
���������������������



���������������������

http://www.jaea.go.jp

319-1195 2 4

029-282-6387, Fax 029-282-5920, E-mail: ird-support@jaea.go.jp  

This report is issued irregularly by Japan Atomic Energy Agency 

Inquiries about availability and/or copyright of this report should be addressed to  

Intellectual Resources Section, Intellectual Resources Department,  

Japan Atomic Energy Agency 

2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan 

Tel +81-29-282-6387, Fax +81-29-282-5920, E-mail: ird-support@jaea.go.jp 

© Japan Atomic Energy Agency, 2008



i

JAEA-Research 2008-083 

Na-

2008 8 27

Na

Na-

Na- Na-

Na-

Cr Mo Fe V N

Nb

Na-

311-1393 4002 

���������������������

�



ii

JAEA-Research 2008-083 

Fundamental Study on Temperature Estimation of Steam  

Generator Tubes at Sodium-Water Reaction 

Tomohiro FURUKAWA and Eiichi YOSHIDA 

Technology Development Department, Oarai Research and Development Center 

Japan Atomic Energy Agency 

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken 

( Received August 27, 2008 )

In case of the tube failure in the steam generator of the sodium cooled fast breeder reactor, its adjoined 

tubes are rapidly heated up by the chemical reaction between sodium and water/steam. And it is known that 

the tubes have the damage called “wastage” by the disclosure steam jet. 

This research is a fundamental study based on the metallography about temperature estimation of the 

damaged tubes at the sodium-water reaction for the establishment of mechanism analysis technique of the 

behavior. In the examination, the material which gave the rapid thermal history which imitated 

sodium-water reaction was produced.  And it was investigated whether the thermal history (i.e. maximum 

temperature and the holding time) of the samples could be presumed from the metallurgical examination of 

the samples. 

The major results are as follows: 

The microstructure of the sample which was given the rapid thermal heating has reserved the influence 

of the maximum temperature and the time, and the structure can explain by referring to the 

equilibrium diagram and the continuous cooling transformation diagram. 

Results of the electrolytic extraction of the samples, the ratio of the remained volume to the 

electrolyzed volume degreased with the increase of the maximum temperature and the time.  

Furthermore, it was observed the correlation between the remained volume of each element (Cr, Mo, 

Fe, V and Nb) and the thermal history. 

It was obtained that the thermal history of the tubes damaged by sodium-water reaction might be able 

to be estimated from the metallurgical examinations. 
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Table 3
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Table 1 Chemical composition of Modified 9Cr-1Mo tube 

unit mass% 

Table 2 Rapid material heating Test condition 

Table 3 Summary of microstructure observation 

C Si Mn P S Ni Cr Mo Ti N V Nb Fe

0.08 0.25 0.39 0.011 0.002 0.07 8.37 0.94 0.002 0.047 0.23 0.07 Bal.

Heat treatment condition: normalized and tempered; 1050ºC - 780ºC X AC

Test condition Test condition

(max. temp. × duration) (max. temp. × duration)

A1 800ºC×1min A2 800ºC×10min

B1 900ºC×1min B2 900ºC×10min

C1 1000ºC×1min C2 1000ºC×10min

D1 1100ºC×1min D2 1100ºC×10min

E1 1200ºC×1min E2 1200ºC×10min

F1 1300ºC×1min F2 1300ºC×10min

Run No. Run No.

Run No. A1 A2 B1 B2 C1 C2 D1 D2

OM (SEM)

microstructure

LCM+B

( +B+M)

LCM+B

(M+B+ )
LCM+B M+B

Precipitates

Run No. E1 E2 F1 F2

OM (SEM)

microstructure
M+

Precipitates non-precipitates

TM M

M

non-precipitatesobs.

Note:

:

TM:

M:

LCM:

B:

ferrite

tempered martensite

martensite

+ low-C marteisite

bainite
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Table 4 Results of -size/number measurements 

Table 5 Results of Hardness measurements after rapid heating tests 

Table 6 Results of electrolytic extraction (for metallic elements) 

Run No. as-received A1 A2 B1 B2 C1 C2

-size( m, ave.) 22.3 22.3 23.1 19.2 19.5 12.0 12.3

-number 8 8 8 8 8 10 10

Run No. D1 D2 E1 E2 F1 F2

-size( m, ave.) 11.6 11.9 14.0 116.0 120.5 130.3

-number 10 10 9 3 3 3

Run No. as-received A1 A2 B1 B2 C1 C2

Hv (ave.) 232.6 230.0 221.2 379.5 425.1 426.0 428.3

Hv (inside) 255.5 241.3 224.0 453.3 449.4 486.2 481.9

Run No. D1 D2 E1 E2 F1 F2

Hv (ave.) 426.7 430.7 432.9 423.2 418.7 419.4

Hv (inside) 532.7 449.4 508.7 427.1 465.2 260.6

Electrolyzed volume Remained volume Cr   V Nb Mo Fe Ti

(g)   (g) (mg) (mg) (mg) (mg) (mg) (mg)

as-received 0.883 0.0178 8.27 1.32 0.62 1.16 1.73 0.008

Run B1 0.8537 0.0072 2.59 0.88 0.56 0.44 0.87 0.007

Run B2 0.8257 0.0045 1.18 0.67 0.52 0.23 0.32 0.007

Run D1 0.8492 0.0019 0.08 0.28 0.35 0.07 0.48 0.007

Run D2 0.8033 0.0012 0.04 0.08 0.34 0.04 0.44 0.007

Run F1 0.7407 0.0012 0.07 0.03 0.03 0.05 0.24 0.003

Run F2 0.8095 0.0007 0.05 0.06 0.13 0.02 0.3 0.005
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Table 7 Results of electrolytic extraction (for nitrogen) 

Table 8 Results of X-ray diffraction of remained samples 

Electrolyzed volume Remained volume  N

(g)   (g) (mg)

as-received 0.8241 0.0147 0.3

Run B1 0.8127 0.0059 0.23

Run B2 0.8132 0.0038 0.2

Run D1 0.7807 0.0019 0.06

Run D2 0.7914 0.0019 0.05

Run F1 0.7576 0.0015 0.01

Run F2 0.7561 0.0009 0.02

Cr23C6 VN Nb4N3.92  NbC

as-received +++ Tr. Tr.

Run B1 +++ Tr.     +

Run B2 +++     +    ++

Run D1    ++

Run D2    ++ Tr.(?)

Run F1  Tr.(?)

Run F2 Tr.  

Peak intensity:    +++ : strong, ++ : intermediate,  + : weak, Tr. : trace
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Fig. 1 Heating/cooling condition 

Fig. 2 Measured points of micro vickers hardness 
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Fig. 3 Microstructure of Modified 9Cr-1Mo tube (cross section, as-received) 
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Fig. 9 Relationship between testing temperature and -size 

Fig. 10 Relationship between testing temperature and hardness 
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Fig. 11 Hardness of Modified 9Cr-1Mo tube (as-received) 

Fig. 12 Ratio of remained volume to electrolyzed volume 
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Fig. 13 Precipitation volume of each element 
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M23=(Cr,Fe)23C6, M7=(Cr,Fe)7C3, M3=(Fe,Cr)3C

 Fe-Cr-0.1C [4]
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