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This paper presents the successful reline and start up of CSN, Brazil, # 2 blast 
fumace completed in December 2001 to prolong its campaign for 8 more years. The 
activities of preparation for furnace shutdown and contingency plans aré described, 
focusing on the ope~ation procedures and salamander tapping. 

The basic reline scope, upgrades. project schedule, construction methodology and 
the sequence of the main activities are discussed in detail. The fumace blow in and post 
reline operation are also discussed . This revamping was planned in only 6 (six) months and 
carried out exactly according to the schedule in 20 (twenty) days consisting in a world 
siderurgy land mark. 
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1. INTRODUCTION 

CSN BF 2 has been operating in its 5th campaign s ince rebruary 1991 . The project 
campaign was 10 years or 12 millions ofhot metal. ln November 2000. after 9 years and 9 
months in operation and an accumula ted production oí 12.5 millions of hot metal. CSN BF 
2 was blown out for a partia l repair. 

Table I presenls the main project data of CSN BF 2 in the present campaign. 

Tablc I - CSN BF 2 Main Design Data (51
h Campaign). 

CSN BF 2 (5 1
" Campaign) Main Project Data 

lnner Vo lume l 653mJ 

Burden Distribution Bell Less (Rotating Through) 
Burdening Screening of' Sinter, lron Ore and Coke 

Conveyor Belt , 
2 Burden Bins 
3 Burden Levei Probes 
Equalization with Semi-Clean Gas and Nitrogen 

Hot Stoves 3 Units with Internai Combustion Chamber 
Hot Blast Temoerature: I IO0ºC 

Coo ling System Cooli ng Plates: Stack. Belly and Bosh 
Spray: Hearth 

Gas C leaning Top Pressure Control: BischofTSystem (1,100 kgf/cm-) 
Gas Washing: Venturi 

Cast House 2 Tapholes 
Conventional Slag Granulation 
24 Tuyeres 
Hearth Diameter: 9m 
Natural Gas lnjection System 
PCI (Since June 1997): 200 kg/t 

Control Systems Top Gas Analysis: CO, CO2, H2 
Uptakes Temperature 
Top Gas Temperature : Fixed Probe 
Throat Temperature : Skin Flow 
Stack Gas Temperature and Analysis : Penetrating Probe 
Refractory Lining Temperature: Stack, Belly, Bosh and 
Hearth . 
Furnace Pressure Gages: 1 1 

The operationa l results of CSN BF 2, 5th campaign, have cómpletely overcome the 
project parameters. lt has been presenting operational index comparable to the best blast 
fumaces ali over the world as showed in Figure 1. 
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Figure 1 - Main Operational Parameters of CSN BF 2, 51
~ Campaign. 

From 1997 to 2000. afte r the start Up of PCI Plant, the furnace has had skull fonnation 
in lower stack and belly regions. This phenomenon has disturbed the operation resulls. As 
consequence. it was necessary to develop special operalion procedures in order lo 
regularize the burden descent and clean the skulls adhered to lhe refractory walls. 

2.· BASIC REUNE SCOPE AND UPGRADES 

Since 1997, CSN BF 2 refractory maintenance strategy was to carry out a cold gunning 
repair from lhe top to lhe tuyere levei every 12 months. Tab le II presents lhe main 
characteristics ofthese cold gunning repairs. 
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Table li - Maio Characteristics of CSN BF 2 Cold Gunning Repairs. 

Renaired Arca Period Duration Remarks 
From the top to the tuyere Levei April 1997 9 days No Salamander Tapping 
From the top to the tuyere Levei April 1998 15 days No Salamander Tapping 

ln 1999. the results of lhe core drilling study showed rhat there was a criticai area 
around tapholes with a brittle zone. Based on this fact and considcring the excellent 
condition of lhe shell (no deformation). it was decidcd lo plan a partia) repair to prolong its 
campaign for 8 more years[ 1 ]. 

