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Developing ultrastrong and ductile ordered intermetallic alloy via 3D printing
Tao Yang*
City University of Hong Kong

Ordered intermetallic alloys are renowned for their impressive mechanical, chemical, and physical properties,
making them appealing for various fields. However, practical applications of them have long been severely
hindered due to their severe brittleness and poor fabricability. It is difficult to fabricate such materials into
components with complex geometries through traditional subtractive manufacturing methods. Here, we proposed
a strategy to solve these long-standing issues through the additive manufacturing of chemically complex
intermetallic alloy (CCIMA) based on laser powder bed fusion (LPBF). The developed CCIMA exhibits good
printability, enabling a crack-free microstructure with a low porosity of 0.005%. More importantly, a good
combination of high tensile strength (~1.6 GPa) and large uniform elongation (~35%) can be achieved, which has
not been reported in the existing additive-manufactured alloys. Such properties are attributed to the structural and
chemical features of highly ordered superlattice grain decorated with disordered interfacial nanolayer, as well as
dynamic evolutions and interactions of multiple dislocation substructures. These findings could provide references
for developing high-performance intermetallic alloys and accelerating their practical applications.
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C10-22
Dynamic hetero-deformation induced hardening through strength reversal between hetero-zones in
austenite-ferrite duplex steel
Tengyuan Liu*, Xiao Zhang, Pei Wang, Yuntian Zhu, Dianzhong Li
Institute of Metal Research, Chinese Academy of Sciences

The use of heterostructured materials has proven to be an effective strategy for achieving strength—ductility
balance, which is attributed to hetero-deformation induced (HDI) hardening between the hetero-zones. However,
almost all heterostructured materials face an issue: the inherent contradiction between back stress hardening in
soft zones and the damage caused by excessive localized strain in these zones. Using austenite-ferrite duplex steel
as a model heterostructured material, we revealed a surprising strength reversal between the hetero-zones during
room temperature uniaxial tension. Sample exhibiting this unique phenomenon achieved simultaneous
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enhancements in both strength and ductility, offering fresh perspectives for addressing this contradiction.
Multi-scale in-situ experiments, combined with crystal plasticity simulations, revealed that the improvement in
mechanical properties is attributed to strong strain/stress partitioning between the hetero-zones, as well as a
sustainable, dynamically reinforcing HDI hardening mechanism triggered by strength reversal. Strength reversal
allows hetero-zones to alternately bear strain, preventing premature damage from excessive strain in the initially
soft zone. Importantly, the initially hard zone begins to provide back stress once the initial soft zone exceeds its
strength. Alternate back stress between the hetero-zones ensures high sustained HDI hardening rather than
exhaustion, thereby increasing strength. We also systematically discuss how the hardening ability of the initial soft
zone and its content influence the occurrence of strength reversal and the critical engineering strain at which it
occurs. Finally, we propose a novel, dynamic HDI hardening mechanism, which expands the conventional HDI
theory and provides new insight for designing heterostructured materials with superior mechanical
properties.(Acta Materialia, https://doi.org/10.1016/j.actamat.2025.121120).
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HEMEL MR MERENNRR I, SAEGAEF RS AL, USSR R 5 A4 (e i AR o FE 35 &) 4iE
12 73 S 55 59% T 73% o TV 25 KA 7N, UL R i it A 2 T 35 A D OUR B 20 AT, A 80 N 5
TE R T LA{0113<522>F1{113}<332> 2y = [ iy it 5 e Rl AR 2R, Fo~F¥3 Schmid K+ 0.31 #8722 0.45,
BRSO A GE A7s [FRIRE, # AlLCu MR A RIE . RSHB/NFIREUL, B R ai . S0
FW, AN N AR B A SRR B SR AR H . XK R R Tk R R R AR AR
R ZHBR)A5), BEWRR R LEEF BT N A, ZUORFUEDRE CNTs 708, FRIRETE,
PR/ SR ST R R AR R, AR I S AR T
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1 ERKFEMRREE S TR
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T (188 T RS 9K R B e PR REER A R . AT JTIE I el A SR A S AL
WA, RGWIIT T 52 PR TR AR TR f I 10 I SR AT 9 S O B SR L R R . AT U T
ANBRIEL AR AR TS RO LA R R AL S 1k S A SRR AL R 5 R S B . W TR IRl ol
<) VAL < S 1) i R A G B T e PR G T S A T I < ) S R U S I B T
BB RS2 akass, T G s RN 2 HLH M M2 R AR o AN RV il T A5 A 2 R I o ) (i SR AT 4
LSS AR MIE . i T T 38 CHIWRA By sR b Bl 55) AT (HULEARSE A AR 55 HIML
aRip IR, Horh XGBoost 73 SRR FEE4 T [ VA6 7R PR FL A s 0 5 SO UE HE A 3 T A o die (500
WL SHAP JPiE W R BEAT REVE b, B DAME . I AT . B AR DL R A R T
S L SR RS IR L o R A% B AT IR (A4 DAL BT o 0 AT IS TR S0, 1 e ROV o S A2 A el
R 2 FEAR R, S 1 WL AN ELAE 5 R B s R a2 ) (R Bl RO o [l A 2R A A0 7 P2 TN IS
RO RUFRIATIERENE . ASBETTT St A5 — VR B S LER 2 ST S5 S I FOAESE, #8017 Joxt & 7 o
FERISZmpL], Dyl & 5 SR TR B kRt G R it 1 BRI S U SR
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Hh A e 0 ST ST
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JRF RSP (CSRO) » 9K B2 P AIHCOK R [ SRR S 548 o Rt /) B A 5 1)
J1sEbERe, HIBARGRE N 1.1~1.5GPa, {HKF N 18~35%. SHlMmAHLL, SRS Mm%, I
H T 5 s S o 7T . o, SRS DTS R AR 8 sk AR T . =9
MASTENLHIE AR AR, AR IAERA A . A TE2R . JZ45F0 lomer-cottrell 8 DA HEAEAL . [RIF, gk
9 B2 PLIEBAAS A4 ), AR 7ESHIMERL. BhAh, FEAR I CSRO B RUAELE T A 4512 3), Mimir=tE
THREACRN o S RO 45 4 T DA S5 o N AR RE AL, R AESRASA R e T B BRI .

