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ABSTRACT 

 
The sodium cooled fast reactor is developed at 

present. Liquid sodium which possesses the excellent 
thermal hydraulics properties is used for the coolant, but it 
has high chemical reactivity with water or oxygen. We 
created an idea which suppress the chemical reactivity of 
liquid sodium. Nanometer-size metallic particles suspend in 
liquid sodium and an atomic interaction utilizes between 
nanoparticle and surrounding sodium atom for suppression 
of chemical reactivity. Physical properties which relate the 
chemical reactivity changed by the atomic interaction. 
These changes also were verified by the experiments. From 
these results the chemical reactivity of liquid sodium would 
be suppressed. 
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1 INTRODUCTION 
 

The fast reactor is studied as a next-generation 
nuclear reactor. In some kinds of fast reactors, we selected 
a sodium cooled fast reactor. And we are developing it at 
present. A schematic drawing of a developing fast reactor is 
shown in Fig.1. This is a loop type reactor which is coupled 
to reactor, internal heat exchanger and steam generator with 
liquid sodium pipes. Liquid sodium is used for a coolant in 
primary and secondary cooling system, because it has 

superior thermal hydraulics properties. For example, there 
are high heat conductivity, high boiling temperature and 
excellent compatibility with structural materials. However 
high reactivity of sodium with water or oxygen is its only 
shortage. There are two considerable accidents. One is 
sodium leaked combustion from secondary cooling system. 
Another is sodium-water reaction by breakage of heat 
exchange tube in steam generator. Plant design has to 
consider taking account of countermeasures against high 
reactivity of sodium. If the high chemical reactivity of 
sodium can be suppressed by new technology, an 
innovative design for the fast reactor plant which possesses 
higher safety will be proposed. And so we considered a way 
of the chemical reactivity suppression of liquid sodium. We 
thought the reactivity suppression of sodium by suspended 
nanoparticles in liquid sodium [1]-[2]. We call sodium with 
suspended nanoparticles sodium nanofluid. 

Recently, higher safety of not only light-water 
reactor but also fast reactor is required. We consider that 
the safety of fast reactor will be enhanced using sodium 
nanofluid. 

In this paper, the concept of sodium nanofluid and 
characteristics of sodium nanofluid are explained. And the 
possibility of reactivity suppression of sodium nanofluid is 
confirmed by experiments. 

 
2 CONCEPT OF SODIUM NANOFLUID 

 
A schematic drawing of sodium nanofluid and 

image of reactivity suppression is shown in Fig.2. 
Constituent element of nanoparticles having an average 
diameter 10nm is a transition metal such as titanium and 
nickel etc. (Fig.2a). A surface of nanoparticle is clean and 
there are no oxides and adhesive gas atoms on the surface 
because they disturb the atomic interaction between 
nanoparticle and sodium atoms. Concentration of 
nanoparticle in liquid sodium was 2vol.%. 
 
2.1 Atomic interaction between nanoparticle 
and sodium atoms 

When the nanoparticles are dispersed in liquid 
sodium, an atomic interaction forms between nanoparticles 
and the surrounding sodium atoms (Fig. 2b). There are two 
kinds of atomic interaction. One is an atomic bond and 

Fig. 1 Schematic drawing of fast reactor 
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another is a charge transfer.  
An electronic state of liquid sodium nanofluid was 

calculated by computationally low-load Tight Binding 
Quantum Chemical Molecular Dynamics (TB-QCMD) 
calculation method [3]-[4]. The model used for the 
calculation is shown in Fig. 3(a). This model includes 
titanium cluster of 57 atoms. The surrounding atoms of 

titanium cluster are sodium atoms. 
The calculation results of bonding energy of Na-

Na bond, Na-Ti bond and Ti-Ti bond are shown in Fig. 
3(b)-(d), respectively. From these results, the bonding 
energy of Na-Na bond which is 3~7 kcal/mol is weak. On 
the other hand, the bonding energy of Ti-Ti bond which is 
1~25 kcal/mol is the strongest among them. The bonding 

Fig. 2 Concept of sodium nanofluid and reaction with water. 

Fig. 3(a) Model used for the calculation. 

Fig. 3(b) Bonding energy of Na-Na bond. 

Fig. 3(c) Bonding energy of Na-Ti bond. 

Fig. 3(d) Bonding energy of Ti-Ti bond. 
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energy of Na-Ti bond which is 6~18 kcal/mol is stronger 
than that of Na-Na bond. The atomic bond between 
nanoparticles and the surrounding sodium atoms is stronger 
than that between sodium atoms. It became clear that the 
chemical bond strength between a titanium nanoparticle 
atom and a sodium atom is approximately twice as large as 
that between sodium atoms.  

 
Amount of charge transfer to titanium nanoparticle 

from the surrounding sodium atoms is shown in Fig.3(d). 
From this result, the charge transfer occurred from the 
surrounding sodium atom to nanoparticle. The 
nanoparticles were charged with electricity to minus (blue), 
and, on the other hand, the sodium atom was slightly 
charged with electricity in a plus (yellow). This behavior 
depends on the electronegativity. The clusters having strong 
atomic interaction between nanoparticle and sodium atoms 
are formed by these two atomic interaction. Therefor the 
nanoparticles in liquid sodium are suspended remarkably 
stable by these interactions. 

