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Development of a Superalloy with Excellent Fatigue Property

Shinji KANWARA, Kunihiko ONISHI, Shigeru SUMIYA, Yutaka ToMONO, Tadahiro KiDA and Tatsuro ISOMOTO

Synopsis : An attempt has been made to develop new alloys with high thermal fatigue resistance and interpret the thermal fatigue behavior based on the

relation between plastic strain range and related elongation in tension test at elevated temperatures. The thermal stresses that lead to thermal

fatigue failures are generally induced by rapid change in temperature due to start and stop of plants, so that the total number of cycles in-

volved is relatively small. Resistance to thermal fatigue depends on the material propertics such as a cocfficient of thermal expansion, heat

conductivity and resistance to the strains incidental to temperature change. At present work, three types of modified NCF625 alloys were can-

didated to control the material properties by changing the contents of elements such as aluminum, titanium and iron, and were cast as ingots

for the test. Thermal fatigue behaviors of examined alloys were cvaluated at clevated temperatures between 773K and 1073K, and between
773K and 1073K. As a result, it was derived that the modified NCF625 alloy containing 1% titanium, 1% aluminum, and 1% iron showed the

highest thermal fatigue strength. It was found, form the thermal fatigue tests, that this alloy had thermal fatigue resistance about two times

that of NCF625. The alloy thus selected was gas atomized to powder and PTA welded on a carbon steel plate, and it was confirmed that there

was no problem found on the metallurgical structure and hardness distribution.
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Table 1. Chemical compositions (mass %).
Alloy c Si Mn P S Ni Cr Mo Al Ti Nb Fe
NCFé625 0.015 0.31 0.32 0.007 0.002 Bal. 21.48 8.96 0.27 0.23 3.44 3.01
Alloy A 0.019 0.32 0.33 0.007 0.003 Bal. 21.57 9.02 ‘
Alloy B 0.022 0.35 0.32 0.007 0.002 Bal. 21.56 9.05
Alloy C 0.018 0.33 0.33 0.007 0.002 Bal. 21.53 9.00
A ©
Stress o=t
l__, | 1Y I
/—-—7  p—1 11}
M12 30
Oy 50
80 |
(a) Tension test
Ag,
> ©
Strain = ] Jw
o Rl
<
20 ]
140
%
(b) Thermal fatigue test
f— T > Fig. 2. Shape and size of test specimens (dimension in
i a

Fig. 1. Stress—strain hysteresis loop.

DFER, NCF625 % X — 2 & L - BUE I 12BN -85
PUSME EBRE T2 Z &N TE 2,

2. H®Y

773K A 5 1173K &£ Th £ DO RBNEROEEREIZ X
B—3EY A 2 ILDOBOT A, BUSHABERINIELEDE
WRELE 37 D EH 1L, Manson-Coffin A, V7% EfE4 D LT
b T3R, 20 kS ZIBEHET, R HER
BECOPRIKTHSE, 2O EB/EDBRITI—0FT A
AT NV AN —-TOEAR % Fig. 11277, ZD&ED¥E
PEO 28 A, BXRD K S 12k Eh B,

o BIFRRE, UK
s I IRE, K
: EmRIDOFERIBTT, MPa

o, ERFIDOEERIES), MPa

E: YV 2% MPa
Thd, ZOBUOTANERMLGR, BficEsL%E
AbNTNW%, £IZT, Figl BXUR(1)& D, RDAIC
HHLU, #ERR - 5Hli %17 - 7.

O BRIEHo, 0,8 kE<T 5,

@ WWiEHEEKEL TS,

BE, OLQOBWKIMEE MBI 4 MR 5 ETH
R¥58DTHS, 20, —MRiZiFERILH 2 Exw
% L BT EEMEISMK T U, BRMTHENE 2 A1 b X 2 B L REIRIG T
BIKTT 3%, 22T, TRhZhORES/NT v 2 &L FR

58

mm).

BV, MRS 2WMHEDRE /N7 v A& Rl L, BE)
FMEEmMEIVRZEE2FLRTREEZS W, 22T,
=y T NEOBEETHBANCFR25 4 N—AE/E LT,
Al, Til XU Fe DA 22L& &, BREEE KD,

3. RBRFE

3.1 #EME

A B DL F K % Table 11283 . Alloy Ald,
NCF625 & X— ZIZAIB KV Ti 2B 1% T 2OHRMLZE 0,
Alloy BIZAIB KU TIA# B 2% TORMULAZEDTH B,
72, Alloy CIFAIB LU TiZ#& 1% TOHML, Fe® 1%
IZZ 728D TH 5,

3.2 HMHEEREE

3FEDOMB I & U RMEM NCF625 12D W T, FER»6
1173K TORRIZRAE, BUZERB KUY v 7 EEFHIL
Tzo 72720, MRAEARERBUIIRZERZ AR ) 77 IR B e 3,
BZEREIL -7 7 o v a ABERHIERE, v g
ARSI RNERE I X > TZhZhEHEIL 72,

