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Abstract: To address the issue that it is difficult to control the nitrogen content in 316H austenitic stainless steel melt
during vacuum smelting, which requires repeated addition of nitrogen-increasing alloys, leading to long smelting cycles
and high costs, this study uses high-purity metals and alloys as raw materials to melt 316H stainless steel in a
50 kg vacuum induction furnace. The effects of different melting atmospheres, melting pressures, and types of nitrogen-
increasing alloys on the nitrogen content in the molten steel were investigated. Additionally, the thermodynamic and
kinetic behaviors of the denitrogenization reaction during the vacuum smelting were analyzed. The results show that
under constant pressure, the solubility of nitrogen in steel increases with increasing temperature; when equal amounts of
alloying elements are added, pressure has a greater impact on the nitrogen solubility than temperature. The equilibrium
nitrogen content in the alloy melt decreases with an increase in the vacuum degree and smelting temperature, and
the changes in vacuum degree have a greater effect on the equilibrium nitrogen content under high-vacuum degree
conditions. Under nitrogen protection and the same melting pressure, using manganese nitride as an additive has a better
nitrogen- increasing effect than using chromium nitride. Under the conditions of a smelting temperature of 1 600 °C, a
50 kPa argon vacuum pressure and a 50 kPa air vacuum pressure, the denitrogenization reactions during vacuum
induction melting of 316H stainless steel are both limited by mass transfer from the interior of the molten steel to the
liquid-phase boundary layer, and the reactions follow first-order reaction kinetics, with the mass transfer coefficients
of 0.35x107 cm/s and-0.858x10™ cm/s, respectively. Meanwhile, the nitrogen content varies within the small range of
0.042% to 0.044%.
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Tab. 1 Target and actual measured compositions of the 316H alloys wg/%
i H C Mn Si P S Cr Mo Ni Al H N 0 Cu Fe
R 0055 18 0.65 19.5 2.5 13.5 0.065 64
TR 0.05 1.4 0.35 0.008 0.03 18.5 2.2 12 0.025 1* 0.045 30% 0.1 63

. H, OBE BN x 107, 30x 107,

R2 CrNERZRESEFEBNFER M E
Tab. 2 The charging amounts and timing of various alloy
raw materials through nitrogen pickup via CrN addition

F4 BRATERREHZETL
Tab. 4 The changes in variable factor control conditions for
each control group
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HL A 99.98 2.600 1 AR 10 CrN
L 99.44 3.850 2 AR 30 CrN
JeHLTR 98.50 0.002 3 e 50 CrN

Tolb gk 99.95 12.810 BB 4 =5 10 CIN
&)@ 99.80 0.480 5 =5 30 CrN
T alifiE 99.14 0.120 6 =5 50 CrN
4 Jm A 99.99 0.010 7 AR 10 CiN
HL AL 98.00 0.350 8 AR 30 CrN
FRRL 99.62 0.005 9 AR 50 CrN
W%  B18.57. Fe80.76  0.001 A4 —UInA 10 AR 30 MnN
AALHE N 11.04, Cr87.32  0.130
JGHL 98.5 0.011
&5 20.369 I RIREHY . ZiE, 10 minffoREE, H9 5!

&3 MoNEBRZESSERNPER N E
Tab. 3 The charging amounts and timing of various alloy
raw materials through nitrogen pickup via MnN addition
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Tab. 5 The activity interaction coefficients of element j with
nitrogen in the 316H stainless steel melt at 1 600 °C
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Si -0.047
Mo -0.043
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Cr -0.1
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Fig. 1 The variation in nitrogen solubility with temperature under
different nitrogen partial pressures
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Fig. 2 The nitrogen contents at different pressures during theoretical

calculation and practical testing processes
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Fig. 3 Evolution of nitrogen content in the 316H stainless steels during vacuum induction refining under different conditions
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Fig. 4 Schematic diagram of the nitrogen removal reaction mechanism

in smelting
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Fig. 5 Variation of nitrogen content in the 316H stainless steels during
the refining periods
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Tab. 6 Kinetic parameter data of nitrogen removal in the
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