Ba0-Cr;03-FeO B2 7 7-& 27 0 L BHB OB 0 A BTt 1939

© 1988 ISLJ

BaO-Cry03-Fe,0 AR T 7-& 2 0 LD '8 x

ﬂ;{" D A/B%ﬁﬁﬁqu%’ 1Tt
I AR R RN B b

Dephosphorization and Desulfurization Equilibria between Liquid
Iron Containing Cr and BaO-Cr,05-Fe, 0 Slags

Ryo INoug, Li HoNG and Hideaki Suito

Synopsis :

Phosphorus and sulfur distribution between MgO-saturated BaO-Cr,05-Fe,0 (-BaF,) slags and liquid
iron containing Cr ([%Cr]=0~16) has been measured in the temperature range from 1 550 to 1 650°C. The
refining limit of dephosphorization in steel containing Cr and hot metal was discussed by using the values
for phosphate capacity Cp (= (%P)/[ap'ao>?). Thermodynamic analysis indicates that the phosphorus
partition ratio increases with carbon up to a critical value and decreases beyond that.
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Fig. 1. Thermodynamic consideration of de-
phosphorization for stainless steel by Na,O, BaO
and CaO.
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Fig. 2. Variations of O, Cr and P contents in metal
with time by the addition of Na,CrOy,.
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3G & 4 T, 87% Ba0-13% Cr;03(No. 1 ~5), 65%
Ba0-35% Cr,03 (No. 21 ~25) & L, CryO; % FeO-
Cry0; & {& % # % 7= 87%Ba0-13% FeO- Cr,05(No. 11
~15), 65%Ba0-35%FeO-Cr;05(No. 31~33) & B\
7z. %72, 48%Ba0-48% BaF,-4% Cr,03(No. 41~43)
B &£ 1" 65% Ba0-35% Fe,0 (No. 51 ~53) % F\» 7=,
Table 1 I2BWT, X ¥ VD Cr BEAE VS,
RIC R 9 78 FeO-Cr,0; # iR L - EBRICBIT 5
Fe O BEBIIET L, Cry0; # 235 72z /- LR
LIFIFHELSEDTWS, 72, A2 Cr i

Table 1. Results of chemical analysis for metals and slags.

Temp. o P S Cr P,0s S Cre03 BaO FeO MgO BaF;
No. ) | (oem) (%) (%) %) %) (%) %) (%) (%) (%) (%)
87%Ba0-13%Cr,03
1 1550 147 0.146 0.0606 14.5 0.261 0.846 23.5 72.0 2.20 1.02 —
2 1600 198 0.0962  0.0176 14.6 0.723 1.34 25.6 69.2 1.62 1.48 —
3 1650 267 0.0872  0.0120 14.7 0.590 0.954 26.8 67.2 1.72 2.67 —
" 1600 200 0.0020  0.0113 1.41 1.37 1.47 13.6 68.4 11.54 2.95 —
5 1600 152 0.0339  0.0162 6.61 1.05 0.994 23.7 70.7 2.10 1.31 —
87%Ba0-13%FeO- Cry05
1 1550 118 0.0907  0.0210 15.4 0.609 1.20 18.4 76.5 2.47 0.67 —
12 1600 185 0.0858  0.0165 14.8 0.874 1.34 19.2 74.7 2.19 1.59 —
13 1650 208 0.0807  0.0041 15.4 0.768 1.22 17.0 75.4 2.84 2.67 —
14 1600 235 0.0028  0.0213 1.06 1.16 1.21 10.0 70.4 14.06 2.74 —
15 1600 139 0.0224  0.0187 6.47 0.934 0.960 19.6 73.7 3.54 1.18 —
65%Ba0-35%Cry03
21 1550 209 0.231 0.154 12.6 0.0266 0.482 33.4 61.0 4.95 0.04 —
22 1600 321 0.202 0.127 12.7 0.250 0.604 41.6 48.4 8.22 0.68 —
23 1650 382 0.185 0.0926 10.9 0.162 0.682 48.4 44.7 5.04 0.88 —
24 1600 748 0.0037  0.0716 0.33 0.869 0.634 26.4 47.5 23.56 0.33 —
25 1600 335 0.135 0.217 5.00 0.496 0.607 38.4 46.3 13.52 0.26 —
65% Ba0-35%Fe0Q+Cr;03
31 1600 781 0.0036  0.0637 0.35 1.28 1.20 18. 51.6 26.19 0.98 —
32 1600 272 0.107 0.0783 4.35 0.651 0.903 36.9 9.8 10.25 0.99 —
33 1600 231 0.201 0.130 11.9 0.153 0.264 38.6 57.5 3.00 0.45 —
48% Ba0-4% Cry03-48 % BaF,
41 1600 354 0.0091  0.109 1.28 1.41 1.87 8.58 33.1 2.69 8.07 4.1
42 1600 168 0.0997  0.0450 8.73 1.06 2.15 9.11 39.7 1.20 4.14 42.6
43 1600 261 0.0775  0.0150 16.3 0.673 1.28 6.20 43.2 0.98 2.46 45.1
659% Ba0-35% Fe;O
51 1550 693 0.0049 — — 9.24 — — 69.4 16.5 3.03 —
52 1600 973 0.0019 — — 2.76 — — 57.5 29.8 7.83 —
53 1650 1113 0.0048  0.0980 — 2.15 1.36 — 57.1 30.2 6.20 —
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Fig. 3. Relationship between log Lp and [%Cr] as
a function of (%Ba0)/[(%Fe,0)+(%Cr;0,)] ratio.
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Fig. 4. Logarithms of Cp in
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1 600°C.
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1 : 38%Ca0-57%NaF-5%Cry03 (15%Cr, 1 300~1470C)?

