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T H A HARENE KK AR B R AR P, S &k 17— RPVMAFIOTERE, 23R H TREMN
R 10 ALGERITE BANEFIRMESAE il 5 b CANE, BRI AR TAT 5 5 A W LEE 7 Th AR 8 52 2 ok 1 22 R QR AN EE AL
Pk, FATREALR I T 2 Fh T BOR AL BRI ol 5 6 AR R B2 MR 0 32T FeCoNiCrMn A4 L 3775
TaNbHfZrTi [V 5RAAT N, A BRI 0 ASTEAT AR A RER SRR o 7 IR b S PR 2K o o e VAN B2 24 [T
PR A R EA SR AL . FRATRIEE RA DRI Rl & S H04R S S vERESR AL 7 @A, i HL )y IE A BR AR [ 7 oin AL PR 1
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SRIFFREKIRENR TN WRih &R EFEB|ERMKII (nanoglass)
M5, ZERK

PR R, ToEle, Al Rss, JuUes, Juk, &FBRAfTEX, FE

&R PIERREEAE NS TR BA RSN — ER N SRR EARTRE F, A5 T AR R, &
ATE Sed th — A BB B BT D) AR R AR Y . Sl XA RORARARAY, JRA AT G B ot BE A B D) B B 8, R A
B, SUH N RS EFEROA L BT DA A IR RAE T — V). Hidt, FRATAT DUE BEARRE 9 A FETOK I 4 S e BT, A7 I
R LA BIRST RN, AT ISR AN B RST RN o I HL3RATTth R ARE ) A A AE RO ik BT, RO RO AR A T oK
AIR S NI . 25, AT T 489K 3 F (nanoglass) MISRIEAT R, RO T R 48 99K B0 (1 B i B AR LB
PREE PR, R E KR ARG . IXANEBLRHF LR AT DU 4 B P BT D0l i AR R R AR B R R . )
AT 1 A7) o8 330 5L RT3k 3 1 58 AR R o
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BerI R, BRI, AR
EREP N o R

e SR AR R TP R AR, (A 2RISR 0% BRI AR Rl R o M g SRR, 3k
e & B U R TN S G & IR 1SS G S TR AR e, A HAE SN G K Bl 54 b 38 v B R
MR AT S AR TR IE RS S IR IERE, RINRIER & &AW A R T m R B AEESL,  Hili i f2 o ek
RN ITWA R THE S G . AT R, IR KA FR A — 52 T B0 S TE RS LA BT (1 S R TE M BRAR, i X
(Fe73.58i13.5BIND3Cul)91.5Ni8.5 JEf A & T & @& b AL SRR M Z AR T &4, BAZE TR ESE LR
Mg, FHH, MR LA FEF, (Fe73.5S113.5BIND3Cul1)91.5Ni8.5 B HHYNK i 25 1 2 VR IR IR BR At 1Ak ik
B A REFR A I B R BCE R e M. EIRDE U RR W, BIEAR S G & KA IE A BRI s & 4 B R 1 R AT 5%
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Cr JLRIINAS FeSiB IEf & &RARE M Bk RE LUK 5 itk AE (X1 R
sk

TRRIKSE FHRRLE 5 TR

AILFT Cr JGRIRINKT FeSiB & e M. RETERE LRI itk BE RS2 ma L3 . 3@ B4R T s vl 46 7
Fe79.5-xSi9.5B11Crx (x=0,1,2,3,4,5,7,9 Fl 11 at%) -y, S HPATIRKAEE, 04 FER KA 1 d A AHZL AR,
KIGEBIR Cr uEm T R R e & eFaeEtt. RIEIREIFE LR (VSMD) FIER B-H OO RS & £ 1Tk M el 7k
W, BEE CromHm T EMN 0 IR 11 at%, JEHESHIBFIBBEN RN 1.63 T TR 0.63 T, F/IM 246 A/m TR
147 A/m. FEEIRT 0.1 M EANER T RIS K, CronRaEM 0 INE] 5 %I, JEHER M 1.83x10-1 KiF N
% 3.91x10-4 mm-year-1; FIFHFEEE (SEM) SRS AR ITEAT 0T, SRR, A RIIE RS S5 S5
TAERE SRR R . SHHER G ST LA IR 0, SREW, CriRTEN 5 %E & BERIRNEIL
R (2.67 x 10-6 A/em2) VKB KHIELIXIA] (044 V) 5 Cr TESEKRT 5 %, B0 ih 2840 X (A id
113 V. FIH X SE06H TR (XPS) S HAEINAG &t R T RS SR IR, Cr JCRIERIZME %2 FeSiBCr
Ak S A A il SR 0 R R A
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RS RAT 9 CEREVE IR . BEVE S R PE S D R AR 2R 300, R W1 IX Rk AR 45 52 T AR Tl A7 A2 T REVEA R
TR T VA i P AR AT R ST 2 — o AHEERATE SR )R, BETE AR S 5 6 M B TR AR — BN BB 2,
FEFIRESMINHIAR FL IS, R B R AR A Al o 5 < B P RE 2 R B L S O B 35 ) R RO . 55— 7 T, W PR < R AE
AR ARSI RTER T, X T AMIn R e FE T A W B IR . TR AR S S < T A R KA TE PR R R LS
NHEZIIMINTT R LI AL RO IESE TR SRAE MU DT %, R R 54 CoFeTaB HH5I N4, AIfEH AL
EJ/-F PR, T FEARREEAR S S B IR . IR & BN, CoFeTaBOx HIJG=£ BEANKIE K, i ik
FEAWTREAR, 10 P RS AN T 5 . B A B AL T T AR A S < S AT AR AR e SR AT R R GETR A
Tl e is e PR AT I T TT ASR SE R TR AR A < AE B P T2 U R B, A S R 0 R SO S S A
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Mo R FE AR R A S LT RS MRL BA BRI T 2 VEREAI E v REOL R SE I L, AR AR T AAT
i SIS (R BUA M 3R B A S I IR AR IR RO R I TR REZE S5 IR, B 1 HAE Dy S iR WA v ARG
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o BEXTLAE R, FATELR FOERMEVE O EN Gd SRS A SR TERE b, Sy, JPR T —&A5E K
AR RRAE ST M5 7oA PR REAL SR PO AR ) Gd AR i S M RE IR R AT R BvE R Gd AR & il 4
HSEBR PTG IWOR G 22hh o S BA RGN Gd B {F A R R L BT, R (bR AR B A
F IR BERHR SEBR L o
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Fe ZHRE f& € I B LA
e, Eaw, EE

TLVE A R Be S P BT 7T i

IRl BLAR N A 48 S Ll 1 & 470 8 FLIR B B sl B RS DA B AR AR GRS, B A7E Fe-Ni & &R RIL, 2i24h
1EME—3R T DURYIBEL R ANE &0 . 44 Fe-Ni NG & CAET 2R, EHME O EAESE ST, 1 Fe 4
YRR & SR ol R e, WAL & P I T Se DR RN . BN A A Fe JEAR G FORUN (3R IE,
BATE K IN(FeT1.2B24Y4.8)96Nb4 Bk Ak df th B AT B B AR FLAR.,  H R FLBUN IE 25 M5t 4 Ja 35, 78 H IRGK &t 5 V8L
TE AR RS MBS AYE O, S AME AR E IS MR T & 3R B R A TN R MR TN, XRS5 Fe T R4
B Ao, @B E/RIENENEEAENESNBURBRENMER. BILEAE—BHITT Felo-
xSi3.3P8.7C7.0B5.0Mx(M=Cu, Mo; x=0-5) . [(Fel-xCox)75B20Si5)]96Nb4(x=0, 0.3, 0.5). Fel00-xNixP13C7(x=10, 20, 30) Fil
FeMoPCB VUMAR 14 MEMESAIER & EMAEIKIT N, RIVEAIIE RN, B Amds, —REEMRIKEE B
A A BRI s iR X B, A — KRGS NTEE BRI LT 58 PR BV A B A R R, DR o LS
HE—RE&MMARAL R E B ESRK, BRI, 546, Co F1 Ni RSBt G =T KRB Fe bR E
SIS Fe o, AWMIATT&&REMERE, BERIMTKMAEZA Co B2k Ni KB Fe LRI T PLAUS KIS,
HEAREAR RIS R FLARS IR 58 IR WA R, 1X 5 Fe-Fe JR ¥ X4 B B B0 Bl 5 TAEX OB B e E . ki
I Fe Buiade & & R GRIFITR SR X
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(FeCoNi)75Mo5P10B10 F itk 3k & & S HEHERR BT 7T
R 504

B NS

FIH Fluxing 32415 ARF J-quenching FIARAAG G A2, FATRIIHIA T B K EARIA 1.8 mm [1)(FeCoNi)75MoSP10B10 =i
PUEIERESESE, FEX HBAMEREHAT T RAEFIAT 7T 45RE7R, (FeCoNi)75Mo5P10B10 ik i A5 & 4 A REAL D
HJE BLIREES AIA 53.63 emw/g Fl 547 K 7E 5 T SM7 F IR I AAE Y 1.850kg-1K-1. R eI G B AR A& AL,
H A I 4 B e m R HUA R RS S SRR AR Y, RS RUSL TR R A S S IRV B8R T
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Fe. Ni TCRAHEB Xt FeNi EAk R & SVUAERERZ M K158 — R BRI HRT
T, 2o

EE PNS

J9 T WHSE Feu Ni JCEAH BB #0] (Fe, Ni)8OP14B6 HEfn &S & UM R W K S5 M IR, FRAVRAE —ME #5137
EJ73E%] Fe80P14B6, Fe40NidOP14B6, Ni8OP14B6 IF A& &dtAT T . T4 R Wx, Fe80P14B6 11 Ni8OP14B6
HAFTE P-B ##, 1fi FedONidOP14B6 H %A . P-B #)E T @IIILNEE, AR TEMHELIE. @ o0&y, M1
Fe80P14B6 Fll Ni8OP14B6, Fe40Nid40P14B6 < R — AR R 15XX SEXS L/, TMIfREE foe/hep (1 142X XS F1
bee 11 1441 Fl 1661 BEXF LB R, XL Fe. Ni H4J5 A& E M IO RIS, AR TBELE. 5o, b
JF 53t I, Fe80P14B6 1 Ni8OP14B6 & 4 H1 1% (A I I 4% fir |5 LK, Tl Fe4ONi40P14B6 & 4x 3 sUde 45 i o5 LU 4%
K, UiH Fe. Ni B4e)5 & &R ER T 07 8, SBEER 8L, WM& &8N, BRSO
HEE IR, Fe80P14B6 Al Ni8OP14B6 & 4 H ML Rk 58 T Fe4ONidOP14B6 542, KB Fe. Ni Hf)5 &4 H BIfL R
RIRMEJA, XTGBT B, X& a2 H R .
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Fe BIEG BB M BHTL SR THRER & 54 %80
i, &0E, EUE

