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Development of Heat-Resistant Alloys Used in
High Performance Aerospace Turbine Engine
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Sheng-Rui Jian, Mao-Sheng Chiu, Chen-Ming Kuo
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This report contains two research methodologies being conducted in parallel to design an advanced DS Nibased
superalloy, i.e. through computer simulation and practical experiments. We have used CM247LC as the base alloy
to further improve its alloy chemistry by adjusting its materials parameters such as lattice misfit, volume fraction
of ordered precipitates, volume fraction of carbide strengtheners, and phase stability. Alloy design has been
conducted in this stage; Calphad-based JMatPro has been utilized to calculate the TTT curves, lattice misfit as well
as predictions for its tensile properties ; Thermal-Calc was used to calculate Al activity to rationalize the oxidation
resistances. In the second stage, specimens were prepared through the composition improvements by alloy design
software Thermal-Calc and high temperature properties were evaluated. Experiment work includes (1) addition
of Al element, (2) effects of solution heat treatment cooling rates. From high temperature oxidation test results,
with 1wt% Al addition, the gamma prime volume fraction and oxidation resistance are improved significantly. In
addition, the mechanical properties after high temperature oxidation are also influenced very note worthily. The
effect of solution heat treatment cooling rates can affect the size and shape of gamma prime greatly, which have
very strong effects on the high temperature creep properties of superalloys.
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1. {55 B

DL CM247LC 2Ry R BRI 3 5 T A T &%
(55 2) RIFFESEEM B2 MR EEE
B ratET e - b bl - MR E M -
At (+1 wt % Mo) » B : (=1 wt % Ta) &% 5 ff& &
BEME I EE 0 C(+l wt % Al) > D (+1 wt %
Ti) & B FAEREHTHIE ' BUSEI0 > E @ (+1 wt %
Co) » F: (=1 wt % Cr) BB EEN®EE G :

% 1. Chemical compositions of Nickel base CM247LC and Mar-M247 superalloys (wt. %) °

Ni W Co Cr Al Ta Hf Ti Mo B Zr @
CM247LC | bal. 9.5 9.2 8.1 5.6 32 1.4 0.7 0.5 0.015 | 0.015 | 0.07
Mar-M247 | bal. 10 10 8.3 5.5 3.0 1.5 1.0 0.7 0.015 | 0.050 | 0.15
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& 2. VA CM247LC Z sty & Rl 684 % »

Alloy Ni \W Co Cr Al Ta Hf Ti Mo B Zr C
CM247LC | bal 9.5 9.2 8.1 5.6 3.2 1.4 0.7 0.5 0.015 | 0.015 0.07
A bal. 9.5 9.2 8.1 5.6 32 1.4 0.7 1.5 0.015 | 0.015 0.07
B bal. 9.5 9.2 8.1 5.6 2.2 1.4 0.7 0.5 0.015 | 0.015 0.07
C bal. 9.5 9.2 8.1 6.6 32 1.4 0.7 0.5 0.015 | 0.015 0.07
D bal. 9.5 9.2 8.1 5.6 32 1.4 1.7 0.5 0.015 | 0.015 0.07
1§ bal. 9.5 10.2 8.1 5.6 32 1.4 0.7 0.5 0.015 | 0.015 0.07
F bal. 9.5 9.2 7.1 5.6 32 1.4 0.7 0.5 0.015 | 0.015 0.07
G bal. 9.5 9.2 8.1 5.6 32 1.4 0.7 0.5 0.015 | 0.015 0.17
H bal. 9.5 9.2 8.1 5.6 32 1.4 0.7 0.5 0.015 | 0.015 0.12

(+0.1 wt % C) ~ H & (+0.05 wt % C) i b5t g
B B4 o

FAIA JMatPro 2KETHE TTT #HifF » S F&H
7= DURRLHRMERERITEME] (2@ 1 Fr) 5 AR
& 1T Thermal-Calc 515 Al activity DAFHHI & 52
PLEALFFIERIHET] (A0E 2 Ar) « HA A (F1wt
% Mo) ~ Bt (=1 wt % Ta) 550 Fd i Bl i
ZEE C(Hl wt%Al) D (+1 wt % Ti) &%
R B FeAstEdT A ' BYEI0 - E ¢ (+1 wt % Co) »
F:(-1wt % Cr) BB EENE®EES > G (+0.1
wt % C) » H : (+0.05 wt % C) Ri{bY5a{t it 5m
ZE4 o BEEMH A JmatPro AKEHE TTT HifE - &
ME SR - DB HMEERERYTHE] ; R g T
Thermal-Calc 515 Al activity PATERI & &2 &1L
FEIERIHER -

