffusion coefficients can be derivedrfrche

gas consumption rates and other experimental
Sodium oxide aerosols produced inside the parameters.
containment would consume ambient water vapour and First, we make the sodium oxide or hydroxide
carbon dioxide forming hydroxide, carbonate and pellets in an inert preparation glove box and then
bicarbonate species probably as successive coiwentr allow them to react in a second glove box withetiht

layers on the aerosols. atmospheres, i.e., specific water vapour and carbon
A single layer-transformation model exists dioxide concentrations.
(Cooper, 1980) but the theoretical approach used H,O and CQ consumption will be monitored
(diffusion in a porous medium) has not been vadidat versus the exposure time by conventional gas probes
Based on this model, a numerical simulation of Formation of Q will also be detected using an IR
the aerosol transformation for a realistic case masde. tuneable-diode laser spectroscopy technique. Kineti
For a 1.8s spray fire producing 1t of sodium oxide parameters and diffusion coefficients will be cédted
aerosols in a containment with a relative humidit$%o, by fitting the experimental data to a model desnglihe
we obtain the results of Figure 1. chemical mechanisms (R1, R2 and R3).
100% 2 NapOy + 2 HO — 4 NaOH + B (R1)
o 2 NaOH + CQ — NayCOg + HyO (R2)
70%
60% u Bicarbonate NaCO3 + CO, + HoO — 2 NaHCGy (R3)
50?’ W Hydroxide
:ﬂj Peroxide The experimental results and Cooper’s model will
20% be compared: either a readjustment of Cooper’s imode
10% will suffice or a new model will be developed.
0% L35 7 9 111315171921232527 29  time class This work is financially supported by the"7
Framework project JASMIN (contract 295803).

Figure 1. Evolution of the final composition of $mah Cooper, D.W. (1980)Prediction of the Rates of
aerosols for each injection-time class. Chemical Transformation of Sodium Fire Aerosols
US NRC report NUREG/CR-1724.
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