KE TR ZEMRR 5 TR B

BHEEAMEL (SMCs) 7 fan FALBH 26 w5 Tk P AR AR ATURE 7T 82 A - i A A3 Y0 L Py s R R SR A R o R A M B AR e 1
WA, B SRR RAE R ITEER S ZA SRR R . B SMCs RS R HBLR ty T Hope s 12 K v 35 FE A AE
SR TCERY BOOR P 46 A8 B R PR R . [ SMICs TS B AR E 48 2 A IR 1R ARG 8 -5 B30 A0 A R S o i
(Bs) FIEETH () BAK, By (Ho) ¥, LRSI, Mimak, K&K G REHM T 718
Fl Fe ZEAESMER (ENFERIEE Y, R RSB T, B TR S Fheds (SPS) JHAT [ 4 oist bidk il i o
Bk SMCs % R B 5757 . AI7E Fe JEE & S IBEHERERE LT, S e AT T sy sor b 4. 9F B3k
3T BRI SR G R . N KM ST AR BEYE RS, ASCIRIE TR IR #HIS ), IEmske kg = e
P SRR B R AR BRL R R Fe JCRY BOHRZ, 10N AR SEAA S BRIF, i Fe o
RIREARLZENY B, He Fe2+EFIRERIM, RESABEENELME . MgF2 WEREERE, WHRERR, £
600°CLA b esh Ko ab 3, S8R E/N, Fe oA LLE#HIL Mg suR ML Fe jogimid MgF2 B4 #, AEIL L ABE R
BN Hik, FATRAMEE, 16 Fe SR MM AR BN R 2L I MeF2 2, FFH IR I e R v A0 7 e Ak R R A e A
BATGHLN Fe B RIHTHORSE B T R4, (3N, IR1F Fe H3ER/MgF2/ (ZnNi) Fe204 3HE S8}
i XRD. SEM. VSM. AT521 F&% s BHASERA 58 5 1 40 W 6078 2 JE P6E 2 T8 v 56 1 - e 465 R B X A3 A I AL B 100
ShRe). FRPHER AR A RS TR . BRI, BREUAL G RN —E BT, FEE MeF2 FHESZEERR
ahn, FEPHRMG K, SPS K4 R K Fe 2EE R/ MgF2/ (ZnNi) Fe204 Bl E A ARG R B HTERE, mrAERLER, LK
R IR BB RE o
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BIAER A S BA LRSS E SRR ) RS, TG, IRABETT Fe JEHUIA G @ siems ik 5 51
TR R TC W R B0 EIESRAESERR R F A #RE Tr MR . T, AT T — R FIH FeBSi R4 & & HUHIT
K FeBM (M = Zr, Nb (Y AR =FHPREY) AEfG SN, 5, PR A e R E 2R . %2R M EH
HE TG R G S 2 BERA M ARG TR, WX SE T RET (BIESH) M FeB M4 &R RN . HT Mk
HZRBURTH R T (FEFF8.4) BRI 7454, FRATWH e X HERBCRMEA 41 (EXAFS) M RIAT TR 7.
KR ERZ RN T HE 4 Jm BB I 54 5 W B T TR LG R M B . i T FL P A TR DO F U 5 AT T IR AN R,
I HBATI S R BT R RE P B B TR A S ARt T — AN B4z
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BREEGUK B RS R LS A 1) 2% B FL Ak REAIT 5T

EE, FE, XK

T E R B AR S A R SR, WD MEEMOR N S, R E RSB T B BOR S TRER AT

BRILGK SRR & B R R IO LR G5 ), LM AN S i R BOEIE T %, BRIL, 9K Sh Rk O w] A R Dl Ry
ASTESEBRR FH B e s el fE . AT, H AT E WA T A Finemet RAVKM G S, HARMEAES (GFA) UK,
SHCAESR AR Rl R R R %, BARBUME A, ML, RO CIRIRBRER N, YRR AL . A XX )
B, ASCR A DMV EARE, 38 BN R 4 T 4 UK N(Fe0.76Si0.09B0.1P0.05)98.5Nb1Cu0.5 fIEF& 4, RAEER
FACIE I VIR ARG AR BL 2% IR N AL GoR 4577, AR 2 T ) 1800 MPa 1 98 Hs il #2203 mm,
WA 12.7 mm, JEN 5.4 mm MITERNG. BJG, REHETT T IR KR X DR O m Ak e S R . SRR, 1
480°CIB /K 1 /NI JE, HEREITERE AL, HHE S 2E3) 86, JEHTE 10 MHz Y R FFFaE, 76 Bm =0.1 T, f= 100 kHz
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i, HBHESCN 1290 mW/em3, TEAMINEUWE LA 100 Oe i, AL TR AIIREIRFFENIAGER 50% A B XA R
(I BRI AR SR EAT BB N T R PR B AR IR AR AN el S s b (et il T e R SR SAT L R
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(Fe,Co)-B-Si-Zr/Hf HiFEHIEIERE S
TRIEAE, BRutid, mRiAe

TLIRHE K

BRIEYUA R S & SRR E R R, TES Sk . PO L T B AR R A MR S UL R A (S AT . A
RURF B ARG R e @& &M RAE S (GFA) BRI 1% 123 ERg . HP, L Fe-B-Si-Nb BRIk i & &5
fill, B Co &M B AL Fe WA M k& &4 GFA Mz dhae, MIKERASESMWEH A (Ho) , Hrf
[(Fe0.5C00.5)0.75B0.2Si0.05]96Nb4 & 4 JE il IR LR A i i G SRS (de) ATiE 5 mm, WiaERE (of) Hid 4200
MPa. Tk, A#FFLL Fe71.7-xCoxB16.7Si8.3Zr3.3 il Fe72.5-yCoyB16.7Si8.3Hf2.5 (x,y = 0, 5, 10, 15, 20, 25, FFEH4>
b BefidE @& SRR, B IEREE . R X HERATH . . JUREIR. 4EICEERE . M EEFR, R
GRS Co B Fe XHAEM A4 GFA. #damth. Jrftkme it geism, 250K M. B Co SR, FESM
GFA JZHiIBAE, de BHEBRRTHY 2.5 mm PRIEE] 1.0 mm, 24 Co K& EIINE] 25 K, 7F Fed6.7C025B16.7Si8.3Z13.3 & & Hisr
HESARBEE B AR SRR AER A SNBSS HARIEE (T « BWIFREE (T « AKX EE (ATx) KK
FRZIREE (TD B Co & &IUIGINITEMT AL, RUAES G S RRFE IR S JURIER RS R (Hv) Fi K
M (E) B Co SEMBIINMIZEHIFE, HA Fe51.7C020B16.7Si8.3Zr3.3 HiAdE S EEM I Hy Al E 45k 13.5 GPa Al
230 GPa, BIIIAHIEN Fe FPUAIER A S, XEBHMNT Co &M Fe FMMAAERGE PR FHBEIG R, BN T IR
fEs AR R AR REE (Bs) B Co S EAIIINMIZWI K, Hy B REHIN, Bra MR RIF 3o
PERE (Bs A 1.12-1.33 T, Hv 4 0.6-5.2 A/m)
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7 Cu & & Fe & FeSiBCu 3ES/90K S AR K H 2 K it R M R i 7T
W, AHARE, SKA

P L By = 7 e O e 7

B B TS BRI, DA 7 34 M B R AL . SRR G T [ R JE, Iz B —RIE @i, L& R
BRI, FRRETI. RGSRI S H 2™ H . ARSIk A AR TRl R BT 32 2 Snoke B PR )] 240 171 JC 3230 A2 = S L
FIR 55K, PRE AN A e FH ) i RACRE P D B il O AR C 8 OB D) 75 AR DR IR B e Fe SRR /90K SR IR &
HA R RAEAC R AL T3, /£ GHz SR VG A B AR AE ML, (ELAN K i 45 4 5 PR e PR s 118
PR CTE M Z RGN FL . Bilt, BADEE SIS ®= (Cu > 2.0 at%) 1 FeSiBCu &4 WG, KA BREVES % &4
ko, T 7RSI A AAEEE TN AR AR TR IEYERE (2-18 GHz) RUSEMIAE. 45RKY, ZaefE™
IR ) 3R B 5 AT T SRR S 9~7 pum BB, B o-Fe dibi RS 8~5 nm G0KAR/AR SXURZRY, JFAE X BB
(8-12 GHz) W&Rs MRS IR BIERE . W ALiE BB G, WA HE— D .
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Fe ZIEF & &R IRAT ABTIT
g, ML

TERA Tl K2

BREEAE R G S R AP R A, AT AR ER A, B RIFROEAVERE, A8 AR ORI K 5 A i
R FRARAR S e AT A P Bk, S TR AT, SRATAEAS R AR o v 000 280 B 22 1 vl B AR SR A AT
BRIEAR A A S I VO X AR H A PR B AR AR E ROV VAR X, [R5 SR PR AT 3 B AL O AR e & AR R . BRIE R
a1 S/ E AL T A OO AN K 5 ACRRE, 1 T O E rP AN RT3 s 14 2 52 2SR L TH s AN ) RO E AT, W Fe ek AR it 15
i AR TEAT Ry 2 A RE X I i 15 S O BE RN B T 3 B BB 3L FRATIXT Fe78Si9B13 Al i 5 Sl A7 iRl R A ik



WEFE T A R BN R A 2R (AR TEAT s 7 TS0 S OW AL AR, PR T e S A 7 A5 4 [ 30t =l i < s L A T A
JIEAERERIFER . SRR, FeT8S19B13 R dh & G AE AL 1L A P 5 I L R N, 033k 4 1 o IR L D SR i P2 ARG, 2k
ARTEREIIIG N REJJ-RAZ G L 7 AR LI B 2B mARL, ISR T AT SR R A A A, A
2 [ B A AN it I S L R AR B AR ELAE 512, T Fe78Si9B13 AR M BHX & A7 ik R~ <10nm IUANESE, FRHUSY
AR ER AL, AR SR AN T e LB R AL SRS . R, ARE S S IR N AR LB S B R AL . 4
Ao R RSBl 12 I DR SUMBOR A SR AL, A0 e il B AR A AT R L AT T i
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RFRA FeCo EAE i & & AL BERT IT
KRS, i, Wi R

FAL T R E R BB 5 TR

EdhA e (R MGs) T HIESH BRI T e, FfEARE R, e, WEmtt, Hed
5, BZHTERAFEAN . MGs HEEWTI R FIRZ AR, — 7T m LAEAR KGN~ & &4 55
BRI T 5y ARG S R WARS RN N A, R AR R E . Bk, MGs #
AR PB4, MGs BB RKIUBLAE = IF HA = AMIK, BRIEWI(E. th4h, FeCo HEGUKMEICH KE
SERE S SR A R A, IF BLRA RIS m i SR T3] STk, ATEH R S i A A
ISR Feo Co ZEMAEME &N B, RABRBIAS RS &R FeCo HAEREE M. RFEET X
AT (Xeray diffraction, XRD) FliZ i T2 5#% (Transmission electron microscopy, TEM) X544 &5 # 3E1T R AL,
XRD 4 FAVAEME— I ST vR B 18 Sk 0d, TEM B E 3 LR S0 S A% 2R 80, TS B 5 DL R SR AR AT R, IXse gk
REPHZMEETMATENAERSHN . &5 RH = BN RGNS BEELREEATNE, KhgasnN
Fed40Co40P13C7 i M 7E 0.5M H2S04 ¥, 10 mA em-2 HIVR S BEXS R HUAZ N 118 mV[4]. — RIISLIREIREY], X
7% FeCo 2:3E i & SRRV BA m R AE A AT e M, R — PRI R AR, B RO S .
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IR G SR BN SRS AERE R E R
B AR

