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Process optimization for improving hit rate of BOF end-point
temperature in Huaigang Works
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(1. Metallurgical Technology Research Department, Central Iron and Steel Research Institute, Beijing 100081, China;
2. Huaigang Special Steel Co., Ltd., Huai'an 223002, Jiangsu, China)

LI Xiang-chen'

Abstract: To solve the problems of low BOF end-point temperature hit rate and high consumption of slag materials, the
smelting process was optimized for a 100 t converter in Huaigang. The main measures include the selection of oxygen
lance nozzle parameters, the determination of lance height in smelting process, addition time of slag material and mode
optimization of bottom blowing process. The oxygen lance parameters were optimized according to actual working oxy-
gen pressure. The low-high-low lance height model was used and total lance height increased 0.1 m compared with origi-
nal process. The amount of slag materials was controlled, and the lime and light burned dolomite were 27 and 12 kg/t
(steeD). The bottom blowing rate of converter increased from 0.02 to 0.1 m’/(t+min). The industrial test results show
that temperature hit rate of BOF end- point was improved by 39.87% , the dephosphorization rate was improved by
2.58%, the total slagging materials consumption was reduced by about 8.5 kg /t(steel) and the smelting time was short-
ened by 0.53 min. By means of petrographic analysis, the total free calcium oxide in the slag of the new process is con-
trolled at about 5%, which is more stable than that of the old process.

Key words: BOF; hit rate of end-point temperature; dephosphorization rate of molten steel in end-point of smelting;
process optimization
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Table 1 Composition of hot metal

w(C)/% w(Si)/% w(Mn)/% w(P)/% w(S)/% 4°C
4.20~4.50 0.40~0.60 0.25~0.30 0.09~0.11 0.035~0.06 1300~1 330
F2 EEERES (REHNE)
Table 2 Chemical composition of slagging materials %

LS CaO SiO, MgO TFe P S

AR 92 3.5 5 — - 0.1

Bher o 50 6.0 30 - 0.2 0.2

BELR - 35 67 - - -

e} - - - 57 - -
> AR JE AT B v B, A8 A0SR ™ A2 S A B0 SR

L v g s . . N

: P 530K 8 A 53 AR R0 i ) 2 8 0
2.1 SIEHISLML PR FE e o WALt DAL R R T R

TR DL 37 S b A s 73 0 0.8 MPa, fEL I T) g, 7 AR G, 3 5y AR WL 1 ARG AN K AT A i
TN SRS R ) 2K 4 0.08~0.10 MPa, 1 Ji T 4R Sk A 1
S vert 2 1.0 MPa. b R] WL, B0 SRR g Sk AR I T E 280, RS TE IS 8%,
BV AR S B P B A U A Ko WSk A IE BB ORISRk . BWEAS B 3.
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Table 3 Parameters of original and new oxygen lance nozzles

g 3k I 1 4% /mm H I HA/mm % WEALFS/C) W I/MPa LA
JirmE Sk 333 46.2 2.15 12 1.00
B Sk 33.3 42.6 1.96 12 0.77
2.2 itk B L EMAI B 43 A H S, 74 11 AT 14.5 min (£

WG RS DO AW ROR, e RO RIIH I ZHRE, WE st s oy 1k 4.
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Table 4 Different blowing process of slag specimen for old steelmaking process

BHE w((C0)/ wMgO)) w((Si0)y  w((TFe))  w((ALO,)Y  w((Ti0)) — w(®)y  w((P,05))/  w(MnO)y

A 1] /min % % % % % % % % %
5 43.12 9.35 13.22 7.87 2.76 0.84 0.835 2435 2.527 3.26
7 45.72 10.80 18.21 7.23 2.39 1.03 1.033 2.786 2.673 251
11 49.60 9.37 14.57 11.71 1.85 0.80 0.804 2.907 2.781 3.40

14.5 48.55 9.59 12.78 11.90 1.66 0.75 0.752 3.072 2.790 3.79
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Fig. 1 Slag composition of old craft blowing process
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Fig.2 Lance height diagram fordifferent steelmaking processes
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Table 5 Chemical composition of molten steel

