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TEARFEEE (05~1.5 mm) FESRIIREAREIRE, W LW FUAS FEE RS 1R 20 R Z W FELE 1100 °C/120
MPa 25 F T REA IS R H A 2R Je VR RE o T T8 R ARt o 2 ) B it B G A P B D 2 i LA ) S e JE A o
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FRG G SR A G RERI. @i Mo TTRIERANEF T, RBAS SR B & S T R LR
HitS%,

C04-10
RERERSSPHSEBRKEET? — Bt Bl 575 30005 EEZT 5T
e xR RXRL RMARL BN MEXL BT BE4L AEAL KWEZL REHL B’
1 sk A
2. EEEM RIS

S BB (3 ppm) AR B4 4 5 S UM BT Hh B SRR 9D A4 ik 1 B (5 ppm) 488
SRR A A T IR, AR5 0 70 0 RS IR A BT AT B .
S L FAREF ST (EPMA) 5 BRI R FAE R I: 33 114 h 0 T 35 HIE S I e P 2 0 050
TSR EAT Y-(HEM)2SC, 35 MR RO s 11 7= 4 4 h o LA o P WS A R s A 2
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C04-11
Constitutional Supercooling-induced Freckle Nucleation Mechanism of Nickel-based Superalloy During
Directional Solidification
Yuliang Jia*"? Yongjia Zhang® Shuai Wang*,Feng Cheng*,Changkun Shi? Zekai Shi® Yingliu Du? Binghui Ge*,Xu Shen® Zhigang L}
1. Department of Mechanical Engineering, Tsinghua University
2. Anhui Yingliu Hangyuan Power Technology Co., Ltd
3. State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong University of Science and Technology
4. Information Materials and Intelligent Sensing Laboratory of Anhui Province, Institutes of Physical Science and Information
Technology, Anhui University
Freckles formed during directional solidification of single-crystal nickel-based superalloys reduced the
mechanical properties of turbine blades, posing a significant challenge to the manufacturing of high-quality
colossal single-crystal gas turbine blades. However, the mechanism of the formation and distribution of freckles in
large-sized blades remain unclear, and prior interpretation of freckle formation by dendrite fragmentation has not
been empirically confirmed. Here the constitutional supercooling-induced freckle nucleation mechanism in
large-sized blades of heavy-duty gas turbines during directional solidification was investigated. Rather than
utilizing simple-structure samples or small-sized samples, casting experiments on 300 mm large-sized blades,
composed of five typical single-crystal/directional superalloys (GTD111DS, 247LCDS, RenéN4, René&\5, and
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CMSX-4), were conducted. Numerical analysis of the real experiment data demonstrates a noteworthy law
consistent with the principles of solidification thermodynamics: alloys with lower critical constitutional
supercooling thresholds tend to form more freckles, which matches the freckle formation tendency obtained from
the experiment: CMSX-4>René\5>247LCDS>RenéN4>GTD111DS. To unravel the mechanism, we conduct
advanced multi-component, coupled-field dendrite growth simulations based on the phase-field—lattice Boltzmann
model. The results indicate that the necessary information for judging freckles during dendrite growth simulation,
such as element segregation, and dendrite orientation, are exceedingly consistent with the measured values in the
experiments. The constitutional supercooling-induced freckle formation mechanism under low temperature
gradient condition for large-size blades was revealed.
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FigkE
e 13 ZURE BN ST HARAE RS R BN AL ) P2 AL R AT A2 ST A H AR I B B R B8 AR 2 — SR
SRR = 2 (R K R A S A S R AT E B ARG T B L A 4 CMSX-4 7 1100°C7/K
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R 2 WY 5] R RAER

C04-14
BT R e AR SR R 6 S IR AR DA B 5T
HEL BHMET. TBAL REME EAML HLR®
1 JEntRHO
2. AL PR T B
3. BifgReE
TEA SR A R ANBIAS AT BB RAF  — I AR R R B i e iy CRA R TR B i ), Heal



Hh B REK 25 2025 CO4. iy

PR T TG R S R AL KB PR RE . IRAR T EEPE e Atk . H Al B I P 3 14 TR I AR 25
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FAYSEAE S8 )5 BavE L R vh TG R ) & S 4l BE RS R R B, B R TV AL S P A 5 .

C04-15

B B R A S R ST R A L

EHE* EITE. FEM. W KE

Hh Lo 27 B < SR I T BT
BRI B e A R AR RN 52 BRI EAT I, 57 2 e 1 1 BRI — . i TR

PR B 4E K R 55 A, BERREUEEE N U IR TR 5T PERE MR . AT e 7 ARSI e AN e 2 3
PEH B0 57 R, IR SR IN AN OW A ZRAE, BT T 55 S S 07 REGHTAENLHI . SRR 78
NI R AR IR 5 R EUH AR S R RS B BOIRI A I R S AT AT 5% . AEARR AT T, SRR AL
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B M A8, Gy RIAREEs), e RS R BN IIIERRRE R ImFHER, BT RO
MAEFLAL R A, B2 TR A B A T30 . LR XA AR T R AR, AR N A3 R = &AL
CABOR 55 A5 BE A o AWEFC 95T B il & e o7 VERE « ORIIE 2 A IR B0 LAl

C04-16
Re JTEX Ir-Rh iR &-GHREW 5 RN
fols . XEA L MBS EEM REPL EME BEES HEXE B
1. BWIStemut e, StemihRer bl 4 E E m sl s
2. nHARERIMEHEBRERB A IRAT, ZEREREREARAR
3. mEIREE, MELSREESERL, MR TR T O
) B & & O O &R —AUTR G R SNBSS OF RSB R, (BRI S
9 MIPUEANEREMR IR AT R BORKER . Re M E PSR ITR, (BT Ir iR G e=iR 1%
PERE S B PUEALERE S NG 2 . ASCRL I-TRh (wt.%) A& NE AR &, 43 Hldsin 0.5, 1.0 5 1.5
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T CA KRB EAE N BT BRI B . AR 55 AU B E R, I RRIERM 3.5 pmy/ A& k)N E)
1.5 un/J& » 5 IE K 800 MPa [ 72 AN JIAH B, SRR ST 1) M23C6 BRACAI T 75 K 14 Jaa s 0 . 5 44
G RN o TR TS W 52 21 25 4L (I B ARG R IR TR 2R 0, SR SRR 32 B2 DM 45 2
RN, ZRECONA. ARSI 1A LT 5 {1 NS A AT, BRI BCEAT T {1 R 5
Lo MAh, ARSIV T R R B R SR T A A T, AT AR TG AT XIS X . Ty AT
H DXL E 1140 5 AT D T R 57 SV LR S TR AL T 255 .

C04-22
BF yHEL Co-Al-Ti-(No) BB A SR B 5 HLAML
#igA Tzt FERN EWMAL RS XA AR x| ' Turab Lookman'. & Z 1
1 dbs R
2. AL B ARl B A R 4 7
3. M RFE TR

yAHBRAY A SR A A — PO B SRR R AL, BR CRIES &4 iR N EA R RN IERE . A5
SRt 7 —ALE ) (ML f8 SRR EA bR R &R S & . N T RELE ST
DREAI R RE, $EH T — b4 S RRAE 25 1B B R 2 AR ARG R 00 H BRIl It € 732 . T A 2 B L AR AR

(RP) AR T OGEFAE, A6 E FHUEM RIRRE R d PUBRERAL G, M 70, 000 ANk s ith
Hriiise i DL Llo-y'-phase AHFER] Co-Al-Ti Filt & 4. SLRIGIFIESE T Co-Al-Ti A&k R ELE vy Pk
SERY, HEEAF RS 4 0 vy A IEMREE A 1011-1105 °C. 35 K 7.73-8.00 glem. I &5 5286 [F] ik & B, Co-Al-Ti
G R y RN RO R PR R I 5, BRE AR E .

AR (PR BEUEFL T Co-Al-Ti & &4k RN R0 F2 M ROM 45 1AL, B0 T /A A B3R 3707 T
BBVEACTES VBRI RE, T T y AR 2 RifR 0% B 1 8l 150 S Oe R A AiRRAiE, HEnd
U S e R MBS, G SR AR AL R AR

I Nb &R 3% Co-Al-Ti A4 vy E . LI &I, Nb JTRHF A LAgifk Co-Al-Ti A4
B EAMH D, Ay AFI RSN 774.6 nm FEARZE 305.5nm, BEREE RATHLALES, NG KA RS, M
e m TG4 BN LIkoR B A1t e Pk .

AHF TR T 5B W8 25 3 AL A SR IR 45 S TR T yia b min & & R S AL [FIHESE
ML B89 PR IR M /1 Ry PR B AL 16 v/ TiE P o0 46 R A8 R G 2R 4 A (1T 425 Rl it s 56
SXoF SR AR UL 25 SR AT IR AIE o IX b i 7 V0 R AR D) A B 15 - S 36 36 1E S B A R A2 2 S i S
SRR v IS SR A SRR .

C04-23
BE-MEZREIEAT GH4151 &P T
/E/I(}'Eu 13 IET%‘G’% 1,23 EY &\ﬁk 1,2,3 ﬂﬂﬁ% 1,2,3 *iﬁ‘?lﬁ; 1,23
1 AN R R AR AR d6iT 100081
2 1) 1MEE s s A R 3TE AR 41 618000
3 MERHE A SR SRR AT dL3T 100081
D 88 W i 2 AR IR AR 00 Pl - N RS VR TR A D LR, AT 5T 38 FH MEAZ T GHA151 il & < A
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NG, B EEE (SEM) | ESHE (TEM) . feitrdr (EDS) K HL TR S (EPMA)
2 RIERIET-B, RGRIT 1A AR L X TR] ()R AR 47 5 S A S AR A, 32 17 e AT JHG 28 2 B L
SES R GH4151 &4 M BEVEREIRE & R AR AR RRE, RIGFE/E3E, Wit X iR & R mvE &
WrZdaEAR . 7 650-800 °C i X [] BV i 25 PR AR YR AE T R S s aS A R : 7 4 ZE RS LR Y )
Wbk R T SRR RS SR AN AT R . 650°CHT 2 FHLEIAAL S BIY] A S A
(SFs) s 800°CHT &4y EAE AL AMZE & (MTs) , ZIE# RALAE 58 128 BATE P 808 B - AR
2k 2R E S LSS FE TR R EDS KABUE RETHRIESL, ShaS AR FOR T s 5 & g E Yy
B B LR 7 (Cr. Co) ZIAIRAT FLBUN

C04-24
WA EN RRAESN KRR N &SR KE W
Arx. K. KAE. X EME. KL . FXFE. TR KEK
B IR R G A =B R (A S N R M =

B AR RN AR SIRFC LA AN 3D FTENE AR . FEAE PR T, MR DU AR AELE
(1) TP EEAFER RS 4« BRI 7 ¥ KRB DA K4 Bk T 7 (R A S e 55 . fEefnizis (450
AR, AR SEAN R R B GBS, 2 FEUE S BV G A ORI SR A BT, TR RS A )
SVERE T AEARIR M . ERE M KBRS T2 (FR), WTHERBESREIC BB SR,
AT 3 A ZR A R IR AR B3R o SE AR AT it/ 12 R B S 8 P sl B b R IR 3R T e M S T G 2 2R ) 5
PERERIRZ I, X T & S MBS S LN EEGM TR B REE, ACKA FESEM. XPS.
HAADF-STEM LA TPD-MS S5RAET- B 7t 18 il & ek R 0 SR 46 3 RS DA S AT A <54/
B S FE X B S A SURI VR RE IR 520 o 45 SRR BH - R [RDRL RS JF 4 258 2R (1) 3R TH 41 32 4 NiO/Ni(OH)2. TiO2.
CoO £ Cr203, 0~15pum FifeHs A (GHF) A 150~180pumCHLR RLAE K A V-1 S AL IR B2 43 59) 4 3 A 11 nm.
YA R E 25 SRS Fh AP0 e S S I K, 76 3~10 R EIR e, 43 M%0A 250 A1 40ppm . 174
(BG%0 J5 0~53pum By Rl PR & S8 S BT m, P PEResRE 2RI AR, IR, Fr A G a N %,
0~15pm 4B INAGEFE H (ZIR~1000°C) 2 A AR B, Ry AR RS04 P It B I, B2 915 Bl 32 2E4E 100~600°C,
150~180 pm FHA IO FGEFEE A B & . 0~53 pm [RF AR 300°C+600°CiR B 41 677 RS (FEED Ja il
B ESRASENIIRAS R 195ppm N IEF] 113 ppm. #E—5% FH sl & 40 R TG B b 28 e 7 i
A IR R S o B SR IRIRL R, 3T 25°C+150°C+310°C+H470°CHIMG . . EiR4L & 2 F e F S
HAEfg I 1 ERA S R A S P ZE 87~96 ppm. Ryl A ok AR B SN L ) 2 G4 2 1 AL AR 2R T R
T B SE ML A1) 25 B AR R R T W B A S SR B HE o AR iR & Sk R S B R e S 44 138 S

C04-25
B A ST ERERE & @ RIFRAT AR R B BB A AE Stk

EHEMW RIES RE Y RE M ERAKY. ERS| M RWE Y. BRE M LE Y. hTE Y AEF YA
23
1 &G SROE T & A E E s E, 880 618000
2. RITWAERFR IR HARAR,  {EFH 618000
3. MEBEEG BT T E SR aE e, JEFE 110016

i (P) WG EdCERYIEESSTIR. SN ER G R EERE, (RN . KIiEAR
IR L ARG, TR P IS S AEAN R R S A T I E I BLEL, A EIRT SR A T kRS e P
MAEEW BT A EEZE S, Bk, KRXRGHEIR T P A ST EEIE S S A F N /1K G T
JHEFDLE] . Z5RE: P Gl A IR AT A SEN B AT B2 BN A O, A A FHBE S ) ) AR
MRS H s i & S . G2 TR IR AT N i8], P e AL BRI N AL B A Bl L el i 7
R HIGIN & o, A AR 45 05 i R SUR IR AR FLIR A A, TS I AR PR e, SR,  BER AR AR
HHAT, P 1RSSR RAR B 0 5 1K H N b 5 M23C6 s gs, FEARAR AR SRR TE W R PR AN i SR 45 6 70,
HOOHIRARAT AT t (eSS , DRI, FOA 2 A FH B N ) B BT ks, R P Gl b ol & I A8 1
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RE™T B REIRBER . ABETN P MG S BRI & SR AL 7 BORSCRr S HB iKkdE .

C04-26
Mechanistic Study of Grain Boundary Evolution in IN617 Nickel-Based Superalloy During
High-Temperature Creep
Yue Wang*,Guma Yeli,Haitao Wang,Li Shi,Kejian Li,Bing Liu
Tsinghua University

Very high-temperature gas-cooled reactor is one type of the most promising nuclear reactors. The
intermediate heat exchanger (IHX), a crucial component for transferring heat from the VHTR core, is expected to
serve for several decades under low stresses of 3-8 MPa and at high temperatures of 850-1000 <C. Therefore, a
high focus is placed on the high-temperature creep performance of the structure materials of IHXs. IN617, a
Ni-based superalloy, has been considered the preferred structural material for IHXs. Creep tests were conducted
on IN617 under 10 different combinations of temperature and stress in our early work. Evident dynamic
recrystallization phenomena were observed in five of those combinations. In the present work, the microstructure
characteristics of dynamic recrystallization of IN617 during creep were concentrated on. In addition, creep curves,
percentage elongation after fracture, and percentage reduction of area for specimens experiencing dynamic
recrystallization were given. The changes in grain size and grain boundary character after dynamic
recrystallization were discussed. The microstructure characteristics of fracture surfaces were shown. The research
deepens a better understanding of the microstructure evolution laws of IN617 during creep.

