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Behavior of Components in the Molten Iron from the
Trough Type Continuous Steelmaking Furnace

Takeshi IwasAKl, Yuiaka ISOBE, Yasuo FUJIKAWA,
Toshiaki WATANABE and Akira FUuKkuzawa

Synopsis :

In the operation of continuous steelmaking plant (CSM process) manufacturing low carbon steel (0.18%
C), temperature and analyses of various components, in addition to carbon, of molten iron have been
obtained at the cupola outlet and at the steelmaking furnace outlet every 30 min. succesively for more than
24h. Behavior of the components in the molten iron at the steelmaking furnace outlet was investigated
concerning to the mean value and the variation of the data taken at that occasion. Principal results are as
follows :

(1) 88-94% of oxygen supplied were consumed for decarburization. Mean value of Mn and P in molten
iron were close to their equilibrium concentration with slag, while Cr content in molten iron was less than
that deduced from slag composition.

(2) Variation at outlet was composed of 3 factors ; contribution of inlet variation, effect of oxygen flow
rate and variation brought about in the furnace. Influence of inlet variation on outlet variation was neg-
legible for C and temperature, considerable for Cr, Mn and P, and predominant for Ni and Cu. An increase
of oxygen flow rate decreased C, but raised Cr, Mn, P contents as well as metal temperature at outlet.

Key words : continuous steelmaking ; trough type furnace ; oxygen steelmaking ; component ; equilibrium ;

variation.
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2. Hopper scale 3. Cupola (20t)

5. Holding furnace (18t) 6. Tundish

4. Desulphurizing vessel
7. Refining furnace
10. Continuous casting machine

Fig. 1.

11. Billet (100sq)

Section

(DCharging spout @Discharging spout @Oxygen lances
@Flux and coolant charging port (®Exhaust gas port
®Slag spout

Fig. 2. Refining furnace.
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8. Deoxidizing vessel

9. Grading furnace (22t)

Schematic flow diagram of CSM process.
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Table 1. Operating conditions. To : Outlet Temperature
Flow rate of molten iron 13.9 t/h g 1700
Ca0 | 13.5kg/t-steel o
Flux B. O. F. slag 25.0 kg/t-steel =
1600 |-
Nozzle diameter 11 mm ‘ L 1 L L —
Lances Height above molten iron 300 mm 20 22 0 2 4 6
Composition
Table 2. Summary of inlet and outlet data. [C] : Carbon (%)
Data A : No. of records=70 3.0 "
If\\ / \\ n
4 / Ao AN
0,/ 0; \ 3 /
X, oy O Range of X, o ;\? VA ,)‘ \5-*( ! \\ AN \‘V"
" (min)~(max) | Meas. | Calc. =~ J's \”, ot ANy
o 2 ¥
Q (Nm¥/min) | 7.96 | 1.00 — — — — 1
C (%) 2.72 | 0.13 | 011 | 2.70~2.75 0.2 M
0.18 | 0.10 | 0.10 | 0.16~0.20 | 0.80 | 0.66 n . - ! .
0 1
Ni (%) 0.062 | 0.007 | 0.007 | 0.060~0.063 20 22 0 2 4 6
0.058 | 0.004 | 0.003 | 0.057~0.058 | 0.51 0.58 Time ,t (h)
Cu (%) 0.183 | 0.018 | 0.015 | 0.180—~0.187
0.188 | 0.014 | 0.010 | 0.185~0.190 | 0.81 0.74
0.3 —
Cr (%) 0.115 | 0.022 | 0.016 { 0.112~0.119 . Ni (%)
0.145 | 0.034 | 0.015 | 0.141~0.148 | 1.55 | 0.79 S 02} ©
Mn (%) 0.167 | 0.045 | 0.033 | 0.159~0.175 —
0.164 | 0.049 | 0.033 | 0.156~0.172| 1.04 | 0.76 Z
P (%) 0.025 | 0.002 | 0.002 | 0.025~0.026
0.023 | 0.013 | 0.007 | 0.021~0.024 | 6.67 | 0.56
1521 20 14 1518~1 524 3
Temp. (C) 1669 25 20 | 1664~1674 | 1.25 | 0.71 <
3
Data B : No. of records=47 -
Ua/ai
Range of X,
Xm ox Oa (min)~ (maxﬁ)‘ Meas. | Calc. —
0
Q, (Nm*/min) | 8.32 | 0.98 | — — - — =
\9)
C (%) 2.68 0.18 0.11 2.65~2.72 =
0.18 0.10 0.09 0.16~0.21 0.58 0.83
Ni (%) 0.064 | 0.007 | 0.005 | 0.062~0.065|
0.058 | 0.003 | 0.002 | 0.058~0.059 | 0.42 | 0.59 _
Cu (%) 0.193 | 0.016 | 0.011 | 0.190~0.197 3\*
0.194 | 0.014 | 0.009 | 0.191~0.197 | ©0.87 | 0.81 =
Cr (%) 0.124 | 0.018 | 0.011 |0.120~0.128 2
0.132 | 0.017 | 0.008 | 0.129~0.135| 0.98 0.77 o Lu L L L : L
: 20 22 0 2 4 6
Mn (%) 0.147 | 0.040 | 0.024 | 0.139~0.155
0.154 | 0.038 | 0.033 |{0.144~0.164 | 0.96 0.73 P (%)
0.04 |
P (%) 0.025 | 0.003 | 0.002 | 0.025~0.026 - A
0.018 | 0.006 | 0.003 | 0.017~0.019| 2.28 0.75 = 0031 o ’ ’.,/ \\ — A . R
N pr - -
1505 | 25 20 | 1499~1511 E ool T A T T YT T
Temp. ('C) 1623 26 19 1617~1 629 1.04 0.67
0.01 |

