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Resource Saving Type Heat Resistant Steels and Alloys

Hiroyuki TAKABAYASHI

Synopsis

Heat-resistant steels and alloys have superior properties at high temperature, and are used in various applications such as

boilers and turbines of thermal energy plants, engine parts of cars/aircraft/ships, garbage incinerators, heat-treatment furnaces,

and room heaters. Generally, heat-resistant materials are strengthened by the addition of rare elements. However, there are

concerns about the price and supply instability of rare elements, so development of heat-resistant materials and strengthening

of heat-resistant properties have been suppressed. Recently, environmental regulations have become stricter, so heat-resistant

materials are needed.

In this paper, the latest developing trend of the resource saving type heat-resistant steels and alloys is outlined. Focus is placed

on design concept and properties of austenitic heat-resistant steels and alloys, which use a lot of rare elements.
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Fig. 1. Comparative heat resistance of heat-resistant
materials.

Table 1. Chemical compositions and main applications of typical heat-resistant steels and alloys.

Type Alloy

Chemical composition (mass%)

Main application

SuUS430 17Cr

Oxidation-resistant part used at 900 °C or less

Ferritic Furnace part.
FCHA1 25Cr-5Al Heater heating element.
SUS403 12Cr-0.1C o
High- h less.
N SUS410J1 |112Cr0.4Mo-0.1C igh-temperature strength part used at 600 C or less
SUH3 1Cr-1Mo-2Si-0.4C Engine intake valve
SUH11___ |9Cr-25i-0.5C 9 '
SUS304 18Cr-8Ni OX|d:'at|on-reS|stant part under cyclic oxidation condition at
800 C or less.
Austenitic  |SUS310 25Cr-20Ni Oxidation-resistant part under cyclic oxidation condition at

1000 °C or less.

SUH35 21Cr-4Ni-9Mn-0.4N-0.5C

Engine exhaust valve.

SUH660 15Cr-25Ni-1Mo-0.2V-2Ti-0.2Al Heat-resistant bolt, Heat-resistant spring.
PreC|p|tgt|on SUS630 17Cr-4Ni-4Cu-0.3Nb Turbine compressor blade, Turbine part.
hardening
NCF600 75Ni-15Cr-8Fe Heat exchanger, Industrial equipment, Electronics.
NCF601 60Ni-22Cr-1.4Al-15Fe Industrial heating furnace, Gas turbine part.
HeatXﬁsistant NCF690  [60Ni-30Cr-9Fe Coal chemical equipment, Reactor part.
oy . :
(Austenitic) |NCF718  |53Ni-18Cr-18Fe-5Nb-Al,Ti Gas turbine part, Aircraft/Space part, Heat-resistant spring/
NCF750  |70N-15Cr-7Fe-1Nb-Al,Ti Bolt at 700 C or less.

NCF800H |Fe-34Ni-21Cr-0.4Al-0.5Ti-0.07C

Heat exchanger, Industrial equipment, Heater part.
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Fig. 2. High temperature tensile strength of stainless steels.
(This figure based on reference 5.)
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Fig. 3. Effect of added elements on 0.2 % proof stress of

18Cr-10Ni austenitic heat-resistant steel.

(This figure based on reference 6.)
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Table 2. Typical austenitic heat-resistant steels used for engine exhaust valves and their chemical compositions.

Chemical composition (mass%)

Alloy

C

Si

Mn

Ni

Cr

Mo

N

Others

Japan

SUH31

0.35-0.45

1.50-2.50

<0.60

13.00-15.00

14.00-16.00

W:2.00-3.00

SUH35
(21-4N)

0.48-0.58

<0.35

8.00-10.00

3.25-4.50

20.00-22.00

0.35-0.50

SUH37
(21-12N)

0.15-0.25

<1.00

1.00-1.60

10.00-12.00

20.50-22.50

0.2

SUH38
(CRK22)

0.25-0.35

<1.00

<1.20

10.00-12.00

19.00-21.00

1.80-2.50

P:0.18-0.25

21-2N

0.55

0.2

8.3

21.0

0.3

B:0.001-0.010

EV3

0.2

0.25

1.3

21.0

(21-12)

EV4

USA | 21-12N)