C04-27
4777DS1 FiR A & SHRERIE R AT R SRR
g, kmont E®!
Ui A U TR, WU 8 TALE 5% 980 =s, Bk, 754 710049
2707 WARAE B RN HLE IR A F], T RO Pl 3 & A S SR s 5, DU 4BH, 618000

TR A A A 5 T A R T ) 5 T S N 2 BB R ) B P T R T 5 R DA B B R . AR L
4777DS1 i A 45 SO, 2P B AL NI U R, SR AT SCITERE AT T %A S EA R N SRR
(IEIRAT A, B SEM. EDS Fl XRD Z&F B 70 T NG RE N & 4 55 P G 2 0 1) S T S 3 A2 % I 7 7
Yy, BTSRRI T R RN . G5 RRE, RN A 4 S MR R A (IR AT e AN
G NI AT 25 R, TR A B LR B T v R B ek N S R R, 7E 1480 C IR EIE K 1395
RNZRE N &4 5 ERCEMR %, RERGFN%ETEGE. 18 1520° CIHEIR A /N, FH RN
JE, USSP BN AL Os. SiO, Fll HFO,, HAE RN 2 FIb /3 A % — e 5 S REAEA I S AR 4 o
AT LA NG & S E RIS RN, $Em T R R T R R S AR R R AR S S E R A

C04-28
M ARIEIAE FTEOEIE X b GHA169 & & HA Kb T NI
o [ B 5% R B AT

WOLIE X G GHAL69 & 440 ARG AT LU 25 FRACHI 2 oA . 4k A48 i (H2, IR
G &AL I AR LB PEReAT N EIIEEEZE SR . ACHHAL T AN RIPEIAME X3S GH4169
BEMARBREE BRI A EN RA HAC S AL RIS . AT 1 AR B R [ I 1 A5
FT B I S ZURRAE, VEANEDA T R W sCRBE P . 45 IR R W oK 2 I J5 P38
K2 30.45 pm H9OKZE 41.80 pm, K[ @I RE(E 57 20 1 H 14.85 /50 g 3G 18.62 s/50 g, 2 M
ANE B BARE R ISLIRBREG, &SRR fE T R 100 MPa, (HWRLT7 AAASTEHLHIAE . Fkt
HEAENH TR RSP BORBRY) . FEER 8 A, Laves #HLL K y" Al y/sifb A, FERL it FE A A 201
ETFLALES, (A& AE IR 650 °CHISRPIRLEE 731k 2] 1430 MPa F1 1205 MPa, i T-8idZit CikiE 1)
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o Frid LM HIE GHA169 & <. AHTFLA RONROLIE X E GHA169 & <& IRy RTEM ] . Huibrl
i L 1 AN A TENL D T SR 2%

C04-29
POt A4 3 B E B 5 R & S I SN G TR 2B 9L
WA EIT. LA
FigR

ASCERNS L-DED JiAA DD5 H i il 7 e A A% TR OV LBE Azl IR 0 SR A7 AR BRI T
AR R AL AR LR TR E R IR K T 28R, TR 7RG T, ST HOCIEM I = 5
i < OV SN R P F FE A B, o [ TIAL 2L e A S AR ) TT 2R I T BRI, SRS AR AL
Plb o S R ENA A BER B (1295 C) W] DAY AU f AU S I A AR E 57, H R R TR PRLR !
FHAT yy 3ER L, A BRAC S R BT AN RIS AR T VA AL BE A A T B R AR, SRATHIRI ) T E 54
VORT 36 )= (Z116 mm) [HIRES, 704 1 456 ST AR MIGTAR IR W2 ST B . G5R3RHT, UK
SRR T, vy St RORRBRRAGHIR A, SECT R R, (SR A KR
AR, TR FETTRUZ N, B RR NS 3 A FRAS S 2% e I 32 ZE R A . ARSGERTFT T AN
Al PR SATHR R T AR AR A, BEE B ZRTIRENEE, DRETDAE 2 A RYEER, ks T
L2 D RN, TR A% S AR AR BN, (RIS BRSOk . AT X R AL AR R N O eI A4
B A SR & SN RO AT T, SRR, BEIA IR AT DA N ST HEANE SR T L,
PR S T ORI RS R R AT . ORATHA I R . 2 R SRR G XY, A 2 (gt —
Oy AR o JEIE A ] I PR AR R T 2] AT PR A X B o & 403 P B OB =1 BE (R B T
BEA, SZBUREIA RN AN VTR AL R P, BRI IRRR B deiii ), SRR fr &, R0 Bk
FERJE RN o

C04-30
wAREEEERRSSHBEE RN A
e, it fAAE. Ix. &>
& KRG HERD R S50 TT Bt

MRS min G R R N LG AR 2 N T R S LR R, (B R A
AL AR A S AR R AR N S AR 2k, 28 BEHE S IR BB IR NI R v DU & 2 AT AT, 45
FEENRILLTES . RN, 27 IR & RO S I R i i, SaR e R P I Sk 55 R[] )
L BL T R A RGR T SR DR ZON SEI0 A A AR IE BT R . AT ST IR A, SR AR IR A I
FES ISR F N, A ROH R 7 RE b A 8, DRAE T BUREIRBE I S0 R SR A 0 AR A R
(DIC) ARSI M I s A o A R R LT AR AR AL, SRAT R e it A v B AR AR A0 ) BE R TR 7, hiAt AR
N2 A AR R AT BE R SR AR I, M TRRIA SR R S AR fEERL |, @ T A e
10 e [ NS P S 7 oS0 N R i BU AN v B DA LRV P NI 7 S E0F 6720 Gl IRV 2B S F Y
BURGF— 2. 45 G5 RIBOE B 5T A2 VE TOLXE), eoh s H i R R8T

C04-31
B SRR RN LI 32K GHI8AG & MARTUAT MM
REM BRI FAE N B LT
1. v R R BT ) 2 G R T
2. v A P LT e (R 2 B P b 5 A A 3 1 S =
3. IR AGE A R A A S
4. FRI7 IR R AT IR A ]
W SRR B E 2T 650°C~T00°Cit il FHHAKRE 3l i Lo A 7 T8 PRI & SRR RE ST, X
AR o HRL AR R PR IS LA L B , HAAARTEME FE IR AR TR A S UM A BN BR A% AR B
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FRAZCo I R0 T 6L A S0 A 1) 4 T 2 B 2 B 3% L AR AR I T 7 S 22 5, AR RS B &
S EEARERIN TS G2 B PGS BEEIE GHI84G & &R TAT NIt M, 1% B
B VR OCEEERE (IS FS R MEANS, FRETFLFREMNSHEEATHELZER.

LERFY], BB N EEHAELR (CORX) HEHEEHAESNRTBIIT N, it MC
WAL IbT 77 2E MC itk CDRX TEAZ RN,  FLUR BN T B4R 8% 5 7 FHAS CDRX JEAZ I R 67 4 ia
o, TERE A RN . B ANEE SRR, A H CORX RIFETEEH, HAEEZ MC (Lt
CDRX JEAZ S I [ v 4 HO U E A P PRI 52, 4 ot P P Tl e P98 o 2 5 BRI J5 34 n 1 8 A e A
BB SRR/, CORX ANEARIR N AFEIER, HAABZ MC ik CORX FERZ RN (IR, F4h 5
FERE BERS A B B Mg N AELES S SRR L, DARESEhEFELE (DDRX) AE, WHEAT
NIVFE#EETL R ARRMTHEEENBERANTSEEREFERARER . DU EEMEMMA
T BOAL T AR N AR i X (1050°C~1200°C/0.01s-1~0.25-1 ), 7E & ilw i B A% i K X
(1100°C~1200°C/1.0s-1~10s-1) HIUIN T RTINS, HBEEBS =M, SRR TSR/,
TRBESEGEREY K. RS S SR T SEL T il s R AR E 2 X (1000°C~1200°C/1.0s-1~10s-1) ,
WS BRI TSR RN . B ERET THFRENSHEEATE T ZEAR, ERIIHEH
GH984G &4 ©560x80mm Xk D&%+ .

C04-32
SR & GHA065A T MR &€ RN 57 15 S WiRAT AR T
ZRE T, KXz L R, B, xRERE ", KAk Y
L IE ST e R R A PR A
2 U AT e Al B A PR B AT A
PERB— R RPN E TR &R G4, GHA065A A& AA maei. AR, BSUHA M 1 4H

GURFIE. W& S AE Rl 57 2610 T S Wi RAT 9, X ORER & SRR et AT R Bl A AR A 1
gtk SRGENE, RAEZE N AVTCRA 2 REEARRALMER AR AT B, 20 Al i 48 f 2 23 S
R 2B e A A A R 5 5 T B R 58 e E 4G R A SV RE RO ELBIE 7T, #8017 & e AN F N
BT ST R I S5 RERW]: AEIREST, B I T R R R 46 W R R S R BT
R/ IR WAL, — IRy S LR &, X REY AR 2 S 47 A1 L MRS T, WRER
R BRI AR SRR A BARTE R A MG IS TERETC W RO, R 58 4= 1 45 i DX B A4 X 57
BB BGSUT1, X NIRRT R RSP AN A2 175 A AT A ARG IR o ASHIE 7T
X GHA065A 5 < 7E [l 7 i L IR N HRASE A i DA 5 2R 00T 78 AT LR S A

C04-33
H TR S R BRE RHR A < B R I [ E B R
TE*
SN

AR RO e R FH A% Gt [ PR TR A 76 B [ A B0 R/ ) 3 e ) 4% B v U 15 < PR AR B I, A2 [ e ok
PRI —MAIEIL R . 2N FER RN ER KRBT, 535 R R R 2. N T AR
PERIRW RO, ASCHR M T —FE TR SIMER R T € e (TUDWDS) iR, REHKR 7iZ1TE
Stgimndike (HRS) T2 28 BEAN A% ff BRI 77 T AR, JFil i SEas AU A RAIE 1 H AR
RN RE ST WS REH], TUDWDS T2 BAG Bk J7 1n) 5 5 07 10— SRR AL BERS AR 7R R
SE F) ok [ DR TR X A P S D e, AT S A B DL . 4N, 5 HRS LZAHEL, TUDWDS
HPAT NI TN R G5 7 SN ST R L Y, B D TSR TR K R B R . XSG RR Y,
TUDWDS T ZAEFHIR AN 7 R I s R IRE 1. tbAh, B LA BT omtb e Tsm, et E
1) ok [5  E  FR RS AARH ASCR AN IABE E s 3t — 2Dl b IR R L T S Bk o R, % A R
B0 Ak 2R 7 o EAT T R B R
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C04-34
B RIRRR I BRI AR RFE A B B — B AR S
W X AR*
FEIL Tl R

R RAPF ikt a6 7 BAT AN R R s, B R AT R G i, e T AEAR
TREE AR BRI AR X R A AT i Bl ProCAST A Fluent 47 SUBHIL, WA 1B AE w5 1K
P RGERE P AUE AL, e T IR A B A RAT RIS, R TR AR A . R A
/NP R SR I SR RSO L, SR T ORI e R A R P T T R B A 1) s MAAR R O
i AR IR, BF T T AR R O FE R 25 A T B I R AR PR R, B TR T ENE SN AL AR
ROUHHEANY I ZURF il W 2 R0 A2 1 e — B 1Ea) ORI o

C04-35
ETHBRXEINS BRI BEERREERIT: LARRTHFmERAEK RS
BUE. AAN*. ELT. BEE
NS S PN 2

B SR G S EEHN R SRR TR SR E A ETENH . AR IAEEE G &’
THHAELE BRI N IR R 2 (A2 [RAF R, 38 H T —FhEE THLE 5= 2 2 B st 7, BEsSREl
G EIEE A IR SR RECFC R . B TR EEEEGMMREK R (CTE) ME4E
PERERORE I .l it BAE BAE T | T RE S YERE TR AR I OCIDE: , 03k H 5 05 A8 A iy I 35 A QIR G AR AIE
AR g [R] IR =PRI B € 52 CTE BIARORHIE AR5 , B TR IE M RRAE , BN B FE$E T B3 (GBR)
TR, 442 75 aw A CTE TR R AR U ie R4 (R2) 43 7)is 3 0.88 #110.85. fxefm, ML
B, eI H ARG iHAR IR TE 12.18%. CTE M1 10.02%: £ Hintith: 3KEHME 4
Ni62.5Tal1Cr8Al5.5W5Re4Mo3Col 148 4 firik 1) 6784.08 /NI, CTE [4% 12.50 e-6-oC-1, %% JF % A,
IE A A Pe Tt 12.18%, CTE F£MIK 10.02%. 14k, #FF5I N\ SHAP (Shapley Additive Explanations) J7iZ:f#
MTOREERRAE N T Be B R L], B HR I TR B TR E . AHI ORI SR A S S SO T R A TR
BRI MURM BT &K H A R A

C04-36
TR BRI AERAX & NICrAIYSI 2 DZ125 &4k IR R T B BX fhiE K m
BHE. ME. Z2—M. AT BAN. BE*
AERRHECRY: Hrsmr Rl A B TSR =

P R B FE I R 2 e 2 PR F T L BRI R (077 A 2 AT ey 7R ST AR, 8 171 52 i e A VE e
CAT IR TER I, A% X IR I i A8 5 WD 51 NP AR AR KOs 3R By B O, (ELEAAAE R HLAR i
AN o ASHE T A AL BEFIIR D J5 R TUTAR NIiCrAlY Si i 2 1 DZ125 &4 A0 &, i8I o i st
BRAE fR Al BE AR R By RLX. (IDZ) (R EAS, W 1 IRIR S e A S L X ki
AR ZRRY: R B B Y AL X AR R4S S S 2t T oo sy /U, b 5
MR NARA R LAV R 23 FE A dh; BB AR B, AR NAR Su R B EELRRE T, By ik
DAL RFERAE K 38 IDZ/DZ125 &R RIS, RS By B E U RG24 K y'AH AT Cr23C6
HABT . 900 T I HLA X kA K EERZ U R Y HLE S, 10 1000C I AR MAR 5 e R 3 HIOE R 330,
Hrp Cr JuE R SR K IR B IT R . AW TN E S A R By BUX IR B F A PR B 5E 1
Bhifio
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C04-37
FABOCRMAIEEE (V) SR v EBEERE &S A 5 B 82
FrtE. ER* REAR
BRSSP

LR LA H)iE (Additive Manufacturing, AM) & v/ & BREER A SR BB R, FE
EULFEEEE TR S AT 2L . TRk, ImbT TR SRBE IR S il G S A AR ), JCHAE AM RIE S
ES5EBEGET R RHRERR. Hlh, BdEE&mEm Zr. C Al AR, SEZMEEER
HSZEL T LI AR IR R AR TR A (YD RO TAE i, I A R R 5
RATAT N EGAREAEE, MRS Y MM, DL AR AR e i, AR KA H . i
—H, Y RN AR IR T E A, I R R SR S SR M R I R AR AL R R A . ARG
FRASHIHE T VPALE & & o BT TEpYE, RABOLRA (laser glazing) HEAMALBOE R # il1E (1 s it AT
NIt Thermo-Cale #7FAATHEAR] Y & & 1 ¥k [ 244+ (Solidification Cracking Index, SCD ,
SRR, SCIHERE Y SEANEIEREES, et Y S8 0. SRJ5m, & R Y &
BERAEFFHATHOCMA LT, REMEZEIIFMHRSRHEFHE. SRR, Y SEF PR
AR AR >, (ARAHKRE . S SIREEA T . EBSD 7 # R Y Joa (A Sk RS i8N, Bl
P5 T TR HT VR W BE AR T S TR R 98 . 455 FIB-Ring-DIC SEE0dE— B4R/ T Y X h di )ik
RLARIRAENE R, A B T RN 5, FIRRGGE A N . 25 E, AL Y Joiiid 2 =Lk
SAEPICT AM BIE S S, HIIEBOCRMGIE A & SR IR RUTIETR, AmtEmtt e 4
FER ARG L IC AL AM SR IIHE R SEAE T B R 5 S S i .