The magnitude of atomic interaction between 
nanoparticle and sodium atoms depends largely on the area 
of the interaction surface. If a diameter of nanoparticle is 
small (<10nm), the area of interaction surface is very large. 
Hence the excellent thermal hydraulics of sodium nanofluid 
is kept same as sodium though a small amount of 
nanoparticles. 
 
2.2 Image of reactivity suppression by atomic 
interaction 

The Image of chemical reaction of sodium 
nanofluid is shown in Fig.2c. When the molecule of water 
approaches sodium atom, sodium non-interacted with 
nanoparticle reacts immediately. On the other hand, sodium 
interacted with nanoparticle reacts delayed. It is expected 
that an energy and time are necessary in order to separate 
off nanoparticle and sodium. As a result the reaction heat 
and the reaction rate would be suppressed by the atomic 
interaction. 

 

3 CHARACTERISTIC OF SODIUM 
NANOFLUID 

 
3.1 Surface Tension 

Surface tension is one of physical properties which 
relates to the atomic interaction. If the atomic interaction 
becomes larger, the surface tension becomes larger. The 
surface tension was measured at 200, 300, 400 and 500°C 
by the pendant drop method (ST-M-500-G-C, ANBE SMT 
Co.).	
 The surface tension sodium and sodium nanofluid 
changing with temperature is shown in Fig.4. The surface 
tension of sodium agreed well with previous study [5]. 
From our previous study [6], the surface tension of sodium 
nanofluid at all the temperature was larger than that of 
sodium. It means the atomic interaction became larger due 
to the suspension of nanoparticles in liquid sodium. And it 
became clear that the atomic interaction between 
nanoparticle and sodium was stable and larger than that 
between sodium atoms not only at low temperature but also 
at high temperature. It shows that nanoparticles suspend for 
stability at the high temperature. 

Also, the surface tensions of sodium and sodium 
nanofluid are estimated easier from these results. These 
estimation equations are shown as follows. 

 
STsodium (mN/m)           = -0.10 t (°C) + 205.1       (1) 
 
STsodium nanofluid (mN/m) = -0.11t (°C) + 237.6       (2) 
 
It is interesting that the both slopes of equations are 

almost the same. It is supposed that the surface tension of 
sodium nanoofluid is constantly larger than that of sodium 
because of its large atomic interaction between nanoparticle 
and sodium atom.  

Since the surface tension of sodium nanofluid became 

Fig. 4 Comparison with surface tension between 
sodium and sodium nanofluid. 

Fig. 3(e) Charge transfer between titanium and sodium. 
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larger, it is expected that this chnage affects the behavior of 
sodium combustion and sodium-water reaction. 

 
3.2 Evaporation Rate 

Evaporation rate has a strong correlation with the 
surface tension. As explained above, the surface tension of 
sodium nanofluid became larger than that of sodium. It is 
expected from that result that the evaporation rate will 
become smaller than that of sodium.  

The evaporation rates of sodium and sodium nanofluid 
are shown in Fig.5. In this figure, the value of evaporation 
rate of sodium is shown as 100%. From results, it became 
clear that the evaporation rates of sodium nanofluid at 
500°C, 550°C and 600°C became significantly smaller than 
these of sodium. Reduction of the evaporation rate of 
sodium nanofluid also became concerned with the atomic 
interaction between sodium and nanoparticle. 

The reduction of evaporation rate of sodium 
nanofluid at 600°C was larger than that at 500°C, 550°C. It 
is expected that this difference of the evaporation rate 
relates to the difference of atomic interaction. Our 
speculation is as follows. The atomic bond between sodium 
atoms at high temperature becomes weak. On the other 
hand, the atomic bond between nanoparticle and sodium 
atom almost does not change even at high temperature as 
described in section 3.1. 

Hence the evaporation of sodium atoms enlarges. 
But the evaporation of sodium atoms which interacted with 
nanoparticle is suppressed. 

The reduction of evaporation rate greatly 
influences both the behavior of sodium combustion and 
sodium-water reaction. Nevertheless to say, the reduction of 
evaporation rate will suppress the sodium combustion. 

 
4.  CONCLUSION 

 
The concept of reactivity suppression of liquid 

sodium was created using the nanoparticles. The electronic 

state of sodium nanofluid was calculated by using TB-
QCMD. The suspended nanoparticle and sodium atoms 
formed the strong atomic interaction in liquid sodium 
nanofluid. Compared to the surface tension of sodium that 
of sodium nanofluid became larger by the atomic 
interaction. And the evaporation rate of sodium nanofluid 
also decreased than that of sodium. These characteristics 
that relate to sodium reactivity were suppressed clearly by 
suspending nanoparticles. The concept of sodium nanofluid 
was confirmed experimentally. It means that there is a 
possibility of reactivity suppression by the application of 
sodium nanofluid.  

Consequently a dangerousness of liquid sodium is reduced  
using this proposed technology. And  the safety and freedom 
of plant design of the fast reactor is enhanced by using 
sodium nanofluid.  
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Fig. 5 Comparison with evaporation rate between 
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