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Improvement of the Reaction Efficiency of the Flux in the Refining Process
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We have promoted the development of steelmaking process technologies in order to secure global
competitiveness and to satisfy the high-end needs of the product. In recent year, the lode of refining
process has increased with upgrading of the steel materials. So, we have developed technologies of
high efficiency steelmaking process. And we have reduced the cost and the amount of the slag by
the improvement of the reaction efficiency of the flux and the increase in recycling of the slag.
Furthermore, we are developing the refining technology which does not use fluoride in order to
adapt for environmental quality standards for soil pollution. In this paper, we describe the
improvement of the reaction efficiency of the flux in the refining process, reduction of the amount
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Separation of the 4 refining processes
Works De[Si] DelS| DelP| DelC]
Muroran | | Torpedo] = | Torpedo] = |[Converter] = [Converter]
MURC
(De[S] in LF) LD-ORP
Kashima L_Ladle | = [Converter] = |Converter]
KR SRP
Kimitsu LTorpedo] = |_Ladle | = [Converter] = [Converter]
KR MURC
Partially Torpedo Partially LD-ORP
Nagoya | |Converte] = [Converter] = [Converter] = |Converter]
Desulfurization LD-ORP
Furnace
‘Wakayama L_Ladle | = [Converter] = [Converter]
KR SRP
Yawata
L_Ladle | = [Converteq] = [Converter]
(Kokura) KR SRP
Yawata LTorpedo] = |_Ladle | = [Converter] = [Converter]
(Tobata) KR MURC
Injection __ Partially Torpedo
Oita LTorpedo] = |_Ladle | = [Converter] = [Converter]
Injection MURC
Partially Ladle
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Separation of refining processes in Nippon Steel & Sumitomo
Metal Corporation
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slag hot recycling
(MURC)

*LD-ORP(=LD converter - Optimized Refining Process)
*MURC(=Multi-Refining Converter)
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100%
90%
80%
70%

m Without

60% Pretreatment

50% LD-ORP/SRP

40%
W Torpedo

Prodacution Ratio (%)

30%

20% mladle

10% B MURC

0%
<3 P PN PSSO $ 3 S O DDV D

P P & ¥ ¥ P
FSP LTSS F LTS

X6 ANIRER AR DA kR
Production ratio of the types of hot metal dephosphorization

DOMEALEFRIL, 7T v 7 ADFIGKIZROM LI X 54
WA 7 gDl E FEhEL T <o

2.5 BHE

FEFVA B O E TR O b FAZ B O A4 0 KA b
KRZIUNED) AT T ROMK G ENOREIKE N,

IR D XDV HRtA R BB L 2 3R L 728551, K& &
BUGE 2 2 1 H L e R 2 5 e TRl 2 7 77
AR U720, BRI TH S, DO ESE
[Si] ZA/MET 2 LBNE VW28, BRI EE 2 1E [Sil
AT 5, 22T, 20 [Si] % B2 5% [Si]
OFEIZBNT, HHIBEEZERL, BT 704 =
HIIZID LA TV 5, LeL, BIR, ZoliEgidt+
BT A TR, BIAT 7 OEREOE L A E B
IZZOEMEILRK L TV LETETH 5,

PLZiR 72 X912, KRG DA 4 T TH 2 itk
i, Bikk, Wik A% 5, & L OB AL ImERNC
ERTHEILICL) SR EFHD, ERTHAT T &
DHI AT > T& 72,

26 BH377 v ARISIEDR L

THREZTHEL 728 TRICB VT, Bk b EEE EHD
LM LMD T b, TO—Bl%RT

BB 2 B TR AL, X 74 ALB R ] D 7200,
HERIRDER DAY Do 22T, RIFFTROF]

ooH g o & # W #3975 (2014)

