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Semi-Coherent and Coherent Precipitate Strengthening in Additively Manufactured CoCrMoW Alloy
for High Performance
Canjuan Xiao, Min Song and Song Ni *
State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China

The mechanical properties of metallic materials, including strength and ductility, are strongly influenced by
the coherence of precipitate/matrix interfaces—ranging from coherent to semi-coherent or incoherent. Tailoring
these interfaces allows for an optimal balance between these characteristics. In this work, 1 wt.% and 2 wt.% TiN
nanoparticles were incorporated into a CoCrMoW alloy fabricated via laser powder bed fusion (LPBF) to enhance
its performance. The addition of 1 wt.% TiN notably increased the yield strength, ultimate tensile strength, and
fracture elongation from 876 MPa, 1190 MPa, and 15% to 1071 MPa, 1421 MPa, and 17%, respectively,
compared to the unreinforced alloy. While the average grain size remained largely unaffected, the TiN
nanoparticles suppressed fine grain formation at fusion boundaries and altered the overall grain size distribution.
Crucially, the LPBF process facilitated the in-situ formation of semi-coherent Ti- and N-rich precipitates, along
with coherent Ti-N-O-enriched phases. The semi-coherent precipitates, featuring distinct orientation relationships
and periodic misfit dislocations, strengthened the alloy by impeding stacking faults and ¢ laths. Simultaneously,
they maintained ductility by enabling self-relaxation through twinning at intersection zones, thereby mitigating
interfacial crack initiation. Additionally, the chemical contrast between the coherent phase and the matrix hindered
dislocation cutting, further boosting strength without sacrificing elongation. Wear behavior comparisons between
undoped and doped samples showed distinct mechanisms: the undoped alloy experienced oxidation wear,
accompanied by severe plastic deformation, fragmented debris, and loose oxides. In contrast, the doped samples
exhibited smoother wear surfaces, with abrasive wear being the dominant mechanism.
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The influence of heat treatment at different stages on the synthesis of Cu-Y203 via mechanical
alloying and spark plasma sintering
Jiagin Liu*,Junying Wei,Bing Ma, Yucheng Wu
Hefei University of Technology

This work synthesized Cu-Y,0; alloys via mechanical alloying and spark plasma sintering, and the impact of
heat treatment at various stages of ball milling on the microstructure, mechanical, and physical properties of
Cu-Y,0; alloys was systematically examined. Results indicate that heat treatment during the early stage of ball
milling promotes Y,03 particle agglomeration, leading to a substantial increase in particle size to 112.8+19.6 pm.
In converse, heat treatment during the middle and late stages of ball milling effectively refines powder particles,
enhancing material density and overall properties. Furthermore, post-heat treatment, Y,O3 particles can be further
refined through ball milling, reducing crystal particle size from 6.442.8 nm to 4.2+1.7 nm. This process mitigates
cold welding effects, prevents local enrichment, and ensures a more uniform distribution of Y,0; particles.
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Irradiation damage mechanism and in-situ  micro-mechanical properties of advanced first-wall
W-Y203 material
Jun Huang**, Yucheng WU*?2
1. School of Materials Science and Engineering, Hefei University of Technology, Hefei, 230009, China
2. China International S&T Cooperation Base for Advanced Energy and Environmental Materials, Hefei
University of Technology, Hefei 230009, China
3. Engineering Research Center of High Performance Copper Alloy Materials and Processing, Ministry of
Education, Hefei 230009, China
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Tungsten with 0.5% Y203 was chosen for the first wall material in this study. After exposure to helium
plasma, thick fuzz tendrils were observed on the surface. The tendril dispersion was obtained using ultrasonic
dispersion and examined through TEM. The fuzz tendrils were found to have a tungsten crystal structure with
bubbles of varying sizes. The outer layer of the tendrils consisted of an amorphous material, likely a result of
damage from helium plasma exposure. Fuzz tendrils were only found on the W matrix, while Y203 particles
caused nano-protrusions and small cracks on the surface. The lack of Y in fuzz tendrils, along with the
nano-protrusion morphology and EDS analysis, suggests that Y203 particles could not form a fuzzy structure.
Helium plasma exposure altered the distribution of defects in the W matrix and Y203 particles. Fewer but larger
bubbles were observed near the surface of Y203 particles, while smaller but denser bubbles were seen further
away. The formation of bubbles in the W matrix was deeper and larger than in the Y203 particles, likely due to
lower migration energy. The response of W matrix and Y203 particles to helium plasma exposure reveals the
potential to increase plasma exposure resistance in tungsten-based materials. Stress-induced amorphization in the
alloy matrix at the interface with the second phase leads to a different distribution of helium bubbles compared to
those inside the crystal. This suggests the formation of potential barriers due to lattice distortion at the interface,
allowing for self-trapping of defects. Nano-sized pillar compression samples of the matrix and second phase
prepared using FIB before and after irradiation showed distinct irradiation characteristics. Unlike bulk
tungsten-based specimens, the nano-sized pillar specimens did not demonstrate irradiation hardening but instead
exhibited irradiation softening. The distribution of defects on crystal planes and within the crystal directly
influences the in-situ micro-mechanical properties of tungsten-based materials.
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JEHOALE ALRAE FESEL ERE Al ZZETER TE Ti 2. [, TIAIN EZR/ CN BB #8UT N
SEEE LK) Ti M ER AlEET CrN ZEE(Cr T ADN 2. IBA I8 THEE— 5 UE 9 TIAIN/CrN JIfif#4 5
PRI EAR 73 =79 TICIN AT AIN, - [RIHAE 1000C 3Bk J5 (Cr,Ti, AN i) Cr 28t 'E Al JZ 5 (Ti, ADN 1)
WEE Ti BFFE BUERE (Ti,Cr))=, 1 Al IAARIE R E Al E B8, SEUZ RS AP .

C01-30
BRI 98 AZ91 BEAMR A H BT 5 /1B A
Bk ERE V2 BRIER T TR T R A
1. T RABREBUH M B 5 BT
2. HRRH¥

AT T2 R PR AR VR G 4% T BB ek BTk (Zn@Ti) 14581 Mg-9AI-1Zn (AZ91) & 4. ki
R BOE NG, BRI B B IEAT O CK 2 M17AIL2 #H.  FHILIRAS 1) Zn@Ti/AZ91 &4 K
LI U SR SE R, SEBL T SR IE SRR A . % AR SR A SR O R T = E AL ) B
[FVE R : AR 2 MgL7Al12 55 AIBMNS At HiAH 5 Ak B [E] ¥ 5 Ak DA % & S5 A o 7E BB MM LI 5 T, Mg17Al12
H1 AIBMNS H H A BE A BHAS L0y i T BT AT B 1% o X R BT 7 32N T & e st i SRR A A AR A3t
T TR

C01-31
Study on the Vacuum Arc Modes of CuCr55 Contacts in 252 kV Vacuum Interrupters Based on Deep
Learning Image Recognition
Siyuan Liu*
Xi'an Jiaotong University