C10-31
BRRT SRR GRS & SBT3 73 /1 2B R
Bt ks, #ee
1 ERKEMRREE S TR
2. HIRKFm e e WU A% 3 4 [ 8 SE e =

A P o S8 8 Al R ) % i R REAR 1 i — P RO A RIBE T SRE o BRI, AEAR /MR RS R
J3R TR AE T A i SR AT D MU 5 BB R AR FE AL PRI W e AN 2 o A S 70 3 7 S U 7T 1 IR
Cu A1 Mg JR7-£ 2 it BT 4 v i RO Bt SR A M AN 1 22 VERE RIS . 45 RR WY, 5T Cu RERS B e
wi I AR 7 B, T Mg i SR SRR M BOE A K, I 59 R 578 i T AL IR SR AT A R 2%
T3 Cu AT Mg £ 5 7 A i 5% A1 RE T oL 400 1) i S0 sh A RHI VA N, 77, (I 5T Cu ZEAN R R N X i 7
TES R E AR EE Mg HRECE 98 XU AL A SRR, V5 Cu 75/ A1 B & F AL i 3R RE 6 4 | AL 4
FEASFCIERE R 0 A, WS i S AR A T A, TIOR3 Pt A Al SR8 S R A AR MRS B IR AR o 3
JiE Mg FER /N JEE i AR AR A WL BN R A% 31 8 25 (R4 AV

C10-32
SR 451 52 B FIBRALAE CoCrPeNi R A S7ERR IR FARBLIEN /73
BEEI. B e
UK KR b T b

2R ¥ Lt CoCrFeNi [H Oy 7 J7 S5 H i i A S EARIR IR B N R H 38 i s Ah 508 A S AR B4k 6 g, [
AR 23 AL R A R A B S AT 5t AT s BEAT Joy2ai 2 TAZ R 7R oK o AWt Ftidid 2 40 R iR K T
2GR KIS [EY 6.5 438 Bhifil 4 T — M 2 57 R G5, %45 M B X (~2.3 pm) 41§ 1X (~0.9 pm)
IR FELE SR OSSR RIE 293 K AT 77 K TR 4373113545 ~859 MPa #1~1130 MPa ) it JIf 55
. AN ORFF~22.6%M1~35.2% ) 35 SJ (A 2R o 3X M 3 Jog 45 AL) e i e () B A% 23 B AL, e R PR P A S B 17
RS (HDD SN AL . FEARIRPAE T, HDI R4S 22 E 0, AU 7 AT ZR 6 1)
TR, E— 3T 7 RIS RE 77, AN SCEL T o -SE M AR S U [R5 Tt o IR e R IR R T R S T
W EE S SR R S E, NI R E T RIGIR S B M BRI T HER T

C10-33
Al-Cu-Li &1 HiaWAETE % K& &5 14 IR RBERAE
1 G TN VA RN S St
1. JRE KL =
2. PR kK2

AR FUE R RERAL S 5 — R, RGHE7R T AFCu-Li-Mg-Ag &< T1 A H B3 T1p
BB R TL B Bas A A i, W 1 iE e 0K Mg 5 Ag 7E Tlp — T1 B AP ISCHEIET . BR 1 1%
iR FUBAZ RS, SCUe H I RO R Tip L HUEAE S SRR T, I8 N B B AL E A B
FAPAT AL SIS A%, $h & T TL MR BEE . FeAed 240 T T1p o Al-Cu R R T[4 /7
HAF, R KagomeéM 2k, Itk 3 Al Aahidd (SPD) AIBGE 51T/ . ikt Li A1 Mg J5 777
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TEREIN A2 DR S)) SPD TR Gk, Ag Jo R MEI 2 Li iIFeE BRI R R B g RIEM . %
SEREAR I S RS2 IS B Cu A Li o dsihil. fE45MRAE T, @I 454 HAADF. ABF 5 iDPC i
WP AR HOR, BT 7T AR L R AT, ORI T A SR AL AIQ2)/Li(2)/E
B SRS (EAS 254, i S AEAN R R RE P IRFF— 8, Sk gt A E, JESEWT AR ¢
K BRI 25 SN R AR . BT S0 W 5 % B v s S AT, L T 5 Cmmm ZS [E A AT Al-Cu
AR B P HEBR S MY, DR TIEA TR e 5 A T1 S — E Fa e, 5oapisl
FHEC TS hR M EE . BhAl, AIR)/Li(2) FH1HJZ I B R RS A] A R MEUTIE VILE TR TR I R3S, HE7R
TR RE A SR R B E . EiRSE BMNE T RS T T A2 L A &
TCR AT ARNIRZEM, NEGE&mIERBT ML T BB KYE 5 5050 S .

C10-34
KA 524 TR BT H R OISR R B
S
o R 5 )2 U

ERIBHIN 92 EA BB A AE AL [ , 2185 RUSE 772 B BN S A4 1 3 A 2 R SE ARV v I S A0 B P
< RENS TR ok P < W M. B, FRATTVCTH AN 8 1 SR RO AN GRR AT LA 0 00 B S5 g T P2 45
ty, SEELT AR R S AN I AERE, R T XU S A B L SR B B AR TR AN sE WAL LA . SRS 9l
K & sm WM 2 EF Bz —, ERRAEHSFAT, ZEHH S AR RS =I5, ARSI
PAE B ALR E5, TR I A AR Sed UL 325, A — v (] SR8 RO R4S B o i o T
SR TR AR BRE B THE S R B BTt RS 5 AR SR AR SEAR OC, AR 0 ey iR B
R, SR s AT H RO . S IS b s b AR AR 71 20 LUK, vt AS [ R A2 AR B (ks IE
ST AR,

C10-35
FBREAR G RLERME: SR RE R
FE e b Bk e
1. m BT R
2. AR

R EE R R R AT AL T8 SO A T AN S 3R 2 3 RAG S AT RFRE B35 b 1 X & e s K
W, IR TAE TN RS . RAEITR T 2Rl ik, (HES-MERAR. 2% . mal
FER KA T — AR )25 T A SR A BR R, DR oK S5 M AR IR R RS B R AR AR SZ IR . R 1 iR
— RO HESPUR SRR DAV ABERE, 2T A REWS [F] i A2 b IR R Se it & Bk vk, AL
VER et EEBOE T B B S5, EARZHERE Cu-Al B e scil 1 RAS KERGUK A4k 1
%, AETEEREEAER Cu-Cr-Zr )2 Cu-Ni-Be &I 1 04k, IUfl 17 HSREE . G K i G R 4R
B VERE AT TON KBRGUK G AT R TV B A B o i g5 R k3 T FriylF Composites Part
B (2024, 276: 111371); Nano Today (2024, 56: 102234); International Journal of Extreme Manufacturing (2025, 7:
025101); Journal of Materials Science & Technology (2025, 236: 1-18); Journal of Materials Processing
Technology (2024, 330: 118489),
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Al-Cr-Fe-Ni-V R B4 &2 Tohr A th R As R AT &
PREEE AL X
1 g TR AR K
2. BMERI AR
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B ESIE RN L L a SR TGS SV SR a, BALRH e rkas, PR T &40
WA, MHOIL) (FCC) 5 mil & &Ly, (HuRfE ik, @il NS HN kA Big s g,
HSRAST RN AT . BRI A 402 R R R I B R A 55 AT s AR R R 2, R
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PO IR . FERCIEAE b, RIS A o R 1 A AR A BT R 88 AR AT H SRR o AR T H A Stk
TR =0 & 2 55 A TR AR AN s A L) DA S Bt S B IvE ) FCC Ml & & BAA EE 3
AR o
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FEARA Pt CoCrNi Gkt Hr EINLIGE K
HEH