72, BIIRE &, 02%M ), B B XU D IEE
W5 R & » TR 72, BiRBBERBRORERF IR -
~FE & Fig. 2(@)i2R T, %77, Fig. 2(b)i3 Bk % 237 3R
BRICHW BRI - SHETh 5,

RIZT, CoffinBUENEY — REUE I A BRILE D SMEl % Fig. 3
12T, BuEsTalERE, BT 15 mm D FF [ % R
HEMELT1073K & 5 WK 1173K £ THIELL , 225k
K> TIBKETHHIETSI ZLIC K-> THREY A 2L
25 2%, TOR, BFHEEBOOTANTFIZED LI
ARERBOSE - IEMEIC K> TG & B L 72, Mgk - HH
IX 60sec/cycle TIT - 7=, #tEAfF & L Tid, NCF625% K O°
EHEF Alloy C D 2588, BIEE R IZ DUV TIL 773K-1073K



M EHE 57 R BN R A B DB

B L UT73K-1173K DIEEFH O 2 FEXHIZ DWW TIT - 7=, A4)DAL TiZEmREEZEL EL Alloy BTIET v F 7 4 bR
ZEROYHPHL X v PIRME#EZERL Thd Z e
4, EBHERHIUZE bbb,
4.2 MEMHRAITERR
4.1 HERHHESG At X M7 BRIEARAREL, YV R E K UBYAEE R Zh

HERHM D As CastfL# % Fig. 412" %, THhoo, < b Z N Fig. 5()2 5 Fig. S(eNInd . 7z, EmslERER T
Vw7 234 =27+ 4 PHT, fliL y AN H LT BonzglRmE X, 0.2%M )1, Bl JUHD &2 %
W5, Fig. 4(a)D NCF625 Tid iy MiZ A A, Fig. N FILFig. 6(a)h 5 Fig. 6(c)ZA T, &P, I b DFEM
BIPEE T As-Cast M TOFHHIKERTH 5. v 7r#F | G5k
WX B XM TR OBEET, AL TIOGHEDS
VWEDIFE [ EH>TED, MU B LU D IO %
ALTWn3,

4.3 BEHER
4-3-1 HEEAHRE .

Fig. 5 & U'Fig. 6 DR A WT, X1tk - T,
EimE & 1073K 5 K 173K D 278, RIKIEEE LT
Fid KU 773K & LTERFREM O AT 4
To7z, GFREINAEMO§ AHP 4 Table 212777, &
7L, Alloy ADY YV ZEIZOWTIZ Alloy CD & DA
Tzo ENTEAETH 5 DB OTAPHRMERHNTH 5 Z
EaRDL TS, Table 2k D, NCF625, Alloy A, Alloy

Fig. 4. Microstructures
of as cast NCF-
625, Alloy A,
Alloy B and
Alloy C.

g

(b) Alloy A (d) Alloy C |
400um 100pm 400pum 100um

—&— NCF625
-—-o-= Alloy A

% 1078 —-—a—= Alloy B
T % —rims Alloy € 20 20
e —

N © >

20 - g & &

® -3 ' 150 [ 5L
. .
Si5f o fF p ~ Fig. 5. Change of material
2 e = > hysice ies

- [ ical properti

£ 3 100 Z1o E—— physical properties
S f £ z with temperature.

s :, —m— NCF625 s | -=-== Alloy A
8 =

2 st 391 —a= Alloy B §5 —a—= Alloy B

g = Alloy C kS —#= Alloy C

50 L I L L ) 0 I h ¥ L = 0 | ) " "
g 200 400 600 800 1000 1200 200 400 600 800 1000 1200 200 400 600 800 1000 1200
- Temperature T, K Temperature T, K Temperature T, K

(a) Coefficient of linear expansion (b) Young's modulus (c) Heat conductivity

59

699 NN



I 700

$% & 88 Tetsu-to-Hagané Vol. 86 (2000) No. 10

—p— NCF625
-—-== Alloy A
= =a=:= Alloy B

~—f— NCF625
—=-@== Alloy A
= =—p== Alloy B

—&— NCF625
-=-@== Alloy A

—a— NCF625
— === Alloy B ~--@-- Alloy A
—-=h=1= Alloy B

1000 —..4:— Alloy C 1000 60 == Alloy C 100
= A == Alloy C = 4= Alloy C
£ b = PR~ 50 [ =
800 . 800 ~hkan, = )
@ <& A © 40 [ >
< 600 |- g S0 F g Y < g
B e LTS - , S P <
¥ g = _-’-‘*“\ 530 w 50
5 400 2 400 | N s <
© § “‘-‘ w20 | B
@ 200 | = 200 F A oF 3
D ™~ o
= <
0 H 0 - Lo Loy ! I 0 . 4k 0 . . .
200 400 600 800 1000 1200 200 400 600 800 1000 1200 200 400 600 800 1000 1200 200 400 600 800 1000 1200
Temperature T, K Temperature T, K Temperature T , K Temperature T, K
(2) Tensile strength (b) 0.2% proof stress (o) Elongation (d) Reduction of area
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(a) Cross section

(b) Section 4mm above weld bond

Fig. 12. Macro structure of welded Alloy C.
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Fig. 13. Distribution of micro-vickers hardness across
welding bond.
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