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Abstract

Yawata Works manufactures chromium-based stainless. The scarcity of Cr resources will increase
because reserve-production ratio is relatively small among rare metals. So, it is required to fully
utilize it. In addition, the international competitive environment for stainless steel has become
severe due to the increase in production capacity overseas, including China. In this report, the
development of an innovative process centered on the technology for reducing and recovering Cr
from SUS slag and dust using an electric furnace (YES) is described, to establish environmentally

conscious, cost saving and production flexible stainless steel manufacturing process.
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Process LD REDA, VOD CC
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Conventional manufacturing method for stainless steel
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PHBEMICI DIV AR Y N ARy b ERIEN L IFBEZ[A))
) RIEFENFEAET 575, BBREIITEATATR S NS
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x2 IFARHREOXT v TER
History of improvement of bottom blowing

Furnace wall

Fl te | Numb
Step Date Item Gas oW ré © | Humber
(N/min) | of tuyere
Initial | 2010.04|  YES start-up N, 600 3
Bottom blowing
2010.10 Al 600 3
@ Gas: N, — Ar '
Bottom blowing
2010.11 Al 990 3
@ Gas flow rate: #1 8
Bottom blowing
3 12011.02 Ar 1200 3
Gas flow rate: #2
Bottom blowing
@ 12011.04 Ar 1200 6
tuyere arrangement
HS: Hot Spot
Furnace wall near electrode
CS: Cold Spot

(Furnace wall near tuyere)

o Electrode

’ Bottom blowing tuyere

5 ERFIORE
Arrangement of bottom blowing tuyere
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(a) Flow velocity distribution on the circumferential cross section at tuyere (number of tuyere: 3)

Furnace wall

Flow pattern

(tm?)
' 6
4
2
0
0 Bubble density
(ws) (t/m’)
2.0
IG
4
1.0
2
0 0

Bubble density

(b) Flow velocity distribution on the circumferential cross section at tuyere (number of tuyere: 6)

Nos. Flow velocity distribution on .
Arrangement . Contour drawing
tuyere slag-metal interface Stagnation == Without bottom blowing
w3 tuyeres
3027_ ¢ : =6 tuyeres

3 _ :
X
)
c
9]
=}
o
9]
o

6

0 T T T T
0 02 04 06 038 1
Flow velocity[m/s]
(c) Flow analysis results (d) Flow velocity distribution
X6 FERFENICL D IFREHIRT O
Evaluation of stirring in the furnace by flow analysis
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Relation between oxide standard producing free energy
change and temperature
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1.E-08
Cr Reduction driving force
<Calculation condition> g r ; (LD)
5 00 F ) .
] [Cr] [Si] Temp 2 1.E-09 Er Reduction driving force P
b E (YES) b®
LD 0.50% 16% 1% 1700°C s L
YES | 4% | 38% | 1% | 1650C S 1E10 ¢
8 E i
= ()
o — 1lE-11 +
<Results> %0 8 E
acr as; Poy (Si-Si02) 3= [
LD 13.8 | 09 | 4.0x10"atm E 1E12 ¢
YES 128 | 44 | 24x10"atm 5 £ = == Cr-Cr203, LD end point
5 113 ———5i-5i02, LD end point
s : === Cr-Cr203, YES
c ———5i-5i02, YES
1.E-14 . t . t
1500 1600 1700 1800
Temperature (°C)
10 [Si]|BEEICLDEIFE YES O Cr BB{E¥nET HDEEEL

Comparison of reducing capacity of chromium oxide on various silicon activity between LD and YES

Timing Melting

Heating

[lustration

in the
furnace
EHS:hot spot CS:cold spotg
12 XRT7—VBRBIFCOBRTOEX
Schematic diagram of AC electric furnace operation process
16 | |

© 2'YES
< 1 100kg Laboratory test

12 S~

80T EAF operation
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~
==
LS
-
-

rium*
1649°C)

McQoy's equilib
6Cr,0.4%Si

(Cr)in reduced slag (mass%)

1.0 1.2 1.4 16 1.8 2.0
{(%€a0) + (%Mg0) } .~ (%Si0,)
11 X575 CrEBENFHEEEERFMEDLER

Comparison between Cr content in slag between
equilibrium value and operation results

