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Influence of Sulfide Inclusions on the Hot Ductility of

Low Carbon Steel Castings

Jae-11 Park

Department of Materials Processing Engineering, Graduate School,

Pukyong National University

Abstract

The influence of sulfide inclusions on the hot ductility of low carbon
steel castings was studied by hot tensile test using Gleeble test
equipment. The Gleeble heating tensile test and cooling tensile test was
performed at 1340, 1360, 1380 and 1400 C, respectively. On the heating
tensile test, test temperature was gradually higher, it was found that
the ductility fracture was transformed into the brittle fracture, the hot
ductility decreased. On the other hand, on the cooling tensile test, the
ductility fracture and the brittle fracture were observed at the same test
temperature, the hot ductility was . The results from microstructure on
the cooling tensile specimens, sulfide inclusions were found in grain
boundary in case of brittle-fractured specimen, in grain in case of
ductile-fractured specimen. Components of sulfide inclusions analyzed
by EPMA. The results show that sulfide inclusions in grain boundary
had FeS, those in grain had MnS.

Key words : Low carbon steel castings, Sulfide inclusions, Hot ductility,

Gleeble test
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High temperature cracking

occurs during casting, welding and hot working

Type 1 : Segregation cracking
associatedd with microsegregation leading to

intergranular films

Type 2 : Ductility-dip cracking

occrus at new grain boundary free from

Figure 1 Classification systems for hot cracking[5].

films
Type 1A Type 1B Type 1C Type 2A Type 2B Type 2C
Solidification Liguation Liquation Ductility-dip Ductility-dip Ductility-clip
cracking cracking cracking cracking cracking cracking
inweld metal inHAZ inweld metal inHAZ in prirmary in reheated
(multipass) weld metal (multipass)
weld metal
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Figure 2 Heavy-section steel castings used for this study(Pouring weight :
16,000 kg).
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Figure 3 An example of sulfur rl-jrin't for a'heax}y
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Figure 4 Dimension and shape of Gleeble test specimens.
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Figure 5 Gleeble test equipment for tensile test at elevated temperature.
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Table 1 Chemical compositions of Gleeble specimens.

Compositions(wt. %) . | Mn/S
No. C si Mn S P Fe Ck o Remark
1 022 | 048 | 0.78 | 0.011 | 0.013 | Bal. | 0.35 60 H1
2 021 | 048 | 0.78 | 0.013 | 0.009 | Bal. | 0.34 87 H2
3 017 | 048 | 0.75 | 0.014 | 0.012 | Bal. | 0.30 62 H3
4 028 | 048 | 0.76 | 0.022 | 0.013 | Bal. | 0.41 59 H4
5 017/ | w047 £ (0.7525-0.013 | €010~ Bals,™0.30 75 C5
6 023 | 048 | 0.76 | .0.017 | 0018 | Bal. | 0.36 42 Cé
7 0.26. | 051 /0814y 010268 (R WBal. " | '0.40 38 Cc7
8 017 | 046 | 0.75 | 0.012 | 0.009 | Bal. | 0.36 83 C8
9 0.29 | 0.50- | 1077 B0I018 N iBal. | -0.42 60 9
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On heating
On cooling

Reduction in area (%)

NDT

Temperature (°C)

Figure 6 Typical variation of reduction in area on Gleeble test[11].
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Figure 7 Reduction in area with Gleeble test temperature.
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Figure 8 SEM fractography of tensile-fractured specimens on heating test.
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Figure 9 SEM fractography of tensile-fractured specimens on cooling test.
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H3 - 1380°C . Js y |

. Ha-mooc ~ 20um

Figure 10 Microstructure of tensile fractured specimens on heating test.
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5-1380°C C8 - 1380°C

C7 - 1340°C

Figure 11 Microstructure of tensile fractured specimens on cooling test.
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Brittle fractured Ductile fractured
Magnificaion (C8, Mn/S ratio : 83, (C9, Mn/S ratio : 60,
Cg: 0.30) C::0.42)

Low

High

Figure 12 Typical microstructure of brittle and ductile specimens.
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Figure 13 EPMA results of brittle-fractured specimen.
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-fractured specimen.

14 EPMA results of ductile

Figure
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