1. JMatPro: Sente Software Ltd.##HE
T A Re - REFméakedse -

2. SREILES

TEEE BRI H - DL CM2470LC 25
R BEWIGEE DI T &R (8 2) K& EE
k28 A IMatPro Z5HE TTT #hiff - &
EHE - DR MERERTAN - Rt g 1T
Thermal-Calc 515 Al activity DATERI& &2 PLE/b
FEERIHES o Horh C (+1 wt % Al) E#EER Al
activity (6.5542E-08) * RE{EfHE ALO, {7 g 2 g ik
MR E R SR - RILAERLL CM247LC
R R B - DIEZ2 B IABRIE (VAR) 15
EE C (+1 wt % Al BAh (AE 3 FrR) @ DA
CM247LC Fifi 2 BR B 2 BuET BE H (E 4
FT7R) » il 43 BIFE 1000 °C K2 1150 °C =i KR A E
T FENFER R RLE T SR E(LE B T - BIEE
(LRI B R PR G DA e X

ot ) Pl i

7
.//;&\
=, Therme-Cale Software AB
B3 0
S

2. Thermo-Calc Software: Thermo-Calc Classic,
DICTRA, academic licenses, Ni-based
superalloys and Ni-alloys mobility databases.
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HLEE CM247LC 2 DS &t - RFge
HARER =BG H2 B R i S
THEAASERE @E 5 prr) @ #Sd G s 2
T BLMEMERE 2RISR R R - O
FEARFE AN 2 T80 - FERFF R R B B T 5 A S
b SERIAEE 20 °C YIS ATEERK - Bt kHE
R DIHIERN 24 100 °C 2R IE RIS IR
& - DIHERM Bl REAEBRLG B E R AR - AE
DURKFERR N EAAY 5 =R TN 2 M s Rl - IFF
i 2 /NFFECR I Rl o0 2 B IR RE R s R - DL
180 mm/hr WFH5 FHREEHIHERS - DUE A8 A 5
P EE 2 Al SR Mk - B T 2R AT
5% e FLEH R (R VBB MR RE R B 0 B B SR BT
HALR [E A BUR R AE R 2B i R hE
1% 2R RERIRAD  ZIRET RIS ATHY
FH (8~ ¥’ > MC carbides ) #TH! - DAF#EZ R fE(L

82 FMZHTEN 202 HA 104.3

Temperature (°C)

1400

. 1260°C2h

1200 .
1079 C4h

1000
871°C20 h

800
600
400

200

1l0 . 2I0 . 3'0
Time (h)
4. CM247LC # R ¥ 5% -

R (B 4) B —EER ?Jﬁﬁi%ﬁ
h/m{%wbh EVE RIS A G2V TS G R B
Sk R R R B S5 R %W[ﬁk%ﬁ%ﬁ%“ (=i
B ER) o A — DRl -

- R EEYER

1. 1S E R

FH/Y CALPHAD based FREHEEIL M5 78 B 148 ok
e A AR T » B DUSSHEE SR AV SR A0 0.2% yield
e LE RS WS R Ry 1335 MPa  HEE
FHF) 1000 MPa - SEABEE B (B 6—21)
HURFT A GT 2 M 2 8 U B B TH A 2
2 (HEMEE Mo HIMINA Ti FIRIIEES] 0.2%




Gamma/Gamma' Mismatch

COMPOSITION (Wt%)

Ni: 60.505
Al:5.6
S:68 C0:9.0
Cr.8.0
3.67 HF: 1.4
Mo: 1.5
. 3.66 Ta:3.2
g Ti: 0.7
£ 3.65 W: 10.0
o) Zr: 0.01
S B:0.015
< 364 C:0.07
by * Gamma
g 3.63 # Gamma’
(0]
5 3.62
o
8 3.61
©
— 3.60
3.59
3.58 . ; ; 6.
0 200 400 600 800 1000 1200 v o
Temperature (°C) oo A& £ EAE#E alloy A ©
Stress-Strain Curve COMPOSITION (Wt%)
Ni: 60.505
Al:56
20— 71— 17 T T J-Il. 1 1 —I=== C0:9.0
2000 Cr: 8.0
e Hf: 1.4
1800 Mo: 1.5
16001 Ta: 3.2
T Ti: 0.7
© 1400 W: 10.0
Zr:0.01
= 1200 B:0.015
@ 1000 C:0.07
& 800
600 L
400
!
200
0
0.0 0.1 0.2 0.3 04 05 06 0.7 0.8 0.9 1.0
Strain

