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B2, K R, EEAEY,

B E. RHBAKBES T ENAIE T E 55 & FGHA097 M1 GHA079 & 4. 455 8], FGHA097 & 41 &k R~ i GHA4079
EamaN BB, BiE SR N 6.0~6.5 2%, J5& fkiEE N 4.5~5.04%; FGH4097 & 41y s AL Al R < 258 GH4079 & 4-Hi
K, HAl#EH ZRy M EZEESTTE, FHRIZ5048 pm, MJEE Xy MEZERERE, FHRI£750.14 pme XFHE T
HRAPPERE T, TE25~750 Cranl b & 4F F, FGHA4097 & & M MaR B 18 GH4079 & 4, HIBYESY A 4% GH4079 &
S, BEEEEMTEE, F R R R SRR . N R R FGHA097 & 47 7 R iy it o 1) s o
MR AL, SR A TEM 237 BOfAT S (0T OB A ZARAE . 45 R W, FGH4097 & 42 7F 25~650 C i fifi 25 % 4 F
T, LA FERI N G N R A A EAN, DL A DU AR R A A RS R DRy M S, LD
EHEUIE A . R PRI S E B A S 1A 32 B el AL 4S D)y M BT R o B A A I E T & 750~850 C
FGHA4097 & & AT R AL BB HAR, ARy Btk i K BRSO (48 AT, RIS 2 HE A S B 2 AU IR
BAEH . ERIRAM T A4 00 AR b A8 D) F 528 s & Y R B AL S . GHA079 A 4425, 650 #1750 °C
P oA B B0 WER B KR HESL B DI E AR p A, DR S 2R A, DL BER GOy AR Ay HE R

A TEHLH o
FEEE: SRR A S WA, (AL IR
FEESHES: TG146.175;TG132.373 CRAARIRAS: A

NEHS: 1002-185X(2026)11-2862-10
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BRI R BINLEL S IR A 2R T 3% 7 5K, 70 3l ok

S5 IR AR B AR+ IS R R A T2
il & 7 M [ LK FGHA097 & 4 1 GH4079 & &I A+ .
FGH4097 (% & it 5 OIT741HIT) A& — Fh i vE # A6 Y 45
HEiR A e, &4 % AL T FIND §5 &5 5 (AI+Ti+Nb
~9.5wt% ) , y' A8 i 7 7> 220 5 61%. FGH4097 & 4 1
650~750 “C 143 & 35 [l P9 Jo B LB A 53 19 g 24 PR e, ARl
& T R BHLIR e A S OB L2002 4FFF
G, o W 0 LE [ P 26 S B ] FGHA4097 & 42 H b,
FGH4097 & & il £ & e Th B T 2 AN L5 1A 23 K 3
HLAI HLTH A ML . GH4079 & 4 (M & 17 i 5 DK 79. 311
742Y) J& —Ff Ni-Co-Cr 2 i vE s AL Y s il & 45, )2 B
JFH T 072 2 B AL e A8 45 OC B A a0 1 . 1A S AE
750~800 °C P S il 52 91 R R0 6 I {5 FH L 850 °C

ks HER: 2025-11-15
BTN . &K= SR TRI(2022YFB3404505,2022YFC3902002)

N BN H R il g Ve RE AN JE ki RE . GHA4079
4 AL Ti FIND [ 8 S5 FGH4097 & & MK (AL Ti+
Nb~8.4wt%) , y'HH i 5 5 B0 20 b5 45%, XM & e wit
Tk T LA 7 (1) 77 2RV AR AT SR T RO A T R #4n T
MEFE SR I RO, 18R AR G S I M+ BB T2
BAFME T, BT A SRS BRI R B K
A T ) R RT , T B S SR AN 5. Bhah, 7
SEVE R BT AR IR M L 5 P34, HAERR P A7 e 3R
FREIRAS B TR AR L T, 1% 6 PR 2545 45 1) (R 7 i 2k # Ak 3
IR A Ty IR S ORI G, R B R A
FROE VAP RERAG, PRE R TS RN RN S 1K
AL,

TR A R By oK R 4 (powder metallurgy,
PM) LM THMME ARIET . MARIBE LZH &N
re B 4 B AR A R BT 28 S0 R RO 4 23 B B AR