K FHFEFERS 1AV 58 1 70 R 3 3E O ke L 13
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YES IZB\WTh, HREIFAMGSFIIE HS Wil K O 5 FHFE
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72 o 72 HS it KPR O 1/10 D2 =8 L7z (8 14),
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AR TR DBV TH 2 EFESEOEH &, BRT
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EIFIEERA SUS B4 7 10 & 2|2 X B SUS BLyE il % f 37
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r—EL L7chf, BIFMRO Crig 4 85 CrigfEIC
IS U CZEL S 5121%, YES GO CrikE % 4 %
VENHY, TORBEIIRMEEOMAQ 2 L %5,
1512 YES GO AT 7 /15 O Cr FEfE Bl o B4R
AT &Y, YESEEBIILIVECri®Th), X5
TANOGHEE L) T 7@ e of R, —kELKFD
1/4 T THEH AN, Cr BRI % BEe Vi T&IC T
oo ZhUE, KRHRETEEF TR TH S,

@ Cr & A D SRS

BRIFCOREHU, IF 5K QYRR 2 5 O K& OMEE

Arc covered by slag

,fllectl'\di
el

Electrode

: -
xl ,\a'_
¥

i
Molten Metal level (Slag)

13 YES TOZEX 7T JEIROEBR RN
Appearance of electrode submerged into slag during YES
operation

il) Improvement of
Eelectrifying pattern
1

0.8

12) Improvement of |

Wear index of furnace wall [-]

After

14 YES (FEEMAMIEFEN DIFIC £ HELAER
Results of measures for preventing wear of refractory at
furnace wall in YES

Before

FWGAM L B EHl B C MBI O m W AEEEEZ A L
o Ch D, BAESELM L L CaERICA R LT
Who = THEETORRIHENIEET 2 KED CO 1344
BAAELTHERTH D720, COBIEEEE LT Oxygen
converter Gas recovery system (OG) #E#BHFE L, 1962 4FIZ
Z O 1 S A G BEEKAT CHIE SUS 2 iE L T A N
1 FERITCERIL L T, ZORR, TNETIEIRA
BHE LT 72 CO HADIREL A A & L CORINA T R &
o720 BN TREIZFEAT S CO HAZ RIS 5121,
SRS A - T2 REECON AWE [DSLE 728, 7
TORRIISTHEL 2725 A D% QHES L5,
OG HETIIRIC & 2 IBAKEEATHNS A+ O EERILAS
M5 TW5,

JURGELERFTC o SUS BB 12 BT, Bl o ) 2us
FEDEE L SEEMO ) A 7 VHHEETH - 72720, 0G
ETHINENCr B Y AN A 7 IVEEOBGHE © K
T RE &9 B LB 2 B %S L 72, BI 16 IZHF S A M
W AT 5 & Cr A5 A ML % 7R 7,

OG ¥ A ML, ZDOREAIER 1M A < — M7 7
7y MEIEEAT o TH 2T O & UG L TEROMRIL
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(Cr)/[cr]
—().5

8
< / 0.2
A
g 6 e 0.05
: /
s, / EAF
£ (in general)
= McCoy's equilibrium
=2

2

ceam T
0 t
0 10 20 30 40

[Cr] at tapping by YES (mass%)

15 YESWHZEBDXZ Y/ BimD CrigES LU Cr &
AECEE

Improvement of chromium distribution between slag and

metal by YES

Recycle to LD : 2500 t/month '

Slurry receiving tank
[ ¥
Filter press
Uz
Thickener

Tenie
Slurry receiving tan

V Switch

)

Filter press

- .

