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Abstract: Application of low-nickel laterite ore containing
chromium as charging material for ironmaking can
reduce raw material costs, but result in an increase of
chromium content in the hot metal and hence, Cr,0;
content in the steelmaking slag, which subsequently
causes many problems related to lime dissolution for
the steelmaking operation. In this work, a rotating cylin-
der method was employed to study the effect of Cr,05; on
lime dissolution in steelmaking slag. The lime dissolution
mechanism, rate control step and affecting factors,
including slag basicity, FeO, and B,05; content, and the
formation of phases at reacted layer, were discussed. It
was found that mass transfer was the rate control step in
slag phase, increase of Cr,03; and slag basicity delayed
lime dissolution due to the formation of high-melting
temperature phases of FeO - Cr,0s; spinel and 2CaO -
SiO, at the slag/lime reacted interface. Addition of B,Os
promoted lime dissolution and suppressed formation of
FeO - Cr,03 spinel.

Keywords: Cr,0s;, Lime dissolution,
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converter slag,

Introduction

Slagmaking is a key operation in steelmaking, which
plays a critical role in dephosphorization reactions dur-
ing the basic oxygen furnace (BOF) steelmaking. A rapid
generation of molten slag during steelmaking can shorten
refining time, increase productivity, improve steel
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quality, reduce production cost and eliminate splashing
and sticking lance. High basicity slag containing CaO,
MgO, MnO, Fe,O and SiO, is often used in steelmaking
process, lime will be added continuously to maintain
high slag basicity. An effective steelmaking practice
requires rapid dissolution of lime in the early blowing-
stage within approximate 4 min to form molten slag for
dephosphorization. Therefore, it is important to acceler-
ate lime dissolution during steelmaking. A number of
researchers [1-9] have reported their study results on
lime dissolution, rate control factors and dissolution
mechanism. Typically, Deng et al. [1-3] studied the dis-
solution of CaO cube in molten converter slags and found
that lime dissolution in the slags was very fast in the FeO-
SiO, slag, and it became slow in the case of FeO-Si0,-CaO
slag. The formation of a dense 2CaO - SiO, layer on the
surface of lime particles was the reason to slow down
lime dissolution. Hamano et al. [4, 5] studied lime dis-
solution mechanism and mass transfers between solid
lime and molten slag, intermediate phase formation and
the rate control step were reported. In addition to these,
other researchers [6-9] also reported similar studies.
Similarly, most investigations besides the above only
concentrated on lime dissolution in conventional slags
without Cr,0s. In order to reduce cost of raw materials, a
kind of low-nickel laterite ore containing chromium from
Indonesia was used as charging material in the blast
furnaces in some steel plans in China, and then the hot
metal containing chromium was produced for BOF steel-
making. During steelmaking, a significant increase of
Cr,05 from zero to almost 8 % as shown in Table 1 was
found in the converter slag within 4 min of oxygen blow-
ing according to the sampling analysis, and it caused a
series of unexpected problems, such as low lime dissolu-
tion rate, low basicity slag, sticky converter slags, high
melting temperature, severe lance sticking with the slag,
low dephosophorization rate and refining performance.
The primary compositions of the ore powders, hot metal
and converter slags are listed in Table 1. To the best of
our knowledge, very few study on dissolution behavior of
lime in Cr,0s-containing primary converter slag was
reported. Based on the problems found during steelmak-
ing of Cr-containing hot metal, the present study was
aimed at covering this gap through investigating the
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Table 1: Main compositions of ore powders, hot metal and converter
slags (in mass percent).

Ore powders Cr Ni P S TFe
1.725 0.116 0.083 0.072 52.67
Hot metal Cr Si P S Mn Ti
0.35 0.46 0.154 0.019 0.59 0.057
Converter slags Ca0/Si0O, Cr,05 MnO MgO Al,05 TFe
4 min slag 0.36 6.81 12.95 1.44 1.53 128.55
Final slag 21 2,69 732 693 236 15.57

effect of Cr,0; on the dissolution behavior of lime in
primary converter slags by associating the laboratory
and industrial studies. Moreover, lime dissolution
mechanism, rate control step and affecting factors on
lime dissolution in Cr,0s-containing primary converter
slag were discussed.

