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Olgt =2 dIIZ2 I S 2dE = A= B2
& SimulationflAl= &JIZ Simulations 2&8= 22 MOIJAE= o) ?lof 2F =EH0IA
=

ct==3toll OF Bt UL

2 Simulation =&

Simulation 2&2 M&s &2 SHHEZS 2J| ol HIIZ20UHAH ATES D20 =0 =HA
A2t 289 WOlA Ladle®l €= 210ICH

&M A CostS zl2AstoliOF SHCEH

3 Simulation I EH

3.1  Simulation Speed

Simulation2 x11F x32 AOI2| speed BRIUA olE == ULl HE =
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3.2 =uIS

Construction steel &2 AUECZ =42 AEZ2=2 A2 TZZMHAI FAHEZ =2

A=SE0ICH =2 & €2 &3 It=2 =HIE LevelE &02lots A0ICH

XS X Body parts& Ti Nb ultra-low carbon steel2 AHAEAMdZ2 20§60 <ol A E
0.0035% O0|at040F &tCH B2 M oo & 22 0XS Os 21 HEWAM HA
A

CIOI0F o) =0l B0 diiHe2 M S0UA=s @2 E d=ote 2A0ICH

JtA 2282 Line pipe steel® DAE & =2 MUAAES LI Qo 2==22/(S,P,H,0O,N)

SAZEI LFAEHDE IR =2 2S00 SH FE0 Je MEXS0 0l 2E= Alx
2

= SimulationflAd M2 CHE 20 et SELE2 2XXel H0l 228 SLTAAEN HE
stth. 0I= &t2 =2 & Z2 2ASd=20 oigdothl E=C0



<Table 4-1> Simulationfild AtEdt= 401 2EQ SELEZE
Construction TiNb ULC Linepipe Engineering
steel steel steel steel
Min Max Min Max Min Max Min Max
C 0.10 0.130 0.05 0.10 0.040 0.060 0.30 0.45
Si 0.10 0.50 0.15 0.50 0.10 0.30 0.50
Mn 1.00 1.50 0.05 1.20 0.90 1.30 0.60 1.20
P 0.025 0.055 0.075 0.008 0.035
S 0.10 0.050 0.010 0.080
Cr 0.10 0.050 0.060 12
Al 0.055 0.035 0.030
B 0.0005 0.005 0.005 0.005
Cu 0.15 0.080 0.060 0.35
Ni 0.15 0.080 0.050 0.30
Nb 0.050 0.030 0.018
Ti 0.010 0.035 0.010
v 0.010 0.010 0.010
Mo 0.040 0.010 0.010 0.30
4 Schedule 4
Simulations Al&otJl &0, Olcl HES M= 20l S0ttt &80t 2 E=+=, simulations =
HME M O U2 Z2HE €= = UL HMIIZ Simulation2 302 Visual HHZE FHZ0 UL
Mg & AN SEist 23S 25D fIst MEE FHlotd Al Bl SHNA ZUHUA HE S
=0 SHEXZHSZ HEHSHC.
41 &S HEY5I0 SHL=0 HEs AJY WeE
42 HEst THzE Basketll E=Ct
43 HTIIZ0M €10 =0 = FEsthh
m ASEE ZU0 =0
B AT 2= Jtoll =¢elth
B &= = Slag E€4€ME =0
B SlagE S| ol At &AE F=YBCh
m 2MEH MO
B Tapping
5 A3 =H|
51 A8 d™A
Simulation2 AI&E M, 10 382 A8 MHE It MSECH 0122 US J1&0 Mer 85
Ct. A38 =F0 Ot =HAHQ JI&0l 8t 222 M=E= &=, bulk density, form and
cost 82 Sd= It RUCE SimulationtilA AMd=22 Mg & 2 42 +5% k%
B15HCE.
Fo 0 Ao HOBASEO 0.1%ctH, X SRE2 0.09504 0.1056%2 2 0ICH
Ol 28& S8ME2 ANdE2 M8 HHRH Ao 420 o2t OE A0lets 24010



