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Effect of hold time and strain rate on the high
temperature creep-fatigue behavior of 25Cr-13Ni austenitic
stainless steel

Jeon Young Song

Department of Materials Science & Engineering
Graduate School

Pukyong- National University

Abstract

Exhaust manifold is: subjected to an -environment in which heating
and cooling cycle occur-due to the running pattern of automotive
engine. Therefore, main failure mechanisms are thermal fatigue,
thermal mechanical fatigue, creep-fatigue which cause to fatigue
fracture. Effects of hold time ( hold time tension fatigue test : HTTF
) and strain rate (Frequency control fatigue test : FCF ) have been
investigated on the creep-fatigue behavior at 800°C with a 25Cr-13Ni
cast austenitic stainless steel for advanced exhaust manifold material.

Before creep-fatigue test, microstructure was observed, and thermal



expansion coefficient was analysed. Room and high temperature
tensile test, high temperature low cycle fatigue test have been
performed on the test material. High temperature creep-fatigue test
and high temperature low cycle fatigue test were performed under
the condition of a strain controlled and triangular waveform. The
creep-fatigue test was performed under the total strain ranges of
0.6% and 0.7%, hold times of Omin, Imin, 10min, 30min, and strain
rate of 0.1Hz, 0.017Hz, 0.0017Hz. Generally as known by traditional
theory, longer hold time and slower strain rate result in a shorter
fatigue life. HTTF test with hold time cause to a shorter fatigue life.
The creep-fatigue test under the hold time of 30 min at total strain
range of 0.6% were remarkably shorter fatigue life compared with
hold times of 1 min ‘or 10 min. Deficient creep effect was shown
under the hold time of 1 min and 10 min. FCF test with faster
strain rate showed a shorter fatigue life. Consequently longer hold
time and faster strain rate-caused to a shorter fatigue life. Lower
peak stress was observed under the slow strain rate, and cyclic
softening was observed rather than cyclic hardening in the
creep-fatigue test, which was not expected as a creep effect.
25Cr-13Ni cast austenitic stainless steel did not show a creep effect

under the tested strain rate.
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2. |24 H7

2.1 Cast austenitic stainless steel®] 7]Q

ooEol EA 2ERlE AT AL e A, 1L A 54 Dy R
HAgol $5ste] AWHOR FEA Wk A2E, B9, o) Fe] 5o
AR 53 Qe EA 2HAYAFEE 4, $8Y L 1e
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3l Corrosive' service (C-type) 2} High temperature service (H-type) = U=
I Q01 Cast corrosion resistant steel< Carbon 2| FA¢} carbide o] A
=, 283 ko] vAlFe oA AgHE . B E Cast corrosion resista
nt steel> 11% Cr ©]%4, 1~30% Ni< shfolal o= Hjygo=r AL
Carbons F-F3tth. Nid s S7FA171H AstE Aol dig F
A Aol FrbelH Mo S 7171 4

Jo] F71skt}. WhH Heat resistant cast: steels> € HF
Ao ZEo A ARE-E T carbon TS Ale)slaL
teel ¥} -A}S}T}h. Heat resistant cast steel®] 7]&2-3
alloy, iron-chromium-nickel alloy, iron-nickel-chromium alloy=Z &F¥t} =
Aol AFEE e 2HUolE AH QB 272 Heat resistant cast steel = &
FE™, Y24 S =2 metal treatment furnaces, gas turbines, aircraft engines, mi
litary equipment, oil refinery furnaces, cement mill equipment, power plant equ
ipment 5ol TFY3Al AF8% 3l QAt}h. H-type cast steel C-type cast steel

Boh B2 carbons retal 9o, aZolM 43k GRS YERTh[1]
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2.4.2 Cyclic strain hardening & softening

749 H-WPE AT wEsFoR <dte] WM, 249 condition
of we} AAE= Cyclic strain hardening, Cyclic strain softening, Cyclic strain

stabilization, ¥ A E 5 TS cyclic deformation 4-5S Hol=t] o]
gk Aso ddE AE AT B L AAe AZAe] st
Uepdth drsom Ak AmolA 278 Ao von, 1 U
cyclic deformation® = <13} cyclic hardening Wiz-oll W24 S7}st}. 74 sk
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3.1. AlE E AJHEEH]

