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Optimized Decarburization Process for Stainless Steel
with the Combination of Refining in Converter and RH-Degasser
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Synopsis:

A new combined decarburization process for the production of stainless steel has been established at No.1 Steelmaking
Shop in Chiba Works of Kawasaki Steel Corp. The process utilizes K-BOP (top and bottom blowing converter) for
decarburizing the stzinless steel melt with an oxygen/inert gas mixture and KTB method during RH degassing (oxvgen top
blowing onto the molten steel in vacuum vessel) for efficient vacuum decarburization. By this process, it has become
possible to produce high chromium stainless steel with ultra low carbon and low nitrogen more easily and with higher
productivity than the conventional K-BOP and VOD process. The carbon and nitrogen contents of the steel product
obtained by the new process are low enough and equivalent to those by the K-BOP and VOD process. Another advantage
of the KTB method is higher oxygen-utilizing efficiency for decarburization during RH degassing by the optimized
operation of oxygen blowing for the production of a certain steel grade such as SUS 304 whose upper limit of nitrogen
content is relatively high.
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Fig. 1 Process lor stainless steelmaking in Chiba Works

Table 1 Process application for stainiess steel grades

Process
K-BOP 1 -K-BOP II-KTH
(or K-BOP [I-KTI13}

Statnless steel grades

Normal stainless steel ;
SUS30(LY, SUS 316(L),

SUS 321, sSUS 410,
SUS 421, SUS 430,
S5US 434, SUS436 L

SUS 409, ete.

K-BOP [ -K-BOI' [I-55-VOD
(or K-BOP I1-55-VOD)

Ultra low carhon and
low nitrogen stainless steel :
SUS 447 J1,
SUS 441,
2025 Cr-59 Al steel, ete.
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Fig 3 Effect of tapping carbon content on chremium oxi-
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TAFEAANRIKEFHRIZLED P 25N 3 4, MERMTM 1T
STwtn, LAl Fig. 28 5003 0md £ 3 TS T A
Bz Crgfbo 2B T 3, ZRETAHLERAETTORK
WBACEMAE S H AR R TLOTH N, K-BOP T2 Crgik
T AGEA KT B R AIRIEMICET AN L, BT L R
KREFTHRT A LR NE, Fig2 BLUF3Th 7o
LEEAE AL L, BAREE ol R s i, &0 AR LI
HEAGBRAEN S B,

=07 MR BT, S EREIRR B AT B TR
i = LT SS-VOD A 4%, mfiekfiitE £ #4225
Wi, RHBA 2 & 2408z e ¥, aali 27 L 26
DB LRI Z 2 2 v ks b, REB A 2IZ
BB D AR R E A ST R LT A,

4 K-BOP-KTB 24D AT > L ASHBH
7ot ZOEBE

BED 52, K7 o420tz s X Y iRl
ELZ20EA 7 L AN RET A I RIS LT, THRMER
A LB LAY T, BRI BT RIS B LN L, RH LA
ZEBFS by T ARE LW EDL (KTBEE) 2L 50E
REIE b % A A b7, K-BOP-KTB 7 o2 &3kl 2.

Fig. 412 No.l RH 125112 KTB &M e Lor Bl %
W, ko7 o AT R K-BOP o A LTy
farzsy, Fig. 5151 L 5 i IGhe 0 T el 2 iAv kL <
I8 FL Trvtend, KTBIC & &YEE D EREBLK Z il A A bY 2 K-
BOP-KTB 7ot 2 £HSEL, BB S PHeL 722 2ok
D, b2l AN L LABIN L AT - L R B
HNTE R A T,

5 —



TR

Oxygen flow rate | 5-25
m3-nomm, / min
Lance height 21-36m

Water cocled

Single laval
nozzle

Lance
Lance tip profile

™\
Qv

ey ———

2.1-36m

Fig. 4 Schematic illustration of KTB

(SUS430 grade) K-BOP

08}

KTB

06t

041
Improved

02 L Conventional

Oxygen cfficiency for
decarburization reaction

0.0 REETT|
0.01 G.1
(%]

1.¢

Fig. 5 Relation between carbon content in molten steel and
oxvgen efficiency for decarburization reaction (SUS

430 grade)

5 KTBIZ& 3 MPRRERRER

51 AZDEBBRT TOCrB{tO#E

KTB 12k 4 8 R i e 7 — o 2 T 3125720,
HMAETIEHETWEREIEE £ Cr RIS D TR 2T -
fo, B [0] 12 & BME RIS (18T, Cr o B e s s