H26-12 ® 8l SHIHAHONMN HS&E= ME ListE& &0 UL
<H6-1>ADY Mz
Scrap Material Average Composition / wt-% Bulk Form* Cost
Density / tonne
/ kg m-3
Noi Heavy 0.025 %C, 0.017 %51, 0.025 %P, 0.85 [&3 $160
0.033 %S5, 0.2 %Cr, 0.15 %Ni,
0.03 %Mo +Fe bal.
No2 Heavy 0.03 %C, 0.022 %51, 0.028 %P, 0.75 Ccs $140
0.035 %S, 0.26 %Cr, 0.18 %Ni,
0.03 %Mo +Fe bal.
Internal Low 0.17 %C, 0.04 %51, 0.31 %Mn, 3.0 Ccs 3240
Alloved 0.013 %P, 0.0014 %5, 0.26 %CT,
0.4 %Ni, 0.001 %Nb, 0.015 %Ti,
0.005 %V, 0.14 %Mo +Fe bal.
Plate and Structural  0.25 %C, 0.25 %Si, 1.0 %Mn, 2.0 Ccs 3200
0.025 %P, 0.025 %5, 0.15 %Cr,
0.05 %Mo, 0.15 %Ni, 0.22 %5n
Internal Stainless 0.015 %C, 0.33 %51, 1.64 %Mn, 3.0 Ccs $330
Steel 0.014 %P, 0.002 %S, 18.32 %Cr,
8.08 %NNi, 0.01 %Nb, 0.004 %Ti,
0.01 %V, 1.3 %Mo, 0.16 %N +Fe
bal.
No1 Bundles 0.027 %C, 0.012 %51, 0.12 %Mn, 1.2 FsS $180
0.01 %P, 0.006 %S, 0.032 %Cr,
0.02 %1, 0.001 %Ti +Fe bal.
No2 Bundles 0.04 %C, 0.016 %5i, 0.12 %Mn, 1.1 FS $170
0.014 %P, 0.008 %S5, 0.04 %Cr,
0.03 %Ni, 0.0014 %Ti +Fe bal.
Direct Reduced Iron 2.4 %C, 0.1 %P, 0.01 %5, 0.02 %Ti, 1.65 FS 5220
(DRI) 0.03 %INDb, 0.02 % +Fe bal.
Shredded 0.03 %C, 0.015 %51, 0.02 %P, 1.5 VES $200
0.03 %5, 0.12 %Cr, 0.1 %INi,
0.02 %Mo +Fe bal.
No1 Busheling 0.03 %C, 0.01 %51, 0.02 %P, 1.5 VFS $210
0.02 %35, 0.08 %Cr, 0.06 %1,
0.01 %Mo +Fe bal.
*CS = Coarse Scrap, FS = Fine Scrap, VFS = Very fine Scrap
H6-101 MAIE HEE JIXD, 88 MEE P2 4+ U0 HEs 2F0 SEHAZ0 A
Ct. &6t 428 ¥3x= A2 gL SI)tsott. HEHez SHFEE 20 f56 422
Ol Xl= ©Hel T2 SimulationOlM =t = RUCH
SHES2 steel & 100=0ICH. MEE M8 I 2 capacity MISH0l JALB=Z S & 21
&2l WO A OIR M OF StCh
B A Z2EHH = 908 (LAl 2F 10E9 capacitys Z2AA & S0 220 =
tg 220 ZR06tCt)
B ASE RIOEHH = 2F 100m3. aMEtH= MEE= 0 A3 bulk density2t
BasketOll €2 M = 200 Met G2
A3 MES bulk densityOH bt Gl LHZHOE stlh= BOl =2I8tCH “Internal Low
Alloyed’?t &2 M&E2 SH ZZotH MAM AW O =2 bulk densityE JHAILD JUAH =N
& SEH ol ¥2 RUE 2=C0 ‘Shredded 232870 20| 2 =10 2 bulk density
g e MEg 0 22 RUE XAEL
MEE L [, 8 SSHEH2 CostIt =O&ICH otXlgH, &M cost= =2 0l XN= A
Ol Al basketOl S0tLH 2= 20l AHdMN U= JH0l SAULE.