AR

i B T LB AR S < TR T PR B PR B o A e B S P AR DT LA B DA R < R B 1 2
PEAR R T AE R . A TAEHI M E 1 — RV BA AR YR SRS, JETTT 1 N 58 A 5 1
IEEERIR R, BHARY, (1) &8 SBMRESHENAEZTIRAN. BEleSAsRER0EEE M 55811
AR EI KR () ARRAMEVEE m SEPERIEMRINKR: ) a0 SmiEHRR R K R, NG
Rt T8 B0 Fi REMRRE T IX AR AR (4D MRERA DR, WIVER & Jm BB AE R AR IR FE AR A3 2 K T Ik < Jm IR, TR ORE £
e AP TR
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Short-range order in Metallic glasses: Enough or not?
B

BRI T L

B A, ARG REE, MK SR IR TR R, A RO S5 IR R AR S S A R A
PrER AR AL T UL AR AR & SRR AT R DL R %, BRI E RS, O SRR S AR U ) L 41
TR A, O ARG S S RIPE MRS BRARE RO A EENMANME. 5B R, B
S SR e I A B AR BRI VS AR A &5 L R, IR AE e AR BEI A A B AR (glass transition) TR . BIEHE
SR EERIBR. WS 5 2 WIS VTG B R, (E AR BF AN R IE A% G2 AR ) 22 H AR PR SR A IR
HiT e S AS M B AUR RURE 2 T T s £ B KRR 2 — o TSR, NATTFE XS R i 5 il e iR B it JE o B, B FZ AR
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B ST AN ) [F) I AR R IR R IR A MR AE. CERE YD AL, HETT 2 i v & S R vh S5 M A Fr 5 18 30
TR ARG R R, IR LB AR SN 12 G AR IR . BT TSR, FRATRIL T 2 IR AR 5 o v WA g 3 g 2
HHEMBERT LR TR FHEZ RRRA G, W& T8 2 5 R TR 2 M E R R, JHEl 7 i
FHABLEE i 8 USRI AR TR IR R R IR IR AR SZBRK R p X8 3 /2 & ik, 878 1 s R B AR B
FASP ) B FME R BRI SR S SR g s 1%, YRR KA K Z AR AR LTSS I R Y
1113 A2 S5 WA R4 1) 23 () SC R R i A5 SRR B2 5 O S T A IR AR & R LTSS A R SE R N L B R B3 T e AR O A 4R it 1
Eog RV VER

D03-21

R A SB LR ML HRIR
MHEZE, EANIE, T

AL R R

BT AT R AT AR R A SRS R AR R 2 — o RN I RBATRH 57 3 1 88 50504 4k
bn A A IR B AR ) S5 MR IRAT IR R IGE /> TAE. fERTITAE+ (PRL, 2010, 105, 1555010 , HATKIIER A LR
THEF I B AR AR TR AR A WA 5 B R R SR E (LTS) , W] LTS RIEMR T4 EiB ey —. L,
w0 AR S G S P LTS 43T € | RAE, M2 7B Aud Rt LTS BI% (&, Reb. 2040 BEIEE s,
KRILBEAE R AR LTS BISE RS Wrg i, I 7E e iR FE I R 429818 (percolation) #5748, JEK LTS 121 M 45 45 1)
NI SRR 1 R A . AT — B HRR T LTS BIFER BB R R FHLH: A& LTS FF 7 44T 78 id A ilas
CAT 1 LTS BURETHATRE AR LTS MBI H 28 . %45 A MO AR B AR 1 A MRS T 26k, T ARG Bh T3
B E S BIRATA.
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Cu64Zr36 EBRHBE THELF ESZMTANS Fah/1EH A
4%, Keith K.C. Chan, />

e 1L R 2 RLRL S 5 TR 24 B

Pt 58 B B RSV E R 2 ) 20 AR D9 G M RHE ol b2 ) 2 B PR 2, T < R B3 4 R PR AT 2R T O 5 HE A
SRR TRREYIR . AR A SR T TP RS BB RE I N E R, SR 13l i B HEE AT T
ZHME AT, UL Ze-Cu RPNV G, B AFEEAR T B BA ARSI N R TR, B
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Metallic glass nanostructures of tunable shape and composition
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Metals of hybrid nano-/microstructures are of broad technological and fundamental interests. Manipulation of shape and
composition on the nanoscale, however, is challenging,especially for multicomponent alloys such as metallic glasses. Although top-
down approaches have demonstrated nanomoulding, they are limited to very few alloy systems. In this talk, we present a facile
method to synthesize metallic glass nanoarchitectures that can be applied to a broad range of glass-forming alloys. This strategy,
using multitarget carousel oblique angle deposition, offers the opportunity to achieve control over size, shape and composition of
complex alloys at the nanoscale. As a consequence, nanostructures of programmable threedimensionalshapes and tunable
compositions are realized on wafer scale for metallic glasses including the marginal glass formers. Realizing nanostructures in a wide
compositional range allows chemistry optimization for technological usage of metallic glass nanostructures, and also enables the

fundamental study on size, composition and fabrication dependences of metallic glass properties.
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Correlation between the viscoelastic heterogeneity and the domain wall motion of Fe-based metallic glass
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The soft magnetic properties of Fe-based metallic glasses are reduced significantly by external and residual stresses, e.g. the
susceptibility decreases and coercivity increases, which limits their application severely. Unraveling the micromechanism of how the
stress influences the soft magnetic properties is of great help for enhancing their performance. In this talk, we investigate the effect of
viscoelastic heterogeneity on the motion of magnetic domain wall surrounding nanoindentations. Compared to the matrix, dissipation
of the viscoelastic heterogeneity increases towards the nanoindentation. Meanwhile, the motion of domain wall under external
magnetic field becomes more difficult towards the nanoindentations. A correlation between the viscoelastic dissipation and the
moving ability of magnetic domain walls is observed, which can be well fitted using magnetoelastic coupling theory. This suggests
that manipulating the microscale viscoelastic heterogeneity is probably a helpful strategy for enhancing the soft magnetic properties

of metallic glasses

D03-45
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=AU O TT R R SR R AT TN B, E R S v R E A e AR P B R AR FE AR A BT R BOE R,
X HGARY WU BAT TR E e, RARARY O BRI & 7 1273, 1323 DR 1373 K =ANEER Co-Cr-Fe-Ni-
X(X=Al, Cu, Mn) fi] 5% Z o8 B, FF45 & BT IR BB A B AR DN R -7 BT vh 4 s i L B ™ ek 25 A i) S B Kl . B
Je F A TE /N i 3 e U E 1 90T A HitDIC B Chittps://hitdic.com) , THEAFE] T % 2 704 H B4 o ik
Gy R AR A EL R HOERE, IFAEIEHERE BT Co-Cr-Fe-Ni-X(X=Al, Cu, Mn) = MK R milfi & & & oo iRy
RS f)a, TP Co-Cr-Fe-Ni-X(X=Al, Cu, Mn)mEli & & % 40 i L SR BUORER Y HUR B S X BA714 &
Y BICR BOCHRE 1 2 TGS BEORWIETE T i & o2 A AR 18 Y HORN . ELy BOR B LS5 SRR W £ Tk 7C (0 =i
aEF, NED TCERAAEZARY B MR By HUR B X L /5 2] TR S5
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RS )y 727MPa, PLELIEIE N 911MPa, FRIRTER 22%MH 8B, 75 900°CHALIE 1h 7] L3R &k R~ER 0.72um, 3
THRANA 0.16um FABANS AU EE A 4. FEEAEXUR BN S A &P 4T 500~800°C10h FIHAEEL S, ki E IR
KK, RERMEEFT BCC Al FCC a5 i FHZH 2.
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AR . S8R IR ARAT A AR TE — & MR AN R A G [ py, 7ESB MR I F2 p HA RE J A AR E IR, RIL /3-8
gk LR, RNIRTRE SRR R R B . AT S A A R R 4R AR IR AT N, AT
Al0.3CoCrFeNi Bl &4 R TEMLN] . FEARILEEF &, WU ARINHEH AR RIR, RTINS ETHT. @
TSR WA R I Al0.3CoCrFeNi Filli &4 7E 600 oC ARG TEIL | REFATHEFIRIAK AR, THAE 800 oC HEAH HL4HSE
B EE BTEUAR, 6 BA == (AR T ML B 2R A 7R SR8 A% o X I B MO AR TE AL 5 AN RIS R A7 v 1 R 2 S R I K
AN R ARSI TR I AR AL A TR T SR A S AR T — o R
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IREERIIRMET A B S M5 E F1E RS, N T RIS 3RA5 Wi B R RS ,  ELAT A 45 440 10 34 ot i A S e B HE R R K
AR E BT T A EE A SRR TERE T T . B RAEE (OMD | B H T RAEE (SEMD | B HLF RS
(TEMD . X AT (XRD) « HTHREHEAR (EPMA) #1 Miedema B R A4E T BRI 7 10 & &8 TR IS
WO o KO TENL R TR T, 49380 7 an N seie g RSt W R LR EdE Bor, 440
PUhii s ob~1.3GPa, JERIESE os~ 800MPa, K& EEA RN, 2miRf MR R, & AEE0EE, LK
FETERARIHE AN 1x10-3/s ARG 1000°C I, && G EMAFAT] T 250%. REE50: LERAMEHAA T HI
B2 AUMr A, EREEREER TR ER, RESEZRAGSEENEEER. 2. miR R R BT AT
ARAEZE SIS B R AT R SRR, BRI AR NiAL AT Ni3Al, 454 Miedema THER A5, NiAl b Ni3Al (4
B TEAG, Bk B2 BT HARENT AR R S A, TR SRR R 5. B2 AT AR L12 B4 AR, 23 Rt R A
DI A s St ML mi B i i R R sl Ay AT AT FLBEL A0l 6, P& AR AR TR AR e AR Bl E B E A . DR
A S IR RAT A FE ST R A RN A G, 368 0q AT RER, IFHEB T ZNE, %EEE,
BAEAR. EEREAEMEE, MBS RE, X2 Ea T DIEmRBuE R A, N AEER, ARy
A G S B R
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AR, AH SRR A 20 RS S AH B T 25 A 2 — 3, X R T fee A b2 ARM SRS E M. 9K IEIRSE RE W,
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bee/b2 H L R T fee A, 7E32 /AR TR T bee AR A HRMIN Jyo 1B KAEIRAE & S0 R B FRAIG, 5503
R, SREAA R AN KRB RE SR I %, RXAERRATHENT T R USR] 7 AR 58 47 7Ot i R 5 B2 1 7 L
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AP FI PR B RE 7T, D05 A iR P B L AT R (K P AT 5o (ER A A 6 < ) SR AR R PR BR ) 1 e T
PRIUANGE— 2B R o AR AERT FOMERR R A & AR AR E VERY SRR b, SR “WAS TAE A B H RS, H5 TRIP 2808 5] A etk
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72, MELARNIE, SMEHRASIE, IS WA ON AT R, RIZ T S S S A TV . S Ee E BT R B
RE GRS S RrE, B TS SR AR R R RS B RIFREIERE I &, BRI BN VZ Mok SR BRI
HREIE G SR TG — AR Kk . A SORIERG M ot i, 88T — AN TR ARG (FCCO) M
&R A VIR R & SR IR vE . FRRE T IO ERTE T =08l e — RIS, AR B2 Byl
WRIGITVER & T AN G &85, JHMERRLE X SRS (EDS) MIFHEEEE (SEM) . X-SHEATHMY (XRD) . &4 s
(TEMD .\ ZRfAER T (DSC)  4ERBERETH. TIRe SO LRI & i 7 S-SR S 224708, TR S
TREAETERE . SEIREE R : 7E Co-Cr-Fe-Ni-Nb A& &1, AT =708 Tt i & &2 H Nb-3T Z ) FCC Al Nb-& 4
(4@ A S VW AE 2 LS TES R, XS TATR 72— 80 RABA MR B 2R WA . E HaZor g o3t
AR e B BRI TR, AN, DRI E=JCE TITAE R, CoCrFeNiNb0.45 TLyndhhtmiy & i i
HRAUMLEE SiEvigt: 4EREERT 482 HV. JEARIEEE 1316 MPa. WrZ45RAF 2293 MPa. [R4E¥AME 21.3%, Rl @& &
Rt
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MENS = A 4G (RHEAs) B W8 A, i e A R 8 e 55 5t AR i, KT T 7 fe i A B A SR 4 1) 2 FH i 55t
HH T ARSI E NAEE LR AN R BCC B L BCC BAMINE, FE R m DAL, ASCRAES
HLUE i, BL ZrTiHEVO.5ND0.S &4 3k, 2Rl F G C Jo s S Bk s st s il 5 4 . M b T Bk
8.135g/em-3, ZrTiHfV0.5Nb0.5C0.2 & &M% N2 8.014g/em-3. BFFL T M RHE 2 I A= iR N IO 5/ R0 24 g,
XRD K EDS ¥4 iR, I CJ& ZrTiHfV0.5Nb0.5Cx (X=0.06,0.12,0.2) & & ¥ k0arJ5 (BCC) HIA HEC AHPIARIE
&% . ZrTiHEV0.5Nb0.5Cx (X=0,0.06,0.12,0.2) &4 A R M EREAH B, E483HEE RERRBIR, BN
>40%, JERRLIJHL 1GPa. Gleeble #JEAE T EE R/, 700°CHEEESH, ZrTiHIV0.5Nb0.5Cx (X=0.06,0.12,0.2) #H
EL B SR E A BT N %, 800°CHE iR E4E, ZrTiHEV0.5Nb0.5Cx (X=0.06,0.12,0.2) 5#JF 5EAAF AR,
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Formation and properties of P-free Pd-based bulk metallic glasses with high glass-forming ability
K s