C04-38
PALFENEORR R IR IERE IN718 TR & SO A SRR H] fI R ma R
&, REE* YK B—E. ELE
G b Tl kG 2 AR 4 ] B S %

IN718 il G 4 A ML 25 MR A0k it A g 30 AT FH e ) BB — o Ok RIR M Rl AR (LPBF)
REME A R UL G 2 B AR SO ZH SRR . 0 AT S0 ) A, (R RS 3t A s AR 0 28 AR IR
FEREFE 5 SRR TP LT A A, HAEHE T2 53T E R & & A ULED 5 5 s it e . A g
FU T AAEBEXS LPBF % INT18 (Sl & 4 o 20 23 e AR KU A s AL LB, R IR BE O35 7 INT718 [H7ik
MR, S 7L M . A ] A 3 A A T R PR A A R T 2K S AHBIAT R TE], N T Ak
N EL. Ak, AR RN SR AR URL TR R AR R R AR T AL IR RS, BT T 1Rk, RSN, R
JFR A% L ) CrFeND B0RL A R 3t 1 SR antl, HLR I NBIANIFR AN 1. EIAEEE S FE R CrFeND
P HOREM, ACE Nb IGETER, SN HEBUCET SR . =Rt HLH L EER T, IN718/CrFeNb
REMEHEZER TR RS 2] T R4 T . AR TN IN718 iR & S 2N A0k J t Re 4 e it 1
SEEG I HEAS KR o

C04-39
BRI R IR < B R 11 R ] S R ) 25 W B TR 5 5 I SR o A2
FEx LR, &S Yk ZWE. FEE
M PN

HI B2 MU RS DL IR I RS0 e, 3 BSOS vy i 15 < 1 P A o [ ot o 26 P 2R A T %
Hi s SRSURR BRI o 8 A1 R [ SRR I e — MR AR AZ . B IRl 1830 R ST
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C04-41
Exploring avenues for tailoring the thermal stability of hierarchical microstructures in Ni-based
superalloys via phase targeted alloy design
Florian Vogel*
Hainan University

The performance of Ni-based high-temperature structural materials for critical components in jet engines and
gas turbines, is defined by the alloys’ high-temperature properties and microstructural stability. Performance,
service life and sustainability of such alloys are critically intertwined and controlled by microstructure and phase
chemistry. Ni-based superalloys comprise a g matrix (Al) with cube-shaped g’ precipitates (L12), a hierarchical
microstructure is created when additional nanoscale g particles emerge within g’ precipitates. Such hierarchical
microstructures show a prominent impact on mechanical and high-temperature creep properties of Ni-based
superalloys [1,2]. However, research has identified two metastability pathways: The g particles either emerge as
spheres and then transform to plates which further grow and split g’ precipitates, or they grow and then gradually
dissolve within g’ precipitates. Both scenarios result in a loss of the strengthening effect. Such behavior is
determined by phase chemistry and intrinsically linked to thermodynamics, i.e. enthalpy of mixing of g’, elastic
energy and interface energy, and kinetics controlled by diffusivity.

Here, we explore the impact of adding g forming elements to Ni86.1-nAl8.5Ti5.4Xn with X = Cr, Co, Mo,
Ru, W, Hf or Re and n = 14 at.%, on formation and thermal phase stability of hierarchical microstructures. We
show that phase targeted alloy design by adding g forming species enables to specifically trigger partitioning to
the hierarchical g particles, and thereby to control their morphology and thermal stability. We utilized transmission
electron microscopy (TEM), atom probe tomography (APT) and ThermoCalc to ascertain the fundamental
mechanisms underpinning the formation and thermal stability of hierarchical microstructures in the context of
thermodynamics and kinetics. We compare our experimental phase chemistry data to predictions made by
ThermoCalc. Our work demonstrates avenues for enhancing the thermal stability of hierarchical microstructures
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via phase targeted alloy design.

C04-42
Temperature-Dependent Deformation Mechanisms of y' Phases in a Newly Developed NiCoCr-based
Superalloy
Zhongfeng Chen,Anping Dong*, Yunwei Pan,Baode Sun
Shanghai Jiao Tong University

The y'-strengthened NiCoCr-based superalloys are extensively used in aerospace, energy, and chemical
industries. This work focuses on tensile properties and evolution of deformation mechanism in a newly developed
NiCoCr-based superalloy, designated K439B, at temperatures ranging from 25 <C to 1000 <T. The results
demonstrate that the deformation mechanisms of this alloy are temperature-dependent. Slip bands and
strongly-coupled dislocation pairs shear y' precipitates at 25 °C, resulting in high yield strength and work
hardening rate. At 600 T and 700 T, the Lomer-Cottrell (L-C) locks are observed, and stacking faults shearing '
precipitates become the primary deformation mechanism. At temperatures reaching 800 <C, the vyield strength
exhibits an anomalous increase originating from the formation of Kear-Wilsdorf (K-W) locks. When the
temperature exceeds 800 °C, the primary deformation mechanism is transformed into dislocations bypassing y'
through the Orowan mechanism. The present study elucidates the deformation mechanism of this novel designed
superalloy, thereby furnishing a theoretical foundation for the further development of the alloy system.
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Hmim et FERBOI R, M S AR E PRERN ) E R RE . B, BERE (>850°C)
() XIS I A (<450 MPa) o I TEAS [FIBY B 5 A 52 2 A A8 A IR AR <UL P R 2 Tl iy >R R FE 37 55 80 71 3
AR, dhimEert Bk kAR KPR . BRI INIR IS M0 R (W1 Res Ru) AT 58 A 4 1) iy iR 1
BHEARS B 5% TCP MM, Emidaett. Mt T, Ta B vEERL TR, BB RESEN
HEFRE A R . Bk, RSO T — Mo AU A TS Re A S IR G SEA RN PRE TR
e A5 AR AR AT LA
I WSS B R LA, S A AU AU NI R B E R, BEAL T RLIRAEX —FE Re
FLf i B AE 980°C N IFARAT AR . KA SEM F TEM 204 A 4 1E 980°C. AN[FR )
(248MPa/200MPa/163MPa) N IHIIGHARAT N . S5 REH, BEMN JJFEAC, W7 ar W 8K, M 248MPa
[ 183h #EK % 163MPa 1) 2050h, $2F 1 10 £, RILHEZIBIN @M. RGN, FE R4S
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BT, S A RS I y AR AL B N 25 1K) S8 TR 1, TR R B )R 8, 248MPa T
EWLEEH] Orowan #h o FflFAZ N A IE, KE<LI0>EALE MmN X VI v, [FIN A 45228 51 2 A
AR R AL, ASOEVEABTTS T AR )T BRSO FLIR . TCP A A ikt
SR ARILFEE R RES S RAWR . [HAERERE, 248MPa T, HHHRUER] TCP #H, &Y TCP
FHEIHT H BE 55 32 ) 8] ) 520
C04-pP11
Ta IHNXTE Re S B B SR A ST 750°C NIRRT AR
BEE N F et MRt
1. op E R B e Jm AT L
2. PEBEAEAR KA BRI B

IR TR (Re, Ru 45) — E& e B i s & e v IR RE M B E k2 —, (HE EXEE
JCR WA INS A2t TCP AT HY, HISSaRAM AR . JTAER, /70 Re B5h Sl & < o> Wt & EE AT 5T 7
2 —. Ta fENRE LG EREZRNITER, NHILR TCP M, AT 1A EaeRTH. BIkwis
Ta & EXMIK/TC Re B el & it A2 PERE 5o 28 X 2L

AU Ta 4 &8I Re B350 A4 (7T wt.%. 8 wt.% 1 9 wt.9%) A7 %, FIFH SEM Al TEM
LFBO MG ARAT . G5 RERY], Ta BGINEEEA 1 HIAREH AP BOMAS I AL/ B, A2 75 i A 267h
T4 864h, T 2.2 {5, (EVIEMTEL (4h) , TEM T EoR, 7Ta & &AM T 24, A
PG SR TT A R4 RIS, 9Ta &< KRE SRR AR /KT8 IE NI SRy e, (AR S &
T 0Bkl . FEFASHIB (100h) , FEARNESLE yy M A RS HER, TR AL Py AP AEAEA
777 W) FAH B2 B 24, S EIERONEHELE S8 W5, BUDIHEN y/AH 1A 5t A 40t Kl 3
s 8Ta Al 9Ta &< HANAFAE KEAF TG M K24, HZEMBUITEEAAE: 9Ta &< 07 mALAT A L
MR A SRR, FARBEARRE— e . M (110) SRR ZH8E L FAFRES, =593 HAADF
PIRIUESE | SISFISESF AAFAERIX AHAE . A\ Ta I VE SR LB M B 70 i, Tt SBOTR EF 04, 1
STy FEARAN y RO BVA SR ROR, AN R 2 PRI T W ARG A AR AR & . IR BRI R IL R, (6%
FESEIN Ta )& FE I B8 00 7 (0 v T e AL 1 RE
C04-P12
An insight into Mn substitution for Ni about the structure stability and mechanical properties in Sanicro 25

austenitic heat-resistant steel by first-principles
Shengli Gong*
Lanzhou University of Technology

With the development of society, people's demand for electricity is increasing day by day, and the discharge
of pollutants is also increasing sharply, which leads to the acceleration of environmental pollution. The
development of power industry in the direction of high efficiency and cleanliness has become a key issue. Sanicro
25 austenitic heat-resistant steel developed by Sandvik Company in Sweden on the basis of NF709 is expected to
become a new generation of austenitic heat-resistant steel for ultra-supercritical thermal power units at 630~650°C
due to its excellent structural stability and high-temperature mechanical properties. There are many kinds of alloy
elements, among which the content of rare precious metal Ni is high. In order to reduce the cost, we use the
first-principles calculation method to simulate the reduction of Ni in Sanicro 25 austenitic heat-resistant steel,
build a basic model based on the main element Fe-Cr-Ni system, and study the influence of Mn on its structural
stability and mechanical properties from the atomic scale. The calculation results of formation energy, binding
energy and Gibbs free energy show that the structural stability of Sanicro 25 austenitic heat-resistant steel is still
good after Mn is used instead of Ni, and the structural stability is even better at 630~650°C. By analyzing the
electronic properties, it was found that the system showed good thermal stability after a certain amount of Mn was
substituted. The elastic modulus analysis shows that the compressive strength of the system is improved after
substitution, and the stiffness of the corresponding materials changes in different degrees. With the increase of
strain, the tensile stress of each system increases first and then decreases. In a word, it is feasible to replace Ni
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with Mn in Fe-Cr-Ni system, which is an important method to save Ni in the field of Sanicro 25 austenitic
heat-resistant steel.

C04-P13

X RER T RESSHWIMRIE S 1T AR
AR A W BRR S W@ kOl s
1. Kb K%
2. PERR: B 4R B 5B
3. TINREE
BRAIL B R A SR RN R AIHLIRE I (A% O R, TR IR I AR 75 2K 52 B2 4% IR R - A I A A8
HAER . 545570, SBHUIE S (TMP) [R5t s B2 5 N ARG R, RERAF AR A & R IRIZAT A .
AHIE TR X 55 AL B IR A 4, E 400-1000 T 155 [X 8], T Ji S AR 42 i) [ AR S LR 57 (OP-TMF)
SEES, XPECEFTE T & Ta 576 Ta G &MWL F7 T AT RINLH . S50 KW, & Ta & &M RNIE S
FEam N, FFRILH T R PURAR AR fE 1 S AR B BB M A R A
W BT R, IAPG G RSO T RINEWE, THREE T INETT My, MR A .
{H 0Ta &< 3 B INE7 3 FE B R B 28 o RV 28 S g g o DO AL 2R Fe 3R W, Ta BOUS {2 1 (Ti, Cr)TaOs
W B A B RG FE0H] T N2 AROsIIHAL, & T A& MPTEERE, mrReImI L E. & Ta
GBIV REETE /N BEHE S pmEHS, AT RESETRE, EERSGEEGHAY .
AL, & Ta G CAMERINEHERN (TCP) i, RUEBIRLT TCP IRZ S R, Xt tA
FIFZH .
AT B W] T Ta Jo 300 5 i AU 57 45003 A E AL, R R B il S () & e et
fit 7SI S R S .
C04-P14
K Inconel 718 A& y"HIEB I HAT AR
. xR
PN TN
y"AH R H AR (1) A& B AR R AL RI 248 AT Hh 30 77 %%, 48 Inconel 718 & 4 HL 41t = () el IR A5 124 i
AR R . SR, " AH BT R RS0 2 52 A0 8 FIEEYE AR T ) 520 o Inconel 718 & 4 — MK
FBOE . FLHI S IN T TR, IR 5 2 W B3R S0 i y7 Bk . BRlt, 48738 51
YHAE SN BRI 2R, S ARL IS E R E L, ik, AW M TIASE T Inconel 718 & 4R
YA BI AR SR AR, Rt — DRI R A SR ML . B SEXT Inconel 718 & & ATAFLIN T, MEE#HMTE
FEIS AL, JEE TEM. EBSD SEH AL v AHHT H TR0 S AH SO ZH 2P AR e AR, 75 H DU R S5 18t (1)
A FLA LSS y AR 208, RIA 40 3 B AR AR A 50 2 BRI ASE R ()R 5L TE S8
Inconel 718 &<+ B A& AR K B AfkiAE 75 & v AHAES 508 HH 1) 2 BEAE IR 3% IR Se g SRR 1 BT 5
LI FCC-y h i e AR 2 83 ARk AR S8 s S AL
C04-P15
— P R SR A S ISR B B R E AT T
BFW AR FEEL ERL FRHC. K
1 rh R 4 B FC T B 45 S bR AT O
2. HERPERAR KRR S TR b
Hoghmin A N A S ER OIS, A e, M R . A SCLAEE AR A
B iR A 4 CMSX-4 B FERT G, W FE 1 — Fhds il B 4f i O A [m] 2 b 732, JF 48R 1 H AR
U 7] 5 [00L] B [l 22 /N T~ 59 CMSX-4 H i, il £ ©5x8mm [ [FEAEFE, 5l Im) 4674 3%
WG (GEInA BT E<1%) , @ ZWEMERRIN AR AFEETHE G, #1720
IR IRI S RAb B, f Jo I8 AR AR BEPEAL P45 b 15 00 o B[R] B B BRAIE PA DL 2~5 °C/min B8 ZE )\ 1000~
1100 °CF+iE % 1260~1290 °C, B 5 4¥4 % 1000~1100 °C.
SERR, A A E B E G T RS S . A ERKEIERT, i —IR. ZIRIEHEIR