Work hardening coefficient: 0.0690
0.2% Proof Stress: 1362.8 MPa
Young's modulus: 206.8 GPa

Test temperature: 25.0 °C

yield FytE5a (& 7 BdfE 13) - FrLUE 03 T g%

B2 FE R Ni,Ti ~ TiC B ={E BT R 8
ECNEY ?'fz 3 B Thermal-Calc HEEE E - 5
RFEH AL Co BfREFE M Al activity » )ﬁﬁu EfE

{5 ALO;, 171<n jéi'éﬁﬁ Bt RS ERE -

2. SIRELES:
TERH R ZE b (B 22) Af#88 CM247LC
Ko C (+1 wt % Al) FEBGRHE - H ' HTHYIFEE

7.
FoAPBEHE alloy A °

KNI By 500 nm [f] ¥ channel BT EER] C (+1 wt
% Al) B/NFS CM247LC » [l CM247LC # 5 %%%
SEKIR 70% » C (+1 wt % Al) BEAKTRy 77% -
ifi oy’ BT FERYEETE S R E mﬁfﬁéiﬂﬁﬁﬁxT
B SRR REMIREY) - MR T AR
PrEALlE: - BLAN - BRI y/y SERCICE 5B Ry T
TEEHIARRIE -

11T 1000 °C EALE R 1 /IR 2B
(& 23) > A& CM247LC FEH Nio &AL
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Gamma/Gamma’” Mismatch

COMPOSITION (Wt%)

Ni: 60.505
Al: 5.6
3.67 C0:9.0
Cr: 8.0
3.66 Hf: 1.4
Mo: 0.5
L Ta: 2.2
£ 3.65 07
g W:10.0
&,3.64 Zr:0.01
< B: 0.015
5 3.63 # Gamma c:0.07
© * Gamma’
£362
g
_8 3.61
©3.60
3.59
8. 338 200 400 600 800 1000 1200
B £ BB alloy B - Temperature (°C)
Stress-Strain Curve COMPOSITION (Wt%)
Ni: 60.505
Al: 5.6
2200
........ Co:9.0
2000 - “wail s
HF: 1.4
1800 A Mo: 1.5
1600 f/ Ta: 32
51400 W 100
= 1200 2r:0.01
= B:0.015
@1000 i C:0.07
5 800 ¢
600 |
400
200%
0 4+ " n 4 + + 4 + 3 + " 4 " " " "
00 01 02 03 04 05 06 07 08 09 1.0
Strain
Work hardening coefficient: 0.0711
9. 0.2% Proof Stress: 1335.2 MPa
Young's modulus: 204.6 GPa
Fo A BE alloy B ° Test temperature: 25.0 °C
AR &S C (+1 wt % Al) B4 g —E g M % 3. Thermal-Calc ¥t F 8 ©
g LSRR NiO & ' precipi
H ALO, fREETE NiO £ 1LfE K ¢’ precipitate-free Alloy Al activity (1000 °C)
zone (PFZ) Zfi - Ifi CM247LC #J PFZ tt&<4 C CM247LC 4.2736E-08
(+1 wt % Al) WEEHZ - LRGSR ' i A 3.8224E-08
VRIS RE 3 2R AR THIM SRR ¢ channel %2 » Tl B 3.9821E-08
REMAMER TR ERAEE - M HEGE C (+1 wt % C 6.5542E-08
o Ny = = P D 4.7324E-08
Al) FERGEEVERT ALO, {RAEE 3K (7 FL M AE c 1 600SE-08
R CETIHRA S TAILTE - THEERT 1s0°C |5 o o
f2/LEE 1 IR R ( 24) > fabEr R E G 4.0143E-08
% NiO * 3246 WO, » Cr,0, F Co,0, FEHEIRS H 4.1304E-08
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Ni-6.6Al-9.0C0-8.0Cr-1.4Hf-0.5Mo-2.2Ta-0.7Ti-10.0W-0.01Zr-0.015B-0.07C wt (%)

GAMMA_PRIME: 62.13%
GAMMA: 36.49%

MC: 1.17%

M3B2: 0.21%

OmmE=E

10.