The main targets of this Novcmber 2000 parti ai repa ir were: 

Injuries: Zero accidenl 
Quality: 8 years of campaign life 
Schedule: 20 days 
Cost: Obey to the budget 

The basic reline scope and upgrades were: 
Repa ir of a 105º sector of the hearth refractory lining from the tapholcs bottom 
elevation. including the replacement ofthe two tapholes. 
Total replacement ofthé refractory lining from the tuyere to the top. 
Assembling ofa new throal armour. 
Assembling of a new gea~ box. 
Instai) a new s lag runner. repair the s lag granulation pits and assemble a tilting runner in 
the casl house. 

Figure 2 shows sc hematically thc former and presenl CSN 13F 2 refractory lining 
design . 
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Figure 2 - Former and Present CSN BF 2 Refractory Lining Design. 

3. SCHEDULE 

The original schedule of CSN BF 2 partial repair, from blow out to blow in, showed a 
total duration of 26 days. Considering that expected Brazilian demand for steel was 
growing during 1999-2000 period and CSN BF 3 would be repaired in 2001, it was 
convenient for economícal reasons to minimize the duration ofthis i-epair. 

Alter a deep technical discussion with ali partners involved in this project, a new repair 
schedule was planned with only 20 days of duration, consisting in a big challenge for 
everybody. 

This reduction of 6 days in the original schedule was fundamentally dué to the 
introduction of the mechanized demolition technique. ln this case, it was not neces5ll:ry to 
wai~ for finishing all demolition services anymore to start assembling of the · fixed 
platforms. 

ln order to assure that this new revised schedule would be achieved, thé repair plan 
included some key-points: 

Pre-Assembl ing of salamander holes 
Blow Down operation procedures 
Mechanized demolition 
Multi-levei work platforms / brick rings 
Bricklayers training 
Contingency plans 
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3.1 Pre-Drilling of Salamander Boles 

Based on the hearth wear profile was decided to install the salamander spool under the 
taphole 2 arca, above the taphole bottom elevation. The pre-drilling of salamander holes 
was carried out during a planned shutdown, five months before the repair in June 2000. 
The drilling was stopped when the temperature of 500ºC was achieved for safety 
reasons[2]. Figure 3 illustrates the salamander holes. 

"•••- '• M•--•-•-• , ',/ 

Figure 3 - CSN BF 2 Salamander Holes. 

3.2 Blow Down Operation Procedures 

CSN BF 2 Blow Down Plan, involving the furnace emptying until tuyere levei and 
complete outflow ofthe hearth hot metal, had the following steps: 

Cleaning of the Refractory Walls 

· lt consists of a special operation procedure to clean lhe skulls adhered to the refractory 
walls, including a modification in tenns ofburden distribution. 

Preparatory Shutdown 

The purpose of this preparatory shutdown is to connect the necessary utilities (stream 
and nitrogen) that will be used during the burden descent to control the fumace atmosphere. 

Operation Stabilization Period 

lt refers to the period immediately before the blow down whose purpose is to stabilize 
the operation conditions to guarantee a safe stoppage. 
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Burden Descent 

lt consists of monitoring and controlling the operation parameters during the burden 
descent. Figures 4, S and 6 show the behavior of the main operation parameters during the 
burden descent period. 
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Figure 4 - Burdcn Descent Vs Time 
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Figure S - Hot Blast .Flow Rate Vs Burden Levei. 
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TOP GAS COMPOSITION - BURDEN DESCENT 
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Figure 6 -Top Gas Composition Vs Time. 

Hearth Outflow 

lt refcrs lo lhe sa lamander tapping af1er las l heal through the taphole. 

Burdcn lgnition and Blow Out 

li consists to i°gnilc the gas from the hearth res idual burdcn (coke) through the 
blowpipes a fte r completing thc burden dcscent until tuyere level. 

3.3 Mechanizcd Dcmolition, Multi-Levei Work Platforms and Brick Rings 

As mcnlioned before. the mechanized demolition technique allowcd to start assembling 
the fixed platforms immediately afkr the wrecking machinc achicved the appropriated 
elevations. ln other words. it was poss ible to demolish the furnacc and assemble lhe 
platforms in parallel. 