YEE I W, 2, 1989 454, Wk, AL st m g R s A A PR A 7], A6 ¢ 100081, E-mail : tiantianmm123@163.com
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S 11 VR iR 77 2 B AN A kot R R I R R
(hot isostatic pressing, HIP) i A 473/ 14 i , MU BERS
BT AR R 23 OB S8 R 2 i & 1F AR
FIF AT IE 80% LA b, i G 98D A 7= i B R TR B, A
T FRAR A 3R s A P2 2R . U 2 BR AP AR R B
PR A 7] e S5 SIR B SR v 4 T 251 4% 1) GH4079 35348
A 2 B i hr o B i 1500 MPa, Ji i 5 2 HE e
1020 MPa, ZE{H KL 18%, FL7E 650 “C R I A FF it
it 100 h, HIEI BRI 77 a1 28 5 o IX BB R 9T 3R BH L By K
164 T2 4 1 il & S E AT 2 R BIHLORSE A4 1
B R E R

fi s LR ShALIR S B FH i i & S R P RE R H
B RO S DL A e A e BRI, I
ok FH iR A 4 T R A IR AR SR, DB
IR B PEPE R R R R AR IR 2. H AT, R T iR
HEMPANB LG O — @5, HARE A B 7
BT 1) Yuan 50U R T — & F1E AL 1 B i A B
(C&W)HEE-EE BB H TMW il & 42, 1@ H T ik 725 °C
M TAEEE . FEHFFE T TMW-4M3 78 = i (25 'CH
HhTRD R FE (650725 °CO R Al 5 (78 T8 oML 45 44 , I
FHE T AR TS . B TSR IR I N, AL X )
Ty AL A e AR RS 7E 650 CHY L, #4
PRI T oM BN T RS BB BT R
Ji& BT 5 B A R T = TE 725 CRF, REAR Y
ARG UIE] T BARAT A HEBR S BT D) AR A T AR
AR T AR d 5 AL A AL

VG 22 38 38 K 2% 1) Zhang S5 ORIE ST T A a) 4k [ A
i A 42 MA706 7 25~1000 °C R #1146 Jt IR B B f 437 fif
AFHLE] . W TR BAEAR T 750 °C, oMW 7 B U] 5 HE
BRSO FAE A, = SR AR TE ; =T 900 C,
IR AR T S B8 ST B A AL i S o A RS2 5 750~
900 ‘CzIa], FiRHLHIFEAE, Ry — P AT .

JE 3T Tk K 24 1) Chen 25K A TR A7 S 52 36 45 &
Eu AR YA A PR 7% (CPFEMD , BT 58 T Inconel 718 & 475
650 C R HIdh A 528 1A SRR IS . R TS
BRI RS G, R I A 2 DR AR TR L PR R R
[ DGR, FE 4 W mT T T A AR I AT N I = Ak
fabr.

TV R RO 31 0 3% 4% A [ E s S0 (B RHD (1)
Gao Z5EPHHIT | CM247LC A 4 7E AN [A] B 2804k B2 5 G
BHEAAFD T 600 CHAFES I AETEHLE] . KIAZTEHL
1l EH B )+ AR o 1) 2B BT U1, S BN AR A A R A i
FE R g5 RO TRIE SR IB M MR R PR AL T TR .

TR K 2 ¥ Li 222K F #40R J& (hot oscillatory
pressing, HOP) y2: FIH AL ¥ T Z5 1 4% 17 EH42 N 160 mm.
15 90 mm [¥] FGH4097 ¥ AR v 4 87 5 il & 4 /N BE AR

W72 T FGH4097 =il A 4 7 = A1 650 °C 1 1) /g 24 1
RE AW 2L ML), R AT HF A ME e 5 “PREP+HIP” 1.2
#1144 1) FGH4097 & 4 AH 4 , PRIFE AR T RE h 44K 2% (Nb,
Ti) CAHA y A B BH 52, (57 485 76 J00RE B AR R, B R Ao
123, i 2R -