dalian university of technology

Thermoplastic processing have been developed for making the micro- and nano-devices on bulk metallic glasses (BMGs) by
virtue of the viscous flow formability, which have been expected to enter commercial production. Noble metal-metalloid type of
BMGs have been widely used for the thermoplastic processing. For noble metal-based BMGs so far known, the BMG samples with
critical diameters (dc) exceeding 10 mm are available only in the Pd-Ni-P and Pt-Ni-P alloy systems. However, these BMGs contain
a large amount of phosphorus element, which limit the manufacturability. In this work, we investigated the effect of alloying
additions on the thermal stability and GFA of Pd-Si metallic glasses. The stabilization of supercooled liquid and GFA of the Pd-Si
alloys were enhanced by addition of Cu, Ag, Co and Ni. The multi-component Pd-based BMGs have large supercooled liquid region
of ~ 77 K. Glassy samples with dc up to 10 mm can be fabricated by Cu mold casting without fluxing treatment. These BMGs exhibit
low viscosity of ~ 2x107 Paes in the supercooled liquid state, excellent thermoplastic formability, high strength with large plastic

strain, and good corrosion resistance.
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KU RBIE (BMGs) BAMEFHIMERE, WmomiE, b, RSO s e UE k. B8R
BRI R Au-Si RS LR, KIREBIFEZ R Tz Mo, IR 2 IFRRITAE SIS AR /) (GFA) o ARFTE S, 45
e PSR S AT AR B R TRk, BRI AR RE T2 sl Ve S AN 48 A A SE S R K B UL, 7RIV MR (K33 8 15
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W T TI00 BB T BB JT BT B . AT GRS ot R (RS XA R T B K . FIAH CALPHAD J5i%
R—#ewinREZ ok R, RIRA RS AR A R TIOR3 o ARVBUR T AR B L AR T A% B3 IR
BT RN FETRAEE, FATRM 7 — R BIVE AL 7R TR B R Y AR RE ) B T . MR AT %,
X4 58 (K2 O R TE A R B 43 B VE FE St il B U H 5 (HTC) SRS IR v A R, SRBIBEE VE AN e X 3, B
HA RIF PV LRI X8 AEARTAES, FATHH] Al-Cu-Ni-Ti-Zr 14 5 K 71 S FR U XA 575 FRATR B
SO 5 1 ) R <o 35T B4 B O TV AE BRA T ) e 705 Fil . CALPHAD 753 B T AR s tH FOF . SRT, XA
JHER AT FEVERCR T T AR e B PR T EE . POV KR G SR B A= & & (HEAs) #U2EET 2 k4o,
PRI P T BSR4y 2 B e T Bk . A AR R RZ T AL A A2
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Ultrafast consolidation of bulk nanocrystalline titanium alloy through ultrasonic vibration
X bz
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Nanocrystalline (NC) materials have fascinating physical and chemical properties, thereby they exhibitgreat prospects in academic
and industrial fields. Highly efficient approaches for fabricating bulk NC materials have been pursued extensively over past decades.
However, the instability of nanograin, which is sensitive to processing parameters (such as temperature and time), is always a
challenging issue to be solved and remains to date. Herein, we report an ultrafast nanostructuring strategy, namely ultrasonic vibration
consolidation (UVC). The strategy utilizes internal friction heat, generated from mutually rubbing between Ti-based metallic glass
powders, to heat the glassy alloy rapidly through its supercooled liquid regime, and accelerated viscous flow bonds the powders together.
Consequently, bulk NC-Ti alloy with grain size ranging from 10 to 70 nm and nearly full density is consolidated in 2 seconds. The novel

consolidation approach proposed here offers a general and highly efficient pathway for manufacturing bulk nanomaterials.

D03-57
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WIS FREE, RIUNESE A SIS BRI, ERan RIS, 3 TR IR SRS RAE 1 FEF .

D03-59

Cu-Zr-Al ZEEHIAERTERAES
TLVESR, BRSEIR, L%

[FIGF K

FATUA = Te I 5 B AT A R AT Cu-Zr-Al. Cu-Zr-Al-Sn AEf & 4R sy, @I B I E T Cu-Zr.
Zr-Al ! Zr-Sn o3t i BRI FTEAZIRE) 71, FFI 4 B AZ R AU 52 4 0 S AR 8 1 % — oo L HRR I L il R 4
B D) ML 7E Cu-Zr-Al . Cu-Zr-Al-Sn & & & Rl & 78 Mk e & & & . 1H H LI Cud5.6Zr453A19.1 |
Cu43.3Zr47.1A18.6Sn1.0 1) 4mm F£ih XRD &5 R LIRA—A A IE R, SEM WL EE45 BB WIRE S A2 e D B L
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Yok R G 4 R OW R 1 HE 1) R IR0 7 (BTGP J )« JAR A PP IR 4 M RAE, T %2 2t s o . v b
P, RS R FIOIE M RAFROBUIE T VAR DA RAFIAE AR S — RIVR T WA & & Mvkee, 1EEN
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Zr45.84Nby 59Cuy2 99Nig 76Al3 66 Y0 5 A @A E AN Bl o AN, PAIFIES A &M Avrami $8%50 n 237108 3.3-4.1 I 1.8-2.8;
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ReEMAERIE S, R Fe B4 BIHH T EARE WIS ABAEX . MXE GRS SERE BAShFEooR, 2
FEHRIG R RE AL . AR 300keV He 2 T58 BB 4 /8 BT Fe80Si7.43B12.57 Fll Fe68Zr7B25 5, WHALWIF Fe J 4 Jm IR
IR AT N, MR HAEARLR A4 FIREHRAH SR W AR, a8 B T RSk SRR HE I v] Ge Lt
FIR L — L LSRR . 300keV 1Y) He B TR S, 4 JEIHE Fe80Si7.43B12.57 RAET — RIIMNIIE: MimAIEA
4x1017ions/cm2 B}, 4:JEIHE Fe80Si7.43B12.57 H I T /b & WA B-Mn BUAHANK &, &I EIES] 1x1018ions/cm2 B,
& JRBETE Fe80Si7.43B12.57 1 B-Mn BUAHYK S EEARN o-Fe MM Fe2B #H, 45EHEF £ K3 1.6x1018ions/cm2 i, @B
1 Fe80Si7.43B12.57 HFHIAK MR T a-Fe AR Fe2B AH, 3407 B-Mn ZUAIFI Fe3B M H ML ARG AINZ; SR
Fe68Zr7B25 fFF 1 RIFMAEMEEH, X EZEWIH R FHAMZER UL ST R AR T PR 48 D s /54 i &
N 1.6x1018ions/cm?2 I, R KR T R, 4JBIIE Fe80Si7.43B12.57 Tk AL B #IMEBTE] 4 B 1 428 33 Fe68Zr7B25
FITEAL EPUE T MEMERIRT TS, 48 W ZERRIRFIEA 1x1018ions/cm2 I iimwh & & T FIVE . T4 )@t T 171
SITFHEF, XN He JE7A—E REMEE, M SE S — DK% 1.6x1018ions/em2 B, Fe JE4 @ B3 4R I
A BT #VE . FTUAE PR Fe JE 4R BT He B TR BRI REINIF T 28 W.
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Atomic structural evolution of monatomic metallic liquids in crystallization process
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Crystallization is a nonequilibrium phenomenon in condensed matter physics and materials science. Although numerical
simulations and experiments in colloidal systems suggest the existence of relatively ordered liquid structures serving as precursors of
nuclei, the entire process is far less understood, mainly due to the difficulty of understanding atomic structures of liquid state before
crystallization. Here, we developed a tetrahedral structure model for metallic liquids to investigate the atomic structural evolution in

crystallization process. In this model, not only tetrahedron, but also some other building blocks of crystal structures are taken into
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account. These fundamental building blocks are found to exist even in high temperature liquid, and the populations are increasing
with temperature decreasing, indicating that structural ordering is developing in the scale smaller than atomic cluster in high
temperature liquid. The connectivity of these building blocks reveals the atomic structural evolution of metallic liquids, and provides

a clear physical picture for the formation of precursor and subsequent nucleation.
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The effect of Mo addition on structure and glass forming ability of Ni-Zr alloys
P2
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Understanding the structure and glass forming ability (GFA) of metals is crucial to establishing metallic glass theory and
producing advance materials with excellent properties. The classical molecular dynamics simulation was conducted to investigate the
effect of Mo atom addition upon atomic structure and glass-forming ability (GFA) of Ni64Zr36-xMox (x=0, 6, 12, 18, 21, 24, 27)
metallic glasses (MGs), in terms of the system energy, radial distribution functions, and the largest standard cluster analysis. It is
found that the Mo atoms do not simply replace Zr atoms, but heavily change the chemical order, resulting in more stable and compact
structures that are much complex indicated by the split of the first major peak on pair distribution function curves. The evolution of
several parameters highlights a critical point of x=21. For example, at x<21 the phase transitions from liquid to the final glass may
include complex structural changes, because the energy curve cannot be fitted with two lines; while at x>=21 the vitrification process
should be much simpler, for which two lines can perfectly fit the energy plot; With the addition of Mo atoms (at the same time Zr
atom decreases by the same amount), the volume of the system is always much less than the sum of all atom’s volume; this volume
difference is a function of x and gets the maximum at x=21. Further analysis reveals that the addition of Mo atoms does not favour
the formation of icosahedrons but enhances that of topologically close-packed (TCP) structures that are not only fully responsible for
the shape evolution of the first major peak on the PDF curves, but also positively correlation with the glass forming ability (GFA)
predicted by formation enthalpy. Thus TCP structures are the essential characteristic of MGs and the higher the forming ability of
TCP structures, the better the GFA of Ni64Zr36-xMox alloys. These findings shed a new light on the understanding of