=

LD

Thickener

5
<n &)

Dust recovery and classification—Selective recycling system

Material
=| = »S. L = @
==} (= ) =
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3k S I A I
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] S
=
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Agglomeration of High metallic iron oxide

—To reduce heat of melting at LD

OSinter: 350 t/month
OTP—ORP:350 t/month

X 16 ExiF4 X MEUS X T L& CrEF 4 X MLUEHE
Schematic diagram of LD dust recovery and recycling system
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FERDECH K Eo) 27 %
S ZEDD, kI YA NREETERMA T TR
T A7) HED— 72 5720 LA LRSS RIFF OB
FIETIZY A MO TOZ D BILL TL Evy, fmkAd
N A 7T DG EIIERRALY OFEIC T AV F—H30
PR, BUEE O SUS EHEIFTO Y A 7 VIZH
HTholzo €T T, EIEMHMIZEC &) RIHIHE %
FRALME R 2 TR S5 2 & T, BRRONEEANDRAZ v
THIEALOIIE L 52 - TR A7 D5 Z L1
B U720 RI17 12 Cr &7 5 A MmO E % |
R 3T A MU B A R T,

YES 12X 2 & NGB Y A7 2 Tld, YES TOBEBRI A
F—HIGH LB ELGED KA » N TH DA, YES TD
Cr & A8, FeCr O, CriLMER AT 7 ORI
HAEERT LI LT, ERTOBMEDOILRATREE 725,
AU ERLY A MEEREER AT 52 LT, Cr &
HEREMELTHE, AT 7723 Th{FAN AFr—J
DGR ) A 7 WAL R ER L 72,

(<))
o

OIRIFIZ BT 5 Cr BRAL A o3 Hepfy

YES 58 F 24801 Si IFASKIRIARHR L 72 IREECHEE % B
WHL2b 00, SiliORIBRIRIAED) AT 7 Amm DR
BT OEHERLE ) AT 7&0 4L L, B18 D
BEANRTMY, BATO_FERIER S X 5 5k e
DVEERA T T v ¥ 22 L DU LI LWREERH T~ A
DOHEFEDOWALEIRE, ZEN BRSO AR EE 2 K
mEo7z,

22T, B0 R# A EAQ, FeCr D—ExtmF I
TR ATHIEICL VAT VEREITIZEEL
720 ZORER, #rdA B EREER T v ANO AN
(Ee Y (N Y RGOS STHARE (£2 = 52 Tk ( AVADYAE N
AR ICIEClX, A7 7 %o Cr Bt ORITEITHT,
BRICLHL & & b IZHETT 2 EMOBEE b ITbN v, 2D
FER, VSRR O MR A SR o 7o E UGS L, &K
THEO RS TR T, MRS SUS Eiihs 225 &
AR D 72D N T 5o A - RN BT 2] N #HEE I
XY D O IEEDOHEIZONT, ES5IRK (5) TEDLLT

=@—CaO+Extrusion
—8—Conventional process

N w S
o o o
T T T

Metallization=M.Fe(%)/T.Fe(%)
=)

P

Heat loss reduction by 30%

Increase of scrap ratio (%)
o
(V2] -
.

0 4
0 Conventional | This method
Oxide dust |Agglomeration
K17 CrE&F XX hEERHEIEDHME
Extrusion procedure of dust containing chromium
£®3 HZMREREELEE
Comparison of agglomeration method
Appearance Oxygen distribution Composition and property
<Composition>  (mass%)
T.Cr TFe | MFe | FeO | Fe,O, | CaO Metallization
) 5 65 4 21 63 3 6%
Briquette <Property>
(Conventional) Open pore Average oxygen (%)
(%) Line analysis Plane analysis
20.1 222 21.5
<Composition>  (mass%)
T.Cr TFe | MFe | FeO | Fe, O, | CaO | Metallization
8 60 20 47 5 10 33%
Extruder <Property>
(This method) Open pore Average oxygen (%)
(%) Line analysis Plane analysis
9.2 15.2 16.1
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Top blowing lance

Hot Metal

(a) Reduction of droplet by covering slag

Deposition of
metal

Top blowing lance

Hot Metal

(b) Deposition of metal due to less slag

18 ERIFICH T DHEREDBIEEX
Schematic diagram of metal droplet (spitting) during BOF operation

40% - ave. 77ppm
Steel containing Cr (Cr>15%)
9 L

356 [N] ¢ M This method
- 30% | @ Conventional ) [
X 25%
~ ave. 113ppm
> 20%
c
g 15%
o
L 10%
[

5%
0%

80 100 120 140 160 180 200
[N] after tapping (ppm)

19 ERFHIARLETOREIC L 2 HEREEERND N BE
PTROEAE

Nitrogen in the ladle after tapping with or without reduction

in the BOF before tapping
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k
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