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ESBRTFREMESTR A% T INT18 & & ARG R L
KPR FALEE, RRE L. xS £& 1
1. iR
2. LT TREHAR K
3. ALK

IN718 & —Flilid y otk Ni F i G4, 78 TR Z A y" MRS 2040 DU 5 B4R
B A R LR FE & LR A & 10 i Ik BE ) S BEE IR 35 o AT 9T £ 11 700°C, 4000h [ H R b Bt 7 v,
PR S INT18 @A gl i LT AR RAT N ISR o S RE S IR U2 i bR FA A ) INTL8 B, S
W —2H R AT R RO B, ) — AR RO AR i N 300MPa BB J . H AT IS R BOR, TR
TR R JTHORE S b, T LLIE A 23 v A1) (116D (204). (004). (112) fijhfik. SR, #ETCN
ELREI RS, ARELEE R v AR (204). (112) fiThfI&. SEM Al EBSD (48 iR, A 304
fRff IN718 SR AR IR A4 58 70 AR AR AR IR AR, B A K iR 5 80 7 7 1) S Ak AR AR K D7 I 1Y)
JAAEIC . BSR4 B TR BRI A K AR AT LR 1) B AR KIS KR
A Re A BRI AR T 5 vl i AT AR K

C04-03
—FbT 3R S CoFeNi B & EHTT R
SRIHEEX, XIPRA N XUBIRE L Sk e, AE

1. RRASE R

2. iR

CoCrNi 8¢ CoFeNi Z R 1) - & 4 R oyl e SR PE m A s iR A R e S0 S, I ARz 30
ZRE. Hr, CoFeNi #& 4 [FNT HA i HECNTET 1) FCC Ml BCC #HIX, HE&ARTHE R AR BCC
SMGEMEEE. BT E TR E AL, BATRII R T —F BCC 45t AESE R 7t s
i CoFeNi & &4 (CossFesnNiss (at%)), H AR BB #VFE, LB Fe A 41 3~4 f5. 4
FIEERBIEE RN, ZAESNEREIEEEEA (< 0.5°C), FER G POE B E B LA AR,
DRI B R R AT T B o (B KN, 1 4 B AT 635 (AT HH B AL AR Ik, W (B B2 8 510410 HV . 7E 400~550°C
[F] K, BCC H:A A HT HIZE 1B, omega AHIE Ni £HRAH, &2 EZRBILER; &R (>550°C) [H K,
G G R R B[R] JGIR FE T =i R R, E N AT H AR #T R AS 9 FCC AH, HE5MAI Lo 5 3 05rH B 45 51
FARFo kA PR S, (%A GG T oG ELE, Nz 3804 filid w5 R (M BE T KB BTt o
AN R E O T RE . TARRN S5 IR AR, X PG liE 1) 3 CoFeNi Hii &4, AMHET]
DA 5 AL (1) 3R M T A v 7 R R, T L R v A R R T 40 R T AR [, [ B I AT DA I B e A
H 7 A i~ AL A R A . 2% CoFeNi & 4 1 TH BB A HT 28Y m  RE Hh s sl & & T R Sl ig fe it
THEIRER .
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P/Fe R B AR RN Ni ZAREY & SHoM H AR AL AR HIR 0
AL T PR
1. PEBEEBEE R T
2. PEBFARARKFEMEREE S TR

BRI TY il A 4 T A0 S 0 iR 70 S R B o T S ek e A v R M A 3 e R S At A A
O EIERICEA R At — PR E A & 1R, P A S R HAR BAR [ A KR $ T B 4 (i AR
PERE A A BE LA BON BT R TE MR & & AR08 E . R, P RINE w/EHT GH4169.
GH4133. HT700 Al 718Plus %4438 Ni-Cr-Fe 254, FiE P =N, A&k 24 md LIt E K,
BIfEAEE — Nt P &8, X T Ni-Cr M) Waspaloy &4, ENEHRMER) P toBiiF A Eas, BEE P
SETtE, HIGAEHEG RN R, fuknl DUER, P A1 Fe M52 HAE IR & & id AR h i £ E T,

A FLEREAE Nil7Cr (OFe) F1 Nil7Cri5Fe (15Fe) BRI & 44k & 43 AN 0/ 0.027 /0.042 /0.096
wt.% [P & &, BT P EFF G &k R P 4L 2R 650°C/120MPa iG-S HERE R . 45 TR, [l
PSRN, OFe A& iFA 7 arizWib4K, 0 15Fe fUIFAS % fr & & 5e s G K, 7E 0.027wt %0 HiF]
IEfH. 24 SEM Fl TEM RAE, KINHE SR OP B i FA KEERIR o-Cr #HTH, X @A A ETHLam/ER
BRI KT, W& P S 2N, K& P ETSERMNE, MHT P JET5 Cr i FAEEEFHLE,
R P ) A S 4 a-Cr AT HE . ATTVRES o-Cr AT dib A SmAb A o P78 & 1 16 TR 11 5 B ARG 5,
Fiee, sALEAL, (B4 P R TSR ZIN, 1F0.096Wt% P &4 IFAHT IS P A, H OFe &4t s P
L 15Fe A& RHE 2, U Fe FIMASER T P EA & I E EER -

IeAk, 75 15Fe &4 RIVKIA YR yHEITH, BEE P SEMM, yH PR LRNEER, 17E
0.027 wt.% P 1A 2| F/ME (40 nm), 7F 0.096wWt.% P i SR K% 85 nm, 1fi7E OFe & 4 AR KB y'AH
Mrihe BREMBERENH, yHEMKP SEE5E&TITHN, Cr. Fe IEFAHIRGHE Al A, 1M P EFILE v
FHABENL AT, TERH SRR S A o P S BIRENFRAR T vy MR ICEE, AT FEAK T /A0 11 SO A% >
AR H IR g, A y A AZ G N, AR T yAEAT . APT 255K, yAH7E 0.096P-15Fe & 4 T
I, PR REIEN v A IR IEAE vy A ST AL, AP AREETC RE S I, MRS v AH K . THER B, 15Fe
G e AR S50 y IR SRS N 58 nm, 454 TEM 4538041, 15Fe R4A 4+ OP 5 0.096 wt.% P
B ARG R A IR D AL AR D)) v A FE R Orowan Seit L, 1M 0.027 wt.% P A1 0.042 wt.% P &4+
BURVIEINLG], R AR R . W7E OFe A&, &N IR TENLE = BN e R AN 2ER, (R OFe
G IE B EEA TS T 15Fe A4

KT ARA P A ST AR & G SRR R L S %

C04-05
TS AR K4169 &4 % B 5 55 5 ar i
] &3>
e R K2

KA4169 &< il T HAR T HUIERE, 2 THliE, fRARA P -196°C-650°C T3z i L X 8] |92 K
THURERE M. SR, BT WU R R RS TIRSD, R = o7 S B A A SR A 2R R
FERARZ —. CHPITRY], EAmMBERET, A ATIEs), Wi acEg. B 3RBaE,
3 R AT B AN P 38 S AR SR AR R BUR ST O A R B PR o SR, bR T R R DA AR A 2R
WIRE R 1225, MELLSEDIN MR 57 73 f 1EAT T3] IS 30000

11173 3 ) 22 ot A SRV EAT BR e A (CCPREMD, RT3 57 I8t A i R L 2R 9 o8 18 R i 1 A0/
AR . (B, H AT CARIE T CPFEM (¥ SARFEHIRE S8 HE N 20 1 (LA s I A ATk, RIE &
W57 7 (TR Z K. DR, AERIER IR 55 A D HE U, 2% & A A AN T 312 ot ) B 0 v 1 o 9 57
Ao R PE R OC
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ATARSR N T —FhfE RBFEHRESL A5 B AL AT A AT S R o7 i N, JF45& CPFEM, 1)
T T RS IE KA169 &< A IR % 05 A i, AH EL 5 4% 48 RBVFERREME 1R 22 PR 1 75%. [RIS, dlid
JRF 0 S Gl B R U B AR A () B AR N iR R4S CPREM BN 1 AN RIS A N (AN T3 R 4
P T RS 57 A5 A XU AR ME R 2R o B4, BBl M AN R R RST . BREEZS R ) RVE B,
WEIT 79855 PERER) B AU . 45 RRWT, BEAE SRR TR, L RARFEIRRERE 2 T F,  BET 33 57
FEA G NN SRR I BRI, BEE R RO AR AR T8 EER N, 355 75 i B 2 PR

C04-06
—HRERESSHRES ARSI BTN
J—mg B2 et ik S AT skfet
1. P ERFEB S BT AT & 9 SR B8 O
2. PEBFARARKFEMEREE S TR
3. "PIEMANAERIA A R 5L O Tt 7o B ss R 708 0Eh 1 =

MAEREEXL:

HAT, B AN e B i P S S A N T R B s & o TAR b, Bk By s & 4 il
BUFMANE 2, A SCEIE i — ML SR & S S A S AR SRS T R AT N, i s
BENEE SR A &R WIS %

SRS

HRE—Fhm Cr. Ti &, Al SRIEHMEESERIREG S, s s, HASEMEE. SEM
G AR RS O AT ISR . KA IR TR 15>10>1.5mm B, 35 (1 A & i A
BOOHIPARFT BEFF 311, MBS IH U o M B & R I FR . R B TilFE e B, BT8R, @A
5vol.%HCI-0.5vol.%0,-Ar IS5, & %14 20mi/min, FiEES 30min & FHEE 960°C, {RIEAS F A
JERH B ER, BURAERFRE, SRR ERNIPIE, W& BRI =), BEE FRd
FESIGEER, BB 2,50, W E H S 15min. 30min. 1h. 1.5h. 2h. KA XRD SR R & IE K
PEIES A AT IR 3 M, SR SEM. EDS S A BRI AT I 1 E S0 B ot R o A gL

FERAGER KRG ®:

LI A S AT TP R EL R0 BT E RS, MRYE kAT 8 2 7 0] 4 A R
(0-1h) s HH (1-2.5h). K& e o RIS EE R S, HaE Cr. Ti & Mo RS & AT
Bime RYEAY, JEACE Niv Cry Al & Ti SR MEEEVIMGINE Z, St T —e R_y ik, (AE R
TIHEAT, WA )24 375 B0 B BRSLARTHE FE NI e AR 1 o FE o NI IRSS , ARE B Z AR ]
BRRPAEEWE Cry Ti B4W: EEMmEE AR R ALK Al B S - 2 R M
(Al+Cl,—AICI;+0,—A1LO03+Cly), HoAt Cly FIEIEFE SR AR B U S AL 7], S,
PWIZBRFA T ZIR ALOs K 3T4b 2 55 1 JEE ik

TRy, K& &n K NETE R T Z S A, R UL - R B AR R 34T, R
RN BT, E Cr. Ti BIAMNEMUZE WA R L DMEEZ yTE ot R Al SR, e Sfk-
AR BITE R i E AR AT, S EUR MU R,

C04-07
R Ni-Fe-Cr 2RSSR BTH S RERIE
EM TRRRER . BRI AR BIEE.
RIEE KA

ERE SR M EM U FEESRRKASEES BRI EG4E, LW . PidRE . U
VLA B Y EHAE S & F I, WA Z 0T AT EEG Ni-Fe-Cr 3 iR & 4 Szt = i & S AL Rk
Nit, EERBAENITERS N Fer 25 Cr(83E Cr. Mo. Siv Nb)FIZE Ni(f44% Ni Al Mn)sc & =K, C
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VRN T 1] B VT < s SR AR < A e 12 i I R 2 L A T O 5777 B 450 [V AR 1Y) 16 Ji - 7%
X, S oo Wb . KON A m MR Ni-Fe-Cr B oE IR A& & M4, H
Co.03125-Cr4.4375/3.4375-M0g 25-Si0.125-NDg 0625-Nig/7-Mng 125-Fes/6 A
Co.03125-Cr4.6875/3.6875-Si0.125-NDo 0g25-Nisr-Mnog 105-Fesg (B FHIETCER AT T N AT &0 N IT R IR TN
Cr. Ni #l Fe =Fh oz RN 5IAG PRI FESE ) BEI SEHERE S8 Z5HRAE . 775 KA 2=t Re ik
LSS . AR NULEE R Ni-Fe-Cr & S & &4 23 8 B — B RAH . SRR 4 7] 183.02 HV
182.10 HV. 176.99 HV. 171.99 HV. 181.99 HV #1176.13 HV, 5% &4 GH1015 (180-190 HV) F:A
— %, Wm T & ® A& 4 GH2302 ( 160-170HV ) Al GH2984 ( 165-170HV ) ; & %
Co.03125-C4.4375-M0g 25-Sig 125-Nbg 0625-Nis-Mno 105-Fes [ % i H147 58 E 4 591 MPa, ZE{H1#65 38.59%, H.7E 900°C
FrlR FIPTRISRE )y 131.19 MPa, SEHE 62.19% Gl 2SI &4 GH1015 7E 900°Ciii T 1L 1 #>40%
MR ARSI 45 RAEHIE Cr TR GBS, GEmm s ES vl (Epit) i, I
M s hRE kR, AHIRISE Cr RS ®EIGHL N SE&Hh RN Mo TaR N it Re 5 4F, HBEER Ni oEm s

A S e R RE R 2 1.