microstructure and the structure-GFA relationship of MGs.
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Defect-induced structure disordering process at crystal-amorphous interface
KB, R, TR
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Crystal undergoes a phase transition to a disordered state when subject to various severe external stimuli including chemical
mixing, irradiation, plastic deformation, or hydrogen permeation. The transition observed in experiment often exhibit features of
first-order thermodynamic transition with nucleation and growth, but theoretical work predicts the possibility of a continuous nature
of transition via elastic instability. Here we demonstrate by using a molecular dynamics simulation in a crystal-amorphous metal
diffusion couple that the amorphization occurs asymmetrically in a relatively concentration-steady interface, where the concentration
grade exists intrinsically perpendicular to the diffusion direction. The manifestation of elastic instability mechanism at the crystal-
amorphous interface is covered by the kinetic constraint and intrinsically in-plane concentration grade imposed by inter-diffusion and

fluctuation of interface that leads to the feature of first-order phase transition observed in experiment.
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The glass transition temperature during liquid metal solidification exemplified by Vitreloy 1 alloy
Zhang wei, Xiang qingchun, Ren Yinglei, Qiu Keqiang

School of Materials Science and Engineering Shenyang Unicersity of Technology

The cooling temperature curves of Vitreloy 1 bulk metallic glass (BMG) during solidification in copper mold were measured.
Differential scanning calorimetry (DSC) was used to determine the fusion enthalpy (AHf) and the glass transition temperatures. The
specific heat capacities (Cp) of the alloy in the undercooled liquid, the amorphous state and the crystal were determined as well.
According to the relationships of the heating rates and the glass transition temperatures, the amorphous solidification process of the
alloy was speculated. In addition, two numerical simulations of the amorphous solidification process with different glass transition
temperatures were carried out. The results show that the cooling temperature curves which were simulated with the extrapolated glass

transition temperatures are in good agreement with the measured results.
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Inhomogeneity of free volumes in metallic glasses under tension
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The disordered and nonequilibrium nature of metallic glasses (MGs) makes their underlying deformation mechanisms to be
poorly understood. In this work, the deformation under uniaxial tensile stress in a Zr2Cu structural model is investigated from the
atomic-level aspect. A new approach for detecting free volumes quantitatively is designed, based on which it is found that free
volumes apparently increase within the elastic stage, and expand slowly after the yield point, and finally reach to an upper limit in the
plastic stage. In addition, it is revealed that, in different zones of the structural model, free volumes exhibit inhomogeneity under
stress, in terms of the size, the density, and the distribution. In particular, the expansion of free volumes in the center zone is much
more rapid than those in the transition and the marginal zones. A more interesting phenomenon is that the density of free volumes in
the center zone decreases with strain, while the counterparts in the transition and the marginal zones increase with strain. It is found

that the atomic-level stress between different zones may contribute to the inhomogeneity of free volumes under stress.
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Size effect on dynamics in metallic liquids
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The relaxation dynamics in finite-sized metallic liquid droplets were investigated via molecular dynamic simulations in model
binary NisoZrs, metallic liquids. We find that the droplet size has a significant impact on liquid dynamics. The structural relaxation
time exhibit strong size dependence and decrease drastically as the droplet is smaller than a certain size. It is revealed that this results
from a liquid-like surface layer (~1 nm thick) of droplets, in which the dynamics is much faster than the interior of droplets. The size
dependent behavior of dynamics in metallic liquid droplets could be well understood with the universal scaling relationships between
structure relaxation time and Debye-Waller factor (DWF). These findings provide insight into the dynamics of metallic liquid
droplets and plausible understanding of recent novel experimental observations. Apart from temperature and pressure, size may be

another important parameter for potentially tuning the properties of metallic liquids and glasses in nanometer scale.
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NI 38 I U FEE ) o v A 7 i 2 A% o A 1 g g . 3 H SEM LS & AR RSO0 B D7) 47 18 3 B S R JR R BT V1 AR T
TR 8 BORL S 2 UL FELIT 5 S, (EL/D B A 2% O AR T 1L AR ) S MR B AR 1T LA ZIE AN T . XRD W AR TR I A it dE AT
IR RIUFE A o . G5 B EE SNBSS RE 4 — E IR M . Johnson-cook 57 AT LAAR 4 b 4
READE ZeO FAEBRIE Vitl JEREE R RERIRN IS . MRIITN Vitl &8, Rl & ARk
BRI RS S Z AR Z N BA — iS5

D03-90
BRI T K R
FHR
IR

Al88Co10YS5 Ffh &4 fE 35min Ja s AR YLkl B e 4, I A IR Co B R IF 20 0T = i 2% 7 2 AN R R L
NHHTIR KIRAREE, Mt LEH B RCR, ROUARR & & BA TR R PE e . X 32 252 T AR I B A BOs K RE DR
BHEEG IR G 7, PR RN, B R AR

D03-91

BRE AR SR 2 TR K B8 o B B T
FKH, FEESR, WAL

ALl R

AR A e A A RAFIOM AR e Be, 2 0 PR R U A R 2 — o B RAEIIE TEAK R ARk i 247
R AR R TR KR PR B RE . ASCR OIS B IR NBCR I ] % TR ARREAIRE, HERM X Mk
AT SRR BN AR BB ORGSR BEAT 13RI, ESE 7 HARR R G4 . S5 B AR K AOK T TR R
JEHe AN LS Bey, RBDUBRIE AR B R B R E B R AR KR P BB 40 R, o SR o A JER ok B 45 R SO LB E AT T T

23

Jlo

D03-92

BREJ BB R-Z IMB R &SRR E L E R ER IR
Wifkfk, BhArk

RPN

TREGRL B AT BN Z M —FaHLGRE, 25 E R 80%, EZRNHTUIIEN G Tk, EPYR Tk =4 K
EEMREGEN R, KNS TR A AR T R . BRI, e e LR A 3 R SRR K R — A
HERE, YRGS —MURSES, Hmf FidtE ek mm R G B8 a TR RaAYm i Emacr. Ei,
HTEEER G SRR Z N EREEZR, @B AREARIE AR, ML S Bk e, TEMRKRERE I
R T HBEMRBCR . B, AR RS R S 288 A, T RE G4 HXT RS TTEW (25 mg/L)
WIFER, JF5 85— SR R BRI AT 7 0 b o S e B ASC 2 1 R A D6 o P58 0K T Y280 Y0 P 1) PR A 10 80
ErE. WHAKIL, BiPE S min 5, SRATFIESRR-Z UM BHE & G540 (0 S2 50 H B MR R I 65%, TSR FH B — R ok R skt
B2 AR AN 15%; 30 min J5, SEIGZH AR ARSREIT 90%, T IRALACA 52%; SHIBZH 60 min AR 552504
5 min FIFEARRICRAR Y . DRAAERERW, SRR, BEEIER RS Z UM B E & AR IO 3 S A RER 448 11
R IBEARRCR . ZRCRFEEUUTFH/MERA K SAE GRS T @ A S m R, 8 7iks
BEEER s Soh, PR AREE R S M A, T R R S5 it v LAk — 25 sl =l oM K 5 I K
SEIGLA B A M RHE BRI A S 5 8L, R AT LAEAT B R A
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D03-93

BEAER A & CRBO N TR i 4B H BT T
MHZ, ERH, Kk

JTARILK S

i SR EA IR R e T TR A E A R S, AR T A LA T MR AT . TR A AL
TP AT RESR. 5 S . M W EoU TR & A RELERIn T X AR f s, RN A B = rn T
RERAEAR T AR, WERERLF R E. WEHOLHE T MR G S A R I A — 2 T RetE, it
B2 IR AR IR RE . BT FE A8 H] AP BOLAE A [F K o B B A 0 38 52 T 0 B BE AR R I B 4T I 12, ) SEM A
AFM W IN L5 AR N G AT W, JFEAT 7 RIAT IR B RS . GEit 1 AN R TRG MY AR AT B v vk i, 7y
T T MORER TN S5 A ST 5 KT RS PR PR AR DR AR

D03-94

TT S B MR M 1 8 2 SRR 0 AT 5
WL EME, A

PR

WORLFL A — FioR AL 2 R LR R RE R LA B . DR L RE R AN 2 RUR TR IR, AR AR ik 80% 5
M HAB AL, JUPAHRA FW, #0082 21 8 E RS R et fedil. By S ibel it (PEMFC)
HAMERRIERZ), THRMBGRK, tREEm, /NSRRI BiigH s Ao ) 3 Z RS 2 0 i X
B REE U A 3 BRAS R o 8 A SRR AR A B SIS RN AR D 50%, AR 60%, EER) 80%. AT
BRARA RS, 46/ MARL, R ESE, fREtihes, PR 2 PEMFC TAEFRKIH BRSO B 20 E 2, ikdkfia &R
eI Sy 2 R RS G AT RO AR R S A B PEMFC RURURAR A RE . FRATTE S 3 s A AR AL E LI AR AL . TP
RN (COCP) ATHLAL 2 BTG S5 AL 2 KPP, 1 Zr JEBIATE B & S AE I PEMFC PREEH TR T PERE . FEAL A4S
PR Zr YRR G A 4 18 A i PEMFC BUSAR 1 BH AR AA R H3E & 15 9 I BA o

D03-95

FePC 3k i & 0 0 AL W ot ) oo 3 PR A I« B BT 1T R 5L
EEfG, I, Mt

RE K MORRL A 5 TRE B

ASCERWEIL T FePC Al fin iy 26 T P WU N ) i AR R AR RE o T3 SPGB (SO0 e gt Jse i e rh S bh i P A
Wt B, ML T O 2B 7TH) FeSiB AR dhiis, FePC JFfiiiy A B s B RCE,  DURCEARI R SIE L RE . JEI
P HEEL (SEMD SR J5 s R MRS T KB, FePC R IHE MUK KB40k Z fLE (et T Ymifkis, FMA X 540t
HLFBERHAY (XPS) X S SEHT 5 Wiy R IH TC R A G R i KB, FePC JEdi & & 9811 Fe-C B M 551K Fe-P B pJ5 i b 45
H, MREG Fe KERTZ5ITFWURM L. X FePC JF &b 2 B EH] 5 RRTEITES T A B, S5 R 1z
BB R A R O TR AL 20 RIRAITEZIAIE . FePC A iy 5 155 1 S 7 ¢ A 1. P ik i e} -
T ERIEIET, BEMECRAE pH=3, XWEUKIKEEN 5 mM I e, I HLBEZRH B A I Hg R, B8 Akh ik 52 8 s s
Mo ASCAHRSE T —FimR MRRA AR K AT i, R K T FePC AR dh & G B 4 .

