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Improvement of Productivity at Kimitsu No.2 Steelmaking Plant
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Abstract

Kimitsu No.2 steelmaking plant was operated with 3 converters, and 2/3 units have been operated
only during the repair of converter. This time, complete 2/3 operation and the pre-treatment of the
whole amount of hot metal were made possible by converter productivity improvement, and have
been obtained these merits which are the cost reduction by reducing refractory and submaterials.
And also, refining simplification (only RH treatment, KIP suspended) resulted in reduction of
converter blow end temperature and secondary refining cost. The main improvement issue are
shown below. 1) MURC replacement of LD-ORP for steel grades, deregulation of components, 2)
Increase in oxygen supply rate at MURC Blowl1, cycle time reduction and basicity optimization to
improve dephosphorization, 3) RH productivity improvement, 4) Increasing molten steel ladle heat

size.
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Steel manufacturing process at Kimitsu Works
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Operational flow-diagram of BOF operation
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Characteristics of BOF operation mode
Dephosphorizi Utilization of BOF’s (%
ORP | Operation mode epHosp szmg Productivity Opex Featon o s (%) -
capacity 3 BOF’s (base) 2 BOF’s (base) | 2 BOF’s (improved)
LD-ORP Very good Low Good 30 30 10
MURC Good High Very good 70 10 90
- Basic Poor Very high Poor 0 60 0
— 87— H A # % f #W #4145 (2019



BRNMFAE 2 NETIHICS I EEMEM L

FEH LTV, —7J7, fimhi 2 EHERIIERIF ORI AME
T3 5728, MURC O—#& M MetREfIcEE T 52 LT
RE KT R B AR5 & & 012, B4 - ERER o8 7
JE & PS5 THRIB LTV,

2 JAFHTIE RH & KIP (Kimitsu Injection Process) % ff
L7283 %47 > Tz RH & KIP AR 2 12873,
Wi H 2 % O & BTl RH H 0L, AieE, Ca
N UHE § AR CIL KIP HEAWLEL, “5H 5 L s
5 4fE (FEALBA) T3y 7L (KIP-RH), b)) 7
VALY (KIPPRH—KIP) 247> C\Wize F72, BN
HOYLHISH (BB Tl - CC MoPimEifto:
®, RH & KIP THEH O ADSFEA L2\ QAL 43831 L
THBY, 2 KIS CTOFBUTEETHED A% REIZFENE
LTz,

DibEZFLd2 L, REEHTETIE, OfRlF 2 EHRERFC
ORP WL L, I A bAEAL, OfmhA 2 AR M)
WEOEERANTIC LY, B - R RER] o A i L AT AL

F, FEEEOHENNR HCR (Hot Charge Rolling) DK 7 &8
METH o720 MMAT, OfsiF 3 EREIIMILRE LD
7o, EIFFIEII oM ME A SR L T E72AS, BTG
BEMHATZ T, $mIF 3 R TICE b T T VDSEFE T
B CEEELRET S, LW ELIREL TV,
Z 2T 2 BT TR, dRIE 2 @O & ORP
b & SRdPRR R A 4012 & 2 B L O EE R OHE % X
B LIRS, SE478 2/3 FAR3EIC X 5 LEIRIE TR OOk
CHEIR B ELE NS 2 &R B, EEIEOEREM N L
WD ALA 7S, BUD RLADEEMEE, B3 ITRT L)
AEFEEIN BB KON A MR R BRI EEEE 2 7o T &
Too EELMOMATH DEIFOTA 7V 5 4 D5EHHE L3
file — b A ZOILKIZOWTHRE T 5o

3. EBIFOY A 721 L5EHE

DA 7 V& 4 AEHETIZEIZ MURC DY A 7 v
¥ A ZJEHE S, LD-ORP A 54iffid> MURC &8 L0720,

=2 RH & KIP D45
Comparison of secondary refining process

Process Vessels De-gas De-S Ca treatment | Addition of alloy TemPeramre control (heating)

Equipment Up to

RH 3 Yes No No Yes Yes ~50°C
2KIP No -

KIP 3 No Yes Yes Yes 3KIP Yes ~20°C
SKIP No -

(Low lime & Dolomite, High yield)

x| LD-ORP

S

—— Shorter Blow 1 time Shorter De-slaggingtime
Short 1)Blowing speed-up 1)Logistics of slag pot
. Tap — Tap time 2)Less input silicon 2)Modification of BOF door
Tap-Tap time (MURGC) 3)Desiliconization in TPG