C04-08
BRI SIRRAT N LR T B T
7B
iz | e

AL W AR T 2 RSB LR iy EE R BOE L — o BB RIS A LU S 2% 5 A B A e
P AN F AL AIRBEABEAS AR, 2w AR R . AR S RGN 7 FhE S =
ARBRIE B R 5 S AE AN R AR AF R IO ARAT Oy, W 7 ASIRJELE AN g 2 A B AZ AL o 0 T el 22
11N, 487 T B AR AL, T AR S IRARAT O OR R, I T IR A AR B AL 4
B I RANRRSH BN GRS, IRt B F AN IR BLi¥) Orowan Sgid A7 5% B VI K147 09
BLs S ARG ARAT O, B 1 PR T IR e sl AR, SR T T IR R S i R AR AR A
HLER, [ W 5 B R e st IR 5 A2 45 1 S AR RO R R o AT T AR RE R Se T R b e P i (R Al A T B
B AR A AR R SR SCRE AR

C04-09
ANFERK G B R iR S S PR EAK R AR
XIBIHE L A 2 5 IE Y B L R L MR, e Toarde !
L bt DA RS A B AR s 1 S YEREWE TP
2. JEEFUE MR U et IR A AR B R U=

B AR R S e R T DOR, T IABRIRIZHN A, IR A S Cr IR — BRI e
BARAKCT (2974 5%BUEAR . IAAAL SRR R P A2 IK ] BE 2 S 8UR = RVE I R A& SR K
T SR AE St (B IR RS I 1 o o WIAR AR T A5 A TC 3R 70 A1 388 5 B0 D9 2 B A sl 15 < SR R T B %
o EIRXIULAES, Al FHIREEEN i1 Ao S 0 55— AU S DU iR & 7 20 - 800 °CHEH
HIRIG AMAT AT T RGEIGUR PRI L. FEAE o Mg N, S vy sk, I y I8l
PRE, ARy y . ERERE R R, S TR TT IR AR y AT y AR BB S 0 vy S . BEE
Re SEMIEM, HT ReO7 EmHR & vy A MK, FEEEMPUAMNER TR ARB AN Seik
s e, £ <8RR PAR S R LT MRS T HORSR 3

C04-10
— TR L R B < LR B ST SR
ML B E> Eafd. A 5KE
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WL K

B R A AR A R B LUNAER ) S SRR SIS o bRk, HRIRBE JJ e T R BIHLI L
REMEEL . DIREARREINER, EEMEE&E T EEA S &N mER AR, LilE 5. 6 AR
B e @ fE 137TMPa B ) FREA G drik 1000 /NI IRA IR BRI 1100°C. S5t ReAH L, Jeidk fidh G4
e AR FAEARIAE, K TRt A E R JGRE . RS RISk A set 7 —F
AR SR A S A RN R . X —FEEHENE 4 REBEE, SoRREN e 7R
(HRTEM)AIE FEREF R B, — A2 I R A H8 J5 PRadt il 204 K AT (2126 ~10 nm 1)y AH (y y) ZEA I LR EE R OR &4
e ZRHERERSHT. B2 MBI THEAZ) ) A RNIE I T IX B gK R ¢4 HAHTE 900C N ERA &
k. dt—2 HRTEM 2T R, A S et i rh A isid gt . U1 vy AB7 A2 7 800 T HE A«
R, B/ANRSE vy FORRST— IRy 21 I 00 A SR A A B T A &b ARIRACAE T 1A R, ff
800°C/735 MPa FHIIFARWI A At m TiE—f%. Ak, TR EI—IR v/ A & B B R A SN,
£ 4:1E 900C/392 MPa il 1100C/137 MPa FHIH . miid A8 v e 5B S Y . AR E R L T/
JGTUTEAREENE, T T AR SR G &K B L BT S

C04-11
RAKEERRRESET TCP MR S5HEF 5
XUfRs MSCE*. KR XM
iz | e

BEE A2 RBHLI R R, W e iR RE ST RN i . — Mk ud, 3@ Rey Cr.
W S TR AR R R IR A S RKIREE . SR, MR RS EMIINS S8 TCP MK A
BK. TCP A NMETEAE, AU G CARSCIE AR S R IEIE, 182 1 55 2R S s R, ™ B )
Az R 2 4. Rk, 487K TCP AHM FAZ FIAH AR i Rt A R B i L & & 1 o B v B R 7
e B EEREEE S E

AR EAL TEM 1 3D-APT &8563E T Bedtin 1 —ME Re mf QB AR B =il & < TCP AH TR
HLIRAFAA 5. BRI, A41E 1100 T HBHEVIH, HT548I0% M Re. Co. Cr 7E vy BiAHATH
BT R IR SR> o FHAT P ARBLSCTE vy WIAR AT SEIT v SEAARAH — LA 4T H 5 75 1100 T # R 55 J5 1, TCP
FEZH p MR BT TCP AHS v JEK LUK TCP AHZ A [ S4BT B, Z5 A58 — MR EEXS o M. P
FHAN p AR R E HEERTHE, $2H T 1100 T #EFE SRS TCP AHI =ML T Oy Hfk—o —p
tH; @y HAE-P H—ptHl; By Hfk—o H—P HH—p .

C04-12
TARGE B RE S SR RBET IERE T IR FLIA AR SR B AL
FHE L N BT e
L AERTRHOR
2. AEEHE MR AU R

o TR 57 IR R Rt e TR N B AN TR S T AR AL, U P IR IR 24, 3 A AR AL
o R EE A R AR T IR e I E R AR AU T AUREE R B mIR S &N IS R, AT T
1100 °C-25 °CANFEI A IR A # A 57 S84, IRTT 1 & e W AR R LR R 74 FAR 55 S A v (T A LR A
LIRS B ZE LR . 25 RN I8 LI Bl el T N 0 S b S BO 46 i SRR b, H
Wt V4 FABE 55 IR JA R IR, LI B P 4 it R TR S 2 K, LT U B T e R LRI AL I
JIHA PR AR AR TR AU A, 22 1000 FEHRAE A i 4 < PR #0 Sa fule LR Adk DAL P65 s RO 4 T LT B T
ARG AL AL XA 0 AL VI yHIIF IR RN BE A 5, e S P B it A e Bl AR K A7 P
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Fo ABEFENTRTE A i A B O BT T FENE KR e St 1R S AN B SO

C04-13
R RN R GRS SMRARRN S TR
EZ Y TN LSS N A7 N bt
EREYN

R T I P R S A R BB Lo B s FLAME Sk (08 55 W2 ™ FE S T 2 R S LR AiE 4T
AT BEXTBE R A RSB DT PR RE RV ELR TR R, T Bt Rl B AL AT B O AL B A X B v U
B EWORA L S 57 AW T . SRR, RSB R T R, SRR S I B e e 25
it 57 75 fir S e 5 A5, (EAFAE 1000°C A ZE A dis ) 1R s B0 BEALSER AL J5 B8 v il & &R T L 1um
T A AR E AN ROR AR 2, Herp SR R T T A€ AR SRR, BIBOLBL R 6 ik
PHIE 55 77 arbe i 30.64%, T AR RWOLRCR, HAE 1000°CTN RALEHEE MR . EILEA L, &
J& T — P T (R0 R S ST 3 RE B A e AR B ik, AL T AR R S R A 2 TA] R E R
#, B T EotH T E A IR S SR LR

C04-14
Re S84 B 1 iR & S ST N IR T R
P VAR, TR, R L R 2L gke L gt
1 P ENUR A A AR FC e et IR A5 A R B s =
2. PHAL MY RS e R0 T3l /0 e a4 [ B SR
3. PHAR T R St ] 45 A [ ¢ o i S

AL A BRRHIREE T BB MRENTE R SIS AN LSO e s, AR R BRI
FRAEI R BRI R iR A R IR ST IR ARl Az (0 8453 03 oA Il 2R E R B LR (A 5%
BRI o A TAREE A SR EIARTT TR R S AL, EI A RS & EiR AR
TN AR G 2 N, T B R I PR X R K EWER AL, PR EG B I TR R i AT Y e, HAALIF I
TR KINE | RS e, SR EWINALE 20 B, IR G e)2 A Re . S REne R ] & %
Ty I RF BT yy T, S TEEE T A RR Y], SRRy AR SR I 58 T 45 SR, HAR
FAb =AM Re TR INE ZE IR =& e PEMmOitERE, Re Xt A BCE AL I 55 5 o A
A BRI RO G A TR T, FRAT R I S B T 45 R P VR T X a8 )
SR AIHISSMER, 0 Re 5 SRlr QSR i1 2 18] 17 B ) i P A ] A R ) S 0 R sk 45 5 P P 1)
S9MEMH . AP FUIER 7RI A S AN R Re TTER IR A SHUATMGTER OS], PiER
D3R IR L R B R SR 1 BB TR 3 .

C04-15
R SE PO LU B R TR
sy
ik
C04-16

Zr SERAERE SRR 2 S5 PR R AL RE RO Rm
BEAEON. PR, Efie>
LA

HlgediE Ml & e e M EREMENRER R, ATFEZANHMETTR Zr EHIEHRESES S
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K417 FfE I HLER T T TS, 487n TR IR Zr AR iR & & P BOUERR 0 AT AL B R RAPIRAS, MR T
Zr JUENT K417 il & SR R REATE BB il J0 A YR RE s B, #ffe 1 LA in o7 =00 & 4 )
LR . W RN, Zr RSN LL Ni11Zr9 48 Atk SR SR A2 5 & & 5K
PG T AT, B o N AN ) ) R 2R, T SRR ARE S U BL NSZr 1R % SR 2 23R 16 40
fio Zr JUE AP REA PR AK KALT A& AHLR I, BEE X [RI0E Zr & i s il NGy K RIS
GEILMAR AW YIRS, ReF SRS A BERm, 18 Zr 5585 700 ppm i, K417 &4
£ 900 °C/ 314 MPa A1 950 °C/ 225 MPa N {5 A F ik B 5 KA

C04-17
it TEX K4800 &S 4H M =R /7544 B8 52 M)
BkE*. MER. RE. KR N HH
VG b oMb A 27 S ] 43 A [ 5% B o s =

AU EUAF T T R i | B O EEE RE R 853 T 2N K4800 A4 xxx IR E IV 2L 4R = iR )
e WFFLRIN, BOHIE KA800 &< il RN H 5 ) 8516 (1) 4.52 mm 4HAL %2 2.22 mm, 1M i e #5it
REE LA 0.28 mm. HULIFINT, 4k %555 ik BREA 1 TH AR 20 20 i 5 1855 10 1.75%00/ 42 890 R 1R 55
) 0.27%H1 0.25%. B FE gl 1 A RS, EARHIE T2 NS K4800 &4t i it
MC FRACIRITIACS, CARAR/ IR B A B S P y AR 1 R 853 K4800 & & I i il = = i 712
PERE, HE RS . Prhsm S AIGEH 25 )4 798 MPa, 1152 MPa il 11.6%. AH LT B /A1 008515 R R,
HPThismFHE 7 39.9%F1 21.8%, FEfHRER T 70.4%F1 52.5%, X EZIHRTER4tb. yH R ~F4iik
FEE I BRI L RIME R -

145
€

C04-18
B REE K416B &£4F W. Al TR FEEH
WL BRI E. MR L Tar . EREE Y BEE N Y L et
1. HERLE B 4w AL
2. EBFERAR K ZEM R B

NERETE WL Al JC 3N S SR A SO S AU RE B, B E SRR WL Al = R
Thermo-Calc THHE AT AR WL Al F & RHLUATTHESL, K W, Al & &5l 15.7 wt. %Fl
5.9 wt. %I, A&dmatTH A E oW M. RIETES R, ®iEAE W, Al S 2R IERR S,
FIFH SEM. EPMA X &EHAUTRIE. AR, B oW AT H I SEIR g R 5T 45 REEA—FL.
W TG 3R F A S E 5 o-W A IIATH, 1T Al JTEREAGE N E 5 o-W AT, Bt g & =0
Ky MRSy, —F Wb Al S8 s hn . SRR WL AL B E 4T SRR L 975 °C/235 MPa
TNFREAF L. TR, WL Al iR EEEmERENE, e W, Al FERHEE S o-W T
HIIN T METEAZALS, BIRT & & =IRB M. ERBERARRERES, W S Eile, KA yHiES:,
BINAEAEZERS IMESE s AL S EEIEIN, FURALES S B EERI N, ArES 2 R gEL,, fASEshEE K, 15
—EFEE LIRS T A SN A K HEEN W, Al SEHES oW S8R BRI S SR
Ffm. W. Al S E 0N 15.7 wt.%A1 5.9 wt.olf, & 4 B4 ShUR I fe it

C04-19
KRF 58 i AIR SR e 5 SR B T B R 12 )
BLRSEL E S RRIE S, ZeAc . gREAEC. WIRIRE . EORC. MKk N JLiH . BAENIA i .
R
1 ZRNIRAIES I RHE A TR A
2. HHERE
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Eint
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3. TR
4, tErp R KA
5. Pl T TFREVRA PRA 7

HALEREEX:

AR AU E A BRI e ek e 2%, 18T R imiig s . F REBRSEHLTIZEE] T 300MW LA
b, BRETEH R 60%MI7K o X, RRSFIZE T 7 ilis & AR SR OB R 2 — o AR SCE X
300MW 2% E5 R BRAL 247LCDS A 45 1) i F 7 i) 45 1 R mb PR 0 TS BEERE AR, Ao o A o 42 | RN 4 542 i
ITRGW . Tk TR BRIA IR LR R 2R, HIE T REUA R PRV, B T IxX P SR BREE I T
FRAILA, 2 B 2B T A DR 25 2 (R AH LA SR, 2 T BRI T AL ER ) T BB T2, [FImS fg e 7
BRI, BRIhH % 300MW 2% B RUBREE 247LCDS & &5 R F o

LR AR

KHZEE CM AFIAFA 247LCDS &4, NHERE ALD H# 4 #E1T 300MW 2% B RUPRIL— 252 g -
Fifil e o SRFASI, FER B ORBUPPIR G SR T R S AR R . AN, FERT R IR AR
PERINZ R, KA EBSD. EDS 1 SEM X b IS AT O ERAE, R 4% CAE HEAT % [ B[]
RSy MR SRR RS B 8538 BT BB BT 7L .

FERAREGRKER:

WA R R, W G 2IL0PPIR & R TE . U B S IR SR RG22 Csgmi [N 25 2 i ih
B RIERS . SREVIFE EBSD MR BUE UKL, LR B RSHRE R, TE R mbiscE L, 76
FEC U6 B HH AN R 1) R A b B S G RO, ST BRI AR (R ATAER B, 5 28R R B R 2B L
RIG, Rz, ADNRSFEBB VI SR B &, AEAEKIRE GRS KRR ERE. Bk, &
KEIHEBE TZEMT /MRS, il AR S ErEE o

M RGN EUR RGO A R, 75 75 R TR A, (H A& LR R AR AL
HH W ihoFl EBSD MUEE AT A1, BANRLUR H 2 5541/ NREU Y, 2EGUE b FORIFEIR 5 A o A,
ST X A R AR BB AR T o [ B SEM S5 5 BoR, RAUAFE) y Fly 0 B A KA, Wity
WEERERZ . HILHE, XFRICHAZ, AT BEE R SERX . e e gt A AR, R
5 in Bz, i B 1 N BB AL AT L, JE O UG Bt S 4 5 S0 AR AT R K R A7 T P AR AL
MR /NRST RGBS RIRAEL. Fik, MRSFRGE TEMTERREGE, & LR f.