D03-96
BREAERE SR AMEKE AT AT
MR, S, XIHT

He LA R S TRE A

A LA (Ti0.45Zr0.31Be0.17Cu0.07)100-xNbx (x = 4, 6, 8, 10, 12) kA FHE&EE &M B X%, 4> HI7E 0.6 mol/L NaCl.
1 mol/L NaOH A1 0.5 mol/L H2SO4 —FJEF i/ B sl T L3R A S S B B A R A i 28 o dad o WAk 2 7 43-#7
W TR A& & EAMBERFEN B R . SEM M1 EDS 2007 TG e & &85 AR R T BH 31k

29



PAR AR 2 A BN TR I AR, ALK AR & e A MORHE 5 SR 7 AN & U8 1 (0 8 e It b B AN [ R R AR
23k NaCl WA AL 2 )5, BRI S SR A PR IR SRR S T R A R AR T IR SR IRvs i, OB AR 2T
Britie T NIR AL ST RE R T LA S A S A 5 A R B PR AR B B R O A IR S M TR, SRS IR
PRFIR A S SR AL BEAT A0, FE R SRR T BRI IE, & SRR M AR SMELR B . SKIREE AW, s BN
8 (x=8) MUBRIEAR M & &R AR RHE LL L =Rt h (et vh 1 58 200 A0 T HAR DU R AR S & & = A4k}

D03-97
ARSI E R E R AR A MIE BT
LRz
[ipNS

MAMLY], DL MBI & AR IR A T e i MR R — RE R SRR R il X AR5 1
MV A B JREAYE LY VEA RUE I B g B4, T A P SRR BRAE N ARIR S bl A A J i (R ARr vk
PART 07 RSB IR AE R N B D 6E, R ik B 28 e 2 R IR H . b 86, Bk mT e e < J oAb - 4 e
ARG TR, BA RFNAEYMRYE, IR AR DIRE, Rl O SO SE U R BAT W A B S
Wtk S 55 [ AR ON BAT i dw VE VI S A RE . 35 T BRI i & S URF BB AUAT D9 e O 19 J3E B v i P S o, B
VKRG T RAVBEIESAR AR B E A ARL, Xl B ARkt E S 2 MR E AR B TEREAT T IR R MW . 45 RRW,
H RGP BIER DA R R . SRSV AR R A RRE, A B9 AR fir 5 T e L FH R 1A 5 J 22 1)

D03-98

PR R BEXS Ni-Ti-Zr-Cr-V JE 5 & &) 22 R R R A AR W
ST

LR

A EHTHETENKETL T MR FERS, RIS R[] R ARKAG T S 5 E A5
Bl ASCHFST T AR AR, PRVE N Ni-Ti-Zr-Cr-V JEFh & & /1 e Rsem . 7ESzibrh, 4Pyt 30
m/s BAE] 45 nys B, AEPEKTERRAERE, HAERE SN E AR PURE E g, AP 30
m/s FHNE] 45 m/s I, Hohrom i FIGE(E 23 5] 1 224 MPa.  0.28 %3 &3] 543 MPa. 1.1%, H:E=IEWMERH 25.8 ml/g #in
F) 26.9 ml/g. MTREEEEN 45 mys BF, JES KA IR J7- AR i 2 b AR VIR o S0 A ) PR A B e 2% T 11 TSR
Mo b, RIUPEETR Iy 45 my/s (RS 27 W 28T B T BOIRELs, R G &H BAFIPIME . ORI TR U T RE
sity 75 T 28 0V B 703 B e A PR B2 AR 5 kS o R DA B ) e T AR J6 I T PRy el 2 3o AR S RE T N, A S R AR AR S
PEARTE MRS T, IXFPIGEIRIINTEY, {0 ) AR 2% AR DRI AR IR, BRI 45 m/s (AR MR 2675 B ) - B4R
b2 - AR R R A 3 5 v 1 S P o 3 T Sk A [ RS R A A it PR SR T 1 HEAT BE RS A0 M R L, PRV 30 my/s
B, AEREATR A4S I0E Ze, Ni fl Cr I TR AP it m 3] 45mys B, HARREER TR EF Ao LS5
UG —5. AR, BEE PSRRI E, ERREDS PR AR A S AR NS, B e 1R b A

D03-99

MR ET =i R G SRR R
H*#t, Sammy Tin, Jon Molina

[iiE[ NN

BRI e A B R S ) v IR DR BE AN, DRI T 3 e R M S A S A A S LR B R A R v
HaH BRI TG et S, WO T RRAMRIT A A ] AT R R A A R s E
SRR T B R T CMSX-4 B FL e il A i KON 450nm (1 A Ni3ALSZT7 S (AHZERI AN U R AR TRAT N,
AT 10GPa i IRIEE, &3 T Ni3AL F 5 B JE IR (150MPa), 2T 1% 8 WAL SR BB IREE, BEAh, 12490k
WORLE BA BT . ABTF AR RER T RAR SN Z B IN 71 8 fIEmIR &SRB BRN, & T 13Kz S
TR EAR BT, 4878 7RO RS R 3 A R kil BE XS ot 28 TAT B e, SR SRRV E A BRSO i,

30



T EA R XU 2 R AT B R A A TAT N, S SIRA R A ARG, LT R TR 2B 1 S AT
CABL 2 S ASTEAT Ay, 9 2R I 406 o i B AN S B0 A O BOEAR 22 5 %6 A, IR ESE SRR & B S B 8eit, T LUR
If RIS TEAT e BeJi, BA CrCoNi 2 ETCHE S NBTFR R, Ha7s 19K i A AR 1o < AU A Sk 5 44
MR NE. BEZ, a8 RE IR T B M RT T S HA R e I AT T AT HLEL A 45

D03-100
CoCrFeNiAlx R &1 & STESNEA T KERIMLIT A
DREE, TEE, FRIBE

RJE TR B R B 5 Shi bl 8 p SEI =

R B AE R SR EINREAR, KA T CoCrFeNiAlx F i A i & & 78 sk ph o 8 N I /72247 A
BIGHLEE, & BT T ARG & RIEAF AL AN T 1) 7= RE S B H N AR ARG E, 72 SRR Al R A 0S5 300
MRS I35 e S E BARGS G M HTE, SR E G S AT R SR PIMAT A . sl =R (RARN
103s-1 BAED , 345 7 BAZRAHESEYERS (Bl TWIP 208D ) CoCrFeNiAl0.6 (FCC+BCC) XUMHE &4, HAMR
SPy Wi aR R AT RN AE 20 5008 5-10 nm. 1.5 GPa F1 40 %. B SNEMFEHATE 7 AEGHE S HEN . B3E Shaibi
TWIP %4 B[] CoCrFeNiAl0.1 F & 4o

D03-101
FeCoNi(CuAI)0.8 Gax (x = 0 - 0.08) 75 & & (KA 4L AR M B AR 24
B, 2, L

LR

7 A AT CIRE IR S o e 4lnd, KEVEE Fe. Co. Ni X =AML TTE, X HEHTT A BA B IFHT
SRR MR, A SA S OGER R Wikt SFaetbs, BB 6N TR, 538Nk
WHREe AR SR BT SR AR AR 4525 45 1 FeCoNi(CuAD)0.8 Gax (x = 0 - 0.08) & 4. IR RBEINRA . PRENFE Sh i3
i XTI R ERSTRE N AT A S M REVERE . MA RO AT T KRG . SREY: AE Ga R
WA 4 KBGO A (FCC) FDBEARLSI TR (BCC) 4k, % /D& Ga mEIIEMN, A&+ FCC AR & &
BHTRAD, M BCC MUEHTE M. WEEAT R, & & TSRS ES AN I, % &4+ BCC A & &
B, HMBAGEE (Ms)  BOKBUEREE (Bm)  BIRBIRNMEE (Bo) . ol (He) MBRHIFE (Pw) MEUE
B, MYIEHESE u) MEKESE (um) FEUENRED . X5 T @i & S mrEaeiedt 7 B k.

D03-102
TRt %44 T H CoCrFeNiMn A & HI4L SURHE R B AT
EAW, RN, B

78 A T K2 2 e 7 F 0 R

AR AT JTVE S T S CoCrFeNiMn &4 (7 v PR BE I, Xt AN A1 74 82 2% A 1 A 42 1 2HL 4345 A6 R vk BEARRAIE
BT T 00T SRR, AREAEE R & 438 FCC 4w Fh i M4 a,  FLBE A ik 74 B A 38 RO 4 43 58 4
W, BT R A o 0 5 o S A T A A o RS VA DR R [ 2 AR X B A 0 FRLE R R M R B KR
BEE ARG R, A4 JEARGEAE . 4 PR R AT B SR 54 BRI B (s, i e A R G208 . 0T & A s
FERTSN, 7E NaCl F1 H2SO4 MR E & fF T, v BR8N 35 #3251 7 %708 CoCrFeNiMn &4 (0 otk  H ORI
J& =4 CoCrFeNiMn & 4 7E /I (14 JE iU isk 2 K 1) J8 b 1] b 2L SE SR AT S e M g . T T NaOH WERITT =, BRI %
ST A ST R, EA R VA 2 AE 5T 8 CoCrFeNiMn £ 4 I8 i R s i i/ .

D03-103

=i MoTiNiCuAl & &M AR 5 @ik est 7t

R, TR, B

Fadb Tl KK 2R X

31



B G AR IR — M B G B AT RL,  2H o 2 AN ) (] SR AR R L R IR 2R 406 & R LU AR =1 A,
DM 29T . ASCEIUE A MoTiNiCuAl & &/E AT AN R, KA BRI H AR AF A B, R CHI b4y
WA TAE S BT T F AL S AT . S5 R0, =% MoTiNiCuAl & 4L Mo FEVARAHA NiTiAl MM AHI B . %
A XA 304 BN S %A S0 A (3.5% NaCl ¥, 1mol/L NaOH ¥, 1mol/L H2SO4 ¥ ) H & il i5 i) ZH 41
TES B A R FHRGEZ(0.1mV/s, 0.005mV/s, 0.001mV/s, 0.0005mV/s) Fah B Artib k8, =i 25°C) % &4 BaH
SR e fe, H A RGEIEAIE R SEE MoTiNiCuAl & & M 3550 B il M R F-FAT it F A4, —Hi s
R SE Y e RN TR T

D03-104
CoCrFeNiSx I FHiEBEEHBELKWIF. Hl&fHaE
KEE, RER, TN

Al BE 22 M AL 2= B 5T R

FEMTAEHUR . BN ANG & T AUk, il ELECR R b 5535 2] Talx m v e B & & R A BV F KR,
EH R BT & SR A Ve RN VE B 2 () XE LA B 2R &7, H TSRS AR M B s & . 2Tk, ASClL
HA RUFEERBIVER CoCrFeNi mffi & e v sk ik, WL IIN SIuEK, fERENANE R A% T CoCrFeNiSx £ 51riE A
TG, REMBEE T KM, SRMAHN A g B A VERE, BT 1 HLom A LR et 45 43
BLH . S95REEH]: S JTLERINA CoCrFeNi mififi &5 &b EEIE ALV &R CrxSy M, {1 1 &&= IRseEMEERE, JFi
FHUE T HAE IR A 800°CYE Fl Py I BEHE A RE . Hrh, CoCrFeNiS0.5 il & & 456 1 Rk, JF HAE =R % 800°CH)
Vi N PR RIS, T B, R R A M A N T