0.2 0.25 1.3

21.0 -

EV5

(Sil10) 038

3.0 1.0

8.0

19.0 - - -

UK |[En54 0.43 1.75 1.2

14.0

15.0 - - W:2.5

X45

CrNiW 189 0.45

Germany 2.5 1.0

9.0

18.0 - - W:1.0
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Table 3. Cr-Mn substitute steels for engine exhaust valves in Japan during wartime and their chemical

compositions.
Japanese aircraft standard

Chemical composition (mass%)
C Si Mn Ni Cr Mo N Others
1307 0.10-0.20 0.8-1.2 15.0-17.0 10.0-12.0 <0.5 W:1.8-2.2
1308 0.30-0.40 0.8-1.2 15.0-17.0 12.0-14.0 <0.5 W:1.8-2.2
1309 0.20-0.25 0.8-1.2 15.0-17.0 10.0-12.0 - V:0.5-1.0
1310 0.30-0.40 0.8-1.2 15.0-17.0 11.0-13.0 - V:1.0-1.5
1 311 0.10-0.20 0.8-1.2 15.0-17.0 10.0-12.0 0.15-0.20 | V:0.6-0.8
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Table 4. Typical precipitation hardening austenitic heat-resistant steels used for engine exhaust valves and their

chemical compositions.

Chemical composition (mass%)
Alloy C Ni Cr Mo Al Ti Nb Others
V:1.0-1.5
SUH660 0.08 24.0-27.0 | 135160 | 1.0-1.5 <035 | 1.90-2.35 - B.0.001-0010
RS307 .
(DHN2662) 0.05 20.0 11.0 - 0.25 2.75 - B:0.002
ASL116 0.05 20.0 14.0 0.3 25 - B:0.003
Mn:2.0
286LNI 0.08 19.0 15.0 1.0 0.5 25 - V:0.50
B:0.005
Cu:2.0
DSA2415C 0.03 24.0 15.0 15 22 0.55 50003
RS308 .
(DHN2661) 0.06 25.0 15.0 - 0.4 3.5 0.6 B:0.003
HRA261S 0.08 26.0 13.0 0.5 1.0 3.0 0.4 B:0.003
700 ) o o
] 1718 DORADRH Y, o IIEREERCHERE & E2m LS
=~-.lhcone S S
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Fig. 6. Creep rupture property of RS308 at 700 °C.
(This figure based on reference 35.)
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Table 5. Typical Ni base super alloy and its chemical compositions.

Allo Chemical composition (mass%)
y
(JIS) C Ni Cr Mo Al Ti Nb Others
'(',11"(‘:’269(')%(30 <0.15 5720 | 14.0-17.0 - - - Fe:6.0-10.0
'(',11%’225681 <010 | 58.0-63.0 | 21.0-25.0 . 1017 ; -
Inconel625 Nb+Ta: Fe:<5.0
Noress <0.10 >58.0 | 20.0-23.0 | 8.0-10.0 | <0.40 <40 |0 | &S0
'(',11%’269‘!9%9)0 <0.05 >580 | 27.0-31.0 . - - - Fe:7.0-11.0
&%’E%Q)S <0.08 | 500550 | 17.0210 | 2833 | 0.2:08 | 065115 | 2FI& | B:<0.006
2',1%’2?%50 <008 | 50.0-55.0 | 17.0-21.0 | 2833 | 0208 | 0.651.15 | hHot2 Fe:5.0-9.0
a‘gg@ws” 0.10 5700 | 14.0-17.0 - 0915 | 2026 | pof3 Fe:5.0-0.0
[“d’ggg‘gﬁ?A 0.04-0.10 bal. 18.0-21.0 ; 1018 | 1827 - ;
1&"8,':083’5(%0 <0.10 | 30.0-35.0 | 19.0-23.0 0.15-0.60 | 0.15-0.60 ; ;
:'IIICC‘;’,L‘Q’(?SS)H 0.05-0.10 | 30.0-35.0 | 19.0-23.0 0.15-0.60 | 0.15-0.60 - -
B:0.003-0.010
Waspaloy 0.03-010 | bal. 18.0-21.0 | 3550 | 1216 | 275375 . 2:0.02-0.08
C0:12.0-15.0
Co:11.0-14.0
Udimet520 0.02-006 | bal. 18.0-200 | 5570 | 1823 | 290325 . W:0.8-1.2
B:0.004-0.010
Co:14.0-155
. W1.0-1.5
Udimet720LI | 0.01-0.02 |  bal. 15.5-16.5 | 2.75-3.25 | 2.25-2.75 | 4.75-5.25 - A
B:0.01-0.02
Fe:18.0
Co:1.5
Hastelloy X 0.1 bal. 22 9 - - W-0.6
B:<0.008