ZE L PTIR, BT RRR R R RS BT AL, X PR 4 1 X S 46 B AN R T P i ) 2K
JEIRGER A6 BT R A3 TEAEIR S R P T A 28U i, N RS AR BT 3R AR TE R A AR SR FE I e B
LAFEBT T B is B, PRBs T A B M R R R Se A K, RIS 1 1 vt L () 3 N 77
AT T RRRSEBE . ERAI KR g [ A

C04-20
B TRERE S SREARNEE SRR
R KES TNEE. EZE. FEL XK
P AL Tl A 27 B [ AR ] 5 B S =

RIS B B R R i A it B A 2R R TR R . AP RGBS T Ry T
el £ 4 7 T 4 [ ZH SRR O 4 vk ] ZH A R A A, PR T A SR R AR . SRR, fEE
1% [ b R P e I SR R 2= (A8 DD3 FRL & iR A 4 R AR R B S Bl e AR (RN CET 36748 HL 5 B [ S R A 5 5
TR A EEE S AR A, TEAR R I ¥ BE (~200 K) it N s idids 2 5 35 440 KA169 S55i i =il & & 1 sl R
FIFHREEL CET #8417 KA169 S5l =il &4, H = A5k 880 MPa. Hiihy 5%y 1048 MPa.
JEER 9%; #FE—DH4 T DZ125 MUH A E G 4, HEIRJEREE N 820 MPa. 760 <T/724 MPa ()%
AFF1n R 58 ho BLAISEIG KB, SmilIA 75 K AR AAS) /) S 2GS CET AR RS, A 2 1d %
1t [ P RS SR RN I R R 2 — o A, SRR S R AR A R R A TR R AR A P 4 A R R B
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M B AR B TEAZAT S S BURRLE 525 404 . ACHI T 45 R D9 S5 & vl & < MDOOUZE 23 vt i 5 <6 PO ok [ 1 2%
Seft TR

Co04-21
BB A G R BB RO T
Ea
ES S PR

[t SE Rt A S HLRT i e P ARG RE D EORAOERTY, SRS EER A A 2 XA TR AR
Ui ek 2%, RNy R AR BN Ak . SR, XSRS A S B E A B AR, B
I o 2R R RE IO T AR IR . — ELEBEBRIE TR, A AN IR s TR 25 B T Iy FR
o Bk, XS REBEGRIEREAT AR PN AR B G EL. HAT, A0 AR R T R TR R I
Ra BObE A o RIMT, IUAT I B R 25 ST AR ORI 0T 28 R BE 2 RIS, I3 SRCTCT2R L3 4 A 00 4 BT sk s
T AR A S DL ASCRR Y T AT AL Ra A, 2T SN TR KIS, LA
BRI HIRRENL, GRS FHRRNAE, SRR 5 BT 1 ok A 7 v ot B P v e BRE R
I 1k o

C04-22
Cr 1 Re X##E B BRHESETE 900°CKRN AR ELRES v HEAT IR ML
AR B 2K e
AL BRI

HARR NIRRT A RSO R R KA T . BE e IS (870-1020°C) R, yAHMHALAT A
FEEL I A G ) e R . AR SCUAANIE] Cr Al Re & EHUER L 4% 5 4> DD10 (ORel3Cr). ORe (ORel0OCr)
Al 2Re (2Re10Cr) NHFFEXT %, #4777 900°CHKAF (>10000n) #RFE 5286, HRFH =47 734 (APT)
M T R BRI RN vy AR EE AT N, BRFT T Cr Al Re SHELSE B ff & & Ky MERELAR AT AR SEma AL
filo 45RKH: 5 O0Re &AL, 2wt.%Re IR INTTH K y ARG, 110 3wt.%Cr FRIERINAE v/ AHAH
R A S . 350K, Cr F1 Re (U ING Al I8 PR & 4 10 280 B R A vy A7 ST
REIRZR v AHRAAT . — AN, Re JCH Al A SRS y A 2 . 1R =G AR TERE . SR, A TAEH R
& Re A &Hid e m Cr & &, i Cr 7E yyMHAREZESHE—P IR, Xy mEsEREE ST
Re JUE . AN R AR A RN B 5E 5 i & S I RO s S A o

C04-23
BRREBGRESSHRITAERERRITIR
KEx BEIA. k¥, kil
AL ERHE R

WA RED LI A HIBR AT HETHRLIE P IR £ Gt ZEAR R P 28 G AR 1 (I8 47 P
GATIT, 7 FK) P 0 BRI 2 SESLBE S/, T 51 2 PP BERAT, - BB 0 3 OGBS
U BA G AR A SCLLZE AL B R & SNBETON R, IR T IR i 1 R P SIS, O
TR AR BEAARAT R OBE R0, ERIRBIERSER T, Wi OB R, 5l
BARHI N TRENL, IF L% B0 a<LO0>HAT . AT 3R G ARG R0 y MBI D), SR 80T
AR (AR AT T, SRR YT AR S T R T AL 2> I B 3R, T B
FEREAIS, OB SR PRAS A T IRARAS, FEOTSNRE RIGERAED . Il A (S F
TUEE T P VRO SR R B 1 0 SR M AR



o
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C04-24

Ta/Ti MHEERFEFEEET vy HITERSEAT NN
FHT X/NEx
KEFE T K2

Ta Al Ti VB NEcH WIS TR AW PRI S E R mR A ST, KRR PR TR LLskik
YA R mA L RE M. 2 TTREET, FMITRIFEMIAAE, Ta M Ti IS D20 Bl & 4Tk
FE Ay PIARIBIR A0 BCAT A AR AR R o SRTTTRT AR 75 2 4R AE Ta A Ti X HA B A& oo RIWFE T, S X
R ZFIT RN FR IR AIR T, AR S Ta, Ti S &b TR BN B . Fik, A3
TRFFELIE B 5 iR A 4 (Ta+ Ti)=3. 12at. Y. AN, S 20 Ta A Ti (& & it Ta/(Ta+Ti)=0. 0.33.
0.66. 1 DU A B2 12 TG B B 4 o K3 FE 8% (SEM) L X SR AT (XRD) 94835 51 o 7 B 4% (STEM)
S SIS TR AR AR RS G A GUATRAE, 47 T vy MR RS MR S5 FE DU A
EAE LS, KT T B S AN E vy A A BEAT s RIS SR 25— PR SR B VR BT vy A TR AR,
W 70 B30 R 7 1 5 A A BEAT v, DU BN IE Z R A S E MM T E X HIEH . A REW: 4
Ta/(Ta+Ti)=0.66 i, y'HHFIR~F RSB HOE B K W Ta S0, yAHSL7 B LB
FETCFELERHA RN . BT STEM SEIGANEE — MR BRI, TEZ 0 RESM yy MR TR Ti A5
R YA AR, FEEAHIARIGER S AL AL DU SR IoTER Al Tas Ti it y'4H, Cr.
Mo. Co Ji[al 4 FeT y #H: 4 Ta Er&xt Ti 5E A HET, W HIL T W Bl IS, oy AR 2y A1
X Ta/(Ta+Ti)=0.33. 0.66 I}, W ECECALIS] . fERBRFMEA Y, B#ouR Co il T G4 v #H; H
REHoTRWMA T S v, B3RS KN Ta>W>Mo>Cr>Ti.

C04-25
— s =AGRE B R RE S Sl RIRRE = =k B R HLERT T
AL R sk
Hh R e < IR T T

B A L R B LI I IR AR B AN e s, AR B Rl TR, B S 4 B iR (>1100 °C)
AT NZ R Z RE. B AR S, = BRG N AR R AR, H T P B AR
TREN R, AR DA R I Ak AR (R e AR ] e SO R R IR R R AT AE IR S8R ik, R
SO A% 2 A n SEPE . SR, HLA G R R AR = B R LI H AT AT 2

AL PSS = AR L L iR A 4 DD33 AT R, KA SEM A1 TEM #f58 | 1100~1150 °C, 120 MPa
RLRTARAS AR, 3R T B A 1 e R A — =B B PR L . 45 R B, BRARIR B Rl 2 1100 °C
T, KE{100} F1) a<110>88 A7 4IRS I DI y/AH, FFERL K-W 8t HENZE =B B GRAANA
H~2%), JEECE a<l00>@BA AR L, W K-W SIS . BEEE LTS 1150 °C, 3 BB EEAL
B NEIE T B WR AL A W 303 a<100>8 074, JiEidaizE s )7 U7 yAHWIES); R =B Gigds
NASEE~1%), 2R {111} ) a<110>HB A4S H B

PR, 1100 °CFI 1120 °C'F, K-W 8195020 DL R RS0 a<100> #8075 ZE 7% 0] W AR 1 2 A W 32 AR 1Y) ok
T =B BT T 1150 °CTF, A7 A ISR AR BIES 5 80— = I B AR T RO A

C04-26
WMHIERR S SRR S T2RR
=
FP R R BT T T
C04-27
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TS TBOCK R IR A HIE GHA099 4% R iR & S R 2B P R R mT 5T
[ e
iR

HTHOCH AR (L-PBF) HIREE M & I HIEBOR, 7T RLSEIU A LI S5 i i — AL B A%
I AR B R PR RE . SRTTT, DU P A5 SR LA S5 AN ORUR RORER BRI, DA 3% T
SR A SRR yRHDTTE SR GHA099 Ik il &<, TR M T L-PBF OB M & HoR
THREDIRZS A IASE RS 1) 22 REZ MO AL L B 2 VERERIT T TS AW, W4T L-PBF BB GH4099 &
SV AR S M R B AIG, SRRk gs, SR AR LI BT, Ares s BERRAC. e tERe g R, Tt
IR )5 DR RS SR AN [F] BRI 5 ) 9 T B R A0 R BRI B N, W e SRR AE A 2 W] 3T . [
I, WX T UURRZS RO AL R % R0OR W] LIS A% R IR AR P, (8 HL o SE AT S P88 25 o T JE 37 1 il
# GH4099 & &AL BESVERE . FIRWTFCA RAERW], Rhd7n] DL 25 235 L-PBF BUEROALEY, 2 imiseBl
HPTRA S MIBAKE TS i i R AN B A e

C04-28
TR Nb 1 Ta o — 7T 2L A4 1 H il & S L SURTT R R
PUB SN S (AN
LIPS

ARG 4H Nb F1 Ta JLRMEMSTE R v i AH AR50 B2 S | I & KRR A 41
VS, SRSt &R Ak 59 Laves AHAT n MIAESK. 1024 Nb M Ta R EEL &N, Bl
Thermo-Calc 253 it E A B A RIRME. AT i T3 Nb Al Ta JoE XA i e
RG-S N, 5 EE A SR AT I T . AR G S0 TV TR B A R B B, SRR
SR E] . T 2 R OGE A e EDTRUIE M HE BOR G &R E & & A B EHS VM E S S, KK
FE R SRR o K FAE —Fogr B A ) 3 =l & 2R b, @ i B0 e MU TR M R E R R B & AN E Nb
Al Ta TR SENBE SRS SRS . KRG T Nb M Ta 30 R S EXHEH 63 55 A S Mo L 4Um T
RMFZM R . Nb JCER ARG 36 &8 A SR AR — Ok S8 it s 46, #EMITZRCE Nb 1 Mo Je& I
Laves #H. *4 Nb+0.5Ta>5wt% i}, Laves tHIfFAREEAM . BRILELAE, 4 Nb+Ta> 8 wt%, <HiIH
EPIR m AH, HMECATE A [ o ek xof B 3G i) 32 R ] v A Ab 2 ) 22 S R A ¢ DSC) 4553, Laves #H
() 58 4 VA IR BEAE I AHZE DA b, NS R B FE R RE W B — 3B 20 3G A & iR e 1) Laves AH o 38X ™7 AR
Laves HHAIFF 2L DX 38R I F= A= FF 2410 DX ATHT Y Laves AHFI X IR E & . B T34 iS4 iR & e
B Nb JCERMIRATIT A, TR JE I Nb & 5 DLUE A B S & ook s U IR A M K1 Nb Bt
BRI, KER Nb TG ER 2 7E i &k R PR s 4RI TR R Laves AH. X268 Laves AHAMHE LLidE
[i5] V75 A BE 58 A VH BREE WA & 42 Ja 22 1 ) 2t e, b2 PR BGAA )32 3 R Hh 1) Ji5 82 2 PR AN BT R I AR R 74
AR O TR R G A

C04-29
Rl R iR & SR E A B AR P PR R R IR AL R T
FENAZ V2L SRR YL AN M. R et HedhEg M
1 AR TT R B il & SR R St i =
2. ALHUHNHTE AN R B AT FR 24 7]

BOCHEM HFNEBARE PRSI SR, R RN IE o BT RS, L
N IR SR, t S G AR A AT, SRR AR BOR IR BERR B 55 T2k, i
P HIR A 2 B AR T AT R R N5 o AW 7E DA P RE iR T 5 < IN738 S5 A Jo A ik 7T %
By R T 8 PR R N 3 5 T —— o R AR BRI, otk DX AL iR Ja AR AR BE R S5 F e
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(TN BB SR AR N FIEATINE 0 i AR B R B A L BB AN T AT T A5 BRI A L U o ARHIT FUR A 11 it Y
Liod- 8PS bR nC A TIE AR R R ks i Rt A8 NI VAL 273 T [ RV AP =R S PVA DIV NI A2 2 903k Sl S R R
I A A 25 R B M S DD R T A A R, AT SRAS DD Ui LSRR At Bl IR TR
R T v D& G RS, H A e N 2 L e R AE A B R % OSBRI AR B R L0 R SRALE
TAEH

C04-30
Fl B R E R R S S WO G
ORI, FMCER. #22 P, FhEE
FigAZIB KA R A S TR B

BE O A liE (Laser Additive Manufacturing) BFE T ELERTZS IR A% HL I 1o vt 2 % il i 4Tk )
PR IR, RTAT BRI 2SI 5 RS #8227 oA il 2048k i & e M R0 3 A 1) 3 5 AR Fe i I
M =R FERARMER . RPOX SERORMERT, B 7 R 3EM hlhit % F 428 A0 2R 1) & 4 vt A 28 SE bt 5t
2k, FET AW GERRE R W88 TAFROCIG A H1] 36 S Hh A v FR 2k [ AL 0] vk ] o 5 S B 3= B
P R E I AMINREIA T LA 250k ) 4 U [ e R O O R E A 2, TR Ll o 3 R 4 S SO 3G A
IEREEE S AR, RN T A )1 AR B B B AT AN G S s MR AR R RE R A R . A
it FERL T IR UL AE R AN ER L 0 R SR G G e [ I R T R, MR T
BN IRE 76K AR PR s RO RE B B CRR S A a2 Tk R Ay v 7 20 A0 2H 2R A PR 5