Simulation®| SZE Bt=otd o)z e HES U==0 d3ote & ottt e U=
20| OtLlcts 8= Jldolict. Z2HA 2= P40l BOLA Simulation OHXIZ SHE &gt
HHele] B2 #= = e &2 22 JISE MSett

FHE L0l S AS M, ‘Next’ HES =i ‘A38 0fE'2 0|S8HCH

5.1.1 User Interface
GI MO M= ALEXDL ‘construction steel’S S EIULCH HOIAM H&E S8 A3
F2d 8N 2 A9 SHXIH HAIEO Bar C =]
EXe F24 Bars & L0 2FGHLE HEs XS 2020 LIEHHCH
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Hed=2 Aoltk. O™ 6-10lA Line pipe steel 2H=D|
b QG ACH No.1 Heavy 10E, No 1 Bundles 45&, No2 Bundle
30E, Shredded Scrap 5&E0| MEHLUCH. & HEiE S22 90E0/1) 2= ZUSO0IC

ola 2 882 20 3= Bar Chartdt Siet Mn 8201 24 SEXI0N 0IEZAHM(QEX Bar)
0 A S0 2FE A0t H22 (P) gEe2 UR =0Ha24 Bar)

AN Eel AH0| SHLES €I ol =32 E2It UL

<A86-1> A0 HEHFIH, Line pipe steel& M I & & UL

Please select your steel grade and compose your scrap selection
Raw Material Unit Cost  Mass Volume Cost Please select a rarget steel grade:
153, tonme tonine m Us$ Lincpipe stocl -
Moy Heavy =0 1] = le Il Element Result Wlin Max
Moz Heavy 140 o = 0 0 C 0,051 g .06
=11 LN K (iS4 L
[nternal Low Alloyved 240 o = 0 1 M 100 *0 L3
P L K il £ G
Plate and Stsctural 730 o - 0 0 q o011 5 o015
pr— 1 o058 o 0.0
[oternal Stainless Steel 220 o = 0 0
Mo o004 3 o.01
o1 Bundles 180 45 . 38 a100 I Ko o o.08
u 008 o o060
Moo Budles 10 30 : 25 5100 N i o 0
o I L " nonif
Drirect Redced Tron Z20 o = 1 0 T 0,001 o .01
Shredded 200 ] = 3 1000
o1 Busleling 210 o = il 0 Mass o
100
Total: a L 15500 o
0.1
.01
0,01
O, 01
Prevous Next




5.2 Baskettl A3 I

ATJYE M6t O HHZE S0z =0, ofor & 22 AIY¥S =& 3J02 BasketOl
H= 2O0ICH T30l =28t

B =2 HA 40 m3

B 2 Basketl WE=2 = capacityE zIHE &&0otJ| ol ot =NHE =0 0F &t

Ct.

X OHK A3 Basketl HEYR= 22 HEERAZ HMICHIABE6-22 A). 229 2=
AT bulk density2CH 24 3J| 20 = HI basket LIEE2 Rl =2 =0 A3
E0HE0H S HM, Al HRM basketOlA AIMS O &= Z22t0] H =T 28 2 H=E22
X U basketQ AZIMO| =0t XAGHD A 20, 2 & 38 BasketQ HEH= Z9
net capacityOll 2o HoH&ICH =,[A-A’=B]

MEE Z 0 0lsol)l ol L0HL 22 basket= AFEE ZQIXI(1 ~ 3 AOI) D2l HE =
N2 Mg U8 A basketlfl &2 HX= HEZ YA EH UL

TIP: Coarse A& = otLIC| basketdl MEoHH Y= A2 8= E= JisH0l HANEZ 1

OtAI2. 2t basketOl 20t &X S&2 30%2t coarse ADdYCLZ Fde XS FHELL

ZR0OICHH, coarse A= Ml ISl basketOl L0 E=Ct.
242

<J86-2> MA At Eolff S0l Z40t0d, Bete 32t

- . =

A type=2 HEHBHI| R0
CIZ2EZ M= A=}
Ol&sSl= AT 22 =0

=0|J| <IoH ‘Transfer mass’E AFZEHC}.
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9|: Basket

2 244d
B Basketlll S= A= 2=26tH ‘next’ HES S &HC.