>
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POCERS, PSSR RIECE G, S = IKIEA R E A, REE R R W B A . B
N9, PEPR R ) P A S AL 2 BRI A DT T R B R AR AR v A KN B o A AL . (&3
o] 5 FAKCBEREAE AV AR IR EBAT RIS 7 A R K AN e, A AR T R . TR IRTE
Wy AEER VA AR T EE I T A RN ZE RS ML B K, B BRI AR R . RIS
y WEY RIEIHAEIZE, TR . SR, AR AR, TR RS FIALET, T KR
FEAC s SR 7. T H, BRI R RS y AR IR B R e VAR, AR EII R, TR 15 2
Al o AINRST y AR, TRRST y/AH & EREIE A RECE N . S ZIE B3 21 50 A0 R RSE y/AH,  w] REAi|
N ERFRIES), A R LS o AW ROANU KSR i Fr P AR B Sl A 4 ) P 45 A A2 i
FRpt T AR SRR
C04-P16

e GW BB A THEME KM A RE LR RESSREN T N KRR 1E

BAKL ZETCL HEF TS KE2 ZE
L AERURHERS: 34 Jm bl 4 [ 2 5 S &
2. PERFEBE BT AT wiE g MR T 730

AR ACHIREE T IRAR A B 5, Wy B JIRAR A A AR AR 1 A M AVP AL I 2 M DA SIZ I e i -
R R AR T T A R A Ay ASHIE AL DL — AL AR B R S S A AN G, e P AR A T e AR
£ 900 °C NI J& T ANE M. /) (38-250 MPa) Al [d] (1000-12000 h) [FifFEAS I scat, RGME T SLih 4
f-BHRSE (YHERSE BHHRE v @E S FEORSE. [R5 TG th 2R R e 2 1
T %W Graham-Walles (GW) #5584, @37 T 1& FH T KR F AT AY . e, FR TG ZEIGEAL
T RGO AN THZEMZE (ANND BEERSR TG & R R IR i dr . 251K 21E GW BLHY
R B TR 05 AR R S G IR B B R AN [R]OC R, KBS ) B R B VARG E ;. ANN BEAYiE T
NS S LA, A] R FE TG AR N /) (R=20.96) AINAF (R20.98) , IiEsei BonfRH
A TR B S AW AR T RNLIE A RHIRAR AR 7 B AL VP AL (5 RBE T HESE, RREAR SR B T T
TR J:Aith o
C04-P17

IRSRIEGSAM RN TR AL : TN SRR S GH3539 A& H 4 miAELH]

wHT Y OATEL EHE kL EHSN AmEN ELFE!
1. hE B & R BT T T
2. hEB AR K

TEAFRBRIRIA R FEE 5, KRR A IE AL R G OO SEIL AR RS B bR A% O
FAREAE . MRS TAERE RN 800°CHRIMERT, 15 EhIREEXT S5 M PRI H v T 56 B - T 4 26 85 Toh- A b L bk
S = E I ESRAL MR B SR . AR R AR Hastelloy N & 4 1EMR i #4110 & 3 v PR g 2R 3L
MUk, FETASRITESSHERTRDFRBRAER (W>20 wt.%) , SIS 7 EEEIT GH3539 44
R EXE W S ESFERIM™E R M AN T RS, $2 TR - b B B R 58
% T ZREFRMEEARS TR ZBET BERE T, 5IATRIE L (BRE<I15%) , 7S04
SREE AL, RS IMAT A -T BOA L2 S R ST Y . SaG R BH . TAR T P AL (AT AL I 48 A e R B 22
PRBUOEIE , 45403 SACINE], H] SRR s A MEC BRAVIZ AR 5 5V R kH 5 - FE AT SR WL A
P RS 1. 2pum 040 E 0.8um, $RTFE AL AR, BRI @it SRR AR AN T,
£ 1200°C/1s™ ST 3513 84.6%MENAS T4 SR . %7 AT B TR o i S 6 b i, 4R & 41413
SIVE. AW T T B IE R - G- R I 5 2 ROBE ORI ZY , SRSt e iR Fl R G0 G B el f B
PR TR A T FrE .
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C04-P18
BOLR RIRIERLRIE GH4099 FiR & S MM A RN 77 88 [ F R 52
BB AEE. IR pEEN F-w’
1. P Tk K2
2. TR RBHLARA A

GH4099 =il &4 7E 900 °CUA MK HHIRA 261 T R I L 5 IR RE,  ZEML 25 i R i s 4 i rh A
BN FAE - WOEK R R IE L (LPBP) 1R A BLT IS I B, N E I EE i E i & 3t T R o i &,
R IR 2 B0 0 & e M T BUMOR 4 23 5 0 35 2% ) e 1k o AR SR I i B TS RGEALAL T GH4099 =il &
&M LPBF JE T2, HIRARN T & & H A S ) Re s 1 NS . SEIRgh SRR, Wt
R AME A KRG N, SN IRB KR . SRKCER S, FE R T 45 A dok AR
K, Bl T K&y, RAFERRIUNHER SRS S RS IRE . R TSR RGO E ST R
FERAELESN, THREIE v AR 5T LA IS S A W R A i i 2 iR A 1 AR K 55
T T, RS RAY . A S IR R R A N R I AN [F (AR AL, 2R SRV SR
KA 4L T S m TR AR )T . A SO RIS IR G mR A A 1) S R R AL S AR
C04-P19

ODS 584k INCONEL 718 &4 Y-Al-O #IEAL A AL LI A
k. Fo. x| RK*
RER MRS TR

BT TN Y03 %) INCONEL 718 #3E mi A S H AR . AHASAN ) 22 RE MR o Jdict =y REBR S |
PRI B ATRAE K Y,05 90K BTki 1Y 5070855 INCONEL 718 Jeikr, x Bt H FREE (XPS) FliF4t
B SisE (TEM) &M, Y05 AR EAEM, TERRST/NT 10 nm [ Y-AI-O Bk, fEkess
FIEEAFEE G, P REAEERAE T EL YAH (N7 YAIOs) #2458 YAM AR Y,ALO) o
hn 0.5 Wt.%[H) Y05 & e 1R ARIRE (= 1403 MPa,  650°C 1124 MPa) FIARFRPiH 58, X2EHT
e AL A AR SR AL S L BT 2R, R Y05 (0.8 wt%) & FEUSRIAIE, N5
RilalEE, FARAEfETE. S5ARB2400 INCONEL 718 MHELES, Y0545 243 FE BT O LB H 41 /N0 &5 B 28 b
o STl IEERAESE T YAM I3 2eRae e, SR R—80 X TAE MR A T m il v A 4
fe Yotk INCONEL 718 & 444t 1 8 B i) LA .
C04-P20

HRESPRENRETRST A AR
@ TELEN WEH L BEARL FERC
L ERE (s BIAER R AR
2. [ 3@ P A UAE B4 2 7

ER A &R R ER. SR EE IS R R ) A e A R e i & B AR, &
TR T RN BREHL 2 S Lolis. A SCZRAR T Eni G & 24 o 2= & skl 0 7 dr
Tk, BIEETFREOEEE (AAS) | HBFE G TR T RS 6L (ICP-0ES) « HUBR G S E T
MR RE (ICP-MS). X S 566IEE (XRP) « Y E R IHEIEE . M g% (GD-MS)
BoeE S 6L (LIBS) &, WA T E N AMRAEY) R AFRAERE S B0IR . A d T E RS E
(03 G R B FEBARFOALER £, HARDT T2 U R i 3s o iR & A2 o o dbadt B BT AR,
DAL HAL 2L, AR BTN o LR AR HEA) o AARAERE S R R DDA ], 6 B T AR R 2 b 7
EHR BT N, R 2 POEAR I AT 3K 2 A BRI AT BE AL R A R AR R AR 3 v
BAESTCE NP EET W, M EME R AR S PR AL T nT SR SRR
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C04-P21
ETRBESLREK CoNi ZFEAETEEAMA
Z 5+t Jeffrey M. Wheeler®. %0k 3. 24 ¢ 3 Gl
1 MPRRlE 5 TR, R
2. PRSI, SRR T 2B
3. JLSCPPRHE R TR E R R AUE L, F e BRI E R E A, ALsRH
S B EY BE U AR EAK RIRERE S T WL Ti Al Ta X Co-20Ni-7AI-8W-4Ti-1Ta & 44141
R PN 22 1 B B RENR o 1 5, B B2 J0 T SEIL T ORI 4 25 1H] - Wl 2~8 at.%, Ti 9 4~10 at.%,
Ta N 1~5 at.%. FfELE RV R EL S, S SEM. EPMA FISERG0K IR, PRI e g ST
HEMI WA LRFN IR M EA IR Hd, SRR IR 53 & T R YoK R IRl
WIEE, PR SN RE LR A, mT DAPSEN E [F]— s AN A X3k 77 22 1 Re, AR TAE L3R A 22801
AR IR IR B G . 28R R, Ta dESEBITZ 3.6 at %I smZ ULt o AHMHT L, 70 Ti AT W ) B )
SrliE T 10 18 at.%. W Xt T4ERE i y/AH & Bkl e, HRE Ta Ml Tie H—J7m, B =&
S EF, W EAREENRWIE, et R ERE G SMEMEARE, HIKE Ta, AE2 Ti. K,
YT W yAHRS SV R A e I 3 TTER, 7E CoNi JE R &4 h BOZ & B W. 55, Y=
BN E TR VE ], DASEIAIRES By A AR R SR SR G I RE
C04-P22
ET Y% MBI ER S SR TR
XM, E)TE S kAL Wk 25 HAeHE S
1. & KRE
2. JL BRI AL B
3. VU B A R SR A
FR A SR RE B AR T R 2, WERR VPR . AR % R oA o FL AR N Tk e (I RE A, f
L HIR T 2B SR H B (LGN T8 3 B TR 5N AR R, 7R AT M e R 461 R
(1) AR B SN AFAE — E IR BRI . A S AR L iR & 4 GHALAL AR I G, #IEE T R REBS 45 A 5 iR
FE BRI R K N AR BRI AL AR 2 ) BOin THERETIAR S . 7EQCIERE b, HE— D4 G ARMTTRE. =4E#k
I B RO S A, AL T — MRS TN %, D E A s L T2 W . A
RO, BTN A ROU 2 2R AR a3 5 S 5 R s — 3. AT 4 (DRX) BES IR T (p
RRF A, HPE IR S AR AR g, (AR, (ERR S AR AT,
MRS RERE R, RS 4GP (ASB) JERL, IR DRX F2ES  (H E IR A1
. A AN YRR TN SR A R A, AW TR A R AR TE ST A 3R R 5 9 R AR X
oA X FEA T DO AT BRI U X3, S GHA141 &4 S IA T 2wt ie gt 7
HRR R4 AR TR S

C04-P23
BRI X 22 B0 CT EERE S SHRATE M B
R
BBl K%

BEE R S M RHERTE . IR, B LS SCHAURMN A, fEmiR . RIRA R I N S IR 2%
XS AR R IR A BT BRI R AR S 3T AT . ERAL . BUr R AT T, BONTEAY
P AR AR P S R AR TN 36 2 3 i 4 B B2 S UG T B BT X G2k o R U ATH ALY E T4 (CT) 1R,
25 ORI B 42 ) e S OBz ), P SE ISR SRR AR 1) S T R o i3 e 5 vl AR
IR . gk i CRL/ /25 thR 7)) » M-I E R4, SHE SR B IGERAE LK
ofdiy BT AR R TOL T SR G MBS BRI BN CT MR MomiRicAEE X 42 & flalfr
CT & MBI, R KSR T B A AT RHE IR S 00N B T S PR AT 22 421k
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Mar-M247 RFIEETH (<500h) S5KHH (K& 10000h) EMATAERSIT
&L AR B2
1. o R P A BT 5
2. hEB A
Mar-M247 55185t 830k i 6 4 R B ) sl 0 22 Ve Re s T T 2 S2 AR o AW LI Ay 0 3 1
SRTAT,  CAE iR A IR T 1K AR M R AR R A 2 s AT I R R 3% . Ak, ARSCRGEHF T T
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P IAEAAT . WFFLRB:  800-950°C, 500h %4k )5, Mar-M247 1 Mar-M247LC E b8 112 &5 &
2RI, SEALOE BE 4> W 327.7 kdimol F1 281.4 ki/mol. AR AR K Bl o't Ay S
BRIb 2 Ak, SR EI5AAZ T B S AR , HEN AT B T 386 5 S A I8 5 A4 (1) B 6 1k KBt i e,
FEATAE 2000 /NI, SEALED F7 28R I 2R A, ISR HL “n” = 3.29, Lk id %5 H Kp = 1.39 <107
mg? em™ h'. LR EPA = 245 SN2 EEH NIO. Cr05. TiO, Ml NiCr,0, R A 2HEG: HIaE S
££ WO3 (NiWO,)  TiO, Al Ta,05 (CrTaOs) ; WENIAZELEN ALO; =, fHAFE R Z, %k 2000 /N
i, BAEHERAERTE. FEFBZENAS EEOKES D ST E, 3 S nE 750 (i WO,)
HER . BEFLRI, A (<500n) 5K (KX 10000h) 17 AR 25 MR
()4 2 ) 71 5 R B B AL Z T BORRRAE , T A 42000 T A B 25010 )2 3098 A ER LG 51 O R4 e M 8 AL )
(40 WOz iRk, FEURS IR RIUTAE N | R &S iR N AR R R0 R fit
TEZM LM, RHRE AL S IR AU G 4 B TR A B B
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MELENB =REELREEREFEHARKREBEIRN ET R W
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B AN AR SRR R ) IR AR SIS, 456 28 — 1 S BT AN o R A S AL, R T C A B 7E AR S
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PR SN A R, BN AN C B B AT ZE 7K B S i SRR R4 1, T 200ppmC+150ppmB & & i
Ina] DIOKs & SRR A 20T H B[R] REZR 28 200 /N o @ S FHREME IS R B R, C 5 B 78 M i SR (e it
THEBTCRE TAER A IMEE, S ORI MR . &8RN AR SLIG a5 MR FAMR
I TG & C Bk B SHRREIG AL 4 A 42 714 IR, 17 200ppmC+150ppmB 5 4 78 Al 745 A HE K 1 48 75 iy 28 40h,
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PEJFH T EOR S e RS K, C. B ST RIE TS AR A E e, H C. B
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G, BEHE T YRR, ZAE SR AR RCE R T AR ER GH3625 A4, XSG S
MIAPKEE A G BbAh, BIRAA GAE 705 CCIHMTRE A REMIA G, SRR T 40/ MagKaEf, X5
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BT 5B WA
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TR, WET @A, FESFUCEIGN, R EFERE SRS EREE SIRBE. #n TR
ferERe, FHREEIRANETERAE . KREMARPM S EMLT 1ppm B EEWRKIE -G & MR, @i
M5 &R ) ST OS2 H BT R A5 s i Nz — o ASCLL CaO il M A 0 5, K FIR B
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B, Hrdr Al 5 CaO N A KA ) xCaO yALO; A, A% S ik SN () e i, 1 HE, Ti & Ta
L CaO WA REIZS =), PGS A L. PR (MR8 CaO (1Bt s B S Th A2 AN 58 3 i i A%,
REE R e 56 SRR AE MR L. A T R i) 24 AR AR 2 SR & S 3R 1 T BRSPS #R R
C04-P28
] VA b B — PR BT R R & & BN R R h i M RE IS
AEEFE ESH Y GRS EES wEk Y. HAeE
L AL RURBT R AR R A R A A
2. VU JIARBIT et s A R T4 8
3. RALKZE ek
AL SEI A SR A REARAL () B BT B . NSO AT 1 BV IR BE B HLvA 1 7 206 — PR IR T vE v
M i B S PR A SRR RE IO R o [ A IR B S R A T y A AR ] R R, 4 [
VIR FE B y A AR T, P ok R AR TR K. B ET T AT BT S, [ A SRR AT
GHA>Z > |, v AT M23C6 Brid) i A FIFEBERAL, JoH AL E o [ IR R 2 v #077 200
LA B PR 52 0 B L T e T AR AR B R, JCH iR B W REVA PR (KT y AR DD Bhr s B2
AEME SR TR EE A GET y MR o s I AR 0 R [ [ 97 4 18 P S 3R %
R, T IR B R S o REL i ZH R 00 R A 1 RS2 VA P s I R L A R 2R TR R X S50
AR 7 1IN Aty A7) ST G SIE VA Ll MBI s 3 0 ) AN i b SR EEB w7 N R E .Y AN N R E s
Jo RS R ST IS SR s b AR e e, iR R SRS s AN v] 2
C04-P29
FA R RES R BRI RERE S SR VIE SRR
XL R BRERE. AEL 2N Eadl Hik!
IS |3 Iy N i X e AT o8 R e e ot
2. ALE RS PORIIR R St b gt MR R S T 9T
fm I IR R BRI S5 A 520 22 & & A UBC P RE AN T P B A B 2[R 22 . Inconel 718 B4 =i & & HA L
S iR, H A A B S A i I R F B T B MR o 52 &0 SRR W AR 8 A0AT ot s
PRI PR e MEE ], DRI & &) 2 N BB, R A A 8238 B 1 B (ETEMD Xt
Inconel 718 &4 AN i R IR EAAT NIHEAT T RGWE . 45 BB, WA RIPUE AL TEBE 5 AL 68 B 1 PRI
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M. &R S SR AR e BOEE, RO ™= IREA . 285 FH0H T Ay 8, RME R
AN 2R T 2 i E & AN, vt m 2 R B SR AL T LR
C04-P30
REEN—MRREERERESSARERIIEH
x| 3 *
ALk
XUSCHR Y2, fEBhE 2%, L, Dgum e
VRAERE: MRl E TR, 0T PERH 110819
2eh BB SR BT AT BT PPRLS 2 AP B 5200, T JRFH 120016
S i 2 5 QUHPRIIE F bty CRIERREBE SR 3T YhFH 110016