1K A

Ze3d 20 I TEANARE, BATAR BIGUKAT: (1152 7S AZ W 2 AFAE ™ W FORR L e A, AR RS SR
PR, AR RSB ETRSAT BAR R AR AVBVEAT N . AT IX S bR B E AR S AR H M R A SRR L HE
HANARFREL S IR A RE I 5. B8, R IR STRUMABURGURAE R LA AE, DA RERE
B . ME— BATBOR TRV B A R R AT U AR A e 0. 0 T th 2l R Bl BV i (K2 HULS S
) W ARATE, — 5T Bk sl s PR A HE SO LB LA PRI RS N 53— 5T, ks JBE
T FUET SLANAL AR A 45 St In (0 70 A 2 LR B8 7+ BYNL A ANGL S Rl HE R IR SR . PRIk, ks (28
PERAR AR IR Gy AR, SFBWUHER K. WX MRS, 9K A AR+ A IR
AT PAT RIS T, WFFT T AR A 22 P A K AN R e A AE R AL 25 B CoCrNi o g
T A IURAE R BB EAR I, DLUEWTIE W WL S I UOR KT DA S A2 R R A P AR I 5 R 3 Peierls
BEE D], deAh, BAVERAG BEMAEA T CoCrNi 9K ol g2 I A 2 A0 A, AT AR S
IR T AEXH LA FEAUA T LA 2K (1 5 S KA v N AR AL R R

C10-38
R E PR R R R RS BT BRI
Mt Bt W RS JRREE N RREEE L. REIAE 2. Eorar AL HAH
1. POJIERE:
2. BRI bR

IRHUCER R ARIE H PR N B BN PO R R AR TERE, TSI T — MR RS RE S ik
HAmeeRe? fEik, RO 7P A ACRVER S5, RAIE R ARIES: LR 4EIRAN SRR IR 2 142031
RN BLIR RS AR, DU BRI . 2R AEIRBR Z AR S R A /S B 1 AR i) 022k e G2 R il 49
GPa %), WEM T HAMAETIN. o5 0w B -SEVE U R4 A 32 2R+ R i 5 3 (HDD Stk AnaE{L .
FRI S B R i SR IR A% i RRR 24 PAY 0 ) 7 5 ) 2% 9T R (100 e 8 SO R L A P P A ) D AT LA

C10-39
TR R G R AIRGIKAT HH 82 RN I T RAT A T
Foh* T
Hh R e 0 ST ST

Fe-Mn-Al-C & 2 BURARR BN B — AU BT RN 2 -0 TR g - AN
ARSI B IE R AL, 3 BAT SR . IR VRIS sl ART, AR50 B AL s A AN 7 28 1
AT AR N AL RE VB, PR 72 N o 38 A AR TR PR BEAE drokL A R SN2 B AR
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Foik B2 M0RE, AT LATE 3 L5 AR I 3 G FL ORI SR T o 3 S5 RO T 7t R 4 4 s PO T 7 2
W e ) SR ) ) ASRAS D05 (K5 BB PE DL, i R T 5 AR TR P AL SR L 1 AN B AR AL BE ) AR
SCAERUANRAT R BEAt b, FEIEAR N MBI B G50, AT LITRAT v HILL R BUZ ARG, 2 RS R 4h
FIRE SR TEAR U AR SR E /KPR A S W . BT FOR I, A0 A SR X 3 ) B P AR T AL 32 2y
- A AT A2 AT PN {00} VT AT RS AT T BRI 2% G544, 1 % s D 4 R A AL LA A S5 0T H AR RO AR
FARRSRAE TSN TREfLRE Sy BhAh, BAW L B2 M AR BOAE S R BURIRIE R T 3R B A (A1
RO, AR T ROURSN Sy, W T REEAERL IR E SRR 7RI AUy s R R AN
BOHHR AL 7RI B BR ANV, SR WOW S A AR T P S T RORHE BE R B BT, R BN AT TR |
PRSI N P R 4t T BRI SCRF AR A 5

C10-40
RS PR T B R RGBT SRR B HOARHT o 052
HEH T, o
LSS

EEER, BT B R RSO EE A HEE N T BROR (STEM) 5&EMBFEE, Bl T
BERIE G HAADF, ABF. iDPC SEMEGHR, MONIE T 70 HR 454 7 s IR [1-4]. 4%
AREZNRZ OIS M E g (R AERT RED [5] iR GER TR BUEHED [6].
FEARAAS L GEREMPERARAAE B [TICLRIRE D FRAE ) (=G RIMENTIE 71D [8], A RHMES H R
TREHTRA T 2T B

BATMANZEARWT T T @RS T a3 Ak e m b sEal 1 e B AU 7 R B, JF
G55 HIREE DT ) LT oy AR, #8717 T BRAR =2 040 SO 5 1UR S IR IR & [\ e AT . RS IR
PRAPRE RO 2R i TR T HEAT = 4ERAL, RDUE SRR SBraiiy, T RerE BB AR AR rh R A AR IR

LEREW], B HP T BR BB N SRR AL A I SR T REE R 3206 T IR,
SEPICHLIIE FE S PTSE A S H ctie, HEBIAP RIS S PR RETLAL -

C10-41
An Improved In-Grain Misorientation Axes Analysis for Slip Activity: A Case Study in a Magnesium Alloy
Jing Yang', Kunyu Xiao*, Dexin Zhao®, Chongxiang Huang®, Xiaolong Ma**
1. City University of Hong Kong
2. Department of Materials Science and Engineering, Texas A&M University, College Station. TX77843.USA
3. School of Aeronautics and Astronautics, Sichuan University, Chengdu 610065, China

In-grain misorientation axes (IGMA) analysis through electron backscatter diffraction (EBSD) microscopy
has been extensively employed to unravel dislocation slip activity in deformed materials. Conventional IGMA
analysis utilizes neighboring scanning points (i.e., consecutive pair) with low misorientation angles. Such
consecutive pairs, however, could be less definite in identifying misorientation axes and dictated by short-range,
stochastic and easy slips that do not contribute to the overall grain shape change. To address the issue, we propose
an improved IGMA analysis that includes non-consecutive pairs and exemplify it by a highly textured
Mg-3Al-1Zn (AZ31) alloy subjected to compression along different directions. With correlative transmission
electron microscopy of dislocation nature as a benchmark, this proposed new IGMA analysis is validated to
improve accuracy of slip activity in deformed materials.
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C10-42
F TR LU A & BB N AR REARAT 9 K SR U R O 8
il g >
VUK

S 45 (heterostructure) 38K Al 4 J& JE T IAT A PR, R BEAL Gids Bk s ) e 18] B OC R 3
BT AR, AR, R (HB) BRI LA LA (GND) e HATA Ao R AR
Ak, SR T ) SRR UL L A 0oL o SR, AT A & JE AR G SCs i an: JE T S =
1)1V RE E BRI E MR T8, FHIESH e o, B RS TR E Mt (A ERRZ, HB
AN G 1 3 P 2 S L S IR PR AR T I S T X R AR BE A GND A ARAFAIE o« AR TAE DLFRRE A 5 200k
SREMECART G, GIFIRH LUZFEREL (R) A LIAESH, 4542 NESREM. SEREEART
(CPFE) HEAUFNEBIHLAL S 2EYE (DDP) HE4L, [ B R {EXT HB Pz GND JE Ak HIA: K B 37 73 A B4R FAL
il WFFEARIN, 24 R MG, B0HE 2 (AR T AR E SR BT, A ST A W R e 5t B R B AR R,
M 51 AL FERRFIKAR NN ), DR AR AL BE D3R5 RIRHE T [FIIS, HB 25 BRI A A AR — Qi
BESE, AR T ) [F3E SR AR AR N AR AL R JT o AN FURRINEE S, T SR L R S PR B AN T8 1) 52
KER, Nt R E BRI R A R 55 e B R LA

