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This paper focuses on removal niobium from Nb-bearing hot metal by bottom blown-CO, gas at flow rate of
1,0x103Nm?3/h, 1,510 Nm?3/h at 1 350 °C and 1 450 °C in a medium induction furnace. The results show that
Nb and P are oxidized and the ratio of Nb to P in Nb-bearing slag at blowing termination reaches to 46,66 at 1
350°Cand CO, flow rate of 1,5m3/h, which is more than that in the other condition; it improves to remove more
Nb from hot metal with bottom-blown CO, at 1 350 °C than at 1 450 °C; Nb starts to oxidize by CO, to form slag
when Si content in molten iron decreases to low 0,1 wt. %.
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INTRODUCTION

Niobium is a strategical metal for micro-alloyed
steel used in steelmaking technology such as electrical-
ly superconducting alloy and heat- resisting alloy. It is
rich in Bayan - obo Iron Ore in Baotou Steel in China.
However, there is no way to separate Nb from the ore
for Nb-mineral is intimately paragenetic with other
minerals in the Iron Ore. So, Nb, reduced from the Iron
Ore in blast furnace, amounted to about 0,02 to 0,1 wt.
% of the molten iron, is not reused in subsequent pro-
cess in Baotou Steel. Several literatures [1 - 4] have
been made for recovery of niobium from Nb-bearing
hot metal. Chen et al. [5] reported the removal of Nb by
oxidation process with bottom-blowing oxygen. Zhang
et al.[6] also reported to recover Nb with ferric oxide.
However, no information is available concerning the ef-
fect of CO, which has an important role in a recovery of
Nb operation.

In the study, bottom - blown CO, process was used
to remove Nb from the hot metal in a 100 kg-graded
medium induction furnace. By the process, it is able to
analyze the oxidized behavior of Nb and Si and the ratio
of niobium to phosphorus in Nb-containing slag in or-
der to improve removal of Nb from the hot metal. On
the other hand, it becomes important to solve ‘CO,
problem’ relevant to global warming and the control of
CO, emotion[7,8] is also an important problem. This
paper focused on the effect of sinter behavior with bio-
mass as additive. By sintering cup experiment
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EXPERIMENTAL METHOD

Removal of Nb experiment was done in a 100 kg-grade
medium induction furnace with bottom-blowing facilities.
Nb-bearing pig iron with chemical shown in Table 1 was
put in the furnace and heated to molten iron. When the hot
iron was heated to 1 350 °C or 1 450 °C, CO, was injected
into the molten iron though the bottom blowing lance of
the furnace. Experimental conditions are shown in Table
2.The first metal sample was taken just before the start of
bottom CO, blowing, but the last slag sample was taken
after the termination of CO, blowing. Other metal samples
were taken at 10 minutes or 15 minutes intervals, and hot
metal temperature was measured with platinum - rhodium
thermocouple. After metal sample was taken out from the
furnace, the composition (except for C) was analyzed by
Thermo iCAP — MS6300, while the carbon content was
analyzed by LECO - CS844. At the blowing end, slag was
sampled by Fe wire and analyzed by chemical methods
combined with the TG - DTG system, investigated the
changes of the relevant performance indexes of this sin- ter
behavior, explored the emission laws of harmful gases in
flue gas emissions and analyzed the mech-anism of emis-
sion reduction.

Table 1 Chemical composition / wt. %

No. C Si Mn P Nb
A 3,6 0,10 0,23 0,089 0,035
B 3,5 0,11 0,14 0,097 0,037
C 3,7 0,13 0,20 0,089 0,033
D 3,7 0,17 0,24 0,088 0,030

Table 2 Experimental condition

Blowing method A B C D

CO, Blowing flow /x10°Nm*/h 1,5 1,0 1,0 1,5
Temperature/°C 1350 | 1450 | 1350 | 1450
Blowing time /min 130 130 240 150
257



I Z.Y. XU et al.: INVESTIGATION ON REMOVAL OF Nb FROM Nb-BEARING HOT METAL WITH CO, I

Experimental results
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Experimental analysis

Reactions for removal of Nb and other elements
oxidized in the hot metal with CO, are represented by
Eqgs.(1) through (4)[9], respectively:

Si+ CO,= (Si0,)+2C

AG,’ = - 436 103+225,02T J/mol 1)
2Mn+C0,=2(Mn0)+C

AG,’ = -330 450+189,96T J/mol @)
4/5Nb+CO,=2/5(Nb,0,)+C

AG,” = -384798+210,92T J/mol ®)
1/4P+CO +3/4Fe=1/4(3Fe0-P,0,)+C

AG,’ = -218 926+100,8T J/mol 4

The standard Gibbs energies for Egs.(1) though (4)
are represented by Egs.(5) though (7):

2

AG, = -436 103+225,02T + RTIn 252 (5)
Pco,%s;i
a’, o a
AG, =-330450+189,96T + RTIn—*"2=. ()
Pco,% yn

5/2

a a
AG, =-961 995+527,3T + RTIn—2%_  (7)

5/2 2
co,“ Nb
a5/2
AG, =-292 433+420,44T + RTIn "z;/’; (8)
pcozap
Where T denotes as reaction temperature a gy, ,, a,

and a,, ., denote activity of SiO,, carbon, Nb,O; rela-
tive to pure SO|IdS and ag and a, act|V|ty of S|I|con and
niobium. a , and a are represented by Egs.(7)
through (8) based on Wagner’s model:

a=fi (i=C, Si, Mn, P, Nb)

SiMn
log/, = el (9)
j=C,Nb
Where f denotes activity coefficient of Nb, Si or C in
Nb-containing hot iron. e} is the interaction coefficient
of element j on the element i. ] is represents by Table
3[10].

