miEiEKEEHICEN-B8ET7S—H

Al B¢ 8% b #
25 (1993) 2, 124-130

RA36LTZ z 54 FRAF LA

High Corrosion Resistant R436LT Ferritic Stainless Steel

for Automotive Muffler Use
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The effects of Cr, Mo, Ni and Si contents on the corrosion behavior of ferritic stainless steels in the condensate of the
automotive muffler have heen studied by using the dip-and-dry type accelerated corrosion test and the electrochemical
measurement. The results are as follows: ( 1) The addition of Cr or Mo reduces the maximum depth of corrosion pits, { 2 }
the effect of Ni or Si on the corrosion behavior was not detected, and ( 3) the addition of Ti more than 10 times the surn
of C and N improves resistance against intergranular coerrosion on the weld.

According to these experimental results, R436LT (17.5Cr-1.2Mo-Ti) has been developed as the material for a muffler

of an automobile. The corrosion resistance of R436L.T is more than twice that of 409L.
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Table 1 Chemical compositions of steels used {mass %)
C Si Mn P S Cr Ni Mo Ti N Ti/C+N
0.006 0.1 0.2 .02 0.003 11 0.1 0 0.2 {.002 7
i § f i § § § i j i j
0.013 1.0 0.4 0.03 0.005 22 0.4 2 0.3 0.m 38
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T, HoN T - F BRERMIIR S AL D SO B AR
HEHONS Lo L, AT & T TR RIS = 7R
L7ze Thbb, WEY VAR NEEISH L FRMAN DR
KEREBESFMNELEE, F07— 75 Gumbel 776 (2 FiFtT
fiy iz P2 HET 5 LNTH S, Gumbel HHMIZEWTIL
T ERCAREIES L LR ILEWEOMERERME 0, BLY
ABEE Fx) (2R THRMEIND,

) e {- (4]
Fi=exp [ - e {- (=5 }]

ZORTINT A I TH D a (RESZ74—7), 2 ({LED/F
SA—FYE, FRFRLANOEF ) B LR LEENT - x (Rl
EEES) HEERL TS, &R, kAR >R TESTUE
TIBACEo N sy BB TH LY, REBTIEEHI LA
b2 TRENIIT» Tk, RIRTIE, 72y bzl TEH
DTy 2= 70754 EVAN (AHHRA ST 2RHL
foo o, BEUERILE S - 2B L0 RDIL,

FROEBeRHRET 1203, 3BT (50 mm X 100 mny) % < BOP{10 mm
WOmm 2GS HLTHIE L A7 — 2 2B, @EEEoMEcE
EITRAORBEH 2 2GR T sS4 vy —2 (il
Sy Fyeder4 Yy —g, V3D 2HG,

Flx) :—;—exp |:* ( x;

33 BIERHEE

TLEOTRESHT <L 20, JIS GUaT7 (X7 v L AHDILE
Bl E B DR LT A EERE O b s BT AL Vie® T
L7z, BERR 34 800 MFEE L Fxdk, MELWLA (400°C X SEEM], A
iy Lzbo sz, MBI, AuGEERIR R TILE
HERAETLILEMELRES 2{HCBELLo pHES) 2H
W, Ay, ERPEREINZ Ty e, BUBRIRSY 1R R R
s &heT80C X L, F7 ILEDOREFEIEFREAL NI,
JIS GO579 (AT > v 28N T / — Forfib Mg gy (cdednl

IR SRR Vol 25 No. 2 1993

L. 60CHB LUFa0c L7,

34 RARETHR

— R R B ORI O BRI Lo TRTIC CriRE
{Efa i L, ORIV T CrigEds 8T 47260 THY, Cr
L REtmERAEOS L T, NbEaFEmic ks N aEEL
HUIELIFH AR TWED, 220, RESRICBITZ@E L% Ti/
{C+N) HERFEL

fRE L LT, Tablel l2m$ & 512 TI/{CHN) iz 7387
HWECERSE2217.5Cr-1.2 Mo 9 1.0 mm EH % e, £4L
G ETEA MIG 4 (R 120 A, EMC 15V, M 600 mm/min,
7ACOHEHY 309, 74 riEL2mme, WEAARK Ar+ 5 %0,
20 {/min, B L) EIT-70, 2405 & BAS TR B3 UL (5007C
10h) %47y, JISGO0575 (R F b R Eo0TiES - ik she ek
ihY R L 7o Strauss B EEL 72,