3.1.1 Materials

2 AFro A= A Ak Aol A w7] wiyEE=8 AAE ZA] s 25Cr
Q
[e)

-I3Ni o] Q&Yoo EA Al AFAE AL
EE2olM Y-Blockel AFEFE F AAE S AAA Fer 7]EA

Al 2L Table. 3.1.7 2o %7] "AF42 Fig. 3.17 &l vAxA
< Y-phase 9} Y+8-phase2] TFF o= #ZF oW, S-phase S T4
B 229 YAAPeloll A EAE HAoH, AA Aol Bl WS ¥
< BERA FUT 12 EE Fol7l flste] € # Mos FHrekal e
m ned2Ee] sl glste] NbE Huteksith 7]EAQ S Lol
E 2" =T 4ol Hls] S oF P o hpEe] B2t o Fx
Al g ES HAAND 5 e A&tk 27| FIAZZAgAE T2 A
sk 7]Eolu S ude S S0 5 gl

2) 9% A4
ANAANHLS ASTM Aol Wl GripH Z74 12mme 353 AdHA
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A 2R g AR BAss] Astete] ALesAT,

nAl s BEer] fel A5 JRAgHe R ThEste] v mahTol
Vel A= EFn A3 Moz dAdk 3 180T, 30kN FZ oA Mounting
SFATh Mounting §- sand paper & ©]&3dto] =] oE Antgt FH 1umo
GololRE delAES A A% Avkg F + Au e AR A
Al AEHE =gol7]E ARgste]l XSG o] # Al ARtk AR E 10g

CrO; + 100mL FFT& AH&3od-6V, 40sec 271 02 A3l oAk}
33 7144 =4 A4

331 €3 Al 54

.=
B SAS ANE2E dg6 2A Al ol UA & S @
TS fFABE Azelefol 3, ASTM E831S = Aglskqlc) & +f
Aor FAYL FU=HAE G Ao A= 5Sm/mT ol ojwut
A 48 Al R 59 €8 Age SASAEEET ot &
A= Vet ok A9 DB A= AA A T e A
2 UE AR offof FxEol ad =FHAS W Bk Ao
of o3 vpEo] doju=AE Aist=d FE= AREEY, & dTeM =
= ]

.‘?_
e rolr 7] flste] Attt Dyna
mic helium atmosphere (gas flow rate : 0.833mL/sec)=91 7] A Al &3S
o 230T)ol A 1000C7HA] vl lo] ES] &h7gt Bal& 9a] vl

vy £8 £% 5T/ minl 2 A3k
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3.3.2 Q1A

Af2Es A7|28 AMESlal 2Xcontrol> Al e HyF AN
SHi-of] K-type TCE spot-weldingdlo]  AFA|H -2 AF=(23TC)ell A 1000T =
Y3ttt AFA = 2128 MTS extensometer, A& 20%E AHE-3FA T}
A EAS Hrtebr] Yal 942 MTS 810 10tonS A& om A2
AGA AL ASTM E8, il AGA L E21-058 FalZ Agsiion,
oo FdERAE, AFAE, A, dAAT T 2y 7IA4 B4
st om A7RE AREE AT &% HelE 12 AT EA

2l 800 <] “F<(237), 200, 300, 500, 600, 700, 900, 1000 T &=l A
Atk =% control> K-type ©] ThermocoupleS. Al ] HYH A5
-0l spot weldingdl®] controllerol] 27 435t #7]|2 &97] 2%
7} obd A @S] AALER Aottt AlE d #

> oo e R

o wHon ox
4 solov, A w808 FASNAT AFNEL AR 277t
sletale W Alpom A Astelor gtk FAd Ut glimel AHe
wAAE 470 andlelo kM AF Al BFe & wFoR Y5

| =
7y A of gy B A oA A S S 9l

2 o2 A8 Al Fskgith 2 e, 2208 Ad2 ®¥ 2](displacemen
t) control= AlgS}N 01, gage length 12mm, ZH ] A& 20% & 1L
=8 MTS extensometerSAF-8-3} T 120 A ol A A7 2 rate 9} speed
of 9l 1L FEo WA ZER B e IGAE 2 ASTM 1148 3
}04 Hl a4 =7 speed?] 0.033mm/sec = T3 TH Al Ald 2%