<Ol HI>

AT OLE0 AIEE = U= Ml M2 basketOl ULEH 2 basket2 40m32 ME2

D QL. 0™ Example(0

Oli M, 1&6-30 Line pipe steel2 Ct=J| ol &

[) Ol
A 0| Baskettl &2z AN JAs RS B2HEC H HIN Basket2 AJ@o=z

IS X UL S B basket2 Xz =TI UCH AFEXHD

|
—
= T f—
=gs e MES LIEFHCEH
<JE6.3 A38 OtE 3t o>
Scrap Yard
Leravd o selecbed tanterial inte Hlie 5 baskets o crder, Think about the voluee Linets and avacunt of coarse scvapr imsach lasket. Clack cn Hee nest basket
to start leading it. Note that once vou have left a beasket, you cannot zo back to alter its contents,
Scrap bins
Mol Heavy Moz Heavy Intermal Lowe Alloved Platz and Sthuctuwal " Internal Stamless Steel
5t Gm*| ot om om*[ ot am*| ot om*
Coargs Serap Cosrse Serap Coarse Sermp Coarse Scerap Coarge Scrap
0 55 tonnas ‘m 3 0 75 bonnes 13 5 tonmes m? 2 bonnies  w? 4 tonnes i ?
Mo Bumdles Hoz Bundles Threct Reduced Tron [ shredded " Moa Buchelmg
aot ﬁ 1Tw*| ok om?| 5t jw®| ot om*
Fine SEcanp Fine Scrap Finwe Scrap Vary Fine Sciap Youy Finwe Serap
1.2 bonmes 0 ? 1.2 bones, 165 tonnes in? 1 5 tonnes n? 1.5 bonnes i d
Tromsfer ueaas /¢
Serap boskets
Total selected niass /
tonmes:
Vobume it 54m? Volume lint: g2 m?
Current volumee - 50 m3 Current volume - 15 m3 Crorent volwne: o m? /
[ Next

Hl|l2 2d

I No2 BundletlAl 15Ton=2
HIH basketOl 2F EUALCH #2,#3 basket2] H2M S22 0|8 Dbasket ATEO|

OlMl &IIZMX SCH AMUHM =8 e, slage SRS He=2 & 1222 slag forming

agentsE K= AHOUA FItoHOF T Ol Ml basket2 otLA HIIZ0 HIAM L&

= £ QUL
6.1 &EJIZ Loading
YOI basketsS E0 XMIIZ2Z 0|=8tCh. H XN cover .
Z AM20 fXIotHH baskettl U= 00122 26l MIIZ20H UWSE2 DIl

1 basket2 HIHGILD coverE Z=Ch L2 basketliME SLSH =M=z XEHEHT.

]
e
=
n
H
J
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6.2 &=
A2 M JHe &30 SHHE A0 8= ALOI0 Ot2E ZLMAIHA ATES =00 &
22 AN Y d=2 A2 (E HIEgz X U2 AZ2ECH Al el 8301 a2t &
=g £ AETE M2 /AXNE TFHGIH UK @202 MEE 5 UAES &,
d22 MR 2 S50l A2 Y $200° HIE0| &= A22F0ICH H30| A== F=20
&AM costOll ZEEIN El= HOl =28l
TIP: Coarse A3 E otLI2| baskettl WEotH E= H2 &3 22 IJts40l HXNEZ U
GHAIR. 2 basketOl ZOtE HX =2 30%2t coarse AT PHE AS FASEHC.
ZRottH coarse A8 E M JH2l basketOll L0 €=CL}.
6.3 Power Tap Setting
& settingE 4942 tapO| ULH.
<H 7-1 Tap settingdt 2t power level>
Tap setting  Power level
o] oMW
1 75 MW
2 90 MW
3 105 MW
4 120 MW
L7E= powerll Mtet JtE & ol & 22 d&8g = QL MAHIEE $0.57/KwhOICh.
oIt 2SEH HIZ YEEANE MES MMFote HOl £ECH 2822 O30 &2 &It
oxygen blowing A& O &8 282 = ULL
6.4 Water Cooling Panels
g = 250 X2 SeItHAM M2 2Es S0l =S 0 gAYt HEE £l
overheating® <I& 0l 21 water cooling panel0l &XI&EH UCH. OECHD o= cooling
panel s 0tF =2 2=0A= MetE = UL 2+cte AEL SHEXHS 2HEG
BN 20l CHo AE 2tEt HHXHS USH == AT SKOHCH (F, tap setting BHAE)
Water cooling panel 250 st FE= M2z & £ QUL
B MY AE =M T e <75C
B S OHO QEX] MM, Tyae = 75-90C
B S OHO A AA T, e = 90-105C
B NI AE HM T e > 105T
NOTE: &It 110CE €oH M2 Ns52=x HALH &I 80CT=Z HOtXIJ| &Mol=
HAS OAl 2 = St
6.5 Additions
gof ¥ ¥ BT = =38 SRS sS0IL, 8 E€30IU Slag 22 =010 <l
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fu
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ot=2 &l 2lAEE H7-201A
A