ik (C REREEREGESTEENMETR, HEEMM/NETRIER I FERIEEER . A3
W T C & xf — Rl BB iR & 4 GHAT50 WAL 2VR1 ) MERE RIS 45 R W, 24 C M 0.02 wt.%
4% 0.04 wt.%, FHEINE] 0.08 wt.%, MC BRI & =mACF RS, HEmET LA, M
iR A~35um FEAREI~3Tum, FHFEICEI~22pm. Bl C & Thm, ZIRA 750°CHr {5 5 2 I 53 5 5
[Py, A RS 2 A . RPN EE R A EE B DR, X R AT HAE A
B, 55 KB BE AR T 2 o BER AL R AR 3N, 7ok T K & BG4 £ 38 3 14 L
REFIZ B Z BIKPE ), S SRS T [FT, SR L A MR SO DU S 3R, AR T B 14 & .
SR A RS R, (M HE 2 3) ] MC b ) SRR M A 0 B &G RIS, SRR, 5
FARBE, EAMMBIIIER T, B MC B B RITEL S 8 RS BT R 8 750°CH T iR
() J5 R WA BT AN TR] s £E 0.02C &4, AHAR SmoRLil 2 4 IR T AH Z2 50K, AR TERR BEAS [F) S 80 S AL ) B,
DAV R A £ 1E 0.04C A&, MRS R 1K, WBAREGII, ZEHFUEANEIZE) 1R
3, JGfEATEEFERN, MIMAISRESE S . 0.08C &4, Mm% Fr A IR RIACEE M 2200 A Bk
VAL ZER, 3 U TR DL B AR S VR T % . 4t 750 <C/320MPa i A8 75 vl C 5 5 (138 im L ] P41
KHBE TR SRR & T Puis At fe . BEE DS BN, SR RSTIRDN, &SR AT RRAEETE 2 1
FLIFRAFR SRR PG EAL i, XAR TSR W Gy, RAHEERNAPIERE. miRh kel &
UEAR TR RE, A FURA E 1208 B =R A 4 GHATS0 [ HEk & & 0.04 wt.%.
C04-P31

Y TEXN—MRKE R REASESSWER TR RS
Xl e EEHL FEEL OAME L WEL EHS K@Y
L OMPRRLE S TREER hERRE AR
2. FIRAMIMRIIT S E oh ERR R 4 0T S

B il A e PR EE Rt B AR, e P ITEE TR SRR SR AR R RN, S B R
JiE. ACLA—FhE (C &8E2) 0.12~0.18wt.%) HIE 55 Sk &4 DD26 NI Fixt 4, Xf Lt 58 7 ANH
Y SEYPSG & SIER G RNAT N, R T SR EAE ST Y TTRS S R R S ORI . 25
REW: mY (5wt &&F, Y5 Al nRZRHERINRE, S585EH0 Si0, 5 ALO; KA R N AE K
Y,0; 508 Al,Os, Y035 ALO; 44l ) B A AR YIAN R T LL I EREREC; B Y B&IK (0.2wt.%) , 7=
) Y,03 5 ALO; I FERL, MRIKAAL Y4ALOg. YAIO; Al Y3AIsO; 24 Y H#E—B/b> (0.002wt.%) , 4
BT Y205 50, AEEKE =) AlLOs 5EATHFE, TRARIIF“H) Al,O3 5 Y3AIsO, 3547; 4 Y BEIKE] 1ppm LR
I T S N AN A ALOs. il A& S BRI C T RIFREES S Y o R 5 W & AU 5% 18] 1 A 1 [ M,
MR G IN & a- R Z B RS, FBICT Y S50 RN S & TR, k7 Sk RN
B AR B i B 4 0 T B P2 () SR TR SN 3 v B A 3R THD R A T B ki
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C04-P32
Ha T B A A X L RR R E N i SR A & MR R R R RE IS
G te MR KTH A EAES gk
1. Kb K%
2. ERL B 4R B T
57 0 2 B R I R B RO R — . (R I I G OR RS R, AT e
SR TR TR A IAAERIR T yy HA s e, 0 51 RASTEA AT, s T 9 55 e
o AHIETEHE T XOF i 5 B EBEAR, )28 1 i S A7 73930 5 20 TR RS 00 il & 4 o (IR 55
MR (980 °C/£0.3%) KU, SR MG K FEE &0 57 oy RO BN e & S AG & 01E
WIS B 209 A 41 5 5. EAFERENE, BRI M A SRS AR R — 8 GE
RIMFLIFD , (HFE ST AN, RE0ES &AM RE 4R, Ry R i g S A IR &
B A, EAPEREE TRy R, Mg 7 AR MEHSS TR, 58 5MAMNE
S, & 209 A S &ML BN S) . S SR IZ S M BEASAE FH I 5, S 200 & S 11
AL K 0. SR BB AL R T AT RO M T B AL A 2R, BRI R B S
C04-P33
a2 S RAE M G BB R R G &
B2 HAED, R 24HE
1. R B S R BT T
2. thEB AR K
3. Fdbk
BT HMENE (AM) 825 SR A &0 A7 R R SUBURYE Ry =R ) AR SR S ) 8, B 9T
R A DT E S mIBESLIR SHLAE 2] (ML) BOR, M R miil-PE e 5 F--mi 7 A" 4 B 25 i 7 44
R, BIERMAESE SR i 5 nl 7 k0 A AU PR ) . AT 78 DL RLBE 438 BT K 1) ZGH451 &
SN, RO E MEERDIR (LDED) T2 RS T Ko -2H 23V RE ST o 1 ik & 5200 = 1l
455 Thermo-Calc/IMatPro #JJ 5 HE S5 R, @ LM TG & FARIE SR & &M 2 4e 8 (R4t
BURME-H SRS o T IZEER VI ZRBEN AR AR, eSSBS R A SR RS RS HE TN . 3E
—35iEid LDED |4 TiAl B EERES, 454 SEM & BRAE YA SH. 4 IR K 9K R IR X
REM, MR- -PERERR T 6 2R . B RS ML TN 5 i i SR B0 B0AIE ,  SEI-A 4 LA 1 13 )
et
A TEE T 2SI R A R A T LGB TS, i PR A B R Rz A Re 7T, g
E S5IIFERIASE 28 (R 2059 0.96 5 0.81. SHAP 4FfEEE MM Ti. Al. C. B X 24k
MR R, HAR TR N Re>SW>Cr>Mo>Ta>Co. UL Tiv Al TZE 9, #1417 TiAl BB
FE it I TOR S5 AR M S P ERe N, 3R19 T E B SE (AR 4 J7 R B3 RS
FRIYRERE, ZHAE T TUAl RIS BRI 0] o b J5 3814807 -5 56 Y 8] 1 Rl 236 B v e, G
115 2[5 4 7E 900°C T SEHL 709 MPa+24 MPa [M$ihi 58 E 5 28%4. 5% I ZE(H 2, 5 FE - B M B[R] 2500 ¥
ZMT AR HESRIE S 4. T Larson-Miller ZH3RH TN B IER LMPe" 251, 2Bl £ M R
FE A T EEAERER A — LT e . B 248 M AL R SRR AL B 4 i, A FE A R A R B TR AR 7R A7 A8
XIS UEKE BEIA 0.96. FFAMERE T A BYS0IE S5 AR B ATk = He B ARRLSUBURIE S mFF A Be 13
MG EFIR A S, 22 At &4 (ZGH450) J12EhREfeigia 38— K. AT
AL ML IRBRER AL & S wrE s, R BRRI M ) 1E R AUUR M R T & SRR R R 4t T RH 7%
WHESE, HAeFEMAAAN I ERESSIFRAA ZHHESR L.
C04-P34
—MERRRTEARBEEHASH CoNi ZREFRRESE
BEME. THEF* BE2E. DR, 45
Bet N2
TR I il G R T iR S I HE AP R BT O, AR TAE RGN R T —FioBi Y CoNi Jkip

il
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in A . IR 2 At E ST, R G S E M BRI R R T SR AR, IR TE PR
TR X — BRI RIS PR T 15 5 T B AR AR R R T IRy SRALAH DL AL [ T
R FERMAER, ZA41E 25T & 1050<T (19455 % 5 Vi Bl Y R B HE by s B e A A e . i 2
PERRINAR B A SR (25C) A ERE (PihiE=873.58MPa) St F WMt (3=
54.78% ) ; ££H il [X (750 950+ 1050 T) AN 4ERFH ¢ i 7 i 7K - (758.6 MPa. 653.12 MPa. 434.32MPa),
[E I B B EE A4S (43.9%. 24.32%. 31.62%) o WOV &5 FE M08 7~ FL Ik RO S0 1 A it 4 g ]
B AL IR T AR e e S PURLRE ). LRSS vy SHAR EAE R Ak, ARG
TARIEAREE WL S SRR A 2 RS S R AL o ARG SN T — RS PR BRI A ST AL i A St
TAERIZUR AL IAES N e H A sm T . S 2 S 05 2 R G BEAR (A A L
C04-P35
REFERE A S 4716CC2 MRERIF. BT AR EMALRHEL
FER. BFEY EXE. LAM. 540, 2AK. KF
WK L A e ST

HRILAETE iR A4 4716CC2 B RIFHI IR0 . PrmiRid 2 myraii St e, A FHIEMmA
BMLIE - Fr o ARSCWHEFE T 4716CC2 & & il PR AR ALAT R, 708 T A S AR 24 T B 2 R
AL, 5L, 4716CC2 A4 700 ~850 CH AR H AT & I ok A IR, S i
FERTH R, RS C I R R, (BT PR EtE s &4 7E 980 cCh i A B . B AR, (HI
PrhrsR N R . £ 700 °C N B RAR WLy SO0 iR, BEE IR T m . Wiy i o s R AR
RV, ZEOUH A X IR MC BUBRAL ] vy SE LA AS . 7E 980 T AEIN &M T, &40
el A W 2 5 AL LI o T R 2 SR TR AIE, B LTI, A e /MR AR AR N R . 2R
/NE] 150 MPa 1 120 MPa i}, yAHER N BUEEHEH N, OAHBESR (APB) F&A ALET X 28 I A K11 y'AH
AR BE A N B BRI /N o JE s RiAd AR T R R SR 7T, D JE SR G 4 i BT
PR A AL B ] 2 B A B AR
C04-P36

GH4169 §E7E 800°C/KZAS A T M RiR B AT A B B RSN AL
BEL, THER* BT EETWH. L4
AR RS TR

TEAERDR BARHESN R, A Resh ITEAT S R BIAURR SR AL 1) B2 2 3 ] R 45 ) SR C i TR 1)
A, SAARHE SN, SR G S TR SR K ST Rl ) R B R A R A e A AT T AR
FEIR A4 GHA169 X%, 1E 800 °C Fi#E4T 2 h. 10 h. 20 h /KZ&EJEhsess, 48 XRD. SEM. TEM
SETFBOHTIR =), ORAH L RS, PRI L. 250 3R, 800 °C/AKZAE R MG & &%k
JE AW, SMERN CrR0s )2 (HIEEH S Fe A4k , )20 TiO, Ml Cry0s E 41 TiCr0s J2. K
A DI e B ™ 5, A2 AR IR NiFe,04+ NBCrO,. TiNb,O; 5 CrOs IE &5, Ak, FEimdEikX
AR T AlLOS TUkL. JE N LEE 2 B, NbCrO, H1 NisNb & Nb 7t 54N 8K Cr T ERAE O, EFH R ARk,
FEH R EREE Cr X, ZSAHEsE Ti i 79 H4E R Tio,, 15 Nb,Os 47742 TiNb,O7. 800 °C/KZESH
Berb, Rl e BE I () S DR R 5 T, R R AT BRI AE I BYEUE Y CroOg 54k 2 BEAS SR M8 JE b ok %
FRARS, TR IS B JEg et AU 2 R IALIA, B A FH 1 55 2 BUR Mo 2= itk . %8 7808 GH4169 & 4 1E &l
RSB RPN ARG S, P TIRAEREHE SEe L il A Rt e, HEZ IR EERes) /13 &
FAR
C04-P37

ETRASBBIMARE 18R/ RS RSS2 MEEEAT A
W= Zx RANF. KR, FEY
ik

FRIRE SR T R RS R BRI S Fe HUAZ o i B 1, L) 8 B AR AR A A= 77 K2 < i L
RIBAKFRIEEAI . WASEAEE BB A (LMC) 5 R & i E ikt E AR (HRS) 3 f5 1L
b, REMIEEE R BEMLEE S E R E AT R R R o (RS SR A A E R E AR TR R IR
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JEEAofs P55 7 1 RN 28 5 e e KA v & R R R AR R A e ) OB I A T b, AR SR T T
BEJEWIMHAE (LMSC) B /A @ Mg HoAR, R 7B RS SR Sn B it T4
HI S v L P P 11 A e [ 2 . M L TR G R R (HRS) , LMSC & [l € [ 5 R AT DL
EPERAIREE, WA EINCR, KRS EERE, BT DOEATT Sn b & 1A 2055 B M
VTTIRERLFE . 18IS LMSC 5 [ ] 45 AR SR B S8 I 6t = iR & i BAT T, W e A SRR
BT LMSC (1952 ) 58 [ 13 AR AT DA SR 980/ e il B 4 — R B (B0 B, 4 y/AH s TR, 122 AR T DAY/ N 2% i o
EPEBRATE i, ST Rm AT, IS A LR G 1 RE
C04-P38
Ta XS E RS SH BB 1 F R M 5T
KIEP*. XXk, FHE. A& Kilk
W £ K27 v A ) v S0 5
AT RGN T Ta Je 5N B B AR I iR & S 0 K I A 3 1 R v (R L U AR D S M RE R S
I Ta &8558 0. 1.5. Awt%(K) & 42547 800°CHI 850°CHIK I # k55, K ILFEHE Ta & EAIHEN, ¢
FRARFR B BT, H y AR A OB K. fERER BRI, yHIESERN REE 2L, K
I 5% 58 J5 #57 NSL TRTEAR, HAE 850°CH#:FE I R HILIX A AR, HIEREAL Y vy L% MG, 4k
IRAE MR B, BlE R AR AR, A& R EREL, JREAET v RS KHISS T Orowan 384k, H
TERERFE 5 B R y AT IR D SR T, BT SR AR5 -
C04-P39
GH4720Li A& yHEERITBEIER T REZ S
WERER* T&E. FEB. 4
o R G SO 2 AL BT I
GHA720Li mhii &4 B BIF iRt REA K AL G Ra e 1, ol 2 B T2 b 25 R S LI iR e 1
SERLEE . ESZBRE AR, AEAEA Y GHAT20LI &4 B RIFIZ-a R, MERESSMmE, X
TR A B, FXTEERNHlS TERE THEENER. GH4T20LI &4H 1 v, FHIEE A6
GHA4720Li & 41 /1P REAR e e RIE A, AR SCUMBAS GHAT20LI & & N 70 &, BIFFT 1 NS [a] |
BT AN BES G SMEGSE ST v, MHPEEERERLS . 8557 KW: 78 1110°CT, BEEE
HIR R A A5 5 < BEAE I FA [B) A7 AR Ry, — Ky, MBORCH SRR R B A8, =Xy, M
PIRSHR N BRI HEHSEEMIBESAEERAE T HREM =X v, #MHAIIS. EBSD 451 E
TNy NI AS PR SRt vy, AHIRAL . ARBFFUEE ST TR (] AR SrES A T y, AR RIEGE:
PIEER R, N GHAT20LI & & BB H A P2t T HAR SCRPRIE S 4K 35
C04-P40
GH4720Li A& yHERITREIER T KR
WEER* T&E. FEB. 4
R 2 AL SO 2 AR BT I
GHA720Li s &4 B BRI iR v RE A KA G R e v, 1l i B TSR0 2 R S ML i ke 4t
L, ESEBRE AR, A Y GHAT20LI &4 Ff RIFIZ-a R, MEIRESSMmE, X
e A&, FUXESRHlS TR THESRER. GHAT20LI &48F1 v, MIEE AR X
GHA720Li &4 1 /125 1 REdL 3 o YEIEF , A SCUUBRAS GHAT20LI & & B Fi 0T &, A F 1 Ikt & |
AH T RS G SRS G ST y, MAREIRUEFERLS . 557 KRW: 76 1110°CT, #BEE4
IR A A5 5 A I B (R A7 J R iy, — Ky, MERSE AR AR R B B AR, =Xy, M
PIRSHR N B2 HEHSGEMIBEEAEERAE T HEHER =X v, AMHMAII%. EBSD 4515
TN, IINLAS EE FE SRt v, AHIRAL . ARBFFCEE ST TR (B AR . SrAS A R y, AR RIEGE:
MIERK R, N GHAT20LI & BB A rIhl & 52t TR AR RIS K4 -
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VIR HLURSIT GHAT20LI &4 /1 BE R
FEM. EER* EE. 24 B FEE Wan
R G SO A AL BT T B