T 159 bt 5 Aldsksith

>

linement& 5/m

PHHI

333 AL AF7) 982 A3

AFA A FL]E FUA MTS 810 10tons AHE3to] Al S G383l
o A57] 3|2 A2 Strain controlled methodE AF-&3}3 2™, MTS Cyel
ic Fatigue program= A}-&3lo] A|Felqitt 1 AF7] I2A|FL2 A7 =2
£ ARE3ste] 800C = aAste] Algsiglon, &&= A B AY 2% co
ntrol, A1 ¢l 2% HAFk= 2 QA Al FLEA AFSHAT Strain
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2806, 0.7% = 27 USR5+ 800C=E 1143te] Gkl
™, Al FAAITEe] §l= YWH4 2l symmetrical LCF(Isothermal LCF) <}
peak strain & W %] A]7FS 60sec, 600sec, 1800sec 71, 12|l WEHE
4 X2 (Hz control)E 0.017Hz(1cycle/60sec), 0.0017Hz(1cycle/600sec)= A& S
SEATE ZF AIE 2 AR AR S gEsky] ffe ¥ £ T 2 point=
A3tk Alde 19 333 o] Strain ratio : -1 = A @Y T}
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HEE 5 Ak 200C =4 AxE Kol Frtete s #ET
T} 18]l FCD50HS 9] 7% 900Coll A oFzte] =53 438 I
7S HolH ol S AT H(FCDS0HS)2 =<1 3o ogk Ro
ek & e fole He oF 1000CoAA F A I AAF
wapsk= Ae Feld #7F Adv 7159 FE A< FCD50HS 9} 25Cr-13
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7] U E =849 25Cr-13Ni L 2H Ul E Qg 257, S
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FEF L ghol -t A AEAT. 53] wi7] sUE=TF AA R AFEY
900~1000C ==l A=k 100MPa sz Al ZALE AT o] = 8 7] vy &
EaAR 7)EY FAHARY A olel AT e AlLo] BYsiti= RS W
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2HQle]2=F7} o] FCD50HS ol H] 3] FH Ao R =2 dBZAT 5%
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44 31 AF) A=A Y

4.4.1 Hold time tension of low cycle fatigue

Fig.4. 4 | Table. 4. 2 — Hold time tension low cycle fatigue Al o] eN A
w9t ELE-—‘FUﬂQ‘ ‘/]rE]r”q A OT‘:}. Peak tension strain® A FA|AZF 15, 10
BoO30% ’\Hi Al ]. o]aﬁs} %x] ]7}0; olg] e u=

! A ]

] 'T“—1 ] [elre]

o] & o= 1%}%3} W{ 30%-°] *1-‘:4 AdAv= S A /A
AZE 1, 0% va-HAT FEAas gehlm gl 2 7] 4w
2 A4

+ 316L, 316LN Eﬂuro]E éz]daéz}gl creep-fatigue. A & ol A
A = E‘r‘—:— im[17]¢} 279 o

= 7] ool rh[18] ¥ &2}

A=Y Fezhgol ol 22 bS5 Aot Strain control a4
E S} relaxation ©] WA}

™ strain range 7} 5 7}&% relaxation= % 7}St}. Fig. 4. 5, Table. 4. 3
2 0.6, 0.7%°1 4 9] relaxation¥} 539 ZHAZFS YERHA AO|t} peak tensi
on strain®| Al 7} K= FA| Al fte] A4=E, =HEH B O] F= relaxation=>
7 ek AS #ET = Tk o]#f 8k relaxation=> grain boundary sliding,
wedge crack, crack initiation ¥} propagation®l] <]J3F THHH oW sle} 7HA- o
o3t Aow FIFHT} Fig. 4. 72 Peak tensile stress& YEFH ZHo|t}
Az o]l Qe AL AF7|IZAF M= A ol2= J=E cycle
5<% cyclic hardeningS YWERATE A RE F-A]A1ZF 123 109 A& cyclic
hardening 7} cyclic softening= ¥t 4 vt THHPE 0.6%° A= 20 cy
cle & softening= o™ 0.7%°] 4= 10 cycle V|RF 22 hardening®] ¥zt
o). 2 2EyolE 2 e a7t A X g2 sl A JAANA cavit
y7t A Eo] et FAlPowA WAty s JAE wepa LAY
Sk Ao = OLﬁﬁ Aot FAAIZRe] g FFo] wH|gE 27] cycle oAM=
WY =5 EHo) o] AAE PSB(ALHA &£ w=)o]| ol&] 3}

