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Stainless Steel Production Technologies at Kawasaki Steel
—Features of Production Facilities and Material Developments —
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Synopsis:

Kawasaki Steel has careers of more than 40 years in stainless steel flat rolled products. History of the company in terms
of production facilities and developments of stainless steel is described. Features of the latest facilities are also described.,
Significant points are steelmaking process of Cr-ore smelting reduction with combined blowing converler, powerlul hot
rolling mill, highly efficient cold rolling with cluster and tandem rolling mills. Using these facilities, Kawasaki Steel pro-
duces many characteristic stainless steels, especially of super ferritic grades. Corrosion resistance, press formability, oxi-
dation resistance and other performances of developed steels, named “River Lite” series, are explained briefly.
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Table 1 Stainless steel history of Kawasaki Steel
Year | Main facility installed Developed steel | o Note o
1954 F o i Start of production of stainless steels usmg facilities for ﬂ:pe(_mlw
SN o . ' carbon steels {c astings and b hot banda) .
1955 ! i Start of cold rolled flat productb
1956 E T T T Triply elad steel ! T )
1962 ! (Ny No | Zr. CB3, GGR, Bell I, I "1 Start of mass production of stainloss steels at Nishinomiya Plant
i No. 1AP ‘ Start of hot rolling with hot strip mill at Chiba Works
1964 (N) No.Zz AP | T ST
1966 : (N) No.lEF . : )
1967 (N) No. 3 AP
T 1968 (N) No. 2 EF, PC, No. 2 CB, ’ o - )
| No.1BA, No.2Zr
T1971 . (N) VOD, ASEASKF - S -
1972 ! | RazoLT Regiéf?ai.ion of trade mark as “River Lite”
1973 (N) No. 3 Zr Start of steel making at Chiba Works (L1DD/RH/IC, CC)
TT1o75 '(N) No. 4 AP o T o o o T "
1976 "9 new River Lite series | Establishment of S&VOD technol?)gy
developed
1977 R304UD, R301L
197877777 oo T T T cooT T 7""""R30'2 -——— EE - - B —_—— —_— - -
1981 (©) MF, KBOP . "Sh_;[-;.l;;wﬁ“()f_.l-\iishinunﬁ-y“;-s.“[.iF, and steel making transferred to
VOD (Transferred) Chiba Works in full production
(MF}-KBOP- RH(()rV()D) -CC
1982 T RZOQL R410DH - bta'r't of type 408 productxon bv tandem mill rollmg T
1983 {C) HAP (Transfcrr(fdf T Rfl_l_(-lT)_[_%“ . Transference of No, 4 AP from | Nthlnl)de | Pant 1o Chiba Works
1985 {C) Coil Box - ‘Commercial 1 produnh{m of R409L with Ta-mill
71986 (N} No., 2 BA R20-55R Start of smelting reduction of Cr-ore pellet S
(SR-KBOP-RH-CC)
Start of foil rolling with Zr mill
1988 | (C)y CAL/Pic ’ ’ I
T 1990 [ (C) SCM
T1991 | (C) CAP R315CX o o
1992 (C) Finishing facilities R445M'1‘,'"R.'3(‘}/Vllsw- - Establishment of production process for bright grade at Chiba B
Works
1993 R429EX, R20-5USR,
R4361.1, R432UTM, R439
1984 | (C) SR.DC, VOD, CC RA30UD, RSX 1, R430XT | Start of smelting reduction of Croore sand
1995 | (€) No. 3 Hot o R i
1996 o (N) Revamping of No. 1 Zr for foil rolling
. (N) Nishinomiya Plant, (C); (,hlbaWnrkﬂ. R; River Lite i
Zr; Sendzimir mill, Hot; Hot strip mill, CB; Coil build-up, GR; Coil grinder, I¥; Bell type furnace, AP: Annealing and pickling
EF: Electric are-furnace, PC; Pressure caster, BA; Bright annealing, VOD; Vacuum oxygen decurburization
{C; Ingot casting, CC; Continuous casler, S5-VOI); Strongly stirred VOD, MF; Electric are melting furnace
KBOP; Kawatetsu blowing oxygen process, HAP; Hot band AP, SK; Smelting reduction, DC; De-carburization
o4 B UHT OBERS A Fig, 1 (2t HELE TP (SREKCE; L., FHEMFGHL-HETFUBE R GG L T s 2 8 20 )
Kawatetsu combined blowing converter) (Zf5\ v T, PP L 294 AAEFAIL Tv23, Fig. 2 {2 VOD T 18% Cr & 30% Cr 3 ik
#h& . STAR (stainless advaneced reactor) i L D@zt # 2 F &2 MPET ATt Kk — b4 A4 T TH - TE 0o A PR it
UL AR (27 —3) L2070 7 FHEREL, Cr 0EE EHTIEG

