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Study on the Rimmed Ingot Which Evolved Gas under Reduced Pressure.

Shozo WATANABE, Hideo WATANABE,

Kaichi AsaNo and Masatoki NAKAYAMA

Synopsis:

Rimmed steels containing 0°03~0°08%, C were teemed into slab molds for 8~16t ingot,
which had been set in the vacuum tanks without sealing covers. Immediately after teeming,
the tanks were sealed and evacuated. As the pressure decreased, the rimming action became
extremely stronger, but in the succeeding stage gas evolution became less and less and cea-
, sed at lmm Hg after 6~8 minutes. And then vacuum was broken and further solidification
| - ensued in the atmosphere showing an appearance close to killed steel ingots.

@ In the case of vacuum break at such a high pressure as 10mm Hg, ingot tops became"
crowned. In order to prevent this phenomenon about 0°3 kg/t of aluminum was added at
the final stage of degassing. ‘

®  Changes of chemical compositions caused by the vacuum treatment were closely examined
on the samples taken out from molten steel in the mold immediately after the teeming as
well as after the vacuum treatment and later was verified by the check analysis on cold
sheets. The equilibrium level of the C-O relation, which was close to | atm after teeming
shifted following the reaction of carbon monoxide formation, to that of 0°l to 0°0l atm.
Although decrease of carbon and oxygen contents occurs also in the solidification of rimmed
steel in the atmosphere, it was very much emphasized by the vacuum treatment. The ma-
ximum decrease of carbon was about 0°03%. Further more carbon decreased greatly by in-
jecting oxygen or by adding mill scale into molten steel during vacuum treatment. For exa-
mple, C-content was decreased 0°067~0°012% by injection of oxygen for 10 minutes and in
this case a lance pipe with a half inch dia. was consumed 4 meters in length. On the con-
trary the C-addition to molten steel containing 0°03% after this treatment resulted in a very
low carbon steel with oxygen content only 0°08%. The final value of oxygen with no carbon

- addition was 0°03~0°05%. ' ’
® It was noticed that no manganese loss took place during solidification, while the manga-

nese loss was about 0°05% in conventional ingots.

The structure of 8t vacuum degassed ingots was considerably similar to that of capped
ingots, but superior to the latter, since it showed much less primary holes and thicker solid
layers in the rim zone. The segregation pattern was remarkably improved in comparison
with the conventional rimmed ingots of the same size and from the same heat. A remarkable
improvement of segregation was noticed in 16t ingots.

Coinciding to the results of oxygen analysis, (Fe, Mn)O inclusions were greatly reduced
both in number and size. Sulphide inclusions were uniformly distributed and very small in
size. : :

Mechanical properties of cold sheets showed the remarkable merits of vacuum treatment.
Drawing quality was very much improved and became considerably uniform in the longitu-
dinal direction of the cold coils.

To summarize the results shown above, this vacuum degassing process is recommendable
for making ingots having cleaner and better quality than conventional capped ingots and a
surface as good as rimmed ingots. From the view point of productivity, this process is in-
strumental for producing very low carbon steel ingots from molten steel higher in C content
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and consequently for cutting down the smelting time in steel making furnace. This process
is also effective to remove a great disadvantage of large remmed steel ingots which tend to

show too much segregation.
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Table 1. Ladle analysis of test ingots.
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Table 2. Ladle analyses of split ingots shown
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Vacuum treated by method b
(Fig 3) and capped with
aluminium

5. Microstructures of longitudinal section of
cold sheets produced from a heat of 0°06%
ladle carbon. Photos show full section of
thickness a) d) top, b) €) middle, c) f) bottom.
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(method e, shown in Fig. 3)

‘Microstructures of longitudinal sections of cold sheets produced from a,
Photos show full section of thickness a)d)g) top,
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X400 (4/5)
Size reduction ofisulphide inclusions

Photo. 6.
by vacuum treatment. Photos show one
of the biggest inclusions observed in cold
sheets produced from a) conventionally
solidified ingot b) vacuum treated ingot.
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Fig. 10. SiO; and Al;O; contents in cold sheets
(by iodine-alcohol method)
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Effect of Lead on the Hot and Cold Working Characteristics '

of Low Carbon Steels.

Synopsis:

Akira KovanNagi and Toru ARAKI

Preliminary studies have shown that the hot-workability of a low carbon steel appears not

- to be deteriorated by the addition of lead if the lead particles included in the steel are finely
dispersed and uniformly distributed. Concerning the cold-workability, it has been shown
qualitatively that the work hardening rate in the near-surface zone of a steel rod during
cold-drawing could be decreased by the addition of lead, although quantitative data on this

"~ - effect have not been reported. } ‘

In the present investigation, the effect of lead addition on the hot-and cold-workabilities
of low carbon steels prepared from the same heat has been studied. The test for hot-work-
ability was made with a hot torsion testing machine, while, as industrial scale tests, the hot~
tubing test with a Mannesmann plug mill and the hot-extrusion test by the Ugine Sejournet

process were performed.
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