KT BRI =R A R R R T L B — 2
A, 32 B 2 A 3K 2 1Y) Smith 58 NPIVEA 44T T
René 104 & 4 75 A [F] 455 48 26440 T AR TR B 1) 22 3, I AR
R EHL T 677 “C/690 MPa. 704 ‘C/724 MPa. 760 ‘C/
345 MPa. 815 “C/345 MPa %k 14 , i A8 N 4% & 43 5l A
2.0%-0.4%-0.36%-0.42%. {EAKIE & B 71254 T René
104 [/ 375 A8 A8 T AL EH A28 it 32 5, 1 A8 s AR R ) 1
DL B T S AL ZE RS RO I R T AR R
FEAR IR @& B ) 264 R, ¥R I T a/2<110>f7 85X, 3% B
APB By Y] y' A 9 = BAR TN 5 24 %6 FALESE VI o AH IS
2T R = BR 1) APB, JR2 Bl A 5 B i 9 B v B AL-ALEEE s 72
AR IR T DL A AR RS RO AR TR I 32 B,
PR RSO y S HE SN BRI HilMmAE
8 BRI BT H A S840 B V) (0 AR AR 2, ax P )4 1
LIRS R IR L JE A B R d . LA, Smith FE YR
FH w5 o 2 B G A A 31 René 104 1 H 8 £ B A0 22 )2 5
(SESF)JE B I 4 JZ 128 i IF HORK I T 3 SESF B 1
Co-Cr-Mo [#J Suzuki fii A1 ALNi FIFER . A4
& Co M Cr ] Cottrell < HI{2 i SISFSESF R 25 fh 1]
& R, 3X #E Smith S22 At SC Rk A B A 28 LR E .
Sarosi ZPHlR 1 40Tl i HRTEM K fff 52 i 2 2 45 CRE
S e 5 5 R O A T R R A A 2 ) (R BT, T 4
LA RS . TR & B S SESF % UIAH G, 2 4
A8 AR {111} 0 b B A 48 [F Burgers & & [ a/6<112>
Shockley N2 AL EE VI ' 41, Bl J5 2 )2 @i e CSF (2% =

B HEAT 7 5 HE L AN AR BE K SESF , 3 {5 2 il 22 4 11
IS . MAHF PSR R A — IR ST 4 B 2R

AW FLIE % PRy K v 4 T2 44 1 FGH4097 &
&AL G AR T T2 4% 1) GHA079 & 4 R EAITEAR
A T IR AR TEAT Ay 7 4l A A T R 6 4 70
EPERE RIS, 5 TE N iR A ST R BB A
w1 S AR A B AR R, 1 — DR IR A R A L 2N
AR ZURI M RE I 52 AL o

2 X W

SEIG F FGH4097 F1 GH4079 & & A2 2y Wk 1,
FGH4097 4 4 il 2 K FH 55 B8 1 lig % WAl (PREPO il ¥,
0 5y 5 L BRI A JE 13 208 AR KL VG D9 50~150 um
A SR A, AEEHR I (HIPHIE A 1200 °C/>120 MPa/>2 h,
oAb B CHT) 1] B J9(1200+£10) C/(4~8) h, 454+ (950~
650) ‘C/(3~20) h, ¥ (=K% . GHA079 & & Ht 1
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Table 1 Chemical composition of two alloys (wt%)

Alloy C Cr Co w Mo Al Ti Nb La Hf \'%
FGH4097 0.04 9.05 15.60 5.50 3.80 5.10 1.80 2.60 0.30
GH4079 0.06 11.00 14.00 2.50 4.50 3.00 2.70 2.70 <0.05 0.6

Alloy Zr B Ce Fe Si Mn P S Mg Nd Ni
FGH4097 <0.015 <0.015 <0.01 <0.50 <0.50 <0.50 <0.015 <0.009 <0.02 Bal.
GH4079 <0.01 <0.01 <1.00 <0.40 <0.40 <0.015 <0.010 <0.05 <0.05 Bal.

1l 4% T2 5K 3 OB (VIMD + B %5 [ 46 545 1A 14
(VAR + 4 (DF)+# AL B (HT) , HT i) & 3B K b 22
(1040+£10) ‘C/4 h, %74 ,(1130~1150) ‘C+10 ‘C/8 h, &%
+(850+15) “C/6 h, &5 ¥&+(780+10) C/(10~16) h, A K
] 5 A B+ 0 A A 3