4 RBEREBLIUER

4.1 THERBABEHCRETEEREOHRE

4.1.1 CroO¥gE
EHEAE RREIZ B T A RAIRERES, BRI T O
BME Fig. 21009, SRERERSE Cr 842 T L
A L, 11%Cr ST 0.4 mm T h & 8¢ 229%Cr T Rk
T2, £7: WS LRI Cr & F RO I L ihvile

0.6 50
g
=
A J4il -
g £
E 04t o =
E \o {30 %
= 4
a2 03F =
g B
3 {20 2

0.2 3
5 : =
Z 3
E 01 —O—= Maximum corresion depth 410 ©
é 7 —8—  Corrosum loss
=

i —— L )

10 15 0 25

Cr (inass"y)

Effect of Cr content on maximum corrosion depth
and corrosion loss in the synthetic condensate corro-
sion test

4% —



fiT LRI S AL 2 AN = 7 5~ JTRIMELT 7 2 5 4 F &2 7 3 L 288 127

0,99
o7 o 180T
0,95 m °
.90 Bre e e a
:‘. = e 3]
Z Wt '»170 ©
= o070
£ = ~=11Cy
£ 050 I J? 7 8"
0.30H A0 ]
i '
b ks o
.+ o
0.1
.00k 5T W n3 a3 05

Maxiinwn corrosion depth (mm})

Fig. 3 Doubly exponential probability plots of the maxi-
mum corrosion depth of Fe-Cr steels after the syn-
thetic condensate corrosion test

5,

WEHEICr SOROAMILLTE Y FRTH-T, Cr &ty
ORIl T, LS B L ORI LT 7, iz Cr
STRTENLSCAMORANELESIZO N TO Gumbel 7 o o
0 & Fig. 3 10w, SR IR S, BT — 5 o BEET
Waml, %2y LR/ L R miE S %5
L& Crifniiiz & o ¥R AR S M I 3ME#es it 5,
MNFEEES O Cr DIl TS b 2 i~ AL
T b

CEEHR I DT BRI ORER T F Fig. 4 0RT4, 130 &
lfCr’C'ti?LﬁﬂéﬁttilitA,&&ftLTiﬁﬁp‘i‘, LA %E3
HEDHELLToAe, ki, f-*l&‘&%‘f}-ifjoila)';’/— (IR %) )
WEEHHRE Fig. 510md, ILEMOEMRE T BT 5 - &2 51t

300 F
g
o4 ©
5 o) ©
oy
0w
g
o
E ot
200 .
1t 15 20)

Cr tmassYq)

Fig. 4 Effect of Cr content on pitting potential V3, in the
synthetic exhaust gas condensate

1

10°'E
c 0k
=
bl
-~ 0°F

]“‘ 1 1 i L

STUD0 G0 0 500 LOOO 1500

{my ve SCE)

Fig. 5 Polarization curves of Fe-Cr-Ti in the synthetic
exhaust gas condensate

LRI E— 2 W () (3 Cr Rz R FLTH 0,
Cr ORI X UTLR OB AR S LT 2 0 Lz

FLbaonsh e i, Cr o ARt b o LI o 36 Rz 512
FREBE L A0, TLEOME S LI s s s Lo
YEZLILA

412 Mo oai;#

HERR AR MBI B P 2 M KERIE S AT Mo 0 5
Fig. 6 12 ¢, e KiZ % 8143, 1% 0 Mo 550010 & - THiE 15k
Th, 2% Mo iRinc VoMo WG & (3T Lok i
SRR, f‘iﬁcaé?’)’ﬁdﬂ]f%{mlnI’J‘ B d, — Ui, A
Mo iRz v+ 2, 272, R0 Mo il &
L, wFRLE S FkTHh S

Fig. 7 Mo @mh & s+ 22 17%Cr o Ninftig 2 o
Gumbel 7o 5 F&R$, Mo @Rzt o 5T mE S 2412
BAEFEF e T by Ikl IS 5713 1 %Mo F M £ 0
REOPECEIIT A4, 1 %Mol L 29%Mo #TII3TR
WA s emt o & B

MBS I o T £5 4L 5

S DILRELE EH-F 2ER L, 15 1%Ll T 4 o)
RIIREC T Lo K, MEESAR ST/ — F ot To T s
Wz Fig. 9 BLF10RT, Mo @iliniz & Wit e — o @i
EWHEETLTED, ILEOREF SN2 L0 £ 510,
T, FOMGIOMELIBONRINEIZ AR <, 1%L 0 Mo B0
TREOIMALERAT 20 ERT,