2 : 38%Ca0-57%CaF3-5%Cr;03 (15~20%Cr, 1400~1 470C)?

3 : 36%Ba0-55%BaCly-9%Crz03 (15~18%Cr, 1 335~1 540°C)®
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This work

67 ~77%Ba0~17 ~27%Cr203-1~3%Fe,0 (18%Cr, 1470C)

5 : Cr/Cr03 (Qcry05(5)=1) equilibrium

6 : C/CO (Pco=1 atm) equilibrium
Fig. 11. Comparison of the present result with the
literature data®?®® in 7p vs. [%C] plot.
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Appendix

(1)3Ba0(s)+2P+50=3Ba0-P,0s(s)
Ba;(PO,)»(colloidal) DA, = >~ # )V ¥ — AH5eg=
—409.2 kJ/mol'® % 3Ba0+P,05(s) DENELFEL WL
REL, #OMEB LU 2BaO(s)=2Ba(s)+0, ® AG®
=1098.9—0.190T(kJ)'® 2 5XRK D AG » KOS
5. 127 L, Bazg(POy), DEFO IV PO ¥—Dfli%
AS5es £ T 5.

3BaO(s)+ P, +5/20, = Ba; (PO, (s) --- [A-1]
AG; =—2443.6 — T (AS3s + 0.285) (kJ)

—75, Caz(POy4)2(s) DAERIE(A-2)D AG® 3K
RTEKEND,

3Ca0 (S) +P,+5/20,=Ca, (PO4)2 (S) [A-Z]

AG; =—2313.8 + 0.5565T (kJ)*¥

(A-1), (A-2)RXORED Ty PO E¥—HFELw e
E LT, 1/2P,=P BLU 1/20,=0 O AG"') »5,
(A-3)RXD AG %KD 7.

3Ba0 (s)+ 2P + 50 =3Ba0-P,0s(s) -+ [A-3]

AG° =—1613.5+ 0.6096 T (kJ)

(2)FtEICHV - HEERBR B DOMEE LLT K TR
7.

Table 2. Interaction parameters.

i j &' 7 il Ref.
P 0.062 —0.001 — 11
Cr —0.030 0.0008 0.0040 15
P{ O 0.13 — . — 11
S 0.028 — — 11
C 0.126 0.014 0.021 15
P —0.053 0.0025 — 11
Cr —0.0003 0 — 11
Cr| O —0.14 - — 11
S —153/T+0.062 — — 11
C —0.17 —0.005 0.0015 15
P 0.07 0 — 11
Cr —0.04 0 — 11
0o| O —1750/T+0.734 0 — 11
S —0.133 0 —_ 11
C —0.45 0 — 11
P 0.29 0.0006 — 11
0 Cr —94.2/T+0.0396 0 ~— 11
[¢) —-0.27 — — 11
S 233/ T—0.153 —0.0009 — 11
P 0.051 0.0041 0.013 15
c| Cr| —0.024 0 — 11
0 —0.34 — — 11
C 158/ T+0.0581 8.94/ T+0.0026 — 11
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