73 AR 1 45 1 FGH4097 A1l GH4079 & 44
REURE AT HZ 5 PR R MR, 1R 221D 40 il AL AR P
JtJ » 7E 20 g CuClL+100 mL HCI+100 mL C,H,OH ¥ K
HE15~30 s LTRSS & & M RIS . FGH4097
& 4 1E 80%H,S0,+20%CH,OH (A F 43 %) ¥ 7 A i
#i19% 30 V/10 5,30 mL H,PO,+3 g CrO,+2 mL H,SO, ¥ X
R R 5 V73 s DLEEAT SEM A EEHT AR . GH4079 &
£ 7F 40 mL HCIO,+80 mL HCI+130 mL C,H,OH F fif Ji5
Tt DLHEAT SEM WL ST HY M o 7 BE = 35 /v 1 i Ao R
M3 mm AL HUTEM i v, B3R 5 8 77 5l 45° 42 U %1 HL
300 um 5 Fr, P AR RS 403 5] B & 15004, J5 B
80~90 um, M FE A @3 mm & A, [B F 748 2000440 45
5] % 22 40~50 pm )7 , iz Jai Hl 10%HC10,+90%C,H,OH
WRAE-25 "C/80 mA T4 B v Fi g WU B 2 77 L, 7 4L
JEE R B AR LS OR RAF X . R
FAEAH FH Olympus GX71 J6% B4 % (OM) , JEOL JSM-

7800F 37 % S F 4 ¥ 7 2 5% (FE-SEMD , FlIiC % Bruker
SuperX A i 4% (EDS) f] FEI Talos F200X i% 4 i 7 & 14k
BE(TEMD o K FH s 77 BB IR I8 LR AT =5 I A s Jit iz e
AR, B2 AR L AR M12 mmx67 mm, A6 I 45 7E 53 5]
1% GB/T 228.1 F1GB/T 228.2 47 .

3 HFERS59R
3.1 AEREMAESR

1 3 FGH4097 F1 GH4079 & & #4425 1) ffoRL
A, HE 1a 1 1b w5, A R B S 1) iR 46 R 321 5 5 ik
TEAEI 5], X SRR ST 2 39.84 um, i bz 24 6.0~
6.5%% . MK 1c 1 1d 7] %1, GH4079 & 4= 1 fb b T A& 5%
FGH4097 K , HF 35 SR RSE 4 60.65 um, @ RLfE 4.5~
5.0 2, i+ EA SEASK ECR RSB o

P 2 v FGH4097 1 GH4079 & 4 HURE HL g il i A
FEL AR JE3 L i 1 o AT SRR A o P 2a 70 26 AT T, —
Wy R R 3/ B 2R K SR T A A 7E d 7, P2
JFZ5281.30 pms Ry AT R 2, BRI 5r
FAE &N, PR SF 2958 0.48 um; = /A 3 3 2 /NER
T B AT AR — WKy A IRy A L S R
<70 nm. & 2¢ £ 2d T 5L, — Ry AH JLF- A 50 A, 5%

Fl1 FGH4097 F1 GH4079 & &= (bR AS
Grain morphologies of FGH4097 (a—b) and GH4079 (c—d) alloys

Fig.1
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y' phase

Content T T _Cr Co Ni_Nb Mo mr_w |

al% 41,09 17.71 1.73 1.65 216 32.39 115 2.00 111

wi% 935 1608 171 0.72 241 5701 2.10 6.7 3.86

Carbide
Intensity/a.u.

Pogition 1
o Dﬁ :

b 00

Energy/keV

GH4079

Position 2

Iﬁtensity/ cps

2 FGH4097 1 GH4079 & 4 1) y M AN GR AL 3 1 ] 2. 2 HhbRic o7 B ¥ EDS B3 7 #r 45 2R
Fig.2 y' phase and carbides morphologies of FGH4097 and GH4079 alloys and EDS analysis results of different positions marked in Fig.2e and

Fig.2g

B 1) 32 B R AN AN T, P RS 2975 0.87 pm;
TRy TR Z , R B RERE AL RN PR
0.14 pm; =Ky A R AN/NERTE , F 3 R 298<50 nm.
BEAh, i B 2e A1 2 AT %11, FGH4097 4 4 i P FI iR A0 7 B
WAL (B 2e A B 1AL F B % 4 C Nb.Ti Hf\Cr.
Co-Ni-Mo.W 26 &K™. & 2g A1 2h 7] 51, GH4079 &
S IR BB A ) L 2g R B 2 b)) 3
% C.Mo.Ni.Cr.Co.W.Ce.La.Nb.V & 5T &£, 4% |
FGH4097 & 4 1 (1) y' A R ~F 8 GH4079 & & fH K, H =
F IRy TS B R AR .
3.2 ASMAEMEE
32,1 FiEiAhMER

