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Influence of Alloying Elements on the Formation of “A”

Segregates in Steel Ingot

Synopsis:

Koreaki Suzuki and Takehiro MryamoTo

In order to investigate the influence of alloying elements, Ni, Cr, Mo and V on the occurrence of “A”
segregates and dendrite structure, simulation tests for “A” segregates were made using 14 kg ingot solidified

horizontally and unidirectionally.

The solute-enriched phenomenon, investigated by taking samples from the solidification front, was
discussed in connection with the influence of alloying elements.

The results obtained are summarized as follows:

1) Adding 1% Mo to plain carbon steel made “A” segregates eliminate and made the solute-enriched
liquid distribute homogeneously to form fine structure.

2) Ni, Cr and V did not have a great influence on “A* segregates and dendrite structure, but Cr made
“A’ segregates eliminate a little and V made them increase a little.

3) The cooling rate of the solidification front in the solid-liquid zone decreased as the solidification
proceeded and consequently shifting the solidification front to higher solid fraction side made the solute

concentration increase.

4) 'The reason that ““A” segregates are eliminated by adding 19, Mo is caused by suppressing a shift
of the solidification front to higher solid fraction side, which means that there does not occur the solute
enrichment enough to form the segregates at the solidification front.
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Fig. 1. Experimental apparatus for producing
“A” segregation in small ingot.

Table 1. Chemical composition of the examined
ingots (%).

Noj Steel C Si [Mn} P S | Ni |]Cr Mo} V

Carbon steel] 0.67 {0.37 |0.52 ]0.018]0.014] — | — | — —
Nisteel ] 0.67 |0.50 | 0.60}0010]0.012] 1.00] 0.09] 004}<0.0t
Cr_steel} 0.66]0.50 10.53]0.010}0.011} 0.11 | 1.03| 004]< 001
Mo steel | 0.67]0.56}0.600.010]0.0111 0.11]0.08} 1.03{< QO1
V steel ]| 0.66§0.49]0.59{0.010{0012} 0.10 {0.08] 0.04] 049
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Fig. 2. Sampling method.
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Table 2. Chemical composition of experimental
ingots (%).

Steel C |Si [Mn] P S Ni Cr | Mo v
Carbon steel} 0.67]0.40 | 0.75 {0012{0013} — i -
*Mo steel] 0.67}0.55 {0.64]0.010j0.010}0.11 10.08 {1.09 | 001
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Photo. 1. Effect of alloying elements on the macrostructure of ingots.
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Photo. 2. Effect of alloying elements on the dendrite structure of ingots.
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Fig. 3. Solute enrichment at the solidification
front.
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Fig. 4. Solute enrichment at the solidification
front.
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Fig. 5. Positions of Tp, Ty ~15°C and Ty isotherms
during solidification.
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Fig. 8. Relation between sampling weight and
carbon content.

Table 3. Carbon segregation in a sample.

No Carbon content (%) S%fml‘“g
1 §0.7810.7810.780.78 1 0.80} 0.80{0.7810.7910.80}{0.80} 20min
2 10.8010.80]0.8010.80] 0.80]0.79]0.79]0.79]0.80]|0.79} 22 min
310.85}0.8510.63]0.81]0.80]0.83] 0.82 24min
410.79]0.7710.7910.781 0.78] 0.78] 0.79{0.78| 0.79 26min
510.8210.83}0.8210.81]0.82]0.82(082]0.8210.81]0.82{ 28min
610.8310.8110.8210.82/ 0.81]0.81}0.81]0.82]0.81{0.81] 30min
[ I D D I e )
Inlet =] 1 I | I | I | 1 Suction
side L __’1 m (I;T1 side
100mm
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