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Removal of P and Cr by Oxidation Refining of Fe-36%Ni Melt
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Synopsis :

Removal of P and Cr, which were impurities in a Fe-36%Ni alloy, was investigated by conducting experiments on oxidation
refining of a Fe-36%Ni melt containing 0.5 to 1.5mass% Cr and 0.15mass%P with a Ca0O-SiO,-CaF,— Fe,O slag on a 30 kg scale.

FeCr,0, was identified by X-ray diffraction analysis of the slag sample that had been water-cooled immediately after the
experiments. Therefore, the oxygen potential of the dephosphorization reaction was considered to be controlled by the FeCr,0,
formation reaction.

The removal of P and Cr occurred along the following P-Cr equilibrium, and consequently high-temperature treatment was
effective in lowering P content in the range of the present Cr contents.

2[P]+5/4FeCr,04(s) = (P,Os)(1) + 5/4Fe(1) + 5/2[Cr]

The phosphorus distribution ratio (Lp) decreased with increasing Cr content in the melt. This was considered to be because the
oxygen potential was lowered by increasing Cr content.

In addition, Ly increased with increasing Ni content in the melt. It was concluded that this was mainly because the oxygen
potential was increased with increasing Ni content. The Cr distribution ratio (Lc,) increased with decreasing temperature, and
with decreasing CaO/SiO, or increasing Fe,O content in the slag. This condition conflicted with the condition of effective dephos-
phorization. It was necessary to change the refining temperature according to the requirement for the removal of P and Cr,

respectively.
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Fig. 1 Schematic diagram of furnace.

Table1 Experimental conditions.

CaO SiO, CaF,
Initial flux composition (mass%)

55.0 25.0 20.0
Amount of flux (g/kg-metal) 40

Initial metal composition (mass%) | C Si | Mn | P Cr | Ni
Cr-containing Fe-36%Ni melt | 0.001 | <0.1 | <0.1 [0~0.15[05~15| 36

Fe-Ni melt 0.001 | <0.1]<0.1| 0.15 = 150~360
Amount of metal (kg) 30
Treating time (min) 20

Temperature of melt (K) 1823~1973
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Table 2 Chemical compositions of metal and slag samples

taken just after the experiments following removal of
both P and Cr in Cr-containing Fe-36%Ni melt.

Heat No.|[Cr]| [P] |CaO|SiO,|CaF,|Fe,0|MgO|Cr;0,

P05 Nrecr0, | Temperature

(mass%) (mass%) (=) (K)

CRP-1 |0.21{0025|45.3|114.3(17.1{134| 4.3 | 3.1 | 40 | 0.013

CRP-2 |0.23]0018|44.1|15.2(16.5(12.3| 4.8 | 2.7 | 41 | 0.012

CRP-3 |0.44]0040{42.3|14.0|17.0{12.7| 4.1 | 48 | 2.3 | 0.022

CRP-4 |0.63/0.053|45.5(15.1|17.4| 9.2 | 4.0 | 58 | 2.2 | 0.026 | 1873

CRP-5 |0.82]0.062|40.8|13.9|16.3{135| 48 | 7.1 | 1.9 | 0.033

CRP-6 |0.91]0078|43.2|14.4|16.0{12.4| 4.3 | 80 | 1.4 | 0.037

CRP-7 |1.10]0081|41.9|14.2|17.7{11.2| 45 | 8.3 | 1.3 | 0.039

CRPT1{0.43/0053(45.4(156(164|115| 3.8 | 4.6 | 2.0 | 0.022 | 1823

CRPT2|0.44|0017(43.1|15.0{158|12.8| 4.0 | 41 | 3.2 | 0.021 | 1973
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Fig. 2 X-ray diffraction analysis of water cooled slag sample.
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2[P]+ 5[0]= (P,05)(1)

AGO(1) = = 705422 + 5565 T(J/mol) =+~ (1)
Fe(1)+2[Cr]+4[0]=FeCr,04(s)

AG(2) = — 1022674 +4389-T(J/mo)? -+ -+ (2)
2[P]+ 5/4FeCr,04s) = (P,05)(1) + 5/4Fe(1) + 5/2[Cr]

AGY(3) = = RTIn (ap,," ar’ " ac,”* /" ap* agecr,0,”")
=572919+79- T(]/mol) ........................ ( 3 )
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Fig.3 Changes in both P and Cr contents during oxidation
refining as compared with the P-Cr equilibrium in Cr-
containing Fe-36%Ni melt.
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Fig.4 Effect of Cr content in Fe-36%Ni melt on the phospho-
rus distribution ratio.
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Fig.5 Effect of temperature on the phosphorus distribution
ratio.
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Table 3 Chemical compositions of metal and slag samples
taken just after the experiments following removal of
P in Fe-Ni melt. (mass%)

Heat No.|[Ni]| [P] |[Cr]|CaO|SiO,| CaF,|Fe,0 [MgO | P,0; | Temperature (K)

Ni-1 | 5.1 |0013|<00143.5{14.3|16.1|16.1| 4.0 | 3.7

Ni-2 | 9.8 |0012|<001{425(14.3|17.3]16.8| 3.9 | 4.1

Ni-3  20.2{0.009|<001|41.8|135|17.0|18.4| 4.4 | 2.8 1873

Ni-4 129.8(0.008|<001|44.1|14.1|16.5|17.3| 4.0 | 3.0

Ni-5 36.1]0.008|<001|43.7(14.9|16.8|16.0| 4.5 | 3.3

2.3
Fe-Ni melt (Cr free)
Ca0-Si02-CaF2-Fe{O system
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Fig. 6 Effect of Ni content in the Fe-Ni melt on the phosphorus
distribution ratio.
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Table 4 Chemical compositions of metal and slag samples
taken just after the experiments on removal of Cr in
Cr-containing Fe-36% Ni melt. (mass%)

Heat No. [[Cr]|[P]| Ca0 |SiO, | CaF; | Fe,0|MgO |Cr,05| Temperature (K)
CR-1 0.21|<001/51.0{17.1{17.0| 52 | 4.3 | 44
CR-2 0.16{<0001|49.5(159(16.3| 7.6 | 4.8 | 4.6
CR-3 0.11{<0001|46.6|155]16.5|11.3| 4.0 | 5.1
CR4 0.10{<0001|140.9(14.3115.9|15.2| 3.8 | 89
CR-5 0.08 |<0001/36.1112.2{17.1{20.1| 4.1 | 8.7

CR-6  {0.06]<0001{36.3|24.2|16.8|104| 4.3 | 7.1 1873
CR-7  |0.11]<0001{38.8(19.4|17.1| 9.3 | 50 | 85
CR-8  [0.14]<0001{42.3|17.0{159|11.9| 39 | 6.3
CR-9  [0.14]<0001{44.8/16.0|16.4|11.0| 4.7 | 54
CR-10  |0.18|<0001{43.2]13.1|16.8|10.7| 45 | 84
CRT-1 [0.07|<0001|43.8|15.4]15.0| 85 | 50 | 9.5 1823
CRT-2 [0.19]<0001|44.1|14.8]17.1|134| 64 | 4.2 1973
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Fig.7 Effect of temperature on the chromium distribution
ratio.
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Fig.8 Effect of Fe,O in the slag on the chromium distribution

ratio.
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distribution ratio.
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Fig.10 Effect of temperature on the phosphorus distribution
ratio.
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