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Abstract

The effect of TiO, absorption into two different CaO-BaO-SiO,—Al,O5-based mold slags from the steel plant on the
viscosity, melting performance and microstructure of slags was investigated through the measurement of the viscosity—
temperature relationship, melting temperature and Raman spectroscopy. The parameter of the number of non-bridging
oxygen per tetrahedrally-coordinated atom (NBO/T) was also calculated to explain the microstructure variation of molten
slags with different TiO, absorption. The variation of the actual slag consumption and the depth of the liquid slag in mold
was explained through the comparison of the viscosity and the melting temperature of two different slags. The viscosity of
mold slags (basicity = 0.6) decreased from 1.1 to 0.68 Pa s with the increase in the TiO, absorption from 0 to 10%, while
that of slags (basicity = 0.7) decreased from 0.76 to 0.56 Pa s with the TiO, absorption from O to 6%. The activation
energy of both two groups of slags had the tendency to decrease with the increasing TiO, absorption. The network structure
of both two groups of slags measured by the Raman spectra showed that the fraction of complex structure units (Q', Q% Q°
and Al-O-Al) decreased and simple structure units (Al-O~ and QY increased with the increase in TiO, absorption. NBO/T
also increased with the increase in the TiO, absorption, indicating that the absorption of TiO, into slags resulted in the
destruction of silicate/aluminate structure. Hence, the absorption of TiO, into the current CaO-BaO-SiO,-Al,0; mold
slags decreased the degree of polymerization of these slags and then led to the decrease of viscosity.
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1 Introduction

High-Ti steel is gaining popularity with high strength,
toughness, wear resistance, and ease of welding, among
other qualities [1]. In the continuous casting of high-Ti
steel, the TiO, inclusion formed in the liquid steel could
float up into the mold slag, and the steel-slag reaction also
occurred [2-5], which caused the variation of the slag
property, such as the melting performance, viscosity and
crystallization, and then deteriorated the lubrication on the
solidified shell and the heat transfer from the steel to the
mold. During the casting of high-titanium steel (0.2% Ti),

< Xu-bin Zhang
zhangxubin12@163.com

College of Materials Science and Engineering, Chongging
University, Chongqing 400044, China

@ Springer

the TiO, content in slags increased from 0 (original slag) to
approximately 6% (liquid slag), which directly affected the
slag consumption and the surface quality of the billet
(oscillation marks, depression, etc.). The increase in TiO,
content in mold slags for a continuous casting of titanium-
stabilized ferritic stainless steel was 3%-4% and the
increase was roughly 6% for a titanium stabilized austenitic
stainless steel [6]. Hence, it is necessary to understand the
effect of TiO, content on the fundamental performance of
mold slags.

For these years, many studies have been conducted to
investigate the variation of slag properties with different
TiO, contents, especially focused on the study of the blast
furnace (BF) slag, and the fluorine-free mold slag. The
effect of TiO, and basicity on viscosity of CaO-SiO,—
7%MgO-TiO,—-12%Al,05 BF slags (CaO/SiO, = 0.5-0.9,
TiO, = 15%-30%) was investigated by Liao et al. [7], and
it was found that the slag viscosity decreased with
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increasing both TiO, content and basicity. The effect of
TiO, contents on viscosity and structure in CaO-SiO,—
17%A1,03-10%MgO-based BF slags was investigated by
Park et al. [8], and it was found that the TiO, content in
slags from 0 to 10% resulted in the decrease of the slag
viscosity through the depolymerization of the silicate net-
work. A fluorine-free CaO-Al,O3-TiO, slag system was
designed to reduce the slag-reaction by Piao et al. [9, 10]
and it was found that low TiO, content (4%—8%) led to the
increase in the viscosity, but excessive TiO, content (12%—
16%) would be helpful to the decrease of the viscosity.
The effect of TiO, content on structure characteristics
in Ca0O-SiO,-Al,03-based fluorine-free mold slags
(CaO/SiO, = 1) was studied [11], and it was found that the
ratio of Q? structure units decreased and Q° structure units
increased with TiO, content increasing from O to 10%,
indicating that TiO, can destroy Si—O-Si network structure
and some other complex structure groups. The influence of
TiO, on viscosity and structure of CaO-Al,O5-based mold
slags was studied by Li et al. [12], and it was found that
viscosity of slags decreased gradually with TiO, content
increasing from 0 to 10%, and the degree of polymerization
of slags decreased with TiO, addition by destroying the
Al-O complex structure groups. However, the influence of
titanic oxide in high-titanium steel absorbed into the CaO-
BaO-Si0,—Al,03-based mold slags with low fluorine and
low basicity on the viscosity, melting temperature and
microstructure of slags, and the corresponding depth of the
liquid slag above the steel and slag consumption was not
well discussed.

