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Thermophysical Properties of Sodium-Concrete Reaction Products
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Sodium (Na) has been used as the coolant of fast reactors for the various merits. On the other hand, it is
postulated that steel liner may fail and lead to sodium-concrete reaction (SCR) during the Na-leak accident. Because of
release of hydrogen gas due to the chemical reactions between Na and concrete components, SCR is one of the
important phenomena in the Na-leak accident.

In this study, fundamental experiments related to SCR were performed using Na and concrete powder. The used
concrete powder is milled siliceous concrete which is used as the structural concrete in Japanese nuclear power plants.
The obvious temperature changes around 100, 300 and 500 ‘C were observed for Na-melt, NaOH-SiO, and
Na-H,0-SiO, reaction, respectively. Especially, the violent reaction around 500 ‘C caused the temperature peak to
836~853 °C, and the reaction heat of 0.15 ~ 0.23 kW g was estimated under the Na-concrete mixing ratio such as Na
concentration, ¥ ~ 0.32.

After the experiments, main components and thermophysical properties of the reaction products were measured.
The main component was identified as Na,SiO; with X-ray diffraction technique. The measured thermophysical
properties of melting point, density, specific heat, thermal conductivity and viscosity were similar to those of
xNa,0-(1-x)Si0, (x = 0.5).

Keywords: Sodium-concrete reaction, Fast reactor, Na-leak accident, Thermophysical properties, Melting point,
Thermal conductivity.
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Table 1 Experimental conditions and results.

Experimental results

Test Y Mya (8)  Mcone (8) Aerosol H,
combustion
1-1 0.32 4.6 10 o o
-2 032 9.3 20 o o
-3 032 13.9 30 o o
-4 032 23.2 50 o o
2-1  0.09 1.0 10 o X
22 0.17 2.0 10 o x
2-3 023 3.0 10 o o
2-4  0.32 4.6 10 o o
2-5  0.39 6.5 10 o o
2-6  0.50 10.0 10 o o
2-7  0.60 15.0 10 o o
2-8  0.67 20.0 10 o x
299 0.5 30.0 10 o X
2-10  1.00 10.0 0 o x

* 0: observed, x: not observed
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Fig.1 Temperature histories in Test 2-4, 2-7 and 2-10.
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Fig.2 Chemical reaction process in Test 2-4, 2-7 and 2-10.
X, O H,combustion X |
1000——— —————————————— '0.5?D
4/3Na+8i0,—2/3Na,Si05+1/3Si =
=
5 9001 404 =
£ o v O Temperature 2
° P00~ @® Heat flow g
2 8oof = Q 403 8
e
s 9 “q z
500 [ M N Jo2 %
hy / I [} N\ 2
8 - I’ / \\\ O\O ] g
[ L ¢ ~ ¢ | =
600F [ ¢ o0 01 Z
-7 e | E
‘ 1 L 1 L 1 L 1 L
5000 0.2 0.4 0.6 0.8 T)
Y

Fig.3 Peak temperature and maximum heat flow per mass due
to the mixed ratio of Na and concrete ().
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Fig.4 XRD spectrums of samplel and sample2 with the ICDD
PDF data.
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Fig.5 EPMA results of samplel and sample2.
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Fig.6 TG-DTA results in samplesl and sample2. TGl and
TG2 denote TG results in samplel and sample2, respectively.
DTA1 and DTA2 denote DTA results in samplel and sample2,
respectively.
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Table 2 Thermophysical properties of samplel and sample?2 at
room temperature.

Thermophysical property samplel sample2
Main components SiO,, Na,SiO;  Na, Na,SiO;
Melting point (C) 942 -

Density (kg/m®) 2570%* 650
Heat capacity (J/g-K) 0.95* 1.30
Thermal conductivity (W/m-K) 0.95* 2.22

* Premelted

4) WIRICR 2HE L IIRE, AL, BVREsR, kit
2%
(a) L MpigiRER

Fig.7 I3, samplel O & 312 5E 0k 3D OEBRXD D
0.2Na,0-0.8Si0,, 0.3Na,0-0.7Si0,, 0.4Na,0-0.6Si0, D% i
Zmr L7z, Fig8 X, samplel OFRFIREORERE R LTz,
HI\A D 500 CE TORE EFICE Y, BEERITI0 %
ETHML, I RAERELEALND 450~475 CTHE D
B SNz, samplel DL xNa,0-(1-x)Si0, (x
S05ERBEETH- T,

4000— T T T T T T T
O samplel
3000t

m’é\ _wnnnnnnnnnnnnnnnnnnnnnnnnnnnooooooooo
£ 20001 \ \ 0.2N2,0-0.88i0,

- 0.3Na,0-0.7Si0,

0.4Na,0-0.6Si0,

T S e

1 1 1 L

100 200 300 400 500
Temperature (C)

Fig.7 Density (p) in samplel and p in xXNa,0-(1-x)SiO, (x =
0.2,0.3,0.4).
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Fig.9 Specific heats (C,) in samplel and xNa,O-(1-x)SiO, (x =
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Fig.10 Thermal conductivities (4) in
xNa,0-(1-x)Si0, (x = 0.2, 0.25, 0.33).
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