Phase distribution (wt%) at T = 1000.0 °C

Stress-Strain Curve

A8 4 R AEHE alloy C °

COMPOSITION (Wt%)

Ni: 61.505
2200 Gor 50
2000 AMGAALLLAL Cr: 8.0
. Hf: 1.4
1800 ‘ Mo: 0.5
Ta: 2.2
_ 1600 Ti: 0.7
®© 1400 W:10.0
o . 2r:0.01
<1200 B:0.015
§1 000k C:007
o 800%
600
400
200
%.0 0.1 0.2 0.3 04 05 06 0.7 0.8 0.9 1.0
Strain

Work hardening coefficient: 0.0745
0.2% Proof Stress: 1290.1 MPa
Young's modulus: 200.5 GPa

Test temperature: 25.0 °C

i+ T H CM247LC TRAEBGERERT ALO, tRIE
{H PFZ hEHES C (+1 wt % Al) FIEH% -
Ni-Cr-Al & EfEERRE T E b DUk & &AL
NERER  REBNESSHEREESE  HE
(B EZE R NiO - TE#RE & B TR ERRER
BT SE Cr,0, DURHE RIFHIIRFENE » {H Cr,0,
fE 1000 °C—1150 °C DA LS IS #uUlt
B EEE Cr0, B4R - K2 $BTEES
BT S ALO, HAEERIFIAEE 8% -

1.
A A #E alloy C ©

{EHEAT 1000 °C HIRE( L E B 2 % (8 25)
FALEERFRE T EERmER - it aE
26 i > AIEFEH CM247LC Z & LEHE 25 /N
22 100 /NFFEEAN 45% » 2 175 /NFEREIN 12% -
M&E C (+1wt % Al) ZEALERE 25 /NFZE 100
JNEFEEAN 23% 0 ZE 175 /NEFRIBEAN 35% » Al EEIR
CM247LC FHEM AL EE a2 I i35 0
B HE—AHEEN ALO, B4 REELIE K
AL, (RFEfG .2/ - FHELATAD - & CM247LC 2l
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Ni-5.6Al-9.0C0-8.0Cr-1.4Hf-0.5Mo-3.2Ta-1.7Ti-10.0W-0.01Zr-0.015B-0.07C wt (%)

wt % Phase

12.

GAMMA_PRIME: 58.16%
GAMMA: 40.47%

MC: 1.16%

M3B2: 0.21%

ommm

A8 48 A #E alloy D ©

Stress-Strain Curve

Phase distribution (Wt%) at T = 1000.0 °C

COMPOSITION (Wt%)
Ni: 60.505

A
[e2]
o

%\

200

Al: 5.6
gt st bbb, Co: 9.0

2000 Cr: 8.0
M—- HF: 1.4
1800

Mo: 0.5
Ta: 3.2
Ti: 1.7
W: 10.0
Zr: 0.01
B: 0.015
C:0.07

%.0 01 02 0.3 04 05 06 07 038 0.9 1.0

Strain

Work hardening coefficient: 0.0643
13. 0.2% Proof Stress: 1430.2 MPa
Young’s modulus: 208.8 GPa

FoAp A HE alloy D °

AEEALRE - HARP AL0, IREE A E DR R
HifE - R AERNIE IR RR S S C (+1 wt %
Al) W - #1 ALO, P16 SUMPE 1E F5HE T 17 Y
B BT N HEER - AR &8 C (+1 wt % Al)
PIFETE 175 /NRFR AR 2528 - PFZ 11 [F]
R N RV E R - HtetalE 27 Ao - ATEH
CM247LC Z PFZ i 25 /NIFZ 100 /NEFHEAN 9% »
MZE 175 /NEFEEIN 4% @ TiE < C (+1 wt % Al)
Z PFZ 11t 25 /NIEZE 100 /NIFBE I 9% » 128 175

86 FMZHTEN 202 HA 104.3

Test temperature: 25.0 °C

/NIFRIEE TN 17% - FTAIEEZ AU 0 PFZ YR
FEIREENN - FHIE 25 ATEASHEIZH CM247LC Y
PFZ [L&4 C (+1 wt % Al) FIEE - Ky HTHPIH
BERE 7 SRIETHIM G R  channel %872 » [ 155k
FEZ TE R PEE N - 7555 C (+1 wt % Al HY
AR RGEAENER ALO, PRIEE AR (REEIAERERE
FALEMEA LTS -

TEHEAT 1150 °C RS L E i 2 822 (& 28) -
Al W R T REVE(LE 2 - £ ALO; BN



TTT Nickel Based Superalloy

COMPOSITION (Wt%)