C10-43
SRARHR SRR T B SN A
TRIREE>, TkiTiE
Hh L e < SR T T T

St TR AR R, I8 AR HIURE S & @ AN AL R, 3L T AR
FORRE SEE AR — SR B (AR, I b OCHE 3 L BAR < SRR B 77 - AR E B R AR o A2
W T A g R AR AR R — S B A 1D H A2 E(n) G 1 BN TR 20 4o TR
BROBEE. I A omfL . HPURmAE S s AT 2 85K &y 3) HIRHES Y “ JmARSR L —Hihr s —1)
SIREARAR” ZERK R 4) EEMER T A om - BB FERE ST PN AR, Bl e (BETHE
EE I SHAMM (BICPIIAEREBRIE) 5) SEIL T BARRES & SR om e . BBk K R B /g -8
ARG E R TI . ZHMAERE . e e AR TR,

C10-44
GIKBRACYIAT AR SR CoCrNi & S EE X FiE 1 ¥ A
[ CANNE | S el
VG 2 A3 K 2

EMRIRZAME R, NiCoCr Hf & & R H S B s B A AE e ik, KT L S IR A SR s FE AR UK. A
T NiCoCr A& & i = EA IR 1254 6E, @ EHININA RS &K No f1 C ook, T &4r
W48 ) AT AN KA ), WAL & &AL . TR RGIRIT T A MO Z5 A R 77 24 P e AR AR,
BT T IR SR R R RS . RGBT R RG-S - - P A A BN T T8 T 9K
FHERALAT NiCoCr Hf & 4. FR4h fhiB JARFERIIE DN, MRS R & a5 BBPITER N2 BTk
R 45 S A% I HATHL R A PR fohi K, TR RGN RS 58 fh . INDC A4&AE 750°CIB K5 =i
JE IR FE IR B 1162MPa, iy sifE A% 1437MPa, JHE AR E T 18.5% MWLM, FINERE T, K
SN B S AR T PR, 345 i IR s B A T A NiCoCr 7 4#54 42, 600, 800 1 1000°CH)
Je FRGRBE 535 9 739 433 Fll 102MPa. AHICE5 SR TR R A 38 2 (1) rhoRs & 4 00 0 S PR ER AL T — P Ak
&%
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C10-45
GOREE 304NG BFIER T EEMND KIEEHET
it V2L HEOR S AMETE L K. AhRLE SO R P, me . EE!
1. ERl G4BT T
2. HEREERA K
3. IR K
4. JLTMRL S =
5. H [E R B A4 B 5T T
6. HERl K

RZREAE Ny — ] I BEPETE REUR, B R AR ER | 3 (0 A2 A 35 e AU ) B L RE IR AL A .
FL 22 4 ) U R R AZ L IR, L HAEk, Mk N 53— B3O TR i S S HE v S5 R AR R I
AE. RO T2 R T OSSR TT 5, (B H R 2 0575075 SR AR A ey S 2 14 1
o 3w, FRATEE R PORAHERAE BIRAEAN TN 30ANG REMH | BA & R ke, Jf
BEAT THRE TR . BATRIL, AR, AR S80S A e URE L], RO B &
o7y IRARAHAZ AL . FF L, XML AR = AR IR AR R UR A2 R, SRR AL, A
DR E G55 T GUOREHIFE S PR IEVERE, RN OREF T O0 = MLBRE BE -

C10-46
§t%t Cr/CrAIN ERE-SFRERB I ILE K £ %7 H TR
PR R BT EXE*. kIS, skets. IRl #hF
(iSSP N

FERRE AR 5 T2 7 AL S PR 5 SO 45 A L T SR8 i I 1 oK S5 R PRk v DU S B o 22 (4 P[] 42
The ATARMESLIX —BERIF3E— 5] NS TR, SRR Cr/aRds CraIN 9K ZRE & a0R Y
2 RARIRAT AR 58 B2 o Herh 2 A5 MR t Cr/CrAIN 7t Jsi St ) 73 1) 2 AR K A ey
[7] J5 F 1 CRI Cr JZ A0 CrAIN JZ H Fe s AR /AR s 50D 5 € ROREIREE 1) 24 )2 )& M ~20nm 4 /i %5 ~500nm
I, AEAREE ) (0 98 FE M EA R FFANAE (~28nm)o BIFTURIL, ORI EEVEAS T RE I RE%E 2 )5 R 3 i (22 25 4
5, (ISR FEANRIR LR REOR R AR E . RRAERZEF. 2RI, Cr/CrAIN ISR 2% Cr 2N
AL FE T RS A CrAIN 2= mh (8 BT s SO A e A s, T DA_E e R 4 = 52 2 [R) Jo3 5 1 ) PR 17 5 7
FHEZEAER Y, RSB T 5RETRA B R R, SR 252 CrAIN )45 5 B2 BT
SN, o Cr/CrAIN S5 FHilL i 5 4R 5 AS CraIN 45 s T = SEM BB GE /1. DL BBk
% T SEHLAE CrICrAIN A 225 FEARE I HEAE_EATRHE TR B2 0 .

C10-47
B EHIBART RN FHTRY BUEFR Cu-9Ni-6Sn &¢I =Rk
e, xR, e
B B K

Extending the aging time of Cu—9Ni—6Sn alloy can enhance strength, but simultaneous precipitation of D03
phases at grain boundaries (GBs) also leads to brittleness. To overcome this problem, the strategy in this work
involves remelting pre-nanoprecipitates to generate residual interface defects that control the elements diffusion,
allowing the nanoprecipitate forming elements to preferentially precipitate within the grain during reaging process
and suppressing the formation of D0O; phases at GBs. Specifically, compared to the aged alloy (ultimate tensile
strength (UTS): 750 MPa; fracture elongation (FE): 3.2%), the FE after preaging-remelting-reaging increased by
~480% to 18.6%, and the UTS synergistically increased to ~1,000 MPa.
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BEMBIIRS R T 1 1R (YK NTE ST 3.67 GPa, fok: B4 38 1.39GPa), 1EJENTEEE A 50%
JE RIS, Heore 8 Z RIS ILFEARTE, FEAR A R BT I AT o 33X M ey wik B AR R (AR T g
P RR I 7 T AR T 75 5 B 0 I s A S U T I P [ TE AL . AR TAR A s iE Al JEEE BT 4
TOHIRES, EE T 5 E S TR A R I, BRI T ARG Al IR A R
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FIE, BOAERBMEW R OCEETE . AR AR K 5 R LT S 4b 22 (Surface mechanical attrition
treatment, SMAT) FiAREE &1 T Z, AR T ES MU R, FHAA RSG5
BE, JAITRNI SRR SO LKA, RGER T HA T 2R 5 AR LS. B Fias SRR
B, 350-SMAT #l1 450-SMAT F¥: i K HURR (1) 57 53 A0 2 P AN XU £ ), 2 I sk o — Ao 58 48 g (Y o A
e, SEILT T 5 G R BEAE P4