In the current study, the influence of different TiO,
absorption into two actual CaO-BaO-SiO,—Al,O5-based
mold slags (BaO = 4%, F~ = 3.5%) from steel plant on the
slag performance and structure was investigated. The vis-
cosity—temperature relationship and melting temperature of
two groups of slags with different TiO, contents were
measured, and the depth of the liquid slag and the slag
consumption of two original slags during the casting of
high-Ti steel were compared. The activation energy of
viscous flow and the microstructure through the Raman
spectra and the parameter non-bridging oxygen per tetra-
hedrally-coordinated atom (NBO/T) were obtained to
explain the variation of the slag viscosity.

2 Experimental methods
2.1 Sample preparation
In the current study, the properties of two mold slags used

for the continuous casting of the same high-Ti steel in a
steel plant were discussed. The Ti content of the steel was

0.2%, and the cross section of the mold and casting speed
were 180 mm x 240 mm and 0.9 m/min, respectively. In
order to understand the effect of TiO, in the molten steel
floating into slags on the viscosity and structural charac-
teristics, mold slags were designed with varying TiO,
additions of 0, 2%, 4%, 6%, 8% and 10% into slags as
group A (basicity = 0.6) and 0, 2%, 4% and 6% into slags
as group B (basicity = 0.7), respectively. The mold slag
from the steel plant was firstly decarburized in the air at
973 K, and then the mass of TiO, added into slag was
calculated. The decarburized mold slag and the chemical of
TiO, were mixed, and then pre-melted for 30 min in a
MoSi, furnace at 1573 K to homogenize chemical com-
positions of slags. Subsequently, the molten slag was
poured into a stainless crucible and cooled in the air to
obtain homogeneous solid slag. X-ray fluorescence (XRF)
spectroscopy was used to measure chemical compositions
of pre-melted samples listed in Table 1. From Table 1,
with the decomposition of a small amount of carbonate in
the original mold slag, the percentage of TiO, in these
premelted slags (Group A) was within 0.39%—11.43%. The
content of F~ decreased from 3.48% to 0.78% with the
increase in TiO, in slags, which was affected by the
evaporation of fluorine. The evaporation ratio of fluoride
was promoted with the increase in TiO, content in slags,
proposed by Ju et al. [13], which explained the decrease of
the fluorine content. The whole chemical composition of
the mold slag (B1) without TiO, addition and only the
TiO, content of slags (B2-B4) were measured. The per-
centage of the TiO, in these slags was within 0.34%-
6.99%. The depth of the liquid slag and the slag con-
sumption during the casting of the high-Ti steel with the
use of original slags (Al and B1) are also shown in
Table 1, and these parameters of these two slags used in
one of six-strand caster were measured under the same
casting condition, respectively.

2.2 Viscosity measurement

In the current study, the viscosity—temperature relationship
of mold slags in Table 1 was measured with the rotating
cylinder method, and the schematic of the viscometer is
shown in Fig. 1 [14]. Before viscosity measurement, the
calibration of the temperature in the furnace and the vis-
cosity of the fluid was conducted by the thermocouple and
the standard oil [15], respectively. About 230 g molten slag
was kept in the graphite crucible for 30 min when the
temperature reached 1573 K to guarantee that the slag was
totally melted and uniform. Afterward, the viscosity of the
mold slag was continuously measured with the decrease of
the slag temperature by 6 K/min, and then, the viscosity—
temperature relationship of mold slags was obtained.
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Table 1 Chemical compositions of mold slags and details of slags in service

Slag No. CaO/ AlLOsy TiOy F/ Na,O/ BaO/ MgO/  TiO, addition/  Depth of liquid  Slag consumption/
SiO, % % % % % % % slag/mm (kg t™h

Group A Al 0.6 8.00 039 348 6.85 3.43 3.07 0 7-8 0.39

A2 0.6 7.22 244 355 6.64 4.47 3.03 2 - -

A3 0.6 7.30 477 218 6.63 4.13 3.06 4 - -

A4 0.6 7.20 6.87 153 654 4.24 3.00 6 - -

AS 0.6 7.05 9.15 092 644 4.66 2.87 8 - -

A6 0.6 6.89 1143 078 6.20 3.81 2.76 10 - -
Group B Bl 0.7 6.89 034 358 6.72 3.14 3.18 0 6-7 0.45