Experimental

Experimental materials and slags
preparation

Limestone from industrial source was crushed into pow-
der with the size of 200 meshes or less. The powder was
mixed with a small amount of water and pressed into
cylinders (25x25 mm) using a steel model under the
pressure of 50 KN. Subsequently, the limestone cylinders
were heated in muffle furnace at 1,373 K (1,100 °C) for 3h
to convert limestone to lime. The lime cylinders obtained
were placed in a drying box for future lime dissolution
tests.

Chemical compositions of experimental slags used to
simulate the initial slags of BOF steelmaking were shown
in Table 2, which were designed with varying basicity
(Ca0/Si0,), Cr,03, and FeO, and fixed MgO, MnO, Al,O3

Table 2: Chemical compositions of experimental slags (in mass
percent).

Slag Ca0/Si0, CaO SiO, Cr,0; FeO, MgO MnO Al,0;
L1 0.4 16.0 40.0 0 30 7 6 1
L2 0.4 149 37.1 4 30 7 6 1
L3 0.4 13.7 34.3 8 30 7 6 1
L4 0.4 16.6 41.4 8 20 7 6 1
L5 0.4 10.9 27.1 8 40 7 6 1
L6 0.8 21.3 26.7 8 30 7 6 1
L7 1.2 26.2 21.8 8 30 7 6 1
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contents. The slags with the designed compositions were
prepared by mixing the reagent grade CaO, SiO,, Cr,0s,
MgO, MnO, and AL,O;. Before mixture all reagents were
dried in advance at 473 K (200 °C) for 3 h to remove
moisture. Iron oxide FeO, powder made from the iron
oxide scales of carbon steel rolling were used in the
synthetic slags.

Experimental procedure

Lime dissolution tests were conducted in a high tem-
perature vertical furnace with the rotating cylinder
apparatus. The experimental setup is schematically
shown in Figure 1. During the experiment, a pure iron
crucible (I.D. 46 mm, O.D. 56 mm, height 70 mm) was
placed on the alumina base, the position of which was
initially adjusted in the constant temperature zone of
the furnace. A hole was made in the right of the alu-
mina base for the installation of the thermocouple with
the tip in thermal contact with the bottom of the cruci-
ble. The diameter, height, and mass of the lime cylinder
were measured separately three times, using a digital
caliper and balance prior to performing the experi-
ments. The lime cylinder was placed between two thin
molybdenum caps, connected using a vertical, rotata-
ble molybdenum shaft of variable speeds, and fixed by
a Mo stopper.

Motor
Mo shaft

Furnace

Heating elements

Iron crucible

Molten slag
Lime cylinder

Alumina base

Supporter

Thermocouple

Ar gas inlet

Figure 1: Schematic of experimental apparatus.

Lime dissolution test was carried out when the furnace
was heated up to 1,673 K (1,400 °C) and kept constant
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under Ar gas atmosphere with a flow rate of 3 L/min.
About 180 g slags were added into the crucible through
quartz tube. The slags were melted and kept at a con-
stant temperature for 30min for homogenization.
Thereafter, the preheated lime cylinder rotating at a
speed of 100 rpm was immersed into molten slag at a
position of 15mm to the bottom of crucible. After a
certain immersion time, the lime cylinder was lifted
out quickly from the molten slags for air cooling. After
removing the slags adhered to the lime cylinder, the
diameter and height of the lime cylinder were measured
three times to get a mean value of diameter and height.
The white part (unreacted lime) in the core of lime was
separated carefully from the black parts (which are
reacted lime and penetrated into by the molten slag)
with dissecting needle. The mass of the white parts of
unreacted lime was weighed. Several black parts in the
interfacial region of reacted and unreacted lime were
mounted with denture acrylic and polished with alcohol
for Scanning Electron Microscopy (SEM) and Energy
Dispersive X-ray Spectroscopy (EDS) analysis.