BRICT S, v AR UEME (DCKCB) € FeCr, Ni &%,
0T T ERMAFABKBIC LS EEEREIT, & 612 VOD {2
SR C+ NHIHE LTS, SRKCB i AREr &z L 0, B
Ok Cr #0007 v 20 L ORBRIENE X7 7 o SO RERE & 0]
FEIZL T d, SR, Bk & L Twdioshic vwihd [
la-—‘;yzfa-r):ifj{%ruﬁcéii&. 5170 T s B s R B

b ﬁi‘fﬁ?ﬁ\btﬁ%:ﬁ%‘ ALY TN A AERE AL
UJ'C'J\"«”EEE}I'X? KoM A HE LTS, VOD cf)iixzfaﬁ
Hiid 178t T }\r:L L2y b Tk BRI R
A=k l UHF‘"JI/1'7’5'*Li\éfljlf£“ﬂfifzh J;D
HR 5 MURE b 00 i e LB BERI TR 2 41 0 SR - BB A ol fiEi2 L T

-

MR FRE A Vol 30 No. 2 1998

&‘m@#i” AR E L TADE L (CF) & 77 ¢ o

oo ERG, EPENT ARSI LTS, EGERYE 25m ¢
BE, R ZATE X 200 &5 20 260 mm, fe KB 1650 mm T
B0 R AR L SUS30 T 160mpm. SUS430 T 1.55 mpm

TR L 2B D

2.2 BRI - MiEE - BB TR

FAINIT BB L3 4 RISKIEGD M s BT HERR LT do > T it 1062
EONLE R 50 FRERERINO F o b2 B Y o I L BT

B 51, F 2 BT URORIERET 1995 S

O3 EAMEVLEHE 1Y (No.3 Hot) ~ X 4 -7, Fig. 3 {2 No, 3 Hot"

- —



NSO 25 > b AR

IO TEI & BN HE

- S -
Direct reduction of Prevention of
chromium are and chrominm oxidaticn

serap melting by using mixed gas

L -

Tlot Metal SR-KCR
dephosphorization

DCKCB

Combined Decarburization
+ VO l

- - —— . .
i

Lower cost refind X )
! - .' cast rining High quatity and
| for high wrade steel

‘k by VOI) process
r

\

High speed casting

-

Nod CCM

7o T oY Ml 01648 M
—
Terap.| 1250°C ) ) .
| 1€] 4% Tgmp. 14700 L Temp. 177()()“(' Temp. 1 080°C
[Ce] | 0% ICl | 5~6% Ic) | o.10—030% [C] ] 0.001~030%
IF] 0.01% [l | 9—13% {Cr] 11~30% [Cr) 1~30%
Retun to SRKCB

Fe-Lr alloy

Cr, Ni containing dust

generated from SR, DC-KCB

STAR process i

————— Recyele o STAR
process as Cr, Ni source

Fig. 1

10000
17

'y

N%Cr

1000 Hot

18% Cr

[C] (ppm)