AtGh=E JHOIl CHOHAM = 8-3& 2

= = ULh
=
<1

AL

<
|7
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<H7-2 2ol & & S AE Jtsst Fot=s 2AE>

Additives Composition Bulk Density Form Cost
/ tonnes m-2 / tonne

Al 00.15 %Al 0,82 %Fe, 0.03 %Cu 2.4 Pebbles 51400

Carbon 00.9 %C, 0.011 %S 1 Powder $280

Cr-carbure 7.82 %C, 0.23 %51, 0.021 %P, 0.051 %S, 3.5 Pebbles $500
70.11 %Cr, 0.0092 %Ti

Cr-carbure 8.12 %C, 0.34 %51, 0.017 %P, 0.024 %S5, 3.5 Pebbles $660

(low S) 60.92 %Cr

Dolomite 38.5 %MgO, 2 %S5i0:, 0.005 %P, 1 Powder 3120
0.15 %5 + CaO bal.

EAF dust 20.03 %Cr, 11.2 %Ni, 4.44 %Mn, 0.9 Powder 5-120

0.01 %5i, 0.019 %P, 0.003 %Ti,
0.001 %S5 + Fe bal.

FeMn, HC  76.5 %Mn, 6.7 %C, 1.0 %5i, 0.03 %S5, 4.0 Pebbles $350
0.3 %P + Fe bal.

FeMn,LC  81.5 %Mn, 0.85 %C, 0.5 %51, 0.1 %5, 4.0 Pebbles $600
0.25 %P + Fe bal.

FelMo 0.044 %C, 0.14 %51, 0.044 %P, 6 Pebbles 316800
0.002 %S, 62.02 %Mo + Fe bal.

FeSi75 0.08 %C, 60.3 %5i, 0.014 %P, 2.5 Pebbles 3700
0.002 %85, 1.23 %Al, 0.05 %Ti + Fe bal.

FeSi75 0.008 %C, 75.6 %Si, 0.003 %P, 2.5 Pebbles $840

(low Ti) 0.024 %Al, 0.014 %Ti + Fe bal.

FeV 0.25 %C, 0.72 %351, 0,031 %P, 0.081 %5, 3.5 Pebbles $8400
1.23 %Al, 78.82 %V + Fe bal.

Fluorspar 20 %Ca0, 20 %Mg0, 20 %S5i0., 1 Powder $180
0.001 %P, 0.06 %S + CaF:bal

Iron Oxide 0.3 %AL.0;, 0.5 %Ca0, 0.1 %MgO, 1.8 Powder 5140
0.001 %P + FeO bal.

Lime 1.2 %Al.0,, 1.8 %MgO, 2.1 %Si0., 1 Powder s120
0.01 %P, 0.01 %S + Ca0 bal.

Mill scale 0.65 %C, 0.4 %51, 0.61 %Mn, 0.019 %P, 1.6 Powder 50

0.002 %5, 0.2 %Cr, 0.25 %Ni, 0.05 %V,
0.1 %Mo + Fe bal.

Sic 30 %C, 70 %5i 1.5 Pebbles 5610

SiCr 1.82 %C, 25.33 %51, 0.014 %P, 3.5 Pebbles 3940
0.015 %S5, 38.23 %Cr + Fe bal.

Turnings 0.03 %P, 0.113 %S, 0.698 %Cr, 1 VFS 5110

0.538 %Mo + Fe bal.