Results

Lime dissolution behavior in the liquid
primary converter slags

According to the experimental process, the lime cylinders
after cooling are easy to break into small pieces including
outside reacted lime (black parts) and inside unreacted
lime (inside white parts). Based on this behavior, the lime
cylinder after dissolution can be divided into slagging
layer (consisting of dissolution layer and reacted layer
adhered to the unreacted lime) and unreacted layer from

Mo Cap
: Dissolution
! ' Layer
E -« E Reacted ;
! Layer !
- Unreacted '.\
! Layer

Initial Lime Cylinder After Experiment

W. Yan et al.: Effect of Cr,05 Pickup on Lime Dissolution of Lime in Converter Slag = 939

outside to inside along the radius, which are shown
schematically in Figure 2. Inevitably, the dissolution
and slagging ratios of lime cylinder should be taken
into account for quantitative analysis to understand the
dissolution process. In this study, lime dissolution is
defined as slow and gradual removal or diffusion of
CaO from lime into slags. Slagging is defined as penetra-
tion degree of slags into lime, which consists of dissolved
lime and reacted lime that is still adhering on the surface
of lime cylinder.

Lime dissolution rate, R; (mm/min), defined as
decrease in the radius of lime cylinder per unit time,
can be calculated using eq. (1).

dr r-ro

a7 T ar ¢t

¢

where r is radius after immersion time t (min), ry is
original radius of lime cylinder.

The slagging rate of lime, R; (mm/min), is defined as
slagging depth along radius of lime cylinder per unit
time, which reveals penetration ability of slag into lime,
and can be calculated using eq. (2).

dt t
The radius r, of unreacted lime is difficult to measure,
which can be calculated indirectly by combining the
eqs (3)-(5).

Rs = (2)

Vy=mh(r’-r’) = W 3)
‘" Peao
W,
Pcao = 7;) ()

_ /WVVO 2
Tu= ﬂhWO +ri (5)

unreacted

layer

Figure 2: Schematic structure of lime cylinder before and after dissolution.
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where r, is radius of unreacted lime cylinder, V;,, and
W, are volume and mass of unreacted lime cylinder. h is
height of original lime cylinder, which is considered to be
constant. r; is the radius of inside hole of lime cylinder
(3.00 mm) which is designed to fix molybdenum bar of
the rotation facility. pcao is density of lime cylinder. W,
and V, are original mass and volume of lime cylinder.

Effect of slag compositions on dissolution
rate

Study on dissolution rate of lime in Cr,0O5 containing con-
verter slags was conducted at a fixed temperature 1,673 K
and a revolution speed of 100 rpm. During oxygen blowing
for the refining of Cr containing hot metal in converter, the
Cr,0; content in the primary slag increased from zero to
about 8 % within 4 min according to our field sampling as
shown in Table 1. Therefore, study on the influence of
Cr,03 on lime dissolution in the converter slag is neces-
sary. Figure 3 illustrates the change of dissolution rate and
slagging rate as a function of Cr,0; content in slag with
basicity of 0.4 and 30 % FeO,. It can be seen that dissolu-
tion and slagging rate of lime decrease obviously with
increasing Cr,05; content. The slagging rate (including dis-
solution and slag penetration) is far more than dissolution
rate, which indicates the slag penetration is typically faster
than dissolution. But slagging rate decreases obviously
which indicates Cr,05 inhibits the penetration of slag into
lime. Very few study on effect mechanism of Cr,05 on lime
dissolution and slag penetration has been reported in
publications, which will be discussed below.
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Figure 3: Effect of Cr,03 on lime dissolution and slagging rate.

The influence of basicity (CaO/SiO, mass ratio) of primary
slags on the dissolution and slagging rate of lime cylinder
in the converter slag with 8 % Cr,05; were examined, the
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results obtained are presented in Figure 4. It can be
observed that lime dissolution and slagging rate decrease
with increasing basicity. Figure 5 shows the effect of FeO,
on dissolution and slagging rate of lime in converter slag
with basicity of 0.4 and 8 % Cr,0s. It was seen that the
addition of FeO, significantly increases the dissolution
and slagging rate.
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Figure 4: Effect of basicity on lime dissolution and slagging rates.
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Figure 5: Effect of FeO, content on lime dissolution and slagging
rate.