C04-31
TERREERARTREE
FTHEE TME Y EWE S, s Tt
1. P EPUA AR AT A R TR
2. BRI ATR KA

MR Em G SAE ARSI KR T RS EM B A R R 24, H TSR AR fe /150
BT SR T AR R T 54 2 SRR RE B W [F) 55— RAVFIARPRR . AT T — Mt T 7 BUR &
HEMEETT R PP AR R SR A & % BB A R B & S RIATIR &, ARG 2RI B LI 34
Aab B 3o A R R AN R0 SR 20 oy A T i P R 5 110 22 ) 1) % E ST 517 &40 & R o 1 3 KL A 20 20 0 A 1
SR HLEM L. 5EGHTIEMEG S, BTl &G 40 650 Fufiag B A %A AR 1k,
650C/825MPa FIHE A PLIERE B 2Tt . BE TR, ZMEHE 650T T 120s fREJE 57 M ST BE K B E T
B, AUREMEG S 40%. %772 LD AE AN BRI RE 0 0 o BE R GRS v A [RIESE, R4 T A4k
T BRIERE . N -TORAER B, %A S M PERR T RIE TR S AR} A R A 1) S i A8 T 175 3 A RO 1S 0 ML
G P3RS Al WA 26 B TR ) B N b e g1 15 i3 - | N e v E VR e 6w A i

C04-32
ol BN R B R R S S HA SRR
OB M TSV EmA S REME A XA VL (Rt
1o B A IR e R AR AN < 5 ) L R S =
2. BlERY MRRL S TR e
3. FPEB BRI T IS 2 SRR L

HETH NG O LRSS Tiv Al SHEIRTTR A BERNIZER Ty, B2 0 s s X i i AR g2
(%), WIS G RLEa arERe. A, HEla&aiR (N, O & &) gt i it & &4l
2RI S s RS2 B LR i 0 2R GeVE BE 7T - BB A, DAEERT T i & < NORT O U B iy 10 ppm,
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R ERREK 2 2024 B — m it A RS Co4. milR &4
XPT AR N O SrEpe it — P UGS HR KT EERE M ANIE 2 . BRI ASC LLSE A BRI T =
A4 DD98M NHFFLX &, B S AR L2l DD98M & 4 A JFRHRZR 1 5E a1t [H 1.2 S 5 (Fhhir il 5 R i
)N A Gt [ AU S M RE I s B kU T 2540 R PUE B R HRS)F 7L T AifE (BB 7
b4, B, WHSAN. O SEEM A 21 ppm. 10 ppm Fl 4 ppm)*it-& 4k [E 4L 4UR 2 BE ) 52
ML s 555 it — D ER T8 w0 T 2l X A St A 25 12 M RE R e, RS & @ V4 H115(LMC)
HAT TR AL . A8 TS B

(1) B A R A A2, InEE AL Ti TR BT, SESLEAER BN . e E 45 L
Ky B A Ty S A 0 R I S 2 R IR D P R . X B TR R A AN TE SZ B, T
FECEZ AL A, TR RO RGN, AIA B IR A ELE R AN T O, B T 4E LA
B, MFAALMNE, BT TR0 SR S T B AR R, T VS FLECE B 2 o ) 1
INaD . BB GRS IR L AR, — R S RS R R AT E K, A &M s ERI%, MMnE T &4
PR AE S, A FLIR A & (A AEAR FLAT S FL) I . 4EE[E T2 2508 1550°C 6 mm/min B, y'4H &
FUIE B AR, SR 4 04 =5 0 R o R o o o P T 0t 1 o

(2)HRS TE&F, B4R, PDAS M 406 um /N4 322 um. IR S5EA B AT,
Al REAR Y BRI . P RO, BN B 1 FRARIE BBl FOEAZ I v T4 & B[] 46 2 B 3 2
(o [RIESS, AT R P R 3 it AR 2 B35y B 5 A R PR 3 I T B 1K, IX 2252 e PDAS IIBRIRFT S T —Ik
AR EE I BA%, PN B N A0 O RSB PRAIR & &R IIEARRE ), BRI AL (B4R FLAT<FL) 3 E S R
3 HU b A A0 R B T PR . SERE IR SR y AT SRS RS JE B S sg e, AR RE ST AL 1 O A B AR
T 2L P T+ PR T PDAS FIFLIAAATR 0 8, 48T+ T &AM 501 . B v, 15
A4 I S IR PR R A IR IR TE T 32.6% A0 12.1%, Eim iy R AN ARSREE > IR T T 27.6%
H16.2%.

(3) 5 HRS LZAHLL, LMC T ZIREMER, {643 PDAS KIEFEFEAC, #6) THFLIE . (AT
WAARE, LMC LM%M =Fhal B S R A & 2 X RIEF &, 508 92 ppm. 53 ppm. 44 ppm,  [fii
O S EAMA K (EMalifE &4 MF A N92. N53. N44d). B &R Eiest 7 & Ti e 2<%l TiN. TiC)
M. LMC TE T, BE N 2RI, Gah i, 415 Tao Tiv AR W HRTE B
SEf, HH T IHEE . AP SILARR S N SR BRI RN . (E4EFL AR BN BES N
B R BT E B SN G i A X 3 R R D N53 A B 2 1 TN 3 Rl I A s I e 1 ek o 7
WP ARE s, T AL R, AL, TN B BER T y AR Ti CER T EE, fEE T y RS
bl B, AR R R I FLERIE B E S I B B > AR AR AR B 1 22, (1564 N44
A1) 2 3R 470z 56 P R i R 56 P e N92 43 T3l $2 T T 18.19% A1 13.8%, 1o i i iz 55 FEE AR it JIR 55 43 Tl $2 T+ T 42.8%
M 76.9%. 5 HRS TZiAHLL, LMC L2 F&&mimbiffsafEiest, XK PDAS BRI w1 22 fe
1) DT MR B 4 v R D R B K

C04-33
B R G SR RAT N KL I
5
=P
C04-34

Effect of high-temperature long-term aging on microstructure and properties of HT700R superalloy
Yao Lu*!,Shengzhi Li% Lanting Zhang™* Bingbing Zhao"* Xianping Dong™*
1. Shanghai Jiaotong University
2. Shanghai Electric Power Generation Equipment Co., Ltd. Turbine Plant
3. Shanghai Key Laboratory of Advanced High-temperature Materials and Precision Forming

Thermal power generation is the main source of electricity in our country and the largest contributor to the
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greenhouse gas emissions. Developing the high-parameter advanced ultra-supercritical (USC) plant can improve
generation efficiency, reduce power production costs, and decrease greenhouse gas emissions. Robust creep
resistance and exceptional oxidation resistance of HT700R superalloy at high temperatures make its application
within USC steam turbines at a power plant in Shanghai. The microstructure evolutions and shifts in mechanical
properties of HT700R superalloy were studied during both short-term aging (650 °C+800 °C) and long-term aging
(650 °C). After short-time aging, fine y' phases were uniformly distributed within the grains, with granular o
phases and rod-like y' phases appearing along grain boundaries. The alloy's ultimate tensile strength (UTS), yield
strength (YS), and elongation were 638 MPa, 1042 MPa, and 24.5%, respectively, displaying a combination of
ductile and quasi-cleavage fracture. Following long-term aging, the intragranular y' phase grew coarser, and its
volume fraction increased. The Cr-rich phases transformed into MyCg phases, while TiC phases initially
coarsened and then partially degraded to form My3Cs phases. Discontinuous y' phases, M»3Cg phases, and TiC
phases along the grain are gradually coarsened to be connected, creating localized precipitate-free zones (PFZs).
This led to changes in the mechanical properties of HT700R, with UTS and YS increasing by 7.2% and 16.6%,
respectively, but a notable decline in elongation and impact energy by 24.1% and 48.4%. The coarser, chain-like
precipitates, including M,3Cg phases and TiC phases, at grain boundaries broadened and connected, contributing
to brittle fracture. The findings are crucial for understanding and assessing the stability of the microstructure and
properties of this superalloy during long-term service at 650 <C, so that the maintenance and replacement intervals
can be rationalized.

C04-35
TR FRA Y GH4169 & &4 SRR R
LRV N N 75 SR - NIy < R NT
L AU IR K
2. LI TR B
3. JEEZE MR R T BB T 7T B

JHCH P S B T 4 (SPS) S il e i 2 i R AR GH4169 B & & HIJe bR, T4 AT B :
WG FESEMT B e B DM B miR A SO LI BRI HIP B TEORIBIN B, FEOE RS 380N K s e i 4
BEMRBVIIEECEN . BB N IR IS, NI EA R BT, PSR /7. B hn bkt &
WJE, BTSN, MRS HBUREEN. SRR R ARG ARSI A A R .
W N 200°C/min I, FES R IEEOE AN 786.20 ki/mol, 17 24 NHGE E Y 100°C/min I, 2 [ H0E #¢
F% % 355.75 kd/mol. Hiizil it FRARKESE IS (L REAR 1 1 AR B E AL

C04-36
PR AL BRI IN738LC 32 i RE R R M
FRIE* N mEfRAE, AT EE I
IRJT SRR TR B

B DA i T A B iR B e ) T A MR R E A B W RO . ST TTEEXT IN738 LC & S
WIS TZ, XL TARMERACEE . [ + 200 S B+ ARE AR B L ISR (HIP)+{2 0 AL B+ v Ak 2
=P R E ) S AR AR AR e, 0 AT IR LA R SR RS ERTRIOGS B AR PR e AR I ALAR, IRt A [ #4
A T2 WIS HER AL, @R AL B T80 RE B T XM H AR . SRR ARtk
AEHLJE ST vy SEERAR, MC BRACYIAIASIESL 0 A5 v ARAOIERIET L, di ST, B e 108 b B
MC BRAIIKIHAT SLAERG AR IR], yiy 3RARAR BT, v AR I RS T oS e 3, TR 1A
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W HIE AR AN, A St BRI y 8o ROSTRVEESAE, SR A AR s 20, v FIIRA R 2
T8 R R ARIE AN R ) R 3R HIP S R A AR BT T2 s U A & 5, TS HIP+HZ )74 20+ B R A B
REMEIE— 0 2538 MC BRALH AN y A K ST AT M 55 A7 14 A S B MR 20 AL A s S AR HE AL BEXT L
P TG AT EA R s RN RS T iR 2275 A 7120 30%.

C04-37
FREh R R RSN R SR TR R A S B AT NI
RS A 2L A 2. Sar
L B 3 AR 2 F
2. JEEMTEATR K

BT FKM-GTN B, ASCHIEE T Inconel 718 K il & 4 FE I M Bh be b ik FE I 5508 1 B AR A, A8
LT - 206 N RIkesi i fE . BHC R I, HIA 4 Bhse 45 HOR BEA AU 45 Inconel 718 =il &4, H.
2 )RR EERT 6 & SR AR 3B R 38 R 2 ) mT A 80 AL, (HE I 50 MPa J5 52 55 ;
Pem R IR MR R B, A 1150°CIERACR AR . ok, ERPERLE T, G880 NG E
URNE A AN o st P B N THR AR B, Bl B B R AR R B, R TTE 10° st
XKLL INARAL Inconel 718 & &K LI Bhbess T 2Rt T HE S %,

C04-38
ETFRBEY BT HER CoNITiV A& R
=S ST T T T R o I AN =
& R 2A R VAR I 7 B
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Ml FRA g e
e el R Ry e O s T TR =2 s i = RO [ A
2. FEREGE GBI MRS AT A S =

b A St R A UAHE E LB T, R B R S5 M B A A iR S S R RIRBE D R SR H s b . AR
IN718C ([E N5 K4169) &4t fii FIREE 650°C, [E N AMIFFT# 28 IN718C e i DUHR & & I Ak
7 KETAE, SR HRRERT 0GR . IN939 &4 y i B mIR a4, AIREEIE
800~850°C, #) V2 N FH T RRSECHLMIH . BRBHBTHE . § B S amiBE, TR AR T HEZE 2B A 1
BEIEM R B ATHUA SCHROC Tt IN939 4 4 4H 40 e A AR B8 8 A2 1t J7 THT IO L2, A ST X
I T WA

SEREH: (L JEd HAE IR B y A AR RRSE, KIE 1180°CHl¥ 4h il 845°CHT 2% 20h #u b2
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Jii s YA RSE 2024 80.2nm,  800°C rey il FAH Jie Ak it B ANt 4 58 B2 43 il /=i T 780MPa 1 900MPa, 1=yl H!
K 4.5%; 800°C/430MPa 25 A il F] 180h. MEELiE I ERE 1R, P AL R P A B A T
SCHRIRAE bR UE DU BCAAE IR . (2) S4fE 800°CHRTR AL, BN UM R EK:, yHIZHTHIAL, %4
i LSW FHALENIE, HLEZ A 213.7nmh. MC BUBALYI AR & A AR 55 MasCe BRI 7E K 3]
I RO R I AR, RSEI s #4BREE 1000h AR ARNTH TCP S5 HAH; A &I S5 il 25 i 25
[ IE K IR RAR, YB RHEnEa%s . (3) BFFL T ML R AL R B X 800°CK: A #A B2 78 m L o B 1 5
M, RILZIL 1180°C/4h+800°C/16h #HALHFE S, 7E#FEFE 1000h J5, HEEMEE FHET 22%, Mt
1180°C/4h+845°C/20h #ACHRFE i, TEFIFESRAF T, 9 R T 15%. IXRAFIEHAEEE ] 52 i 57 v
FALIHE

2i b, B4t 1180°CH A 4h i 845°CHLLLIN 2 20h P ALK L % 5, BA RN E f2E kR,
BER T SCHRIE PG HI R . A, fEZAGEEIHIE R, y AR R, AR KRR &