TRARRIZENL, EREHAEZRINSE, #E%
5L B 2 & THEAIKDFEMR 2 (L S ERUSRIEROm L%
Mo Twvr 719,

72, ERE T U ADPSEAIROBEZRESAATHZ L
THAIROEALEZ IR ST LA 2 FHFE L7z ThUdE
CICH R IR IR OEEIRLZ X, »0, mims %
BRKEIARIRE R AT 5 2 & THEAIROELZ IR E
SELTETHL (B7)

27 RZTUYA TIVDIEK

AT 7 OEREEBIZIE AT 700 A 7 )V & RER IR
VERT LI EDPLETH L, Bk, HEOLTEY
SHEL7-Z LT, BEREEDSRCREA T S, BHRAT S
RSB EERIN T 5 2 EATE, BEkE LA A 2
WIS REE 725720 BIAETIRZ L DEFTY YA 27 V% E
TL, AT 7 DOEEEOHIFICEHF G L Twb,

F7o, AR L7z X ) ISHR AT 7 % BB A 5 2 i
FHEOIERE K> TV, Bk TRTHEAT HHRAT
7%, A EIE L T A A IR ORGSR IC B
BHATTTH)BERREEI K. LoTIDAT 7 ZKiE
o, MRIRIEEEESE OB TR BT, T I
M2 ENTEETH L. UL DB TRICBI 54
FIRBHREZ T A2 EDTHETH 4o

MURC ZEDOREIZOWT, 89 (22 A L 74 K5

oy P

A
CaO Powder

Top Blowing

7 CaO #MMFELEmRZEDHE 19
Schematic of CaO powder top blowing

0.07 © without slag recycling
N ® slag recycking (1 time)
© \_ A slag recycling (2 times
S 0.06 o
E °
® 005 ¢
g [
=
2 004 | S &
w <>
1 x4
S 003 | - oo <
[ <
] Seo
£ 002 | £ "0
] A °
o A a -
> 001 | = o ° &
0 N
0 5 10 15 20 25
Lime consumption at de—Si,P period
(kg/t)

X8 HARIKEEMMICKIZTIZIT YA TILEIER©
Effect of slag recycling on lime consumption



BERTIIRICH TS 7T v U ARICRIZER L H1iT

AL Bz [Pl REOMREZRT, X771V
A NVEERLIZHEIFERL WG LKL T, 5~
10kg/t DEFIKEHEAOHIHEIRDFEDO HIL TV 5,

3> FRE LR OES

2000 FFARIZA D, TIEBREE RIS 5 o FRIHIASEH S 1,
SoFRMHLZWEE O A0S EHAEL 2, b —
Y— B — BSOS ERICB VT, FHRE=D
RO EEEE L RV AT T ORISR T 5720 5o%
AFHL TV CODAoER R L 2WES, Bk
BENSE LT LELEOAMIE KT 5, Lo, #
IR E & B2, BIFLEOBEMEEZFIH L 7-5hiis
FEERT v VT COMIEREERIEZERL, HA%
fEH L 2 WILERF AT 2 BSS LT\ b M9 12 Ca0,/ 0 &
BRI OBItRE _R T 25, EAXHHLZLTY, &
WK SUSRIER OMERATITREL 72 5 TV Do

F 72 L 728k B & 3o i IS X )R Ca0 3%
MR L B%h R L, KEANOEFEZADORHRIZLD,
HAZMH L7 CHOAELIKOEMR e <&, Bk
mLEzX->Twsb (F109),

4. BER T T DEREBHIBR

PLERAT S 7oMB TAEORAEH, & L CHEPElASE

3.

0.30
o @ :addtion of CaF,
0.25 O :without CaF,
0.20
9 T TPC-ORP
o 0.15 £
0.10 |
= EED
0.05 (m} Ii%' E'-"h
0.00 ‘ ‘
0.0 1.0 2.0 3.0
Ca0O/0

K9 Ca0/0 &K, DEAR (\IERELFR) ™

Relationship between Ca0/0 and K, (Yawata Works)

+§ 30
(o =] O Lump CaO
7 N
8 'E 25 1
St
Q @20t
g5
S 515

1
2 9
o&£ Without CaF,

© 1.0 ! !