Besidcs. two addilional factors contributed to reduce the duration of ali re-brick 
activities. 

- Multi-Levei Work Platforms 

lt was planned to assemble thrce lixed platforms: 
- Platform 1: Throat bollom (at elevation of cooling plates row 39). 
- Platform 2: Lower stack (ai elcvation of cool ing plates row 19). 
- Platform 3: Bush (at clevation ofcooling plates row 6). 

- Brick Rings 

ln between the fixed platforms were in stalled tubular scaffold s (Figure 7). Sorne 
special brick rings were also installed (f'igure 8) allowing to carry out several re-bricks 
activities simultaneous ly. 
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Figure 7 - Loeation of thc Fixcd Platforms. 

Figure 8 - Iktail of thc Brick Rings. 
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3.4 Brickla~·crs Training 

ln ordcr lo guarantee lhe quality a nd du ra tion o f thc refractorics acli \ ·itics. a ll 
bricklayers (around 250) were trained . A l3F shell sector with coo ling pl ates and tubul a r 
scaflolds was asscrnbled s imul aling lhe truc senice co11diti o 11s (f'igurc 9). 

Figure 1) - Arca for Bricklaycrs Training. 

3.5 Contingcnc~· Plans 

Considering lhal· tl1e production losses an: lhe 111ai11 cornponL·nt i11 the rcpair ,llsts 
111a1ri:-. . il i~ imperati vc lo elaht1ralc a contingcnc:- plan lo man agc some pnss ihlc pmhlcms. 
Tablc 111 pn:scnl s thc main action s im:ludcJ in thi s contingcn,y pl a n. 

Tahk Ili - Contingcnc~· Plan. 

l'ossihk Prohlcms AL·tion 
Res idua l Skull s adhered to the rcfra<:ton "ª"· lk prcparcd to use c.,pllls ives. 
lkkL·ls or unsati s l~tt.:tory performance of lhe l.k prepan:d to use mm ablc plat form . 
"rcckinl.! machinc . 
l lig h tempcratures ins idc hcarth . Bc pre parcd lo appl:- insulatin g gu1111ahlc 

castablc . 
Stro ng summcr rain s. Instai! spccial co vcrs to rrevcnt ag.ain st 

rains. 

lnterrurtion of lhe n: fractor:- ma teriai s lcedin g . C rcate altcrnati\·e rou1es for refracto r:-
materiai s fcedill!.! . 

/\ rca lo he repaircd in lhe hearth bigger than the lle pre pa rc·d ln ram ca rbon nwterial 
planned llllL' ( 105º secto r) . 

4. SAFETY 

Ri sk anal:- s is ii,r ali acti v itics ,,ere carricd out baseei llll tecl111ic a l pm, cdun:s . 
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5. BllDGET 

ln on.kr to n:tlucc thc tntnl cosi or lhe repa ir anti obcy to CS N budgct. it was neccssary 
to tlcvclop some spccial tcchni cal proccdures: 

M:u:hining of thc Existing Scmi-G raphitc Bricks anti Ca rbon Hlocks 
Thcrc \\ as some stock ai CS N o r semi-graphitc bricks and carhon blocks from BF 3 

partia! rcpair. Thcse scmi-graphitc hricks and carbon blocks had to be machi ncd to atljust 
ih gcomctr~ to 13F 2 rcfractory linin g des ign. 

Salamandcr Tapping into C lay lluxcs 

Thc sa larnandcr boxcs ,,crc hui ll in lhe c111crgency s lag pit by using c lay boxes (Figure 
10). /\ ft er compacting the c lay. lhe hoxes werc excavatcd . Fina lly. a thin layer of 
n.:fractory gunnah le castahlc.: was appli ed in lhe internai surfaces o fthe clay boxes. 

a) Aftcr Excarntion b) During Drying and Hcating Up 
Figure IO - Salamandcr Boxcs Aftcr Excavation (a) and During Drying and Hcatíng 

Up (b). 

6. Rcpair Plan Evaluation 

6.1 Sa fcty 

No serious acc iden l during a li repair period . 