3 N FGH4097 Fll GH4079 4 4 1) % I F {4 it .
HH &1 3 BT %01, FGHA097 & <6 11~ 34 S i Bt v 5 (R )
JEIRBEEE (R )8 GHA079 & <5373 /5 9 F1 15 MPa, H %
PEBA 248 GHA079 & 4 i , W7 5 2481 28 (4D 0 W T WAc 4

1800r  Z4R. IR, -:(5) -
ol [ Lot
e ] o
200} | _ "

FGH4097

GH4079

K3 FGHA4097 il GH4079 4 4 ) = il hr i P g
Fig.3 Room-temperature tensile properties of FGH4097 and GH4079
alloys

()43 % GHA079 & &7 7.1% 1 6%. A T 2% 1
FGH4097 4 4 5 Li® 58 A\ % H #44k & (hot oscillatory
pressing , HOP) 3% Fl 4 T 25 41 4% 1Y FGH4097 4 4 4
B, =BT R R AR MR Y . A TS H %1
GH4079 & 4 5 #h 5= SR F b K06 & T 201 &% 1)
GH4079 & 4 AHLG , 5 2 1 2 R 470 Hr o 52 A0 28 P 3 i
3.2.2 BiRiaAbbEfe

4 N FGH4097 F1 GH4079 & 4 F) = i Bz A M RE .
7E 650 F11 750 C Hiz N , FGHA4097 £ 4= (3T 4z 3 5 251
GH4079 & 4 fi i, HYE M2 0] 5.5 GH4079 & 4= , bl
U E B v A PR e B R B ZE R . 7E
650 ‘C '~ , FGH4097 & 4= [ Hi i 58 FE (R ) A1 il i B2
(R ) 73 %L GHA079 & 4275 16 F1 61 MPa, W7 J& 4E fif 3¢
(4D 01 W7 1T 4 22 (2D 53 7)) B GH4079 & 42 51 19% #il
15%. {£750 C ~,FGH4097 & 4= i i 5 15 A et AR 5
JE 3 5 GHA079 4 4 18 57 A1 48 MPa, W i 18 1 2 (4)
T TR S 406 26 (2D 93 598 GHA079 4 4 1755 21% A1 17%
4 DS

AR YERE R PR R IR B B G 42 ) PR AR I B 4R
bRz —. RiTH EXF FGH4097 A1 GH4079 £ & AN [Al 6L % Hir
L BEEAT T X Fe A BT, T S0 8 EE i o P G G A
1 BRI 7 s 20 53R AT R AE S M7 5 S T WE FEAEAS [ UL
NG SR TEAT N AR RS .
4.1 BEEEAEERENTK

FH T 5 TR 6 W %, A 2 R F 650 C i i R 5 ,
FGH4097 & 4 H 35 il WL 52 3] p e 18 P9 450 s I 0 B 256 1
REFEAR ) A A TE B L AR P BHEE Ty R, 5F



. 2866 * WHSEMES T 5 55%:
1400 | 9 1400 R, YR b
12001 | 12 § 12007 %/ ] °§

130 o N I \
£ 1000 -25%;§ é’lzzg_ £
= 800 1202 % 3 E
?20600_ -1s§"'§ 320600' ?'i
“ 400 1108 g "’400' 2

& &
200 [ 15 2001 /
0 0 0 %&\

FGH4097 GH4079

4 FGH4097 #1 GH4079 £ 4> 1 ferif b P b
Fig.4 High-temperature tensile properties of FGH4097 and GH4079 alloys at different temperatures: (a) 650 °C and (b) 750 °C

5 FGH4097 & 41 Z i P i 2L 5 AL 45 A2 G 3FAT T<110> @ Al #ilD

Fig.5 Dislocation configurations of FGH4097 superalloy after tensile fracture at room temperature (electron beam parallel to <110> band axis):

(a) dislocation density in the y phase channel; (b) the morphology of continuous stacking faults (CSFs) cutting the y" and y phase (the dark

field image (DF) of CSF is in the upper right corner); (c) superlattice stacking faults (SSFs) within the )" phase; (d) anti-phase boundaries

(APBs) cutting y' phase and CSF morphology

RAEGTRETY A AL VIR y A1, 32 BEAE A TR O PR
[ f B 248 (SSF, A 2R & Sk BTz ), [R) I PRl 20 i
2224 (CSF, N s (5 Sk BT ) R 7, e A, 3050 A 4
X ek y A, FETERE A TE R [ 5 R CAPB, 8 €8 5 Sk
B e