o,
N
l~>
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o] =
110580142 SEM @& ALttt BE Ao vz Fde AE &
Holl A Azt Qlom YA T oF A E A F Udrh FAAZE 0
i, 1, 10204 B AT E #ES ¢ s olfE A2A Eol
AztE o] PAZETE okt T4 Froll gt Aoz AgET BE Ao
A FG oMo dES AT 7 AT oA el T el A
o] #E& AFZ cavity®} L JTAS = Ao AAHEu. Azd
o 7 Y= g olm FAAZE 1237 1042, 303 AHoAA FX]
Al Zbo] I R4S JES v Zow duEy) A8 X vdo] &
A AR JATYE AFHA Fhon, FHAA AbstE gk HE
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1) Fatigue dominated
2) Fatigue - creep /interaction

3) creep dominated

o] A E 7t dojdth9] & ATl A FAIAZE 123 102
4. 99} o] Fatigue dominated % <o 4] Fatigue - creep dominated o2
HAst7|ole B3 ARl Ao 2 AZE.

4.4.2 Frequency control of low ecycle fatigue

Fig. 4. 10, Table. 4. 5. += Frequency control e-
W Zlo|t}. Table. 4. 4= 7t FIo) 3|dste HE
2 Ao A= Frequency’} WHET5, W Zo] &
AE g = ok & I ZA|FAA Frequency”t
At e Algbo] A o2 W-E Frequencyell H] 3

] &80 HA, AT = Q= ARto] dojA

=
[e)
JE_’_ E =2
gol] 7+A3Fal WHH Frequency’} W= 3F cycle &<QF 1%
(@]

R
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Ay S W] wiitel AR IEFHE Lo
A At o3P At g R 2 AT o A= Frequency’t WHETE G
=% Frequency &<F e WASRE y=
3 24 2 Frequency©l H]#$Hth= Lee[21]9]
18138k A3= 3§ cycle & 103(0.1Hz),Fre(0.0r7
xo] o] gl How BT Fig 4. 11
peak tensile stresse WERH Z o]t} Fig. 4. 119] (a)E& & X hold tim
e tension LCF FY3A 0.0r7Hz, 0.00r7Hz ol A= <FFr0 cycle ¥ cyclic
softening®] WAL 0.1Hz €} 0.0r7Hz ol A= peak stressoll Al & 2Fo]&
Bolx] ot 0.00r7Hz oAM= b4l Aol s 40MPa SHAl AR
o, R gyl e 717 A7l ZAS AT Fig-4. 99 (b)°l A% 0.1Hz,
0.0r7Hz, 0.00r7Hz =A% ol SHA ZAMHIA T (b)olsde 7] 17 Al
of F3E= FHAMEYH & ztolE HRIY ZHZE 20MPa, F =9 3= 9
Apol & HERdH: ])\T: 27| 2] Q1 TAle] k= frequency~ griHes
e Twze] Wl 9 AR Qs & 8= UEWH, =7 frequency:
doiFeR d @z wst gl gAw Qls| "c}tﬂx—iii e 590l
HE= Zo® AZER GAFHE Lol 7] fstel wdY A
A& SEM ﬁ?{r%—;é iit} Fig. 4. 12=|SEM & Aldolt}h. hd& BF
A= Q1o 0.0r7Hz 9F 0.00r7Hz B A 9} ¢}
Wby, g gz de e ddS &3 glnt wae F 13
Juiaty 2 P om = YAl = <Hd Hold time tension |
ow cycle fatigue 2N A 9} FUstA Lo A Bo] AstEo] YA =T}
ofgt T A ] og Aow AdEHW H2EZY cavityd] JTE ot A
o8 AZtdr

l:l:l e

gebH FA S aHEAel oA Fadk dAolm AEY FxA 5A Y
o A, e 29, #dA FE T & 7 Unk FH Y Fad
T2 vAEE] W 93t cleavage, quasicleavage, dimple ¥} = stri
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ation, ‘ﬁﬁ](intergranular)fﬂ-ﬂ] 7} ‘}}3}.[22] Fig. 4. 13 < Hold time tension 0.
6% 30+, (a) ¥} Frequency control 0.0017Hz, (b) A57] I ZA|ge] bt
SEM #HAbolth SEM #2425 gl%o] shwe] ebabel glojn 2
ApolE Hole Aoz TEHU (a)-1914 YA}t dgaE HRd
S ootk A= Aegsted o it Juised JusE e