Upper figure : Inlet /Lower figure : Outlet

Q, : Oxygen flow rate o 2'0 2‘2 6 5 All 16

X : Mean value

oy : Standard deviation (Measured) Time ,t (h)

0q : Standard deviation (White noise)

g,/ 0; : Ratio of outlet/Inlet standard deviatioo 777 o ; Inlet . ——@——; Outlet
Meas. : Derived from measurements ‘ ' Fig. 3. Variations in oxygen flow rate, outlet
Calc. : Calculated value, assuming 2 mixed tanks 'temperature and composition of molten iron. )
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Table 3. Example of slag composition (mass %).
Ca0 Si0, Al,03 Mg0O MnO Cry03 Total Fe FeO P,05
CSM slag 48.2 16.3 2.97 7.19 3.31 0.93 13.08 8.66 1.41
B. O. F. slag 43.2 15.0 1.33 7.19 5.49 0.38 15.90 14.80 2.41
B Si, Al ZHOOERTHEELTTHY, T/ Table 4. Approximate oxide balance for Cr, Mn

S TREL TV A O RAE L 7.
EEBREOHETHLHMEME Fig. 312ALND K
SICEER & & S ICARBAI L LB 2RI OT, ZnH%F
¥t & L8 CFHEL,SDRE) SIS TRITAS
izl Lo CRMEEL, SFEEEE LTIV
LEETHMERE L b ICEDABRIIE L. ZOLI %
BRI i HBOME ()%, ZhLUEO jEOME «(i—
1), 2(i—2), ~x(i—j)&, I ¥ LEGH*RETHF
74 b AR D)DOBREAEETRBAT IR jOEC
[B)F €7V
2()=¢2(i—1) + $px(i—2)+"

+ ¢ 2(i—j)+ali)
KB OMNBEE LF— OB AALER, 8 4
PEBICERILICLD, wThb 3zj=]1 0T
ali) BEIEFRTA P IAZERD, WHDOLEET ~
YLBREALE LD BT ENFHO2. a(i) DT
L 0 TH 5B, £OFEERE(0.) 1 Table 2 IZFRCL
eI HEE ok £F— 7% (1)RUTRAL T old)
OBERFIE T A Y, iFk T ali) & alk) PWEABE &
HIEDOEIEBIERE A L THREFMOHEEITE
B L ZIIERBE NE»SRDL 2HOFT— 51220
T, FF(1)RTEREFNDFTA NI A4 Xh S HEE
RE &R, ZOMBRE (0; —1<p<1) 2FHH L
Ba, BEMOMBERES0 DL 5T, EARK N=10,
A7 2 LTEREFR £0.24, £0.29 D p BN B
LB B (5% ERE). LS >TUTICHR~S
TEOBFICIEIIOEFTVEFFHL, HEOHEZ
s A, F—F BIIoWT, FREFER p=10.24,
+0.29 2 FEEICHBT L2, TLERLEZAT FIZo0
TR F— BB b7 -0, BEOSHE
DOEB KRB L LTHW:. Z0ME%, EEMICH
WRBEHE R T 7 DK E & 12 Table 3 12EE L 7.