Discussion

Rate control step of lime dissolution

The effect of revolution speed on lime dissolution in Cr,03
containing slags was examined using slag L3 with basicity
of 0.4 and 8 % Cr,0s. The revolution speed during the test
was in the range of 100-300 rpm. Figure 6 illustrates the
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Figure 6: Relationship between lime dissolution rate and revolution
speed.

relationship between logarithms of lime dissolution rate, R
(cm/s), and logarithms of periphery velocity U (cm/s) of
rotating lime cylinder, which can be calculated according
to the eq. (6) [10].

Ry=-— =AU (6)

Periphery velocity U can be calculated using eq. (7).

_ mdm

U=—o @)

where A is constant, U is periphery velocity (cm/s), d is
mean diameter (mm) of lime cylinder, m is revolution
speed of lime cylinder (rpm), b can be obtained by regres-
sion using the experimental data. Previous studies
reported that b value was 0.48, 0.57, or 0.69, for dissolu-
tion of lime [10-12], and 0.88 or 0.81 for dolomite and
alumina [13, 14], respectively.

It can be seen from Figure 6 that logR; (cm/s)
increases linearly with increasing logU (cm/s), which
means that increasing revolution speed can accelerate
dissolution of lime in Cr,0; containing converter slags.
As shown in Figure 6, the b value of 0.7 can be obtained
by calculating the slope of the line presented in Figure 6,
which is close to the values reported in references [10-12].
From the aforementioned result it can be reasonably con-
cluded that the lime dissolution rate in Cr,0O3 containing
converter slag mainly depends on the rotation speed, and
hence mass transfer across the boundary layer can be the
rate control step of lime dissolution under the present
experimental conditions.
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The mass transfer flux J (g/cm? - min) of lime can be
expressed as eq. (8).

J =k(n; - nyp) ®)

where k is mass transfer coefficient of lime in the con-
verter slag, (cm/min). n; and ny, are mass densities of lime
at the lime/slag interface and in the liquid bulk slag,
respectively, (g/cm>).

The relationship between mass transfer flux J and
dissolution rate —dr/dt can be obtained by the mass
balance equation expressed as eq. (9).

d
PCao‘A'(‘d_:> =A-] ©)

where ,c,0 is the density of lime cylinder (g/cm’). A is
interfacial area between lime cylinder and liquid conver-
ter slag (cm?).

Combining eqgs (8) and (9), lime dissolution rate can
be derived and written as eq. (10).

dr  kp,

Rj=—— =
477 dt T 100pc,

(10)

- A(%Ca0)

where ,, is the density of converter slag (g/ cm’). A(%Ca0)
(mass percent) is assumed to be equal to the concentra-
tion difference between saturation and initial concentra-
tion of CaO in the liquid bulk slag. Lime saturated
concentration in the molten slag can be determined
from the liquids line on the pseudo “Ca0”-SiO,-“Fe0,”
ternary phase diagram using FactSage 6.2 software.

Since Mo caps were used to cover the top and bottom
surfaces of lime cylinder, and only the cylinder side was in
contact with converter slag, the dissolution of the side
surface of the lime cylinder should represent dissolution
pattern. Kosaka [15] derived the eq. (11) to describe the
dependence of mass transfer coefficient k on Reynolds
number Re, Schmidt number Sc and periphery velocity
U (cm/s). Here Re=( p,Ud)/n, Sc=n/( ppD), U=wr. The
diffusion coefficient D of lime is associated with the slag
properties by Stokes-Einstein equation (12) [16]. Obviously,
these parameters are related to physical properties of
liquid converter slag (density ;,, dynamic viscosity of con-
verter slags) and angular velocity of lime cylinder.

k=0.065-Re Y*.Sc™%>.v a1
_ kBT (12)
6mrn

where kg is the Boltzmann constant, T is the Kelvin

temperature, r is the effective molecules radius.
Combining eqs (10) through (12), lime dissolution rate,

—dr/dt (cm/min), can be derived and written as eq. (13).
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0,
Ry= - g = M .0.065 - Re V4 .5¢c~2/3.
dt ~ 100pcs0 )
0.055 (ksT\*" 5.\ 7 _1m
= — A(%Ca0
100p¢q0 <67'”’) @ Py (%6Ca0)

Assuming that pc,o is constant, eq. (13) can be grouped

into three parts: (1) A constant part % (%)2/3 which

is independent on slag composition; (2) second part is
34which is related to experimental conditions; and (3)

third part is pllj/ 12y -13/127(9%Ca0) which depends on con-
verter slag compositions. For the same converter slag,