B2 0.7 - 2.83 - - - - 2 - -

B3 0.7 - 4.64 - - - - 4 - -

B4 0.7 - 699 - - - - 6 - -
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Fig. 1 Schematic of experimental setup for viscosity measurement
(14]

2.3 Measurement of melting temperature

The hemisphere point method (CQKIJ-II-type slag melting
temperature characteristic tester) was used to measure the
melting temperature of mold slags, and the schematic of
the measurement equipment is shown in Fig. 2. The pow-
der of the pre-melted slag was crushed into a cylindrical
sample with the diameter of 3 mm and the length of 3 mm,
and then placed in the tube furnace with the temperature
increment at a speed of 25 K/min. The melting temperature
of mold slag was obtained when the height of the cylin-
drical sample reached half of the initial one.

2.4 Structure analysis

In order to explain the performance changes of mold slags
with different TiO, additions in slags, Raman spectrometry
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was used to obtain the structural characteristics of mold
slags, which should be amorphous. During the sample
preparation, the pre-melted slag was heated to 1573 K in
the MoSi, furnace for 30 min to obtain homogeneous
molten slag, and then partly quenched by water to form the
glassy sample. The rest of the molten slag was poured into
a container of iron material, and gradually cooled at the
room temperature. Afterward, these slags quenched by
water and cooled in the container were measured by the
X-ray diffraction (XRD) method, as shown in Fig. 3 and all
of the water-quenched samples and those cooled in the
container were amorphous. Raman spectroscopy was con-
ducted to study the microstructure of all water-quenched
samples, and the spectra in the range of 200-1600 cm ™
was recorded. Finally, the scattering data were fitted using
the Gaussian function through the Peakfit software.

3 Slag properties with different TiO,
additions

3.1 Melting properties and viscosity

In the continuous casting of steel, the depth of the liquid
slag pool, the thickness of slag film in the gap between the
mold and solidified shell, and the slag consumption were
largely influenced by melting properties and viscosity of
mold slags. The melting temperature of two groups of slags
is compared in Fig. 4a. With the increase in the TiO,
addition from O to 10%, the melting temperature of mold
slags (basicity = 0.6) decreased from 1439 to 1402 K, and
the temperature increment is maintained at about 8 K with
the same 2% TiO, addition. According to the slag com-
position in Table 1, the F~ content slightly decreased with
the increase in TiO, addition, and the decrease of F~ in
slags would result in the increase in the viscosity and
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Fig. 2 Schematic of experimental setup for melting temperature measurement
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Fig. 3 XRD results of these slags with cooling at room temperature (a, b) and water cooling (¢, d). 20—Diffraction angle
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Fig. 4 Melting temperature (a) and viscosity at 1573 K (b) of mold slags with different TiO, additions

melting temperature of the slag, which was opposite to
results in Fig. 4. Hence, the variation of the F~ content in
slags was obviously smaller than that of TiO,, and the
variation of slag properties was determined by the differ-
ence of TiO, additions in slags. The melting temperature of
slags (basicity = 0.7) slightly decreased from 1446 to
1439 K with the increase in the TiO, addition from 0 to 2%
and then changed less (within 1438-1440 K) with the TiO,
addition from 2% to 6%. Obviously, the melting temper-
ature of slags with the basicity of 0.6 (group A) was lower
than that of 0.7 (group B), resulting in the slight increase in
the depth of the liquid slag pool in the mold, as shown in
Table 1.

The viscosity of mold slags at 1573 K is compared with
different TiO, additions of two groups of slags in Fig. 4b.
The viscosity of slags in group A (basicity = 0.6)
decreased from 1.1 to 0.68 Pa s, while that of slags in
group B (basicity = 0.7) decreased from 0.76 to 0.56 Pa s
with the increase in TiO, addition from O to 10% and 6%,
respectively. The viscosity of slags at 1573 K had linear
relationship with the addition of TiO, in slags, and the
variation of viscosity is approximately 0.042 Pa s (group
A) and 0.033 Pa s (group B) with the same 1% TiO,
addition, respectively. Obviously, the viscosity of slags at
1573 K with the basicity of 0.6 (group A) was larger than
that of 0.7 (group B), resulting in the increase in the slag
consumption with the same casting condition in a steel
plant, as shown in Table 1. Hence, the increase in the TiO,
content in the low-basicity slag through the floating of
TiO, inclusions in the mold could lead to the decrease of
slag viscosity.

