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A Novel Filter Tundish 

towardsImprovingQualityandYieldofsteelforSingleStran

dSlabCasting 

 

 

Abstract: - Inclusion and grade intermixing create huge metal loss during single  

Strand slab casting. In the present investigation a multi reactor tundish with argon  

purging and a Novel Filter tundish has been proposed to remove high level inclusions  

and reduce grade intermixing during slab casting.   
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           Introduction:- 

BackgroundoftheStudy 

In 21st century steelmakers are facinga competitivemarket dueto globalizationas 

well as for increasing number of steel producers over the world. So there isan 

increasing demand to supply of clean steel to the customers at low cost. Inthis 

regard reduction of metal loss as well as leas inclusions containing 

steelproduction are very vital for steel manufacturers to cope with the 

internationalmarket.Tundish is such an important metallurgicalvessel 

likeBOF,EAF,Ladle, VOD, RH-degasser etc. which act as a pivotal role to 

improve the 

plantperformancebyreducinggradetransitionproductortransitionslab,increasing 

floatation of detrimental inclusions towards cleanliness of liquidsteel and 

eliminating contaminations of melt from emulsifications etc. [1]. Toreduce 

generation of transition slab amount and improving the steel quality 

byloweringpercentageoflargeormediumsizeinclusions,overthelast3decades 

researchers had made many modifications of tundish geometry aswell as 

optimizations of flow control refractory’s [2]. 2-4 transition slabs 

aredowngradedbyqualitycontroldepartmentduringgrademixing.Thesetransition

slabscanbeusedonlyforinternalpurposes.Simultaneouslymediumandlargesizei

nclusionscreatedefectsinslabaswellashotrolled 

coil. Blow holes, sliver are the primary defects in 

theslabsandhotrolledcoil.Thecustomersofthehotrolledcoilmakemanycomponen
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sheetproductafterdeformationduringwhichsomeseriouscomponentsfailure 

takes place frominclusions.    Clogging of the submerged entry nozzleis 

frequently happen in steel melting shop during continuous casting of 

liquidsteel due to blocking of the nozzle from inclusions build up. So, 

numerousstudies are required to combat those phenomenons in the steel 

plants towardsimproving the yieldandqualityofsteel. 

 GradeIntermixing  

 
Grade mixing can be reduced by optimization of tundish liquid steel flow 

byusing variousflowcontrolrefractorieslikedamweirarrangements.Figure1 

(a)isshowingactualaswellcomputationalresultsofgradetransitiontimefora 

typical 45 ton twin strand slab casting tundish. Figure 1(b) shows that 

gradetransition is highly concentrated at the center of the slab than surface of 

theslab. It is also saying a loss of 27 tons slab from grade transition effect. 

Earlysome researchers found that the use of double dam and weir can reduce 

theamount of transition slab in substantial amount [3]. A typical schematic 

ofdouble dam weir arrangements is depicted in the Figure 1 (c). It is 

observedthat maximum 35 tons of transition slab generations can be reduced 

by usingdouble damweirarrangementswithlow levelof liquidsteel 

duringgradetransition time in comparison no flow control with full liquid steel 

level duringunsteadyperiodasexhibitedintheFigure 1(d). 
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Figure 1 (a) Grade Transition in 45 ton Twin Strand Slab caster (b) Variation of mixed grade along 

slablengthandwidth(c)Doubleweir-

damarrangementforreducingtransitionslab(d)Amountofreductiontransitionslabatvarioustundishopera

tions[3-4]. 

Not only slab caster grade intermixing is a serious problem of round bar four 

linecaster where some researchers have used numerical tool to reduce the effect 

ofgrade transition [5]. Researchers were tried to developedmany models to 

predictthe transition slab amountwithchangingdifferent operating parameters so 

thatcasting operatorscan reduce theamount of transition grade [6-7]. Due to 

veryhigh temperature of the liquid steel it is not possible to see the insights of 

theliquidsteelflowwithinthetundishreactor.Somanyinvestigationsoverthedecade 

have been carried out in laboratory scale by CFD analysis as well asphysical 

modeling by tracer injectionto optimize the flow within the tundish 
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tominimizethegrademixingduringunsteadystateoperation[8-12]. 
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It is observed that in all respect the use of double weir dam is effective 

toreduce the transition slab in slab caster towards improving the efficiency 

ofsteelmelt shop. 

 
Recently the author have developed a novel concept ―Multi reactor with 

argonpurging‖whereaspecialtypeofweiranddamhavebeenused sequentiallywith 

argon purging at the hole of the special wear to reduce more the amountof 

transition slab as well as increasing the floatation’s of inclusions 

towardsimproving the quality of liquid steel as shown in the Figures 2 (a) and 

(b) [13].Thisis basicallya novelmultireactorsarrangement 

withdamandargoninjection at hole of special weir instead off chamber + dam 

arrangement 

whichearlierresearchersarepatented.ThegrademixingCFDstudybyANSYSFLUE

NTwerecomparedinFigures2(c)and(d)whichshowsthat  

multireactorwithargonpurgingtundishismuchmoreeffectivethannormaltundish

withoutflowcontroltominimizethemixingofdissimilar grades.Graphical plot in 

Figure 2 (e) shows that this novel tundish is highly 

effectivetoreducegrademixingthananyothertundishwithsomeflowcontrolarrang

ements.Soit suggests that this technology is very usefulto  

improvetheyieldoftundishbylessamountgenerationoftransitionslab. 
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Figure 2 (a) Schematic of Multi Reactor Tundish with Argon Purging, (b) Schematic 

thereactor arrangement, (c)Grade mixing contour for Normal tundish without flow 

controlrefractory,(d)GrademixingcontourforNovelMultiReactortundish with 

argonpurging, 

(e) Transition time plot of different tundish configurations along with Novel Multi 