(2) RTHEILEY, (1), ()R L0, REIZETDHREER
£ 1620C (1803K) bR ETH, »BAERMISCTHESE

[C] Ly 280 (Cr] 2 (3 A0 HcRTIEHTE L,

C+0=C0

log (Pw/(lc sy =1 160/ T 42 00 (1)
Cr,0, = 2Cr+30

log ae® * @’ = — 44040/ T 19 42 - {(2)
[T =1893K]

2log ae — 31og ac = 3.994 =3 log Feg e (3)

S (3) L WESIL Az, B AT 10~ 100 Torr {1.33 ~
13.23kPay 2B 2, 1 [C] & [Cr! @ 1% % Fig. 61278
4, P RN, 119%Cr fr G B K B (SUH 409), SUS 304
B LU SUS 430 & e TRERAIK T A0 EIE HiE L TRy
A, SUS 304 35 £ 1FSUS 430 T2 50 Torr (.67 kPa) LI FTD
Wb d i A, Cramitd 22 2% ChB A eETHdn,
SUH 409 243 713 30 Torr (4.00 kPa) ol T & 8% [C]
S Cr AL S AT ICIIR A RETH B L EET S

A0.02%ET
B, HLLDEEERL Y, FRFROMFNC B D EYEp SR

B S8 — o R L7

133 400 667 933 1333 kPa
10 Z;!O 5.0 70 100 Torr
18 bt | O] SUS304 rade ]
HE ecarbunzation
16 Lo .| SUS430 grade
: "' -[decarbunzation
= [ WA
O 14 gy
153 HEE A P
— 0, 4 4
12 piesertidecarburization | —ed
i o e
Ottt { SUHA09 grade
10 : rl : f’ 4
NP
0.00 0.05 0.10 0.15
[%C]

Fig. 6 Relation between [%C] and [%Cr] in equilibrium

5.2 M%Cr BERFROBH

KTB#z &) 11%Cr Wb Fd e L2, Fig. TIZRH L
B AR R, RRENR LTI, SN [C] =0.05%F T
2 EE 2 30 Torr (4.00kPa) & L, 9 %10 Torr (1.33
kPa) LUFTif~7, KTBIZ L BARMITH, 8D [O) EES
5 LB AEITT B, — T THIE (Crl 3, [C] #90.02% %
T R A CREEE T, 0.01%0IE T Ve S il SHH BT
i1, BRI 10 Torr (1.33kPa) Fifg T [C] =0.01%FET
CronBefbizd LA 2 1oa 3%, EEE [C] A HEN M|
WT B A7 M~ DS HG CH L, RE RIS R %
N, Crads{bLi-LombE2 his, @t (07 13, BEBERE
DEERRE LA L AREEREC Sk YL, &) [N]
B CO Rz L Y IEAEIr LT, vk b it v L
T,

diz, BEEST L RIZOGTHRE L7, Fig. 812 KTB BRgErD
BEZBRERT. LIKE T ¥ A bR LT B700, MR flEL
T ITHE S LM ANz, Fin» oL T2 COFR LD 2
W S M MRS L RIS N £ TS N AMESFE
ThLHL#EL LN S, Fig. 812 KTB & K-BOP #» @ity [C]

014 b KTB Killed
L Rimmed
0.12 r Q (<
0.10 | ﬁ:jl(quy {115
=~ F addition
® 0.08 ~411.4 g
o 006 F 4113 -
0.04 F {2 2
0.02 4111
0
4 500
100 + —_
E
—_ L &
£ -
= 8r =)
3
60 L— +
20 40 60 80

Treatment time {min)

Change in chemical composition during RRH treat-
ment (SUI 409 grade)

JIG SRR Vol 25 No. 4 1993



294) i, RHIEAZ 2028075 27 & b RS HEBE R 5P A0 7 0 4 2 O

KTB lance 5.3 BHENRmHE#TOMI
Wast =1 7y i R o s Sl BT N
31;;;5 Post combustion SUS 304 FOKEBIEI AL [NT FEM A R0 S SR T, DR
\/ : o FUZBEOTAr 28 LA G N, HRIE RS ERL TVWE, Fai:
] ‘\__ A &, RH L AUB G005 2§00 [N] 12 Ar F BB R N & 500~ 800
! N co ppm At L, 1500~2000 ppm iz LT A, Fig. 110263, ek

HTORHMAZ Y LT Ar £ a 2 N, 2 H v 228 A9 RU
B AED TN R E HbEE L T asT, RIT AL &35 2 8 o
o (N #0121, RIDIE A 2 @B pit 2 KTB SRR 1z
AFFT BIBBE X 2 s, BB SBUGAME T L, s Ly
HOVERD7 +— 3 - 7T 2HRHBHEENL, Z0O1n KTB 2
L BWRAEREE, RH Qabisa S [N) ﬁfﬂl;hfi‘f{’r*tt
B LT Fig. 12020814, BLMBEEAER OB [N] 20050