 BA SRR R iR N g

C04-P10
SARRE R R A S FURTE+ 2 B 5 H RS HLH BT
(SR NI IR NS o N N1/ D R
1. HERFEBE S BT AT
2. PEBREH AR
3. RN SEERE

PSRRI SN — Rl & KT B A R e BOR, HET O 2 B T A, G, =
RGeS ER . RE R TR R i a Ll adt T KEM L, HEXT MRS
T S PR ZERETE . ARG T AR SIE SRR FARTGR S O (p+y'D R RR &
MR Gy vy, vy BEVURIE . BT REY, EARKAERL T, vy IATES
P AR A ORFFANAR, SO TREEIR 73 A7 AN E LB S F 4 . BEE AR (8N, v~y i) 5 i A A B el
NGNS TG M iRy BOEHEAR . BT 1100°CHY, v = AL AL A T & 4 Cr o, it
TS RAMERSS G R B R ANE RS A RIE RN y 72, AR T EIRERFE N RS, BEELE
It BE FEARE] 980°C, it AR TEALH B il T B R0 DI B A Y it 26 AF T R R DI R, y-y' 0 A &
EHLEI AN AN AL S A . REEARNRRE T, 2 HmERF MR AFK A mEs
B, (ERK 75 BE R AT LA B BER (1 [F) S5 KT

C04-P11
C A EXHRBELH GH4975 &4 At REIBLM
ARSCME ML aKkER T BMEEX. ETE N AIRE N Fhpeig
1. E R R 4 B AT 7T T
2. FERIEERA K

BRI R e R, A IR G SRR R R, AT LOE S C o a REGE f AL
Yoo A, MiidEm & rRIREES . ARIBCRAAS 5. SEM. EPMA, TEM EFB ARG TL | C
E R R GHA975 & & AVERERSZNT . LRERW], BEdE C SN, A& MC by EEM R
SRR, d TR T H KB/ NBUIR M23C6 BRIEY) . C S ERIEINIRTT 15 & AE 800°C/500MPa K1 R
MIRE A TS fir, IR RS, C & EMRT Rl 1 T R, SN AE AR R S 73 AT e 5T, A
A A AR AR Z B RE 51 T R S e i BN, SIS A RIS . S TR AT
T AR TR ) 77 BT R AR . IR EHE D THE E 850°CHY, AR IREERE— DSy, C SEAEIR S 1
FRomE, EURAECLULHL G N SRIE, S EE EWRIT AR KAV R,
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C04-P12
Co & BN —MFERERE S & B MAR IR ERE IR M
ki 2, BT GEAE t M
1 EREREE BT AT IS SEE AR B O
2. PERFARIARRE MERRES TSR

T R KAT50 S5 MR ENR A1 1R, WIT T Co & & &4 WA MG ARV B8 IR 52
B Co &M\ Owt. %3G =] Awt.%H 10wt.%, & &hriE #5748 750°C/430MPa | (13648 % it 244h
SRR F) 351h I 488h, FaASIFASHE i1 5.43x107s ™ FEAKE] 2.31107% ™ Fl 1.79x10%7, APT 45 R R,
0Co (& 4Fe) A& y AR v i) Fe & &4 %0 5.35at.%H1 0.95at.%, 4Co (A& Fe) &4y FEARAly
T Co & &l 4.72at. %M 1.32at.%, MFhG e y A Nb & & 7575 0.12at.%H 1.6at.%. &1y Al
YISy, R Vegard SRR, DL 4Co A E KA750 &4 4Fe 1 v fd% 2k 3.63393 A F&L3
3.62930A, i y'fuks i 3.64729A #hnF 3.64875A, MIMAE vy HEBC A 0.367%1 hnF 0.534%, 5
T YRR BCRARLL, & F Co A& iR mIt A RE . —. ZF & SRASMEIE RN B TEM 4
HI7R: 1) 0Co. 4Co 1 10Co & #FEA F SIS y A B FALESH I P THIE # 77; 2) 0Co &&IbAFAE
N AR IR 730, 4Co Al 10Co & & HIRfAfEAAE DIt v B R Fime s 7, BFA
Co PRAICZHERE, Aefs i R vy S A LUZ S DI o7 g sh, (et 7 FimE®, w73k
PR, Kk Co 5% T &4F Pt f1; 3) 10Co HILER T X B, T RZHAZ H LN, wik— S
N3N, RHIGET A mlt— DI oG R R . 25 1, 51\ Co REWEIG K vy HElC . RIK & S EHiRE,
e m T EEEART), FHE R e RF R E R S S R W SR IR B

C04-P13
Ta. TiFENEERBAESNFHBERRMFR

JEAR . xI/NE*

REPE TR

W2 MEES SR IR ERE IR G & F I RA YGRS . —. BEmRG &P RTEN
AR B LL 450 vy, HE5EGE&0 % EaeE UIA0C, L@ Tay Ti 55 yAHEROG R 7
RN G A RREAT SE . AR 21 Ti SRS S -NisTi KB, AR TEE&EMALRREE. BT
Ta BEMETESE i & S BB RIS SCRECRUFLHZA AR e 1, BT A AT Ta JUR B4 Ti JUEA &8 1= R Re N5
Wi EL A o A SERR R o PR AT 7T T 66.70 Ni-8.31 C0-6.25 Cr-1.06 M0-2.06 W-12.50 Al-(3.12-x) Ti-x Ta
(at%) &4, RAMRF(Ta+ Tiyi R A ® 3.12 at.% A48, 28 Ta fl Ti & A 575 S 2B A IR EERA )
0 Ta-3.12 Ti (at.%). 1.06 Ta-2.06 Ti (at.%). 2.06 Ta-1.06 Ti (at.%)#! 3.12 Ta-0 Ti (at.%)VUFh=i6 &4, HET
96 JAU T NigpAly (Tay Tiay)# S MR, SR 3 4 Ta. Ti B &4 Al BRI A S 9296 & SRk EE R
JEE AN R 0 Ta-3 Ti (0 Ta-3.12 Ti (at.%)). 1 Ta-2 Ti (1.06 Ta-2.06 Ti (at.%)). 2 Ta-1 Ti (2.06 Ta-1.06 Ti (at.%))
H1 3 Ta-0 Ti (3.12 Ta-0 Ti (at.%)) &4, EE 5 —PEFH R4S G20 EM 7 AN Tas Ti IRERRE R
B 4 R B2 R AR AR S y A P oAl s v/ AH S y AHTE) SRR SRAG T ) 27V RE SR R N AERIL B . 25 SR 3R,
£ 4 1 J IR 9 TEFH 5% T JORE B B (anti-phase boundary energy, APBE), ‘%= T 0 Ta-3.12 Ti (at.%) &4
JE I35 % 14 ] T 666.80 MPa (APBE = 437 mJ/im?), BE% Ta S & (11392, 1.06 Ta-2.06 Ti (at.%). 2.06 Ta-1.06
Ti (at.%)M1 3.12 Ta-0 Ti (at.%)& 48 IR E 2 5 HE = 5 719.44 MPa (APBE = 540 mJ/m?). 825.88 MPa
(APBE = 640 mJ/m?)#1 842.88 MPa (APBE = 671 mJ/m?). 4, yAHH ] a<110>#3 47 4 i1 (111) 1 A2 W #2 21
(100) fI PSS A4S 15, HIGM Ta )& ESEICER RIS 7. TEM IS5 K I 4 AR ST AL 1) A7

BN R FERE A Ta & 208 2 M, FERCEEAXHEFS BRI IR, Ta SEMMZRE T 548
PIFH LRI S S o, oG T e ntEae.

C04-P14
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R R 2 2024 BESS SRR 2 CO4. M4

GHA4738 HEF R A & K REAE BT 5
B g, M. TS mEoE S, BRI Rkt BE gL Tk Dot
1. W& Ry
2. HE R R SR AT T BT
3. ALHANE S AR I A BR A 7

Bk i G S AN RSN AR B I E AR, SRS ISR RIS T A
Hopuim B AR A 2 2 BB b, AT S B AR A AR R i LR BRI, PRk eyl 15 < OO 408 o
PEREWT FUXS P B 58 FL AR 73 i AT BB L AU IL 1 GHAT38 5 &R 75wit%Na,SO,4+25wit%NaCl
FRFEAE 700°CHI 800°C™F I FAE 14T A o K FH X S AT A (XRD) 4141 HL ¥~ 2 A R (SEM) L g 54X (EDS)
LB 5 B (TEM) BT T B ™ D A AL S B 4ty FF RS T L. 25 RER W] FE P INIEEET
TR e 0 L A 72 R 454, AME BN CrOs, HIEIR N TiO, [ Al,Os, i MEN CrS. TiS
Sy HAERWMERETAINEE Cr SACHRSAEER AR T A B . BRI T, WEMLEMA
B EIR AR, RUMEE AR T, SEriidEmrmtalz. ey b2, muems
e FEVE SR

C04-P15
AR S TLR AT T R RR & SRSt R EIRHT T
SRR, K
AL BRI

TEA A BURE PRI T, EAR B NIRRT ENL IR i AR R SRR R A AL S B A
gEF R ST AR T AR I T 2 M R A TE DA DZA11 83 i i A & 0 E E R AL AH NisAl AT 700 4,
KRR R A S FERS R (Cr. Mo, Ti Ml Ta) 7EY5 &Aook, #itA
P15l 5 E0E ST PRI PR R, 48 H FE AR S T R R R R ERAB R R ) R R A
MRS RERRR, WRAESBINYT BSBENS]. HIK, S Atae. mikpeStEm, W&
TG ER U LT RSO B ) A R R HE 0 R 5 T S TR MR B O . e, S SRR I
Wb T B B 1, T IE 2 T IR U5 7 SCRE R ) 3 B B B B B 4 i 3 0 a2 HH A SR S
e (WP AT e 8 . W90 4 SRR T UM 1) s v Re R SR & PR it T BB IR .

C04-P16
TS TR HARB TR B NiSA| SRAL A
i

P2 L RHOR

y*-Ni3Al Kk 2 B AL =il & G B AP R PR, AT U O TR 2R 45 2 5 i e
M TR B B . (Hl T yAREEE R T Al & 2K SRR IAEANE Z B I B E RN ARG 25
JE S TV A S ) — KBRS o ASHF F0 R FH 5 2 TR 55 B 1 ee 4515 70 il %6 0.1%,  0.3%, 0.5%, 0.8%,
1.0%(WtHF. Y G C =B 2R 0) NisAl G, kT 10h fEREA IR, FHHH XRD, SEM,
EDS SERAEJ7 300 FE S AT R I AI AR T A, S5 5RR B, BHIBZR NI IN, Ni3AIM @A EER K, 44
R RER R, 3 EE ST R34 v DU B BGE S IR 5 A1 Fscs v, el eE drEfe i
RE AN AL BRI B 5 77

C04-P17
I BERN — YRR [ o B TR A e A RE A R
XUFRAS V2 T AL BREAK 2L FRE
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1. PEBZERARKRE
2. FERBFERL R AT

B R 1 < TR A P R e, AR R — U [001] AR K, 3 ELT[001] 7 A A IR
FICRFA R R AR AE . ASIG R T8 AU B0 il & <, W0 IR AEAS R 2 T 5 < i 1k g
VR FIRLEE, [ B 3 i T2 o 75 0 2% 18 — ) 4 I o SIZBR R 73, PABCIRBG B2/ 3R 1T D 0225 1,
SR[001] EF K ITieRs 5= 37 47 57 HPYA UK A] i P HL A, FEAT S IRAN 850°C K SR A7 4 A 5k
%o M EBSD TS WL AN E] R B R R i 9 LT A ZRA 55 B2 (GND) JiALILRE, A& ST
BT UMM RS T A Ja e N AL LR . SR g R R =R T PUiism i s m, Oy KE A A E S
AR T FEAR BL Ky o S [l S (APB)AH ELAE HITE L 8 W 221 S B0 A4, AT v & <2 5 o 17 850°C
TRGMENTIN v 2T, APB AT I K-W B, A8 5] A e gt B 52 T . WML R Bl
ARSI GND #5827t 1R RITENA R FEA AU GND HAAFEZ 5. Sl 591 37 IR 5T 50
CIRIEB R, 2B RMFERNL, B R T AR, B RN AN . 850°CH GND ¥
S193AT, 3T 47 WA GND KR PETH =, RUPE LI RT3, 1M 57 RERIFal Ei 2R 850°C
I AN R HR 7] 2 TR 2R A 22 S B, 3R vl s — R 1 0 B Wk, VA P 2R PR AR AL R W R s A2

C04-P18
Zr. Y TESEXN N06025 & & E R m
FhvE A ARRER. BRSO FEE S EM e
1. MG KU R = S0 7T e
2. JbT R E AN R I A R A ]
3. TR R A A A R 2 )

NHFFE Zr. Y JEER RN N06025 & & i A b e rsem, FIFREE AL TAR Y. Zr & &
1) NO6025 & 4x 7 1200°CT A MAT A, RAFSHEEN AW E, JERAAM e T 2R
BT REVEAS DA S FE TR T 43 M AOn) T B A ST 5« 2R i B LB TR A HEA T WL R0 49 A7« &5 2 1 - N0B025
E4AE 1200°CHIEALIE /> N =2 4MEE Cr203 # TiO2 IR E: HiE 22 Tio2 A Al203 KRS 2
WZAE AIRO3 EAMZE . H{ELETAEY JLEN, Zr TRGPUEEREEMAHE, RInfE Y tElls
WRHIRTH PR . B EETEA Y LRN,  Zr i RmEIN 2 &im& Rtk b .

