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Relation between Carbide Precipitation and Toughness in

13Cr-3.8Ni Cast Steels

Synopsis :

Yoshitaka IwasucHt and Tomoo TAKENOUCHI

Relation between toughness degradation and carbide precipitation of 13Cr-3.8Ni cast steel has been
studied experimentally and theoretically. The results are summarized as follows :

(1) Chromium carbide (M,;C,) precipitated at prior austenite grain boundary in austenite region
deteriorates the toughness to give mosaic-like intergranular failure,

(2) Notch toughness, FATT (°C), is a function of both carbon content, C (wt %), and cooling rate
from 950°C, R (°C/h), and the following relation is obtained. FATT=3119.C—45log R-13

(3) The rate—determining stage for the carbide precipitation is considered to be the formation of carbide.

(4) Reducing silicon content and increasing molybdenum content improve toughness as the result of

retarding M,;C; precipitation along grain boundaries.
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Table 1. Chemical composition of the steels used
(wt%) .
Steel | € st #n P s N oo | omo

C1 0.04 | 0.45 0.66 | 0.022 | 0,024 | 3,81 }12.12 | 0.14
[ 0.06 | 0.37 0.71 | 0.020 | 0.022 | 3.90 | 12,55 | 0.15

C3 0.08 | 0.36 0.69 | 0.019 | 0.017 | 3,88 |12.64 | 0.14

M1 0,08 { 0.38 0.60 | 0.023 | 0.040 | 3.91 | 12,02 | 0.01
M2 0.08 | 0.37 0.63 [ 0,019 | 0.024 | 3.82 [12,36 | 0.27

M3 0.08 | 0.33 0,72 | 0.020 | 0.030 | 3.83 |12.59 | 0.34

S1 0.08 | 0.07 0,70 | 0,021 | 0,024 | 3.88 |[12.32 | 0.16
S 2 0.08 ! 0,13 0.80 | 0.022 | 0,020 | 3.91 (12,17 | 0.18
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Fig. 1. Variation of FATT of specimens having
0.04 to 0.089; C with cooling rate from 950°C.
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Fig. 2. Variation of FATT with carbon content
and cooling rate from 950°C. Specimens were
normalized and tempered at 600°C for 10h.
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Fig. 3. Carbide precipitation of specimen with
0.04 to 0.089,C at different temperatures.
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Photo. 2. Microstructure of specimens with 0.049 to 0.089C as a function of cooling rate from 950°C.
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Photo. 3. Carbon extraction replica of intergran-
ular fracture surface of the specimen with 0.04
C, 0.45Si and 0.14Mo (Steel Cl) cooled at 5°C/h
from 950°C.

Photo. 4. Transmission electron micrographs of
the specimen (Steel Cl) transformed isothermally
at 650°C for 8h.
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Fig. 4. Solubility of carbon in 13Cr-3.8Ni cast
steel.
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of 13Cr-3.8Ni cast steel obtained by theoretical
calculation.
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Fig. 6. Effect of G, Si and Mo on time to
prcipitate carbide at 650°C and FATT of speci-
mens cooled at 50°C/h from 950°C and tempered.
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Photo. 5. Transmission electron micrographs of the specimens with 0.089,C isothermally transformed
at 650°C for 8h showing the effects of Si and Mo content on M,3Cq carbide precipitate.
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Fig. 7. Effect of carbon content and cooling rate
on FATT of 13Cr-3.8Ni cast steel.
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