Table 3 Interaction parameter of i and j

el
. ! Si Nb C P Mn
Si 0,11 0,04 0,18 0,11 0,002
Nb 0,13 -0,22 -0,49 -0,1 0,0028
0,08 -0,06 0,14 0,051 -0,012
P 0,12 -0,017 0,13 0,029 0
Mn 0,022 0,0035 -0,07 -0,0035 0

Oxidation equilibrium for removal of Nb reaction of
Nb-bearing hot metal with CO2 based on Egs.(1)
through (4) at temperatures calculated using the above
equations is shown in Figure 2 under the condition of

Y =8,8e[11], Bare0 - b0, =1e?[11] and Egs.(9),
(10), and Table 2 and Table 3.
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=0,5854xexp((0,3392xT+979,1)/T)  (10)
=0,2899%exp((6,19xT- 13744,0)/T)  (11)

(SlO
(SlO )

It is found from Figure 3 that the temperature of de-
siliconization limit with CO, is 1 277 °C, and that of
removal of Mn limit is 1 295 °C. However, under the
condition of bottom-blowing CO,, removal of Nb and
dephosphorization is performed in preference to silicon
and Manganese at every blowing temperature. Moreo-
ver, it can be concluded impossible to remove Phospho-
rus from Nb-bearing hot metal while niobium is re-
moved from the metal at low phosphorus and manga-
nese oxidizing transferring temperature, which is 1 129
°C, for below 1 129 °C, manganese is oxidized by CO,
in preference to phosphorus in hot metal [12]; Nb and P
can suppress silicon and manganese from oxidization
with CO, at higher temperature than 1 129 °C. In addi-
tion, the Nb - P ratio can decrease at higher temperature
for oxidizing AG of Nb is close to and that of P at high-
er temperature.

CONCLUSIONS

Removal of Nb and oxidized behavior of the ele-
ments in the low-Si and Nb-containing hot iron was re-
searched by bottom-blown CO, in the medium.

(1) It is necessary to remove niobium from Nb-bear-
ing hot metal with CO,, because niobium was
oxidized in preference to other elements in the
hot metal by thermodynamic calculation. The
conclusions are as follows:

(2) It is subject to carry out for Nb to extract form
Nb-containing hot iron at low temperature and
large blowing intensity in all experiments, in
which the ratio of Nb to P in the slag is 46,66 at
1 350 °C and 1,5x10°Nm?*h CO,- blowing flow.

(3) Si, Mn, Pand C are oxidized in the hotmolten in
case of removal of Nb, and Nb of the molten iron
is oxidized significantly while Si content of the
molten metal to be low 0,1 %.

259



Acknowledgments

Authors are grateful to Major Project of Chinese Na-
tional Programs for Fundamental Research and
Development(973Program)(No.2010CB635105), Prog-
ram of the National Natural Science Foundation of Chi-
na (N0.51164024) and Program of Inner Mongolia Sci-
ence Foundation of Inner Mongolia (No.
2017MS(LH)0528)for support of this research.

REFERENCES

[1] B. Alexander, S. Dieter, Unconventional Raw Materi-als
for Ironmaking. the 10th steel congress & the 6th Baosteel
biennial academic conference, Metallurgical Industry
Press, Beijing, 2005, PP. 25-28.

[21 X.H.Fan, J. Meng, Influence factors of calcium ferrite for-
mation in iron ore sinter, Journal of Central South Univer-
sity 39(2008)6, 1125-1131.

[31 S.Q. Li, Zj. Ji, L. Wu, An analysis on the energy con-
sumption of steel plants and energy-saving measures, In-
dustrial Heating. 39(2010)5, 1-3.

[4] Z.J. Peng, Y.Z Zhang. National Sinter Pellet Technol-ogy
Annual Meeting, Metallurgical Industry Press, Beijing,
2009, PP. 32 - 36.

260

I Z.Y. XU et al.: INVESTIGATION ON REMOVAL OF Nb FROM Nb-BEARING HOT METAL WITH CO, I

[5]1 Y.R.Li, X.M. Yan, M. Ye, Experimental study on energy
saving and emission reduction additive for iron ore sinter.
Environmental Engineering 12(2014)3, 82 -83.

[6] D.Q. Zhang., J. Peng, Emissions order of greenhouse gas
CO2 in sinter of iron ores. Journal of Central South Uni-
versity, 36(2005) 6, 944 - 948.

[71 D.Q. Zhang, et al. Discussion on Energy Saving and Emis-
sion Reduction Technology in Sinter Process, Metallurgi-
cal Industry Press, Beijing, 2009, PP.49 - 56.

[8] D.g. Zhang, A.P. Huang, Rule of greenhouse gas CO, emis-
sion in iron ore sinter process. Iron & Steel 41(2006)2, 76-80.

[9] The Japan Society for the Promotion of Science, Steelma-
king Data Sourcebook, Gordon and Breach Science Publi-
shers, New York, 1998, PP.279-288.

[10] Farshid Pahlevani, et al. Behavior of Vanadium and Nio-
bium during Hot Metal Dephosphorization by CaO-SiO,
- Fe O Slag, ISWJ int., 51 (2011)10, 1624 - 1630.

[11] Yoshinao Kobayashi, et al. Thermodynamics of Phospho-
rus in the MnO-SiO, - Fe O System, ISIJ int., 44 (2004)1,
21 -26.

[12] L. Ming, Z. Rong, B. Xiu-rong. Application research of
carbon dioxide in BOF steelmaking process. Journal of
University of Science and Technology Beijing, 33(2011) 1,
126 - 129.

Note: The responsible translator for English language is Z.Y.Xu-Inner
Mongolia University of Technology, China

METALURGIJA 57 (2018) 4, 257-260