X — IR YA S S A A R AL 2R 3 54 A AN ST R A SR =P ZUIRES N GHAT20LI & 41 dikE
SRR ARRAE LR S 22 M REREAT T oW, WA T A SUSIES B & & /1 E I RERIRE M, B S 0T 1
RV PNy AH 20 A A B S A SR A PERE IS . 5 SRR 18 SRR T 5 8 N SR A AH 3 A 4R A
FI&AET, AR y D AARHEA S & & PR % 5 680°C/830MPa T IMFFAMERE, HA—
Ry AE I R 23 A REAE A R, T30 49 X kit D s AU AR O o S B 2R R, TAEAS 625°C/730MPa i
AFPERER] 730°C/530MPa A MERER £ . TSI BARSR FE A A LUK, Hl A —Ik yH%
20, AFITFRARGNY R, Wik, BEHMGEHSMEHE 680°C/830MPa T B A H &I RF A B M.
C04-P42

B VTR ESUR B B R 451 LASEIL GH5188 iR & & R i F 127t
EE. TAE. JER. REEr FER. AR
FRIE T k2%

GH5188 A ik milt & S AE W AR & % T BRA R SRR, (ARG 125 5175 K ™ E
T A AR R, PR R BBV S iR . AR iE I TR DI EI S T DI i ——FE V)
HIERE (30-90 m/min) SYIHIARE (0.05-0.15 mm) HhFEVER ., RERAESNSTHLE M, HECFHR
~F9.8-12.7 um FIZHFMNES, [FIRTEREE 36-50 um [FAH &R, MR T XUREHAWRMAZ! . EBSD E&
ST, DA R (2.39510% m™?) [ 400 pm R (1.22x10% m?) RREAER, KD EE.
ZAHZLUE GH5188 7t 30 m/min. 0.15 mm &4 FHihisifEm 739 MPa # % 1214 MPa, 1% AFH 31.5%
A 87%; 7t 90 m/min. 0.15 mm AT, WPERAREHEE 96.8%. WL T UIHISE - A 21 -
J12EPEREMLET, AERT 30 m/min YIHIER 5 0.15 mm IR A AT AE B TR (0 [ IR s v, AR
G e T-a A — A b B A 7 T
C04-P43

Hf X} K4222 B &S A AN RRF AR
TREAN FxE. ABEL KRR’
1 ME RS, MERSES TS, ME 411100
2. HEHURACE PRI e, ek sl 45 MobE) 5 5200 %, JbBT 100095

K4222 44— P byt b R S 5l a5 18 iR & 4, W TSI RAWUMHLIE . TR 28,
S SRR R A o BE A L R BV R BT, X B SR R ) 2 R R T T S R
Hf (SR Rk e R, A S B &S LR R AR, REv MRS EEE A&
GV HE S DR E iR A R L 1R R T

AHF TR B A B RAR RIE R4 T HE S 240908 0 wt.%. 0.72 wt.% 1 1.5 wt.%[) K4222 &4, W5t
TAR Hf FER Ka222 &40 BMA SR L L miRFEAER . BFASREH, Hf SR Naefd
K4222 &4 (NisHfHy) JEih. S8UCE S, HE IINEN 0.72 wt.% R & 4 3L R AT bR, SR
WINEA 1.5 wt.% )& & A e/ & NisHF #H . B35 HE 55 M 0 wt. %34 in ] 0.72 wt.%F1 1.5 wt. %, K4222
B4 AE 899°C/172MPa 2644 T ISP A i N 51.7 h 3 0%) 104.1 h A1 160.9 h, EHEME —ERER T
o XFEARTF, Hf EINEE & MC BRI & &GN, ok, MC B E Hf &
BN KRN NFIRRRR, X R T IR B A A R, AR TR S S TR . W
RS, GE&EERR A SRR, R AL B A S v AR A D) E] yAH .
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C04-P44
POt X IE EHRE & R dohL R Bt
IR REEFL ORETL 24E
1. R} & AT
2. HEBHHEREARKE
TEE R M HE R, SR A7 A% ok AR K 1) — DA E AR AR U (PR AR, X — BRI 20 T P9
WOMZHZA 5 IR T RS BT UK e« AT 98 B Gl I OBk R IRERE (L-PBF) £0KR, FIH JLFAIAH
KL ESHHIH & “BRNRR . BifE, a2 YBHAYE <k S5, a7 HEE MK
WL . TR T — RIVAEBINE: (ERZFTEN SRR A, BB X3RN TR R T AR5 BRI B S iR &
Yo &I AER Ty A B RIAE F 2 s 0URt SRoRL IR A AR ) B AR R EE A . IO B B, MARHEO ZH 2
KegBiE — FhoRr ) S G A KL, X AE DT M DG B 7o b i R e 0. B8 TIOR8 1 o i e R R
W T 1S = 4ERt SR T R, FREE X Sz Br N ) B 7 R T 5 AN RMBUR A BE 1 2%t
PrifE SR o XTI TAE AR SR B TH AL T IRZIILAR, FHONBO R R IR b Ee AR th 5 1) 2 4L RS
I TE B T k.
C04-P45
AN R TR TIAl &8 %t
TP, BRRR. B, ZEEr
R TR
TiAl A 4 B % ARG Uam B & i B Ve R 1 55 R AP IR R, M R AIHLH F  BRAE AR . B y-TIAI
H ap-TizAl 22 B 24H 5 ) PST (polysynthetic twinned) TiAl 55, 78 5515 R 830 H AR FE AL A F 1% . SR 1T
Homrtk Re S AL TEAZ LG 2 (B 0% R AR B . ASHIF Fadst 43720 77 220, BRI T F I o7 485 A 4% T 2
] B2 775065 y-TiAVap-TisAl & & A8 AL R . WFFE R I, TERIUE R IR B 82 2] = PR R 4, 43
S y-TIAl 2R A A, B SR AR A DL o-TisAl H IR A7 48 . S B IR R0 Br £ 8, ST ix =Fh
KMEERE RS, a5 VIR A S RN ) Z IAFE A A G R, 12Kk Righ— P il 5 — P R Bt
BT XHEYEZRTBRIRUE . ZETIXFOC R, & T —Fsat etk TIAL & &Mk 5ng, I8 TR /) 76 B AH
i S 3 VIR ) 2 8 ) N2 57, 3% Rl BASIZEIL 2y B IR AT S8 DAL R E R 1 o D 1 3600 12 5 W& 7 S B
AR A R, X PST TiAl BT 7 WA, CASI NPIARZ (] 5 A 2 5, L W R R A R A 3R
B TH2) 300%, i IRGR B A H A IR R %, R BRI I N g i s n] SRR AR .
C04-P46
Pt-1r-Rh FiR A & MHREN 5 1% R A
TEML F4c HE ER T Bxel #HEXH
1. ZHEAREEIMEERERNKRNERAT, cEitsETRERRAR
2. BB EEMAR, e RIGest k4 & ph e =
Pt 2 S A & R AR S Pt S it B 5 g i e v, 7R 2 R Al IRA IR 858 i LA T Rl 1 2 FH i
5. Rh tm A armEbiE s, HS Ir ZRGFE R EE RSN, kPR & & 05
GERE. AL P-I-Rh 0GR FZ N AN SR, Wit IEHl& 7 =FAE Ir &0 Pt-Ir-10Rh &4, &
G T Ir EEAANAESEBMALR, FiRhE SRR K S IREAT AR . R RERY, &
SN AL T R BRAR VAR, HEE0E, TR . BE Ir SENEE, SRRSEEE A,
TS5, AEMME . Rh TRMIINEER A T AEMRE 58N, Eeii FEENR
BT A EMIEAT R R . BT N AT EIR, Rh AIERAE] Ir HAP PGSR R, fTHE 4
PrEaRE 1. FIRTE A FN Pt iR G S0 B 2R sl A S N B ot SRR AR 1 T BBk 4
HHEARIF.
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X HENBTFRIEBAERERESEREHTENS TP RN AT A
Eﬂi? 1,2,3‘ %-zz\z 1,2,3‘ ﬁ%%% 1,2,3‘ %% 1,2,3‘ i’?—% 1,2,3‘ F‘%—/L:ﬁ*l,zs
L E R AL SR T b
2. A PRGN 5 VR b 5 T A S s
3. R E S RS ORI 5 VR F A S 5
B EIRG SR MR M R, TR SR BRI e R 4 X HE8othrae
B (XPS) HMTERAEEN, FEEMERE. EEES, EUMAMESHES, SEERNTTERNMSTEER
Mo AWFFUERRT DD5. FGH96. GH4169 [ K447 VUFh LA 4, #A7 7 XPS e S M & 43R0 20
FhTC RN A 73 B 732
SHAAL: WIS RHE, BB (650 pm) L JEAE (40eV) . RS (10~30) RS H L
P i R
R TR (SRR A SHREERREE, #r 26 MUnRIISLREIS A
REARAEIE 2, VHRR G 3R A BRI I TR
TR R AL XPS ATk R0l @ BT 20 MOTERIIREN ST, XF AlL Mn. Co. Y %5
10 FhIC R TR HE PR<0.2 at%. ZHAR AL KAWL EACEN 150 A BLAb iR 2 500t 2l 2k
RO T = B MR AR TR, nIHE 28 SRS &5 A5 i R Sk .
C04-P48
Re JTRNME W/Cr FEREHRBRIRESESHSNMRRE MR
T—H. THEER* BEERE. BE. LAY
ik
/DB Re TTHR (2 wt.%) Xfm WICTr &8 (W>8 wt.%, Cr>8 wt.%) Ik miRa &nH s ket
F 725 BE R B LA R A . A SCAE— b WICT (W>8 wt.%, Cr>8 wt.%) JC Re FEREE B il &
SR, IMARFSER Re(1%-. 2%), XFHLHTTR Re JTCE R WICT & B & 485 A A HAL B A 21
I, JHRTT Re JLE A& WICT & & @ mimhi R Ve RE MG AR YERE L f] . 85K G Re
W0, ARG AR R ARV, 1IRe A& TEREEML, 2Re A& IRERL. HLGFMEE. Re
() ) N AR A W A5 5 B BT T R E IR A W ML R R AT . Re BUIRY HCRA A6 T R IT
e, OB EEEE . y AR EA RS SE, ERE R X . 8 Re (Iwt.%) RAGH TR E
PE, 2 e TCP AHMTHY, e tE TR, #VbI S & SocR miTFE B AR, (B E b . A8 N
A WICT & S i o i i 6 4 1 A 2R e MR AR e iR ot FE PR R 4
C04-P49
B EIR B E EE T GHA169 &4 W41 2R Wt 9%
2t g BB FAOKRS RmES EBE°
L E AR AL S AR T
2. PEAL Tk
3. WEEEAL T E TR IR A
GH4169 (Inconel 718) J&—M iz B T-HU S MR S mls b4 Canimfe . Fmas) FERIEITE
s il A4, LR RE R RO T O T T 2R MO A 2 . AW TR AT HBIE TR S 1) GHA169 &4,
SEA A BRI S SLIR IR UE , FEE T AET O R IR - R AR G AR, I R G5 H T A [R5 iR 5 (980
1060°C) FH455 s b (3:1-6:1) % 2H 2358 A8 [ 5200 o 235 SRR B« B A I P T vy, 37 7 45 An R P Wi 35 42 15 (>98%)
S FARFR s b, HIESI MR AR IR s MR 1020°CHT, @Rk AfAk . B5 e Kt —20
PEHEFSE &, 6:1 555 B iR~ IA 13um, H &R T VoAl 838 . AR el BUaE A 5 T 2R 44,
HIR T GHA169 &4 R T2 % 1 (1000-1020°C, 3:1-5:1) , AZHL A2 A s in b 1F vl 4
PEER TR A 7 BT
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E [ T R R RS B A R T
RWH L OKEL R R
1 dbs MR
2. P E MR AL SRR 9B

A1 23030 B AR R 2% R S R i e e 20 77k %e AR F S SR 5 i el e BE UG R B A4k, 3R
1T, ek 45 A SR PR S AR BT 1Y 0 17 5 1) g [ e 2 [ S T AN R 1k SR B . IR R, S BUsi A Bk
B 77 A R R T v o ASHITF 9 SR 5 E DZA06 il A S im0 I Fy I 7k 25 W) (PR S P g ), SR P 28 SR B2
SO AL RGN R AT () ProCAST 4 IR TR, 514N CT SZIRIRAEM LS & 1071, REWET 7 RHZE . #M S
3 2l 3 e A o B ) 4 ] T2 SO A T IR RS e R S U LR, TR AT B T T AN
Niyama 450k Fa gty 1 2% FE e ) LA A4 284 (R A T2 090 o TfF 9 s SR ol B Wl 5t [ 3 A SR
P ROERE, IR BT AE [ RS 224 SEI T BRAABREE A AT T e 1 e T Z ARk
DA K SR AA BRI A, B —E M TS H M.