Copper-chromium alloy material, as one of the most important electrode contact materials in the field of
electrical contact, has been widely used in vacuum interrupters. CuCr55 contacts are used in 252kV vacuum
interrupters because of their outstanding resistance to erosion. Replacing traditional SFg circuit breakers with
environmentally friendly 252 kV vacuum circuit breakers effectively reduces SFs greenhouse gas emissions.
Understanding the evolution of vacuum arc modes under different conditions is crucial for analyzing vacuum
interruption. However, the existing vacuum arc modes recognition mainly relies on manual, time-consuming,
subjective methods, and lacks an efficient and accurate image recognition technology for the mode of vacuum arc.
This paper built a test platform using a detachable vacuum chamber and a motor-driven operating mechanism to
investigate the vacuum arc modes of a 252 kV single-break vacuum interrupter with CuCr55 contacts under
varying arc currents. The arc modes were classified, and a deep learning network was developed for arc mode
image recognition. This paper constitutes an arc mode image dataset by pre-processing and feature extraction of a
large number of vacuum arc experimental images, and categorizing the vacuum arc mode into intense arc mode,
diffuse arc mode, and anode active arc mode. A convolutional neural network is used to train the dataset, and the
trained network can quickly recognize the duration and evolution of the vacuum arc mode of any arcing process,
and form a correspondence between the arc mode and the instantaneous value of the current at any moment. The
results show that the accuracy of arc mode image recognition reaches more than 88%. The results revealed the
evolution characteristics of vacuum arc modes at a hundred-millimeter range contact gap and demonstrated the
influence of arc current from 10 kA to 45 kA on the duration of arc modes. The vacuum arc mode evolution can be
regulated according to the results of image recognition, assessing the risk of current interrupting failure,
optimizing the switching characteristics of the vacuum circuit breaker, and efficiently guiding the design of the
252kV vacuum interrupter.
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R RHR AL R IEIE M B8 1 JRALRAE
SRIGIR*
R HAP B AT BR 24 7]

ERIME T N TG . W8aE. MIENR. B EEMEHIESEIU, MK Ledig b
RZ IR SRR A R A R TR AT A 2%, B LAl T -2 18 e, U2 M TR 5 e )R
14 )& 5 H AR 2 181 R A BN AR IR ST 10 2L AR AR milid SR AL a1, R s R R
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A BT TR iR A TERE .

C01-33
IIRIERE Cu SRR R HEALMRER T
B>, ERME. DA
FigREE

Cu & AR AL H ) 3 HL 3 8 DL B ) 70 2 VR REAE BT BE IR DAL R~ AR BAT T2 R . AR
BRI B 3B R IR B & 4 1 iR T2 204 LA BEE AR R, 918 F 2 Fh o i RAE T B 4
JEB AR A B R LS A VR REREAT T ARG T, ARER ], IURIEHI %I Cu e @ R B A HIE L &
O E R TEM/DSERE A, BB TFEN a-Cu F §-CuaSnue JIERMPY I Hh s an ) v 2 2
FOR AR BE LB 2], dakn A FLAEBEE SR I b, B PRI a it By AR dokh R 5
Bt AR B A B BEE KA, B AR T, B (B, BEE A
PRI A S 3 R T, Cu Sk < oo AR JEERREAR B/ I S 2B 4 ey, Tl 7 40 1 AR DAL 2 8 2 2 T R £ T
ERGTIES AN NS SN
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AR FA ARG A ) R RS RR R T
SIS S SN VR
1. T RARE B R LT
2. EFE A S B R IGE TR O
AR, BEA AR 5 AU B B E AR SR AW T, R BRI E RN & B AR &
TR . ARG S B AR R S 8 R 20 B M 5 1) R DA R IR NSk, DL S 2R
VIRV BB R, B — B AR R R SR, (RIS &8, AR a R AL 4t
TN 77 1M DL ST AR R AR N AR 8 R TR RS 3t o DA RN AR (R A T A i 75 SR o A 72 R FH O
MARIEMEAR, RGEMWE T W AREM-RE L E- A 2R 5k, S SEEL SR 1 2 FLA A
BHAMERES AL o S I SIS B8 PRSI L2010, S8l T 3D 4T ENARY AR S Bk B AR KA & s (I
ik 150ppm),  F I B i RS R 23 BRSO R A PR I RVEELRE 5 P18 S R S i S E PRI R . 7R TR 3%0E
HAGRER DM, R IET U240 50 (1) S5 AL AL B T 2SI 1 O e Hs AR R A fal it A% R B RE & 1)
eeRL AL, JEURRISETE TR SRIB . A, AT TR TIRIR AR T2, 850°CHI 1350°C#K
SR I T 2AE A AR S P SR L 2R R b, YRS R GV, SO R AR PR A R
A 5 M RE I D3R T, JUHLAR 1350°CHIAEE i T 20K 4HFE i 7E 300MPa v 1 1 [1)9% 57 5 i B 105 $2
TEZ 107, £HX0S ZFLEEARL, 850°CHVEEER K 1. ZAE IR 15 2 FLARFE i 2544 S B VE A (R I B 25 32 T T 89S /02
PEREFN S R S5 MERE, TITE 1350°CAGE i Rk F b 2 FLAHAE i AL ™ B, MERE AL,
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TR0 B B PR S R A Sk ST LD TR T R
fHET*
ERYINTH s TR A7 BR 22 7]
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T T e o S 2R SR FL LR FEE « FLAE 5T 2 AT IRTT B 3 P 7™ SR K N T P2 FROBR R O Bk, 9
FEE AR SLBETE . N AR 2 OB B S B AR A LI T s 5o WIETT T ARl Sk O S R N S At
THBOR, SEHL T G MIRE o S A o 2 (8] (RS T F T 1 IRt SR 8 B U B, S T A
P RAAR LU SR R R RO RS BE N o ATTE T AR SR R IR JE BOR, S T S At Sorg v LA 4
ARy ST MRS R ERIE . BT TR FLAR A ARG LS B0 B R AL BT R sy, eIl
1 i e 2R AR AL 1 v o R e R At
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POt HE Rtk e 88 & SR KRB AR
ity >
g K
FEO LR S HUE @ A S S MR R K, TR T i R A S s R R S e i
MR E e BERRGE=ME. E5%, HXEMENE S RIS, THARILEL S %, s T A
S B N BRI 7 OR R TR, BERTHEM R AR G SRR, SRR TR AR RERN K G AT
HGE B S e T R WAL s BT BG4 3 T VR & S WP, SR I T o0 - AL 8 A8 T T S 4
20 B P o i R P B AR R (R AL AT IR 7, R R R UG AL ) o BT O IE R R & &t
AL RNLE S 3MH k. R, PR TR AR FA & SR R B E RIS T TR T I A4l
EH . A BRE=SRMa el IR T BB RILE.
FEEW:  PVDIR)Z: NIESHEE: (ALCr)203; ZLAgtE; Hrsafett

C01-37
“ORAREEBH T KRG & SR R R RERT T R AR DA R R LN A
RG> BHRT . FER. RN
Hh A E 22 M A 2 ) BRI P
e IR IR TR STk fE ZE P R R RN A 1A% L al Ao oefE . B EEAE 70 SRAG, B MRE
PR 2RO R B 6 o (BB R IR HUE I I AW . I ORIBUR R SRR AL AR {8 B 1Y
JEFENE, HREEAFERE R AR TR BT . SR, B BB AR S AR B AR T 2 A S BT
BRI, SBEEAER MR 5 KRR o XA S8 & <5 T 2 e, = IR R
FOR, MTRR I 1 AR Z AL R R o R, s AR BT X4 8 8 5 et AT B A MR R U I 0. AT T
T BEXTR BIARESER] . AT IR oL A, A PRI AR, KR E A RS A A SR T
SRS IR ARG 00 - X5 AR I RN AT 45 AR AN O <z S R 7E AN (R i P A 5
AR B A T P L0 R AR M RE R AT T B 5%, RINAIS B A R R S5 1K MR 8 88 52 S b R HEE g 118
Mk B A DA B e 5 A S5 T T B SR B2 Tt o R B RAR I AT 70 A, L 1 BRI AT BREB TR AR T AL A1) A S ek
8 B R A MR EE A AR S 10 5 = AR AR LR o IR TS RO LR ik X R AR AR
JEBREANVERE B AR VAN T i XU T i J= kB T A R F 2 P 2 28 228 5 Bt ST 4 A
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ZrC SRR WC AH HE R S B B 5 e ] 28 X T S MR RERT AT
. XITHE, RBEHE*
e TR

