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Effect of Different Deoxidation Methods on the Evolution of
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Abstract: To study the effects of different deoxidation methods on the evolution of inclusions and carbides in Cr12MoV
steel, experimental steels smelted by three deoxidation processes (Al deoxidation, Al deoxidation combined with rare
earth Ce composite deoxidation, and vacuum carbon deoxidation) were analyzed using scanning electron microscopy-
energy dispersive spectroscopy (SEM-EDS) and the OTSInca automatic inclusion analysis system (Oxford Instruments ).
The effect of the three deoxidation methods on the mass fractions of total oxygen (T. O) and total nitrogen (T. N), the num-
ber, size, composition and morphology of inclusions, as well as the precipitation characteristics and distribution of car-
bides in Cr12MoV steel were explored. The results show that at 480 Pa, carbon exhibits stronger deoxidation and denitrifi-
cation effects than Al and Ce. The mass fractions of T. O and T. N in the as-cast samples can be reduced to 0. 000 7% and
0.002 7%, respectively. In the experimental steels produced by single Al deoxidation and vacuum carbon deoxidation, in-
clusions are dominated by fine Al,03, with number densities of 165/mm?* and 95/mm?, and average areas of 0. 70 pm? and
0. 66 wm?, respectively. After Al deoxidation combined with rare earth treatment, inclusions are mainly Ce»02S, with an
inclusion number density of 120/mm? and an average area of 2. 0 wm?. The participation of Ce in deoxidation reduces the
total number of inclusions but increases their size. Carbides in both single Al deoxidation and vacuum carbon deoxidation
samples exhibit a fish-bone morphology and distribute continuously along grain boundaries to form a network structure,
with area fractions of 12. 15% and 12.29%, respectively. In contrast, carbides in the Al deoxidation + Ce treatment
sample are fine lamellar or granular, distributing discontinuously along grain boundaries in a chain-like or particulate form
without forming a continuous network structure, and the carbide area fraction is 11. 70%. Ce treatment can significantly re-
fine carbides, break the continuous network structure and reduce the precipitation amount. Compared with Al deoxida-
tion, vacuum carbon deoxidation has no obvious effect on the morphology and precipitation of carbides. This study sug-
gests that, without considering time, replacing partial Al deoxidation with vacuum carbon deoxidation in the smelting of
Cr12MoV steel is feasible. It can purify molten steel and optimize the properties of inclusions without affecting carbide pre-
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cipitation. Al deoxidation combined with rare earth composite deoxidation has a significant effect on carbide control.
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Table 2 Experimental steel inclusions distribution statistics
WA OB il *BE AT um® AT B
<l pm 1~2 pm >2~3 pm >3 pm I>/mm
14K 80.80 17.60 1.10 0.40 165 675.83 0.7
2% 26.00 54.70 16.80 2.60 120 1319.15 2
3" 78.50 20.20 1.40 0 95 345.16 0.66

(a) Steel 1%, (b) Steel 27, (c¢) Steel 3*
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Fig. 10 Formation mechanism of carbides in experimental steel
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