A4, data e A o] FFFoer A3t AP = Aol 5H o
ot A 308 AP zovze] FEAgo] wago]l mige] Jujs}
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AL AR g Sy AN He] BAdEo] 93| tearing ©
A tear dimple ©] #EETE[23] HEH (b)-191A4+= (a)oh= thE FdH S
HEE = A ol AFAS Yl d Aor AFAH. (a9t 2
JAST = BEEA FETh (b)-123°014 722 Ads s dudg s &
2 g v gl 246 o] FAAZE 3082 1. 1023 22 A
o] s AFslr] Tagh Algto = JetA Tt v frequency control
A AR e RS 442 Holl A8 @I & Apol7h glo] Eelh
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B o AFo M= A u 7] sy E=8 24 25Cr-13Ni . ~EH| Yol E A
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F7] J2A Y AP Za 2 MY E4AFT 42 mechanisme T
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Table. 1. ¥i7]7] F-359] AHE2%, 8454 2 4874
T 25(C) ST 54 A&7 A
WakshAd,
Exhaust manifold 950~800 429EM, 430J1
W 9] 24
Wakshd, 409L, 429EM,
Front Pipe 800~600 v
W ¥ =y 430J1L
Jare g,
Flexible Pipe 650 ©] 3} watksthAg, 304, 302B, XM15J1
e S
Shell: 409L,
shell:800~600 430J1L, 429EM
Catalytic Conyerter 7+84, HAakshd )
Inner: 1100 Inner:’ ceramic,
20Cr-5A1
Ce]\r;[e;ﬂpipe 600~400 LH%%‘{I: l.?_&]l /\é’ Do
| 400~200 yed ’
Tail Pipe Y ©
Table. 3.1 Chemical composition™(wt.%)
Mo Si C Co Cu S Cr Mn~ Nb Ni P Fe
0.12 1.11 049 0.13 0.17 0.14 2453 065 1.75 1331 0.031 Bal
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Table. 4. 1 Results of high temperature tensile test of 25Cr-13Ni stainless steel

26°C | 200C | 300C | 500°C | 600°C | 700C | 800C | 900°C 1?(?0
g2 316 | 221 209 | 228 182 183 178 167 87
e | 340 | 234 | 224 | 223 187 190 166 151 98
e 365 227 203 213 216 186 174 165 92
o | 340 | 2277 | 212 | 221 195 186 173 161 92
o1 | 418 | 370 | 335 364 | 325 | 288|292 198 104
o | 490 / 4364 7359 lp344unl| Bd 318 | 302 176 113
C77 | 458 | 339 | 306 | 365 | 339 | 326 | 282 195 104
Hyt | 442 | 358 | 333 358 | 333 | 311 292 190 107
o1 A 6 10 6 13 10 i 14 33 41
R 3 8 9 9 8 i 11 40 45
= 5 7 6 12 7 11 10 25 35
it 4 8 7 11 8 9 12 33 40

Table. 4. 2 Number of cycle-to failure of hold time tension low cycle fatigue

. Hold time : Hold time : Hold time :
Symmetrical LCF . . .
1 min 10 min 30 min
Cycle Strain(%) Cycle Strain(%) Cycle Strain(%) | Cycle Strain(%)
142 0.6 277 0.6 142 0.6 38 0.6
170 0.6 177 0.6 121 0.6 52 0.6
176 0.7 179 0.7 114 0.7 0.7
150 0.7 212 0.7 118 0.7 0.7
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Table. 4. 3 Amount of stress relaxation for hold time tension low cycle fatigue

Relaxation (MPa) Strain(%) Relaxation (MPa)  Strain(%)
1 min 93 0.6 110 0.6
10 min 121 0.7 140 0.7
Table. 4. 4 TIllustration ‘of test.frequency
Ag/2 Cycle/sec Rate(mm/mm/sec)
0.006, 0.007 60(0.017Hz) 0.002
0.006, 0.007 600(0.0017Hz) 0.0002

