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Synopsis :

The mechanical properties and the oxidation resistance of heat-resisting steels for
automobile exhaust systems have been investigated. 25%Cr-20%Ni1 steel can resist the
cyclic heating at temperatures up to 1000°C and this maximum temperature is elevated
to 1100°C by the addition of R.EM. to the steel. 20%Cr-10%Ni-3%Si-Ti-R.E.M.
two-phase steel also withstands the cyclic heating up to 1100°C. Extra low carbon 15~
18%Cr-2~3%Al-R.E.M. and/or Ti steels have an excellent anti-oxidation property up to
1100°C and good mechanical and forming properties. These steels are recommended for
the making of thermal reactor core. Extra low carbon 17%-Ti steel (RIVER LITE 430LT)
has good forming and welding properties and can resist the cyclic heating at

temperatures up to 900°C. This steel can be used for catalytic converter core.
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The mechanical properties and the oxidation resistance of heat-resisting steels for automobile exhaust

systems have been investigated.

25%Cr-20%Ni steel can resist the cyclic heating at temperatures up to 1000°C and this maximum
temperature is elevated fo 1100°C by the addition of R.EM. to the steel. 20%Cr-10%Ni-3275i-Ti-R.E.M.
two-phase steel also withstands the cyclic heating up to 1100°C. Extra low carbon 15~18%Cr-2~3%Al-

R.EM. and/or Ti steels have an excellent anti-oxidation property up to 1100°C and gcod mechanical

and forming properties. These steels are recommended for the making of thermal reactor core.
Extra low carbon 17%-Ti steel (RIVER LITE 430LT) has good forming and welding properties and

can resist the cyclic heating at temperatures up to 900°C. This steel can be used for catalytic converter

care,
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Table 1 Chemical requirements of commercial stainless steels
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Mn
SUS 3105 <0.08 <1.50 <2.00
Austenitic SUS 3095 <{). 08 <1.00 =2, 00
SUS 304 <008 <1.00 < 2,00
SUS 430 <0.12 | <0.75 1 <100
... RIVER LITE .

Ferritic | 430LT- < 0.03 <0.75 <1,00
PASTM 409 . <0.08 <1.00 <1.00
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Tabie 2 Chemical comp051tmn=; of heater wire or ribbon made of Fe-Cr-Al alloys
s Chemlcal composmon‘ Max. temp for use
| Notation (wt 9 °C)
ns:C | FCH1 23~26Cr—4~6Al ‘ 1200
2520-1965 | FCH 2 17~21Cr-2~4A1 | 1100
[ o - | . s
Foreign Megapyr 30Cr-54Al1 | 1320
Kanthal A1l 23Cr 6A1-2Co | 1300
trade-mark Alcres 12~15Cr 5A1 | 750
Table 3 Chemical requirements of Fe-Cr-Al alloys in DIN (Wt%)
number 7 7‘ > P |
X10CrAl 7 4713 <0.12 0.6~0.9 i <1.0 0 6~0.9 ‘ 6.0~ 7.0
X10CrAl 13 4724 <0.12 1.0~1.3 <1.0 0.8~1.1 i 12.0~-14.0
X10CrAl 18 4742 <0.12 0.8~1.1 <1.0 0.8~1.1 | 17.0~19.0
X 10CrAl 24 4762 <012 ‘ 1.3~1.6 <1.0 | 1.3~1.6 ‘ 23.0~25,0
Table 4 Series of chemical compositions for testing materials
- Cr Al Nb ‘ Ti | REM \ Others
L series 13 2.4~3.1 ‘ 0.2 | - - |
A series 1-4 | 0.2 ‘ — ‘
B series 3 0.4 ‘ — ; — ‘
T series 3~4 ‘ 0.1~0.3 I — ‘
S JE— | . — . 1 —
N series 3 ! 0.2 ‘ _ ‘ - |J 026--0.037 N
S — 15 —_— - A, - - -
O series 3 0.2 ‘ — ‘ ‘ 0. 24~1 lMo
Y series 3 | — - I 0.05Y
M series ' 4 ; — | — ‘ 0.02~0.2
TM series 1~3 | — ‘ 0.5 | ooz
W series 3~4 ‘ - ‘ | -
U series 4 ‘ — | - — ‘ 0.02B
X series 18 0~3 | - | 0.25 0.0
V series 3 ‘ — ‘ 0.25 ‘ —
Z series i 2 ‘ — ‘ 0.4 — ‘ 0.5 Ni

TH D, 30Cr-10AL 8 % CiTABMIMmTT8E T
DEVR T B, Fe-Cr-Al fr&animiiton
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Table 5 Resulis of bending and tensile tests for TIG weldments