T, Table 51283k 097% Ni &M EE SO %R T
F72, HARIZBWTIE, EEEPIZBIT LRk ToRE R
FEIEROEWT, Ni BBRAFORME, 2L TREEERO
MZEREEEMMEIZ LY, WEAEGEOREIEIHCKRITH LT
PWRENE L o720 1950 FRIC% 5 &, BOROFH
HEASND LHIZ%D, 1960 FERIZ2 T TRCK DB
BEEIIOWTORMUE LT R HEH % & O T
bz, 19710 R B E, HRICBWTHBEESS
RFUWE LB A EORSEITOID XD 2n ) 2
DOBIRAE, HAY — E L PREEEEA & L CHERMH L
T\ 72 Hastelloy X 7 5 & L % X 5 72 Tomilloy (Ni-
22Cr-9Mo-3W-8Co-1A1-0.3Ti: mass%) ** 23BHZE & T
A, A CERCRIZBWTIE, ¢ HERITES S 5 128
SELIITBEEEL L COBRAPRZ, v % B -
M TIE R CMIBEES L) 2 Ea%Gte LodEas
DBZEIENNAThI T W2, & 5121980 4E LT
X, —HMEEESSLEF{HRESEOREMMTONL &9
Il TOXICY—ErRftE T MAaFT

E, BETCHEZ BRI L TR % S8 MR B S
SN, HEBNZMO CoiliiNTAI NI AT 4 ¥ 7 LI
BB EREEZIH LMY 2dbbsbon, 4
BELE EEHWIC LRI L AL W,

(2) it e £
KEAFEDHIFEO BBV CHH S N AMEE 4121
IAMER, TAhbLbEARFEILO =05k, 1970
FERINIE—ED T > Y v THEH ST W Inconel751 %
Nimonic80A 72 & Ni 2: & & PR/ NV 7 D4 Ni fbh
S E NG 000 1980 EEHIZT 4 — ¥ LT v Y v K
BEbr & LT RS914 ¥ % RS417 ™ £\ 40Ni (mass%)
EENFEENTVE. 20 L) IHBEEDOREIT,
mEERfb L BERE FFICEND) ko220 LY FT
HEDSNTE 7.

HEHE T UV HERN LV 712 B 58 NI 6480
i, 1980 SEARLIRE, HIIMICAITbhCEz/20, 9
B LUFEICIR RS, 3. 1 (3) T|ICTHE NIV THIZIE
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F—=ATF A MRMBGRASBH ENT WD Z L 52 akR7z
B, MBS AL T B0, NV T OLEMEEO R
JiE & M7= B EFTIC Co BeD AT T4 b & IHER-ESS
PARBEINTELNLZ EDH D, L2 AHD1978
FEHOT 7V A BITFEHFIZEY ConmigL7z7:
O, —EHOENS —XA—H—Ti&, T XY Ao
T4 —EIT T I8 WT Inconel751 2MEH ST
72 ERED S, Inconel’5S1 ZLETHIY Y v OGSV T
B L CAEERBEIL L, Co i) A2 2 mE L7z ™.
F7o, LD DEMEW L, NVTEEEZML
TEEL2WEL L), Iy oEHibticd 2
Ay MDH o722 & H Ni SBEE~DOYIFRLR L 72,
L2 L, Inconel751 ®@EIZAKL ZEER LD O
D, NiZHH 70 mass% T I A M THD I LR
M 21-4N 120 L C O IETHENE L i\ — kD%
B L CIBRHSBE ChH o722t s, BN
DENALD == ADHo72. wimo X 512, 70 4RI
X9 CTICA NLOBREPHRTITDILTEBY, 72
7 T % Pyromet3] ¥ £\ Ni & % 57 mass% |2 L
MBI SNz, BEEOH V) Y id 1970 F ISR
WENIET o213V E, F 75 Uiz BT AODE
V) BB LTBY, PEAAFICEENDEED
RWERILERIC & 2 SR A2 L <, Ni #7555 mass%
PUITFIC % % &SR0T A AMAHILT 5720,
Ni IR IZBR A DD o 72, DT, ATV~
WIS LZENAEEL LT, NiED 60 massh D
NCF6018 7% 1980 4EACICBIZs S >, EH b s .
FD%, NTNVELRIBITAL Y 0BG %
B2, SORLEMEMDO=—XAH Y, Inconel751 12
Mo, WiRINB LTI, Al, Nb¥ETHET v 7 L7
NCF440 2SB3s &N Y, 2K —v o Y v HIZERLE
N7z 90 AR B L SEAIZIESR T ) LY ) Brb o
TBEY, E5LRLE8NILO=—ANEET-72. LiL,
PERIRED R 800 Tl B V) ¥ .Y v Tk, Ni
X WET LM TH L ol (V7<) A