WC @R TR T 5 pum (RGEAH AR BE 5 <, PRLEAT U B B el PE AT RO 57 PR SRS i )2 N T
PARF L b AR R o SR R, EROREER S AE 5 < B R AR PIE,  (ELRE A 9 BE 1k BE AR X
B dn a8 ORAF e WOE (U BT 52 N B2 vt JL A LA i B A M S MR . 6 T B AR B £ i rh WC (H EER, 2k
RO RE WC ZF R ECE Bl s H WC A Ar B 728, AN U Uk s Ak WC AR B i, DU S Eli
e B 5 5 B P AT S L (P v . AR T LA Co 5 &AL WC-6Co it & <o fil, I8 I JFURF AN % T 2145
T, Hl4H WC W& ZrC BRI A I 5 <. WETT 1 ZrC R oRASYE . TINE . ATy AR b4l
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C01-39
Y203 5 VC thiA gtk WC-10Co & E & & 2L R 454 K 1 R 1G58
“Riz 1,2,3, Fk51,2,3, Bk%1,2,3, REfEL23
1 ARE TR MR R S TR0, & AE, 230009, H[H
2 OB EIN THEARER TS TR0, AIE, 230009, FE
3 EMEREE A & N LR E # TREM S Gy, A8, 230009, H[E
S D ol = 1K R =T A O W s RSN O T T R G e VA 2 B ol =) < [ B = S T T ST T2
PSSR . SR, B G ML AR K, WC-Co i i & 4 A & WORE FE 5 10 Xk DA il /i, B — B 29
FEWFRA SN ZNH. EERASH NG M dnfa8wy. iEeEmey) RiES &M
gl REGATERINE B0 E . RIS IR 5 B B — XA S B A s R &9, DL T4
W IIR G o KT MG 4 B 57 T AL R A I Nkt WC-Co 185 & & R (1B 7 5520 o kAt
ISINFRE RS ERE BOM, RHERINE RN, M CASTIUR AR 5 ot Rk, 752K E
(PER BE A ] BE MR L35 5 43 B, AHIX TG A XN T 4400 7 e, s M LU A 1 R Ae e ML BT & 4
N, AHEFEIE -5 2 A S B A ) SRR LA S N A SR, RS A v T s ngR
P51 ok J, R B B AR B 5 LA R AU ikt WC-Co i 5 4 BEAAR M RE IR 52 e
B, R R I & A E] . PEREAR R WC-Co Tl & 4
A WA A, O, MUMMERE, RIS AR

C01-40
FREAHHREENRRRE ERTAT AT
DA e
RS INEZ

N TR FE RS BR S R R SR & SR TEAT N R H SR, R B R A E Bk R iR A 4 D
0.001~1 s-1 [ AZTH EEAE 1040~1100 °Cil B~ T [ FL i R 4 5050 . ARIEAF % AF T A th & @ r 1
IR AR B I R AR Tl e [ AN AL T R AN A SRS R D T, R AR S AT RAE . 45
FW: FEIRE N 1080 °C. 1100 °C, MNARHZE N 0.1s-1 0, N ANARhk AN IES AL I %, %o il 2833k
ITIEIER1Z G & HI0E RE N 889.53 KI/mol. #uhn T &l Hh e A2 X B A5 BLA8 (38 i ok, H FEE50 e
ARX o X% X IR TRAL G, R A EAF A FLIR, TSR . IR S N AR R AN, IES:
BT (DRXO) SEBNAS P4 S 1 ZEN L, B A LR (0 T i AR T e R PRI, AN 2L 3h 28 Fi 45 i (DDRXO
s E FIEHL BT E.

C01-41
BOLBM R IRIEBE AR SR ERFEEGEN T ERARMEHA
N, AT
RPN ) ¥ R T

BOLR R IRIEREAR (L-PBF) R H s e vk H . 15 2y YR AN AR P22 i, 0 T [ SO0) sl il 4
AR R EESR DL e i 225 4 TR AR PR AN 2 D BB ME TR oK o (B2, B T4 & S0 s g e i, il sk b
R R B A A 4 B Bkt . A Srggadk 7 RS H AT E O R R I B T 2650 & S T it e,
FEERUR:

1AL [ AR BEXT L-PBF il %% Cu-Cr-Zr & & oW ZH 2N RE RS2 . SR L-PBF HoRHI# 1K
B S A g 7 ) PAT AN B AR RS, TR T Cu-Cr-Zr A & W SRR M I 30, KA S T
) TAT BIRE L AE B ) Cu—Cr-Zr & 4RI MR <110>230) . I B0hT HY A 540 LA i 3705 % 3775 2% & 1Y)
CrAl$2m 7 Cu-Cr-Zr &4 BB EE, I RUSHE i i Rk 38 A2 5 31 540MPa, FL3:3 62.1%IACS.
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2. /AL BN LPBF il % Cu-15Ni-8Sn & M 4 ZAFNVERE I REIR o WFFE 1 AN [R) B 280 T 25 (FE 4 ) RN
RIS RN L-PBF il % ) Cu-15Ni-8Sn & SO ZH 23R ) 2= HEBE I 52m,  £E 400C T ELEEIS &L 0.5h AI13. 2
e AR PR P 50 B 943MPa,  FEAHI3R 5.50%, PEAEHRTFA L E vimk i thsnik.

3. LESHRHAALEEXT L-PBF il 4 Cu-Cr-Si & 4150 o 81 IFAZ 5080 3/18 T L-PBF il % Cu-Cr-Si &
SHIBAESECNEOLTI R 450-475W, F363 5 A 400-500mm/s, F3[AIEE 45 um, K2 E 30 um. 7F
500C N EHZEMZALH 45min 5, PERERZESTE, 193] 7 63%IACS L%, 686 MPa [k fRHi {52 5
Al 16% MR, KELH/NIRBU A1) Cr AH AR 50 5 R0 G345 v 1R 32 R A

WA R 5T 4 L-PBF il & S PERefil & e e it 7 3Hiie 2.
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A G S5 M B P B AR A TR RN
FIERI
PN
C01-43

P MEEERTER R E B T s ik & TZH R
Fgx, B, mEgE
iR | SRR LT U
eSS & G BA TR M RER A TERE, FENTR SIS RAT HEMIN . STk, BHE A HiE 1
ARHEER B ARSI A B2 I 7 R A GR35 A ) 3G 8 45 AN A R 2 AR ) e 5 6
ST v b SR ER T AR AR A AR BRI A AR SR 1 7 I8 DI 755K e ST 1 DT BRI 5 BRIE He 5 A EHAS BRI
By ARMIPCER 10, B R T AR AT AP RAE S8 85 1 Jie e F A ) 6 A 43 AN R B BR Ay 2R 5 T O Je R AR G 12
YE, 3HT T TR S B GRS A BB BR T By R A AL I IRDEAN B, X R R S a5 AT 1 e &