C04-P51
Mo. W X —FilFERERR G SHEA KR M
WHEL T2 LHH2
1 P EBREHARKY: MRRRYS TR
2. hEB BRSBTS 2 S PR b

Mo Fil W 1N & e ot Btk o R, HECH & & B EmE S iR 12Erkee, R =& A
B N e 2 B R P R SmAR AL R AN I B . ASHIT 7T S — g R e AL R AR B R A 4, TR T
WAL TGE Moy W IR [R5 1 B LGS G 4 70 5 1 e % # AsE PE g el ) F 9

KWFFRAEFIFD Mo. W S-S EKF T (25at%. 35at%) , 2Bl E 7 =FME L& (Mo:W=1:0.
2.74:1. 0:1) , RGHEVTT Mo. W TR S EMECEN K iZE8 3 miR & 4 mii 1A R e i e . 92t
ZERFM: (1 Mo, W BB ER W & HIIE A BET T & S EARHERS R R FE 511 800°CH i & FFA
PERE . FRAEIRE T2 3.5 atvoW & &R AT R 653h, FIRIA e T 348%, Hoh i Jm AR 58 B 3 i
% 836MPa;  (2) fEZ5d 850°C/300h B FE )G, 3.5 atvW &4 800°CH iR AL SHiHsa K IH A
YERFAE 2020 5 736MPa; (3D SREESETHEPEIM: BB PRAC, MRHESET O SR, BEE W SR, B
FTHE Mo & &ML s R e GEf13>50%) , A NHRE W S-SR E R CEfE<2%) , H
&R SR SRR AW O ERS E T SN BRI L (4D RO ITER M, S fES &
G vy AL MC 2R . M23C6 B e . SEM RAERRBEE W Tt 5 & &2 X #1452
w, PMEST y AR BT g m, P RA i 65 nm 4H4k A 55 nm. £ 850°C/300h #1575 ib
G, — W 540 MC A AL B BUREEEREHNEHE (TCP) A —AEMTH (5 Rl 7 #r Es, Mo,
W TGERIEFRHES T EZRE T MC i A, o 3.5 atvow P35 & & b is 19.4%.

SRS R GO AR, A W OGRS s I R L 7 be g B Tty JR A ) [ i A R 6 2
B, FINMRITEEN v W GRS RINERDI &, XAy A7 AR B A R T gk, HoREsE
A B fE . (HBEE W ELE 38 = L& Mo ()& &b, fERAR AR i 2 i MC 5 38R S T b B
O Rer, SRS ST E N, B WE MC REEMIRTF, WENEELRETESERE W E
RAH 1 5 B
C04-P52

Ja AL FENT I X BOEIAA H S BT R B E R & S H R KRR BT T
. R 2HE
[ o 25 5 4 R W i

BEERGSEEMEIESET, FERIEZ . RRPIRER S, M™EHEPW 7244,
BRI A B — DR S S AR RE, 1T H RTIRER = 3E T IEA S RV T2 R, AR
& )& FITE R I B A )3 =i & 4 ZGHA01 AR 7T %R, KA SEM. EBSD il TEM &M 71 #A S5 # He A ]
T WO A S YRR . S5 I, SUTRAS ZGHA01 ML, AEEFRRD T EE8mMmMRe, %
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T HERN Sy, [EE G AR A 5], BVERROER T v MBS JEAEE 64
R BT, SRIE ISR R, FIR, 650°CLLK 900°C T HIHthi i 2 I3 e 1 31%. 29%7F1
50%, .t 900°C i) 2 77 =X B U RS VR L T R A TR & BT 2L, iR AR ) B RE AR RE S & T
400-500%, Wr 14 & AHATH, A FHARAEAELE /N BRI RIRL . AR S FE LG HZAMERE /5 1 ZGH401 &
0] DUEAE 2GR B ) B s M RE O A RS I M i L S B G &, NIR R I M HIE & 0 J5 Ab 3 T

ZBUE 1 A
C04-P53
LR (La. Ce) FEM Cu-Ni-Al &4 ALK SIF IR
)15
KA WA

A 2 N R A APENE TR s A vl kL, BRI R . A RE AN B
TEMUZ MR KRB IESIEAE T 2 TR . @0 Ni AL ALRIETS &R . miEfae it
Tl o @IS AL CEE+R RO HTH y'H (NIBAD o H oo 2 R HAL 22 M 5 v Uk 1 52 21 AT TR 4R
SERTZ N . KESLE AR, MbumisanT e E e &miratt. suRmhi:
FJj2ErERe. B, W tond Mo Tl geE =7, i —RERe &8s T, eba&smatt
RERIA Rogte, R &S Wit TB. La. Ce WA T LUME O, S &K 5Fi - w KL A
RAEY) (W1 La:0sy CeaSs) , BENFLBRAAEA, WATLIR, fEmEcsE. SE8EREEAET La. Ce
A ST ST, MRS, T RRE NSl A2, R B SR o 7 e 4 PR R St
600°CHRE 5h 5, RIEINF L ITE (Las Ce) ) Cu-Ni-Al & &80 LA ks e R & & IR i 4R
TF 10~20HV. AKiBid -T2 MR, Fit Cu-Ni-Al && B EN SR FAEIR. BT 3 F &4
RIEFERAIEH
C04-P54

WA A A HE RN —F B =R ERRA S AR 5 EMAR 5 J =R R
MAB R L. FERE. K. KeE
Hp [ R A B S R AL R

FARALEE = AR SR A SR T A I B S TR R, Rl S A i S R R R B
MERE, AW B EIRER B A5 N I A AL A A E 250 A 4 5 v B 2 22 e Re sz mapLal . 4y
IR 3 Bl VAP 78 G H R 1 5E i T & &S5 BT, WSS T i By S HESIIALI vy 3
My, FERIRIERAR RIS (brUES: HB 5195) S5 AGRIHTE (harES: HB5150) Wik 1
Ha i 760°CHIfFERE S 1100°C/137MPa FEAMERE . S5 3 b B9 AL 3 VA F1 s 200 5 — AR i = iR
G A inE I B MESAL y-y SRR LSRR, B R, MRS RO AR I B A AL
PR HE RGN, T RAE BN yAF RSN s A AR PR A HE X & 4 760°Chr {1 #E TG i 52
Wi, i [ AL B VA 2 FR NG 4 1100°C/137MPa F A ZF BN AHIE FE 25 A B T4 Bh 36 = AR iR
G E IR B RVEEE OCRE T 2 S8k, DSt B S T Re (0 A A VTR .
C04-P55

Bz EN —RERE R RFERAERA T IR RANSY BRI W5
FRL ZATL BEMHE DiE
S e E NI T vy A B
2. LEMEMRIIT ST ek R s bR R S

R R G R TR 55 I R AR 2 T BRI AL, 1 AR 2R i 2 5 M B 4 00 2 I R ) DG
K2 —o AP ZAVER R SR A SN RN G, R T 1100 °C-25 CCAN[FIAEFA B IR A #5555 S
5, BRI T IR ER A I 9 I FE v Ak A e O R IR G R IE ML 25K TR
SRR, T SR AR RS L R S 80 SR T W AR RSO R N R . R RIA SN
AT KREMARZRR, MR Z RS e RSN . A AP IR R, dpAREs
in i R RIM RO L — . #—B &M, TR KR S {1113<112>15 % RIS .
R AR, BT yAHIBEASIE ) S BOLE RN . 6Ah Co. Cr Al Re JG 2 752 fi 51 4k )
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R AR AR KRB « ASHEFT I 174 #0571 ARt AR 28 S 0 R T 8 e IR e E
NPT T AREREE B =R G G Ve B ST PR R AL IR e A AR AL T B SCHEE AR AR
C04-P56
R )5 € 7 GTD-111 REF R &S AR B Sh s
RUYHE. BRFE* BAE. ZFR. 528, KiF
WL K& il & & 7 T
GTD-111 £ SR A SR AR R SR ERE, HE2 R T & AV LImE Zh it . A SCEid i 7
BE (SEM) ZERAEJ7E, WL T W GTD-111 &4 M i 7E R Z) 12000 /N G HZR AR, DL IRARE
JEAE 982°C N hiff I RE S AHLA L A ORI IS R o FT A AT AR N WIVE T 2L, ZRSUIE e b ) R R A6 420
SHARAHLE, B R RAR N AR S B R BEE AR ) J5, R EERRAGAE A R AE WAL, v RS Bk
1E A BEIES; MC BRI 53 il = A2 T m AHFD M23C6 YRR o (ER I B 78 S il AT e AT A
FEARMG . B KL, AERAR RS TR BRI N ES, RS eSS Amat, R
REUHEM A D, I H A B I RN b . Xy MC BUBR R A i fa 7= n S
MC BYBRACIAH EEAE B SEAIC, W] LA R B AR A i B A0 Bl R 2 g by, el ZRAT 4, iR E B & fE
el B R RE .
C04-P57
FFEEREN—MFTRRGEEARRAECSARASHREWNTTA
MaE. KER*. EEY
bR
PR ER G S MK RS R, BRAETF 2 TSR RSN TERE. (H2 &SR T b
T BN IRBOGS R P A g1, v DR FH 78 ) Bk [ BOR AT DAV BR AR R iR S e i i 5, AT 5 2 ER
REREEESS, IRABESMEEE FTHASREEMEGES 1R . AU —ME RS LR e e &
JIREFR B, X EERIEF T [ AR XS & 2L A sE e, Rl i A R R R SRS, BRI T S
FERL A IR ook o B AN S B s R S AR AL . BT SRR i e b B T2, BENGE T
GG, BRI T YRR BT AR . IRTHRGEBRE, AT y AR e T, Haad
RS TEERINE, G VRS A SRR ERETE 760°Cik B WEAE, 11 HIELE 760°CH A% 5 &3 [FI 7, T 1100°C
KB, WiRAT AR NEYE MR AR o AHIF T O R R R B e iR A e OUL ZH 2 45 T DA SR T
PERETRAE T HORSCHF AR AR
C04-P58
A X R APl E SR pe it RE RIS
G2, SN SOk SN
1. ERFERE S BT, RFH, 110016
2. MEBFEEARKRY, S8, 23002
HAT, KT &I AR DT E St RE IR LB 5 Z RN R TE « A SCPA— R s ke sl &
ST R, R A A NER % 78 AR A 2R, BETT T SRR E R e RE B s . 25 SRR A
R @EAERMT, MG EniiE SRkt R B T m G4, SRR MU T, 3
Bn A AR JE G X 35 2 I ST IR T, A TA) B AR e X K B 2 3 vy TR T A R i X o 17 7 [
I B g I FAGE A X R IAES S BIRTE, B T RCAh AL B AR AR I RE M X AL, 76 d S B A B 1 58 %8
AR RAGE X s B FEIAA, PG X R TE & B T B i R 300, B A 1) I s 2 It fd 5
B X AR R . T i AR o R R, R S BT R U A S ARG RT VR, AT A
FEBE AT B R v TR AR IR B, 1S A B RGBT TE . HRETES . A NP E
B G R d S SR AR AR
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C04-P59
B SRR B P BE i SR AR AE
K gg >
TR L A PR
ER A MBI N TE TS R E. BISHiR. 158, EAMEIE S, 110X
W AR 2 I G A5 DRE SRR 1 2 SR TR AT ARG, BT DA R - [ e, CHERR NSRS
& I 14 A 5 LA B 2 TA) I R T 0 B AN B SRR AT 14> B AR AR SR B AL R i, i
& JB 1A &5 N ERIERAT N AT, BEAL T SR R U SR N LR & B A S A R ) AR TR K e iR R
e, BT T AR SR R R .
C04-P60
— MR RRESSFAIMNEBEFEAR
KEM BRAC OMAEAL KWAEL KEL FRAN KFL OK#EE Kibx'
L E R AL SR T B
2. KATSEU
G e B R SLIL SR IRAE ), W SRR S ENYUERMAITER (i Al T AR TER, FEH
ARPERCZE, BN KA23A G 4x. AT FLHE R A ORI R SR A8 1SRRI 4R (FEP-TIG) HARH T
K423A #51HFMENS .. MBESGAMEEER AR, FEP-TIG EAHUF MR S al IATE AR S SR IR . R
FA = A R AR IR AT B AR AN, BT JE 3 T0EEG, BILT FEP-TIG LRI TERAE. FIAL
HEH T BAEAR RGPS TR SO LR . BRI T 52 SR R AN A 2 AR s e ) g X (HAZ)D
h 2R RIS SRR B EE S T B X NigAL Ti) y' HIHHT DU RER (BMD H MysCe ALY
(RIAT H, AT SEI 1 4 X 1) 0 M R o A FONMEAR Bl A S PR ANE SR T — T SR, JFA K423A
G S FANE RN FL B e T HR At
C04-P61
Al. Cr, Ti% Ni-Cr-Co EFEAERBEMT AN ERER T
sRAF . R o
TS PN=S
Ni-Cr-Co J:miid &) 12N TR Fr IRFe RS B, 1AM BHE 760°C-870°CK I [A] il it
fEr, miRAR AR EENRSOE A, AL oA R o AR B AREF TS 3D 9T
El-ia i B sl B R T ORE Ti SR AI-Cr XU miE RN, R T PR T R Al
Cr. Ti X} Ni-Co-Cr &P btEgersemipisg:, o DUAZM B S PR g . S5 RER, EAE
Ti &4, 2 AlICr A4 0.186 I, A5 NEBAIEIELSLR) ALOs . Ti Xt Al A LRI FEIER, BE#E Ti
SR, mF AUCK L/ Ti R AT B8 N AL iy AlICr X3sk, Ti & & lim, A )
Cr203 e, A& Ti B PTEAMMEL LT . (ETES AL AICY X8, Ti &8, FEME
FEEL, GE&TP Ry HoEE D>, PUE LT
C04-P62
FEER R RER SN FERBEFMG T KRR
kEFEL ERN OBMEEL T BRI I
1. MHEKE
2. gk
BRI GSEEN T ER AR AU AL B S, TSR REVR SN 2 U LA & N A A
o AWFRITR THBRIL IZZY @i G4, RAWRIA TGS 1ZZY &G SRR RS %A T 1k
Ao Z5HRM, WiBUEEL 0ZZY SR Ge S kRt R, MRS FE. SRR R4 R v R B 0ZZY
A A AR B 2 e A S B AR R S SR AR RS A
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A R R B IR A4 DDS5 hrd T DTSR R AT B
KAFE. KL
A
BRI B O iR A 4 R AR TS I el A MR R S TS R LR A, (H At RR A AT 52 F)
FETIHILT, b P —Fh 2 R AR YRR IS 73 2 B . — IR b O 5 T 7™ AR 11 o P 7 A IR
B B AR R 2 B 7 AR 1) B 0 il B e PR B RS MR IR 72 AN 78 73 o AN SCEE s AL T AN [R) R f AL A
FER R IEEAL . 5K, B R R AU Z KSR S SR 2 R Y, Brhsa A
Joe MR R FE 5 B AR AR LU A B R AR, A4, TSR AT LA Bl IR b AR,
AEZHT I W2 A e Ve T 2R, d e, T8 B F 7 S AR S AN [ A A L A B AT S iR
SIATHATRAE, W8 T LA BERARAT A8k DA SR 4% i 55 BB AR T L R 56 &R
C04-P64
ETEB RN T HREREES &R
KT REE. 2HE
R 2 5 4 5T
MG (AM) SSRGS R HE R G AR, CERIAHNH .. AR TR S
5 SLIR IR S5 & g, TRIT T EE o BN & AT EMPE . A ZR0E M A s s A WL i s, 5 e
SEYER B BRI A S BT o S5 SRR H IR ] 0 245 I [ X R) B o (R [ R, RIS T
HOFTEL . EHIEL I WL Mo. Re i, A REMH] 7 1000°CK AR # 2 A EERmAm it . A
By ES, WIngmMEREE; SR T yy i ik e EIER, Re mHRMBMUBERERH . it
BT IF & 1 A G L AR R & 6 ZGH452, H s M fe & 0 T I 46 K 2 BUG M A SR & 4
AT I A IE E T FH  It RE AL SR A A A R AR T OB B AR
C04-P65
JERETZEX LPBF MEEREREGEMARSHRIIEM
KL YLK AR BFRC
1P TR BEEEAE R AR E
2. TERL I B R OUH I B
WO A PRI Rl | 32 1 AR il B e 7E il N AR P B S0 2R, R /K-l B alRE . A
IR, BT Bk y R RIS SR A &E 850 °C FIMEMEIK, HRZHit
[ e P REBOE R R IR AL (LPBF) #ili& 1 miR A eMtt, EERMEEAE FRAmSrwmE 58, 7
AFEMSEFERITEOLT AR E IR I W R AE AT (9.1%) AHEL T WA AL PERIAE & (2.2%) 198 T B3&
Tt XM R T SR AR S O AT, B T A ORI BRSO T A e, EE TEM O
ST H LN E B, 7 1 B AL B 2 IR O R b A M AR JE T Orowan Seid —k v UiiE A
FIESBYIY) IR y' DliE. BtAh, L-C BiRZRBIY] v DIVEIESE | AFeoE 34 TR %, ATFE =i T S
W ESETE. 75 850 °C ', BT 5=EAEMMES v vOEMMEAER SN, BT REEE SR
en A EEPEAR T, ANITAE SR MR 1 iR 2 ok
C04-P66
kv 5 SO M HIERE TR S SR F IR K2R AR R U IR
AW A x| AEF. TAE F4HET
1. PR B 4 BB T
2. Rk
B R A S AE I WUR B A A% O ARE, BRI P [F] I 2 T R s o () S Pk . S A
HilIE RO AL LI R ARG B = ST , AHZ R & G SRR AR N ) M 2SS 5155 o), PR A
G PR — D4 . ASCHRH — R IE T ki AR B CEPT) ROAIHT G BT, R HAE NBOE
B iE 718Plus & HE AR, NIRTHA SIERETTRE VBN IRATHE T EPT X & &0 4 ZUR Hr f
HEREMIRZ . S5 K I, EPT RETRIEVEER G &0 Laves A, FRARERARS JIFEE 45 8. b4h, EPT @
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R e T RS M PRI A HE L R AR RE R PR RIAE A, fieidt T IR KRR T . AR IRt R
o PR K AR il B B B il SRL ] AT, DU SR 9K TR ZR S A Lomer-Cottrell
B EMER, BERTT TGN REE, RN IERPIEREE  1ZHT TR 3G Bk i & A i A 2
Lesg Ve RIS B TR s, A BB B R A S e TS ORI s TR . IRAEFETT A THER
C04-P67
BERFR S SHE RSB P ARE R ST M AR I
REF*
T & KA R HER R i 5 F 7T