w([C])/% w([Si])/% w(Mn])/%

w([P])/% w([SD/% 4C

0.08 0.001 0.1

0.02 0.02 1620
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Table 6 Comparison of bottom blowing rate m’/h
WA I WL
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Fig. 4 End-point temperature distribution for different steelmaking processes
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Fig. 5 Endpoint w((P)) with different steelmaking processes
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Table 7 Comparison of slagging materials
. Mz Al F S WA/ BERk/ SV ) o KRS
ik - WU ) /min -
(kg-t™) (kg-t™) (kg-t™) (kg-t™) (kg-t™) (m’t™")
HTZ 12.4 349 5.6 4.0 56.9 14.60 54.6
wLs 9.2 28.2 6.5 45 48.4 14.07 47.6
*x8 MEBWNITE *9 HEFTHITE
Table 8 Heat input calculation Table 9 Heat output calculation
LS| /K 5 L /% 55 H Hoi/k] i LA/ %
AN KA 34 125 078.52 72.26
BRAK Py A 96 756.724 55.90
s A 15295.174 8.84
C 50 762.9 29.33 WA 14 892.539 8.60
Si 11117.621 8 6.42 2R 1 646.388 0.95
TCHEH -
Mn 1073.618 0.62 e
A - - 724.663 0.42
p 2308.775 133 T A
Fe 5179.9 2.99 B 693,474 0.40
- IR ’ '
Si0. Jl 4 1 645.903 0.95
RIEE
R 4256.892 2.46 Heftb:AeAst 6924.108 4.00
W f i 7 847.827 453
it 173 102.333 8 100.00 &t 173 102.693 100.00
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Fig. 6 Mineralogical photos of old steelmaking process with different blowing time
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Table 11 Mineralogical composition of old steelmaking process

iflil/min - 1—CS%  2—CS%  3—ROP  4—f£-CaO/% 5—fCaOl%  6—MFe/%
5 3~5 15~25 10~15 35~45 — —
7 10~15 10~15 15~25 2~4 20~30 2~4
1 — 25~30 3545 5~15 — 3~5
145 — 20~25 20~30 15~25 - 3~5
3.3.2 B LENERIr ME A TR B S R s A BT e R R

PO T 4.5 M 141 min(Z gOEFE, WoE B ARCINIREEJL 5, AHELIH TZ, B T2
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Fig. 7 Mineralogical photos of new steelmaking process with different blowing time
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Table 12 Mineralogical composition of new steelmaking process

N 5]/ min 1—C:S/% 2—C.S/% 3—RO0/% A—TrBA% S HOEM%  6—f-Ca0/%
5~8 30~35 3~5 50~55 -
4.5 30~35
25~30 10~15 10~15 - 3~5
FR13 FIEZWPERS
Table 13 Slag composition of the new steelmaking process

5[] /min w((Ca0))/% w((Mg0))/% w((Si0,))/% w((TFe))/% R

4.5 36.51 7.62 15.89 12.82 2.3
14.1 42.99 7.94 12.41 14.08 3.46

4 sk 1 620 C)H LLIH T 25 39.87% ; 2% it (w((P)<
=N

(1) EEXTHESRN 100 t 5 0 4 24 50 2 i v 26
AR Y 1] 8, K AR IDE Sk o AR A, 3 RN IR AR
XEAT T L2 . FAEBEL AT AT 5 I
SRR 040U 0.8 MPa.o S “AI - 1m -fI% 7 A A7 A
3 WD TR L FE b (1) 8, AT L B
SMAAHEALAHEEIH T 2427101 m. [RIRHRAL AT R
A, W 5 0.02 $2 5131 0.1 m¥/(temin) , B A+
1

(2) 0 3 sl B2 v S ) N R K, A
IR H 5 27 kg, BERE 1 A AN H & 0 12 kg, 85
BRI FH 5 4 kg, A7 A A FH 22 AR 4t SIZ B 17 0
TE o 1K ~ AR b 2R N Ty
5, BRI AN .

Q) Fr LZNH TS G, 2 il RS >

0.025% ) % 1F T~ IH W 3k, 32 T 2.58% ; ok 1 v L
b2y 8.5 kgt M), A1 Ak /> 29 7.3 kg/t CD 5 [ INHG
JRIN (7] 459 0.53 min.

(4) Wl oy R W, BT L PRI AE 3.5 A2
A, BE DR TE B i ) B0 W 2 . 1T w((TFe)) 2 &
4.41%, FAF T, Wil AL, B 128k
5 TP B SRS P IR 5% 25 47, B IH T2 sy o
RRSE s AR T T, A7 R0 28 a5 5 g4l

S Hk:

[1] ERRL AL 120 e dr By ). e 4,
2009, 19 (11) : 32. (WANG Zhong- gang. Sublance technology
application of 120 t converter at Laiwu Steelmaking Plant[J].
China Metallurgy,2009, 19(11):32.)

Bernard O Chukwulebe. The methods, aims and practices
(map) for BOF endpoint control[J]. AISTech, 2007, 11: 69.