Shorter Blow2 time
1)Blowing speed-up
2)Irregular lance change
3)BOF skull cleaning

Shorter tapping time
1)Large tap hole

Less Teeming time
1)Dynamic model

Improvement of De-P
capability (MURC) - -

Improvement of De-P

(Less consumables;

3. 1)Blowing model at Blow1

=] /| 2)Slag-off after Blow1 Low blowing end temperature

© 3)Dephosphorization agent 1)Dynamic model

> 2)Temperature control at RH (Refractou"y
-g 3)Less argon bubbling co_si_rigliit.'grl
a.- 4)Hot ladle circulation B

o | PR 0 4 endooint|| e 5)Heat schedule

[ Increase of 6)Tundish heater

T

Heat size Optimization of secondary

\\\\\\\\ refining
= Improvement of / (Shorter treatment time)
Optimization of heat size RH utilization 7 N
1)Investigation of steel content \\\_ (all heat treated by RH) Skip of De—S
2)Improvement of steel content. \“\\ i ®II§ orbe fi ffurin BOF
3)Improvement of yieldin BOF 1 )lmit:ii:e:tlzsllit;:p::agon

4

] 1)Decrease of turn around time 3)Sorting of Low sulfur scrap

Shorter RH treatment time !
2)Improvement of refractory lif (@Improvement of De-S during tapping

1)Decrease of oxygen content deviation
2)Improvement of alloy addition RN )
L Shorter KIP treatment time

.

~| 1)Change of Ca-Sialloy treatment
2)Improvement of injection

-
L
\\\\\ N
e Improvement of RH utilization 7/ 2)Improvement of KR utilization

T

{ 20f 3BOFs |
’L operation J (Less energy, low fixed cost)

X3 ERIFOEEMR EEEOLEFHE
Outline of improvement activity for high BOF productivity
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2RH 3CC i 2CC | 6CC 3CC i 2CC | 6CC
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55% 2RH 2RH
SRH| 1RH 1RH
Un- ® _l_.i 3RH
ava“aoble 3KIP : ® (DDecrease of cycle time (3RH)
45% '_ (@Decrease of turnaround time (2RH)
: T
10 RH OEEMEEDEZLS
Schematic view of RH productivity improvement
[Base] Temp. "C_he::k ___________ T:m_p T
X . 1
Start Alloy Sampling : Analysis Alloy Sampling End 1
| 1 | | 1
T ] T T 1
2min 5min N _8r2|n _____ 1 1_min_ L 1_4r2in_ _15_m£1,
Umproved] gt Aoy Temp. gy
Sampling
| | V5min
T T
2min 9min  10min
X 11 SEFIERO SRH ORMNIEL OMNIE 7 O—
Example of treatment flow diagram (3RH)
Capability of alternate operation for 2CC & 3CC from 3RH
for 2CC | for 3CC | Base | Improved
Normal X (@)
Degassing Normal X o
W treat X (6]
3RH T treat x x
CC 2CC 2CC

12 3RH 75 2CC, 3CC NDALE T Ot XD & @RI RS
Capability of alternate operation for 2CC & 3CC from 3RH

B LB A AT 9 o SUifd & B P IICIE R L 720 S DB
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HCWierzw, HiE AT 7054 L) RikEs iR
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Increase of RH treatment ratio
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B oYk, QU Ar N7 ) v 7 DBEIE, @BUERORE @)
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HRIACIX RH CORBILKE, 1L 27 by v THERE
KIZEBWIRIR BRI A TS, ¥4 L7 b8y Tid
Blow2 OWERIGEY >~ 7)) ¥ 72 Bk 4 2 & T, Wik
5 HEARAA F COMER M 2 5 L, SR o i x ]
THIERHMELTWS, IN5DOWRIEEEIEIGEIL
UTFD3 A7y FIZE)HEHEL 726
OFA L7 oy TERIZELEEDIES DX % RH TD

FETHET 5 (RH TOHF A BB OEE)

QOECIF QWSS 2 ) L4 5 2 & THREDIZS D & 240

35 (BEMFCORENTREE O 1)

@RH TOABZEFIHRICKILREL J5ET % (RH TORMHE

ABFITEOEZE)