OEE AT

m%%mn%ﬁT%&éhé
BOWMEHMEDE A ZT L ZHISEIIL Tk,

BEOIIHE SR L, MR 4
0 aRiE T A& TR

The latest outline of stainless steelmaking process
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Fig. 2 Resulls of VOD operation for super ferritic stainless steel
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Condition of electrolysis:
Anodic elecirolyzing period; 1.6 s
Current density; 20 A/dm?®
Temperature of electrolyte; 60°C

0 - L
9 . * ity Completely descaled
i -
@ Incomyletely descaled
d [ ] -
% o7 - . . . .
o e
=6 . [s] - .
E 5 r ol o o o - -
E | \
fé 4 ) o o o
=l [ ‘
) -
R ® 7.0 ol o |
] . -.0 [
i ] [ IR«
1 . [ [ 3
0 RN R | - ———— S
{ H) 200 300

Concentration of HNO, {(z/#)

Fig. 4 Optimum range of concentration of HNQ}, and HCI for

electrolytic descaling of R409L annealed in CAL

KERE, 96 I 5O No Ll Zr IAFRH LA, BT
DITHERI L0 I8 LT 20CrHAl I EITAEL T m T 304m
FTOMELAARETH S, T LIPRMIEAIORSH BA D (No. 2
BA) Tk »TuV 5,

3 AR

Jig SO RGO b KE A TIS SRR LA O I e HARE O T
197 O VOD O AL E 5, SREEHMEOBIZE-T, &%
EEODHIFCRAMIT OB - HEAER S h, Fhids
ALENTHLS, BB EROMERY v 2 AR E LT
Js3i— 7 4 F 430LT (River Lite 430LT ; B§ L "¢ R430LT) Tk D"
SUS430 (MihFid SUS2) AR C+ N & L Ti ThoElb L /- fdfi ¢
&9 SUS304 (k] SUS2T) OB B E L THEEL A,
F O, VOD OB - BB & NNIZ L SSVODW k-
Taeid, ThEold@ftoms BBt TEhsh 5724 Cr,
Mo @M E~E ML TIr <., SUSM34 @ Mo & 2% & L1
R4Z4LN2Z 213 L E LT 30%Cr2%Mo # 2 Co—ld ) —
W APHIH LA, GRS T RIE D MO R TR
BT S - s SR Al OREHES, IUkSIE~v LT 4 A
bu&%ﬁﬂﬁﬁ%ﬁﬂmaaufha%M@D@ﬁﬁﬁﬂwb
EEMTHS. A - AT A PRTIEFLATRIN L BRIt
mmn@ﬁﬁhﬂmmﬂﬁ.MI£@«»7/&4b:& s
MEOU T A & AES bz, BIRIMELL 2 2 TR R
A il A U I R $$uLﬁtw%bh AR
TR ANZE THUY R EEL T 240855

By ri—-3 4} o) — 04 MFE4 Table 2
Bl F A RO 5 R 5

AR, HETE

31 SMEtt, SmEMEIXT L AH
27 L AROM AR IR L D A AN O &
Mo @R TIE EH G, CHmed Cradbmoliibiiz L s Cr k.2

B A Ui R E R TR A KR T S B St & ke
TAHEMIZEIE C &L, FOIIEEICHEE LT Ti ¥ Nb #5FEN
Ehd, FEESOBMEE Rg 50 R L5102 C 0 N A0 HE
AL T LM E 2 RA D0 E T P TE< 4Bl s



IMFREE e 2 7 0 L R ARG SO TERL & R ié - 73

Table 2 Kawasaki Slecl's developed stainless steel “River Lite”

series

:a1?a£‘férisn.i i Alloygf.blgn ] i Prnu 55 Mam { dlu[(,‘; and ap dpph(atmns ___________
Lmjmsu_m R302 20CT-2Mo-Nb ¥ 7 The highest corrosion resistance in the series. Appluabl( o
resistance arc hxteuureq In severe cor rcmw envnronments