6.2 Blow Down Opcration Proccdurcs 

/\lier blo," down operat ions. it ,vas observed lhal : 

The burden had achievcd lhe tuycre levei around ali hearth periphery stror.g ly reducing 
lhe residual burden to be rem oved . 
The rcfrac tory walls wcre complcte ly c lean proving lhe emcieney of lhe cleaning 
procedure. 
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Alicr re rnov ing thc burdcn. it was verificd tha t thcrc was not res idual hot metal, until"tlie 
lowcst clcvation o f lhe hcarth a rca to bc rcpai rcel a li e"' ing làst a nel safe acccss ins idc 
thc hearth. 

6.3 Schcdulc 

Thc rcpair \\as carricJ out cxact l) 3ccord ing to thc sc hcdulc in 20 J ays. 

6.4 Budgct 

Thc total costs o r thc repa ir o bc) to CSN buelgct. 

7. Blow 111 Or,eration Prnccdurcs 

Thc blo" in o pcrati o n pn1ccdurcs im:ludcd Lh e fo ll<1\\ in g stcps: 

Start Up Plan 

lt cons ists or an npcrationa l plan Lo s tart l lp thc lurnm:c anel stabili ze the opcration 
paramctcrs. 

Tapholcs l'rotcction 

lt rclers to thc spcc ia l protcction \\'ali built in li·nnl of thc tapho lcs bcft1 rc thc bk111 rn . 
Thc purpnsc n r thi s "ai I is to prntcct the ta phnl c arca during th c lirst hca ts. figure 1 1 
ili us tratcs thc taplwlc prntcc t Íllll " :d 1 "ith lirec la:, bricks . 

Figure 11 - Ta flholc l'rotcction \\'ali. 
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Bunkning 

li n:krs to thc start ll p hunkn. 

Ramp \ Jp 

lt cons ists of thc pl anncd prod uction curve a lh:r b lm, 111 to rccovcr the normal 
rnu.Juction rhythm. 

8. Post Rcline Opcrntion 

Figure 12 sho" s thc bchavior o r thc main opcra ti on r ara mete rs a Ile r the start Up . 
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HOT METAL SILICON CONTENT - DECEMBER 2000 

,.oo ~--- - - -~-------------- -, 
'·"' 1.10 
1.70 
1,10 
1,50 

'·"º '·"' 1,20 
1, 10 
1,00 
0,90 
o.ao 
0 ,70 
0.60 
0 ,50 

º·'º 0,lO 
0,10 
0,10 
0,00 1---+4- ~ -+--+---- -~- -+---+-~-----' 

800,0 

750,0 

700,0 

650 ,0 

~ 600 ,0 

t: 550,0 

~ 500,0 

450 ,0 

400 ,0 

350 ,0 

COKE RATE - DECEMBER 2000 

300 ,0 .._.._+-+----- ---- --+-+-+-+-+-,__..__, 
1 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 J I 

DAYS 

figure 12 - Main Opcration Paramctcrs aftcr thc Start ll p. 

T ahl c IV rresents some important o pera tiona l result s achieved a ft e r bl ow in . 

Tahlc IV - lmportant Opcrational Rcsults Achic\'cd aftcr lhe Blow ln . 

OPERATION PARAMETERS IMPOlffANT RESUL TS 
Produ cliv it v 2'. 2 t/d /111 3 4 ( lour ) days a fkr bl o w in 

l lo t Meta l lniti a l S ili co n C o nlc nt 2. 12% 

l lu t Metal S tand a rd S ili con C ontcnt (~ 2"" da) afic r blo" in 
0.50%0 
Firs t ! lea l 13.5 ho urs a fi e r hl (m in 
Ho t Metal to 110F 18 lwurs a ficr hlmv in 
Pl' I S tart Ur 4"' da ,· a fi c r bl ow in 
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· "J. CONCLUSION 

CSN n(· 2 partial rcpair was planned in only six months and carried out cxactly to the 
scheuulc in twenty days consisting in a worlu siderurgy land mark. 
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