OB LTI, Al L7028 RHUEAFHL TS
AL 7 Ny THEOPERIZMY A TE 2, QICEHLT
&, BEEE$2WIEREICE DY L7200BUNT » A5
DFGEEIN F2AT o720 GEk, BoNT o ZFHRIERIERTR
YT T EER L7 CH DA FIEMET — 7L LT, 4%
CH L AE#ECH Z L TEtEZITo T\ b, ZD720,
FALY Ny THREOYLKRIZEY, FREF—FHMETFL,
BN U AGTEORBEIMET LT, 22T, ¥4 L7
¥y 7L/ CH b IEMETFT -5 L LTINS L)
VAT L% L, i CoOMIERER RS E O EE
15720 DIZELTIE, QOIREDOHHFFESEIZLD,
W75 RHOFBHIGEHE LT, RH T 10T H# (BB A
& 100Nm*/CH) % A IZi i~ OREE R 2175 2 & T

IR Z X5 720 SNOSDIEENC I N AL 7 v oy
TEEZ 6% 5 60% F T LL (M8), fiFoWikimE
g LA 7 VE A LM HEHAEL 720

F72, 2w RHAWHAZTGH L THES Ar N7 & 7 DB
I (K= 27 F 7BE1k) \CBU) fLA T, BUH Ar N7 »
TV S Ar T AR R E AL T & CHEEZ B L IGH
HWOWREZE—LT 5 EDTHETH Ho ZDI-OHERIL,
3KIP TORBEREEORERA T 7T 4 > OFEHEZ ¥
b2, F72CCH—L v hTORE (REY 12X 2 8Ed
D ANV AARGIET 572 DIFE ML T/,
CCH—=Ly P ETDODAINT) U TIEFYA MRS — |
CH 7% &89 30% 0 CH THERL TX72A5, Ar N7 V75
il X BT AASRIFREEIC FIREEND T IR T,
B AR — T ADARAKNE T & Ar M AM I L 2 A3 A
P OEALIZED 5 T2y 22T, HEZETTOHFIZLD
AN OREINHEN AR 7 RH TOLE=EZIGH LT,
U Ar N7 7 OBEIEICEU D LA 72, 5' 4 1THERFEHE
LCW-TUE Ar N7 ) > FEMSM LSRR T R T,
Ty AMAY— N CH % CHE Ar N7) ¥ 7 FERGARIC
Bl CTid, &= RHAELZ X BB LU RH OULEERRRH]
U5 2 & THUEE Ar N7 ¥ ISR AT L 720

F72, Fv AMAF— b CH TR T % B 58 & B
WTEORBAEMEL72F ¥ A MAY— MEEIZAEL,
W Ar N7 Y TV ABER T o720 W Ar N7 ) 7
L ZERG4 L, FYAMAY—PCHTYYF 7
B RC BRI & 7 SIS X VB Ar N7 v 7 R FE
T5CHDPRELTWD, F4ITRTEIZF v A ME
W HE i AR OFEE 24T ) 2 & T, B Ar N7 ) »
T HEMEICE ) LA 7S, SRR, B14 17T X912
Ar N7 ) U ERIEERIG PO EF TEBL, 2011 4E4 A
POIREEROR—5 AT T 7 O5EERRIEEER L 72,

R4 REROBER A NT) > TEBEG EWERR
Countermeasures for elimination of argon bubbling in ladle

Argon bubbling in ladle

Problem

Process

Apply

Measures

Inhomogeneous temperature in ladle

3KIP |During chemical heating . . No use of 3KIP by increase of RH utilization

(erosion of slag line refractory)
Inhomogeneous temperature in ladle . .

Heat from 3KIP No use of 3KIP by increase of RH utilization
(temperature gap between ladle top & bottom)

Heat from BOF Inhomogeneous temperature in ladle o

. . Increase of RH utilization
(without secondary refining) |(temperature gap between ladle top & bottom)
Uncirculated ladle . . Prevention of heat radiation by extension of RH
L. Temperature drop during casting .
(first heat after relining etc.) treatment time
cC Inhomogeneous temperature in ladle

Cast start

(temperature gap between ladle top & bottom)

Proper aiming temperature control

Problem without argon
bubbling

Inhomogeneous temperature in ladle while waiting at CC

Optimization of cast schedule

High superheat

Optimization of cast schedule
Proper aiming temperature control

Temperature drop from RH dispatch to CC arrival

Prevention of heat radiation by extension of RH
treatment time

B A& # g B W #4145 (2019)
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Decrease of argon bubbling ratio
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X 15 BiBLEEROHRE
Ratio of circulated ladle during hot condition
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Ratio of circulated ladle (%)
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Improvement of LD-ORP blowing operation
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x£5 BRMe— A XOREFIEEAEZIER
Improvement of decision procedure of heat size