4. BEHREREERE

4-1 HERPOFHE

4-1-1 PEIGK

Bifeas A0 & BEE N O B 5 8BRS 0 P
(X,) % Table 2 D ETERICZENRFIIRL 7228, CLA
DFESFTRBL2EZRRVLIICARD. FOEFTE

— 66

and P (kg/t-steel).

Cra03 MnO Py05
Input (as BOF slag) 0.10 1.37 0.60
Output (as CSM slag) 0.47 1.66 0.71
Slag
Increase in the furnace 0.37 0.29 0.11
Liquid iron Decrease in the furnace® | —0.33 0.06 0.10

* Converted into corresponding oxide

BHICHE TS0, 5% DERETHREROTY
BEOHPALIEET ALY FL  Table 2 KFEET LI %
fEL 70, Cu, Mn lZ2oWTIZHADTEEEDEFH
B LE55H A, FoMoss, B L Cr idigm
L, PBXUDLF2TIEZH A2 Ni 3@l 2HE[DFR
HHNA,

HMAOCREDZLBERGRE,»OBREL KD, BER
MELHBLTAHS L, BURBREDRE T—F A", T —
SB IZDWTENEN M4 %, 8% &ih.

T EME LTIRALZ CaO BOERLIZAS Y
7D CaQ BIZELWHDE LT Table 1 IZEE LA
E & Table 3 ICFELZ=HTENPHEHRR 7 T OE % H#E
BT AHEL, #50kg/t-steel & %2B., ThHDEEHV
T Cry03, MnO, P,05 iC2oWCTHALZEFER S 7
NDE, KRR 7H0E, 26T EOEL, BHES
OHAOREEEBRILYOHEITHRE L /-fE% Table 4
WKL, ZOERICEBE, Mn, PRE2oWTIREDE
AT TOBTRIINEZOHHE LN TVES, Cr T
3L TBY, FORERREIHAYOEFEIZLSL
bDELALNRS.

4-1-2 Vil & OB

B OFHE L 25 TR & OFEHBERE A5 7
DIZF—F A, =B’ iZ2WwT Table 2 IZE2L 7
SEHMBREICBVT, Cr, Mn, P OFHHORE L
P HRAT DG EZHEE L T Table 3 IZFEL 2 A
IR OEMEL LB L TaB. (LToOFEEET
“onBEOMIE, FhER F—FA, ‘F—FB K
T %)

Cr:

FeCr;0,(s)=Fe(1)+2Cr+40
log[Cr]? [foX%0l= feee (2)
—12 690/ T+5.41
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DBFZRD 5 fo=1 £ LT[0 %]=0.20, 0.14 %
Hhn. F7: Fe-OROMFR

log[% O]l =—6320/T+ 2.734
ok [%90]=0.30, 0.25 £ %ADT, L@ LA Cr
B L P T 5 FeO OIEEX 0.66, 0.56 &2 5%.
—H AT TOHHEL ST Qreo 5 0.40 FEE L HEE S
NAEV DT, Cri3AT V7 LEDFEHBELDEIP2LLD
LALNRA.

Mn :
Mn + (FeO)=(MnO) +Fe(l)
@ Mno 1 7406, a7 (4)
log—g = My — T 3436

ORBRK? 25 amao/ Are0=0.39, 0.45 FH{EHN L.
—H AT FOSHED S L, T OfED0.15/0.4050.38
BELZNIVD hrrh)RV—HERLTVA.