Ni: 61.505
Al: 5.6
740 Co: 10.0
Cr: 8.0
Hf: 1.4
720 Mo: 0.5
Ta: 2.2
Ti: 0.7
700 W: 10.0
—~ Zr:0.01
Q B:0.015
0 680 C: 0.07
3 TRANSITIONS: (S)
o WU (0.01%) MBC: not searcfed
2660 P_PHASE: not present
€ MC: not searcfed
|0_> M7C3: not searcfed
640 GAMMA: not searcfed
LAVES: not searcfed
MU: 738.4
DELTA: not searcfed
620 SIGMA: not present
M23C6: not searcfed
600 M2(C,N): not searcfed .
ka b EREHY St GAMMA_PRIME: not searcfed 14.
1 10 '100 1000 10000 EAT: not searcfed o
Time (h) - alloy B ©
Stress-Strain Curve COMPOSITION (Wt%)
Ni: 61.505
Al:5.6
20— T 1T T T T 1T T b = Co: 100
2000 Cr: 8.0
MALAALAATEE H: 1.4
1800 LA Mo: 0.5
Ta: 2.2
1600 r““ Ti: 0.7
© 1400 W:10.0
Zr:0.01
=1200 B:0.015
g 1000 C:0.07
& 800
600
400
200
0] + :
0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0
Strain

Work hardening coefficient: 0.0714
0.2% Proof Stress: 1330.1 MPa
Young's modulus: 205.2 GPa

Test temperature: 25.0 °C

PFZ RS fRRIES - EE(LIREEE 1000 °C
GFEREA CrO, » HEHE LA EZ R 5 Cro,
HHEEFTIE AL © 1F CM247LC 1Y ALO, fE5¢ & MEkIK
PUMEHIIEAL > & C (+1 wt % Al) AR E
o N0 AL ATDUE SRR EERE ALO, {RAEEHYH
B BREMIERELREE - s RHE DT
ERERIEALEEST o AN RGBT v TR
FHARRS - T EEEVEE y SR

B 15.
AP R alloy E e

FRIE AT > AN S (1150 °C) 2 T e A
FIFTEE AT HIHIE - K RE S LRI E T~
LR RS -

LL CM247LC Fe&4: C (+1 wt % Al) ST 1000
°C-175 /NEFE bRy B I R R HE bk 2
e - e EELHEIEEERE - ~595
HE#V » FrDARE s H iR PFZ Ky’ frHiFEEY
BHRE - B 29 K& 30 J CM247LC &4 C (+1 wt
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% Al) TEFERAE SEM RUBRZE - ] 25 55 JRRE J5 B % 4.CM247LC #1464 C (+1 wt % Al) Z 5 & {4

MR B S - B ERETER 4 I8 31 AJ 2 (1000 °C-175 hr 1258 BALE &) -
£y’ HRPIEEE S S C (+1 wt % Al) FiEH CM24TLC | &% C (+1 wt % Al
CM247LC > TR Al FIEE y- SRk ] T Y 4314+158Hmy| 5169+ 12.4 Hmv

th ' HEEESt ' ITHAERVES RS 3R » BTRlE 22 .2 PFZ | 3167+74Hmv | 316.6 13.5 Hmy
SEM BRZE A - MG INE & -SRI IEE - It

TTT Nickel Based Superalloy ﬁi‘?g"ng)%”'o’\‘ (Wt%)
Al: 5.6
720 C0:9.0
Cr: 8.0
Hf: 1.4
Mo: 0.5
700 Ta: 2.2
Ti: 0.7
W: 10.0
~680 Zr: 0.01
Qe B: 0.015
o C:0.07
2 TRANSITIONS: (S
© 660 W vu©01%) M6C: not searcfegd)
L P_PHASE: not present
€ MC: not searcfed
2 640 M7C3: not searcfed
GAMMA": not searcfed
LAVES: not searcfed
MU: 714.5
620 DELTA: not searcfed
SIGMA: not present
M23C6: not searcfed
3 16 600 | M2(C,N): not searcfed
& 16. 1 10 100 1000 10000 SR PRINE. not searcfed
A8 B alloy F - Time (h)
Stress-Strain Curve COMPOSITION (Wt%)
Ni: 62.505
Al: 5.6
2200 po_— Co: 9.0
2000 AL Cr: 8.0
Hf: 1.4
1800 a3 Mo: 0.5
Ta: 2.2
1600 {/ s
© 1400 W:10.0
Zr:0.01
= 1200 B 0,015
g 10001 C:0.07
& 8004
6001
400
2001
%.0 01 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1.0
Strain
_ Work hardening coefficient: 0.0711
17. 0.2% Proof Stress: 1335.2 MPa
N - e Young’s modulus: 204.6 GPa
Jfl’f‘#*?c%’ﬁi alloy F e Test temperature: 25.0 °C
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Ni-5.6Al-9.0C0-8.0Cr-1.4Hf-0.5Mo-2.2Ta-0.7Ti-10.0W-0.01Zr-0.015B-0.12C wt (%)

wt % Phase

B GAMMA: 53.67%

[l GAMMA_PRIME: 44.23%
B MC: 1.89%

M3B2: 0.21%

18.

