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Recent Activities in Research of Stainless Steels
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Synopsis :

The demand and requirements for advanced properties of stainless steels for
automotive exhaust systems, buildings, and electric products are increasing. High
performance ferritic stainless steels for automotive exhaust manifolds (R429EX:
15Cr-0.98i-0.45Nb), catalytic converters (R20-5USR: 20Cr-5Al-La-Zr), and mufflers
(R436LT: 18Cr-1.2Mo-Ti, R432LTM: 18Cr-0.5Mo-Ti) were developed on the basis of the
studies of thermal fatigue, high temperature oxidation, and condensate corrosion. High
purity ferritic stainless steels (R30-2: 30Cr-2Mo, R24-2: 24Cr-2Mo, R445MT:
22Cr-1.5Mo, RSX-1: 18Cr-1.5Mo) for buildings were also developed on the basis of the
study of atmospheric corrosion. Investigations into ridging mechanism led to the
improvement of the formability of ferritic stainless steels (R430UD: 17Cr, RSX-1).
Kawasaki Steel produces these excellent ferritic stainless steels by using newly

installed production facilities in Chiba Works.
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Synopsis:
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20Cr-5Al-La-Zr) kU= 7% — M (R436LT : 18Cr-1.2Mo-Ti,
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The demand and requirements for advanced properties of stainless steels for automotive exhaust systems, huildings,
and electric products are increasing. High performance ferritic stainless steels for automotive exhaust manifolds
{R429EX: 15Cr-0.95i-0.45Nb), catalytic converters (R20-5USR: 20Cr-5AlLa-Zr), and mufflers (R436LT: 18Cr-1.2Mo-Ti,
R432LTM: 18Cr-0.5Mo-Ti) were developed on the basis of the studies of thermal fatigue, high temperature oxidation, and
condensate corrosion. High purity ferritic stainless steels (R30-2: 30Cr-2Mo, R24-2: 24Cr-2Mo, R445MT: 22Cr-1.5Mo, RSX-
1: 18Cr-1.5Mo) for buildings were also developed on the basis of the study of atmospheric corrosion. Investigations into
ridging mechanism led to the improvement of the formability of ferritic stainless steels (R430UD: 17Cr, R5X-1). Kawasaki

Steel produces these excellent ferritic stainless steels by using newly installed production facilities in Chibka Works.
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Table 1 Chemical compositions of stainless steels for automotive exhaust system

_ ___ (mass%)
Steels C 5i Mn Cr Mo Ti Nb Others o
RA29EX, 0.01 0.9 04 148 — — 045
R20-5USR 0.1 0.2 0.1 20,1 — — — Al/5.8 La/0.08 Ze/003
R436LT 0.01 0.1 0.2 17.8 12 0.3 —
R432LTM 0.01 0.1 0.2 17.5 0.5 0.3 —
SUH400L 0.01 0.3 0.3 1.2 — 0.3 —
SUS436 1L 0.01 0.3 03 175 0.5 - 0,38
SUS430]1L 0.01 0.5 0.2 19.3 — - 0.45 Cu/0.5
RAZ4IN2 0.005 03 0.2 19.0 1.9 - 0.25
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Fig. 1 Relation between restraint ratio and number of cycles to

failure in thermal fatigue test
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Fig. 2 Oxidation behavior of 50um thick foil samples without
addition of La and with addition of La, La-Zr to 20Cr-5Al
steels at 1373 Kin air

1t B2 k4 ¥ 8T Vol. 31 No. 11999



ao AT v AR 10 0%

0.04

® Lal/AlK
[ OZr-L/AFK

002 -

X-ray intensity ratio

30 20 10 0 10 20 30
Distance from grain boundary (nm)

Fig. 3 X ray intensity ratios of LaL, Zr-L to AK in EDX spec-
trum across grain boundaries in AL O, layer formed on
foils containing 0.12%1a-0.03%Zr after oxidation at 1473
K for72ks
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Fig. 5 Effect of Cr and Mo contents on the maximum corrosion
depth in the synthetic condensate corrosion test

Heat treatment {400°C x 5 h in air)

1
Dip & dry test with beaker

condensate) Refill of synthetic condensate ———1y _
=]
Specimen l . =
(50W % 1001 Full immersion Y
- 1 =
Keeping at 80°C E'
: :
Complete evaparation of solution <
| Water lD s ! E
80°C Soft brushing of specimen =
& washing of beaker
|
Evaluation of corrosion depth & weight loss
Therme-bath

Fig. 4 Method of a condensate corrosion test

Table 2 Chemical composition of a synthetic condensate

Cl 80, s CO2- NO," NQ,- CH,C00  HCHO  COQH NH* Activated carbr
250 1250 1250 2000 100 20 400 250 100 2500 50g/¢
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Fig. 6 Relation between rust area and pitting index of ferritic,
austenitic, and dual phase stainless steels after 3y expo-
sure at a coastal area (Pitting index = Cr + 3.3 X Mao: fer-
ritic stainless steels, pitting index = Cr + 3.3 X Mo + 16
x N: austenitic stainless steels)
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Fig. 7 Relation between pitting index and rusting evaluation of SARN. after 1y exposure in various environment
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Table 3 Chemical compositions of the stainless steels for architectual materials

] i (mass%)
TTSteets | C [ & Mn | Cr Ni Mo Others | PL* Application
. . - Kansai International
R30-2 0.003 0.2 0.1 30.0 0.2 2.0 Nb 36.6 Airport
R24-2 0.004 0.2 0.1 24,0 0.2 2.0 30.6 Niigata Airport
" R44SMT 0.004 0.1 0.15 22.0 0.2 15 | TiNb 27.0 Makuhari Messe
RSX-1 0.004 “01 0.15 18.0 0.1 15 Ti 230 Osaka City Dome
SUS304 0.05 0.5 10 18.2 8.5 — L 187
SUS316 0.06 0.5 13 16.5 10.5 20 236

*PL. = Cr + 3.3 x Mo: Ferritic stainless steels, Pl = Cr + 3.3 x Mo + 16 x N: Austenitic stainless steels
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Photo 1 Appearances of the eaves of R30-2 and SUS304 after 1y
exposure at a coastal area
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Fig. 8 Texture maps for normal direction, tolerance angle = 15°, of the 1/4 thickness ND plane of
samples (a) R430UD, (b) SUS430
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Testing condition

Thickness: 0.68 mm
Punch dia: 33 mm
Blanking force
for ferritic grade 0.5t
for type 304 1.0t
Lubricant

"RSX-1 SUS430

SUS304

R430UD Punch side: Vinyl coating
(LDR=2,12) | (LDR=2.06) | (LDR=1.91) | (LDR = 2.00) !
10
= Die side: Water soluble lubricant

Photo 3 Appearances of ridging and drawn cup-height of RSX-1, R430UD, SUS430 and SUS304 after Olsen cup test
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