Molten bath

Fig. 8 Schematic illustration of the decarburization mecha-
nism of the KTB method

[C]0.12%»001%  [C]0.20%  0.01%
Unknown 9.2% Unknown 2.1%
O> COa A% Mr;-o (SUS304 grade)
12.3% . n 3000 —
‘ . KTE RH initial [N]
SiwSio2| 1.9% | P > | — 5 [500-2000ppm
Mn»MnO [ _LT% | €03 E 20009 —a— 500- 800
CraCnod 13.5% & i
75.8% =
C»CO| - ’ Z 1000}
35.4% C > COo 4
20.1%
KTB K-BOP 0 ; y ;

0 10 20 30 40 50

Fig. ¢ Comparison of oxygen balance between KTB and Treament time (min)

K-BOP (SUH 409 grade) . . o i
Fig. 11 Change in nitrogen content during RH treatment

{SUS 304 grade)
100 (SUH409 grade)
= 90 F
g RH initial [N]
& 200 5 gol| —O1500-2000ppm
b L
z £ —&— 500 - 800 ppim
4 ce
=) 100 ¢ k] - 70k
g3
0 1 L L g _:3
Conventional Conventional [mproved e § 60
method method- method c R
(K-BOP+RH) (K-BOP+VQD) (K-BOP+KTB) 23 5
B i
o
Fig. 10 Comparison of final [C] + [N] level between o= (5US304 grade)
experimental and conventional method (SUH 409 40 . .
grade) 0.05 0.06 0.07 0.08

Average [C] (%)

Fig. 12 Comparisen of oxygen utilization efficiency for
decarburization during RH treatment (SUS 304

0. 01% DU T OREE T » 25 Hobs LT g, KTB T LI grade)

PR E AL SRR A2 35%, Cr, Mn, SiDAE{LIZ &R #1305
% T.7%, L9% MR SIS, 272, M ED D B 32%13 2

SOBBE I S L, R ERE R0 2%RE T H B, — 4 K . sfo (SUS304 grade)
BOP T3 % R 41T - T 5 DT, BIGHER %13 1009 T 5
BhH, EN9 BERISHNIS I BREEH20%T, Cr HREILE §2 1o S
8% bRIHSALS, L7ehi~»T, KTB Tl K-BOP ¥ [k# LT Cr g o o
DAL % LD B BIRATGE X 240 5 2 - hi5in EE ; o
PATs72 & 507, RRH 4B 50T KTB :_r-%umm Zk £5 Ol &
SN, RIS TR BB T T & 2 ), 2 BB ;,525 i
W2 E B S CO FURIS & - TR LG AL 1 L. Fig. 10 {27} 0 .
TE5i2, K-BOP-VOD 72t 212U+ 2 C+N L~ & Soft blow Hard blow
S EANRE L o 1, Fig. 13 Effect of blowing condition on oxygen utilization

efficiency for decarburization (SUS 304 grade}

NF Rk Vol 26 No. 4 1983 — 5 —



ol RHUBEA 212510 AF » L 2 BIlLbREAE e d 2l 77 a 4 204 0. 291

IGL s Az b LA KA TH R RER L LTy 3 2 2 ath
LR AN

50T, EM o EHTRLS T =1 s 7 LT AR FT
G AR T A2, KTB 5 » 203 5 F AR 28
WL TH YRR, FOMME Fig, 1312001 A7, BGE SR
(4, KTBiz k3 Lk s ita v 7 7o —{L¥4 2 22 1)
T A S = e N L2, Sduid, WELgNNIS BT AR s KA
WBOBIZHE S WD 7+ — 3w 72 5T BINICEIT A Lo

/ KTB lance

Foaming

of melt N2and CO
bubble generation
area

Molten

bath

Fig. 14 Schematic illustration of decarburization mecha-
nism when molten metal is foamed by N. and CO
bubble generation

0127 (SU3304 grade)

oaLf
Iy instalied :
E oo S
5 l LiKTB
= D08 i | seft blow
§ | rearment
T 0.07F :

006F @

3 :
0.05— L L S

Conven-'92  '92 92 97 93
tional 1Q 2Q 3Q 4Q 1Q

Fig. 15 Trend of [C] content at the start of RH treatment
(SUS 304 grade)
{SUS304 grade)
100 y
g V30%
5 80 ‘L
ki
7] 60
23
g5 0+
%
x 3 20
R
= o 0
Conventional Improved

Fig. 16 Comparison of total FeSi consumption for reduction
hetween conventional and improved process (SUS
304 grade)

CO /18R L, K BERERFE Y772 —{kT5 2k
t2 k0, R PRI E L UCAROBEE R DRV AL IR
B s LLabo B oiid, ZoMENiEN £ Fig.
1412737,