CO01-44
— P & BB R ES 6 H =R G R R 3T SR %
- 1, HE 1, AR 1, Misis 2%
1. MEIEE S TR0, LB TR,
2. MRIRME S TR B, R K2
EIXHE GUIR R S8 S 25 5 55 1 In) 8, 32 H R BT 5 23 B e S v 4 — VR RIRH . RS, O
JEZHR R R GEILAD B2 RS G 0 Bsess (400°CiE L. 800°CH B, #IEREZEZHELIL. )2 85%H
LB . Rt En, EREE Cu i 73 BUE SR Mbeds s, SLIb&4sG. J15etkee: ik
12.6 MPa (5 HLZH2), U8y 43.2 MPa (L2 10 £, £FJRIE 13 %), R HSRE I, %M B4
M AR IR S A BRAR AR AR 7 2, PUBY IR T S B v R AR L
KERIA: CulCuiflik/Cu; EIREEMEL FEi: wE4dE: kR

C01-45
SN BN BB R BSAME S LB I
AEGE L BRI 2L B Bl

1 AERtRHsoR

2. FJTRHORE
AT FCRANR ZAA T e LA AR S ARAL SN RN RS2 BEAT 10T X ST AT AN
R HUN 2R, B FE R AR bee-Fe & &R s TRl AR, EBSD ZiRRMRTEH
KA bee-Fe SRR AFZUM AR 24.72%. LW ERAESI 25 R, EMERSETIAS TS
HFAPERMLIEAER K, PR IFAERE PRI s 78 MR A PR AR . R F R AR
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PRI 1V P BURURE R R TP A5 A0 Y AR An AR S A ARG Al o A S BUR B AR HL T A 2 M fRf A 22
i, RS AR RS R BA S R AN S/ (20 AN I S0 A i 2 B 25 e i 4L
BRI EE, BEACH BT SRR V(C, NYIL SRR AL & . $R i T AER B ENFEAN
JRBR 1 N TR 1205 R v RN R AR O BAR A S AR AT R R R s . XA R EAR
WO, BAFACERE T B PR RA R EAF N 1.5 . S S AR RN R 7 1 3hBE 2>
A, TR SRR AR BAL IR AT 38, KO- TARARER, TR 5 A ORI
SPOPAREE /DN, TTRVS AR N R R AN IR o X R BRI S TR AR S A A e ]
EIpAEE SR 7

C01-46
AEFLHREAELHIEXT ODS HH IR SRR R B4 BT AN
KIFEE* T XA A5t RER
AR T K

A FRGIRYT T FLHR 5 FLH X AR EGEI (ODS) #6412 E ke . O R 45 i
AT R E U] @IS S SRS B TR T & ODS a4, A HMRIES /12l k
W ZEIRFLE] (B0%FLHIE) e b gl Sf e % B, Pihisd ik 5085 MPa, {HIBIEAZIR (AEffi
3.7%); L] (500°C) I BhAS FEAE G5 AUKRER G AE R R IEE e R RE 16.4%), fH SRR
FHAL R BORE FEIC A 382.64 MPa. H1L-5 28 [ T i A 84.3% 32+ 42 89.2%IACS, FZIHP T &id T as st
R 5 Y 0:B00 IR HE o RO AR B, ARIEELEI M 2%, TERGR R IE A mimELil
VU 3E8 T ) 25 T 485 it S A R [ I 2 5 SR ORI (R4 FH 2 A & R REL A ) SR AL 280 o B A1, v L) 2 (80%)
T I SR AR T A RE L PR A SR e Ak, DAL RIORL A HEA R IR B, TSRS IR T R RE . B LGS
s THLGISHOT ODS 642 RS MM RIS, A% B % B S m PRI T 1tk B B R ) o
R T E IR S i

C01-47
S - ZERA SR AT SRR ARAT A R R LB T
A5EAZ, WRRHEET, gkl Xk
R R

AR SERA XA T G- S A5 S0 1 0 275 P IARRUE IR ST AL IR R, LA S WA v i 2 45 4
SR A F AR BEEE R AR . ERI IR IR SR AT, R P EOZ R Y E BRI IR T YRS
ik, BUA W TU 2 B AR TR L IR 0 27 4 0 2 PR RETEIR RIS, T . A -TRLBEARR S IR 2T 4o 2 23 45
AL S AR LB T AN AL o AW FCIE T B R e IR L R i AR R 5, R BRI 51
R FI R A VR T S RS A A AR AR RS I, JFEE BT i BERAEEOR, R i AR IR 2T 4E 41 214G
P AR R S RO« FFFERNT, iRt 1200 $271 2 1400C, £ 4ERaSulh A2 4 | =M e .
£ 1400C 610N, L 4ERBLE F BV AL, RESURATERERIR A EE .

C01-48
BMARGH BT AR S R RBOCHERTEATRHT el
gty >,
B R PIES AR R
BOCHMAERIEME L BEAUFER RN R EeE ke, REE MBS, hTmRaE,
R R REUBURME R SR S BUBOC B 5 AR REEAIRARS, RA&AT IR RER, )
RIBRA T IRATURI A JE o BETENB AR R BT A, RHBOCHERTEA BB A 70 3 BEAT RIS . 3R
A2 AR e BN E efl, SCBLBOCHEREA KL 3D 4TEMIE . S1xd e SO R, ka8, R
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JH e L ELRURL AR B A SRR B BOR, 70 B0 H AT RIS B gk ZrO2 B, R 7 H0E
WS AT BN B . B0 s 22 ) W-Cuy WC-Co EE#kE, RHIWIZ BRI EE SRR BE A HOR, il
FERERE . mBUE R SR R, AROhEGE T T IREEEYE, WA TROCRIE T ZEE N, ’m T
ITENPRECE FEAPERE . BEXTRE R 5 S I DU BRI A BRI SR R R IS R, SR 5 T IREE &
SIS B T ERALBOR B S EREAS & bR, BEISH RO, $Em TITE .

C01-49
B & &b IR S A
SR
TR VRSB A R 2 ]/ A A R TRE B 78 H O
C01-50

EtERE TALS BE MR RERF RS & 5BIIE
Fbx, BEREE . Bk
Harbin Institute of Technology

BIEEAEMEMERM R SRR AR s Eee, HSREG &% EMIT. B2, fEhlSeidt
BAMREREA, AN TR ERRA R A R ) . AR IR — Fh St b b 4 ik, AT LA
I SEIAL R 8 O, RITAPRRR] 22 0T BURHRSE T DRk, #0EE i e ikid & H T AR B S AR o
AW TR N EE R TALS JEE A MBI R Hl8& TZF R Rt . R T T 58 el
HLRR BRI B S AR 4 078, I T & 5B R AL ERRD TiB BsaAH i A . 3Btk T
IR AEF R E SRS &7, R G PR BUE AL ) 2t eI 8 T 7e. BHoE
S5, i £ B GE R S TIBITALS B8 4kE, BA R A58 7, &R bth i g 1000MPa,
JEAFZE ATk 20%, Wi IPERE T 40MPa m1/2, H. 700°CH: (#1535 TALS &4 mifdid 60MPa. 23 Hrih A,
TiB/TALS ZEMEME R 15 PERE, S490K TiB 3E55AH 51 At ) LT F AL BE 56 A O¢, 40K TiB il
It BHASAL 12 sh A i <c+a> R T BN B AR BRI o ATk, 4K TiB SRy Rk, i
TR 13 S AR T Re Sy A Bt X R, A i 8raRim, fRUE T TiB/TALS A MR i)
P