Viscosity—temperature relationship measured during the
cooling process (6 K/min) of two groups of slags with
different TiO, addition is illustrated in Fig. 5. Viscosity of
all mold slags (groups A and B) gradually increased with
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the decrease of the slag temperature, and no apparent break
points were obtained along the viscosity—temperature
curve, indicating that these two low-basicity mold slags
still existed as acid slags (or long slags) after the absorption
of 0-10% TiO,, and had weak -crystallization ability
without break points or conspicuous crystal precipitation in
slags with the decrease of the temperature [15]. Besides,
the TiO, addition into slags from 0 to 10% or 6% had
relatively small influence on the crystallization property of
slags, which could also be demonstrated by XRD results of
amorphous slags obtained through the slow cooling in the
room temperature, as shown in Fig. 3a, b. Certainly, the
viscosity—temperature relationship and the XRD results
could only qualitatively indicate the crystallization ability
of slags [16], and the crystallization rate, initial crystal-
lization temperature and crystallization kinetics analysis
should be conducted to obtain the accurate comparison of
slag crystallization, which would be discussed in following
studies.

3.2 Activation energy of viscous flow

The activation energy of the viscous flow represents the
frictional resistance within the structural units of the melt
that needs to be overcome during shearing or the flow of
the slag [17]. Activation energy varied due to changes of
microstructure, and that is expected to be constant before
precipitation happens for a certain slag system. The rela-
tionship between Inzy and 1/(RT) (where 7 is the viscosity of
mold slags, Pa s; R is the gas constant, 8.314 kJ/mol; and T
is the absolute temperature, K) with different TiO, addi-
tions was calculated through the Arrhenius equation
(Eq. (1)), and the linear fitting results of two groups of
slags are shown in Fig. 6 to understand the effect of TiO,
addition on the activation energy of these molten slags.
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Fig. 5 Viscosity—temperature curves of mold slags with different TiO, additions in slags of group A (a) and group B (b)

1.0 1.2
Content of TiO, addition (@) Content of TiO, addition (b)
08l @ 0% O 2% 1.0 D 0% O 2%
® 1% D 6% 08l L& 4% D 6%
@ 8% 10% :
0.6 0.6
0.4F 0.4
=
t
< c 0.2

Group A (Basicity=0.6)

0.4t

0.0
0.2
0.4

-0.6]

Group B (Basicity=0.7)

0.92 0.I94 0.I96 0.§8 1.I00
1/(RT)/(10™ mol J™)

0.92 0.I94 0.I96 0.I98 1.I00 1.I02 1.04
1/(RTY(10* mol J7)

Fig. 6 Fitting curves of Inn vs. 1/(RT) for slags of group A (a) and group B (b)

From Fig. 6, only one fitting line was obtained, and the
slope of the fitting line was compared as the activation
energy of the viscous flow with different TiO, additions in
slags, as shown in Fig. 7. The activation energy of viscous
flow decreased in both groups of slags with the increase in
TiO, addition, indicating that the energy barrier for the
flowing of the molten slag was reduced and the
microstructure of the melt became simple. Particularly, the
activation energy marginally decreased with the increase in
TiO, addition from 0 to 6% in both groups, but the vari-
ation increased with the TiO, addition from 6% to 8% of
mold slags in group A, indicating that the microstructure of
the melt became simple, and the influence of the temper-
ature (or the thermal motion of molecule) on the viscosity
of the molten slag decreased.

E,
Iny=1 —n 1
i =g + o (1)

= —@— Group A
'(_) 140-0\\ - ©- Group B
S "o
- “@-----9
=
= 120
o
—
()
c
(0]
[
o 100+
=
©
=
E=
[&]
< 80+
0 2 4 6 8 10

TiO, addition in slag/%

Fig. 7 Calculated activation energy of viscous flow for slag samples

where 7 is the pre-exponential factor, Pa s; and E,, is the
viscous flow activation energy of the slag, kJ/mol.
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4 Effect of TiO, addition on structure
of mold slags

4.1 Structure through Raman spectra

In order to understand the variation of slag microstructure
with different TiO, additions into slags, the Raman spectra
of water-quenched glassy samples was measured, as shown
in Fig. 8. From Fig. 8, the spectral curve was divided into
two regions, the high frequency region between 800 and

1100 cm™" and low frequency region between 500 and
800 cm™'. Only one peak centered at ~ 560 cm™'
appeared in the low-frequency region, while two peaks
were located at 910 and 1025 cm™" in the high-frequency
region. In the low-frequency region, the peak around
560 cm~' had no obvious change in intensity with the
increase in TiO, addition. In the high-frequency region, the
peak around 910 cm™' remained with high intensity and
great width, shifting from ~ 910 to 875 cm™', whereas
the peak at 1025 cm™' became low.