1.0 1.5 20 2.5 3.0
Ca0/8Si0,,,
10 EHEIREE CEIBEEORMFR

Relation between CaO/SiO, cal. and observation of CaO/
SiO,, after dephosphorization

— 157 —

105

100

95

90

85

80

Index of the amount of the steelmaking slag

2005
2006
2007
2008
2009
2010
2011
2012
2013

11 BEMISTOERENEL
Change of the amount of the steelmaking slag

i 7 0 ZA~OHEH F BB LB LR O R R X
D, B AT 7 O EOHNEE Mo TE 7z, BT 128
Hil 2 7 7 OEREOHERE 2R o 2005 FREEZN—2 L LT
Tl 4 LD FHAE X D 13% DOBIEATE ST b,

SHRODELDZT Ty I ARBHEDRELE X
7 TEREHIBA DEHE A

Wb 75y 7 AOSZROm L e A5 7o EETR
DIz, BHET LI Ot 100% b2 HifT & &
b2, FEIMEREIOMm LR EZITo T o BIZ, Kl
BUBIZBWTIE, B, BRSO AIKFIHEY b L
YEEDORMIZEL {, FUSRIEOE 2B ETo T L
LD, ATV A VOHEEERY, TWhb AT TE
J = OEIIZI D FLA TV,

5.

6. &

Jll][

S DT 2 B AR ALESR I, AT AT RS 5,
FEROIEARTAETH LI, Bibe, Bk Bk 4 TiEO
Bk & FARALELEER ) b, BRAR T BB LB A D R &
B2 B R POUS A= ol b, FEH AT L AT
VA7 VOPERE FERL AT 7 HEREOHIEZ > T
7o HIZIZBREERIIS & LT 5o R LA OB 5 % e
LT&7%, Sib5lafhs, B BEahaite diics
Wy, B0 L2 ), 25 7 A REORIEIZS & LD,
BB DRI O T o

D) deAHEd (32 $kEH. 6, 1801 (1990)

2) fHEfE AR (32> 0 BREH. 58, 34 (1972)

3) FARMEAT 137> © CAMP-ISI). 16, 1069 (2003)

4) BIZIE, FE 13H 1 CAMP-ISI). 13, 867 (2000)

5) EHAH 137> CAMP-ISIL 15, 876 (2002)

6) FIIFE—HE 137> 1 CO, HINE > > KT A, 48 (2005)
7) BEIEGEN ¢ 5 203 - 204 [IPHILEL&FATEEEE. 61, (2010)

#oH % & o 395 (2014)



BERIIRICH T3 7T v U ARICRIZER L H1iT

) MM (I k&, 76, 1809 (1990)

9) FHTEE (3 #hEH. 76, 1817 (1990)

10) FAIGFIERT (34 FrESSER. (391), 88 (2011)

1) BIZIE, MUEAR 127> © CAMP-ISI. 4, 1153 (1991)
12) BIIEE 1320 0 k&8, 80, 25(1994)

13) 3 H AR A s R BLERPT © 28 145 [ SLG0 H 2 32 g R

2011, FAME

14) AR 132 1 CAMP-ISI. 15, 139 (2002)

15) ACKEEA 134 1 CAMP-ISII. 16, 116 (2003)
16) /INIHER] (24> k&4, 87, 21 (2001)

17) EAME—HE (272> - CAMP-ISIL. 17, 642 (2004)
18) B5Jhs%— (34 CAMP-ISL). 11, 142 (1998)
19) £HER 134 : CAMP-ISI). 24, 157 (2011)

TEAMEAT  Toshiyuki UEKI
BUHBANE R E
HHRT- X AL O P2-6-1

Eig
T100-8071

REATLE  Masanori KUMAKURA
BINFATER B E R

ooH g o & # W #3975 (2014)

— 158 —

T Masaki MIYATA
U ARGERT SR
B0 R =

/NIHER] Yuji OGAWA
Ta AR RIS
FETERPER T