C01-51
AEREGEREM Mn SENZ LSS SE WA
A Mg
7 R VKA

ZAFEAESR PR R BERGE SR AR, AR T 2 FLEE RS SR EAG 4T
FHIS M, R RIS, DA A REM, JREFCEILF, £ 40MPa k77 MM R SR . 18
Ib X AT R OCRI R E BB REIRIEHL FAb S TAESE XA R AUAS R Mn & &8 2 FLBE M Bk
EE ML B4atERe PR v Re AT 4T, BT 1 2 L8 RS S B FLBRZ A LI R 70 A
GERRM, JREIRE 540°C~600°CHT, FLERAR B IR E T mymi s, FLBURSE A TE 5], (HbT R
JeTt i Ja B, ik B R EE IR D 580°C; Min & & 7E 1.0-2.5wito%l , FLBRZBE & &3 K, FLERR
SO AR SAAY, B R R R R S G S S BRAG, ARA H ) Mn SN 2.0wt%. BT A RO 2 LR

B AR AR T 25K .
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B RRURL AL R B i
7N
o [ 2 e i A AR T
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C01-53
WC SR B BRI & e MR RER M R R
paped
JE TR AR A PR 2 ] S A A R TRE RO T 0

C01-54

A4 FeCrAl-xY203 &4 %l & R g vEAN

KR T VRt kR E L r R . #RE t &Y
1. Ml K 2E AR 4 [ 5 A s s

2. MK AL & T2 5 R s A ik st =
b N ANEEAT IR R, 48 PG 3 F A F 1 F AR 4 0 R T A P R P MRS T ok g
MZR . F£501 FeCrAl & HLAG S 7E il A A b IR AL AN ORI M S B R s S I &, PR 77 s — 25
M. AT FeCrAl REIA &I ERERBUEALIERE, AT AR RN & SR e 5 88 T loe &5
FRA T I INGORE AL ITRL(Y ,02) 1] FeCrAl REIA 4G, FRXH M RERMPIA 45T T MK, A
I E 800°C N4 100h HEAT T ] s il Be il il Pt tE e . S5 SRR FeCrAl RHIE SRR Th:
SRS (cUTS) MBI RN AR (e BIBEE Y205 S (I I @i in, MEs—elEa T rEnEs, &8
0.4 Wt.% Y03 [1] FeCrAl RHLE & HA RILHIJ1#1ERE, ours M & 5351y 833.5 MPa 1 18.1%, AHHE T-1%
G A S AERTE T 57.7%R1 75.7%; FeCrAl R HAEG & MENIGEFEE Y0, =M N2 I H L
WD SIS, 5 0.4 wt.% Y,05 ¥ FeCrAl R LG & HA I T a8, A% E 5 0.41 mg,

L4t FeCrAl RHEMA S IMAMIE EAHLLIRAD T —MIERK.

C01-55
La203 & EXF W-La203 &4 Hfase i m
M2 T 2. WReR S, s 20 BRRI 2. Z= AL
1. bR R R E AR R 2 Rl
2. AL RHE RS BRI T B
3. P TR MBI RL S TR 2R
EAW T, @R TEERESE (PW. WL05 F1 WL10 k4t T.Z4 1500 °C/2 h, WL20. WL35. WL50
HIWL8B0 245 T84 1650 °C/2 h) #1145 T AR La203 & & (0-8.0 wt.%) 24 W-La203 &4x. K
FFALFE (1600°C~1900°C, 0h~10h) RGEHUHTT | il 5 1) W-La203 & #daEtE. £ 1650 °C F ke
45 2 h J5 WL20 A& MARGT 2R T35 Stk R sF g [C S A 5 4373l 97.020.6 %+ 0.59+£0.20 pm Al
694.748.7 HV0.2. W-2.0 wt.%La203 & &R I 7 f g e 1, RIEFE 1900 °C~IB K 10 h, e fRHFH
BRI ) (1.74£0.66 pm) FIECK S E (543.4414.2 HV0.2). W-La203 & 41745 f iR 5
EIREHZ) 1700 °C~1800 °C. thah, A FUILEE L | HeshiAs W-La203 & 4 14 IR Bl FE 5135 dibobi R
S EpERERR, HFRIEXN: Hv=390.72 + 178.01-d-1/2.

C01-56
HrHE AISI 321 AERKARRFIEE X R ETARR
AR E*
R R
AISI 321 NN — Rk AR E LR KRR &<, A DUFR iR s e . T ke S R A e 5 b
e, EAVENIR. AT, BRESF U RAT N E . RO HAEREVCRE, (ESCbr AR N TS T 1 P
TITHREERR: — R SRt B A T ST RR Ti(C N)BR A 22 51 K B35 A AR ) g iR
A, JUHAE e AT A5 SO BRURR A G B L X A A T LT T AR R R A 3 DA A 37— R %
ik 5RENBITI R SR A MRS EOR, RS 58 2%, —J7 i se A 41,
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0] TiI(CNYRAL, 73— 07 T 2 35 3R T S A b i et S & B B . RS 5 £ LPBF 2614 AISI 321
ANHI B RN Ti TR E S AT, DU ERE M & M e it R . It RBRAE
AHLE T, B NGETERE. AR 321 AN 1) TR H G S AL B S 5 HAR R

C01-57
BT AR RIRIABREK GRCop-42 H& &L T REN S HEMERI T RER
ENEW . BT BIBUE. X EgEx
i3 =SitN R N

T Ik 3 A )3 % () GRCop-42 & & BN T K #T R SR RE 2 4k o AR, AR SLOeR K
PRIGS Rl A i & AR £ GRCop-42 i & 4 B SRR B, il 2% [FF S 2% 6 1t B e DA 2 S 75K o
ARFFE BT AR R REE  (EB-PBF)  HJE T GRCop-42 #Hilé 4. WFF T RIEEE S AT 25 B . 4
IRAERE, L SRANUPERE . 8RS T 2S5 B 25 A PERE AR B O i o B 9 45 SR SR A B 26 1 R
T I, R AR S NS BRI, SR BN 99.65% . 7E f A T S ELT il £ IFE
A% B o7 e 5 R FRL 52293 75 9 300 MPa A1 70% IACS. Ib4h, #E5: XY TR0 2> 22 oW 5 F 454k, 41
e AL A SRR S5 R A i Sy IR AT, B R TR R IR E K DTIE, FZH Cr2Nb #H. Cr203 it
TEMMYK Cr YAk, &5, ATA/EKRBLN EB-PBF ][] GRCop-42 Hil& 4 1E K7 R EH LA
BT RES %,

C01-58
JISYF I AR RANGHANAT A1 & A A E T 5T
PUDE 2
ERAREANY 5% N el U

ASCR A S E B R IEAT G il % 50Cr15MoVCud ¥y R AEEAHuA,  FEEL s i ) B A4
BHSOM, BT T IR K VK TRV i R RS A 3 T2 DA AR TR AR AR RE A 52T . SIRB0 3R
WY, JERL SRR AR ARG 99.9% T A, 1A L RENS ORHFAE 54HRC LLE, SEHL T 45/ KL Th g
e, st EA P BUR A SN T B AR BEE T 24 .