Group A (Basicity=0.6)

(a)

8% TiO,

6% TiO,
4% TiO,

2% TiO.

Intensity/a.u.

0% TiO,

700 800 900 1000
Raman shift/cm™

500 600

Intensity/a.u.

1100 500

(b) Group B (Basicity=0.7)

6% TiO,

4% TiO,

2% TiO.

0% TiO,

700 800 900 1000 1100

600
Raman shift/cm""

Fig. 8 Raman spectral curves of quenched samples of group A (a) and group B (b)
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Fig. 9 Deconvoluted results of Raman spectral curves for glassy samples of group A. r>—Coefficient of determination
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Fig. 10 Deconvoluted results of Raman spectral curves for glassy samples of group B

Raman curves for the analysis of the slag structure were
deconvoluted using the Gaussian-Deconvolution method,
as shown in Figs. 9 and 10 the recommended frequency of

Table 2 Structure assignments of Raman bands in spectra of mold
slags

Raman bands is summarized in Table 2. The deconvoluted ~ Raman shift/cm™ Raman assignment Reference
band§ in the low—frequency region were assiigPed Fo the ~ 550 ALLO-A] [12. 18-21]
alur;lnnitle gro/lill),l.w;(th the pﬁfclkharounc:l 550 cm X at(tirlputleld 659676 0-Si-0 [22. 23]
to the —~0-Al linkage, which was t.e major bond in the ., .. O-Ti-O or O—(Si, Ti)-O [24. 25]
3D aluminate network. The band with the frequency of ~ 0 ALO- [26-29]
about 659-676 cm ™" could be relevant to the deformation o

. . . ~ 860 Q [30-33]
motion of O-Si-O, peaks centered around 722 to 738 cm .
. . . . 900-930 Q [12, 30-32]
in Ti-bearing samples were probably assigned to defor- 960 Q? (33, 34]
mation of O-Ti—-O or O—(Si, Ti)-O in chain or sheet units 5 ’

~ 1050 Q [35-37]

or both, and those at around 770 cm ™! were related to Al—
O~ stretching vibration in [AlO4] units with one or two
nonbridging oxygen (NBO). The Raman signal between
800 and 1100 cm™" represented the symmetric stretching
vibration of [SiO4]-tetrahedra in silicate network, which
was essential to study the structural units comprising sili-
cate-dominant slag systems. These [SiO4]-tetrahedra units

with peaks in the ranges of 850-880, 900-930, 950-980,
and 1010-1040 cm ™" could be ascribed to the stretching
vibrations of the Si—O bonds in Q0 (NBO/Si = 4, [SiO4]-
monomer), Q' (NBO/Si = 3, [Si,0;]-dimer), Q> (NBO/
Si = 2, [SiOs]-chain), and Q* (NBO/Si = 1, [Si,Os]-sheet),
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Fig. 11 Proportions of structure units of simple units (a, ¢) and QO—Q3 (b, d) obtained from deconvolution of Raman spectra. a, b Group A; c,

d group B

respectively, and 7 in the Q" structural units indicated the
number of bridging oxygen atoms per silicate atom.

The proportion of each unit is shown in Fig. 11, which is
calculated as the ratio of the covered area below the cor-
responding curve and the total area below all these curves
in Figs. 9 and 10. The proportion of the structural unit Q°
decreased from 28.8% to 9.3% and that of Q0 increased
from 6.9% to 21.5% in group A (basicity = 0.6) with the
increase in the TiO, addition from 0 to 10%. The propor-
tion of structural unit Q* decreased from 24.7% to 9.1%
and that of Q° increased from 17.4% to 21.6% in group B
(basicity = 0.7) with the increase in the TiO, addition from
0 to 6%, indicating the decrease of the degree of poly-
merization and the complexity in silicate network structure
of molten slags. The proportion of unit Al-O-Al had the
decreasing trend with the increase in TiO, addition. The
proportion of the structural unit O-Ti-O or O—(Si, Ti)-O
increased from O to 13.6%, and that of AI-O~ increased
from 8.7% to 18.9% in group A (basicity = 0.6) with the