Phase distribution (wt%) at T = 1000.0 °C

Stress-Strain Curve

A8 4R AR alloy G ©

COMPOSITION (Wit%)

Ni: 62.455
Al: 5.6
2200 = Co:9.0
2000 MAMASALL Cr: 8.0
HF: 1.4
1800 Mo: 0.5
Ta: 2.2
1600 Ti 0.7
W: 10.0
© 1400 Zr: 0.01
= 1200 B: 0.015
C: 0.07
%1000 '
o 8004
600
3
400
200%
0
00 01 02 03 04 05 06 07 09 1.0
Strain

Work hardening coefficient: 0.0711
0.2% Proof Stress: 1335.2 MPa
Young’s modulus: 205.8 GPa
Test temperature: 25.0 °C

G BURE g 2 I FeAE RAHE - IR AL TTRAR
- #2557 CM247LC $REHEGERME - KEE
W PFZ ZHEE(ER/ IRy M2 REE(E - HEH]
PFZ 2H y' TR TR IERERATRE LY
iEE PFZ BRI EHE Ni - SEEL PFZ HURE R (E R

K

19.
Ffp A #E alloy G °

3. BRIR R BEE

FEFAEIENVAIR (1260 °C) FE R (2 /NEF) &
DIFFIRS AR (ERal ~ 2% KIER) ET
&l HERERREIRESAIERAE 1260 °C 2 800
°C 3Bk 18.7 °C/s ~ 7.4 °C/s F 0.19 °C/s » 0j#
B SRR AR RIEE 8 - DI alEigrha]
REsE R ELHIAE Y AT HE RO R:
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Ni-5.6Al-9.0C0-8.0Cr-1.4Hf-0.5Mo-2.2Ta-0.7Ti-10.0W-0.01Zr-0.015B-0.12C wt (%)

wt % Phase

20.

B GAMMA: 53.67%

B GAVMMA_PRIME: 44.23%
W MC: 1.89%

M3B2: 0.21%

A8 40 PR B alloy H ©

Stress-Strain Curve

Phase distribution (wt%) at T = 1000.0 °C

COMPOSITION (Wt%)

Ni: 62.455
Al:5.6
2200 Co:9.0
2000+ Ve PPPPTPPPPTTOTPR RR R O T Trs ﬁ; 182
Mo: 0.5
1800 Ta: 2.2
1600 Ti: 0.7
_ W:10.0
g ér:oobo115
< 1200 C:0.12
2 L
o 1000
O 800
600
23
400
200
0
0.0 0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9 1.0
Strain

Work hardening coefficient: 0.0711
21. 0.2% Proof Stress: 1335.2 MPa
Young’s modulus: 205.8 GPa

FoAp AL #E alloy H ©

B 32 REE PR B RN R AR T Z
SEM éﬁ% > AIEIRAEE SRR A N LY Ry
AR ENAE] y Bl - ez Rl HI 583
7 *ﬁu“ﬁﬁ[&a% L AR B MR FA - & 33 5

—PE BRI R AR EE - BEE R RS T o AT A
Fa'ﬁﬁéﬁ‘ﬁEd * BRI ANEY y" AT AR R B R N Ry
SPEHI Ry 0.3—0.5 pm » 22 HYEEHIAH L o7 BT HIAH
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Test temperature: 25.0 °C

FTHE B R NEE AT s 0.2—0.7 pm T 2 HY
y' FTHIHBR PSRN Ry 0.7— 1.5 um HJIRE
R AR - [ 34 FoB8 —RE B EEE - n] 38
SESRIT AN ' T HAH B HERR B SRS - 2202
WAL - 5 " SR/ N NS - I

y' AR N2 HPRYTRERL - BLIRDCE IR
BHEMIEE -



5340015 0KV 10 Sojm x1 0

35(a) FyENVA RS AlEER T VB R
R [ O VB A3 R RS M5 0 B8 A v UL (I e g 2
(982 °C/200MPa) * FHHEHFRHF AT - RISAIEHE
PN EE R T S ar H R 2= 2 - B AR i TRy
ARG A EESd R EATR 180 /N » & Al =R
RIBHIE S HEMMELR 100 /N - 7 =H 1 ES
RAENLER 20% £4 » HEEFE IS RS
Fs 23% © [l 35(b) [EVETRANFIL AR VB2
R EE SRR - SAEREREIEEHE
ALY 0.59% ~ 0.58% F 0.45% BF - G152 R/INE

22 TN
S IITIIRN NI
IR

22.
K HuAaey SEM BE (a)
CM247LC » (b) &4 C

A, )/
L (Flwt%Al) -

ALY
~ LA

[ 23.