C04-P19
Re X —F{iR# B NisAl EH A RE S HRAN MR
BRI Y Hoka t EE
1. P EBEEGE S R T
2. FEBHEARRKS

NisAl 25 S EiR A S m T HEG MR mEmEEGE, Pm iR DL BRI B oA B 4 4t Ni
RERA SN REAE I E 2 — [FR, Re & —Fi CHE t 3R, Ho mili A 41 B A5 i 2 B 7T 440,
HAEHET, 1559 Ni %, Co ZELL K Ni-Co B &S 36 KEMIMICHFL, S8, HXF NiAl 5§ iR e 4
HISLIARIE D . A 454 DSC. EPMA. OM. EPMA Fll FEI-TEM Z£EMET-B, RS T 6 EK Re
X —FR R (<8.0g/cm3) NisAl JE 5L i =il & S BE [ AT 8 KA 220 2L A AN 1100°C/100MPa F: A
REMIZM . 1.5wt.%Re IS TSR T+ T RHIEIR AL &5, (Bl T& &P BEIR LK Al Ti SR
W, FEESEG SN MEERERDN, HHES T vy L@ afR s 8. Satbil)E, & Re
G e BA R FORBEFIE & y AT, X2l T o0 Re REEAT y diES, 50 y #H1 EA&
WK EAh, 7E 900°CHIK AR BOLFEF, Re N RT LG 0RE% v UIie IR RLAL IR, JELEIR y'[1)
REATH, TEIFFZ Re 51y B REIARN Cr JGERLE v IWIE 1K 73 Bk B3 0 AR H A 5 A IR
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T E MR 2 2024 B35 — m AR R 2 CO4. il 7 4

PR, (5003 HAREFEK. A1, BN Re JERCA SR yUiiE FIRALALE], HRIESLI0HdE U
AeE R, Lifshitz-Slyozov-Wagner (LSW) FEigEE T Re f1¥ Re & &M AP #uzEH] (TIDC) FALARAY
HIE SRR yIHAAAT N, &5, T T Re X&47E 1100°C/100MPa IR AVERERZI, 458K,
B EFE AT 96.8 /NI E E] 160.1 /N, YA G R WT HE S RN IR 4 SO TEAS IR y AL
YA, EWE Re ERFAIIEPN yy HHEE MRS E RN . (T ERZ, /£ 1.5Re &P vy
TR AL R IR B LA Y, X R BRE AN RE AR =2 Re X y/y SRS P 45 (O DLAG T SRS ) o BT 500
IREFE NigAl B miR & & Bt AR S R .

C04-P20
EF BT LREN GHA169 & & /1% MR 7
BakB . XER . XIRIZR. B
i N

Fetd H B 17541 RE, GHAL69 & & iy H AR AT 22 L A A0 B e T2 I 7o FH Bk il
B TENIAZ AR, GHA169 & & 1Ak R 2 2 i A, Ml i 5 TREAC B @& 7 &8
il CSL dn AU LL], m LLSEHIN & @43 & S AR RERI AL . DRI, A AR R AL fl 0 i 2 sie T i 7 A Ak
H, &< CSL A FHRP B Th % 55%. H1 T CSL & A TRENLE 5 (RGBD A7 L a 1t %y X
T BT AL, J] LR & A HER, FPRATG o 1o i 228 10 RSz s HL CSL it S s ) Jid 1 HE AR 5 5 (APD)
BRGNS B W UL, B2 GHA169 & & 7E = iR X il T2 . Ak, bkl CsL
i A R T AT AR 2R B TR, 1958 T 204 Hall-Petch 208, HORHR s TiRALHRe. & A TR A
AN G &I AIEREIT R AT 5.

C04-P21
ESRRBE RS SN BT S HERERR
HIRFE EB. BTAE SRI AEE. BIE. #H
RIEAHR S

BRI il & e — FIAE 600~800°Crsifi A — € 5B AN HL AL IUR R P AR R, 22 AN AA
Fog ERMENRRES . ATMENER EROH T —MEskeilmiR e e, HEAMERK S
JCERTN Fe. K Cr(k R sis, A% Cr. Mo, Siv Nb)FIZE Ni(B Kk Fae oER, BF Ni fl Mn)st
RERK, 2ot e =tk R, T C /N E IR BRE T & b o AR A% i )1
B, T E et TR RIS, B R [ PR AR 23 1) o R AT O 7 [ AR R 16 Ji 1 BT
AT B, RN GBI 0908 Cooa125-(Cra asrsia.a375-M0o 25-Sio 125-NDo 0625)-(Nlis/e-Mno 125)-Fe e
A Co.03125-(Cr3 6875/4.6875-Sio.125-NDo 0625)-(Nisis-Mng 105)-Feze CEU T HAETCR AT T T ks Ros X BT 1R 14
#, Cr. Ni M1 Fe =Fhona MR- RlA AR, o, BEHERR TR E T EUE M E
16. BEMTR A E 2 BIPR EREAT RS ) 2, St f] . MBS T ZHHTRE N L, SndtfrHR
fES Jiiebene i e e A S sk i . 5 R ANAHS S AR YR —BIRIEHE, Hhas
Co.03125-(Cra.s875-Si0.125-NDo 0625)-(Nis-Mng 105)-Feg 12 I AE B fe iy, A 18635 Hv, = A& 4 GH2302
(16545 Hv); HAEZI . 400°C. 600°CHI 750°C N EAFARFNGLRLIREE 73759 48%~51% (i T X &4
N08020 ] 40%). 543~563 Mpa, ~50%. 482.83 Mpa, ~53%. 433.04 Mpa, F1~66%. 280 Mpa; 1L
PRI Ss RAEWIZE CrocR S s, &< Ecorr B, Icorr B/, HM R hie iag, MRS Crous
R T AT Mo JTE BB/ Sk e AR ST A

C04-P23
Ta/W X —FiE W B Ta FiAM R RR S SEIT AN N
Zspdifg B2 g okt B AL gk M2, g 1S
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1. ANERITFT B
2. LA AN R A A BR 24 7]
3. RACKZEMRRL A TREAEBR

Pem Tas W LR & 220 BEEN RS & & W e s, sW+Ta) &2 K Sine &
AR =R T F R (B2, m(WAHTa) B 2R R SRAG S W, Ta WHEAC EL R (E & &8 BRI
PERE, KRB RZHI. Bk, BATETT =MAR Taw LLmWHT) S 254, R Taw &4
IS, B 5 50 Ta/W XA 40 A8 47 N I

IR T — M (WHTa) I R sl & 4, ERRFE S WHTa) S Em M TR S EHARELT,
K H 4.0/3.5.3.5/4.0.3.0/4.5 =Ff A [E ] Ta/W L MK T &4 650°C/1035MPa. 750°C/720MPa. 815°C/490MPa
EARRMIGEERE, JRA SEM. EBSD. TEM %515 £ 317 1 A8 Wr 24 1R E 1) 4 S UM ER FRAE 73 4T

R ER T : TaW L& SIGEMERE IR LL 750°C AR MR, 750°CLL & Ta/W LL& 4215
A RERLLT, 750°CLA Ly Ta/W L& S VERERUT: & Ta/W LhA e 750°C LA if AR AR TG LA AR A=+ '
MANICLZE BT A3, 750°C B g2 AR T ML) B y A IR Z45 BT U8 3 IR Ta/W L& SRR TE L
H57 Ta/W &S A 5, X SELL 750°CH T, Ta/W b ik A8 P BE i s #3400 S o

C04-P24
—FF BRI K RIS SEMIRTREEWAE FRE
& TN (5 57 N 3 G
1. W TSP A IR AR
2. LU E AR IR A R 2 7

1E il & e iR R, AE{LINE R Z A H KA AR X, XY RGN — T
(IR, KX PP RFRAE R MSOIRES N E 45 E A R {LLLHE A B N 7055 fAE 2 FAsEl
77 2 FIH o # RS 37 (HAADF) SR 5+ R FE EDS % FGH4108 &4 7F 750 °C/552 MPa i A8 44
J& ' R S R R A AT R AR . 5 RR I, JE RS R 0 AR T RS DA S AR al3<001> A 1] Bl AT A7
L EAER BT FIT Co. Cr fEAC BN B AW S, {237 Cottrell KB RK, #E— LR FALAEizs).
VA R B R R T A P 2 A (e AEA n AH), X PHASZAG S, #Emamdl s SR B, 2
T 5 A7 AE LA VL Cottrell [ 14 BUAE FH AN 7 2 48 AR #4738 22 P R 28 36 A 10 0 [ s A A FH B i gt —
IR AR AT .

C04-P25
Hf A1 Ta SHERER R iR & SRR R AT A KRR
SRVEMEG M2 BIAE VAL ks VAL gk oot
1. ANBRHIE T B A PR ]
2. AEHUHHTE AN R B AT FR 24 7]

9T RS R AL SR, EATRIN HE F1 Ta C RN ET AR R0 KBRS 4 i vt i
Bz — (B, KT Hf I Ta EERIINTG SRR TEAT NI, A 7eEcb BAE VLB . &
i [ FGHA4096 A 4 h S hys i HE. SUphsin Ta BAER R A0 HE Rl Ta, W50 HE AT Ta XEAS [B)3E A1
N3 5 TR AR AT AR . IR th LR b, W DR SOIER, AR KR S AR AR A I AR B
JE MR ZASRAE,  DASOR FH R ZE A (R4 45 1% 5 H 7 R AUBE (AC-STEM) X I 53 5t 7 I 5 5 1l DX AR AR JE i A
R HE R Ta XU AR 1 B 520 LA R 5200 & i B TEAT RIHLEE . 255388, HE Ml Ta R IEK 541
IFA TR 1) PR R /MGE AR . SR A SRR I RIFE ABREE, H HE Al Ta &40 B 5 in i)
RORTELF, HICRERE TR A SRE OBUEE, Fik, HF A Ta Z &30 LUl A S riE 2 v e 1 2 4
MRS . BSOS R MR & & ot S SR INE R HE A Ta 34 7 SE0 AR H A B0 S04
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C04-P26

REEDHRHE A B RN IERIH & y BT AT R
EV N S NI N U N P
1 EREREE BT AT IS SEE AR B O
2. KEFTKF MEERFAS TR

BB ENHLI A o 77 B A min K i IR Be 1A T M & 4, A TAR @I 0 —Fpo BUER S SR T 5
BAEMERKNGEENE TR, BSAaemEd M i RE RNk BEREEE. 55778
800°C/250MPa. 850°C/200MPa LA K 850°C/100MPa &5 24 T 1 AR 5256 2 v/ AH 75 A A AR ok F2 v s A0 AT
NWEIE. G5REH, 800°C/250MPa N4 & AL TEHLH] EZ LI A3, 850°C/200MPa %1 T &4 A
I T KEMFEEE, 850°C/100MP F HH TR SR T T R & T wa e S VIR g, & 47T
HLH DA RS 1 A2 12588 0 X, R HEA /DB 24 . 7E 850°C/100MP K& 4 i AR 75 i Bt i, 7] 34 %] 1400h.
7t 850°C/100MP R if48 500h 5, &4+ mit B Righn, Hao @A Bl 7R y4H, XEZE
BT WA RTS8 A IGARAAS] 13900, LTI B E N, BRI y AT X R %
DRAALHT Al SRR A AL B %, @i EBSD 5 SEM AHZE & 1 SEE6 7360 0E 1 y A <%
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980°CHK IR R Xt DD6 B S iR & SO 4H R I B BT 5
REAKE*>. BAEAS. MfdE. k&), IRFEE. ZER
o = % A6 52 R 5 B

FER e & e R iR RO AR T, R E TR AR EEN . KIRAEy—Fh it R k6 7
%, REMAE R BRI S G IRBOEIRE T R EERES, ot i mR S e HSA R REEA
AN R i e i e I R TR T VR 22 WF 7 AR (R I 4 [R)A 21 15000h B 78 AR RUGEIR D,
ARt 2R B FE WA SGHRIE - AR SRS DD6 HL il 5 S 7E 980°C ok AF N EAT R IYIIN R Ab B, #7F 7T [001] 5K 74
DD6 #1f fyii A <fE 150000 KM O RE I AR . WETTR DL, Rl I RO TR SE G, B Ty
BB, RAMMERZ, dMEREFIRAN, BT E e I A, A ARSI, ke
WATTHR . B s v E S BUEHME, BEMAARKR, &Ja IR . Bkl y' AR % 6000h 473
REPRFFILTALIEAS, FEAEIN RN A AEA, SBWR 2ERAL, N2 150000 JE IR RAEHEA . BRIk, Habk
IRFNTTHARAT AR MeC BRI, MeC & & WL Mo, Re &I TTER, Hrdt, J7HuiRi tHAH )4 MeC
BRAEHD, BEIRS FEERIRAT AR D9IRAE MeC A AW TtiE75 1 DD6 H il & e K R R i 4 44
AR B AT AR BRALE 6 DD6 it il 5 e T I 22 A S L FR N B AT L

C04-P46
B Ti/Al FEIGTR AL Monel &R B EMAT AT
T . KT G
AEERHEOR
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& Monel K 500 fiRf it 5 < (9 Ti/AL 73 BT 3800 v AL S S AIBEAS AT A2 A ST B #A o
ARAFR SR R . SRTT, TUAL M an T2 m R TTE s ik Monel & & il S8 AL B0 1 2247 9 5 AL
#il, HEMI=Z KRG ARG G SR RAEMI IS4, #TFT Monel K 500 575 Ti/Al B L ITE 1L
BE R mEIREAE AT . BRI, Bridm TUAl &6 B & RIFIHTEALIERE, 1E 600 °CHEEhtH
WG], 800 CHPUEAAMI, W L IRBOAEI TR PR & &R I R R A AL, BA AR
HSE B ARG A E Ti SEE RN, WALEPEEEZER Tio A, AR TR
AT B TR, SECAACER NP AT TN 5 e vy OE AL & G RURIT  R AT SE RS de it
BRI -

C04-P47
GH4169 & &R BHHIN Tt R & R IEHEAT AT
WA VAL EHEE MR R . bR Y. w4 g et
1. AR R R A IR A #
2. PEAHARY e
3. WEHE AR iR A S H A R T S0 =

W2 BEEMENUREORIHEED , W2 RS i Fe 2 N 516 ek B A 1 RO il 20 e B A AR e
PERE RN E . I, PRIUIA SO B AR N T R rp s A U, Dy SR 2 7 e o v 2 | 285 BB 1 PAY e
FOT KSR st A BAR L 24 T o AWFFT I E GHAL169 & &b A RN EHUE 1 F BEAN R B Al
SRR BRI, 5GP R AN D) R B IR SR A D 1%, WETE 1 B A v SRy < SR AR AR AT 0,
BLAG IR A G RBE A 22« JUATTE S BL R AR VE (A ACU . AEEEERE b, SR 1 SRR ke L
RS IES B SERERAE TS, IR T ARG G kFE Xt GHA169 & <& /15247 NI .