Table. 4. 5 Number of cycle to failure of frequency control-low cycle fatigue

0.1Hz 0.017Hz 0.0017Hz
Cycle Strain Cycle Strain Cycle Strain
170 0.6% 162 0.6% 252 0.6%
142 0.6% 278 0.6% 251 0.6%
176 0.7% 156 0.7% 185 0.7%
150 0.7% 106 0.7% 268 0.7%
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Fig. 2.2 Cyclic hardening : (a) constant strain amplitude (b) stress’ response

-~

(c) cyclic stress strain curve
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Fig. 2.3 Cyclic softening : (a) constant strain amplitude (b) stress response

(c) cyclic stress strain response
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Fig. 2.4 Cyclic stress strain curve
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Fig. 2.5 Bauschinger effect
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Fig. 2.7 Creep curve
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Fig. 2. 8 Typical of strain waveform

_36_



ol e R
[/‘ <\y phase“g}: ﬁ/ ‘

Fig. 3.1 25Cr-13Ni S 2| U] ES7Fo] m A2

Gmm

F 1
L 4

25mm

Fig. 3. 2 Geometry of thermal expansion coefficient specimen

_37_



7329

2¢é
1S |0 . W

I 1] ,
\ONA LS y
| | t =
R LTI — =
i 1 T_z-" R i

Fig. 3. 2 Geometry of tensile specimen

strain
strain amp
Time

R.= -1

Fig. 3.3 Strain controlled LCF test with strain ratio of -1

_38_



HOLD TIME WITH RELAXATION

Al
/__\ INPUT

€= Tol t = Hold Time
Time

Strain Range

]

4l
ch‘;ﬁl Omax iﬂrar /\\ CUTPUT
L 7R

R o~ Omin

I'/ FIXED STRAIN
LIMITS
g |

Hystersis
= =Curve for
Hold Time

€

ARRRARARR RN

JADIRRANS VAN

Fig. 3. 4 Schematic diagram showing stress and strain variation

during hold time with relaxation cycling of strain cont
rolled

_39_



, [ §o% 331
il
‘ '# '}'hi‘ > Y ;
AT &

h‘i,ﬁ'{‘n"?

(b)
Fig. 4. 1. Photograph of microstructure for 25Cr-13Ni austenitic stainless steel
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Fig. 4. 2. Schematic for results of thermal expansion measurement
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Fig. 4. 3. Schematic of high temperature tensile test for 25Cr-13Ni austenitic

stainless steel

_42_



0.01

0.008

0.006

0.004

Total strain amplitude [Ast/2, %]

0.002

O mm0 O
- O O O o O
Effect of hold time
0 min
0 | 1 min
o0 10 min
O ' 30 min
10' 10 10

Number of cycle to failure [N

Fig. 4. 4 Schematic of graph for hold time tension’ LCF

_43_



—0—0.6%_0min
1—°—0.6%_Hold_1min
2004 42— 0.6%_Hold_10min
100
= j
e
Z 0
é |
@ 100
=200+
-300 T T z T ¥ T r T z T i T i T T
-0.008 <0.006 -0.004 -0.002 0.000 0.002 - 0.004. 0.006 0.00
Strain [%]
(a) Total strain range 0.6%
300
—&—0.7%_0min
1—°—0.7%_Hold_1min
200 {—2— 0.7%_Hold_10min
Ll
100
=
A
. 0-
]
=
£ 100
-200
-300

— T T T T T T T T T T T T

-0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.006 0.00
Strain [%]

(b) Total strain range 0.7%

Fig. 4. 5 Schematic shapes of hysteresis loop for hold time tension low cycle fatigue
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Fig. 4. 8 SEM photograph of hold time tension low cycle fatigue
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(a) 0.0017Hz (0.6%) (b) 0.0017Hz (0.7%)

Fig. 4. 12 SEM photograph of frequency controlled low cycle fatigue
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(a) Hold time tension specimen (b) Frequency control specimen

Fig. 4. 13 SEM fractography of hold time tension and frequency control LCF
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Abstract

The material for exhaust manifold is-used in an environment whereincludes heating and cooling

cycles caused by the running pattern of automotive engine. This temperature alteration results in
the repeated bending stress of exhaust pipes. Therefore, among high temperature characteristics,
the bending fatigue sstrength is-an important one that affects the-life span of exhaust manifolds.
The effect of alloying elements of Cr, Mo, Nb, and Ti in the ferritic stainless steel for exhaust
manifold has been investigated on the high temperature bending ' fatigue 'property. Steels
containingvarious Cr, Mo, Nb and Ti contents showed a few difference in the tensile strength
and bending fatigue strength at 600°C except low Cr steel, but the steels containing higher Cr,
Mo or Nb elements showed remarkably higher bending fatigue strength at the temperature of
800C. The precipitates ‘of the specimens after heat treating at the test temperature were
electrolytic extracted, and quantitatively. analyzed using by SEM-EDS and TEM. The alloying
elements of Cr and. Mo increased the bending fatigue strength.vas solid” solution, while Nb
element enhanced the strength. by forming the fine intermetallic’ compounds such as NbC or
Fe;Nb.