18(')%5;0 (k) > and pllj/ 2y -13/127(%Ca0) can be viewed as

constants due to minimal dissolution of lime into mas-
sive slag (180 g). Therefore, lime dissolution rate should
be proportional exponentially to revolution speed
of lime cylinder to the power of 0.75, which is very
close to the power of 0.7 obtained in the present study
and falls well in the range of 2/3 to 4/5 reported in
the reference [17]. This implies that mass transfer
across boundary layer is the rate control step for lime
dissolution into Cr,Os containing slags with a fixed
compositions.

Effect of slag compositions

According to eq. (13), the effect of varying converter
slags on lime dissolution rate in molten slags is mainly
determined by the third part of the eq. (13), that is
p,lj/ 1211‘5/12A(0/0Cao). In the present study, Mills’s
density model [18] of slags is employed to estimate
the density of Cr,0s; containing converter slags.
The calculated value of the slag density is about
3.3g/cm>, which can be assumed as a constant com-
pared to other parameters because the change of the
density value is very small.

Models are not available for the calculation of the
viscosity of Cr,0O5; containing slags. However the works
reported by Tunezo [19, 20] showed that addition of Cr,05
could increase slag viscosity for Ca0O-SiO,-Cr,0; and
Ca0-Si0,-Cr,03-Fe0 systems; while increase of slag basi-
city and FeO, content would reduce slag viscosity. The
relationship between viscosity and diffusion in molten
slag were usually described in Eyring relation and
Stokes-Einstein relation. Eyring’s studies [16, 21] reported
an inversely proportional relationship between lime dif-
fusivity D in liquid slags and viscosity of liquid slags. The
finding in this work agrees well with the relationship
suggested by Eyring et al. that increasing viscosity inhi-
bits CaO diffusion across boundary layer. That means
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addition of Cr,05 inhibits lime diffusion but increases of
basicity and FeO, promotes lime diffusion.

However, it was found that dissolution rate of lime
decreased with increasing basicity. This could be
due to the reason that an increase of basicity would
result in an increase of lime concentration in the mol-
ten slag, and hence a decrease of driving force of lime
diffusion as shown in Figure 7. Therefore, basicity
influences lime dissolution mainly through decreasing
driving force. Nevertheless, increases in Cr,0; and
FeO, only introduce a negligible effect on driving
force. So driving force is not the main influence aspect
on dissolution in slag with varying Cr,0s; and FeO,
contents. Apart from this, slag compositions will affect
lime dissolution by changing phases formed in the
lime/slag reacted interface, which will be discussed in
the following section.

28
A S\E

24
R 20}
O
‘i\i 16
< —o—Cr0,

12 —e—FeO,

—24— Basicity
8L

——

Increase in Cr,0,,

FeO_and Basicity

Figure 7: Effect of Cr,05, FeO, and basicity on driving force.

Effect mechanism of Cr,05 on lime
dissolution

The above discussion focuses on the effect of liquid slag
properties on diffusion of CaO across boundary layer.
However, undissolvable solid layer or intermediate phases
formed in the lime/slag interface can also lead to a sig-
nificant effect on lime dissolution in CaO-FeO-SiO, slags
[1-5, 14]. To the best of our knowledge, effect of Cr,05 in
molten slag on the formation of intermediate phase in the
boundary of the solid lime and molten slag has not been
reported, and hence it is extremely necessary to make
this mechanism clear. Figure 8 shows SEM image of slag
sample taken from the lime dissolution in molten slag L2
(Ca0/Si0,=0.4, 4 %Cr,05). A high concentration for Si, Ca,



DE GRUYTER

W. Yan et al.: Effect of Cr,05 Pickup on Lime Dissolution of Lime in Converter Slag —— 943

Lrare

(=]=1c]

.

18 mrn

16 rirn

Figure 9: Phase morphology and compositions from reacted layer after lime dissolution in slag L2 (4 % Cr,053), (a) outer layer, (b) middle

layer and (c) inner layer, phases 1-8 are listed in Table 3.