@ Springer

TiO, addition from O to 10%. The proportion of the
structural unit O—(Si, Ti)-O increased from 0 to 9.9%, and
that of Al-O™ increased from 9.9% to 18.7% in group B
(basicity = 0.7) with the TiO, addition from 0 to 6%,
which indicated that aluminate structure became simple
through Al-O-Al structural unit transformation into Al-
O~ structural unit and some [TiO4] were incorporate into
silicate network to form O—(Si, Ti)-O [38]. Hence, the
increase in TiO, addition caused the breakage of both sil-
icate and aluminate network structure, ultimately resulting
in the decrease of the polymerization degree of molten
slags and also the decrease of the slag viscosity in Fig. 4.

4.2 Structure through parameter NBO/T

Usually, NBO/T is used to represent the degree of poly-
merization of the melt [39]. The ratio of NBO/T is related
to the complexity of the overall structure, and the decrease
of NBO/T is an indication of depolymerization occurring
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Fig. 12 Comparison among percentage ratio of Q" + Q* + Q* + AI-0-AD/(Q° + Al-O7) and parameter NBO/T. a Group A; b group B

within the structure of the molten slag. Additionally, the
composition of CaF, is usually not considered when the
NBO/T is calculated [40, 41], and the content of F~ is low
(below 3.0%). The modified calculation equation of NBO/
T is shown as follows:

(xca0 +XNay0 + 2XTi0, +XBa0 +XMe0) — 2XA1,0,
Xsi0, +2XA1,0,

NBO/T:2
(2)

where x is the mole fraction of each component in slags.
In Fig. 12, the parameter NBO/T of molten slags with
different TiO, additions is shown, and NBO/T and the ratio
of complex structure units (Q', Q% Q°, and Al-O-Al) and
simple structure units (Q° and Al-O~) are compared. The
parameter NBO/T gradually increased from 1.36 to 2.05
with the increase in TiO, addition from 0 to 10% in group
A, and that also gradually increased from 1.53 to 1.90 with
the increase in TiO, addition from 0 to 6% in group B. The
ratio of complex structure units (Ql, Q2, Q3 , and Al-O-Al)
and simple structure units (QY and AI-O") decreased with
increase in TiO, addition in both groups of slags, indicating
that complex structural units gradually transformed into
simple structural units and the number of non-bridging
oxygen increased. From Fig. 12, the variation of the per-
centage ratio between complex structure units and simple
structure units had negative correlation with NBO/T and
had positive correlation with that of the viscosity of molten
slags in Fig. 5, indicating that the decrease in slag viscosity
is related to the depolymerization of slag structure. With
the increase in simple structure units and decrease of
complex structure units in molten slags, the degree of
polymerization or complexity of slags decreased, which
resulted in the easy movement of structural units in slags
and low viscosity of molten slags [23, 42]. Hence, the TiO,
in current mold slags primarily behaved as a basic oxide by
supplying free oxygen ions (O”7), and the increase in the
TiO, addition into slags caused the decrease of the

polymerization degree of mold slags and then resulted in
the decrease of the viscosity of these current CaO-BaO-
Si0,—Al,03-based slags as well as the increase in the slag
consumption in the continuous casting of high-Ti steel in
Table 1.

5 Conclusions

1. With the addition of the TiO, into current slags from 0
to 10%, the viscosity at 1573 K of mold slags (basic-
ity = 0.6) decreased from 1.1 to 0.68 Pa s and that of
slags (basicity = 0.7) decreased from 0.76 to
0.56 Pa s. The melting temperature of slags (basic-
ity = 0.6) decreased from 1439 to 1402 K and that of
slags (basicity = 0.7) decreased from 1446 to 1439 K.
With basicity of the slag from 0.6 to 0.7, the slag
viscosity decreased, but the melting temperature
increased, resulting in the increase in slag consumption
and the decrease of the depth of the liquid slag.

2. According to results by the Raman spectra method and

the parameter NBO/T, with the increase in TiO,
addition into the acid slag from 0 to 10%, complex
structure units were transformed into simple structure
units and the number of non-bridging oxygen
increased, which simplified the network structure.
Then, the degree of polymerization of the mold slags
decreased and closely correlated to the decrease of the
slag viscosity.
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