P:

2P + 5(Fe0) = (P;05) + 5Fe(l)

log (';/) P,05) <=

[%P]° (% 2Fe0)> V... (5)
10.781og (% CaO)—c

¢=21.10(1 669°C), 20.73(1623°C)
OBHBER® 5 (Fe0),=19,18 % »ELN, 257
SHPSDHE 17 % & L —HLTn5.

PDEoz eroEgptnBaEs o Mn, P OFH5E
AT EDEHEIEIL DD EHBS NG,
4-2 HBRSOEE)
4:2:1 AORSEBOEE

—RICER T v A BN R D WEERAHE
PEETUE, FHEREDLST, B L, E0
EEZ /8T — X7 PGSR L, BEATEERR
B TRIADSE VR ST S Lic v, BSRET
B EEIEE, FRFREYFEEEER 40 min, 20 min
DORIEEEDLZVESBREGEE AL, ADIZBIT A
RS OEEH NS DN % EE L 72R I L ORERD
THhERE L. ZO4ED Table 2 12 “Cale” & L
T L Ei#FEEOMAOW (0,/0) DIET, ZTh
% “Meas” LR L7-EBMED 0,/0, LHET B L, Ni,
Cu I35t &EE L EREICKRENZVDIZXFL, Cr, Mn
BRICPTIXEMEDOFAAE N, 0 LIXFNTHIC
BABBIAZTTRL, Ih6 3EFICOWTIZES,
ThHOLLEEABIDOTWAT EEERL TV, B
BHIFTIX Cr, Mn, PICRITACHEHR LGS L&
ZohBns, BEIOBAFIIHEEFIIRONS.
AODEEAZHOICE X IFTTHELBREAED 22T
ABTHOIZ, BT OWTADL HOOHEBERE LK
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Cross correlation function, p

Time lag, At (h)

Time lag, At (h)

——@——; for Data A ===+~ for Data B
At>0; Outlet composition is delayed
At<0; Inlet composition is delayed

Fig. 4. Cross-correlation function between inlet
and outlet composition in molten iron.
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Fig. 5. Impulse response of composition and

temperature in outlet molten iron to oxygen flow
rate.

BEREVFHORS - BRECERTIHREFALLD
2, ENOOREBEORERTINS A ¥ 7V ARE % FHE
L7z, #Ri2X B E Fig 5 1R T & 92 1 Nm®/min X
30 min DFEFRHBOWINII W L TH O CHE 0.04 %
BELPEPLEVEWIHERE LD, BEFROTY
ELTiE, BERESH 8Nm*/min ® & X OBPLRE
HH25% THAHEIEDLLAT, Thiddrz nEVE
EVZDHN, ABEIIBITAEECH0.18% L\,
BOG SR~ D C DR BY A SO & HEE 3 % i s s
HollzdEIZSNRLY. :
‘L < Fig. 512&% & Ni, Cu iBEFRELHOE
BRI LALZT R WA, Cr, Mn, P BXOWBRE
FUFhy X CMAEB %R L, 1 Nm®/minX 30 min @
B E ORI L 30 min BN T, Cr:0.006 %,
Mn:0.01 %, P:0.003 %, i&E 7~11°C BEO &K
EIETAEIREX DY, FOEED 60min § TRSE
EVIEHBERLTWS, ZHOZEi3E7/ Cr, Mn, P
PERSHEBICHE b L b, BEEL LMY
HBOTWATEEREL TS,

COES nEBREEMNITASZHIZC, Cr, Mn, P2
DWW, BSEOMEMEGRKE, S Twy A0, ¥

Table 5. Cross-correlation function of compo-
nents in molten iron at lag=0.

Data A Data B

C Cr Mn P C ‘Cr | Mn P
C |1.00} 0.17| 0.65| 0.24 C [1.00| 0.36[0.62 0.26
1.00| —0.14| —0.22]| —0.26 1.00|—0.02}0.07| —0.09
Cr 1.00/ 0.38| 0.38 Cr 1.00{0.57| 0.02
1.00 0.42 0.72 1.00(0.21 0.65
Mn 1.00] 0.13 Mn 1.00} 0.28
1.00 0.56 1.00| 0.08
P 1.00 P 1.00
1.00 1.00

Upper figure : Inlet / Lower figure : Outlet
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Cross correlation function, p