B P 7 T B A A T R, R 750 °C A i
N, A& A aEE s B AR . FGH4097 & 4
MR HE A R AR T840, B T KRR (OMT, a4
7 Sk B VI By A Ay 4, 5] £1 Bl 2> & CSF YI%)

YRR AH (38 87 LB 5 LA Kb &y AH P SSF (i 4
BT Sk T AO GO . X RLE &R AT T, 2R &
(MDY e &5 m T & &8 AT .

rh & 8~[& 10 7] %0, £ 25~750 CHifd T, GHA079 &
S v 85 AT 5% ) p T8 R AL R R R, AT LR R
CSF UJEy FHAN A5 Cln 35 €457 Sk Frs ) , 20 & SSF 1% !
FH IS 6357 3k Fros D) 5 AR/ & MT D) E] y 5 y 48 Cln
ARER DN

25 bR, AE R FE 25~750 'C R, FGH4097 &4
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K6 FGHA4097 & 4E 650 "CHr{H Wi J5 i LA L2 O 7 0 TAT F<110>di i D
Fig.6 Dislocation configurations of FGH4097 alloy after tensile fracture at 650 °C (electron beam parallel to <110> crystal band axis):
(a) dislocation density in the y phase channel; (b) SSF and APB within the y’ phase; (c) SSF within the y’ phase and DF plot in the bottom
right corner; (d) CSF cutting the y’ phase and y phase (the upper right image shows the DF image of CSF)

K7 FGHA4097 &7 750 CHfi b2 5 iAo 2 O T H0OTAT T<110> D
Fig.7 Dislocation configurations of FGH4097 superalloy after tensile fracture at 750 °C (electron beam parallel to <110> crystal band axis):

(a) dislocation density in the y phase channel; (b) CSF cutting the y’ and y phases; (c) SSF within the y’ phase; (d) microtwins cutting the y’
and y phases (the upper right image shows the SAED pattern of microtwins)



. 2868 * WA EEMES TR 555 %

8 GH4079 7 < 75 il A I 285 (AL 2 25 CRL T P AT T-<110> ity D
Fig.8 Dislocation configurations of GH4079 alloy after tensile fracture at room temperature (electron beam parallel to <110> crystal band axis):
(a) CSF cutting through the y" and y phases, with the SAED pattern of CSF shown in the upper right image; (b) CSF cutting the y" and y
phases and the SSF within the y’ phase; (c) microtwins cutting the y' and y phases and SAED pattern of microtwins shown in the lower right

image

200 man

9 GH4079 & 4:7E 650 “CHr il 4 A Ar i 21 A5 L7 HOTAT T<110> i 7 D
Fig.9 Dislocation configurations of GH4079 alloy after tensile fracture at 650 °C (electron beam parallel to <110> crystal band axis):
(a) dislocation density in the y phase channel; (b) CSF cutting the ' and y phases and SSF within the y’ phase; (c) microtwins cutting the )’

and y phases and SAED pattern of microtwins shown in upper right image

10 GH4079 & < 7E 750 “CHLAHIT L5 HAL B A (7 HOPAT T<110> S D
Fig.10 Dislocation configurations of GH4079 alloy after tensile fracture at 750 °C (electron beam parallel to <110> band axis): (a) dislocation

density in the y phase channel and SSF in the y’ phase; (b) CSF cutting the y" and y phases; (¢) microtwins cutting the y' and y phases,

SAED pattern of microtwins shown in upper right image, and HRTEM image of microtwins shown in lower right image
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HH T B (1) 2 8 3 5 A ST 1) 8 I 2 A8 0, s B P/
SRR BOE S R EAT I R R 2 B A IR R I T
B, GH4079 & &t 2 —FE I S . H IR, FGH4097
GH4079 & & HFE¥ & H K& Cr.Co.W 1Mo %t 3%,
XL TL R TR N TT DA y Btk 1) 2 me T, AN 75 =1 5
VIR IJVE TR AR 3k B A AL TE pry T (0 ZR4A , a3 {1 ik
VR ZAE BTV K A2 . £ IMatPro 115 FGH4097 & 4 (1)
JE 5 RETE 25,650 A1 750 °C R 735124 53.9.105.3 F1 113.5
mJ/m*; £& IMatPro 115 GH4079 & 4 1) JZ 5 E 7 25650
H1750 °C T 439179 91.9.138.9 1 146.4 mI/m*; B 4 i JE
TR (25~750 'C), —F B2 FEReS =1, H.GH4079 &
S Z4E A5 FGHA097 & 4, IX 1 A STE A RIIELE R
GH4079 & & 1y M RSHBUING 6 A R S YDty
Ay AH . [N FGH4097 4 45 1 )2 B e UK, A B i #20d
T 5 T S IR (R 58 XOF R AN 2 1 7 R0
T 32 5 A 5, BT L FGH4097 4 4 I 470 Hir 3 B 4
GH4079 & 4. WA, fER AR T fE v, & S 58k y
TR TR, A HE IS B A (RO, B R T A S AR
o —MKUL, y AR TE 58 FE RO, & 4 W ML LT, T —
Ry MR AT BE YR8 T o T PR B R o 33 1) S5 28 5 P
PAw ko, wil i@t R T