BRI R A SR R AVE B T2 R RS HE RIS A AR 3l 1A e, AT VR O L BE I s AL &
WO LI AL A DE VEAE o ACHIEFUSE T - 06 BE VA NS 06, SR AR5 (0 2 H AR B 1 B, 3R
T AN R AR I RS A R I RIS, LRSI JNIE N y AR TR . G55 A RV R T y AR
TES I A AR, ] TV AR A AH AT B y R A AR IR FE S AU, IR ST T AR R A i R A
ST AR AL 2 18] ARSI R 2R o ASHIE Ty R S B vy TR 5 ) CCT M TTT 23R4t 1ofr vk, I
MACH T 2wttt 7 iR 2.
C04-P68

WITRN K417G GEE M KR AR IT
o kS FAS OBIRL LAY BHWY REE AFE’
L0 B 25 e boR R 0, TR R BE SR B FT i
2. v EUATERR K ST FE T

i (S) VRN R & R BE I TR 0T, FL il FU I AT 0 B 3 I 2 2 R s LI B vl B AR
T7F e o IR 2 N e ) % DU 2L 5 B B A R & <, RGUJTE 1000°C/300h i AL 546 5
760°C/645MPa Ff AN, Sia3tifse (SEM) JESENT. REWIX (EDS) FUIX eyt o X ST
(XRD) PIH%ESEHA, WA TRITRESEN KAL7G miE &2 MR A iR R A ERE I RZ AL o
ZERRY]: B BTG R RAS SR A fr RIS . 2B B >8 ppm I, S ALHY Bl R AR Lk
BRIt ORI ESEALIR A ACr 3O B AT 2, B s S 5 i BT ACr 378G (e b AR ORI P E B A% 5
IR BS99k, SURREN I5Ed, SEGERrAGFa M. A0S B- AR e B - R
AFF A E BRI, 18 EE&THITERZEHIZR, PRE K417G & &l K sh Bl st o i ik

AT GERE
C04-P69
Synergy of mechanical property and combustion resistance of a novel SLM Ni-Cr-based superalloys with
Cu addition
Zifu Li*

Binzhou Institute of Technology

The influence of Cu on the microstructure, mechanical properties, and oxygen-rich combustion behavior of a
novel Ni-Cr-based superalloy produced by selective laser melting (SLM) was investigated. As-built alloys
displayed columnar and cellular substructures with high-density dislocations and Laves phases distributed at cell
boundaries, with feature sizes increasing with Cu content. Post-heat treatment microstructural evolution shown &
phase precipitation along grain boundaries and y'-y" co-phase with a distinct sandwich morphology. peak tensile
strength was achieved at 1.0 wt.% Cu. Flame resistance initially improved with increasing Cu content, reaching
minimum burning length and rate at 1.5 wt.% Cu. The microstructure exhibits columnar grains with holes and
microcracks in the heat-affected zone, while a Cu/Ni-rich layer in the melting zone hindered oxygen diffusion.
The Ni0.95Cu0.050 oxide further suppressed combustion kinetics. Cu content significantly influenced
flammability resistance and mechanical properties, with optimal synergy observed at 1.0-1.5 wt.% Cu.
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C04-P70
Effect of long-term aging at 980°C on microstructural evolution of single crystal superalloy DD6
Jichun Xiong,LIJIE HU,JIAN YU,JIAN ZHANG, YUNSONG ZHAO,YUSHI LUO,JIARONG LI*
Beijing Institute of Aeronautical Materials

The microstructural evolution of the second generation single crystal superalloy DD6 with [001] orientation
after long-term aging at 980°C for 2000h, 6000h, 10000h, 15000h respectively without stress were investigated.
The results show that with the increase of the long-term aging time, the size of g¢increase in the dentrite core,
then coarsen and connect each other, and finally become rafting. The acicular precipitation, rod-lile precipitaton
and square precipitation have been observed in the dentrite core area. The g¢ phases in the dendtrite arm raft
firstly, then grow up, and eventually disintegrate. The g€in the interdendtrite maintain cubic after aging at 980°C
for 6000h, then coarsen gradully, finally, the g¢ raft completely after aging at 980°C for 15000h. SAD results
show that the acicular precipitation, rod-lile precipitaton and square precipitation are all M6C carbide, and rich in
W, Mo Re.
C04-pP71

Mechanisms of ¢ phase precipitation and dissolution behavior in a Cr-rich Ni-based superalloy during
long-term aging
Yuanpeng Yang™? Chang Liu' Jiasheng Dong**,Langhong Lou*

1. Institute of Metal Research Chinese Academy of Sciences
2. School of Materials Science and Engineering, University of Science and Technology of China

o phase, one of the most prevalent topologically close-packed (TCP) phases in Ni-based superalloys, is
typically regarded as having a deleterious effect on mechanical properties. In this study, ¢ phase precipitation and
dissolution behavior during long-term aging at 900 °C were systematically investigated in a Cr-rich
polycrystalline Ni-based superalloy, using multiple characterization methods such as transmission electron
microscopy, phase extraction, and X-ray diffraction. The results indicated that Cr and W segregation drives the
preferential precipitation of lath-like o phase in the y matrix. As aging proceeds, o phase nucleates at Mp3Cg
interface and grows toward matrix. The formation of a highly coherent nucleation M,3C¢/c interface is facilitated
via long-range three-Cr-periodic atom matching. A favorable orientation relationship between the three phases,
namely [011],//[011]masce// [110]s, (1-11),// (1-11)mz2ace // (001)s and (-2-11)ma3cs // (-110),, promotes ¢ phase
nucleation. While the growth o/y interface alleviates the lattice distortion by forming a stepped atomic
configuration. Additionally, o phase forms internal defects to minimize o/y interface lattice mismatch. The
competitive effect of substantial M,3Cg carbides on Cr atoms dominates the ¢ phase dissolution in the later-stage
aging. This study provides insights into the ¢ phase nucleation and growth mechanisms and the optimization of
alloy design for high-Cr Ni-based superalloys.
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Hot Compression Behavior and Hot Processing Map of CoCrMo Alloy Prepared by Vacuum Induction
Melting-Electroslag Remelting
Xinxu Li*,ang Yu,Lei Li,YuanKai Liu,XiKe Liu,Yu Meng
BENJING BAIMTEC MATERIAL CO., LTD

The hot compression behavior of cast CoCrMo alloy prepared by vacuum induction melting-electroslag
remelting duplex process is systematically explored under the conditions of temperature range of 950 ~ 1150 °C
and strain rate of 10 -2 s~ ! ~ 10 s-1. Through the analysis of true stress-strain curve, it is found that the increase of
deformation temperature can significantly reduce the flow stress (the peak stress at 1150 °C and 10 -2 s~ ! is nearly
70% lower than that at 950 °C and 10 -2 s~ '), and the strain rate sensitivity index m fluctuates in the range of 0.1
~ 0.34, showing the coexistence characteristics of dynamic recrystallization and hot working instability. Based on
Arrhenius constitutive equation and power dissipation theory, the hot working diagram of cast CoCrMo alloy is
constructed, and its safe machining domain (temperature > 1050 °C, strain rate < 1 s-1) and instability region
(temperature < 1000 °C, strain rate > 3 s-1) are defined. The critical condition of instability corresponds to the
peak dissipation efficiency of 40%. The research results provide a direct theoretical basis for optimizing the
process parameters of casting CoCrMo alloy forging and blanking and avoiding hot working defects, and have
engineering guidance value for improving the quality of medical implants and aerospace parts blanks.
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Effects of Different Heat Treatment Regime Processes on the Mechanical Properties of CoCrMo Wire Alloy
Ang Yu,Xinxu Li*,Yuankai Liu,Chao Li,Xike Liu,Yu Meng
Beijing Institute of Aeronautical Materials Co., Ltd.

The effects of different solution heat treatment processes on the properties of CoCrMo wire alloy were
studied.Wire materials were prepared from a master alloy ingot with a specific composition. After heat treatment
at different temperatures and times, microstructure observation, hardness tests, and tensile property testswere
conducted. The results show that heat treatment significantly affects the alloy properties: aging strengthening at
600<C for 120 minutes increases the tensile strength by 4.15% and the hardness by 11.23%; recrystallization
treatment at 1050<C for 30 minutes leads to an increase in elongation of 309.76%; solution treatment at 1100<C
for 120 minutes enhances the elongation by 265.85%, while solution treatment at 1200 <C for 120 minutes results
in a 48.90% decrease in yield strength and an 80.27% decrease in hardness. In terms of microstructure, the grain
size remains stable at grade 8.0under aging strengthening temperature, increases from grade 4.0 to grade 6.0 with
rising recrystallization temperature, and decreases to grade 2.5 under solution treatment at 1200<C for 120
minutes. This study provides process parameters for optimizing alloy properties and facilitates their application in
the biomedical field.
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Study on chemical compositions of B1914 alloy and the improvement of as-cast mechanical properties
Zichen Wang*
BENJING BAIMTEC MATERIAL CO., LTD

As an equiaxed crystal superalloy with a C content of no more than 0.02% and boron elements of 0.08% to
0.12%, B1914 is widely used in the manufacture of power generation or marine turbine impellers that require
long-term service. At present, most of the studies focus on the microstructure and mechanical properties of the
alloy after heat treatment, but the mechanism of action of as-cast microstructure and mechanical performances
between different chemical compositions are relatively scarce. In this paper, the microstructure characteristics
(including dendrite morphology and carbide distribution) and the corresponding tensile strength at different
temperatures were systematically studied by adjusting the ratio of major elements (such as Cr and Mo) and y'
phase enhancement elements (Al and Ti) of B1914 alloy. SEM (Scanning Electron Microscope), OM (Optical
Microscope), were used to reveal the intrinsic correlation mechanism between chemical composition,
microstructure  and  mechanical  properties. Then a quantitative relationship  model of
""composition-structure-performance” was constructed, which provided theoretical basis and technical support for
the composition optimization design and casting process control of B1914 alloy.
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Research on High Temperature Performance of HfO2@TiCp/GH3536 Composites
Yu Zhang*,Meihui Song*!,Yan Li*, Yuansheng Wang?, Yanchun Li*,Shulin Gong* Xiaochen Zhang®,Zhuo Chen? Yongqun
Yang? Huimin Yang®
1. Institute of Advanced Technology, Heilongjiang Academy of Sciences
2. Aerospace Haiying (Harbin) Titanium Co., Ltd.
3. Department of Material and Chemical Engineering, Heilongjiang Institute of Technology

In this paper, the sol-gel method was used to modify the surface of hafnium oxide with submicron TiC

particles. After surface modification, submicron HfO2@TiC particles were mixed with GH3536 spherical
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powders by mechanical ball milling to form HFO2@TiC+GH3536 composite powders, which were used for SLM
forming, to prepare HFO2@TiCp/GH3536 composites. The effects of VED, modification of hafnium oxide and
heat treatment on the microstructure and high temperature properties of HFO2@TiCp/GH3536 composites was
investigated. The main results are as follows:

In the range of 800~1000 °C, the high temperature tensile strength of HfO2@ TiCp/GH3536 composites
firstly increased and then decreased with VED increasing. However, the elongation of the composites increased
with VED increasing. After modification of TiC particles, the tensile strength of the composites decreased with the
increase of HfO2 content.

In the range of 800~1000 °C, the oxidation mass gain per unit area of HfFO2@ TiCp/GH3536 composite
materials significantly increased with the increase of temperature. The oxidation mass gain increased first and
then decreased with rise of VED. The oxidation mass gain decreased with the increase of hafnium oxide content.
The oxidation kinetic curve of TiCp/GH3536 composites formed by different VED below 1000 °C conformed to
the parabolic law. With the increase of hafnium oxide content, the antioxidant capacity of the composites
increased and the oxidation kinetics curves were more closed to the parabolic law.

The oxidation resistance of HfO2@TiCp/GH3536 composites improved by reducing the contact area
between oxygen elements and TiC particles, which weakened the diffusion of Ti elements. The oxide layers of
HfO2@TiCp/GH3536 composites were mainly composed of Cr203, TiO2 and a small amount of spinel NiFe204
and NiCr203. With the increase of oxidation time and temperature, the thickness of the oxide layers gradually
increased and the oxide layers falled off under thermal stress. The higher the content of hafnium oxide, the later
the time of the oxide film shedding.
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Research progress in Tungsten alloys on the evaluation of alloying design, processing routine, and
mechanical properties
Bin Sun', Wen Su®, Tianhong Gu*
Xi’an Jiaotong-Liverpool University
Tungsten alloys are pivotal for nuclear energy applications due to their exceptional properties, including high
melting point, radiation resistance, and mechanical strength. However, their utility is constrained by
low-temperature brittleness and performance degradation under extreme conditions. This review systematically
examines the fabrication, post-processing, and mechanical properties of tungsten alloys, including tungsten heavy
alloys (WHAs) and tungsten-based high-entropy alloys (HEAS). By optimizing alloy composition and employing
advanced fabrication techniques, significant improvements in ductility, strength, and ductile-to-brittle transition
temperature (DBTT) reduction have been achieved in past works. Key findings of the review highlight the
synergistic effects of compositional design and process optimization in addressing the inherent brittleness of pure
tungsten. Thermomechanical treatments are found as a factor to further enhance grain refinement and interfacial
bonding, mitigating anisotropic behavior and improving mechanical performance. Moreover, the review evaluates
the mechanical testing, including tensile, bending, and fracture toughness, and underscores the critical role of
microstructure in determining alloy properties. This review provides future research directions to emphasize
innovative alloying strategies and advanced processing methods to overcome existing limitations, paving the way
for superior tungsten-based materials in extreme-environment applications. This comprehensive review provides a
foundation for further exploration and validation of tungsten alloys in nuclear and aerospace engineering.
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