D03-105
R A & R A R AR iR B
K3, K

ALERHER

IR SR AR 1 — AN AN A M R R AR, WL AR IR X T A AR SE R S F B B AR L, TR
TR & S rp W R NE AR B M A A o SR B e 236 I AR R v e, — RSB B R R v
TEBL U BN, HHRONEY) DTG SR g5, GRIEAMEHETR @ AL 8 R AW . X T U TBARRE, Hoph s Dy 7 v #6
TROWIER, X V IBERIREE, Hbd DR T RSO e, SRS SRR Bk R P B xS 2 28 20 1 B
Y WA RTIAMOCT AIXCoCrFeNi # i & & MR M BITERIR 7T, RKIN Tl & e R, Hod gt 54
B HRFEUL KRB L E YIRS, Hrb, B FCC 45Kf Al0.1CoCrFeNi & 4 /R Hil i i = AR b 9k, 78 77K
MR RTIA 397.87), X ARG A ERE G 400 R EE MR FREEEAL, FrMERERS bG8 T, 60
BEZM, BEHEI B EEE R SRR RS LS (Watea D EIHEMARITY)D , (FiZ&48E 77K L RERE A IR
SR HPINERAE, HERREWREMTHRARE. Limie e R a%Eraee, M, HAGMRUTERbE, &
B —AN A AICoCrFeNi2.1 FE Bl & &7 0. AlCoCrFeNi2.1 &4 MM LA FCC 5 BCC WA MAL, HEE
GHEMRE R, ZRPRMRELN 1050MPa, EMFRATE 17%. X AlICoCrFeNi2.1 &4#tiT H b v BB Dy 5256, &
BUH AR T B C RN, £E 77K LA B R LB S e A LA

D03-106
CoCrCuxFeNiTi0.3 £ LE A& & NA R 5T
T

LA RHE R

AVHIEZ XooEka &R, ¥t T CoCr Cu0.5FeNiTi0.3, CoCrCuFeNiTi0.3, CoCrCul.5FeNiTi0.3 =
MZEIEE, RAETHIIEGREESHEE, 2 astd &7 FIRE TN R AR 2Uc . - EBaRs 7 Bt &
SRR AT G, R REREHAT T 0T, 158 X SR AT & 4 A AR BEAT T I, T4 4 A 2 AN
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JESREMEREHEAT T IR, #F7C A CoCrFeNiCu0.5Ti0.3, CoCrFeNiCuTi0.3, CoCrFeNiCul.5Ti0.3 £ E0&4 ¥l FCC M4
B BEE Cu &M, FCC RMER M WFs, LU EEISAEM. a5 e%S EMAEAFZ AR AL,
M Cu TE S EMMET, Cu FPPAEMEBRN, SFEHTERSNXE. X& 4837 MR Rk, &8RRI N FFNE
#, B 286HV N2 249HV. CoCr Cu0.5FeNiTi0.3, CoCrCuFeNiTi0.3, CoCr Cul.SFeNiTi0.3 HiE5RE 77N 1698MPa.
1680MPa Fil 1416MPa, YEMERAF(E 535 50%. 46%F1 45%, S} CoCrCuFeNiTi0.3 HEAT KM AT AL EE, 4 HAE 750°C5>
FIEFRL 100h. 200h. 300h. 400h. 500h. 600h. 700h. 800h. 900h. 1000h. CoCrCuFeNiTi0.3 Hi#.—f) FCC 4N FCC
ARANTET RN A, B SE T AR A B BE A AR TR 3 i s n, RO SRR A SV A A ZUR B AR LY, A
LEEHESERALEEL, REIREAZH Ti. Niv Co maEM M, HZEEZEH Co. Cr. Fe. Ni.v Ti TTHEMA. WAEHEH
BT AR LA, SR T A, B FAKL BRI (] P RGn, BERE(E EE 347.02HV FREF] 269.69HV. HiEHEEH 2149.86MPa |
B 3 1210.19MPa, %1 B MH H 39% % & 20% . W% R 5 & & B9 H B SOEE AT IO R O B, e b 45 R T A
CoCCuxrFeNiTi0.3 £ F u & & RMR G, 1142 2 MR & 0% 18 1 76 T8 B ks & BV A 00 & 30 FE A .
CoCrCuxFeNiTi0.3 &4 R KM L IR EEFI LM ZE(E 8 0.58. 0.63 A1 0.69, &4 PN FCC IS MIAN & B3 5 4

D03-107
BB T AR % CrMnFeCoNi B & &4 55 /1#HRIH T
R, 2P, 2R

HEE A

KABOCIF TR BEIE 73570 5146 - CrMnFeCoNi miffi & 4. 81 XRD T4 &M, SEM MUy 5
T BOS A J7 i1 4 1) CrMnFeCoNi =8 & S AT SARG A . ORI D)2 PEREIOWE JE. B TR 4SRRIl HOt s
TR 5 ¥ 1 75 V5] 46 19 CrMnFeCoNi il & &34 th 52— %) FCC VA AR MG @i U WO UTRR T % 1 200 75 ¥ il 4%
CrMnFeCoNi =i i £ < H IR i 15 55 il 3 (K9 LE )5 MU T 885 3& ) CrMinFeCoNi iy i 15 < R, SO 8 AL TR il 46 1)
CrMnFeCoNi i & & TR A N 51, BA SRR B AR e fg

D03-108
FCC iRl a SMNAR SR HIRIZ S SR
T, BRE, 2R

LSS LPN S

Hd P e B R Few Mn. Niv Co. Cr ZF4MH FCC 45 & &2 CIF R IR & &R — K2k efl—H
HA RGBS (RREVENAERT 50%) « il AR EMEMPTELIERE (B K Cr ZuR W LUBREA
WIERY D ARIERR CIREIRED BA 4K 2 5ol e m & e rI IR B BIvE M b dibivk,  JF H s o 5 A Sk my
PR SR AN A AEAGR B . AR IR R & S i IR A B, %S R AY) 200MPa, SfiKT H il &)@ a5 bk
I SR EOR, ARAY SR EDRE ™ S I AG AR SERR g M AT RIS Y o ASCRGEMUBE T 1 855 B4 Fe40Mn40Co10Cr10 il &
& (HEA) HIEMHSAM RS AERERIRN . ZPREY], KRB & & HEA B SR sRE (935MPa) I iE & 1k
(~74%) MiRtEA S, UFRAAEREVAR T v R la) B AR S 1l i fr s sh R e it = i AR 5 A AR AR T 1 5
TORFEMGERENE. [ IE 2 KRR & S REF T — FCC S5MI S RIEAR B BE— P RIE. 2B FEAE RONTT R BA L LA
BERT HEA $24E 1 —FloHr Sk .

D03-109
EMHIETFRARSE: BT S LSRR ER &
X, SRESL BT

Hh [ AR BT FE A RHIE 7T

ERAFF LIRS OUR R BN . SR A R A B TR, S8kl e R HRA e o
A TAER A 3 R PO A 2 5 58 10 3 G, f# Fe-Cu-Ni G & 7EMM TG R RAEM B, B RIERA T HESI
 Cufl5E Fetfle s Fe AHEBAREIIMERGH, AFFHAITE Cu MZAT . RERAFEZ A Fe AV
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fik, BURHISEE] T (Cu, N SRR, ZEMFLAELIN 11 um, BEJEZ54 200 nm.  HE4h, IEXF(Cu, Ni)i& &R GBI TS AL
AT T, R T ZEEMME RS A TR T MR & & B E R 2AM B aE, FEATZMEREFZ
FLAP RS % o

D03-110

3D Printing Bulk Metallic Glasses by Thermal Spraying: Fabrication and Properties
KUK, EME, ESE

e R

Large sized bulk metallic glasses (BMGs) and BMG/stainless steel (SS) composites with excellent mechanical properties were
successfully fabricated by using a thermal spray three-dimensional (3D) printing (TS3DP) technique. The 3D-printed BMG and
BMGC (reinforced with 50% SS powder) parts exhibited high fracture strength (>1.8 GPa) and fairly good fracture toughness (13-21
MPa m1/2, which is 200-400% greater than that of the as-cast BMG of the same composition). The enhanced fracture toughness
originates from the intrinsically layered structure in the 3D-printed BMG components, which caused crack deflection and thus
increase of the energy dissipation during crack propagation. In parallel to structural applications, we also fabricated BMG parts for
functional applications. As a demonstration, the catalytic property of as-printed BMGs towards degradation of azo dye will be

investigated in detail.

D03-111

BOLTIRA Fe SO TR R EONALS 54 B 09
HISCE, T, o

HeLL KPP R 15 TR

Fe 323 BARBRAI MM 50 7 AOM BE ME T 2 2032 963 . A TAEIEE Fe-Si-B Tkl B G R BB LT
HARSHILE 800 W, 1000 W Al 1200 W [FUGTh % T il % 0% 1) Fe-Si-B /8B AFF . KA X HE&RATH T ZrafisE
P, GRS, BRI, R OO SO Th R G E E RO AR SRR . 25 R H4&1 Fe-Si-B 4
BIZY5)H (Fe, SOMELRLAT Fe2B 5(Fe, SO IRIL ML, o (Fe, SRR SR 5 RT3 B 6 78 T 2 1) 1 i 1
I KRR B DR R RRTTIR S, B ik 726410 HV, AEMAR 3.7 £, S T RIFRIRTRAZCR. B2
BT A A DA E

D03-112
—Fh fee FEAE P AT I ERALT R 1 BR RO B2 MR
KL, TR
NSNS

X TGRSR UL, R B AN G R MR R 5 A U082 — MR KB Bk . SOl I U R W il & e B A BRIk 46
TR 2R O A A 12 5l , IR B THURIERERISE s fec 2RI & & RAMRIIERNE. 2R, UK
S SRR A R CE TR N, BT CABRATA ) 75 2 S A SR AL o R S At R DU 6 < ) 56 AT A B
— MRS G FATHT TR R T1E foc CoCrFeNiTi0.2 milfi & &3 b Hh 38 AR A B . & & b 202 s IR I
Al WA T IFERRAE 1200°C R —4L 5h, & SRR NG, RIGRFLERE LD 75%, TR 800°C T
JPABK 3 hy 5 hy 8 hy 10 hy 24 hy 48 h, fiefa /K. FATA LS KR GEAT 7R IR, 5 54 CoCrFeNiTi
0.2 &b, M7 SR 5 G K i AN BT 58 B #70 l $2 5 1 K2 600MPa AT 500MPa, 1fi HLATS SR OR 45 R 4 RO SE JEE 1
FLUE R 20% /8 A7 o 3Rt B T M AL B RR ) AT H S Al i 45 2 K PR RESR T
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ARICA AT T Al0.25CoCrFeNi Al Al0.6CoCrFeNi il &4 1 AN, BERE, DAJGR XS B A BRI fEm . 45 31
xH, SRS, Al0.25CoCrFeNi mi & &2 o — M 0o L7 10 Al0.6CoCrFeNi =i & & H T o-CrFe MM H,
HAFE R 278 HV 3 INE] 480 HV, HUBEHEEMERLILT A10.25CoCrFeNi Ef & 4. BT EMASM BN EEMaiErE, K
AR TYRERE T RIFRM Y. £ 600°CH, Al0.6CoCrFeNi & & MM B JLF 2 GCrl5 1 3 %, tksoh, Pikhé& 4
1) BE P2 R A A IR B ARG s IR, BEE SESR BE N T, BT A A2 R B W I B L B AR S Ay SR B R, RS
R EA S
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FeSiBCNi IF ff & & & FL B 1 RE HOBT 7T
FHEL, B, KA