C10-50
SR KRR P 4 M BAT o SEBLRAL
ST
AR

YKAT AR I IS BRAS A7 4598 2 v 2 S R S SRR B B, (R PR BRI Y B . AT ST PR —
FoREE: 1E LA AT 5N RER{L 527 (Short-Range Ordering, SRO) 4514, MII#EA
A SR R B (RIS B T S FE RN AL BE /T 7F CoaoNisoCraoAlsTiaTai % £ 705 4 B RSB UE S 1 4T
HAEF B A7 REME SRO 451, Il % Bz i (DFT) e s 7 HIE LG Sie k. B
R, Ta uRKMGINRTE T BB UL WG TR T, RIS B T 8 i A& ANE 248 (SISP) MITERRE, A7
T -Z R G AL 0 OR , 3 TTAA) FE ) 0 PRI T 8% A 8 i AR SRy 3t o 2L S T A% Gk 1)
PEEFIRE], A2 F AR TR AL T AR MO AR R . CE R R T Nano Letter (D
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C10-51
EHT oI REETBOH R RRREN: RO TATH SR A0 3
R 4>
P R 22 5 S =

e il B0 A AR A 8 ] A VR RE S5 A R AN — A B BUIRZ R e (SFED, i Bum A%
AR e B IR AR KR N AR R AN etk . HARTRARAEAALL, e 5 RARARAD N N AL ZR 3R T
R, H e 5 AR AR AR AL T EOMPBHI I TR o ik, 2 T e T L ) 5 4 D R v B
H FHARAR BR AR R SRAT B KRG RT I e- B Bt o L1 280 40 o e B ANV VR RUTLE T B I S F e
JifERE CLSEPUR R EIA 1.8GPa, HSKH SRRy 0.3). HFF AT IR EE SRERW], BIRIRINZ 4
BRI MBI RE T BLART, B - IRIKKTRETE AL (T0vol.9 LA 1); A B FRAAR IR (7 8 L F5 42
THIFAEREAE AR S T G, RIS B AL AR A B A7 i R B N A4k . 25T Iso-work R BERIRON /12
TIHTARET, e B IRAR AR A B 35 32T HAE DI, AEARAIGIR T~ B moln TAE Ak 2 HLBE AR 32 i SR MR
s it L e B B L AT L TR (PR RE R S B

C10-52
BT FHAE X SRR TATS AR A SR AR 5

R

Al & BA LEIREE R S TR AT IO R, AERT S TR M TR SS A S U A5 22 N 9 T i
RGPS R, R A . 2RI, AERRR S AL BRI Fe TR, LKk Fe MBAR
HITZ8 %, iR SRk A & B, B PR & e 2R . AR @i &
B it TERMMAE BT BOW & & WO H R R, iz FFRRB RS X SHERATH AT AT B &
oyt T ARSER S 5 AR R ARSI R I ASTAT N SR TR, TRV T L, s T A e iAg
FERRAHLE] . WFTERIL: B RLRE I o-Al ZER S REIIE R & BRAR S —AHP B AR S, w O ARAE
SRR R B AR E T s FERL R I & SR T T 5 Al SERAEAESR PR R AN N ) R BE S 2N AT,
MM SRR e B S AR fh R W FONHT AR & SR BOTHR BEBOR T T AR JE A

C10-53
T SO B ST RE SE BB R PIAT AR R AL
AR T
PN

FCC #rthafb &arf, Lk AR AL #2 SR HT 1 KA RS BT UIMT AR IS 20 TR BURIIE RS i i A, X
DASRAFE o B 2 H BBk . X L, JRATTSI N B e A L BR 1) 22 2 ot A SR AR L IX — M. 7 NigAl
L1, H7 AR RS 5N SRR AR AL TSR S, BRI B AR m A R, ok 308md/m’ i
R SR, BEMAA S, RS, m AR TR AT AR BT UIALE, AL AR BT DA 2 R BT D),
Yo RN AL K SEBUMT HAE E FoAEAL . Ik, 1% FCC Mriiseib &a it wom itk dl &, Hu i IR g
1.6GPa, #HiFHEE 2.2GPa, ¥JSIHKE 10%.

C10-54
NiCoV Hif& & IR PR BRE W BTHL & F 2P RERT ST
Beffidr. T
TR R AR ST

B SRR B e S R AT AT B s HAR BRI AR A — @ AR RE 1. RFAi/. 0
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¥I151. RTAER/RT NiCoV B A & Myiie TR . B PEIC v &0 L% E E 1 o.M Heusler AT
TERG, FEBTH T W0 IR JOR A R I 5T 1w« A%, RIS FL PR A . R TR SR AR A RT LA 3R V
JiF, EAMNEGE IR, M HAAS T« ARV 28l B, NiCoVeg & 23 iy XU
ik BT RGN MR, %648 A 1.6 GPa Wi & E IRk 1 219 MPa 120 T
fifk & . 7L e sat b, 45 S METHERMZ Iz B, kT Ta ST 8L it 2h SO0 T «
FHIEE, FENiCoVoeTaos &4 WAUKY I Z S5 MIRTE G, MTIFESE iR BETE L (77-923 KD skl
LR 1) 58 - S TR R] o R e 5 PR T NOK AR A R AAE Y, R FRUST s A R A o A B 2 177 1 1 [
ER . teah, SRS AR R IR 9K L1, BT B R 7R T 923 K PSRRI st 42k . W38 R
BRENAT IR T « S 50 2 I EAE R, BRI « AHRIALETBARS, 2T A 5 B « AHI A7 48 5Y
VIR ZE RO WM 7 N5, hRfE 78RR, i, BRGEMA R AR, A5 OR M. 44
KARGAINL R g SS, A B TAE 77 KM 723 K Z 3T SR RN AR . 7E 923 KN, L1, B HiAH 5 244
WAL AR BAE P AR BUE 2R, R T L-C BUWTE A28 870) « A1, SECREEL . AW FN ek
P G SRt T — M BUE A B AR GOK ARG MR T, R AR I R H B T

C10-55
R B2 GKAT 4328 Bt LI B XU F & S R R SR R
mAE L BREERR. TRES PR EARL AL RN AhE T
1. PHRASE K R R i P 4 [ B SR
2. VIERZAM R RN 5 TR AR

ST 2 U S5 6 D9 5 il < mH IR S BE-AE PERUET SR A T — FMRA AR 10759, 28T, T SR AL
RIAEAARANE, TR IR AR R A SEBL, 8% & DL R I A R AR, AT T —
MBI TR &8 (Fe-MEA), EIDBHIANIMIN T TZ, KARRAOLILTT (B2) UKITEY)
BARNIERCR T BRI (BCC)  MFIHELALY  (FCC) A Ho X Se3big /2= 2Lk (i th AR
PERFETE L 277 R MREA RO, KOREE e 1RGO B EIE, R s K KA 6 B e LU 5
SREE. XU B2 YK I IR Fe-MEA RILH Sl /12 th g4l & JEARGRAEN ~1350 MPa, SEfi{iFy
~18%, WiZHIPEHy ~166 MPam®®. 04 dhRIAIE ARSI AT B T B 5 SR8 J i A vh (1) i S RE AL
BRI RAUY eI . AR RAE Fe-MEA PsZl 7w WA &, XA S5 R BT SR 9T R
M B A H BT R SR AE & & (FIIERNZ TR G 8) =4 7 — KA INgrge.

