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Synopsis :

At present in Kawasaki Steel Corp., commercial grade stainless steels such as type 430
or 304 are produced by the K-BOP-CC-tandem hot rolling mill-sendzimir cold rolling mill
or tandem cold rolling mill processes. We developed an SS-VOD process in 1977, and
various new ferritic stainless steels, such as ultra low carbon and nitrogen high
chromium ferritic stainless steels, are produced by this process. They are extremely
improved in wet and dry corrosion resistance, weldability, and press formability. Various
kinds of austenitic stainless steels have also been developed by other techniques of alloy
design concerned with stability of austenitic phase or alloy elements. These austenitic
stainless steels are exceedingly improved in press formability, oxidation resistance,

cryogenic properties, and spring properties.
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Synopsis:

At present in Kawasaki Steel Corp., commercial grade stainless steels such
as type 430 or 304 are produced by the K-BOP-CC-tandem hot rolling mill-
sendzimir cold rolling mill or tandem cold rolling mill processes. We develop-
ed an $S-VOD process in 1977, and various new ferritic stainless steels, such as
ultra low carbon and nitrogen high chromium ferritic stainless steels, are pro-
duced by this process. They are extremely improved-in wet and dry corrosion
resistance, weldability, and press formability. Varicus kinds of austenitie stain-
less steels have also been developed by other techniques of alloy design con-
cerned with stahility of austenitic phase or alloy elements. These austenitic
stainless steels are exceedingly improved in press formability, oxidation resis-

tance, cryogenic properties, and spring properties.
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Fig. 1 Manufacturing process of stainless steels in Kawasaki Steel
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Table 1 List of stainless steels developed by Kawasaki Steel Corp. (%)
T Referred | o .| T '" - o e
E Designation of . . . Improved
des(;%njzitslon developed steels C Si Mn Cr Ni Mo Cu others properties
T 7 11,50 T
SUS 410 R410L <(.030 <1.00 | <1.00 1 — - — —
| 13.50 o Weldability, oxida-
1.00~ 19.00 tion resistance
SUH 409 | R 409 SR <0.015 : <1.00 t — — — | Tig0.50
2.50
12.00 _
16.00 . Drawability, Welda-
R 430 LT(N) <0.030 | 0.75 | <1.00| 1 — — | — | bility, corosion &
18.00 : -+ | oxidation resistance
h 17.50 0.40 | N<O.030 |y vy
R 430 CuN <0.030 | <1.00 | <1.00 ! — - ! | Nbx= crawaoLity, corro-
19.50 0.70 10(C+N) s10n resistance
16.0 0100 N<0.030
SUS 430 R 430 LNM <0.030 | €1.00 | £1.00 1 — 080 | — Nb 0.20~ | Corrosion resistance
L 19.0 . 0.70
Al 2.8~3.6
14.50 Ti0.10~
o ALT-15 =<0.015 | <£0.50 | <0.50 ! s — — 1.00
2 15.50 REM Oxidati -
5 0.1~0.6 xication resistance
. o o 25~ | 1750 Al2.8~
ALT-18 <0.012 | <0.09 "0.50 1 —_ — — e
) 18.50 )
. 16.00 0.75~ Ti{Nb)
R434LT-1,IN-1] <0.020 | £1.00 | <1.00 191 ol 15| — | 1K€ +(I;I)BE Corrosion resistance,
SUS 434 R R N S o weldability, worla-
17.50 175~ Ti(Nb) bility
R434LT-2,LN-2; <0.020 | <1.00 | <1.00 t — oog | — | 1B(CH+N)~
_ _ 19.50 Y| 0.8
SHOMAC RIVER 25.00 0.75~
26-1%1) <0.010 | <0.40 | <0.40 t — Ve | — N=<D.015
27.50 .
SHOMAC RIVER 25.00 3.75~ o
O6_4¥1) <0.010 | <0.40 | <0.40 ! — 450 — | N=0.015 | Corrosion resistance
2750 :
28.50 1,50~ i o
SHOMAC 30-2%¥0 | <0.010 | <0.40 | <0.40 l — '2 50| N<0.015
o 32.00 .
00~ | 10.75
R 410 DH <0.020 | =0.50 | Togg b — —  |<1.00 — Weldability
' 13.50
5]
é SUS 410 R D % 1.00~ 10.00 C+N: Weur & corro}:iion
o 410 DB <0.0 <0.50 : ] — —_ —_ * resistance, easy heat
= 2.50 14.50 0.04~0.10 treatment
= 0.95~ 15.00 T
HCS 16+ : 0.40 <1.00 | <1.00 H — — — — Corrosion resistance
' 17.00
13.00 6.00~ 1.00
R 304 UD <0.15 <1.00 [ <2.00 t ‘300 | =100 1 —
. 15.00 i 3.00 Prawability
R 304 MN#*® 0.034 0.15 8.6 15.5 2.5 — 2.5 —
SUS 304
16.00 6.00
R30I L <0.03 <1.00 | <2.00 H '8 0"(') — — — Corrosion resistance
13.00 :
2 R 301 R#H0 .12 0.90 1.03 1 16.30| 6.25 — — — Spring properties
' 18.00 |5 00 1.0 - T
§ R 304 Cu <0.080 | £1.00 ! <2.00 1 10 g(') — ! —
< SUS 301 20.00 ’ 2.0 Stress corrosion re-
T 8.0 | 1.0 sistance
R 304 Cul <0.030 | £1.00| <2.00| 1 el = ) —
L 20.00 ) 2.0 -
SUS 316 R 316 LNX#*3: 0.024 0.52 1.00 | 17.38 | 11.98 — — ¥ ? (1)8 Cryogenic properties
e 17.00 [11.50
RXM 15 <(.080 3'(5)066 2.00 1 H — — §%¥~0 2 Oxidation resistance
1 : 23.00 | 15.00 ) ) .
Notes *!' Developed in co-operation with Showa Denko K.K.

