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Morphology Control of Copper Sulfide in Strip Casting of Low Carbon Steel

Zhongzhu L1u, Yoshinao KOBAYASHI, Kotobu NAGAL, Jian Y ANG and Mamoru KUWABARA

Synopsis

: Copper and sulfur are the typical residual elements and impurities in steel. Previously, we reported the precipitation of very tiny particles of

Cu,S in copper and sulfur containing steel by strip casting process. In the present paper, the morphologies of copper sulfides in strip casting

low carbon steels were distinguishably investigated by Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM).

Four kinds of copper sulfide with different morphology were observed, namely duplex inclusion of oxide and sulfide (OS), plate-like cop-

per sulfide (PS), shell-like copper sulfide surrounding the inclusions (SS), and nano-scale copper sulfide (NS), and their formation mecha-

nisms were discussed.

The OS is considered to firstly form as molten manganese silicate in molten steel, and grow up with the formation of sulfide inside of the

silicate after the solidification of steel. The PS is considered to precipitate from the y-Fe phase with plate like shape due to semi coherency

with the y-Fe matrix. The SS is considered to precipitate in lower temperature ranges on the other pre-formed inclusions such as MnS, oxide

and also Cu,_S. The NS is considered to form in the low temperature range of y-Fe and especially in «-Fe phase as very tiny particles due to

the high supersaturation, low diffusivity of component elements and the coherency with the o-Fe matrix.

Based on this classification, formation stage of oxide, MnS and Cu,S was clarified and described as like TTT diagram.

Key words: morphology; copper sulfide; oxide; phosphorus; low carbon steel; strip casting.
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Fig. 1. Typical duplex oxide—sulfide inclusion (particle A,
B and C) and plate-like MnS (particle D) in con-
ventional continuous casting silicon steel.
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Table 1. Chemical composition of cast strips, mass%.

Sample C Si  Mn P S Cu (0] Aes, K Aes, K Thickness, mm
Steel A 0.08 0.05 054 0.12 0010 0.07 0016 1690.6 1194.2 3.6
Steel B 0.096 026 0.61 0.013 0.016 0.12 0.004 1754.7 1120.1 2.2
Steel C  0.088 0.25 0.56 0.081 0.017 0.12 0.004 17082 1171.5 2.2




Fig. 2. Duplex oxide—sulfide inclusions in Steel A. (a) and
(b) SEM images; (c) TEM image of extraction
replica specimen and EDS spectrum.
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Fig. 3. SEM/EDS elemental line-scan profiles of duplex
oxide—sulfide inclusion in Steel A.
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Fig. 4. Schematically showing the formation process of the
present duplex oxide—sulfide inclusion (L: Liquid;
S: Solid). (a)Liquid steel and liquid silicate; (b)
steel solidified and liquid silicate; (c) liquid sulfide
formed in the liquid silicate; (d) silicate and sulfide
solidified and Mn, Cu and S diffused around the
sulfide; (e) duplex oxide—sulfide formed.
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Fig. 5. Plate-like sulfides in Steel B, TEM extraction repli-
ca specimen. (a) Morphology image; (b) EDS
spectrum; (c) selective area diffraction pattern with

axis zone [001].

Table 2. Disregistry between particles and y-Fe/a-Fe ma-

trix.

Orientation
Particles Structure a,,nm 4a,/a, a,l/a, Morphology

relationship
0-MnS fee. 05224 14572 plate cube-on-edge
CusS f.c.c. 0.5735 1.5997
CuygS fec 0.556 1.55
o-MnS fe.c. 0.5224 1.8227 equi-axed
CuyS f.c.c. 0.5735 2.001 cube-on-cube
Cu;sS fee 0.556 1.94

Note: Here the disregistry between the particles and the matrix is calculated by the
lattice parameter ratio of two phases (a,/a, or a,/a,). g, is the lattice parameter of
the particle, a, and a, are those of y-Fe (0.3585 nm) and a-Fe (0.2866 nm),

respectively.
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Fig. 6. Shell-like copper sulfide with MnS core ((a), Auger
image) and oxide core ((c), SEM image) in Steel
A. (b) Auger elemental line-scan profiles of parti-
cle in Fig. 6(a); (d) SEM/EDS elemental line-scan
profiles of particle on Fig. 6(c).
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Fig. 7. Shell-like copper sulfide with copper sulfide core
in Steel A, TEM extraction replica specimen. (a)
Morphology image; EDS spectrum of the core (b),
the shell-like edge (c), and the whole (d) of the par-
ticle; selective area diffraction patterns with axis
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Fig. 8. SEM/EDS elemental mapping analysis of duplex
oxide and shell-like copper sulfide in Steel A.
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Fig. 9. Schematically showing the formation process of
the present shell-like copper sulfide (S: Solid). (a)
Oxide, MnS or Cu,S formed at high temperature;
(b) diffusing of Cu and S around the existed inclu-
sion at low temperature; (c) shell-like Cu,S formed
around the existed inclusion at low temperature.
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Fig. 10. Nano-scale copper sulfide particles. (a) Morphology image and (b) EDS spectrum of particles in Steel A, TEM image of
extraction replica specimen; (c) morphology image and (d) EDS spectrum of particles in Steel C, SEM image, electrolyt-

ically etched by 10% AA electrolyte.
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Fig. 11. Spherical sulfides in Steel B. (a) Morphology
image; EDS spectrum of particle B (b), particle C
(c) and particle D (d).
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Table 3. Brief summary of the precipitation behavior of MnS and Cu,S in steel.

Sulfide |  Character Possible Nucleation site Size, *10° m Frequency
formation stage
MnS Sims Type I | Molten or after Oxide ~10 Often in high
solidification oxygen steel
Sims Type 11 End of Primary grain ~100 Often
solidification boundary
Sims Type I11 Molten steel Molten steel ~10 Often in high
sulfur steel
Spherical Delta ferrite or | Grain boundary ~5 Often
Austenite or dislocation
Plate-like Austenite Matrix ~10 (long axis) Often in slow
cooling rate
Shell-like on Few
sulfide
Nano-size Few
Cu,S Sims Type | After Oxide ~1 Often in high
solidification oxygen steel
Sims Type 11 Few
Sims Type 11 Few
Spherical Delta ferrite or | Grain boundary ~1 Often
Austenite or dislocation
Plate-like Austenite Matrix ~1 (long axis) Often in low
phosphorus steel
Shell-like on Low Formerly formed ~1 Often
sulfide temperature sulfide
Nano-size Ferrite Matrix ~0.1 Often in high
phosphorus steel

Note: The listed spherical sulfides precipitated on grain boundary or dislocation in

delta-ferrite and austenite were not discussed in the text, but they may have some effects

on the subsequent shell-like copper sulfide precipitation.
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