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The Reducing Dephosphorization of Molten Stainless Steel and Slag Treatment

Toshiaki ARATO, Tetsuro UCHIDA and Yoshifumi OMORI

Synopsis:

The dephosphorization of molten stainless steel by the addition of metallic Ca has been studied by using
a laboratory scale high frequency furnace and industrial scale electric arc furnace. In addition, safety
treatments of dephosphorization slag were examined.

The results obtained are summarized as follows:

(1) In a laboratory scale test, the relation between activities of G and O (ac and ag) of molten steels and
dephosphorization ratios were found. Optimum conditions where dephosphorization ratios reached more
than 50% were ac<<0.92 and ao<<4x 10-* at 1 480°C.

(2) In order to obtain the optimum condition of 18Cr8Ni steel, it was necessary to control carbon and
oxygen contents in the range of 0.3% <C<1.0% and O<60 ppm at 1 480°C, respectively.

(3) In the industrial scale experiment on 13Cr5Ni steel, dephosphorization ratio and desulfurization
ratio were 33%, and 559, respectively, by the addition of Ca=10.6 kg per ton steel..

(4) Concentrations of PH; and H,S generating from dephosphorization slag were measured. Maximum
concentrations were 160 ppm/g for PH, and 400 ppm/g for H,S before safety treatment. After the safety

treatment by using oxide slag, maximum concentrations decreased to 2 ppm/g for PH; and 11 ppm/g for

H,S.
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Fig. 1. Experimental apparatus. (50 kg high fre-
quency furnace)
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Table 1. Chemical composition of experimental
materials (wt%).

compo-l ¢ |si |cr | Ni |Fe [Mo[Mn|s | P | o0
matel

18Cr 8Ni
steel

0.04 | 060 | 18.0 | 870 |Bal. |020 | 043 [<0.01 {003 [€0.02

ﬁg;f”i 0.10 | 010 | 12.2 | 430 | Bal | 030 | 038 [¢0.02 <003 [(0.02

i 0.05 {0.23 {107 | 0.50 | Bal. | 0.90 | 0.68 0.01 <001 <001

Table 2. Chemical composition of dephosphorizing
reagents (wt%).

Ca Mg 0.50 Fe<0.001 Mn<0.002 Co<0,0002
© Cr<0.0002 Al<0,001 N<O0.02 Ca bal

Mg<0.40 Fe<0.03 Mn<0. 002

Ca-al A'19.8 Ca bal.

[charging (11.3ton) |
C=0.7~1.0%

Al=1kg/ton steel
Ca=11kg/ton steel

Fig. 2. Process of industrial scale test.
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Fig. 5. Relation between dephosphorization ratio
and Ca weight.
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Ca(l) + S =CaS(s)
4GS, = — 100 260 +24.67 T (cal/ mol) } (5)
3Ca(l) +2N =Ca;sN,(s)
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1450~1500°C DEE TOLERIGED 4G° ZHETH
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Table 3. Experimental results.

N [3Bhe [ c () [0 () [N ) [NsC7) [ncs) | e Joo10®

12Cr steel

1 [Al=Ca [ 1.13 ]0.0035 | 33 75 29 1.86 2.7
2| Ca 062 |0.0086 [ 22 40 21 047 16.1
3 |Al=Ca | 080 [0.0061 | 36 75 3 098 | 9.00
13Cr5Ni steel
4 Ca 136 00053 | 39 60 - 1.46 435
5 | casAl | 1.36 |0.0080 | 42 50 - 1.49 6.79
6 | Al=Ca | 120 [0.0029 | 48 80 39 1.23 281
7 | AteCa | 159 |0.00%5 | 32 63 0 1.96 3.68
8 | Alsca | 075 |0.0016 | 52 7 28 0.66 262
9 | CaeAl | 136 |0.0059 | 36 30 - 1.46 4.89
10 | CaeAl | 065 0.0032 | 57 - - 050 1.52
18Cr8Ni_steel
11 |Al=Ca | 0.58 [0.0068 | 45 51 9 0.40 813
12 | AlsCa | 0.71 {0.0055| 50 44 20 0.54 485
13 | csAl | 1.05 |0.0092| 58 92 - 0.86 | 6.34
1 | AleCa | 1.75 |0.0040| 45 50 - 1.60 1.45
15 | Ca+Al 098 |0.0010 54 - - 0.80 1.00
~(12) R RA L TRD.
Ao=f L% e reernmemmrmmineninineecnnsnsnens (9)

log fo=¢[2%C]+e8 [ %Si] 45 [%Cr]
+ed[9Ni] +ed > [%Mo] +e5°[%0]
_|_eg'>[%p] +g(CS)[%S]...........................(10)
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+ e [%Mn] +e5[%P]+€57[%S] -+ (12)
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Fig. 7. Relation between dephosphoriza-
tion ratios and @¢, @o at 1480°C.
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Table 4. Optimum conditions for the reducing

dephosphorization in some materials. (Optimum
condition : dephosphorization ratio>502)

conditions | carbon concentration oxygen concentration
materials _rr‘nin. o max. max. "
m<1450C ac< 092 | ap<4x10
18Cr8Ni - - e——)
steel 03 1.0% 60ppm
13Cr5Ni smp
steel 076 0.85% 30ppm
12Cr - up
steel 095 1.0% 30ppm
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Fig. 8. Relation between desulfurization ratios (A),

denitrification ratios(B) and a@c, @o at 1480°C.
Symbols are the same meaning of Fig. 7.
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Fig. 9. Experimental result for dephosphorization
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Fig. 10. Changes of gas concentration in the arc
furnace.
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DEEBERE L. FUEDOB Y AAT 7 btk
fET PHy=160 ppm/g, H,S=400ppm/g »KHIh
e BIEMRERA S 7S L 5 RECAEBOEE, B
A PHy=2ppm/g, H,S=11ppm/g ¥ TEF L.
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