KEY WORDS: Ferritic stainless Steel, High Temperature Bending Fatigue Strength, Alloying
element Cr, Mo, Nb.
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3 21 Chemical composition of used ferritic_stainless steels

e C 'Mn '€ Mo Cu T Nb N cin (2TiND)

/(C+N)
14Ci3Nb 90 0.197 14.05..0.01 0.485 0156 0331 - 60 150 43
18Cr5Nb 116 0.277. 17.96 0.0 0.038 0.196 04837 65 181 48
18Cr3Nb2Mo 57 0:247 18.65 1.94 0.057 0.018 0343 71 128 30
18Cr5Nb2Mo 76 0.884 18:24 °1.78 '0.054 0.125-0.463 62 138 52

Agat w7 UEEE el A% A JHN FEYFS wEs, o
9@ A% @ 2E wonw FHoby Yo #dol W4, sl A% v
of o2 At @Al esdolEA AHel sl ST WAL L e,

DeBEE AT ot setolEA sHle sgel W) AHF AS
atelms AAHelA Rarhe BAE wa o /e L & FH
e 400 ] el 4B gout A JALE Tl e mENLA

—1>
Lo d
o)l
ofy
o 0
> o
-
)
=

el B 5 3)
OJEA 2H|I ‘j/] 7c}°ﬂ Mo, Ti, Nb 94
2 F3 vEAE EYS FALES

o, B Aol A 14Cr, T 18Cr Al

27t oA AR AEE AR 3

_53_



2. A% Wy

2 A ARgE 2AlE T 2me] HEhe|EAl 2EIQE 27 F o, Table.
1o A&e YeT. w3 H2ZAY A 22AGAFEES F8l Ao dEH
T} AAAE, AAES SAHSAT. 12 JAFAFELS FA 2mm, HPF 15mme]
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Fig. 1. Geometry of test specimen of bending fatigue and tensile test.
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Jeon-Young Song*, Joong-Cheol Park*, and Yong-Sik Ahn T

Abstract:

The exhaust gas from automotive engine get through the exhaust system at the bottom of the a
utomobile. It is very important to choese a optimal material having good characteristics and cap
abilities rather than the exterior. Generally, Two types of corrosion_come into the automotive e
xhaust system. One is ‘Condensatemeorrosion’, which is occurred by exhaust gas condensatemfor
med at the inner surface of exhaust system heated up xhring driving, which results in the acid
condensatempitting. The other is ‘High® Temperathre Saltmeorrosion’ occurring from the interaaus
t sbetwntn the chloride ion coming from saltmor snow saltmand the outer surface of exhaust sy
stem. By the corrosion attack, the main muffler is firstly damaged and the life cycle of a auto
mobile is signif sbntly daureased. It has bntn investigated that the hot saltmcorrosion properties
of a type 409L and 436L ferritice iainlesse intes which are wtel-knownmfor the materials of the
exhaust system. In a, wust , the corrosion properties of hot dom aluminum coated type 409L ha
s bntn compared with uncoated intes:inluminum coated type 409L showed a:superior corrosion
resi iance than uncoated type 409L, and futhermore showed a better corrosion resistance than a
type 436L, which is an“expensive ferritic stainless steel haying a.excellent corrosion resistance c

aused from more chromium centent:of-an alloying element.