C10-56
JIE R RO R T B 2 R &R R - M b F R
JEAEEE MR A FHR B XM A EES. WM. ZEM
1. EINERM RN SRR T e, N AR P S 3 1L AR S =
2. MR T R
3. W LFE R
4. VHRAZIE N
5. IR K
6. P9I

UM ISR TIE B RN, B2 AR 3RS T AR 2RI TARE RO . SR, £ 705 2 R ME A8
(82 SRR, R 2 22 T Y 5 22 S 6t L [R5 20— R IIAE AR I 1R 53 4h, R
AT A RIS AR A R 7 (0 0 J2 0 5 BE - 2B 1k W [R] P2 2 4 P i 2 0D TR, RS0 Sl HIUR+BHT
+ELA+ KB T2 25— RO B R RS ARE, IR TTEL 0 5 A A S B A fi RE X i ) 5249
IR o SRR, K AR 1 22 e PR 0 2 22 S VR RE A0 8 2 e A e 1 9 - 2BV E WD AT o B
) MVREE J5 2 R O 55 4 70 2 22 S P AN S O S BB A B 0 B R T R (R DRI AR T, A5 3 A St 1
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AL J P L AR T LART 6 75 S i S FEE A o 0 T Y i B 8 2 10 I 8 K 0 2 ARE S 2 T2 P ot B0 2
PRe i & = S h e m ok Ui, 4R ARG T AN BE DB E 2. %8R R e B R R R IEARTY
i, 2 RIS 2 I E R AN A LA O AE . DR, R Atk BB R T3,
AEBIEZIMER- . BTBL, H50E iR BRAL TR ALTTr], By 7 M sabise EA e, AL sE Ay
i (1 RE 0 B AR HL S B R PP A

C10-57
B. N TTERNH RGN TR AR REN B &SR MAR. R B Re R
FRR. BMIS>. EH HARE . MR, LR
Hh R e < R T T T

A A I 0] v P e R TR S R L0 75 SRR 7], B D45 ) B & B IR SR By 21, A
HRC65 DA L i S i d AN BE 5 ) 2T 9T AR FERGEIR T By N JCE N i o AN R i 21
AR REFI R o SEUR 45 KR W], 2 S AL — B 5 IR+ R B IR AR+ VC+M,Cs R ALY .
Hrp B. N JCERF DURZFREGERIR VC sB A, (EEgokKbr tdr i, (et & eoriloRtb. 405 5mik bk
SRR o VC 5 B AR FE AR R AR AH TR MyCq BURR AL 115 B ICAAR 1) 2= 2L A ST RUPRIE 7
HHZ A A ALAGIE 2T, GRIES SPIVERIFRIN $E7H & S IR s Z . BE%E B. N JCER & &AM,
R T2 R E SRS R (Bmy T0HRC), HASRIEART B, N &R T A& EEN,
Ly RS SN DU B EE A I B RIS AN SR BRI R AL ORAIE T & e R AT (b el W1k, BN-3 A%
Al R P SRR VR RE, HRIUN B ARIRS A R 280 0.42, S/ MEIT (120min) & 0.12mg, DAL
BRI T 451855 . TEM it — B KB, Tl R BUE 3 T 20 7 HeAA T A8 ZERR A VC ok
TR R, IR A RS RN SR B, A RS T AT AN, 4% TR AT . RIVE IR R A,
AT T EE I ETERE . AW FCIE o il T - B RO, Ik R H
BEEE L A0 S PR PR AT R G o R OB R e B A, s 2 LU R A S At 1 AR SO

C10-58
ik & R AR AR KR
R

BR PGB

Utk & AR ShFp S HAT TSR G PERE, JUHZ . YRR pIEZ T, iR,
W RS R B U A RR BT RTIE A i oK T B A SO AN R RS Bk & e A b IR REAT 1 WETE A SRE
HRAR TIE a BhE & o WARERG DL A B ARG P Mt A1 (SERhZ1ZY . XUSH LB 24
1) 15 L -BEPE-rh e W PE A UL AC O AR o 7 B e 8 SRR I, b o T 5 B8 i R G0 AR T AR S0 FE D 4Lk »
RO ZEHFET AR R #E . SEVEAIE DL RREOB R, RO Th 1 AL TR ST oW 2 VAR
RREY . ARBSERG e PIvE 5 R GIOUEROR, M. BARZRA . M. RIZIEETE
B2 = S R A D E P P 1o S 220 R 2l P B 0 > Sl w ) VR EN 7ol AN /5 L s g e
SARHAZICAT N, P AL R KGRI, AR m AR e PR O U SR 0 S AR MR A B Ve it

C10-59
AR T 45 1 B FLEB YR AR T AL EE B T AU 5T
R TE>

HIRRZEM BB 5 TR B

A I O EE K0 T 2 SR 7 2 PR RE b BT BELEERE R o 22 B ST a0/ N B 2 ot B oK RO I
XA AR . FEGOREA R, 5 0 SR R AR TAT 9 O SR AR T K s s A K 2 AL o
RS T OIS R R AR IAT A B R SO 4 R . VR4 1 =R AN R ) o A A
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(ZHEGOK AL HRRGK R BRI AL ) SR 5T S AR T o 2 v o 51 S I 2 P B 1 AR TR AL
BRI AL CLETEAZ IS 5 P s AN S SR AL DAL i S S AR AR AR P AL o A2 T 55— 1
T T B SN B8 5 21 TTRAE i S WONL S5 A8 S SR AT LB 7T v fR 82

C10-60
E TR A A KR &R BT ABTAR
Zyika. BHRP. RE. WEHE, 2. JEEEr
R ER N~

JEIR 2 P B AT RS s BB P | 52 ki JRIRMI R THA I B T T R RO RIS, R
W EIUH BRI R TE AW 2R, Bl TR G e B R . ANFT & B R B AL . SO
MRS AR RS . AL, TOURE A3 0 M R B A A R iy am 2 R ) e B . I8 LA, EBSD. AP
FRAT SRS HERAE R AR, AT LSRN AR T i R b oW A R A AR T WL ) S5 A RS R AR B AR v 2% [ 43
FERAE, BETE N E s R AR BRI AT AIRE R, 18 B2 R < e s WAL O AE LS, 9 Beih AT
BRI R IR AU 2 5 H kTR 5.

