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Synopsis :

Ferritic stainless steels for automotive exhaunt systems are reexamined for corrosion
resistance and properties at elevated temperatures. Production process of the steels
using conventional facilities for plain carbon steels is also studied. Stainless steels have
good resistance against corrosion by inner condensate and outer road salt. Ti-stabilized
type 409L is better than nonstabilized type 410L in both corrosive environments. Type
409L also has better properties at elevated temperature and better press formability,
and is considered to be the optimum material for these automotive applications. It is
shown that rolling by the high-productive tandem mill and optimizing the condition of
the annealing process can provide stainless steel strips with sufficient quality of

dimensions, surfaces and properties.
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Synopsis:

Ferritic stainless steels for automotive exhaust systems are reex-
amined for corrosion resistance and properties at elevated tempera-
tures. Production process of the steels using conventional facilities
for plain carbon steels is also studied.

Stainless steels have good resistance against corrosion by inner con-
densate and outer road sait. Ti-stabilized type 409L is better than
nonstabilized type 410L in both corrosive environments. Type 409L
also has better properties at elevated temperature and better press
formability, and is considered to be the optimum material for these
automotive applications.

It is shown that rolling by the high-productive tandem mill and
optimizing the condition of the annealing process can provide stain-
less steel strips with sufficient quality of dimensions, surfaces and

properties.
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Table 1 Properties required for materials of automotive ex-
haust system

Material selection
Parts Properties required
Conventional | Substituting
+ Tensile, fatigue and Stainless
Exhaust creep strengths at . steel pipe
manifold elevated tempera- Cast iron (type
ture 409, 439)
- Oxidation resistance
T Stainless steel pipe covered
Front pipe » Formability by aluminized steel pipe
« Corrosion resistance (type 400)
ir: condensate yp
- Fatigue strength at
Converter clevated tempera- Stainless steel
shell | ture (type 409, 410)
« Press formabifity
Middle pipe, |+ Corrosion resis- Stainless
muffer tances in conden- | Aluminized | steel pipe
and tail sate and road salt steel (type
pipe - Press formability 409, 410}
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Fig. 1 Temperature dependence of steels in weight change af-
ter oxidation of 300 cycles in air at elevated tempera-

ture

Table 2 Chemical composition of standards and typical examples
Ladle analysis value {wt 9%)
Steel grade
C Si Mn P ) Ni Cr Ti

Standard <0.030 <1.00 =1.00 =0.040 =<0.030 =0.60 10.50~11.50 6xC~0.75
R409L

Typical example 0.c10 0.50 0.50 0.025 G.005 0.10 11.20 0.15

Standard <0.030 =1.00 <1.00 =0.040 =£0.030 =0.60 11.00~13.50C —
R410L - i —

Typical example 0.012 0.35 0.35 0.023 0.006 0.07 12,13 —
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Fig. 2 Short time tensile strength of the stainless steels at ele-
vated temperature
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Fig. 3 Master rupture curves of the stainless steels for the re-
sults of creep test
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Fig. 4 Change in deflaction of the stainless steels by sag test
at 800°C

BT, EMEBHLALELTED, BERSHAZD 7 1 — 7
BEve b X 0 B

Ef, B00°C T+ raicd Fig drt tor, 79—
SBA & FRE R409L i3 5 MR T UL B,

314 EEEIENE

BENYIUHRTOBRE LRT 2 T -RrbESSiELRD
too BB OMEY Fig. 512, 3Bk % Photo 14, 7
—A—ftoRBRYRAVE D LR, BESY SO ORRT
ATRLEFREORBOEIVMET2 o &3 CED, MBYL2
— v ORARBEMEC X 2708, BRI L DETEHAS DInERC

TIG weld joint (mmy)

8 et
64x5 ai
L o
i | T 'R
- 1D |<— L
[
2.5
115 (T00°C)
2.0 .
(a) Specimen (300°C)

! \M22X20

16 ¢

Amplitude
controll T
(1.5 Hz at 500'C)'

3.0 Hz at 700°C

L rran |

Strain gauge
16 ¢ (Failure detector)

Induction heating
around the weld Joint
(20 mm in L direction)

(b) Test method

Fig. 5 Method of fatigue test at elevated temperature for
tapered specimen with weld joint
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Fig. 6 Fatigue life of the stainless steels at 500 and 700°C
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Photo 2 Optical micrographs of the specimen at the fatigue
crack
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Table 3 Composition of synthesized condensate®

Reagent Composition (wt %)
HCl 0.1
H,S0; 1.0
CH,COOH 1.0
HCOOH 1.0

NHOH is added as to be pH 8
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Fig. 7 Rusting ratio of the steels after long time exposure in

the salt spray test (JIS 72371, 5%NaCl, 35°C)

Table 4 Mechanical properties of materials for the exhaust
system (thickness=1.5 mm)

o Direction vs TS Bore*®
bl Veof/ (leaef El 4 ,#y CCV Er ]
Dl el on) ™ T o) oy S22
SA L0 4Ll K401, -
L} 25.3 44.0 37.4 0.25 1.08
Photo 3 Ciorlrfotc.ion tes.t res;l(l)tnscindthe s;ynthesized condensate® RA09L |D| 27.0 45.0 35.7 0.24 0.99 60.0 11.9 2.30
(halt immersion, » 4 weeks) T| 27.6 45.1 34.4 0.23 1.40
L| 25.9 37.8 38.1 0.25 0.85
R410L |Dj 28.0 41.3 33.2 0.25 0.77 62.6 10.8 1.77
. T| 28.0 40.9 34.3 0.25 1.18
3.3 BBHME, REH
Alumi- [L| 25.2 33.9 43.8 0.18 0.99
R409L., RAVOL B L7 A4 § 1 & FEOBMHEE & B4 h
Tabled e T e ﬁjﬁwiﬂﬁ “JL{ﬂz* nized \p) 262 34.9 40.7 0.18 0.80 60.1 12.4 2.07
able 4 I, Tiaals s, 7 v A R (SAIDE0) T| 26.4 34.0 45.1 0.18 1.35

BRhTwd, w75 T —V v ZINTHMNER I AL, &0

Febkir n{l47n,) CRHETED, = 085 5% RAIL FH LT
DLEih, 7Aoo X Ve R409L & 4101 oy et T
%55

360 h

SAIDAG SALDRO

*#1 Calculated from 5-15% stress
#2) Calculated from 15% elongation
¥ 1=D}Dy (Ih, original dia. of punched bore {15 mm¢); D,

expanded bore dia.)

kAol

Photo 4 Results of salt spray test
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Fig. 13 Influence of annealing temperature (T) and holding
time (t) on mechanical properties of R409L
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