C01-59
BB E AT #H Al/Mg &R A AR KRR
B
PN
C01-60

FHR EAL L A & B F R4 ODS-W/Cu Bk AR M 2t 6t
SR WG AU REE L BRI 0. BBUE T Rt Rl 0, FRgk x2S
1. BB KZ=M e RLE S TRE%6E, HEEAE, 230009
2. HHAEWMAB S TREEAY R G, FEAAE, 230009
3. mEREH &SR A S N T2E 5 LA 7 G, T EAAE, 230009
4. EPRE S AR SO, T EEE, 230031
5. RUESKZELEA T SERFEE T AT, HA K, 590-0494
LAY IR EGRIES (ODS-W) IR (Cud Z [ ST 25 6 M R AR AR SRA% B A% S B HE rh i B FH 38 G
L, ODS-W il Cu Z[A]f EL AN PRI K 2R 00 535 22 S 4R IX B Aob B i s o Rk . AT AL
FIH PR ARSI SR T 275 ODS-W R L RRANK 2 FLas i, Il il &5 7 he4s (SPS) SEl
ODS-W F1 Cu [ Lk & - %% T Bt B L S50 ODS-W R ISR 520, DL AGEREIR X ODS-W/Cu
Pk FUHIOL ZE /RN Sy 2 PR RE RS . £5 SRR I, 7F 50V-40 min MIBHIL A L2614 N, ODS-W R F
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BIFLAEZN 90 nm [IGK 2 FLEE K o X —Z5Rg 3 N 1 R TERDRERE , IfifE SPS i fE A H85% 7 ODS-W 5
Cu MFHSE A . FEEEBREN TR, SR s N\ B RASAHE G, AT sl 728009 R,
HAE ODS-W FHHiZ AT AR T 58 22 AR ELA, A S Mk ) kge. e, 7E 1000 € K&
FARFET, PHAREL ODS-W/Cu ek P fsRfEA S| 245.2 MPa, b EBERL MR RS T
157.9 %; RIS HATEIZ R AT Cu LSRR P, LI A% X ph e 1k 7 2 0 B IR 2

C01-61
FRE Ti2C-Ti EEMERITHH & 5FHT AT A
FIVBTE*
I TR IR FE R

Bl ¢ [ SR w5 77l 22 4, THT R 2SR VR ZE oMl o F 300 VRS AT R 2 AL 0 v e P
HORSE . AR FEMMEHGT R, BTEAMEERSE&ERNTHEL, B 4E)ERE L8R5 PR
TENLEL . KB T HEEHR A5 A0 A Ti2C-Ti A AR 46 %, RO AR BOF BT Ti2C B 28, JEid 2
it b i /1 # R, & 75 vol.%Ti2C &M Rls AR & i = il ik 220.1GPa, LB EIA 47.7GPa-cm3-g-1.
R REFREE SRR Ti2C R A AR S Ti KT Ti )2, R R o A TizC i Ti Ji - BT
HIEBVNRSE Ti B 2. 24 Ti2C & &8 75vol. %0, Ti2C A& IF kA NA Fii, 51 REERS M, mT
e AL FIORL N Ti R 2 0D DA AR T I R = R A, RVRTE R AR OR A FE ST . @ uin TAR TR
SCHL T BAMPRIES SR AR . HHER T Ti2C N Ti R TR E SRR 24T N s R A

C01-62
P AEACEM R P TR AR R
SRR, REM* . k. I, RUHL
AEE R

TR T IS MURSE BRI Gl RE, ThRMERS g/ e, s KR, =2l
BRI R E, FELAEERE R AR A, X RFHPRCEN TR RBEIDRE . ZE (AIND
B DR HL e R A R R A R ISR . (B2 ST R IR, AT L ) 5 1) 3 AR PR B B AR AR AT
ARKIIZE . FX AIN F ) 2 APER LG R 2%, AN, JRELLRTE . ASORM 7 — Mo i e &
& AIN PP Eoc R & B AT, BEENSEFHTASE GRAE) SEEE AIN G
A SR GRRED HEHTIXIr, EEMIT 7R AIRAEIRE T T3 R Mo U . 25 2R AR T A% S 2 PR 1 g
BTG RRN F IR, HEHE LR = RS b S U, B4 T AF 3 220 Wom K HTAS SR 340MPa
(11 AIN P %2 .

C01-63
Enhanced Sintering of Silicon Carbide Pellets via Rare-Earth Doping and Atomic Layer Deposition
Modification
Jiquan Wang**? Jiangping Du? Yumeng Zhao? Wenging Wang® Xiao Liu® Yu Li%*? Zongshu Li"? Rong Chen®
1. CNNC Key Laboratory on Fabrication Technology of Reactor Irradiation Special Fuel Assembly
2. China North Nuclear Fuel Co., Ltd.
3. School of Mechanical Science and Engineering, Huazhong University of Science and Technology
Silicon carbide (SiC) ceramics exhibit exceptional properties that make them suitable for demanding
applications such as nuclear reactors, where they are promising candidate materials for accident-tolerant fuel
(ATF). Conventional SiC sintering processes typically employ aluminum oxide (Al203) and yttrium oxide (Y203)
as sintering aids to enhance densification.
This study aims to advance existing sintering methodologies by improving performance metrics while
reducing process demands. Specifically, this study targets reductions in sintering aid content, processing
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temperature, and applied pressure. To achieve this, SiC powder was modified through two approaches: (1) doping
with additional rare-earth oxides as sintering aids, and (2) surface modification via atomic layer deposition (ALD).
Modified powders were subsequently densified using spark plasma sintering (SPS). Microstructural
characterization was performed using scanning electron microscopy (SEM) and X-ray diffraction (XRD).
Sintering performance was evaluated through relative density measurements and thermal conductivity analysis of
the sintering pellets.

Results demonstrate that both rare-earth oxide doping and ALD modification independently improve the
relative density and thermal conductivity of SiC pellets. Significantly, the combined approach - integrating
rare-earth doping with ALD treatment - yielded the most pronounced enhancement in sintering performance. This
work provides valuable guidance for optimizing sintering aid formulations in next-generation accident-tolerant
nuclear fuels.

CO1-64
FESNRERLRH & T, RS BOHEHERA

F1aE. HET*

RPN R R T

AN R A R T A 4 AR e 5 B35 N Re . ARG K2 MO TR L N R &5,
FEI K. A E, AR HAER ST —Rh e LR R Je T2, B TR R g, B sl (R TR 78
MRHA R K 7 TH s BRI 3 . il s S0 7y ik MR N TR 32—, ] DAPRIE R
R ERIE, SRS T AR BRI . AR e UM LR & SR R, BSE T2
R BT T B B % RAEAHT, FEF RN S EBM LT

(1) 454 Cu-Ni-Si &MY, B TEFIN ROt FE 5 it 7 snd s SLi vk, FER LSS 2= 21 4
Wifiiml, #5727 Cu-Ni-Si REES - T 2-VereEdsE. Hrh, Cu-10Ni-1Si &4 7E 550 T T2 2 h +
KL 87.5%)5, HAKIRPIHIHEEE A 1364 MPa, JE R5EE A 1295 MPa, FHL% N 38.7% IACS.

(2) RAY BZ T HEAR & RST Cu-Ni RIFIUERAD T BZ o iiEs, HXHER (900 °C/1 h)
FIEF 24 (450 °C/1 h) #Ab3, 54 BFIREN, PRSP RMRER AR, B TIET&XT80-
HL-T - & &8s, WA SR W RITE R R AR S 4% .

