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Causes and Improvement of Point Defects in 15-5SPH
Stainless Steel Producted by EAF+VAR
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Abstract: The new process of EAF—VOD—LF+VD— pouring 6 t electrode rod — vacuum consumable remelting (VAR)
with lower smelting cost was adopted to produce 15-5PH stainless steel instead of the traditional VIM+VAR process, the
causes of point defects were analyzed by scanning electron microscopy and ASPEX detection methods. The results show
that calcium aluminate and aluminum spinite exist in the self-consuming electrode, the instability of vacuum consumable
remelting process will draw the ingot crown and non-metallic float into the melting pool and remain in the consumable in-
got, resulting in point defects after forging. Through process optimization and improvement, the VOD reduction slag is ad-
justed from 9 kg/t aluminum to 8 kg/t ferrosilicon and 5 kg/t aluminum, the composition of refining slag is adjusted from
(mass fraction) CaO 50%-55%, SiO, 10%-15%, Al,0, 20%-25% to CaO 45%-50%, SiO, 5%-10%, Al,0, 33%-38%,
vacuum consumable remelting speed is increased from 4. 2 kg/min to 6 kg/min, and the melting drop time is increased from
0.23 s to 0.27 s, the cleanliness of consumable electrode has been greatly improved, the melting speed has been con-
trolled steadily, the non-metal floating matter on the liquid surface of the molten pool has been removed, low and high mag-
nification inspection of the finished material have met the standard requirements, and the inspection pass rate has been in-
creased to more than 98%.
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Fig. 1
fects and energy spectrum analysis at different times: (a) mag-

nesium aluminum spinel, (b) calcium aluminate
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Table 1 Chemical composition of 15-5PH stainless steel %

C Mn Si P S Cr Ni Cu Nb Mo Al
<0.07 <1.00 <1.00 <0.030 <0.015 14.00 ~15.50  3.50~5.50 2.50~4.50 5%*C~0.45 <0.50 <0.020

F2 15-SPHNABERUZER S (REDH)
Table 2 Chemical composition of 15-5PH steel smelting process %
TR C Mn Si P S Cr Ni Cu Mo Al Nb N 0

VOD i 0.450 0.19 0.38 0.010 0.0119 14.86 4.05 2.84 0.08 0.003 0.06 0.024 0.003 50
VOD it it f5 0.013 0.16 0.08 0.010 0.0134 13.95 4.19 2.85 0.08 0.006 0.024 0.018 0.005 60
LF &5 0.038 0.84 0.29 0.011 0.001 0 14.4 4.61 3.51 0.30 0.029 0.302 0.043 0.003 70
VD4 0.040 0.83 0.36 0.011 0.001 6 14.59 4.55 3.46 0.30 0.009 0.30 0.059 0.003 00
R ES R 0.040 082 036 0011 00010 1461 458 348 030 0.009 030  0.060 0.00258
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Table 3 Ingredient and alkalinity of refining slag at differ-
ent processes

) W I3 % —I
Ty B
ALO, MgO Si0, Ca0 TFe MnO BUE

LFZ5dE 2353 792 13.09 5259 04 008 4.02
VD4 208 1027 1472 5215 035 007 3.54

BREER 2074 1059 1354 51.61 029 0.07 3.81
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Table 4 Size distribution and quantity of inclusions at dif-
ferent refining processes
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Fig. 2 Consumable remelting curve and molten pool level : (a)consumable remelting melting velocity curve, (b)molten pool level
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Table 5 Composition change of 15—-5PH stainless steel smelting process after slag optimization %
T C Mn Si P S Cr Cu Mo Al Nb N 0
VOD fij 0.450 034 038 0.013 0.0031 1425 446 341 0.09 0.006 0.076 0.0250 0.003 40
VODidJ)s  0.026  0.31 0.28 0.014 0.0028 14.06 445 344 0.10 0.084 0.060 0.016 0 0.003 85
LFZ58 0.038 0.80 034 0.014 0.0013 1448 4.56 3.38 0.28 0.049 0.314 0.044 0 0.003 00
VD %k 0.038 0.79 034 0.014 0.0010 1449 455 345 0.27 0.023 0.310 0.061 5 0.002 35
e TN 0.040 0.80 034 0.014 0.0010 14.53 4.57 3.46 0.28 0.020 0.310 0.061 0 0.001 85
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Table 6 Optimized refining slag system ingredient %

TF ALO,  MgO  Si0,  CaO TFe  MnO
LFZ5d 3643 8.34  5.04 4868 034  0.08
VD& 33.87 1043 7.6 47.65 033 0.1l

Bkssi  33.95 10.52 6.96 46.51 0.29 0.10
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Table 7 Optimized size distribution and quantity of inclu-
sions at each refining stage
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Fig. 3 Consumable remelting curve and molten pool level : (a)consumable remelting melting velocity curve, (b)molten pool level
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