0.6 B Cu
o

02 r ;N o
/d )
or 7
o h-

02 | . B ¥

.04 & L ) L

2 1 0 1 2 2 1 0 1 2
Time lag, At (h) Time lag, At (h)

@ ; for Data A - Oeee ; for Data B
_At>0; Composition is delayed A#<0; Temperature is delayed

Fig. 6. Cross-correlation function between com-
position and temperature in outlet molten iron.
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sz ErEOLN. BERBEOEMIIIY, &
B OB, & ICE LB D ER DD & E 2 H A,
17Tk Fig. 5 iCA bRz L ) ICEBEREIC & 5 HiR
DEABHFTLTCRISOTW A RO RD

Z 2T Cr, Mn, P22 CTEHOmELR{LAH T OF
BRI CRIZTHE Y AL -0, BiBO(2)~(5)0
B E Y, A7 7OMBICETAEHEY —E L L Tim
B T oo Ltk FHHGERE FHRORSOHE
ZRALT, BEAN 10°C LR LAGEOMPREORE
mzEaE+ 5L, Cr:0.01%, Mn:0.007%, P:
0.002% &\WHRERERMEEONE ThHOfHEIE Fig. 5
DWEFEREMG L IZIF—HLTEBY, ZoBRELEMIIBY
TIBEEVE R OHEMA Cr, Mn, P IIH L CTZEEEK
BOHETL D b, BIROEFICX P BRE ORI
IHKRELEGLEbDEEZORS,

4-2-3 WG OEEHER

CUMD SESOHOIBTAEHI=>DEEX, ¥
bt [1] 20BSO AOTOES), [2] BRRRERI
R 5588 XU 3 ] FRARROE IZES kR
UNOEBI» SR ENbDEEZONRSL. ZhbHD
HEBOH%ELT[1]1122WTid Table 2 IZFE L2 A
O® oy & a,/0; (“Cale”) 5, AOAEHODOHEICE
BoOREXZVWHEOMODOERRE () &, =
oxX o,/0; £ LCEIEL, £72[2] k2w TIIMHER
BEHICHT B &5 A v v Re%E (Fig. 5) »56,
BMEREFHEORTICL 2O TEBOEERFE () %
ko, ERILA-HOOKEERE (ox) &P T Table 6
WEE L 7.

BT DOWT 0y, 06 BLUP ox DK E &% BT
L&, HOTHZLEENE Ni, Cu TiEiF& A &AL
ERTHH, POBECEIBRERELHOLEIKE
<, Cr, Mn 3 ZOHIZH BB AOEEOEEDO B
KEVWZ ENDbD2ALE, THINLDOIEFTICOVTIE
o, O WZHRT oy SKEWZ EH S, AOLXE), BFE
RELHUNOFREBHER IS HZEL TEDEER

Table 6. Contribution of the variation in inlet
concentration and in oxygen flow rate to the varia-
tion in outlet concentration of molten iron.

Data A Data B

9x a L] 9x 9 L]
Ni 0.004 | 0.004 | 0.001 Ni 0.003 { 0.004 | 0.001
Cu | 0.014 | 0.013 | 0.002 Cu | 0.014 | 0.013 | 0.003
Cr | 0.034 | 0.017 | 0.008 Cr | 0.017 | 0.014 | 0.010
Mn | 0.049 | 0.033 | 0.017 Mn | 0.038 | 0.029 | 0.016
P 0.013 | 0.001 | 0.004 P 0.006 | 0.002 | 0.004

oy : Standard deviation of variation in outlet, measured (%)
gy : Standard deviation, due to the variation in inlet (%)
0, : Standard deviation, due to the variation of oxygen flow rate (%)

Shb.

Z OFEM T 30 min BEOY > 7Y VI KB F—
Y%AV T, 1h L% b O>EEHO A IFE
EBOTWA. 20X BT IERTAHE L LT,
BERPES» L DAFEBICLT L ERKE 267,
i UIETRIBCIREEIC 2 5 2 &, RO L ToHEr 2D
PRBEIRBES T LT B 2 &, $-ERBMERBY Ty v adp
SOBBRIEHTL I LENBEESN. ChH50H
SR BEILTENTRETAEHOER*E L 5 LK
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