Fig. 8 (2", Mo iz

—O—  Maximuni corrusion depth tmm)

—®—  Corrosion loss fURE ]

Corrosion toss (g/m)

17Cr-Mo-Ti

Maximum corrosien depth (mn)

0.0 . 0
& 1 2

Mo (mass¥a)

Fig. 6 Effect of Mo content on maximum corrasion depth
and corrosion loss in the synthetic condensate corro-
sion test

0.4
17Cr-Ti-Mo
097 _2Mo
.95 Mo "%
. 040 PO s
= # 0 '
‘" 5.0 D
] a *
2 o S8 oMo
r:‘: 1.
N T '
0 30k R
010 -
L1
01601 . ' : ‘ -
i 0.1 0.2 03 0.4 0.5

Maximum corrosion depth (mm)

Fig. 7 Doubly exponential probability plots of the maxi-
mum corrosion depth of 17Cr-Mo-T1 steels after the
synthetic condensate corrosion test

=49 — NI RELIEYR Vol. 25 No. 2 1993



128 fibsE RIS P AL o B 7 5 —HR4IGLT 7 = 74 P RAT - b ZFH

17Cr-do Ti
GO0 0

S 8

-1(]!)% @

300 . L ]
0 1 2 i

Ve imb vs 5CEK)

Mo (mass™o)

Fig. 8 Effect of Mo content on pitting potential Vi in the
synthetic exhaust gas condensate

Ol
:

e

i {wA o)

e
, 2hlo”

-1004 -500 3} A0 L0 1500
(mV vs SCE)

Fig. 9 Polarization curves of 17Cr-(0~2) Mo-Ti in the

synthetic exhaust gas condensate

17Cr -Mo-Ti
RC

—r

fern (e 10000}
bl

] 1 2
Mo imass©,l

Fig. 10 Effect of Mo content on & in the synthetic exhaust
gas condensate

VL Eoilsitah, Mo @RS EHIAC N S LD TEEE LK lE

H LR AT L3 A Lo - E 2
413 NiMEORR

T4 FFRAT L AT N oM — e it A0
LS5 I EHmS T b, £ 2T, IRETRIG ks AT i
B NGO A A L 2, RN AR B S e NE
MiFF0.1~0 4% Ni Ope¥i4 Fig, 10125F, 272, Fig. 1242 Ni
TN AR R A A2 199 Cr B b AR IR E . Gumbel 7o v b
ot as, MRSER N SR L LT R NI 2 A X
WAL,

hits,

Nk BIELEL HE Vol 25 Mo,

2 1991 -

LK afl

© Alax. corrosion depth
.31+ ® Corrosion loss

134

m depth {mn)

0ar 8 —

Corrosion loss {g-nr)

A2
= .2
5]
3 naf m
=
0 : : . : 1)
3 i 0. 0.4 0.1 1.3

2
Ni (massal

Fig. 11 Effect of Ni content on the maximum corrosion
depth and corrosion loss in the synthetic condensate
corrosion test

.99,

19Cr Ni-Ti
0.47r
ﬂg.’i‘ 0
0.90r

Probability
g2

:

0.70r : =]

8

1.50f N
0.0t '

0.10f £

o

0.01F

0.001 . * . - _
i 0l 0.2 0.3 0 thel

Maximum corrosion depth fmm)

Fig. 12 Doubly exponential probability plots of the maxi-
mum corrosion depth of 19Cr-Ni-T1 steels after the
synthetic condensate corrosion test

414 SIiNEORE
Biiskon k343, k=7 3 —iRMEE IR DR T L
BTt miit d00C LA s L L, Froi—A 7T A2 £
WESLT VA, £72, 2F L AMORET b, Rk
TaAT— s L0 F ZTOILEGEMSE L IR NT 32 ARy
ERTwva™, Sild, #ﬁl’“t:m{t&n'fma‘;ﬁlu&c-iﬁﬁjﬁ%ﬁcftéﬁ’ﬁ’f

WILE T H b 720, BRSO IR AT T SUIRMORR & MTEL
AN

R U TR L BT B KR TR & I R RIS M T ST o
WA Flg I3, B AEEES R SI AR LyidA
FEE LA, F AR S AT RO L - TR L AR

FTapimam L Tvd, Fig, 140 STTEMRE B E47218%Cr
H A iR 2y Gumbel 7o~ b 23 TA4 fekig IR S oA
IR A B L TAwn

