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abstract

The present study highlights about novel Filter Tundish towards Improving Quality and Yield of steel for
Single Strand Slab Casting. Tundish is such an important metallurgical vessel like BOF, EAF, Ladle, VOD,
RH-degasser etc. which act as a pivotal role to improve the plant performance by reducing grade transition
product or transition slab, increasing floatation of detrimental inclusions towards cleanliness of liquid steel
and eliminating contaminations of melt from emulsifications etc. Researchers were tried to developed many
models to predict the transition slab amount with changing different operating parameters so that casting
operators can reduce the amount of transition grade. Numerical investigations by ANSYS FLUENT software
is required to see the insight. Same time physical modeling study by using water modeling experimental set up
is required to judge validity of the numerical results with experimental investigations.
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Backaround of the Study

In 215t century steelmakers are facing a competitive market due to globalization
as well as for increasing number of steel producers over the world. So there is
an increasing demand to supply of clean steel to the customers at low cost. In
this regard reduction of metal loss as well as leas inclusions containing steel
production are very vital for steel manufacturers to cope with the international
market. Tundish is such an important metallurgical vessel like BOF, EAF,
Ladle, VOD, RH-degasser etc. which act as a pivotal role to improve the plant
performance by reducing grade transition product or transition slab,
increasing floatation of detrimental inclusions towards cleanliness of liquid
steel and eliminating contaminations of melt from emulsifications etc. [1]. To
reduce generation of transition slab amount and improving the steel quality by
lowering percentage of large or medium size inclusions, over the last 3
decades researchers had made many modifications of tundish geometry as
well as optimizations of flow control refractory’s [2]. 2-4 transition slabs are
downgraded by quality control department during grade mixing. These
transition slabs can be used only for internal purposes. Simultaneously
medium and large size inclusions create defects in slab as well as hot rolled
coil. Blow holes, sliver are the primary defects in the slabs and hot rolled

coil. The customers of the hot rolled coil make many components from tfpis )
age
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sheet product after deformation during which some serious components
failure takes place from inclusions. Clogging of the submerged entry nozzle
is frequently happen in steel melting shop during continuous casting of liquid
steel due to blocking of the nozzle from inclusions build up. So, numerous
studies are required to combat those phenomenons in the steel plants towards

improving the yield and quality of steel.

Grade Intermixing

Grade mixing can be reduced by optimization of tundish liquid steel flow by
using various flow control refractories like dam weir arrangements. Figure 1

(a) is showing actual as well computational results of grade transition time for
a typical 45 ton twin strand slab casting tundish. Figure 1(b) shows that grade
transition is highly concentrated at the center of the slab than surface of the
slab. It is also saying a loss of 27 tons slab from grade transition effect. Early
some researchers found that the use of double dam and weir can reduce the
amount of transition slab in substantial amount [3]. A typical schematic of
double dam weir arrangements is depicted in the Figure 1 (c). It is observed
that maximum 35 tons of transition slab generations can be reduced by using
double dam weir arrangements with low level of liquid steel during grade
transition time in comparison no flow control with full liquid steel level during

unsteady period as exhibited in the Figure 1(d).
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Figure 1 (a) Grade Transition in 45 ton Twin Strand Slab caster (b) Variation of mixed grade along slab
lengthandwidth(c)Doubleweir-damarrangementforreducingtransitionslab(d)Amountof reduction

transition slab at various tundish operations [3-4].

Not only slab caster grade intermixing is a serious problem of round bar four line
caster where some researchers have used numerical tool to reduce the effect of
grade transition [5]. Researchers were tried to developed many models to predict
the transition slab amount with changing different operating parameters so that
casting operators can reduce the amount of transition grade [6-7]. Due to very
high temperature of the liquid steel it is not possible to see the insights of the
liguid steel flow within the tundish reactor. So many investigations over the
decade have been carried out in laboratory scale by CFD analysis as well as
physical modeling by tracer injection to optimize the flow within the tundish to

minimize the grade mixing during unsteady state operation [8-12].
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It is observed that in all respect the use of double weir dam is effective to
reduce the transition slab in slab caster towards improving the efficiency of

steel melt shop.

Recently the author have developed a novel concept “Multi reactor with argon
purging” where a special type of weir and dam have been used sequentially
with argon purging at the hole of the special wear to reduce more the amount
of transition slab as well as increasing the floatation’s of inclusions towards
improving the quality of liquid steel as shown in the Figures 2 (a) and (b) [13].
This is basically a novel multi reactors arrangement with dam and argon
injection at hole of special weir instead off chamber + dam arrangement which
earlier researchers are patented. The grade mixing CFD study by ANSYS
FLUENT were compared in Figures 2 (c) and (d) which shows that multi
reactor with argon purging tundish is much more effective than normal
tundish without flow control to minimize the mixing of dissimilar grades.
Graphical plot in Figure 2 (e) shows that this novel tundish is highly effective
to reduce grade mixing than any other tundish with some flow control
arrangements. So it suggests that this technology is very useful to improve

the yield of tundish by less amount generation of transition slab.
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Figure 2 (a) Schematic of Multi Reactor Tundish with Argon Purging, (b) Schematic the
reactor arrangement, (c)Grade mixing contour for Normal tundish without flow control
refractory, (d) Grade mixing contour for Novel Multi Reactor tundish with argon purging,
(e) Transition time plot of different tundish configurations along with Novel Multi Reactor