IO ESBEREYT Ny AR & 1T 0 MR TR, R
ML F LA SR E R s B TR 2N L, 27
PAMBRE LTV T T 0 BRI A LR L Tv B,
FPHML, SUS30 ot [C] I Fig, IR T L2 R 24
LI EHTE, KBOP (I A FeSi AN L L
Fig. 16 1205 F 7k ¢, Bl b g L T4 0% ek 5 2 kA0l gt

T,

6 KTBI- & 28Rt AR

XD RIIBLA AT, HMOAT 3 v v 2k BN S
LGN E L, FOERDLHITENNAEE Iy T, Ly
L, FORIMM o E VRl L 5 A0, 261203
HE PN £ AR b 57T LT,

Al KTB SfMisas A L, ik ARlRE2mm izl 2k
D, WINTO 2 AN AL AL X AR NI AT L R LA,
RSN F RO 2 1 A2, FERLAN AREL ST
M523 o AFFME M TR L FTv, 5 AJLHEN LR 2EMT S
Foroyn, BRI ENDR LRSI L TR o iR R L
b L 72, o84, RHEAMNMEHFLEI I XA E®LL, q
BB ase eI F Atz A F -4, 2o Lo E
B N A N F £ T SR AR AN

7 SUSIMRERL

K-BOP-KTB 7ot A &L, 27> ZMABERLT,
RIS E oLt B USRI o S I 5T S L/ LIS (08
70, ML WAE X T RH i o R0 O 35 1 & A7 N sl L
fronT, Sl el E (total oxvgen (T.O) #ifiEis vt —+F
MEEAYI A NI L0 E R L, P LTIk
49 S5pom A b 42 8ppm TN T 2 2 2T E L, FOMKE,
SUS 304 I 5T~ oeD /A, Fig, 17T 12083 L 2 fikk
DN 30% £ T L, A ETA Mz 1 Lz,

(SUS304 grade)
o base
£ 08
3
(=)
-g-g 0.6
=8 04| 0.29
L8
E4 02
0
Conventional Improved
{Average {Average
total oxygen 1otal oxygen
=44 Sppm) =42 8ppm)

Fig. 17 Comparison of the scab defect detection ratio of
cuil between conventional and improved proecess
(SUS 304 grade)

N gkt Vol 23 No. 4 1993



292 $ERT, REMEA R B3 A F & U R Bl A S Ll e 7 o 2 A T

8 & B

AT AR D AR I L2 I LT, RHW
HAZBST My 77 AREIREL (KTBH) #BAL, I
BOUZ B SN E HRBR L LA Ghe s K-BOP-KTB 7o+
ZEFELL. FORBIIECTHOALH BRI FOEBY T H
b,

(1) fEKENK-BOP-RH 7o+ Az L, K-BOP-KTB 7o+
A, WRMERERAE T K-BOP X RH 8L 222 =2k h,
IEM HIR W T O KEE I E R LT H I LT E, 27>
L SR B B LR B 2 L AvRE R e 12,

(2) #SAUREMOERIZE TR, K-BOP-VOD 7o+ 22|18

Bt 288 C+ N Ak L7z,

(3) SUS 30 "FoifiH My [N] @EDHA Ly BT 450
Tt Bibeht T No F B2 & 0 RED 2L A i e 2 f o
[N] #4313 By, = 1TSUCTFTORAUNE TN (A ), RH 2
PEMPMIZ IR DT & b LA RGN £ Y, Ao
HWAT r— 1 7T AERME I,

(4} ZPEH % &M FTIL KTBARESRMF2Y 7 L 7o —{b+
F R OB KPP R S LT P SN

(5) KRTD &NEAM MMM EHAMERES DR 212
DRVAM LI L2 b 7 7 hssslie b Ao, 7

(6) KTBIRMERM Db, MM & s Tkt
D B EREEHUE FL, KT L RNz L,

& £ X M

D 7o b2, s 3118, 119 M S ihiame, (1987, 1

2 RES L, I B MR, HEIEE T, R, MR g
IR B, 15 (1983 2, 21

3N MW=, FEA WL, BHCL—, TURTGH, Lk Birdd:
Nk WSk L 17 (1985) 3, 202

4 HIME =, 200 B LMk, TR, OAMEZ BT —;
B8, 76 (1990) 11, 1863

N W B3 8 Vol 25 No.o 4 1993

5p Il =, no s —, ¥EEE SE AR MR s Vot 2, 2
(1989} 1, 249

6) LS —, Ol %=, BEE W, HIRERD ME YT e e, 2
(1989) 1, 290

VoOEEE L NN KR BONTRE— NI BIEEE A 25 (1993) 2 79

8 CFERE 19 EOSr RBLOSOMESEN, 49 5 LK 83

-