Steel “____Berndabl(iangl.e__(")iii Tensile strength ! Elongation

Face bend ‘ Root bend | (kg/mm?) (%)

15Cr-2A1-0. 2Nb ! 180 : 180 ‘ 51.1 16.5

15Ct-4A1-0. 2Nb 180 180 60. 6 24.0

0. 006C-15Cr—3A1 180 180 6.0 29.9

0. 012C-15Cr—3Al 180 _ 180 49.8 25.8

0.063C-15Cr-3A1 180 ‘ <180 54.8 24.9

15Cr-4Al-0. 3Ti 180 180 57.9 12.5

0.039C-15Cr4A1-0. 02R. E. M, <100 ’ <120 57.4 25.3
0.037C-18Cr-3Al ‘ 51.5

. Welding speed : 0.3~0.35 m/min

< 180

<180

14.4
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Table 6 Comparison of typical data on the mechanical propertles and formability

10,29 proof | Tensile i O ) |
Steel stress strength Elongation ¥ value n value C.C.V. | Er value
- hg/mm®y | (kg/mmty | (% | B Domm) | (mmy
ALT 15 | 460 | ero 28 | L2 0.18 w1 | 95
SUS 430 ‘ 37.6 52.5 27 ! 0.8 0,21 | 480 10.4
RIVER LITE . a , ‘
30U 302£_ J_ 46.2 _?% ‘ 1.3 R ‘ 7%6f0 107
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Table 7 Test resulis of weldments with various combination of steels
e e N L e i i e e i
Combination of steels ‘ Face bend ‘ Root bend strength Eiongatmn | h&;(éz:ltlll?en of‘ é?}f:lenc
e (deg) | (deg) | (kg/mm?) | (%) _L_ we ) Seeney
‘MTB ‘ 180 ‘ 10 | 515 | 802 !
KT-1* 180 180 ‘ 33.2 | 204 KT-1 ‘
ET) . 3 0
wo B | B B 3EE
430LT | - -
SUS 304 <100 ‘ <150 ‘ 63.1 34.2 ‘ 304 100
| SUS 3108 | <6 <0 | 6L0 97.7 3108 | 100
- TTRIVER LITE ™ S ' . T T T T
| oLt ! 180 180 ‘ 46.8 26.2 ‘ w ‘ 100
RIVER Lite | KT-1 180 180 ‘ 13.8 20.9 KT-1 100
azoLT | KT-S 180 10 | 20.7 98.0 KT-5 100
SUS 304 180 180 ‘ 46.7 98.8 430LT 100
5US 3108 180 180 | 464 23.7 430LT 100
| susalos 180 180 6.3 | 296 W ] 100
KT-1 180 1 2.4 T-1 100
SUS 3108 < <180 33 2 K
KT-S 180 180 30.0 18.8 KT-$ 100
SUS 304 180 180 60.2 | 36.7 | 3108 100
| 409 W 150 150 4.6 26.7 ‘ M | 100
KT-1 <180 ‘ <180 31.8 18.7 KT-1 100
KT-§ <180 <180 27.2 24.0 ‘ KT-S 100
ASTMA9 | RIVER LITE ‘ 180 ‘ 180 14.7 23.8 409 100
430LT ; - :
SUS 304 <180 ’ <180 45.8 23.0 ‘ 409 100
SUS 3105 ] 180 | 180 44.0 24.2 } 409 100
* Rimmed steel
#* Rimmed low C steel
Specimen size : 2omm GL, 12.5mm width, bead | tensile axis.

Table 8 Chemical compositions of testing materials
e e S - r;fLAiﬂﬂTf?_
 Notation | c | si ‘ Mn \ Cr | N AL T;_‘r REM. | N

1A 0. 027 ‘ oo | 194 20. 4 ‘ 10.6 ‘ o34 | o022 | 130
2A 1 0.033 2.72 1.81 200 | 1007 - 0.25 0.019 1 130
3A 0.029 ‘ 2.03 1.85 t 20. 2 ‘ 10.7 ‘ 2,06 0.29 ‘ 0,021 110
1A ‘ 0.032 |  1.83 1.81 20.3 6.2 — 03 0.022 170
A | | 1.02 ‘ 20,2 ‘ - ] ‘ 0.021