Cr or Fe can be found in the surface region of lime cylinder
contacted with molten slag. Figure 9 presents the SEM
images obtained in the slag/lime interface including: (a)
outer layer near the slag, (b) middle layer and (c) inner
layer near the unreacted lime. In the out layer of the slag,
more 2Ca0 - SiO, and FeO - Cr,0; phases can be found (see
Figure 9(a)). In the middle layer, 2Ca0 - SiO, seems to
decrease and some 3CaO - SiO, and CaO - MgO - SiO,

phases are found (see Figure 9(b)). In the inner layer, the
majority of the phases is unreacted lime (see Figure 9(a)). It
is well known that 2Ca0O - SiO, is the primary phase with
high melting temperature, which can slow down CaO dif-
fusion across the interface according to the previous stu-
dies [2, 14]. However, the important finding in the current
study is that a large quantity of FeO - Cr,03 spinel is formed
in the reacted interface region. FeO - Cr,05 spinel has high
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melting temperature (2,373 K (2,100 °C)) which is similar
to the melting temperature (2,403 K (2,130 °C)) of 2CaO -
Si0, [22]. Penetration of FeO, breaks the 2Ca0 - SiO, layer
but on the other hand FeO, participates in the formation of
FeO - Cr,05 spinel. These high melting temperature phase
FeO - Cr,0; was distributed in the discontinuous 2CaO -
SiO, and mixed with them. Consequently, the formation of
FeO - Cr,05 spinel will play the similar role as 2Ca0O - SiO,
to inhibit lime dissolution together with 2CaO - SiO,. With
further increase of Cr,05 in the test slag L3(Ca0/SiO,= 0.4,
8 %(Cr,05), more FeO - Cr,05 spinel are found in slag/lime
interface as shown in Figure 10, which will further slow-
down lime dissolution.

18 mm

Figure 10: Phase morphology and compositions in the slag/lime
reacted interface after dissolution in slag L3 (8 % Cr,05), phase 1 is
listed in Table 3.

The above analysis reveals that during lime dissolution
in the conventional CaO-FeO-SiO, converter slag, 2Ca0O -
SiO, phase can form on the surface of lime particles and
it inhibits lime dissolution. Addition of Cr,O; in the
molten slag promotes the formation of FeO - Cr,03 spi-
nel with high melting temperature and slows down
lime dissolution. Meanwhile, an increase of FeO, in
molten slag still accelerated lime dissolution but addi-
tion of Cr,0; also weaken the positive effect of FeO,
on lime dissolution due to formation of FeO - Cr,03
spinel. Therefore, what is the different from the com-
mon Cr,0s-free CaO-FeO-SiO, slag is FeO, is not the
optimal option to promote lime dissolution due to its
participation into the formation of FeO - Cr,03 spinel.
An additive which promotes lime dissolution by inhibit-
ing the formation of FeO - Cr,0O; spinel should be
considered.

DE GRUYTER

Effect and mechanism of B,0; on lime
dissolution in Cr,03-containing slag

Based on the above analysis and consideration on poten-
tial application of low-cost and abundant paigeite in
China, 0-4 % B,05; was firstly tried to be added into 8 %
Cr,05-containing converter slag(master slag L3) to experi-
mentally investigate its effect on lime dissolution. The
observed effect of B,O3; on dissolution rate was shown in
Figure 11. It can be seen the dissolution rate increases with
the addition of B,O5; from O to 4 %. On the one hand,
addition of B,0; will decrease the slag viscosity which
benefits for the diffusion of lime into slag according to
egs (12) and (13). On the other hand, it also can be seen
from SEM image of slag/lime reacted interface shown in
Figure 12 and Table 4 addition of 4 %B,03 suppresses the
precipitation of FeO - Cr,05 spinel. No FeO - Cr,03 can be
found in the SEM analysis of reaction layer of lime and
slag (master slag L3 +4 %B,0s). It can be that concluded
B,05 promotes lime dissolution by combination of decreas-
ing viscosity and suppressing formation of FeO - Cr,0s;
spinel.
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Figure 11: Effect of B,0s on lime dissolution rate.