[2]



#

| M, A SR AN £ T R LA - 103 -

[ 3] Michitaka Kanemot. Application of mathematical model for
predicting microstructural evolution to high carbon steels[J].
ISIJ International, 1990,2(30): 128.

[ 4] Hubbeling P D. % il 46 Fl 2 &5 45 i [J]. 402k, 2007, 42 (4)
86.(Hubbeling P D . Sublance and dynamic control in convert-
er steelmaking[J]. Iron and Steel, 2007,42(4): 86.)

[ 51 FMI FETHHAIHT 0 He b 3 A4 IR AL D). W Bk K
2%, 2014.(SUN Jiang-bo. Dynamic Controlling Model of Con-
verter Based on Analysis of Fume Components[D]. Tangshan:
Hebei United University, 2014.)

[ 6 ] Stephan Hofinger. Steel expert takes command- optimized per-
formance on BOF converter[J]. AISTech, 2012, 15:925.

[ 71 FEAR B0 KAG RS SR RN & s T RG]
14,2013, 23(2): 43.(HE Tao-tao. BOF endpoint predicition
system based on flame information of mouth of convertor[J].
China Metallurgy,2013,23(2):43.)

[ 81 IRICA. JANPRIN) 48 7 TCO 28 i I R G e it K 5¢

[7]. BHERTHY, 2009, 5: 433.(SONG Wen-jie. The 4# converter
TCO destination controlling system of steel plant of Lai Wu
Iron and Steel[J]. Science and Technology Information, 2009,
5:433.)

[9] BahnR. 2T B UHER i B b 26 50 8 B2 s BRI 1
[3]. BB 5T, 2010, 38 (6) : 35. (HUANG Biao-cai. Applica-
tion of the end point automatic control technology of converter
with throwing probes[J]. Rescarch on Iron and Steel, 2010, 38
(6):35.)

[10] VEM, BRI, 80 PR, R AL EL 1 T3 52 Wk 5 R AU
[J1. # %k, 2016, 51(10): 15. (WANG Cheng-yi, YANG Li-
bin, ZENG lJia-qing. Simulation of mixing effect of top and bot-
tom blowing in a large converter[J]. Iron and Steel, 2016, 51
(10): 150

[11] FF 52, KIEHHE. MgO &L fl CaO - MgO - FeO, - SiO, & A
T 7 =W DT T KOAYELT]. & 8 H A
r % 5%, 1982,68(10): 1532

D R R B B B R R R R R

(REGESIREEREE

Crp R ) 2 i o E R BOR Ph e T, o [ s o
23 AC BT 26 AT R BT A B E IR b [ 6 J 22 25 25
TG AT ER5 IR, e AL B BT 26 LD R BR o
23 W) A D e HH ORI R AT, 6 T T 1991 48, 3 H T, K
16 FF o b [ER G0 2 “ o R AZ O 1), 56 [ (A 27 S04
(CAD YR IIT), ASPTCHh FEIRE7 SClR v i VF O s 17 ) >k
YSIPIT 5 € 2 R R S5 DA 0t P ) AU 40 )

1 fERXKR

DS UL N e b e e YR = I 7 B B 14 G K
COEEREEES s FNANE &2 Ik =8 R RIS YN GE ¢ B
HOXRA )R AN —Z TAEN Pk
2 fEfSEE

Cr G <) AR S FRLRA 5 1 ANk A 0 R AT L
TR EEAL R LR 4 e g RTER A Ik L AP A Ak
TR REN RS R N L BRI ST | BRI IR R ARG S R 4 L
M R AU, WA AR F 204k 2 A B R S S R A
Tyt R .

B H BT FRIR IR BOR SRR LT AR
RVRAHAR TR VKRGS L IS LR e
G AN E Ui AT U B SRR R SR
YA R RENA T RAIA S, SO AR R AR
S PR B BT T AT 9 S B, SUAT A v S A AR TR R AT R
o, AL R R RV SO AT R R S 1) SR R AT

) DL R 2 4 % i e W W B AR BRNG S AT R
fHE%.
3 WRMBERAR

CI 5B SR “ANA% 301 F) /97 94 338 Chttp://www.chinamet.cn) ,
s ERA G I B bR s T 44 S0 4%, TE NI & T HEAT

(2) H 38 5k (R 4 3 Chitp://www.zgyj.ac.cn)
N B R b0 AT B R

GRAHIIE RN WG, B ok

H11%: 010-62181032

H RN U, fLL %

1% : 010-62183298

RATHBIE RN BK

H11%: 010-62181032

345 : CM@chinamet.cn

f£14:010-62185134

I AL AL T E X - B R % 76 5

B K RH TAE B AR