(3) WOLHIBE MRt EVIREIA M & T Sl B E > Cu-Fe-Cr &4, KM 7 FiEEABIAY AT HLAS
2220, AR T ANTRNE K TR ) i - Cu-18.6Fe-5Cr & 4. R R 17—l 3D FTENHIARMINLAS 2 ST M 45 & 1) 3R
W, DA B & & BT R . [RIE,  tm] Dy v il i S G A AR VA 4 b 1 N SR A T R i

C01-65
FRIHHEE FIUESE ARG SR EE B AR AT 42 & K sRAL LB 4 A
R N R N L N o=
1. VG2 R RH K2
2. PHAE ML KA

% E 0 4 BT HHT R A5 A6 RO e R R T R AT 2 AR 5 1R 977 S B SRR A M B AR B . SR
1M, THC ST A 2 32 0B S A A7 70 MR AR AR 5 2 vy 5 ) 85 i e DA 2 SE B TARE R FH 77K . Ao
IVE N — ARG K], & —FhER AR VRV B 5AH . B SA AR A NN 2 Te & & E R E R
TH2 T I0E 40 7125 5 R VR R o GBI UTTE SR A R R B 2 S5 A BT SR A SR A 2 e S AR
TV RERH BE B2 PERE IR A TS, JE45 & 2 R TSR Tabor-Bowden ISR AR /R T HIB7E (13
TR EEALHI ISR HLE], N2 30 A ST AP R BE ST S BT RN 7 2 e REIG SRR A T HoR i 3 AL
P, HEE BRI S 2 3 u A SRR E A MRS R N RUR R B B

C01-66
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P ERBENFEER KRB S ERTAT A ENSHLE B H
JASERE . Bramdn. sk, Rale*
FHEM RS SR TR, MG K%, MG, LR 264005

AW FE ARG RS B P R IR (1190°C 5 1230°0) #il % ARIE R K il & & N A &, R BT
5 B SIS ML T S8R R 48 9250 QIR VE ] 1095-1155°C. NAFHEZE 0.001-0.1 s, i BEHEAE IE ) E SN
JI-MAF 2R, AL RIAREAR . BN AR TR B A DGR Arrhenius ASHAARRY i It HEL T EO AT S
(EBSD) FiESf e (TEM) X RS0 G FIRAFEEATRAE, 8 &S MO UL . T3Sk
R (DMM) HEHIN T, R TS S HON A SE A A IR . AW R ARG T PR i
JE 1] B B G AE AR T R AR AT . #0n T O A 2 RIS A5 45 i (DRXO ML (1 S i A A o
NI R IR A SN T T 2S5 A A S0 3RAE T — @ EAS AR S 4%

C01-67

NbC SR I & & HIH & S AR R 5L
S
RELEEETUN

BT G — MR EME, B4E TR GSAIIM A, AAHARE R G 40 i A
TR = T2 P i = e K O B B G S IR S 72 i P ¥ TRl a1 o = PP 2 o
IR BRSBTS R 2 A . T AR RE, T AERAEE N A2 BT R SRS
HERE o A SCIBIS 45 G be 25 FAMMBRLE, BIhfl# H T NbC S5 IR &4, FEXHUR G S0, Tliskke
4. NDbC & DL R B ok ot HL B AL SUR 24 M B U 3EAT T R G 7

HUMGEAL ] DL N A Sofy R kAR, AR RR S HERE . NDC (SN ] 2 2 4R s A 45 1 R 4 42 10 J1 22 kg
b5 NDC Fr & 3gn, NS & &M% 5. A FPID sR g5 200 E &%, 24 NbC & &4 40wt%
i, NDC AW 458 i 4 71 24 MBI B e AR, 25 B VR DA R 4 DR 5 4 331 4 7.6g/cm3. 603HV F1 734MPa.

T e 4 il £ NDC AN SRS i A &I, 8 F — 5 LB (R BRI EOR AR 38 A0k 1T LA 242 55 NbC 4145
TR &M 1R, FERARBE S IR . BEE RIS S MG, &AMk, BUE R m, %
FE RN 2 PA S I FHEa%s, N 30wt IE LN 1) NoC NS5l i & &% F . il EE (K, A 7.71g/em3
A 738HV . HLdfT R EELEMA 20Wit%FkBE Bipy I B i KAE, N 764MPa. FkIEZR 0T NbC 4N 451 5T & 4
LR (RIS E

C01-68
Cf/SiC R HfSi2-ZrSi2 ik SiC/ZrB2-SiC/SIC R ER BBFAT A FH%E G A REH TRk RERT 7T
JE S 26
Sy NE =

B -mi e s T2 G B AR i RT RIS SR IR, [ B 5 U 2 R 5 450 B
B RO S (AR R, Rl T30 3R THOR R RIS S R R 5 o R UL T
TGRS e RS IREN 71 (/1) SR FEURESE 5 iR ZE N K EFLIR H L. FURATRH T
—fh C4SIC R 1K Bk A CVD L 258145 [ HESio-ZrSi, et SiC/ZrB,-SIC/SIC = 2R )2 - iR I ) HES,
HI ZrSip fEQIHTPER G AR L2IBT Y O e B, AR A MBI RIS B R Si02 BErg LAEHARME
RGOS LB T R HIRE I B Y . R E S M S RAF, A6 SIA 14.7MPa, AI{E 1800°C
ER N4 Kk 600s AL S et 1% .

C01-69
TERGGEABRE R & Bt SO R 5 B A Y
ko4
ST T AR A R 24 7 1 SR AR TR BRI L
C01-70
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Al-Cu-Li &8 3R BERAT A RN SR ERF 5T
il
WIRR S WU RS 057520, Wimd Wi, 411105
Al-Cu-Li A& M HARE B & tom B S e Itk B, AEAT SR ST H /T 50, (HHRAEL
M e RE Canr 8 wIvE. 957 . BBt 1) Z I or JE R G T S 7. Rl e SR S &
BRI, TG N SN AN BT . AR T IS R A R B HEN, @t R
R . AR ERARE R WAk ST BB SRR, IRAIRTE T B BT Al-Cu-Li A& &TE
T6. T8 PFHHAALBLIRGS N IR RIABRAT N, $07n 7RSS 1 SRk . 9% 55 J e e 0 SR pL
il o WF FLEh SRR BT T &, & S buhss R 2 N K2 E A, 250°CH 43 51 283 MPa 1 12%;
28 150°C/1000h B 55 f5, ProismfE 5K %5708 599 MPa fl 4.2%. 784 SEMHFEAIEH T, T8 %
G 4 I S B s ol P B AR v R e 57 B g, LR e 57 5 A T I 1.0x 108K . TR A TR 7R, B
TR 57 REUR X R AE ToAH (B — ALCu A (KD — AlCuofl (IR (AR, FEURBRITALR /%
HIF G K RLL. AT T Al-Cu-Li & & ER IR KM T 2 W R MGG N NN, NG
SRR PRSI S R R A T SRR K
KA RS S WAL g ST

B
C01-P001
BEEG SR AR BRI R 28 — R R
B>
ATEEPNCS

Bi (Co) RHEAERIA TN miR S MR ek RO B, Tz N TR . B & 4
AW R NAR S Sk ATk . Horh, HEBRZARRE (SFE) 1EAEREMO B 5 2 W 12447 NI B S 5,
TERFE IR TEALSIAAS AR AT e HEAE A . R0, SR80 BX) SFE RIvERfI SA7/E A, JoHAE AR
SERBERPAF R Fk, AR MR RGM 740 Co AL A4 SFE S5HAR 1T
No AW ESGTHE 71524 27 Fhid i 48 7T R 1 Co 78 0 K FAUAIE SFE, &I LB AR 2 = S &R
Z—, i 3d JCER RPN ART SFE 7= A4 B2 5201 . ANNNI BB Th Fitill 1 SFE MR fié&ass. #—
o, BATGINET A BRI B ek vk, Tal Co HIAHARIR N 660 K, L SEEG{H 690 K
= —%, SFE MR FEHCBPE RIS 2] k. BEERATIER V. Cry Mn. Fe. Ni. W. Mo 1 C A5
GotE, THHEEAFRE NI SFE FIAAREREE, 458 550088 R W6, 10 Co-6at.% Fe 7 300 K
) SFE 555646 —%L, Co-0.93 at.% Cr MTRIMIAHARIR A 750 K, SAHEEIEMFF. AN Co b4
AR TR T AT EE IR AR A .