High E : al
R4 24Ce2MoNb | F 7 igher corrosion resistance Lhan ty;)e 3106. Applicable o
o B architectures i in sca side anromnents
D aasmT 59011 SMo-Ti y 7 C ompamble corrosion rulstame 10 Lype 316. Suitable to
] archlledures and hot water apphcatmns
R434LN-2 18Cr-2Mo-Nb F Z Good cnrroqmn I’L’blbtdnu? asa qubsntuuon In type 316. ‘General use.
RSX-1 18Cr-1.5Mo-Ti5 o ZT Good corrosion resistance as a subs uhon to type 304. (xuleral usc.
SCC resistance R315CX 19CH13N-3Cu-3%1 A Z High SCC resistance. Suitable to hot water equipments.
Deep drawing RA20UD 17Cr r 7 Deep dr.iwmg qualny aof type 430 with high unti-ridging property.
General use.
RATONT 17Cr-Ti F 7T Deep drawing qudhly with good weldability. Better corrosion
resistance than type 430. General use.
S ics as R43 i b inste: ias a stabilizer.
RA3OLN 17Cr-Nb P 7 S‘ame propertics as R430XT, with Nb instead of Ti as a stabilizen
General usc. L
R304S LACEON 1 Cu A 7 Low work hardenability and easy forming with low magnetization.
! General use. B
Automolive R409L : 11Cr-Ti < 2T Standard grade for exhaust systems.
exhaust ‘ ] e . Better corrosion resistance than R409L. Suitable to muffler
—Las 39 g z
avaitahility R439L 18Cr-T1 F ZT application.
; d sion resistance of R4391. in ot condensa
RAZILTM 18Cr-0.5MoTi F 7T Improvet  corrosion re sistance of R439L in muffler condensate by
Mo addition. i
R436LT 18Cr-1.2Mo-Ti F z.T “The hlghes( gc)rmc.mn resistance in mufiler Londensal( with 1.2Ma.
; l h. able to hot
RAZ9EX 15Cr-0.85-Nb. Co E 7T Good forma sility and high temperature strengtl ‘Suitable to ho
end application such as exhaust manifold.
cal ; B . T H ion Te sil 1
Heat d{ld RAZOCUN 19Cr-0.5Cu-Nb Pl 7 Good corrosion resistance and high tempcmlure strength. Suitable
corrosion to hot water Lqulpment and exhaust manifold.
resistance o § : T th. Suitabl
RAZOLNM 17Cr-6 5Mo-Nb F 7 Good corrosion resistance and hngh temperalure streng uitable
to hot water equipment and exhaust manifold.
Oxidati T The best oxidati istance il application. jcable t
x1. ation WOSUSR 20Cr5AM 2 " 7 The best oxidation resnst'l.nce of foil application. Applicable to
resistance ‘ catalyst substrate and resistant heater. ) __
) Sood oxidati i - with fo ili dability. Suitable
! RAOISR 11Cr-1.580Ti - 7T Good oxidation resistance with formability and weldability. Suitable
| to burner application. o
Functionabiiity RATOL 130T F 71 Standard grade for general use. Impraved formability and
weldability by reducing C and N content. o o
. S suenched-in ha d ductility. Suitable to brake disk of
RA1ODE 15Cr-L 5Min M H,Z Stable quenched-in hardness and ductility. Suitable to brake disk o
- molor cycle _ B
R41013H 12Cr-1Mn-Cu F H, % Good HAZ softening resistance. Suitable to weld structural use.
RAOIL 17CETNE i A“ 7 Hiiéﬁd‘:lre_-n-gth and good faligue property. Suitable to rail way car
components and thin spring use. _ .