#2
#3
*4

Developed in co-operation with [Honda R & D Co., Ltd.
Typical chemical contents
Developed in co-operation with Nippon Kinzoku Co., Ltd.
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Fig. 2 Effect of C contents on bendablility of TIG weldment
and Erichsen value in 1294 Cr stainless steels (1.2 mm
thickness)
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Fig. 3 Effect of C content on weight change of 12% Cr steel
in cyelic heating in air at 900°C (1 h heating, 5 min
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Tabel 2 Welding conditions and hending test results

Welding Welding condition Max. angle of bending™® (°)
method Current Voltage Electrode Duration Velocity Welding e \ P
(A) V) force (kg) | (cycle) | (cnfmin) joint Remarks | R4S0LT | SUS430
8000 — 400 5 — lap electrode 180 110, 180
Spot weld 9 300 — 400 5 — lap dia. 180 110, 180
10 500 — 400 5 — lap 5.5 mme 180 100, 105
70 20 — — 30 butt 180 30
TIG 80 20 — - 30 bue | Ar flow 150 20
10 {/min
90 20 — — 30 butt 180 15
¥ R=2¢ for spot weldment and R=0¢ for TIG weldment with 1.2 mm thick stainless steel sheets
AIST409 (1 %0.-N,, dp55C) 17
ek ° T 1T P T
900°C X1h
AISI 409 (air, dp55'C)
a5k SUS 430 (1 %0:~N,, dp 55°'C)
150°C

20l SUS 430 (air, dp55C)

AIS[409 (air)
t

1
15 |'
1

Amount of weight increase (mg/cm?)