6.6 2 L F&

6.6.1 Slag €4 &HII=
g4, & 8, 2 S St &2 Slag E42 4210 2%0 WMt G20 Al=a 0180l A
FE A2FO SILIIF HA3A0ILE S20I0/EQ/E2 g4 22 Slag E€4NE EItolod
Slag E4= KX cot= AO0ICH Slaglt Hl= asdstE & 2R &8s 01D AN EgI14
Slag EdME FIIoIK Slage &IIEE IS e KNS =2 Slag SIE(H, =
2 N3 &-agdthl)= 28 MHotel |G A3H2 2 Slaglt ESIEX LEE F
O|oHOF BtCH N LISHH Slag &S =0 Slag 88 ZO XA =D HE0IC




of SHEU <ot flolf HAS Soll steel phaselll &tAE FotH S Z2ANAE E0I

LEEEE B Sties LASERA(CO)E MAot=0l 01X 2 Slag &40l 1 =L06t0. AR

Yot &A2te BH2ES Sol CO Bubbles BH=CH Ol Bubble2 Slag

= 2 BtEot= As 2D d=30M
0

|0 &IIZ20H O =2 2

=

2HMGt= OF3E =10 & &II&

SUME ZHEHO0ILE Rooflll &&= =X &
o3l ==9X &=

Jtsst $AR2: 50 ~ 150 kg/min

Cost: $0.28/kg

tsst AARE: 100 ~ 150 Nm3/min

Cost: $0.10/Nm3

Slag phaseZ KHE S0 A=EC=2 TS0 4= UL
<OI>
Slagli0ff ¢ &%=

=
2h L2t 250 51 =2 FeO

<= i Jtsset & ==t
<E>
EZ0A 2= Mo P 25 A=Y €2 3= SLENE ASE 220t AL &
st=gd gs2 ¥ gZE =2 2k €2 SHEAIIUAN ST

6.7 Tapping
Tapping2 Al ot20 U=z W HES =S U AIFEC ELZS Ladledl THEI] AlEGH=
N2 =2 Simulation2 EUAHCZ SZEH =L Tappingll 2Z&H, =, Z0H0l O 042 E2&
0 &0tAXN HE [, Simulation2 AsS2Z2 Summary 2tHSZ G0 2L

6.8 User Interface

Simulation rate Elapsed time Liguid steal temparatura R-Iat vc power ! % Current total Water cooling

1 & o a S EN LT, Ty [T, power [/ MW panels
00, MYy ¢ \’ \ .
Tap setting

1

Current total cost:
464 .93 US§

@ I I I 2031.67 USS/tonns

Figure 7-1. User interface at the top of the furnace screen.

ot A E0l OfeHet 22 XS0l ASEXH0A MAI= T



Simulation rate: 0{J1E =d Simulation ££E 1~32 AOIOIA JtZ & == UL
Elapsed time: Simulation0l AI&8H 0[= 2] Al2FS HH:MM:SS E4AICZE 2

Liquid steel temperature: T2 258 20HEL.

Relative power: 2t 839 &M AtEot= &= EWEL. 2= Scrap0l &AMl =H 2
AN Jdelld o 228 A d=30M ScrapllLt E22 =2 L0tLE 2 MH0| MEZ D
U[_=Xl 2Fot=0 AMsE8 == ULH

Current total power: MW &2I2 HAIEC

Tap setting: <E7-1>0M 2X0l HE dHgesS £FHoH)| AcH 0~4 AOINAM &

HH

tap setting=2 & = ULt
B Water cooling panels: 7.40 A2 &0 H2t AIABINA WA 2EE

FH

Al

ro

Ct.

St AEtol Bl BN, 3 Scrap EHSTE SOZ = 4 AUSS GI9ULH Scrap A
22 MBS0 MM 2Tt ASBOl D2t ZMOZ BIBCH B, M22 WEN JHALY I
39

2 AAXNCIAMS EE2E2 BHetlh
O

~
0

Scrap baskets: Hoo HEtADL Qe FYez 012Hs EIIz22 2L
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Figure 9-4_ [ ¢ values for the ternary system Al03-Ca0-Si0.. at 1600 *C.
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