TS 2B ehid - 7.
ZZTCeYMEBEBEMELEHET HRADH 15
mass% FEREICHIR, S 5T & AlDRIINT v A% &%
WAL T, 800 C TREMMAH L T Mk %Ew L7
NCF4015, NCF3015 & \» 9 Ni % Z 1211 40 mass%, 30
mass% & L7-G&A B, ERLEnLY Y Zhs
D44 Ni B4 412, Inconel751 ¥ I THREEIZIET 5
214N LD b HWIEE LR L TW5. — I TNi®
% 46 mass% & L CANiTLL7z) 2, y M HsRIL S &
bHHETTC O #EL b XA 2 & T, Inconel751 & [F]%:
PlEEsRE 2@k L7z H461 L) G480 Sh
0 EMERE R B QPN L ISR X L7z, 2000 4E
RiZ% 2 &, —f@E L WERBHHISHRE S, HESURE
A3800 CLLEIZ EA95 X9 1270, Inconel751 LX)
DEREMHPIHL Y Vb RBEE > TE #2
T Inconel751 D EHRIEE & M L XV EHMEFEL, NiE%x
#7170 mass% 7 & 50 mass% (28 L 72 NCE5015 & \» 9
HEMVRIEEN, ERLENZY O Do Nk
LT s NEN R Y VR SV 7 Hit v
ELORST % Table 6 12783, JNZ T, Fig. 7 12 NCF3015

500¢
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200}
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10% 108 107 108
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Fig. 7. Rotating-bending fatigue strength property at
800 °C.

Table 6. Chemical compositions of typical Fe-Ni base super alloys used for engine exhaust valves.

Chemical composition (mass%)

Alloy C Ni Cr Mo Al Ti Nb Others
NCF3015 0.03 32.0 16.0 - 1.15 2.65 0.8 B:0.003
NCF4015 0.05 42.0 16.0 0.90 2.70 0.8 B:0.003
H1461 0.27 46.0 18.0 1.20 4.00 - B:0.004

W:1.5
NCF5015 0.05 50.0 15.0 1.0 1.40 2.50 1.3 B:0.003
NCF6018 0.05 60.0 18.0 1.00 2.50 0.9 B:0.003

W:1.5
NCF440 0.05 70.0 18.0 1.0 1.40 2.50 1.3 B:0.003
Pyromet31 0.04 57 22.7 2.00 1.30 2.30 B:0.005




B X UFNCF5015, NCF440 @ 800 C 2 351} A [l i 1
JE 57 ¥ % 7% 3. NCF3015 13 Inconel751 & 21-4N O
o [, NCF5015 (& Inconel751 & [f] £ L N\ )L, NCF440
13 Inconel751 L LD REEZ H T A MEDITTH 5
CENDb,D. ETIE 214N BN — 2SR EIL L
NCF3015 O & iR5REE 1255 L <OV O it B ASE 56 X
T2 Y ZOHLVIEMI 214N £ ) b ES &1k
L Tw52%, NCF3015 122 & Nimid 1/3 DT Ic#p
HILTWD.
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