R: River Lite for r,]'mrl l* Ferritic grad(_ A Austemtlc grade M: Martensitic grade

Production Process H: Hot rolled, Z: Sendzimir mill rolled, T:

vTr (°C)
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3 100 200
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—40

Effect of C + N content on ductile-britile transition tem-
perature of 17% Cr stainless steel TIG weldment (3 mm
thick hot band)

Fig. 5
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(@) The most severe corTusive environment

Southern sea coast in Okinawa

Fig. 7

(b} Severe corrosive environment

Sea coast at Shionomisaki

(c) Moderate corrosive environment
Inland at Igaueno

SARN: Rating number determined by Japanese Stainless Steel Association

SARNS: No rusting, & Slight stain permittable, 3: Red rusting, 0: Severe rusting

Helation between pitting index and rusting evaluation of SARN after one year exposure in various environment

Testing condition
Thickness: (.68 mm

Punch dia.: 33 mm
Blanking force
for ferritie grade 0.51
for tp30d 1.0t

Lublcant
Punch side: Vinyl coating

R430XT R430LI1 SUS430 SUS3

(LDR = 2.5) (LDR - 2.06) (LDR = 1.61) (LNDR = 1.94)
[E—
10 mm

Die side: Water soluble lubricant

Photo 1 Appearance of ridging and drawn cup-height of R430UTD) and R430XT afier Olsen Cup Test
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Fig. 8 Comumecrcially available range of r value and ridging grade
and r value of R430UD, R430XT and RSX-1

Si content (%)

Cr content (%)

Fig. 9 Relation between Cr and Si content on the oxidation resis-
tance (After oxidation in air at 950°C for 300 h. @ denotes
abnormal oxidation)
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Fig. 10 Effect of rare-earth metals on duration of ALO, forming

stage under oxidation of 50 um thick Fe-20Cr-HAI alloy
foils at 1100°C in air
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Cover glass
- Tall beaker (500 m#)

< Specimen

Procedure:
Specimen pre-oxidation in air af 4007°C for 5 .
Trull immersion in synthetic condensate at 86°C

4 Synthetic Condensate
Condensing at 80°C o completely dry (300 m#, see table)
1

Water bath (80°C)

Pouring of synthetic condensate

Repeat immersion-dey 10 eyeles

- S {ppm)
C- S0¢  S02  CO# NOy  NO,  CHCOO HCHO COOH-  NHy  dtive
4 ¢ carbon
250 1250 1250 2000 100 20 400 250 100 2500 B0g/f
300 [ ' S T o 1.0
. !
D Corrosion loss (g/m%
Max. depth {mm)
= 200 i ‘E
o £
3 ; z
~g ‘ 05 é"
_ =
100
| L
0 Al-coated R409L R439L R4321.TM RA36IT
slee]
Fig. 11 Corrosion behavior of muffler grade steels in synthetic condensate of muffler
M9 G ecimen: £ x 20 x 30 men, 400 polished ‘ 550 T
FECIMETL B mii, pahshe H . -
: Dip: Salurated NaCl solution © X }}41\()]]3
120 Dry: Testing lemperature in air el o- 5“'? 410
Test cyele: 5 min Dip + 2h Dry + SO e KIS 42011
E ‘ 5 min Air cool 10 cycles A S5 429]
S 100 -
éc : 450
E 80 R40SIL
5 E 400~
g 60 .
: |
] = 350 1
10 i
2001~
20
g e _—_ - : 250
530 60 600 700 T}
Tesil siperature (©C
esling temperature (°C) 2001
Fig. 12 Corrosion behavior of stainless steels under hot salt cor-
resion 150F
N RS R SN S T SN SO O SN S B
700 00 SO0 1000
Lis, %O DR S8 & S0 X 7 > L RO M T Quenching temperatore (‘)
AL TSt aE ]y, 4, 20k sARUEO Fig. 13 Relationship between hardness and quenching tempera-
[CA A L, B0 38 1 bR oM SE LIk = = 20 < ik ture {(Helding time, 10 min; cooling rate, 36°C/s)
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