C10-61
SRARTE I FIER THE g k&R AT AR M Ay
Tadr. MEER. KR, Ak
BRI A AR

WAs B A TRIP/TWIP CFHAR S FE /28 5 T2 ) BRGS0l s BA mum i . s B Al s i TAadfl
B, HEBNH— RS SN T S It Re gt R s, SR, Qe e B A A i AR AR TR 07 5 )
A5 R e f 28 B G A F N B57 ORI BE , SBION FLIRe o5 VR RE I IAS, 286 4 N FH T i 110 5
%0 I o A TR FH AT S 22 ROBE SEBG R AE T BLR BT TRIPTWIP K& S AR IR AR i 78 b B 715 T AH
AL ABTRER G B R RS T Rl 878 R HAE LR, [ 8 28 77 U S5 3h A8 RE R
ARG R 5T AT N B S HLEE, 8 s RO IR 55 AT 9 B A OUN LB R BEAR 5T, PR oy 4
PR IR B ARG SR S (i B B PR AR A AN R S

C10-62
CuZr &RBEHHPRREM D B FH BRI RAG A
FFg . X, AR smEE*
Hh R e AT ST ST

<58 3R P T v e A o PR N v S AR SR VR E S B R B T AT I R R R e R A
WHIBTYIE, SEOLEME S WR, KIEIRE 7 HSCBr R . Oy 7RI B BOR N, LB A ) B A5
BEAAFE AR AR - AR SR S5, ANTTBEAS BY VD4 o 78 CAT IR ST b, JE v K0 i B 28
PEAZH AT LAIRAFBRR IR BCELIOR A 55 AR, IR ELAK B LK X TR RUE BLIBCIR 45
H, SRR /NTBIPIA SERE (10-15 9oK0 I, PRI St i 2 AL 1 A v A R ATLAR] DA S0 2R JA)
AR E T B AT ATE 2

N T FEGXAN R, AT FOIE 7730 J1 507 N CuZr @ BiH, 8L Gyroid A/ i A4 i LI
WRIHEE, FHAERSEAE 2.5-10 992K, 2305032 Zr J55 10 7 70 & 8 DUROE B Ji B il R v (178 2 =,
R T HAARFE AR X . FERPASE R h, HPH SIS 3 2 A RAR R, I B e o
KAV, RIS EVEIN S AR — Py e . 5 AN B BB b, SO S5 ) 8 AR 73 A1 B 0 i, T DA
A7 AR BT A i 1) o R SRS BT DDA IR B, (A RV ESAT B 25 5T . AN [ AR R [ 3h A HAL
A3 A 73 9 AU U < o 3B 30 55 06T L () R BRLAH G5 R 1) B S BRARFAIE , 45 SRR WA TR AR 4544 B st 5 ks
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TESBAHARL, EVEARTY 32 B e O RAE,  — s SR AR 5 I 55 AR AR, WA T AR AT e . PIAH
G AR I H B S FRRG SRR A N, 2 B O SRR A T R B A A o AN 0 I ) Y < B A )
A5 BRI AR R XU G5 A AR RS /N T8I G2 B, AR TR A A rp R AR 23 BE AL DA S i Ae B
MM, 3R < R B B P SR R A T S

C10-63
Hall-Petch 5% R i) L T 2R
2>

HMREAR R 5 TR B

Hall-Petch 3¢ )32 B T8 48 JE IR o BE AR KR d IR R, WRRA 0 = otkd®® R
& Hall-Petch 5¢ R AE TS LIS T SEPRARTh, (E4E7R 250 o MK BRI - DRk it ot Al o P58 4775 T s
Bl BATHE T T BT Hall-Petch ¢ 28 R B BIG AT 52 B4 PR ) JR &, AT B Hall-Petch
TR E PR AR BESR TSR UM T S R AR, R, i L ORI R G, D o SR ) SR O ey A SR e vk
SE o MR 5 2 I Hall-Petch BERUSRZ, I8 LT 45 IR FE4E 7 T Hall-Petch 25 8 R A R ——
VR d o EIZGNT d Al SRS, X I TR < 0 L 1) R E R R R M BRSBTS

C10-64
FTHOURL T RAE 1) 73 M AR 2R T SR AL B LB T
HHEP, P2 Broka . 2t REL uEEe
1. ER Tk K2
2. FEAS R R 2E
3. MG =

Rl BT 0 5 M2 B R AT R R KB R — o JEAER, LR 9 AR B Y 5 kL R
BT SR E S B (R B Ok AR A, HARYRAE T A s TR RO 77, AT eSS 1 AR AS T 5 e 2 L o
SR, S TN T RAE SRR A E,  H BN AR OIS 77 B FAE L R AN TS 73 ASHE
FaE B T 2 RPN AT R T AR EGOMRSE RO, JJ R ARSI, I BIOUR 757 4L A A A 4
ORISR CEAH S A 2R AR RORT FU R, B IR AE S AT I AT R X, R % S T 52
DX p ARGt 3 R R 7 (K078 A% AR S T A, RS BR 2% 0 2 b LIRS L S B AL AR . AEER & A7
PEHCRIORTFT Y, SR IR )71 — FE B BRI A1, RIIRAR L3 20 B SR e e Sk ni 2
I i, SR B T BB b e Sk W R AT IR L o B0 B 3 8 5 R AR, 77 A
LR B R R EE, Jym Rt & RA R s SR R ER TR T .

C10-65
DAt TiAl £ x5 B - 28 1 UG B B BHO0 45 40 B v A
paEs
E/NTIFCH

TIAl & eI F RS E S R et sl &, 2B TR TR s RN fem TIAl &4
AT 2 81 i K R A3 T P Y BBl A 1) 0 2 vk L TR A N AR W 2. AR BA i) TNM A
TiAI4822 & AW TN e, R T =M RGOSk, 73BN aK e i R B =M =3 (T-T 454
A5 Fe 5K o IX =R AARIFAIARAL T TIAL & < i S e i o - 2R VLT, 0 8 e MBI KR
T TIAl & RIPUGER MRS . X =M SRR SN T DR R 2 e R TIAL 6, TRMEE .
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C10-66
e
Hh L B B T

C10-67
7o R Y B SR AL L
BEE4H
IYlIPNE
C10-68

VR TR A A A S LGB R AR R R
g

BUMF R R S BB T B

JEI RUBNE AR TR RS SEL & SR A RE SR AL (AT R T B, ML= 1K) 0 2 e B A G AR S 1 U s
a i A eI TN AR A= —Joi& e (A-1Si. Al-IMg. Al-1Cuw) AWFFEXM R, KM
e IS T BOR ) B A S 5 PR i, RGEIRTT T AN R B 748 HPT i L &R 8RB KO R h K AR AT
F O dekL A 5 B e PERSE L] . BF U4 S TEM. TKD Fl APT S8 2 R se b RAET- B, R 1B
JE 7 B & S S S AT AT O EdR TR A R B ORBEE I . IEAUR M, 4E Al-ICu &, Cu IR fEM S
WEME ALK AlLCu M A A RS 1 a7t ae, S0 7 e dtEse, A ¥z & et T Al-1Si
A A-IMg & fAFErE. RN AL, AARER KB @ WE . IS 5 AR =0 ok
KRR AR s e R IR KBB3RO RS 5 0 A0 o 1 S AR E ME SR R 3. _BIRaRIR
NIRTHE AR G 0 AR e PEIR A 1 B STHE AN ) BT H KB i