T
W—D(,/:fl) Q)

X, DN IRy MBI BORLAR , £ IRy I & &=
DL RPN, 481 5 FGH4097 & 4 vy I8 12534
B FE 2974 100 nm, GH4079 & 4=+ y I8 38 [ S5 R0 T8 FE L RN
40 nm. JftLLFGH4097 & 4 (314 5 GH4079 & & 4F
Yuan 250 LRSI T TMW-4M3 423 iR & 4
oy BE U fE B R AR I S I, R B 25 °C T &
750 °C, JZ R REA WS AT B ARG, ELER A5 J2 i A R B U A IR
W T . BEAETRE T, BN A AE p/y R SR R AR R
fif P 3 5R . AEPROERF MR &R A FE R &R L
(1) al2<110>07 H5 TE p/y A5 FE AL 53 A2 i a/3<112>3 53
R, JLAEAMINR. T3 VE FI R BEN y'AH, JRAE y' N B K RE
(P BN SRS . IR — ST R, AR R A
AW T NI AR BB Y B S AL . TE RIEUE )
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Abstract: FGH4097 and GH4079 alloys were prepared by powder metallurgy and wrought processes, respectively. The experimental results show
that the grain size of FGH4097 superalloy is smaller and has more uniform distribution compared with that of GH4079 superalloy, with the former
having a grain size of approximately ASTM grade 6.0 to 6.5 and the latter having a grain size of approximately ASTM grade 4.5 to 5.0. The size
of the y’ strengthening phase in FGH4097 superalloy is larger than that in GH4079 superalloy, with secondary y’ phase being mostly cubic and
having an average size of about 0.48 pm in FGH4097 superalloy, whereas in GH4079 superalloy, the secondary y’ phase is mainly near-spherical
with an average size of about 0.14 um. Comparing the tensile properties of the two superalloys, the results indicate that under the tensile
conditions from room temperature to 750 °C, the tensile strength of the FGH4097 superalloy is higher than that of the GH4079 superalloy, and its
plasticity is also significantly superior to that of the GH4079 superalloy. As the temperature increases, the difference in tensile strength and
plasticity between the two superalloys becomes more pronounced. To further explore the high strength and high plastic deformation mechanisms
of FGH4097 superalloy during tensile processes at different temperatures, the microstructure of the tensile fractures was characterized by TEM.
For the FGH4097 alloy under tensile deformation conditions from room temperature to 650 °C, the dislocation configurations are predominantly
characterized by high-density dislocation pile-ups in the y channels, as well as dislocations cutting the y’ phase in the form of superlattice stacking
faults and antiphase domain boundaries, supplemented by a small number of continuous stacking faults cutting the y' and y phases. This
phenomenon indicates that the deformation of the alloy at low to medium temperatures is primarily controlled by dislocations cutting the y’ phase.
As the tensile temperature increases to 750—850 °C, the dislocation configuration in the FGH4097 alloy undergoes a significant transformation. A
large number of microtwins form in the y’ phase and y matrix, becoming the dominant phase, while continuous stacking faults and superlattice
stacking faults play only secondary roles. Under high-temperature conditions, the dominant deformation mechanism of the alloy shifts from
dislocation cutting to a synergistic plastic deformation mechanism involving microtwins. For the GH4079 alloy under tensile conditions at 25,
650, and 750 °C, the phenomena of a large number of continuous stacking faults cutting the y and y phases, a small number of superlattice
stacking faults cutting the y' phase, and a limited number of microtwins cutting the y" and y phases are observed in GH4079 alloy, which are its
primary deformation mechanisms.

Key words: nickel-based superalloy; tensile deformation; dislocation configuration; microtwin
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