1000 °C RALE & 1
B2 BSE BZE (a)
CM247LC » (b) &4 C
(+1 wt % Al) »

B 24.

1150 °C &L E % 1
B2 BSE BE (a)
CM247LC » (b) &% C
(+1 wt % Al) °

B ER R B Ry 5.04E-6 s-1 » 5.78E-6 s-1 2 3.76E-
6 s-1 » AIERERIS AR ILEIERZS - MRS
BHEER/ NS - LRI I S 2 B E B RTE s
S ER LA R 2 R AR ATAS R - TR AT
EaTimE BB S AR - 228 RIS HETTHY 23
/NI B i/ NE B R R SR A S A Ry
29 /NEE o FHIL AL - 228 OB S TE VB B S — IRES
“FEEREm AN - @RS mIRE - B
B = S BT S PRy 158 /NEE ~ 121 /NEF R,
76 /NEE - TEVB RS = FEEL RS an o BAEEREE S Al

FHERIAN 202 7 104.3 91



25.

1000 °C 1238 BALE B2
BSE #% » CM247LC:
(a) 25 JNBF 0 (¢) 100 s
B o (e) 175 0¥ 5 &4
C (+1 wt % Al) : (b) 25
N 0 (d) 100 (B ()
175 /JNBF ©

Qxide layer

- CM-247LC
22 - o  CM-247LC (+ 1 wt % Al)
20 - -
18

— 16+

= }

3 14

2 124

5

g 10 - .

S 8
6 - -

4 - L
—

2_
T K T ’ T T . T K T T
25 50 75 100 125 150 175

Time (hr)

26. CM247LC 144 C (+1 wt % Al) 8L B A&

44k (1000 °C 1238 A4b)
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A L e

SRy _;?1.-;.‘ / ’.-}ﬂ/ 2

L&

DS PAA
NGRS

= CM-247LC
6.5 o CM-247LC (+ 1wt % Al)

.

*

2.5 T T T 1 T T T
25 50 75 100 125 150 175

Time (hr)
27.CM247LC $14-4 C (+1 wt % Al) PFZ 2 /% %
A6 (1000 °C 1z AAL) »




28.

1150 °C 1= ig a1k
KB % BSE ®% -
CM247LC : (a) 25 s
B+ (c) 100 B - (e)
175 JNBF 5 4 C (+1
wt % Al) @ (b) 25 /I
B > (d) 100 JNBF 0 ()

100Um J| 53400 15,0kV 11.5mm x1,00k BSECOMP 77 * 7 1 175 s H%‘ °

29.

CM247LC : (a) PFZ
. (b)) y' AR
PFZ ' 2 XYY < XN % (1000 °C-175 hr 12

S4700'15.0kV- 13, 9mim x5.01K SE(M XA Ly X7, . A Fa" %, ) /ﬁi/[b%g@) °

>
-
-
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30.
&2 C(+1wt %Al) :
(a) PFZ A8 ¥ (b) y' 48
Z JRIRIE (1000 °C-
175 hr 12 8 ALE
) -

[ CM-247LC
600+  CM-247LC (+ 1 wt% Al)
I

2400
z
@ I
[0}
C
B
£ 200

0_

PFZ

31.CM247LC 142 C (+1 wt % Al) X B IL
# (1000 °C-175 hr 128 BALE#R) °

RS MTHE R - 800 AIAERAE rafting B{%2
1925gRE - RS E—F D/ NEE B AGE TS
B B o PR B

R 2225 [ v ) SR R vy UL VB B 1R O B 1
A0 36 Fr - ]S A A R e IR R A

y' BT EVE AR T - 2 BRI 0 e T sE
BT » AN AR R B B R AE T AL -
Fi H Bl <A 22 B v S R A S SR AT 1550 - " BT HY
RETZARR NS 2785 - PR ST TR 1 -
HEE G S IRZ R ED RN (5
) o TR NS =REEIRY y BfE & ' TS P
RSP FOIR (rafting) AT 3 ELE ST 0 /514 DUR
PO - HBZEAE 37 For - TR AR
H rafting EESHIE 0.52 um ~ 0.57 um &2 0.75—
1.16 um - [f] rafting & 8RS VB8 25 = RE B 155
A UG SR B S AT TE B B i — 1% - T
72 BT B RIEVA BUR B % Z N RIFS AlE R 2
y' AT EAETZAR B R NS Y -