ReactorTundishwithargonpurging[13]. 
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 Removal ofInclusions  

 
Thereisoverincreasingdemandofproductionstringentcleansteelbysteelmaker 

inducing improving the floatability of alumina inclusions in 

tundishwhichactasabufferbetweenladleandmold.Becauseinclusionshavedetrim

ental effect on product as well as hamper the   normalcasting processby 

prematureblockingthesubmergedentrynozzle.Figures3(a)and(b)showsthesubm

ergedentrynozzlewithoutcloggingandwithcloggingby 

Aluminainclusions[14].Figures3(c)and(d)areexhibitingthescanningelectron 

micrograph images of cluster of alumina inclusions in low carbonaluminum 

killed steel as well as generation of voids from alumina 

inclusionsduringdeformationofthesemi-finishedproduct[15-

16].Thisvoidscangenerate detrimental cracks if exceed some certain size 

range. Figures 3 (e)and (f) are showing formation of serious sliver defects from 

alumina inclusionsin stainless steel slab and hot rolled coil[16]. The sliver 

defects generate dueto tearing off metal from coil surface which sometimes 

create cracks 

inthefinalproductofthecustomer.Soinclusionsremovalandcleansteelproductioni

sveryprimeimportanceofthesteelmakerovermanyyears. 
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Figure 3 (a) SEN without clogging (b) SEN with clogging (c) SEM image 

ofaluminainclusionscluster(d)Voidsfromaluminainclusions 

inLCALKsteel(e)Sliverinslab(f)SliverinHotrolledcoil[15-16]. 
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To study laboratory scale investigation for enhancing the inclusion 

floatationseveral flow control refractory’s arrangements were made within 

tundish and 

itwasfoundthattheincorporationofdamandweiraswellasitssuitablearrangements 

has great effect on inclusion floatation in tundish[17-19]. As steelcleanliness is 

very important for steelmakers, new concepts were used in 

steelplantstoremoveinclusionsfromliquidsteelintundish.Researchershaddevelop

ednewtundishlike―CentrifugalFlowTundish‖and―Swirlingflowtundish‖ towards 

removing inclusions by inducing centrifugal force to 

separateinclusionsfromsteelmelt[20-

21].Thosetundishisveryhelpfulfordeoxidizations but limited scope to float 

inclusions below 100µm as well asprolonged transition period in tundish 

adversely affects the yield of caster [22-23]. In this regard researchers have 

focused on better steel slag interaction sothat inclusions can be trapped within 

the slag phase [24]. It was revealed byresearchers that instead off trough type 

tundish double weir and double damtundish 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 normalweirwereintroducedto 

separateinclusionsfromsteel melt[26-27]. 

But it is observed that argon purging in normal tundish increase the 

transitiontime and single only weir argon purging arrangement is not so much 

effective toremove inclusions substantially and on the other hand author found 

that 

multireactorwithargonpurgingishighlycapablethananyotherflowcontrolarrangem

enttoremovelargeamountofinclusionsfromtundishmeltasobserved fromFigures 

4(a),(b),(c)and(d)[13]. 
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Figure4Flowofinclusionsparticleofdiameter 50µmin(a)Normaltundish,(b)Tundishequipped 

with weir and dam, (c) Tundish with bottom argon purging, (d) Novel Multi 

ReactorTundishwithArgonPurging[13]. 
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Many single strand tundishes has been developed till now for removing the 

inclusionsand developing clean steel. Centrifugal Tundish developed by JFE Steel 

CorporationJapan and H Shaped Tundish developed in Nagoya Japan in the year 2000 are 

shownschematicallyinFigure 5(a)and(b)respectively[28]. 

 
 

Figure5(a) CentrifugalFlowTundish(b) H- ShapedTundish[28] 
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 Future Work  

From the above study it is clear that flow control products have agreat role for 

producing qualitysteeland improve yield in tundish.So in present investigation 

A Dam – Special Weir with Argon PurgingPad–

Damarrangementhasbeenproposedwhichwillbeincorporate within single strand 

tundish to remove inclusions andimprove the yield in single strand slab 

casting tundish as depicted inFigure 6 (a) and (b)and Figure 7respectively. It is 

a novel technology which 

nobodyhaveemployedearlyinanytundishsystem.AfterprocessmodelingUSPaten

t canbefiled. 

 
Beforedoingplanttrialsomelaboratoryscaleinvestigationisprerequisite.Numerica

linvestigationsby ANSYS FLUENT softwareis required to see the insight. Same 

time physical modeling study 

byusingwatermodelingexperimentalsetupisrequiredtojudgevalidity of the 

numerical results with experimental investigations.After plan trial chemical 

analysis of the transition slab is required 

byspectrometer.Scanningelectronmicroscopestudyofnumberinclusions 

particles is essential to judge the improvement of qualityof steel.  

 

     Conclusions 

 

 From the above study the following conclusions can be drawn: 

 

The proposed novel filter tundish and multi reactor tundish with argon purging are quite 

capable to remove inclusions from steel melt and will produce valuable semi-finished  

product in steel industry.  Not only that grade intermixing will be substantially reduced  

in the proposed two tundish systems. The novel filter tundish will be very easy to use 

in steel industry for continuous casting. 
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Figure6(a)SchematicofNovelFilterTundish(b)SchematicoftheSpecialweirwithArgon 

PurgingPad. 
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 Figure7.Model NovelTundishGeometrywithDimensions 
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