i 0.030

3.13 ‘
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Table 9 Tensile properties and formability of testing materials
" 0 29 proof . Tenaile N E A
Notation |stress . strength ‘ Elongation ¥ value ‘ n value C.C.V. Er value
) | kg/mm®) | (kg/mm?) (%> (mm) (mm)
1A 28.8 63.1 ‘ 47.3 1 0. 0.28 ‘ 47.4 11.0
ZA i 36.1 73.1 : 39.7 ' 0. 80 0.23 48.9 9.2
sA | 9L . o580 011 L — 6.2
4 A : 48.6 71.5 : 34.3 1 1.10 0.14 ’ 48.3 9.2
54 | 6L9 81.2 26.0 0.88 0.13 | 501 8.0
— o N
| 30k vacuum melied ingalFa' Sheet-har forging, 25mmt x ]SOmmﬂ 3\\?‘ o0 | { i ’7
EX “B“ﬁ“‘\u-_al ’
—t{ Hot ru]ling.‘l.[}mmli—bl Annealing,1 100°C H(_fold rnliing,lAEmmT! gc 20 1 . _ i _ QO'-@_‘_ -
B g Joa E
— Ma- e E
e i ¥
R . . . AN 0.2 Gc;
Fig. 18 Manufacturing process of testing materials L D\%‘T—EQ—Q 1‘
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qJPCEZ@%)_}_—r_?’f }‘57:{&;&?59 E?’:%Z*ﬁ . %, area of ferrite
. ] _ ig. 19 (b) Relations between 7, #n, elongation
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Table 1¢ Results of bending and tensile test for TIG weldment
Tensile properties Bend
Notation e e e e [E—— . [ - —— - B
Tensile strength Elongation Location of
o _7_!__£kg/m1112) B - % ___f_r_{s\cture Face hend | Root bend
1A 68.7 j 43.0 M 180° | 180°
2A 75.9 ! 35.0 M 180° ! 180°
! H
3A i 111.6 ' 4.1) W 30° ! 30°
4A 71.1 | 24,0 M 180° ‘ 180°
sa | 76.4 L 24.0 M ; <180° | <180°
—_— _ ! . - S ! - . .
M : Mother metal
W : Weldment —o— 20Cr -11Ni-28i(1A)
e 20Cr-11INi-35i{2A)
- ZOSr"llNifZS(i*ZP).iHA)
3 -0-- 20Cr-6Ni-251(4A
52 & ¥ e 0CT-ENi 351(5A)

PAAH W 2 T, EETER 80A, HIEE
¢.4m/min ¢ TIG fe DR T B0
REFIIEARL LU M A B4 %2 Table 10
WhT, CTORERNL, Al 250 d oLl R
B IR A R Z L i g,

53 Bk

Fig. 22 CHEOA —AF + 4 + A5 v U A
EELIEERE I DR LIRS ki BB
AT s, EWERALRMEEL D < R LmN
#aoiE4 { Incoloy 800 = SUS3I0S X[,
LU ERUEDEHEST LTV 5,

54 BHEMRE

Fig. 23 SRS |1E®R S LMol EEEEL
T WTFREHE400°C &S ECE R Xk
SUS310S 2 304 1m 5 LU b, = i aiid b &
BUAETL, 7294 FHEDOE4A, 5ATIL
SUS30M # T 5ME 4 rL, 1000°C Titis
FThe SUS3ME e s, Lo L
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Sample No.1A

—— SUS3108
—+— 5U5304
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(%)
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Fig. 23 Short time tensile strengths at elevated
temperatures (1, 2mmt, G.L.25mm,
strain rate 5mm/min)

5.5 L4 <hitE
Fi\fE T3, Fig. 24 v SEABHEO—F4

Sample No.2A

1000
900
800
700

6001
50014
v

Temperature (°C}

<:::::ﬂa 100% 100%
0% 508 0% 50%

o1 i 0

00 01 0 10

Annealing time {h)

Fig. 24 TTT diagrams for ferrite—sigma phase transformation
of the 2-phase stainless steels .
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Fig. 27 Effects of Ti and R. E. M. addition on the oxidation
of SUS 3105 stainless steel at 1100°C
Table 11 Expected properties of 2-phase alloys and comparison of these with the
properties of commercial austenitic stainless steels (Thickness : 1. 2mm)
e i —m — e ST e e e - A
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N | s or MO g oracea] (| Glfmmt) | (mggemy | VOOt
! C=003 | ‘ ’ i .
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: | ;
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4 9, 2.2 ‘ 19.5 2.2 ” 35~45 ~9.5 4--4.5 : ~4+2,5 180°
5 10| 2.4119.5 2.2 “” 25~-35 9.5~10 ! 4,5~.5 Po42.2.5 180°
SUS 3108 20 0.8 25 1.3 | ~0 11.4 : 7~7.5 +2 180°
SUS 3095 13 0.8 1 23 1.3 - ' <h 11--12 ! ~B +2 1807
SUS 308 11 0.7 ! 20 1.2 — <5 ~12 ~5.5 +3.5 1807
SUS 304 9| 0.5 18 | 1.0 ~0 13 ~5 | +15 180°
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