Consideration on solutions to the problems

As mentioned above, the low dephosphorization, stick-
ing lance, bad flow ability and high melting temperature
of converter slag can be contributed to poor lime dis-
solution and excess increase of Cr,05 in slag during the
blowing period. Meanwhile, increase of Cr,0; also
restricted the lime dissolution. These poor BOF perfor-
mance instead may increase the cost. Based on these
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Figure 12: Phase morphology and compositions from reacted layer after lime dissolution in slag L2. (8 % Cr,0s + 4 % B,053), (a) outer layer,

(b) middle layer and (c) inner layer, phases 1-6 are listed in Table 4.

Table 3: Phase and their chemical compositions in the vicinity of slag/lime interface.

Samples (Figures) Label Primary phase Chemical compositions of phases
Ca0 Sio, Cr,05 FeO MgO MnO Al,05

L2 (Figure 9) 1 2Ca0 - Sio, 56.88 34.15 0 4.48 4.49 0 0
2 FeO - Cr,05 4.05 1.68 12.02 64.21 6.17 8.8 3.06

3 3Ca0 - Si0, 75.3 17.44 0 4.37 2.89 0 0

4 2Ca0 - Sio, 56.32 34.79 0 3.35 5.54 0 0

5 3Ca0 - Sio, 80.57 12.38 0 7.05 0 0 0

6 Ca0 - MgO - SiO, 32.11 17.79 0 6.35 25.31 17.5 0.95

7 2Ca0 - Sio, 66.69 28.5 0 0 0 0 4.82

8 Ca0 100 0 0 0 0 0 0

L3 (Figure 10) 1 FeO - Cr,03 1.91 2.67 38.43 54.51 2.48 0 0

analyses, some initial measures can be taken from the
technical and economic perspectives to alleviate these
issues for achieving application of low-cost laterite and
meanwhile good BOF performance as far as possible,
such as increasing the activity of lime to promote its
dissolution in early blowing, reducing the addition of
laterite to restrict Cr content to less than 0.5-wt % in hot

metal, adding some bauxite to decrease melting tem-
perature, adjusting the lance height to change the FeO
content in slag. The above measures have been taken
and achieved positive effect. Effectiveness of paigeite
addition in alleviating these problems is expected to
be examined next during BOF process to achieve more
utilization of low-cost laterite.
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Table 4: Phase and their chemical compositions in the vicinity of slag/lime interface.

Samples (Figures) Label Primary phase Chemical compositions of phases
Ca0 Sio, Cr,03 FeO MgO MnO Al,03

L3 +4 %B,05 (Figure 12) 1 2Ca0 - Sio, 67.71 30.22 0 2.08 0 0 0
2 Cao - FeO 45.99 1.46 1.56 48.50 0 0 2.49

3 3Cao0 - Si0, 71.43 28.57 0 0 0 0 0

4 Cao - FeO 48.63 0 0 48.29 0 0 3.08

5 Ca0 84.9 0 0 8.67 1.45 4.98 0

6 Ca0 98.85 0 0 0 1.15 0 0

Conclusions

Lime dissolution behavior and dissolution mechanism
in Cr,0s-containing converter slags were studied by
rotating cylinder method at 1,673K (1,400 °C), the
phases formed in the slag/lime reacted interface were
examined using SEM/EDS analysis. The results obtained
are summarized as follows:

1.

Lime dissolution and slagging rate decreased with
increasing Cr,0; content and slag basicity, but
increased with increasing FeO, content in Cr,0s-con-
taining converter slag.

A linear relationship between logarithms of lime dis-
solution rate and revolution speed of the lime cylin-
der was found and it demonstrated that mass transfer
is the rate control step in slag phase for lime dissolu-
tion in Cr,0s3-containing slag.

Addition of Cr,03 into the converter slag promoted the
formation of high melting temperature phase FeO - Cr,05
in the lime/slag reacted interface and slowed down lime
dissolution in the Cr,Os-containing converter slag.
Addition of FeO, promoted lime dissolution but also
participated in formation of FeO Cr,05 spinel.
Addition of B,0s into Cr,0s-containing converter slag
promoted the lime dissolution and meanwhile sup-
pressed formation of FeO - Cr,05 spinel.

Measures such as improving lime property, adjusting
BOF operation and adding low-cost fluxing agent
were tried and suggested to alleviate the issues and
achieve more utilization of low-cost laterite ore.
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