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Embrittlement Factors in High-Cr Ferritic Heat Resisting Steels

Kentaro ASAKURA, Yasushi KOUBUCHI and Toshio FuiiTA

Synopsis :

Heating brittleness of dual phase &-ferrite/martensite steel and single phase martensite steel was
investigated. In order to clarify the heating embrittlement factor for these steels, Charpy impact testes,
transmission electron microscopy and determination of precipitates were carried out using specimens tem-
pered at 700°C and 800°C and reheated at 550 and 650°C for 102~10% h.

In the case of dual phase steel, the embrittlement of the materials and the rise of the ductile-brittle tran-
sition temperature were caused by the precipitation of Fe,Mo, while the embrittlement of the single phase
martensite steel was due to the increase in the number of M,3Cg4 precipitates. In both steels, the increase
in the transition temperature was found to be correlated to the total amount of the precipitates. When the
precipitates were small enough, the toughness of the materials of heating embittlement could be recovered
by means of heating at 800°C. On the other hand, when the precipitates grew over 200nm, the toughness
could not be recovered.

Key words : ferritic steel ; heat resisting steel ; Charpy impact test ; Charpy absorbed energy ; thoughness ;

embrittlement factors ; DBTT ; precititates ; carbide ; Laves phase (Fe,Mo).
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Chemical compositions of steels used

C Si Mn P S Cr Mo v Nb

FM |0.042 0.28 0.60 0.003 0.006 8.70
MA |0.113 0.25 0.8 0.010 0.007 8.52

1.88 0.15° 0.06
1.55 0.17 0.05
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Fig. 1. Charpy transition temperature of steel FM

after heated at 450~ 650°C for 300 h (Tempered at
800°C).
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Table 2. Precipitates of steel FM at various
heating temperatures.
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Fig. 2. Alloying elements content in precipitates
of steel FM heated at 450 — 650°C for 300 h ana-
lyzed by the fluorescent X-rays.
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Fig. 3. Relationship between temperature at the
absorbed energy of 100J and precipitates amounts
of steel FM.
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Fig. 4. Charpy absorbed energy for steel FM with
embittlement and de-embrittlement treatments.
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Photo. 1. Transmission electron micrographs of as tempered at 800°C and embrittled
and de-embrittled specimens.
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Fig. 5. Charpy transition temperature and hard-
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Fig. 6. Charpy absorbed energy of steel MA
heated at 650°C for 100-3 000h.
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Fig. 7. Charpy absorbed energy of steel MA
heated at 550°C for 100-3 000h.
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Fig. 8. Relationship between embrittled fracture
surface ratio and Charpy absorbed energy of steel

MA tested at 70°C.
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Fig. 9. Charpy absorbed energy tested at 20°C of
steel MA heated at 550 and 650°C for 102-10%h.
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Fig. 10. Precipitates amount of steel MA heated
at 550 and 650°C for 102-10*h.
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Fig. 11. Relationship between precipitates amount
and increase of Charpy transition temperature of
steel MA.
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(a) As tempered at 700°C
(¢) 550°C, 3000 h heating

(b) 550°C, 1 000 h heating
(d) 650°C, 1000 h heating

Photo. 2. Transmission electron micrographs of steel MA heated at 550 and
650°C for 103-10*h after tempered at 700°C.
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Fig. 12. Relationship between precipitates amount
and temperature at 100J and number of particles.

W& IEHEEAD D, FRESHEINT A2 L2 T
EBREEL R TAEMNICHALZ LA bAD, T2, T
WHOKErERT H-OH— K ML 7Y 5 2R
L, TEM IZX>oTEHll L7, Zo#E, itk Fig
12(b) IR & 512, HiEE HPIBERICH B 2 L2

— 146 —



% Cr 7 = 74 bRET 2SO MBMELE T 1215

200

(@) : y
4 AS700°C T MA
— 100} AV -
2 550°C-100h
W o1, + +
E 200 (b) (a)+700°C-1h
Q
wl 100' /’ 7
2 203k ’
R S —
& 100} s
= A (b)+580°C-100h
° 0

0 20 40 60
TEST TEMPERATURE(C)
(a) Embritting (b) Recovering (c) Re-embrittling treatments

Fig. 13. Embrittling and recovering behavior of
steel MA tempered at 700°C.
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