C01-P002
BRALT X <RI B Sk A RE A RZ T 5
PRom*
AT L FRANBHER AL i IR DT 7
e BRACH TR A ke 2l PREBRACHINS T8 S TR S WA Bl Sk U REAT G 7R (1 U3 1
S RPN BRACIRIE . R 7 BRESIR LA s NI Bl Sk WU E RER) T 228, e Fe I
BERVE, Sk A3 i EEAR AR R, it T IR R, IFA SRR Rt AT 1o, aRERW: fLhlifE s
PR R TR RN, LR Sn R N iR T SO0 RYERE, (A AR AR Bk Re it —
PR BRACHIATIEL o 1 Jr 88 2 55 AT DUIE L BB ] BR) R4 FIA B 2s &R At be s tERE . (Rt & )m
Aatk 5 e Z B A N HH 8, AR A S ERa 2S5BS SRR R e MiaRE
SR FIAL S AL ER], AR T R R & &5 SR BR8] R4 . 5 ANBRACIN ) S RI P
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FR AR SN RHER I BT s, BEAE B N BRI B AR RIE R 0 A R K. FERE DDA AR TR 1 2%
TR, BERACHNEL K B DT LR T RIBERACIBE S, B 15 N BRACHI MR P P38 KB U703 P2 AR R AR
FERE VIR G, Bl e WA Sk B REEL AU, A T Bl el kg ar W e 5 v, BB AN
P PRI BE R KA AT

RRWRL

C01-PO001
BB RIS BEUGRE Cu-Fe A& HS NIRRT
BRaBms s 2kt K BRI V2. FRgk St
1. BT KM R RLE S TRE2ARE, 280 A AE 230009
2. R ARG S TREAP RO, 2 A8, 230009
PLIE JEL o0 AT LA R M JER], il B IR AR, G R BRI (R IR e 45 1 15 Fe 24 10-30wit. %)
Cu-Fe G5 iR FE o XTe g ORFE 2 B RS . WA R, Fa Tk REANRE 1 BE S AT M AT o S5 SRR,
B Fe S mMIBGIN, A &M% MK, Cu-20Fe 5URFE R 82 B 2 4 R B2 1R s T 385 K, i il oK 79 HVS.
[FI, B Fe Srmpysgin, WA SRR/, &AM SRR 725 BIACS;: A & MBI E
WG K, e KA SR E R 6.1 emulg o 85 8 45 15 B TR T v R 2 R RE Fe 3 6 S 1 K JS k), 17 Cu-30Fe
TRFE ) FL 3 23R RIS IO R s, R B/ LT 38 36.6 %IACS. Cu-Fe FREE A FE I M AR AL 5ik 52 B
JREER T = e K50k, e ARG SEE A 1.8 emulg.

C01-PO002
oK P IR S A G GH4099 A& HEERIXT LI IT
Frlg P2 B SIEE . REr
1. hEFREEBE BT W E 25 Jeit Rk AT G
2. HEBPEEEAR R MER S TR B
AT T I T4 5 T ek Bt 4k (Plasma rotating electrode process, PREP) il % &1 i 14 GH4099
SRR, R0 7 W A5# T (Hot isostatic pressing, HIP) 5% [X #0614k ( Selective laser melting, SLM)
PRSI L 20 & A S AR HER IR S 28 A RE . S5 RR: MR M ELER AR, HEEIEH %0
K GHA099 & < 7E 4 V) M fe b AA BB A —— =R 5~ Hpih o8 (1154 MPa) 5 J# ik 5 B (714
MPa) ) T 1R 3% U (1136 MPa/672 MPa), [F]IN 900°C =i M85 T 75 R AH 24 i il s 2 (302 MPa)
FIRTHR N, ZEfER (30.3%) BIAHIE AT 10%. FUELHTREE, MR IASHE T 2@ kR
7 B S, BEMAASEIRARA ), SCEURE R SR M R T . A FTIE S
B R HRAE =il & S U &0 7 AL - VERE T RE 71, 9 GHA099 & 4 s M Re b il 2% S 5 4 M 1t AR
FH R A AR

C01-PO003
Ti2AINb & 5% & &M REBESSE R
X P -l A SRR T R
1. R EFREER S BT TR TS Sl R 7T G

2. PEBFEAEARRZEMRR S TSR
ARG E EW T 7 —FEBH MR (Resistance spot welding) 58  fu gk T4, F T#F5% Ti2AINb &
SR GEE S BN SRR . B (Hot Isostatic Pressing, HIP) #i#- 85 K Ti2AINb & 458,
FIHHBH AR EOR, K TCA. TALS A Ties —MA A HIER G & A [E 2 7E Ti2AIND & il il TR s |,
Sy MAEE R 100°C. 200°C. 300°C. 400°C. 500°C. 600°C. 650°C NHEATIRE MR, 458 EH. =FiE
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M ¥4E 100-200°C R FE G FEl IS B 1 #fnr 1) @i, Horh TC4 £ 100°CIA R %A 180.9 N, TA15 £ 200°C
IEFIEAE 276.3 N, Ti65 7E 200°Cik £|I&(H 183.5 N; i it 200°C/5, =AMt K7 15 2 HE
RIS SR ETA, RHIREE Y 200°C LN HEFE(E A TC4 $ibt, 200°C-400°CHESE TALS §fitt, 400°C
DL _EHESE Ti65 5k TALS bt XFAS [F R D28 02 gk T 0 A, TC4 SEAE /T 60 W I JLskff, TALS
H1 Ti65 70 HITE R T45T 36W A1 48 W i BRI . 45 BRI TC4 M T E @GR, RN #d NTh%
£ 36-48 W P SERHE S 5 M BLRGd . A ST N Ti2AIND &4 55k & &M s SR T 2R T 2%,
F O HH AR T 2R SR A S 5 R S M Y =R BE AR, R R AL i A A e e A S A A T
2HAE .

C01-PO04
REERIEE HeHBIB & T W-La203 E&MEH AR HaeRr 5
AU Y2, SF SR M W A BRI REE VL B 20, FEgk sl
1. AR KA RIR RS TR R, %A e, 230009
2. B ARIAES TR L, 2Z28EIE, 230009
3. EEREH & e R A I N T2CE 5 TR 7 G, T ESAE, 230009
I HE I 2SS T (He ™) R 2 B8 (W) 3R T R A 7™ J1 AR i R 493, 78 W SR THITE BGBBE « FLIFIFN Fuzz
S50, Fuzz S5M0 I BRARIA T R USRI AT i 52852 70 A, S5 R kLT AT BRI R B ds
MEMERE . 7EfE R AR He i T 75 K A B i FAL JRAETE R He ¥, 5 N fLH(La0s) 25 —AH, REA 24
AR I KM B A EE, FHIS T He R K. HIETAiE(PW), &H 1% &4 %) La,05 55 4
[ W-La,04 5 & MR 26 I T i 90 He a8 BE . 78 He™Re &l 34 eV, WA 2.9147x10% ions/m®s H.
FEIAF] 3.498%<10% fons/m? (AR ME T PW £ A ¥ QAT T Fuzz 4544, {H W-La,05 5 A HRLE
HARIE L Fuzz 4546, TiE I T —FhRLT-BRIR PR T 4514 - KA SRIM 3 A 1 A8 i B8 1A
FRHAT AR IL, LapOq 25 ZHHARRFSRAAE W SR He  #R RU bhi 2w IR T M B IRAL,  REA 20E
2% He V7RISR LK, 2EIR T A RERIE Fuzz S50 104 .
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