]V 7% AN R 12 Al SR 50 2 BUR B Y TEM B
£ ANiE 38 A - ={EE B LAIE zone <001 )
HEATHIZE - FIEEB o AT HOAE Y R R/ N B S T
SEM BHZHIAE R —1K - & 1Y SRR K HIP R
R AN HLAN - Ty channel FEE 5351 20— 50
nm * 30—50 nm 5 100—200 nm > §EZH] y channel

SAT00A5.0kV 13 4mm x10.0k SE(M] 5000

S4700 15,00/ 184t x T OSER 0 B

32. Bl it 1 B A4 ik £ 2 SEM LR (a) &LRAASHT » (b) 4 0 (o) A -
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g "N.‘,.—« - i Fas o

B 33. BlRME 7 Bl A 4p ik R0 5 — PR B AF 202 SEM

W
e
A

2958
\“.. \‘,t..

at

P

% (a)

2l
XN

ot ) e
o %!

AL (b) %

[ 34. Bl iR 4% T R A0 ik A 5 — P B 22 SEM LR (a) BLRIAHT » (b) B4

—— Argon cooling
259 A cooling
1 —— Furnace cooling
20
S ]
£ 154
g
= 4
g 104
o 1
]
5 -
0 -
0 50 100 150 200
(a) Time (hr)

Strain rate (s™)

(b)

W e
1.2x10°
— Argon cooling
1 — Air cooling
P | e Furnace cooling

1.0x107° 4
8.0%x10°
6.0x10°+
4.0%10°+

0.4 0.6
Creep strain (%)

0.0 0.2 0.8 1.0

[ 35. Bl 7545 A B 440 ik F 2 78 4 w42 (982°C/ 200 MPa)

BHEEERIEF 26 » MAE y' HTHHAFHEL y channel Z[H
Y interface 1% H %37 misfit dislocation FYTF{E
AR AE A [F] [EVE 2 AR R B B B R A S - It
#H over aging HYBLR - M ETEEHBRL
TEM #%< » A& 39 Frs » =Ll g-vector
= (200) HJ two beam condition FEFTEIZL » fE = 1A

NRZIET y' ArHFEE R RO SEIRAY rafting A5 6S -
rafting 2 fHY y channel RIHEREZFT 2012 e 2= HEAH
i i Z= HERE RS (dislocation networks) * FH 7= HE#HY
FEHUFEIEE (50— 150 nm) AIRAI=FEHENZ - €
AT 5 = b/DNe » H § K lattice misfit * b 5
Burgers vector * DNe Sy f& e - FHOA BRI HI =3
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Z Burgers vector KAF&HIIEZETZ » FTLAA[ R =
FZ lattice misfit 2712 o Dliy/NEE fERE 2K
TR ETE R TEM B% - 20E 40 Af
o Z{EE DL g-vector = (200) HJ two beam

96 BHEFED 202 7 104.3

condition JE{TEIZEE » ' FTHIAHMARBELK rafting HY
FEtE o IERFRAEERE A - E ARG E S
ZHRBGE ' MTHIAHSRAL » TE y channel HE ZHE
HERE K2 [B11E (recovery) FUFR SR »



& 39. Bligta R Aenik 22 B %1% TEM

ESRN T

i SR B RO HIAE (v, carbides) FysZ BT
“Fﬁﬁm%ﬁ A B A SR FE H Mo ~ Ti
Fef B ST RHITEE » HrR DL Ti AU R [FIFF B
ﬁﬁﬁ%@&%%ﬁoﬁ%ﬁ%m§%¢ﬂ%ﬂ’
W1 wt % Al 22 CM247LC BB y' HrHtEAOHE
PR - BERELE (ALO,) B4R » I
B R BE L 5 - e NP R S T [ PR R
NMESALG T R R g - BT R A
PSRV EL PFZ - Lol - $REE S S S b/EH
PFZ |55 8975 BE & IS R 3G A 25 - fERm e
ST HIATIE Al TTRAVRIN - GEE IR
CM247LC HYFREE 5 AR A& B R A {5A1 -
I VA E R B FE S A SRR 7 AT AR R R T
KB R FEAE VB KR saE | -
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