C04-P48
B ERDMEEIR/NEFLXT GHATIS A& B 5 BT AT
FRRIE L G mhEcl 2. EE
1. G KRG HEM B} S0 7T bt
2. LU E AR A A R 2 7

GH4738 &Mt Re 5 sk RT SR H I S B IAE G, T T GHAT38 & < i L R T A A 2R 350 50 1
BAHEZRM, B, AKX GHAT38 & & & E WA RN fobi )Rt R H 5 5 PR sz . R
GLEEBLE #JE4EsLE, @A LARIE, 7587 7 &Sm0 IR T ER RS Brid). d HAE R 3
JE4EMERERIREN . BRAh, AR SEPR A RE P AR T A 2 WO NE R, Rk, BB GHA4738
B G/ NS R R 22 08 IR AR T 45 A R s o BFF U4 SRR B 1. B Si Zr. Fe HnxR SRR,
C. Mn SEnE RGN, SPRSTAN, Ak LR BRI RS BRAE K. 2. GHA738 & & 1E R E
IR EAE 900-940 °CHY, AWML BIFHEE f dnki; TR TEIEE N 980°CHT, TEN AR &N 20%-30% 2 8] i FF 46 &
A PSS ERTRE R T5T 1020°CH, fENAEE A 10%-15% [AIFFiE K A A 45 dh. 3. i
RN G 4, EREMCT 1020°CH, KW B|ZhAFHLE A FRE S TEET 1020°CH, fENAE
5%+5%-5%+10% [H] K AEBNA T4 dhe 4 RTHERLE, HERXRS NS, Fria s s
L4/
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R AL BT GHS630A A4 B4 1tk Rk i B2 il
sRMEER* LT, BOR. FEAE. sk4k
LR = AR I A PR A F
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GH5630A &4 & &H %) 15% (vol.) BRALYI CoCrW i BE AR T & 4, Hisk /6L i) Ji 208 5 <K P v L 1
WACH DR R L BRI TR RN S, BB IG A 4 P B A D - T i s R A S TG AR BRALS)
S E A FTIRGS, BB EMp A it . 8, RIREE SR R B, AT DMl IR A S
HH A I R T BT A . T AN TIEAH, SE iR RIS . ASTHRIE I )M, EBA R
T RBRACYIHT H IR, oH B + e T [ VA 1) GH5630A &4 H T I Sab e, 2 J5 5 GH5605 & 4 fic &k
TR BB ARG . 45 R, IR AR %A 4 107 AR Sh BE B 1) 2 F B> T 70%, 1R
iy BE AR RE AR FH R o SR, B U IR B B4R =i & S R B AN LR RE B, W8 B 4011000 )5 R |
R AHLURIL, WA GHE630A B 4 (1 BEIAL ] Hi [E 75 25 1R B 5 B 10 AR Ny /D B el
P+ 57 BE 4 . AL BRI R 2 AL EBSD B DL K TEM MR, I RACHE N T %4 &R mZE
FEAA P AR5 Ay AR A AR ], A PR R AR A A FH R B i 72 A K8 HCP 45 M AH 2 B i il L i 5
HEPEE B E BN

C04-P50
Comparative Study on Deformation Behavior of Nickel-Based Superalloys Manufactured by L-PBF under
Different Heat Treatment Regimes and Preheating Temperatures
Yixuan Chen,Zirong Zhai*,Yao Ou,Weihao Wang,Hai Chang,Rui Yang
ShanghaiTech University

In this work, an experiment study on the effect of different heat treatments on the microstructural evolution
and mechanical properties, in two sets of IN738LC parts under 200<C and 700 <C preheating conditions fabricated
by Laser Powder Bed Fusion (L-PBF), has been performed. The comparisons of the morphology and size of
gamma prime. GND density. crystal orientation evolution. grain size and mechanical properties were made,
among three kinds of heat treatments: standard heat treatment (SHT, 1120<C 2h air cooling, 843<C 24h air
cooling). Hot isostatic pressing(HIP) and Hot isostatic pressing + standard heat treatment (HIP+SHT). Due to the
lower thermal gradient and cooling rate in 700<C preheating building process, strong <001> texture was formed.
After high-temperature and long-term heat treatment, the texture and anisotropy introduced during the (L-PBF)
process are preserved in both 200<C and 700<C preheating specimens, which also lead to distinct mechanical
properties to some extent. 700<C HIP+SHT specimen, which was obtained along the building direction, had the
most superior tensile properties, whose ultimate tensile strength could reach up to 1548 MPa and the elongation
was 15.7%. This study provided an understanding of synergic strengthening effects on deformation behaviors.

C04-P52
RN R RE 1R B R R IR A SRR S AT NI ST
R, EMFc. skig
Hh Rk Bt < R T T T

TAVASEHL R E IR B AEIRZ (TBC) LARRKH b R IR AR ity T dm . i E IR
V)38 5 220 53R FE AT R [RD B A8 4k, B SRR AR AR 00 B3 TN UIE ST (TMF). X5 FA&Seid A Al
SIS FEN TR M RSO A L § R BN, TBC i F a2 s A & 4 10 =) 3 4
TFEBIEAR, B B (R BOAR . BT TBC R AN B A 2 FE A 26, (615 B ArEtxt TBC
FI ML A7 50, 15T TBC FITEMIN R WA EiE . ASCEETH TBC ERIAFE RS TMF s2iHH
0T IR LI, ETE T 3 1R A S R I TBC 240G AE K AL, i B A e 48 4 IRA% B4 5 Jk At
W R, 24 TBC/IE &k R ETEHA 300 °C-1000 °C, HLHENAEEHE (Demech) A 0.45%~0.65%%% 14+
NEMTFEIMAL (IP) 57 IRES, TC WEHIRGi . I RMAIESHR TWEZE (TC) R, NaLbEH
A EHENKGSE)Z (BC); [R5 = 3RE A Demech % 1100 °CH1 0.65% 5, 7E IP Uik 45 44 ~, TBC
REATRNREWE SR . REHLTIE TC M BC, 4 HEURH A NY . MO (OP) Nkt
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W R 4% 7 TBC RAUJAUIFIE 7 TBC MithfEE, TC 5 BC LK BC SRR Z A KA MR . #4
AKENY) (TGO) 5 TBC RMAT NEVIM K. 2 TGO &3 —i LN, WR45% | TBC KRAHK 5
Wiy TBC REUTHN, ROHE TGO 5 BC Aty e, S TC k5 BC KAmHE.

C04-P53
Pl M= BAMUAL IR B R R A & vy AR
X234 B A 24, SO O, Turab Lookman®®. g Bt 34, Xl Mo Zeie VAL e M

1. JEHCNBE S IR A A IR A 7

2. A S HARHE BT E e =

3. JbE AR R AR Sk A B O

4. BRSBTS, B R R TR
5. MLk TR R, | ARIEE RS

6. AiMaterials Research LLC, Santa Fe

A AL G FITIO RE 77, B IR BN HLES 2 I HOR &) 2 H T iR & &R i R 35 et .
TEMRIEIE A RN, FIETEAR KRR by T HLEs 2% IR U SR SR RE 77, 10T s )
rPEREET AR LR R

TEZANMREEE Z AR DRSO, 2 BRI SEIELE A P8 2% ST R T v] DA il & 4 22 Fhi
RelFI I HEATARAL IR T, /B SLIGRI] R LA TERR L RGBT & 4. H Al BRI H SR A H 5 A i
IE S MRS T DL R T 0 RAE RIS 1 S ot 5056 5%, & T RINHRAGTE Z MR RE R s B, H il
fEAHOE . Ak, AOERE—FFIRARE ErE AR REAZ BAr e I AR TR G S
1% HFrtERERAL . AT A, 2 HbrPERRR A IR A LA R T i S A & 2 N ARS8 NIRE.
TEEARFEATAET A, AR ¢ AR5 BN v A RSERVBCA S5 1y AR 30 ) 3 il & 4
HIEBH AR K, AM1. CMSX-4. CMSX-10 fil TMS-238 %54 4 #l B & 214, 1 iy s b = A
A 2 S i A I AT 1R R R A A Il 40 4 LIk — B AR BRI )

BT 24 mioAn, AL T —F 2 HFs £3)25% I H AR (ED-MCD, 8541 ek BORIHL2S 2% ST 1558,
H5IA RIWiF 2 BARMEA V3T T IR T, 4R E Y ED-MCI ki Rk mm. H—0, &
PR TERE S vy AR REFRIESIM RN, 23T 4 $05258, ST 3 FEA & v AR
S (> 54%) . /Ny AHRSE (< 480 nm) Fly AHTESRAL 7 M 2 A Tt il G AR (EREUR L FD .
Ak, XHZ AR R RE . AR SRR I R R A A K n F AL S5 T AT T A
WE o 1ZVEIEECEHE S I B M R e Il B B, ) b o] T Atb R s ) 2 5 ARtk n)
R, MR AR DB I A FE AR U Rk il R it 15 i) S8 B

C04-P54
FZHEXT MCrAlY R RBEMATHEHREHLKIRZ
R 2 e TN 2 T o TR /1) IR o S I o713 | NI =5 il 517
1. R ERFE R BTN & g S AR E O
2. PEBPEEEARKRY:, MERES TR
3. RILKR%, MEFE TREYM

W L2 RSB LImRE P IR P A AN TR T, AR Bt iR 45 <2 0 iR SR AL P REE 2 Pkl iR T
=T 1000°CHY, & G f A F M AE g n, Rt A R R IR E MR =, MCrAlY iRJZ B IR KtE
R DAV VERE SO0 i I N TR B . Horh NIAL FITEDY MCrALY BRI 28y
i N 2 BHTNR O R & A, BRI B IR ARG i, HET, CBaEsE, e Erss =
BUF) & IR PERE . MR PERE L SR ST TERESE, SRR T NIAl HIRIR AR SR AL S i &
AR B Z (B WA RIS R ANE R, 5 BRI TR EUX AR AL AR S HOE
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AL —FhEE =AU L iR 5 4 DD33 TSI G, E =FPOANE 5 R ([100]. [110]. [210])
FARF M7 MCrALY 32, KM XRD, SEM, EPMA, EBSD Z:F-EF 7t 1000°CH4 2 E 47 R LA 4H R
AR . 25K, £ 1000°C T, S5 B30 o S50 B JiA:, A a3 — 3. 28— Hum)
[110]> 28 —HX ] [210] > 58 —HX W] [100]. B S AL 3G 01, MCrAlY ¥R2 R E AN, [L001HL M4
HAR A R Z AR (NIAL AT FE) 2 T AN ST iy BUX ZHZA LA K TCP AHE H 54 KA B
DRI 28— m] RO AN [RI T 72 AR 28 o 3K E B2 |l T35 a2 MCrALY IRJZ 1 Niv Al JT&w DB 8, A
MW IR = iR AT A S IR ZH R BB

C04-P55
Effects of Post-processing on Microstructure and Mechanical Properties of LPBF-Processed GH4099
Ning Zhang*
sichuandaxue

The GH4099 Superalloy, a nickel-based material, is widely deployed in aerospace and power industries
owing to its exceptional high-temperature strength and thermal stability. However, defects inherent to laser
powder bed fusion (LPBF) and resultant mechanical anisotropy significantly constrain its broader application.
This study delves into the impact of subsequent heat treatment on the microstructure of GH4099 Superalloy
produced via SLM, alongside defect mitigation through Hot Isostatic Pressing (HIP) treatment. It explores the
origins of mechanical property anisotropy and strategies for its elimination, aiming to achieve isotropic samples.
The as-deposited sample microstructure exhibits primarily equiaxed grains in the horizontal direction
(perpendicular to the deposition direction) and columnar grains in the vertical direction (parallel to the deposition
direction). Furthermore, defect density varies between the horizontal and vertical directions of deposition.
Following HIP treatment, grain recrystallization occurs, leading to a substantial increase in twin boundaries. The
morphology of grains in the vertical direction transitions from columnar to equiaxed, and the vertical direction
defect density reduced from 0.1% to 0.01%, no longer exhibiting directional dependence. Isocentization of
columnar crystals due to recrystallization in the HIP process and reduction of defect density and elimination of
directionality in both horizontal and vertical directions. High-temperature tensile testing of the final samples at
900<CT reveals a significant suppression in mechanical property anisotropy. This research offers promising avenues
for eliminating material anisotropy and enhancing the overall mechanical properties of the alloy.

C04-P56
SE Al BE BT BOAR 4% 316L-GH3230 R EE AR
B
IPIPNES

% )& IR FE Ak (Functionally graded material, FGM) FIHE s 570 BB 25 F 0 B AR K, FLA SRR IRHLI
FypEvERE . GH3230 HAT R MBRE . PrA#E ST IERE, (HILIEEEREE 2 1 316L B8 [RAARANER AN 15 42
PERER AT . PR 316L-GH3230 K MR RETR TFLA GH3230 A AR D RE SR AE a4 o T30 1 A ol s
AR AT LS PR PUR PR AR 3SR I T AR € n) B & U TAR R (Directed energy deposition, DED)
TEANFFT B L2 Nl & 7@ Wd I 1 316L-GH3230 i & & TIRe M FE AT RL B 90 T & S L SURI I BERE & 4
AR R . BFFC RN, B (1) 316L-GH3230 A& e R Hise 4y, TRy AR N W5 T H
118 5 R I IR B SRR B . B LR, SR N ) SRR R I LN, PR A AR
19.5MPa, JEIRIEERI K 20MPa, WS KRB 4.25%. BERATER T &, Prhiad S e ko
FEFBE, WiE i 2 mrEs.
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C04-P57
Re SEANEE TEZ S EERE & SBE 5 EE TR MR R
I K> B FEL MOGE. JRRE . SRS, IR
DA Ml R 3k ] 5 A ] 5 L e S =
—. BARER

b R mE A SRR, AR LR TR SRR, FRA&MERGE Re N
BERS T AEMERIIEERE. AT, Re &2, SMEESESHMRIT, $EmHAeHHAERE, 2zl
FaE P K 12 e o E L A B8 a1t T2 S8 — e AR B LS & S RO T . 2 H AL Re 7o
. BE L2 AR T EHEAZ TR MATAT N T RS Z IR RGN T, € a5, AR
J SR A Y 1A 2 B A SR S0 R I IR

=. MAHRE

AICLLE Re mrAR R B il B e A AN R, @IS CALPHAD (1) Ni-Al-Re = 75k [E FH 715
RUMIE AR, 7 Ni-9 W%AI-X wt.%Re (X=3. 4. 5. 6)&r4xfE & [k [E it A A0 [ i 5 A% o 4 240
AR RSB, 3BT 5 ) g ] AN B 0 R b Te 3R 0 A AT R, 8 IR A, BT Re JT# (3-6 wt.%)
HHE 2 (50-200 pmy/s) PAACIRERRE (100-200 Kiem) £tk o 2w A s A AN LI, DLRON G
ZEfE AR T R S R RIS R, ) Dy S g R R S TR S T R PR R AR

=, FEER

(1) RA%:T CALPHAD #5(1) Pandat #4775 80, 1HE T Ni-Al-Re = oG &4 R K A AH H HEE
FUAH P4 7 S5 ) F SR BRI R 5580 1224, @il 2 DI A15 21345 1 WE AE P45 o 5
Al Re THE T EANREMREOCR, HGR5E SR R E AL IR R HL

(2) FIFHEEE AR, G 4w Gt E I AREATH, TH0 T Re TR &= flhidi 3 IR BERR 2
X ROV BT 14 S0 o 1E 52 058 AF D 73 B 22 B« SOW BT v AL 7T 3 T L [ B RS2 (R 25 2 Re To 3 & &=
Re JLER AT LI SOR R R 22 P . Re FrEK, Al TR REPHK, BHWE 1, W)
FHATBCAR BEARRT G N, 1 Al CHEIENE L TR G R, WITEE K. X T Re ok, fhidZpit
e O B 20 B R B sE A Re JC R MOWRBT AR BEHE &1

(3) FIHEEAHHEER, BT Re Juz s 2 DA AR BEAH P 0] [V 70 3R 3 SI L FR BE i o 25
BB R EIATEASRIE T R, Al TR I L 3 Z 2 g R f0 Re &8 521, PR K, Re
TCREER/D, Al TTRERMITILIER, mATREEFEK: Re JoER R WATH R 2 g Zeggm, b
AR, Re JURRRMMITHLIEAC, MWATFEERL REELS Al TREBRRMWITA Re JCRER T2
LR ERR.