Key words : Ferritic stainless Steel(H| 2] EAl 2~H 18] 227), Al-coated Stainless steel(&5H]

L

B X=37), High temperature NaCl(2L->%]), Pitting corrosion(3 2] §-2])

1. A &
AEAE W7IAE AR Fdels dFvE Eedd B 7ol A-d 4§

1) Bt vekel Al
o TR L AT B AR
5) WAIA AL A E

-mail: ysahn@pknu.ac.kr, Tel: 051-629-6361)

_64_



-
_{
fr
>
ofo
i)
9
%“Z
O
i
N
rH
o,
™
lo
=
oX,
olf
=
-
oX,
et
>
offt
)
o
ol
o
il
Ho
ol
2

AL T AR NARe] 47 2dela el wol ASHD A A%
zko] w7 A= QoA wjEE e 12, Ay AavtAE QhHEta agHo R
PEshe e Ak 53 3V F ARFE B AFAYIA, EE AL
ARG = Al E3HE dsbdESol HiZIAl el Aol & F H7A
o] &
Table 1 Chemical composition of used ferritic stainless steel (wt%)
C Cr Mo Mn Ti Ni Si S P
STS 409L 0.0025 11.2 1.0 0.2 0.5 0.005 0.040
STS 436L 0.08 17.5 1.0 1.0 0.244 0.14 0.13  0.001 0.021
STS Al 409L 0.0025 11.2 1.0 0.2 0.5 0.005 0.040

S F23 BaAZg. &3 19 Hi7A Ala"e =4
Ae 3 1 199 7}——011 HEH7| &g FEASEE 53 W2
9 ZhEyE Q5= a8l o oAl LAHUolE AH 2
Wabo]  ZhaL, W 214 o] “I"‘T‘\_]_' HetolEA 2EIdE 7S Bo] AMEstal 9l
Aolekl 2l w7 A4 HatelEA sEHQlE A o7 2o STS 409L %
o] AL&E o gtoy} T Aol [§5¢ STS 436L =H|QlE| =7} 9] AL
7Vatar 9le}. &A%k STS 409L 7& Cr, Mo 59 947} a9 aax #
HOoZA Ao 2 aA] 714 o] W}D}i G S ZFAa T webs dAbA)
Aol AHgk STS 409L el Al =gl d 24 o] ARgo] nds o}, £
L_TL
A

rir
OIN §2 N 1@

ol += STS 409L 3 436L 18] 3-hot dip_aluminum coated 409L &9
ZAFAEAS AT 2] o) w7 A
2] 32 (pitting) o)™, &2 F-21] WA A&

=

I eS/gTe] WA, A
=
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gEA vebdd Zgak wiziAle) 2ks e T wzIAl viyR

Ere 4% 80
0T ol A&str ZHE spo]Z= 760C, WEel: 316C AR Fsdvty &
A4 Ak 2 Aol s A4S dAAE FA, 5% Ea aAe] A8k
A 7hE S wbEShs Wb a1 o FAANRS A, ST AA e 9
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A5} w71 Aol A Al-coated 409L7%2] #8715
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Tail Pipe(AL-409L,304,432 409L) Hot Parts 760
Main- Muffler Flange(409L)
i (AL-409L 4361, &
N 436J1L,439,400L] Catalytic Converter Exhausl Manifold 4% (0T 5 2412 D)
(435,405L.429EM, (3105, 309S, 44d, 441
center pipe — 439.490TL20CT5A1) 4o 10 a29E 458) q
AL AL, ™ £
439,405L) W\ 5 §
L / .+~ Down Pipe
0 o e (214301400000 =
e-Muffler we i e
(ALS08L 361, - %{'L
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439,409L) De-coupler = P’ 4
(Flexible Pipe)
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Fig. 1 Schematic view of automotive exhaust ) o )
) Fig. 2 Schematic diagram corrosion cycle
manifold system

2. VAo R

oA A ARE " STS 409L, 436L, hot dip aluminum coated 409L 37}#
273558 AL Table 1 7 2ok vi7|AlY F2%

ol M dAshs ZEQle A tEA <l ‘:"*4 2T Aol # ATl
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o

d Calomel Electrode), “JtZ=(Counter electrode)> ILHE=EAFES AFESITEH. AlY

Sl 0 IM NaCl, €N 25+ 23CE YATA FA3F5 1L, FAFS =(scanning rate)

20mV/min® = Algsitt. AR A ZWel e AsES A7 fst] 283 A7)

2 5% AlFsken, flat cell A2 F -700mV/seco1 A A FAAA gl EA8

T e AES AA st NEIE A (Open circuit potential)dlollA] 5E3F H4g 3}
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Fig. 5 Photograph of the cross section of Fig. 6 Schematic
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