Tundish with argon purging [13].
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There is over increasing demand of production stringent clean steel by
steelmaker inducing improving the floatability of alumina inclusions in tundish
which act as a buffer between ladle and mold. Because inclusions have
detrimental effect on product as well as hamper the normal casting process
by premature blocking the submerged entry nozzle. Figures 3 (a) and (b)

shows the submerged entry nozzle without clogging and with clogging by

Alumina inclusions [14]. Figures 3 (c) and (d) are exhibiting the scanning
electron micrograph images of cluster of alumina inclusions in low carbon
aluminum Kkilled steel as well as generation of voids from alumina inclusions
during deformation of the semi-finished product [15-16]. This voids can
generate detrimental cracks if exceed some certain size range. Figures 3 (e)
and (f) are showing formation of serious sliver defects from alumina inclusions
in stainless steel slab and hot rolled coil [16]. The sliver defects generate due
to tearing off metal from coil surface which sometimes create cracks in the
final product of the customer. So inclusions removal and clean steel

production is very prime importance of the steelmaker over many years.
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Figure 3 (a) SEN without clogging (b) SEN with clogging (c) SEM image of
aluminainclusions cluster (d) Voids from alumina inclusions in LCALK steel (e)
Sliver in slab (f) Sliver in Hot rolled coil [15-16].
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To study laboratory scale investigation for enhancing the inclusion floatation
several flow control refractory’s arrangements were made within tundish and it
was found that the incorporation of dam and weir as well as its suitable
arrangements has great effect on inclusion floatation in tundish [17-19]. As steel
cleanliness is very important for steelmakers, new concepts were used in steel
plants to remove inclusions from liquid steel in tundish. Researchers had
developed new tundish like “Centrifugal Flow Tundish” and “Swirling flow
tundish” towards removing inclusions by inducing centrifugal force to separate
inclusions from steel melt [20-21]. Those tundish is very helpful for
deoxidizations but limited scope to float inclusions below 100um as well as
prolonged transition period in tundish adversely affects the yield of caster [22-
23]. In this regard researchers have focused on better steel slag interaction so
that inclusions can be trapped within the slag phase [24]. It was revealed by
researchers that instead off trough type tundish double weir and double dam
tundish is much more effective to better removal of inclusions in tundish [25].
Argon purging in normal tundish as well as H shaped tundish just below normal

weir were introduced to separate inclusions from steel melt [26-27].

But it is observed that argon purging in normal tundish increase the transition
time and single only weir argon purging arrangement is not so much effective to
remove inclusions substantially and on the other hand author found that multi
reactor with argon purging is highly capable than any other flow control
arrangement to remove large amount of inclusions from tundish melt as
observed from Figures 4 (a), (b), (c) and (d) [13].
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Figure 4 Flow of inclusions particle of diameter 50 pym in (a) Normal tundish, (b) Tundish
equipped with weir and dam, (c) Tundish with bottom argon purging, (d) Novel Multi Reactor

Tundish with Argon Purging [13].
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Many single strand tundishes has been developed till now for removing the inclusions
and developing clean steel. Centrifugal Tundish developed by JFE Steel Corporation
Japan and H Shaped Tundish developed in Nagoya Japan in the year 2000 are shown

schematically in Figure 5 (a) and (b) respectively [28].
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Figure 5 (a) Centrifugal Flow Tundish (b) H- Shaped Tundish [28]
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From the above study it is clear that flow control products have a
great role for producing quality steel and improve yield in tundish.
So in present investigation A Dam - Special Weir with Argon Purging
Pad - Dam arrangement has been proposed which will be
incorporate within single strand tundish to remove inclusions and
improve the yield in single strand slab casting tundish as depicted in
Figure 6 (a) and (b) and Figure 7 respectively. It is a novel
technology which no body have employed early in any tundish

system. After processmodeling U S Patent can be filed.

Before doing plant trial some laboratory scale investigation is
prerequisite. Numerical investigations by ANSYS FLUENT software
is required to see the insight. Same time physical modeling study by
using water modeling experimental set up is required to judge
validity of the numerical results with experimental investigations.
After plan trial chemical analysis of the transition slab is required by
spectrometer. Scanning electron microscope study of number
inclusions particles is essential to judge the improvement of quality

of steel.
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Figure 6 (a) Schematic of Novel Filter Tundish (b) Schematic of the Special weir with Argon

Purging Pad.
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Figure 7. Model Novel Tundish Geometry with Dimensions
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