C04-P58
“HREE B RRE A SREMRN ) HES FRE R
Rl RADE*
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PR R EIR G SRR A EEAM R BT 2 R AR O, BRI R R 5
RN B AT N AT, RO O L R e . BARRIR AR 2R B 1) S AR T IR = N A
TARE, SRR SN AN R ) AN [F] R AR R SR A A SRR e S L AN R . BT IX —
5, AU A RERR R SE -S4 DD6 AFAXN R, FAHEHET B, EH B TR, 59
HEE ST TS RIET B, BEFT 7 [001)RI[01L]EX 171 A& 4= 7E 1130°C/100 MPa AN [H] [0 A48 & [X [P oW 2H 245 A7
WFFLR I, [00L]HX M)A 4 (i A8 77 d izt T [011) 5 1a), X S H Aol 46 74 S AR T AL 1) 22 57 3 350, [001]
RFEEIGE RS AR PR N BYAEA A 2 DA R S0 (A7 468 o 7 2 3l i 2 A B B R BEAS 2508 . - HL[001]
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NG W IR S U aR S, 2 SR A W S [001] )5 ) 329, B fii 5 B 7k e fry e )
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N, B SEM Ml DR, HE e JEARGER L N RN, W DR RO, Wiy S0 T
B, RS ARE TR, AT WAL A N 8, SR AR IT 2

C04-P60
IN939 iR & &9 WA F M T B E L LA
XNETo. KE* FEL ML O BGE. TR
i I N

e £ R A TR R SN R B LB AR, SRR AL R R BRI RS Re R b 2 K
Jeas, B AR A RA IR SRR PR RHE, A RS R R R RE H S U 4N
PRI (R P R o AN SR IR ) 12 A 5 i B Ak T < Tl VRURH 2 2 TR (R RS RO 55 e 251 59
PA TR N BRI SRR S 2. AWFFILE 30~90°CHFHA % F N iRE IN939 milt &4, WHFAAANIR TS
WA TR SR ALK R . ZRERY, ARGSHES %M N S MBI EIFEIRE 0.1%LL T, Habki412{
DR o ARSI R T T 48] AL RS 1S KIS it T BB /D P28 ot )RS 2 1920~3470um B 5 55304
FEREIAARRERNE R 2o S9H0ARERE IR g5 0D 1 A AR I & B IF s 1 Wb 15 Ot .

C04-P61
B RREASRIRIREIES TCP MK R A FALHLEIFT R
INBEEL Mgk, FE4E

Hh R 7 Bt < SR T TP

KH—F 5%Re (JTEHD HEREL R EIR & S/EAM AN R, KH SEM. TEM 1 EBSD [
HETFIERE T T %A 4 1E 1140°C/137TMPa %44 F TCP AT G M. 45 REH, EIEAS IR B, H fh1A]
X3k [E A 1)/ F B e A e it TCP AR, BEE WG AR R T, R dh T X3 TCP AWM i, K oA
FHETXIH. EBSD fil TEM M4 BRI IZA SEIG MR a4 7T REMRA, HhKE s 21
fmJts TCP AH AT DATEE A A BB A% . SEE B2, W O 24s X SR 1 KRS TCP ABIE K I
S, ZRIGH T TCP A mili ) = Mt e B . A ST A4 SR TCP AR S i
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C04-P0O02

Effect of Secondary Orientation on the Microstructures of Thin-Walled Castings of a 3rd Generation

Nickel-Based Single-Crystal Superalloy
Hanyuan Xu*, Taiwen Huang",Chao Zhang*,Cheng Ai%,Jun Zhang* Lin Liu*"*

1. Northwestern Polytechnical University

2. Engineering Research Center of Transportation Materials, School of Materials Science and Engineering,

Chang’an University
3. Suzhou HTA Materials Technology Co., Ltd.

With the increasing turbine inlet temperature of the aero-engine, the requirement of temperature capacity of
turbine blades is more stringent. A variety of complex cooling structures have been designed, among which the
micro cooling represented by lamilloy is the latest development. At present, the thickness of Lamilloy turbine
blade is 0.5 mm or less. The reason for performance degradation caused by thin-walled structure remains
controversial and the understanding of dendrite growth behavior under space constraints is insufficient. In this
study, 0.9 mm wall thickness samples of a novel 3rd generation nickel-based single-crystal superalloy were cast
by high-rate directional solidification. The growth and evolution of dendrites in plate-shaped specimens with
different secondary deviation angles were investigated. The variation of dendrite spacing and the arrangement of
dendrites at different secondary deviation angles were studied. It was found that the primary dendrite arm spacing
in the thin-walled region decreased with an increase in the secondary deviation angle, but there was no significant

change in the average size of y' precipitates or element segregation.

C04-P0O03
Study on the Uniformity Criterion of Homogenization for W-Mo Superalloys
Xulong Guo*
Chengdu Advanced Metal Materials Industry Technology Research Institute Co., Ltd

In order to establish the homogenization criteria for superalloys containing W and Mo, this paper took
GH5188 (containing W), GH4141 (containing Mo), and GH3128 (containing W and Mo) alloys as examples for
research and analysis. Firstly, the microstructure and elemental segregation of the alloy after heat treatment with
different homogenization regimes were observed using a desktop scanning electron microscope (SEM) and a field
emission electron probe microanalyser. Secondly, the theoretical and actual segregation coefficients of the alloy
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elements after heat treatment with different homogenization regimes were calculated using the Jmatpro
thermodynamic software and electron probe. The difference between theoretical and actual segregation
coefficients was used to determine whether the elements were completely diffused, and the homogenization
criteria for the alloy was obtained. Finally, the plasticity and physical properties of alloys after different
homogenization treatments were measured using a Gleeble3800 thermomechanical simulator, a Qness
Q30A+fully automatic high-precision microhardness tester, and an electronic high-temperature creep tester. The
accuracy of the homogenization criterion was verified by comparing the numerical changes under different
conditions. Results indicated that for alloys containing only W, W achieved complete diffusion when K' < 5%; for
alloys containing only Mo, Mo achieved complete diffusion when K’ < 10%; and for alloys containing both W and
Mo, the elements achieved complete diffusion when K’ < 10%.

C04-PO04
Effect of remelting refining process on the microstructure and properties of K465 superalloy
Kehan Wu*,Xiuping Ma,Fengxiang Zhang,Guohong Ma,Bin Liu,Huaxia Zhang,Hua Jiang,Yu Meng,Xike Liu
BAIMTEC MATERIAL CO.,LTD.

The effect of different refining temperature and time on the mechanical properties of K465 superalloy during
the remelting process were studied. It was found that the high-temperature endurance performance was
significantly improved with the prolongation of refining time, while the room temperature tensile properties did
not show significant changes. However, there is little change in the mechanical properties within the selected
refining temperature range. Moreover, the macroscopic and microscopic structures of K465 superalloy, including
the size of grain, y' precipitates and the area of dendrite, eutectic, carbide and y' precipitates, were analyzed by
optical microscope (OM) and scanning electron microscopy (SEM) techniques. It was also found that the refining
time affects the microstructure of alloys, which significantly impacted mechanical properties.
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C04-PO06
Effect of Solution Heat Treatment on Microstructure and Properties of CoCrMo Alloy
Xinxu Li*,Ang Yu,Li Lei,He Su,Xike Liu,Yu Meng
BENING BAIMTEC MATERIAL CO., LTD

The as-cast microstructure of low carbon CoCrMo alloy was studied by means of optical microscope,
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scanning electron microscope and tensile tester, and the microstructure and properties after heat treatment for
30min, 60min and 120min at 1150 °C, 1200 °C and 1250 °C were studied. The results show that the element
segregation and M23C6 content in the alloy are decreased by solution treatment. The tensile strength and
plasticity of the alloy increase first and then decrease with solution temperature and solution time. The element
segregation in the alloy is serious, and with the increase of holding temperature and time, the element segregation
of Mo decreases. Solid solution heat treatment at 1150 °C and 1200 °C reduces the segregation and carbides
decompose and disperse uniformly into the matrix, which improves the strength and plasticity of the alloy.
However, at 1250 °C/120min, the growth of grains makes the strength and plasticity of the alloy decrease.
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C04-PO09

Effect of Heat Treatment on GH 4169 Microstructure and Properties of Hot Rolled Sheet
Ang Yu,Xinxu Li*,Su He,Li Lei,Xike Liu,Yu Meng
BEIJING BAIMTEC MATERIAL CO., LTD

The effects of different heat treatment schemes on grain size, microstructure evolution and properties of
GH4169 alloy were studied in this paper. The changes of matrix microstructure, grain size, recrystallization ratio
and orientation difference were observed by means of light microscope and EBSD. The effects of three heat
treatment schemes on mechanical properties of the alloy were compared, which provided a theoretical reference
for the heat treatment conditions of hot-rolled plates. The results show that different heat treatment conditions
have significant effects on the microstructure and material properties. After heat treatment of scheme A
(910 °C/1min, 10min, 30min, 90min), the matrix structure of GH4169 alloy hot-rolled sheet has no obvious
change, and there are a lot of strips; After heat treatment in scheme B (980 °C/1min, 10min, 30min, 90min), the
band structure gradually disappeared, and the grain structure became uniform; After heat treatment in Scheme C
(1050 °C/1min, 10min, 30min, 90min), the matrix grain structure is more uniform and annealing twins
appear. The strength of the material also decreases with the increase of heat treatment temperature, and the
plasticity increases with the increase of heat treatment temperature.
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C04-P0O20
Study on reducing cracking of large size Marine turbines cast with IN713LC alloy
Zichen Wang*,Yu Meng, Xike Liu,Huaxia Zhang,Hua Jiang,Dongfang Liu,Xinxu Li,Jia Liu
BAIMTEC MATERIAL CO., LTD

Ni-base superalloy IN713LC alloy is used to cast a large-scale integral turbine impeller for marine use. Due
to the large cooling temperature gradient and stress concentration, cracks are prone to occur at the tip or root of
the turbine blade. In this paper, the microstructure and microstructure of cracks are characterized and analyzed by
OM, SEM, etc. At the same time, from the composition design of the master alloy, the target distribution ratio of
each strengthening element is adjusted within the composition range of the alloy, and the cracking problem is
solved. The results show that the cracking tendency of IN713LC alloy integral impeller is related to the
strengthening phase forming elements and solution strengthening elements. After elements adjusted, the
mechanical properties show that the tensile strength Rm and yield strength Rp0.2 are not much different, and the
elongation is increased from an average of 6% to more than 10%, which reduces the risk of cracking of the master
alloy when casting large-scale impellers.
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MU T . A TAERIF T GHAT20LI & 478 i F1 900°C IRl 1124V e S AS TR, R 45 B . b
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C04-PO26
Hf X —MEE =R S & BMASNH BRI
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g - RE AN 5 3 i 2 AT 0 1) & AR A0 DTE . R, 757 Cr & Nb FOEREE A & N HE JE 3R FEK
B8 MIRTHA SR 15 Rs . AW H 2T HE 705 R iR A S oW 4L 2R 7 24 1 B (R 520 [+
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) 700°C =i Ji AR 5 25 B v 106 HE B4 %A & 7E 700°CH B85 i 1 b 7t & MM 325 7 &4
700°CHFIN P PERE . AT T A IR BB ARG % & 4, FHAE LA HABH I Hf TR R A F
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R APIRES RAE LRI R R AR RN BTG, el AR A VT SC i s IR SRR A T
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NEER: MR R EA S SIMEA L SN [N S 2247 9%, 350K A 11 S 3 22 58 SR PR T JA ) L
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fift AL G 1 T2 A (0 G B L GUR, 2 WAR AT 55 1), (E RS I A R A 0 238 AR IR FE o B 5
SRS LT R, HHGEHE T Z 54T A& AINES 5 5| i e k. ASCRA T SLM
IN718 oyl & 4 1E PAb 3 75 Hh 4 AR N 56 — AT R4, 3875 7 CrFeNb Xf SLM IN718 =i & 4 1
FAMLE AT N RILPVEBEEGE T &S MmO meT, &4 5)PE. CrreNb 15 BUEA% B 401k
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AR OS2 TCP MIAT ™8, BRCE & E RS . BEE Fe STEAU3EMN, KN UG & & M8 MR
BREAG, TCP MIINT AR T & 481, H B SRR, MREE&F MR . 56 FIRFFsd
B, £H K325 44 Fe S EMNBHIER: K325 44T Fe RESBANET 10wt.%.

C04-PO31
ETFMENEBTH KRB KUTA S54SR HVERR
b, T
AL BRI

2t AR L 2 DR SLR 500 o G 2 R « AT R PR AR 53 0 T2 T 32 T3 2
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