Step | Incharge Procedure Problem Measures
! Weighing empty ladle at steel o Maintenance of weighing device
receiving car Accuracy of weighing | ¢ Cleaning of receiving car
5 BOF | Weighing steel ladle at steel receiving |device * Cross-check between the receiving cars
car after tapping
3 Measurement of free board in the ladle o Improvement of free board measurement
* Definition of measurement point
Secondary . K
4 fini Measurement of free board in the ladle| Accurate measurement |  (BOF, secondary refining and ladle shop)
refinin,
& * Definition of measurement method
5 Measurement of free board in the ladle (BOF and secondary refining)
. . o Improvement of aiming free board
o Classification of . . .
6 Check aiming free board of next heat | . . « Classification depending on steel grade
aiming free board . L.
Ladle shop * Revision of aiming free board
7 Correction of heat size depending on |Deviation between o Improvement of correction method by refractory erosion of ladle
ladle life individuals * Revision of correction value depending on ladle life
Correction of heat size by measure- . o Decision of minimum free board for secondary refining operation
8 Accurate correction .
ment of free board o Check of heat size between set value and actual value
. . . . . o Operation support system (yield correction)
9 BOF |C t f ch ht b, 1d | A t t
orrection of charging weight by yie ceurate correction o Check of yield between set value and actual value
*6 WEFBOBPTHY) M o7 TNHDOIHENZ LY, RHEGWHM O T A
Standard of free board in the ladle %% 40mm (¥ 5¢CH) 2 L7z (B17),
Process RH ‘ KIP | W treat ‘ W, T treat TRIAC OBRRABOETTRICB L T, OisfFA RS o
 Aiming I b, @ISR ORE - ERIEOEMET o
Base f d mm 400 500 _
ree boar THHEE Mo 720 BIF~OEAR (B3 277y 7Bk
Aimin; . - - I -
Improvement boa%d mm| 300 350 400 ORISR 1%, ZORES e — M A XHh SERIFE LRI CligdA
Revisi Minimum 200 250 100 R Z IE L CRIEL TWd, L, 42 B T
evision mm ; . PN . <
free board TRIEME G a O RERAT) 720, XL —5 =7

WD TH o7,

Z 2T, RHAEEAT Rt & LT, WP RE FIRH T
A3 LU T S8 AR RE D LB s (VAR O FE e 25 HE & L
TARFERS NG\ R TTRE UM E v P OB L) % g
12§52 8T, Bwille— M AR ER -T2 T2,
SORVE ¢ — N A XOREMH L EBEOERTIE, 20
EEE#TA) OFERFEN S, BRKHE Y OFEHETH - 72
AT M CH ML, KINOZEREH e — b A
RN S % & THERE v — M A XM L2

{Base (2011/8) ] X RH normal treatment
(approx. 70% of heats)

40 ;
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Free board (mm)
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720
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TEEINT AT LADOREET>72, T2, EIFTHETD
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BRI OFEIFAE 2 AEIET 5 2 & C, FREH e — M

[Improved(2011/10)]) 3% RH normal treatment
(approx. 70% of heats)
40 .
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£ |
<30 — L
g $ -
P
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iy s
10 — s
0 1
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o un
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Free board (mm)

17 HEFIED RH BB DIETH )
Measurement results of free board in ladle

B A& # g B W #4145 (2019)



BRNMFAE 2 NETIHICS I EEMEM L

314
313
312
311
310

309 H
208 | [312.9] [313.1]|

307 1309.7| |
306 [{308.0[ 1307.7[1
305 H =

304 ! L 1 1 L
2011/6 2011/7 2011/8 2011/9 2011/10 2011/11

18 RH BEHWNIBHMDOILEFHEDHRE
Improvement of heat size (RH normal treatment heat)

P RH normal treatment
I (Approx. 70% of heats) o

A
&

NV

Heat size (t/CH)

307.1

A RNIR$ B EMER e — M A XOMER L2 72,
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il

Calculated production ('1000 t/M)
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19 &P 2 EREIFOAEEE & ORP LEROBER
Relation between productivity by 2 BOF’s operation and
LD-ORP ratio

ORP ratio=100% 2 BOF's operation
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20 ORP b= C#gpiF 2 EiRELEROHR
Improvement of productivity by 2 BOF’s operation and LD-
ORP ratio
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