Il e n, 001~ 1. 0% ORI TR b T BN STz
L SIOwHIhnwEun2 b,
42 HREEBSM

77— A Ay Mg TIG RS Y SRR £ N THLA

YT BT WA, FAtsh, w7 T — ISR S SEhe R
WAL S AL A, SRS AT i{L&fJ‘JE’L— LT h 4
SRR A Ao T, MRS E R LT IR S T

% Strauss \‘K'FJ“JS' Hus, 1.29%9 Mo 2L 72 17, 5%(.1‘ B s
MR RIS St B ET Ti S aEE ML Fo, BT A Fig. 1542
i, Ti/(CHNY A9 10 L F Tl S wasl LA 4% 10 VLT

M—



i RS SRS AL AW i 7 F—JURAACLT 7 = 4 PR A7 - L A 129

06 Bl

E ©  Max. corresion depth

E hor ®  Corrosion Juss 140 =
= £
= 04r ]
< 13
= u
S h3f =
7 5<: : c
ot 120 .8
= 02f 4
b =
i i o
5 0l n g
=S

] . L . n

n
1] 0.2 0.4 e LR} 1.0
Silmassto)

Fig. 13 Effect of Si content on the maximum corrosion
depth and corrosion loss in the synthetic condensate
corrosion test

0.99
18Ce-Si-T4i
0971
0.95¢ ut+a
. 090 w
o o
= e
= =
2 070t L4
=] .
& naof LAEIEN Qj;‘
0.30} E’ — e
L B WitcH
0.10fF Cc+ W
a n\
00l 0.55i
1 — £ - : : —
{) 01 .2 0.3 4 0.5
Maximum corrosion depth {mr1)
Fig. 14 Doubly exponential probability plots of the maxi-

mum corrosion depth of 18Cr-Si-Ti steels after the
synthetic condensate corrosion test

L5
THACHNI=T0
asf ° N
g o]
T ouar Cw o .
B L
P
£ n2f .
e ',"'. . lotergranular
* Curtoslon
1k [SERTN Intergranular
) CaOrrosion
0 L 1 I 1
0 001 002 603 004 005

C+N umass¥o)

Fig. 15 Effects of Ti/(C+ N} on the intergranular corrosion
sensitivity of R436LT

RS EGEL DA b, J4UE, C NHTIHLE - TRHIESILE
R EELLILS, oA L, FROWEIEEGESEALIC £ O ekt
BOMKEL LTS, 0% LEREZ2Z 505,

5 HRBRIBLT X752 L XHDHEME

PioER LAY =72-HZ27 v B R436 LT 2%
L7z, Table 3 1Z{L3240R M O BI% S L ARE % 5T, 17.5Cr
T4 PRAT L RME~N—2 X LT, 1.2%0 Mo #5m$
LI L NEEERERICH T AN ESS I LOTH L, A
THPOCHEEIUNEMEET 2726, Ti/(CHN) 100 Ti %5
ML, BB 2R REEZMILLTh 5,

51 RABLT OtEM

R436LT, Al#h- & - EK 80g/m?, # L SUH 409 §i
(119%Cr-0,2%T1) OnEh#ERIE e 5h&s % Photo 2 & Fig. 16 (2
Mg, Al B8, SUIL409 L (2 ke~ T R 436 LT o b s

Aluminized
steel (B0g.nv)

SUH408L R436LT

Photo 2 Appearances of specimens after the synthetic con-
densate corrosion test

6 500
T (5 o O Max. corrogion depth
E ? . l:Cnrm:.inn lass ] 404~
= T — g
T 04 =
= o Ja00
< =
o N3k =
I
& =
£ 1200 -2
S0z g
i [e} =
. O
= 0 F Y 4 10dt
00 1 1 L4 i
Almninized SUTHOGL  1RJ43GLT

slee
[/ e}

Fig. 16 Corrosion behavior of aluminized steel, SUH404L,

and R436LT in systhetic condensate corrosion test

Tahle 3 Chemical composition of R436LT (mass %)
C Si Mn P 5 Ni Cr Mo Ti N
e epe _ 17,00 1.00 1H{IC+N)
S ficat =0. =0.25 =0.40 =0.04 =9, =0, £0.015
pecification 0.020 0 040 0.015 .60 ~1¢ g0 1.5 ~0.70 0.015
Typical 0.009 0.05 (.24 0.037 0.003 0.14 17 .60 1.20 0.30 0.010
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