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Precipitation Behavior of CuS and MnS at High Temperature in Fe—-C—Sn Steels

Ken-ichi Y AMAMOTO, Hiroyuki SHIBATA, Keiji NAKAIMA and Shozo MiZOoGUCHt

Synopsis

: Tin (Sn) in steels is a tramp element and promotes copper (Cu) to cause surface cracking at high temperature. But the detail has not been

clear enough. In this study, Fe-0.05mass%C-3mass%Sn and Fe—0.05mass%C—0.3mass%Sn steels were investigated to clarify the effects of

tin, manganese and sulfur on the precipitation behavior of tin, copper and MnS at high temperature. Under the two heat treatment conditions,

the in-sit observations were carried out using a confocal scanning laser microscope. The first condition was a continuous cooling procedure

and the second was an annealing procedure at 1423K. After the observation the precipitates were analyzed by SEM and 200kV FE-TEM. As

a result, in Fe—0.05mass%C-3mass%Sn steels the tin carbides were found as Fe;SnC mainly at the grain boundary. In Fe-0.05mass%C-

0.3mass%Sn steels tin precipitates were not found at all. (Mn, Cu)S and fine CuS precipitates were found only inside the grains.
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Table 1. Chemical composition of samples (mass%).

Sample  [C]  [S] [Mn] [P] [S]  [Cu ISnl T.[A] [O]
A-1 0.046  0.005 <0.002 <0.002 <0.0003 0.003 0.28 <0.002 0.0006
A-2 0.038 0.005 0.19 <0.002 0.013 0.003 028 <0.002 0.0007
A-3 0.037  0.005 0.58  <0.002 0063 0002 027 <0.002 0.0010
B-1 0.040 0004 <0.002 0.002 <0.0003 0.002 3.42 <0.002 0.0039
B-2 0.048 0.004 020  0.002 0017  0.002 3.62 <0.002 0.0025
B-3 0.047 0.004 0.60  0.002 0038 0002 359 <0.002 0.0012
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Fig. 1. Experimental conditions of heat treatment.
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Fig. 3. Images by a confocal laser microscope (sample A-3
with Mn and S addition).
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Fig. 7. SEM micrograph of MnS precipitates in sample
A-3 with Mn and S addition.
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Fig. 8. FE-TEM micrographs of MnS and Fe-carbide pre-
cipitates in sample A-3 with Mn and S addition.
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Fig. 9. FE-TEM micrographs of (Mn, Cu)S precipitates in
sample A-3 with Mn and S addition.
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Fig. 10. FE-TEM micrographs of CuS precipitates in sam-
ple A-3 with Mn and S addition.
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Fig. 11

. SEM micrographs of MnS and Fe,SnC precipi-
tates in sample B-3 on the conditions of continu-
ous cooling and 1423KX3.6 ks with Mn and S ad-
dition.
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Fig. 12. FE-TEM micrographs of Fe,SnC and MnS precip-
itates in sample B-3 with Mn and S addition.
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Fig. 13. FE-TEM micrographs of Cu, S and (Mn,Cu)S
precipitates in sample B-3 with Mn and S addi-
tion.

Table 2. Features of precipitates in samples A and B.

Sample A B
A-1 A-2 A-3 B-1 B-2 B-3
I type Fe;C FesC FesC MnS Fe;SnC | FesSnC (Mn, Cu)S | Fe;SnC (Mn, Cuw)S
At grain Fe3C
boundaries 1~ 1 - 1 - lum 1~ 1~ 0.5 m 1~ 0.5 m
3um 3um 10 m 3um 3um Sum
I type Fes:C  (Mn CwS | FesC  (Mn, CwS | FeSn (Mn, Cw)$ (Mn, Cu)S
— carbide
In grains 0.5~ 50~ 0.5~ 0.1~ 0.1~ 054 m 50~500nm
lum 100nm lum 3um 0.2um
I type — Cu sulfide CuisS — CureS Cui 68
In grains 20~40nm 20~40nm 20~40nm 20~40nm
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