! SRl dpsic
gair, dp 5!
i R4t SR I IPC
: #1 %0,-N,,dp55C
| i AISI 409
; 1 %0,-N., dry) SUS 430
/ (1 %0,~N,dry)
] SUS 430 (air),
5 S
Vi
/
/
s
’/
’..-ogs
1 1 k 1 1 A
0 100 200 300 400 500 600
Number of heating cycle
Fig. 4 Oxidation resistance in wet atmosphere
Table 3 Corrusion resistance of R 430 CulN®?
) Pitting
Designation CASS ss‘;n!it S0; potential %‘(ﬁ)z(é]l
g test? Ll; ‘tc); test® {mV vs, testf§
i SCE)
R 430 CuN 9.6 10~9.8 9.4 222 13.18
SUS 430 9.4 9.8 8.2 122 26.55
SUS 434 4.5 10~9.8 9.4 153 —
SUS 304 9.8 | 10~9.8 10 336 12.04

Notes *? Bright annealed sheet of 0.4 mm thick
B JISD 0201 (49°C, 16h spray +8h rest, 3 cycle)
e JIS 72371 (5% NaCl, 35°C, 500 1)
43 DIN 50018 SEW 2.0 S (40°C, 8 h)
bye,%) corrosion resistance in estimated by rating number
€} #600 polish, JIS G 0577 (3.5% NaCl, 30°C)
2 JIS G 0578 (35°C, 48h), corrosion resistance is esti-
mated by corrosion rate (g/m?2-hr)

10

Corrosion rate (g/m? - h)

10t

10672
0.1 0.3 0.5 1.0

HCI (wt?)

Fig. 5 Corrosion resistance in boiled dilute HCI solution

ALMR L Ao T, SUSS0M v itst s 445, R430LN
T Tiofbhic Nb&fnLiMEicle LT HERED § Ak
Ykt EEME ORIl ST WS,

R430CuN i, H#ittom e BA ft Az EHLATRIERS
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Fig. 7 Corrosion resistance in 10% FeCly-6H:0 solution for
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Fig. 8 Pitting potential in 200 ppm & 1 000 ppm Cl~ aquious
solution
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Fig. 9 Pitting corrosion resistance in 109%FeCly-6H;0 solution

for4h

Table 4 Corrosion resistance in inorganic acids!s?

300 Testing load @ 1 kg
(g/m*-h)
Stect 65%HNO;| 594 H, S0, | 0.59%HC1 | 194HICI
B.P. B.P. E.P. B.P.
& 250
SHOMAC = Deposited
RIVER 26-1| 0.104 0.28 | 0.06 53.8 < Mother motal Mother
SHOMAC 30-2 0.005 0.20 | 0.044 0.55 = metal Heat Heat metal
SUS 316L 0.028 4.98 9.42 16.2 200 affected affected
e .
SUS 364L 0.144 | 183.0 7.11 12.2 zon zone

Table 5 Corrosion resistance in organic acids'®
(g/m?-h)

Steel 809 CHsCOOH| 509%HCOOH |10% (COOH):
B.P. B.P. B.P.
SHOMAC
RIVER 26-1 0.00 G.09 0.34
SHOMAC 30-2 0.00 0.07 0.14
SUS316 L (.19 0.45 (.86
SUS304L 0.29 0.46 —

Table 6 Corrosion resistance in alkaline solution'®?

(gfm?®-hr)
30% NaOH + 1094 NaCl| 50% NaOH +5%; NaCl
Steel +0.052% NaClOy, +0.05%NaClO;,
9Q°C* B.P.#
SHOMAC
RIVER 26-1 0.016 0.13
SHOMAC 30-2 0.007 0.019
SUS 316L 0.13 3.2
SUS 304L 0.095 —
Nickel — 0.023
Notes * Corrosive environment of 2nd evaparator in actual

caustic soda manufacturing process
*¥ Corrosive environment of 1st evaporator in the same
process

--0—- Backing shield by Ar gas
- -#--Without backing shield
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Fig. 10 Vickers hardness of TIG weldment of 2.0 mm thick
R 410 DH
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Fig. 11 Relation between quenching conditions and hardness
of R 410 DB {cooling rate 30°C/s)
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Fig. 12 Weight change in cyclic heating of stainless steels in
air
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