C10-69
BB Ak BB CoCrFeMnNi B&SHIPiZE:. ST %EHR
e R L. RBEEL. WU L. bR aite L. akjEet
1. PR 308 K2 12 AT R F b
2. PUR AR FEMR R S TR

PREEAR SR & (HEAS) NFREB ST RS SIS M T Rog e, (HEGTIRKE T HL
AN . TR 2> T3 0% (MDD B 5%, 450 18 oD RSO R T R SURI AR BE AN K S5 4
CoCrFeNiMn Fiffii 54 (G-HEA) (WL JRAT V. SHIBEE & e 4l Ni L, G-HEA it 80K b
BiAL 5ROy R RIS WA T 77, HA LB TR G AL B A% S5 AR 2 T A (EAE R,
P62 S5 RS I R P UL A A, P R O 3R R A 3R RS ik o BEEAZTEINE], NiAZ )
AL BT B SR B S M I IR S, B G-HEA 5Ym & EMRay REAE R . AHE 5T
W] T BB LR G5 R T RAT N AR, D & g PR ot 7R RO BB R R .

C10-70
BEEGREH GCri15 MiAN R T EEF M TR & glaze EHITEH
PME. L SR B AR
A Rk 272 5 < R AT T i D BE R REARE 25 [ Xt 7

FEEEERE glaze J= I O AT R BT, A RdE s B . SR, XA R4k glaze
JE— A SR EH ARG 3T GCrib MISRAIR /N T 150 *CRIRARMRYL, (R4 glaze JZHITE
FRARMESE I o A AR R IR T 5RAE GCrab AN IR IR 1 — JEEE LGRS, R 2 SRR
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Yk ZE~24 nm; R 200 i FOR K)~8.5 GPa $2 71 £~10.4 GPa. &t t F S SEEl 1 78 IR T BE R 4 1
TR glaze ETEEL, f845B0 I 0K 45K GCri5 407E 110 N £ B BE 45 A4 AR AR FAAIR T ~53.2%,
RIS OPUEBIERE . SLI04E R AN TR, XF RS E glaze J2 13 B Rk 4> N Fe,05 ¢ SIiC, H
TE R 5 B 56 AN oK S5 46 GCrL5 i AR R 1) v 5 15 o L SR R P A % o FE BRI R rp, 1 B i AN ]
DIAER O JiFHsy s riais, R SR N T KB B, BRI R ER T &
MR s BeAh, TEREISETHERE T B R P AR = AR SRR . AL RER R, 9 glaze
AU R AR K R R FE AN K 455 GCra5 RSN MO EE ) . I T B A P ISR AT A, LU
Ry glaze JZ T AL

C10-71
R RS R R A T ZH AR
Wt . AR BRGE S BRmE
1. RILRH
2. HERFA R4 BT I T

AW I B A AR —F R m RS 4 CrNiMo X, JE RS0 7 ARPVEE T 2R & 4
CrNiMo AL 2R K Sy e RERI S . 45 R 1%k & 4 CrNiMo AW7EAN RV KA 21T R T 3k
BRI R PR T RAR . D RIRSSE SR, B VRO TEIRTE, PRIRTIES 28 &5,
HA AR GO IRARET,  PLbr s AI-60 °C s e sh i i, ik 1233 MPa f1 137 3. LIRS
FAMAAWIURZLZE, B (R KR BE B 1 (<640°C) R A% S5 AU B M 2, U DL o B R B, (H PR ah i
IhHV BT, 1F 640°C~680°C IR KIRFEIX ], -60°C IR rh o U Sh I E AR e 7E 3200 A7, [Al KR
4 680°C I, i s FEIA B F Ky 612 MPa. A UL, fK& 4 CrNiMo #97E-60°C i i i Bh=>137 J 24
N, PriisEAE R E 612 MPa~ 1233 MPa 2 [H) S 3T, ] 2 R R RS S A e AN R SE E E
REfEbr (RSP MR, ARG LKA HZEA L8 CrNiMo 8X7E = 1 BE I R B LR .

C10-72
BRI B E itk B AR TEA IR I

=3
2R

VBT FE Rk v S BRI TE B

IS HORS] T — R E AZ31GW103K(AG) JZ4R 57 3 45 A A Kl o ik 5 L 1 i B0 PEA T AG
Pt s, HRGEWT T BRG] AG ph A B3 R 450 AZ31 B GW103K [iE#ifs. 772
I B RAm ] End ey N RSO R, B VR b R B TR R AR I . AR, AL
ERTH AL ZE I AIR(GA,Y)FIIX 2 iEFE KR fE i . AN, AG I8 72 NG BC I ] 38 1o s i 58 4 A F 3 FE 5
ZhHeE. Al T, GWI03K 2 3 ZiE i {0001} L Mg A e ¥ YEAR T, 11 AZ31 2 HIASTEALHI AR

B, EEAFRZAEE ZEAARE RS AL E S

C10-73
ST 5 TR AT A R R R A ) 7 S
IR, B, R
uilPNE

f At AR T BA B Z HRE MV O AL J7 A <h s DL PR IR AR K 28 i F T4 v B0 4% 8 T s
A AT RN AEVERE . SRT, TR KRR A 3 A AR AN RER ] T B R R RE M HE N TT 2 )8
AT LN HEN T AR BRRE R, G PR AL IR KR R I AR AR B, FEAUER AT T A KRN A
G533 AT AR PG5 B oKL, AT SRS 1 Atk o X1 oA 4 PRI 56 i 2R T e AT ) PO AR T AR
R P i Bt WL PR 5 R 2 ) £ DI AR T AR SN g B b e 1 AN LT U B AR AR 2R AR, 5T
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(/N1 B s PR B T KA B X R A R MBS A, AN RIS 1 AUAR AR SR L 220 ST SE A SR AN T
WEALRE Sy, B TR A . DL ESSRERN], A TR M TR N T R, R TR
P FL R SR e A T AR R AR T B i 2V BE, X9k, B BESEAPRIR Atk Re AU A S it 1 s .

C10-74
Iy R e} 304N _E B R A AU 30 B T B 2
AERYOCEAM L mE L AMEE . T
1. PEBEEB e R T
2. PERFABAR KRS
3. ILTHMERE =

FHEL: PRI RO - HRE e AL 7 W R I E A DA T rh AR 2B 2 N o O 7 St v H AR T
FEUL R o7 AN BEVE RS, JT R T 2 MR LA B s AL T 3%, 28T, ol T IR RN e 28 1 A T e 70 A
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