PN

7E FeSiBC && RN Ni o, FIFF B4R A EH 4 Fe81Si8.1-xB9.9CINix(0. 0.25. 0.50. 1.0)IEf&& . X
R XRSRATHA ZaEfi s, IR BRTE . BT BT AR IR B-H B2 &40 7t Ni se %0 FeSiBC JEdt &
S IR R RS R R R RE R . 5 RERWIE R Ni RIS I — @ LR T FeSiBC AE M HNL & & BRI SR T .
HH Fe81Si7.85B9.9CINi0.25 7E Tx R 100°C{#iE 10min FAKEFE 5 7] LIRS E i AR I RGN 3R EE A 1.72T, A % SR Al
1% 10053, HFi /1 10.1A/m. ZHIF T8 TT K i AR B B e A G PR 1R
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BREIK T & SR RE PO 45 4 (i itk
wHD, JFDME 5K
LRPHE AR A

BREEGK 5B S 0 RV RS BAT IR R W B RO S i . 7E ALY Finemet BUAK & &, L5 MHRETEREkK
VT2 50 43 A B GRK dAH HRON AR SR B AR R UORE 250y, L % 1) S M 80K o Bk e R & VR R IR IS, AN 4S5 4
R T2 AU ARSRE . (RREEUR 48 R 7 i Re s ol A RS HIF KK FeSiBCu(P) RPIK i
A e AR R R E Bs 7 1.72-1.97T X B NARAG . Fl I7E 5.7-379.3A/m X [E N A4, IR T MMM ZER. HTH
JF S AT IR AARLE S A I FE P a-Fe(Si) ab AL AZ % FE R AR A BE AN FT 42 1k, AR R RO R B REd /N, 80T BREEgK
P A &R ERE I BEALIE S b o BT X IR Ak 5 SR A% A% B AR A BT RIS ), A AR B A% B . AT Sk A &
HEMAE, RITF KT FeSiBCuAl. FeSiBPCuNb. FePCCu &% Bs YUK A4, FNERTN T Cu & &M LR
B, RIFmMMBHNERE A Bs>1.70T, He<3.3A/m, FANFHWES, BT PIEGK G A G RETE R IO AOW 25 K MR -

D03-116
Dynamic mechanical response of bulk metallic glasses
U 5

LR R

Accompanying with high-rate uniaxial compressive deformation, compressive-zero-tensile transition of the local stress applied
on the shear plane is revealed, which clarifies the mechanisms of strain softening and catactrophic fracture of BMGs under an impact
loading. By geometrical design of material, crack opening is successfully prevented, which effectively depresses the catactrophic
fracture of BMGs. A state-of-the-art research, named as high-rate squeezing (HRS) is proposed. The HRS can process a cylindrical
BMGs into an intact thin sheet (90% strain) in a high-speed event. Temperature rise makes a main effect in the process, which
induces the thermoplastic flowing. The HRS technique is also supposed to process metallic glasses and other metallic alloys for
developing advanced materials and structures. For clarifying the mechanisms of BMGs in HRS process, negative strain rate
dependency of the peak stress is revealed. Also, the melting layer thickness increases with the increase of strain rate, which is caused

by the temperature rise localizing in a shear band. The characteristic transition from non-Newtonian to Newtonian flow in the shear
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bands correlated to the strain rate is addressed. Furthermore, temperature in a shear band is studied. Coupling with the applied high-
rate loading, multiple shear bandings for producing thermal energy, thermal diffusion for overall heating and viscous flowing at a
constant stress for homogeneous condensation are one-by-one illustrated. Meanwhile, the true stress, true strain rate and material
shape at a real time are revealed. For the whole material, the deformation velocity and the applied force are calculated for evaluating
the integral dynamic damage efficiency on a target. Also, for the heated part of the material, the motion velocity, mass and

temperature are theoretically evaluated for addressing the jet-like formation and propagation.
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NiCuP BUESREIE RS €. HH R MK a5 Rk

RGEEG HKRAEH, EAUR

PRIBERE TR B a8 G SIS, WL B R R N B i seie %, A R T B ROk 5 TREw 7T

BEE T B BRI g A S, PR T DU R AR A H 2 ™ E, AT T RS e RV FE R s . HAT, B bI®
BT R RENS A BB R RGTS J A RE, JUH AR XA RHE B . AAE R A SN, WK ARG & RERZES
IBESERS o AT ] B A AR, AR S M R I % T80, A S I NiCuP 2, JREIER GRS 2R
FH-FE-FHROE MR, S8R ER, 0.1 mm R EEHE X BEMIARTEE N AAT 40 dB [HERLGERLRE, T
JEf R SR SREAMFEESYE MR E . RN, ZESPORE R AT RAF e & g e MR 5 (K 4
PSR, (AT B S A N TS SR . O SRBAR R A e A IR ER B, BATTIR I 7 — FhidE A R e, Bl
i AB AR I 3R T SO R 5 T KB BER R & A NiCuP BRI ERIRE . HA B4 @R 2 s hike
) LA AP ARG RE . ANTITSEBL T 30 dB IR BR MO AE, DL T RACSABEIARSRRJZE (20 dBD MIEfR (10-15 dB)
TR AREAC KL BB IE 1 )2 A BB T IR R 37 70 A1 o B JRRSE PRI Ay 0 A1 5 SR B, NiCuP )22 AJ LA B A £ 9
AR E P AR AR S AR R, AT S B ERR, TR R RARI A 4, AR T B e U2 I B R O RE . LR BB
AT RAR dir 5 A AR5 AU N VS B, TSI I EOR
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IEAR B S AT Y % RIS R PR R
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M R K= E MR R 5 TR B

SR FH DR T E [1  C Je E B R TR A AT ROR B ELAR (AR 0 2148 el T AR IR LT 0, 3 B R 57 (R ik
PERE, ASCEERS VIEEARREHA R G LY L VERETT AT FEMPE e . CoFe 3R & ST 4ERA LK 25
PERE, RAVRIRIITTE0, 7T DA ROH BR AR & e 2T e o R v P AR R T R s ARV SO R T R BN 0 7 A K R Y
PR, ALV AR m A R I AL SR . (AR R Z, CoFe BAEG A SLF4EE BA T LRI ERBEDUIERE, K422
JEEFHELE 10mA BKE) FL IR T BES M AR H iR i BT AL TTIE 600%,  AF 9 JE kL & B L AR RS FE Wik nT 2%, A
A e R SR T A A IR S e AT, LR TR I REIATERE, ST M7 PRI ERTIE 100/keK; OKZ
LR YRR B LR T AR AR R A1) v SR e b B AR RIS AR o A, 481 Fe JEAE B & G 4P 4E BAT PSR IR 0 2 sk
BRACHERE, H14K) NiMnGa (8 ARELRA DR FARCAZ BN S st . B2, ARS & LT 4ERRRIR ) LT 45 H AL 5
MIVERE, (AR RSP REMERTRE T T LA A = B P AR
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Ni-Mn-Ga-Fe kB R CAZ & & HImE A RE
XHESF, MBI, TKEES

FrFFG IR K

T HRE Ni-Mn-Ga & & IR RiivERE, R E 2 VA ERI%H] % NiSOMn25Gal9Fe6 £ i &4, HEL—4%
A AL AT, R R A BN B R G 7T T W T AR AR AR IR A & S AN . M-T IR, 45 Fe &
& A PR D IR AN B R AN AR AE, Fe SN 6%, I IRPRMI AR IR B AN HLIR BE LAk 244 Lk Ni2MinGa =0 &8 &7+
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~160K A1 26K, ARG T 1 FARAR AORRE PEAT B A kAR o B 22 sa i 5 7 RV B T & RS AR, E R
WA 50k0e I, 3R1G T A 8AE 363K ML R R AR (-ASmmax) ~11J/KgK, [RINE#7M ) 2k0e B, &
HHL R IERAE (ASmmax) ~1.20/KgK, F4E7m HIE AT ER LS MG 0 B IS S AR R R REAR S AE T AU —A
FOE R IEIR, X P ORI RO, IR VA R R SR A 2
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Fe ZIERT A SR IBOT TR K H SHUBAE RERI RBR
HKIE, =5

HEE A

SKIRLE R TIR, Ni #r Bfe Fe #5320 Fe80P13CT7 A A& SIS R ARIIE & . BRI IESRES & SRR
PERE 5 FBAT N E VIR, AT A Ni Bt Fe S Fe80P13CT7 Hfk ki dS & & B VE 5 m MO AL B, FRATXS
(Fe,Ni)80P13C7 HLAIE Fids & 41k RIGBLIBAT WIAT 7T . AWHFE TAEMMIRATE NS T % Fe BHUAIERE S S II0T41T
NEHIBVEZ (B RIRK R, JFNWTTT Fe 2R A& S RIS H 25 .
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BEAR S G S MM SR E R AT AR
EHM, KN

RS LR K

BRILAR i < DR S 0 SRR R RN O T B ) & L 2R DML B BT T IR AT SR, SRR AR AL N A
A AT I 2 8 K ACHE A SR BLER R RE (K2 — 2 A0k, SR H AT AATIR TR B3 — 1 R B A M L AR 235 R A i AN T 2
ASCR RIS X SEATS . B ERIRE DL X U — R A BT L 1 SR AR & 22 RIS R R
RIS I A5 RS o FEXS —Fh & TC 3R Z (BB A A 3 9 FUE Y Fe-P-C JAEdb & & BRI, &4 s g R A I 7
B SRANEREA IR, R B R T ORI A B . X A RRY, RMIR N AR ) M AN
PAFE iR Bk L AR A SR M B AR . N VRS & SRR B O KRR K R A S0, XA S i
LR HEAT AW AR $5C Lk, Fe-P-C ARdh & &P A S KT v] LA 3k AN 2 SO RE R BB AR HEAT IR o DRI AAR B 4
ANBIEIVER) i BEOR R H G5 A0 s P82 52 A T AT /Y, T BRIE AR B & B 2 K AN B SO PR AE st T8O Rt v 8 A8 S8 AR 2ok L e S Ak
TR IR . BATXS Cu ) Fe-B-C-Cu BRIEAR M A EHAT TR KACEE, TR KAR TR i AL IR BT 51 K
SRS, AN R E BN s B P IR K TR K e BT ORI B M e . 22 FUR K, AR & e
K407 73 A0 BARIA VR o7 Ve 2 [B) A TRJ BRLE K, — D7 X AT BAA Cu JE 7 BOBEETE K Cu BIFRAS 2R, 5 — 7, AARES:
BEOIALIERE, ZRWBIRK I T GE R/ AR . SN B REREY], MR KAE B,
PRI IR KR it o (o SE D 4N B A1 SE 450
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TR T SRR FLL A Il R R K R Bk i i R
ZEOLE, P, FEC

Hh TR SR AT BR 23 =) 2R B A7 PR 24 7]

ARSI I S T VR v R BE F LR AR i B A i TR BRI A FERT FE LA . ShASPERE IR MR T 0S BURIE AT
B, R B YDIENES] AR & &K G E TP R R ARSIUR =0T R . SRS, AL RS, Xl
BERCAT AR AR A S8 TEUS I LSS T AR IR REBE L LA R, DA FEALLE $13R2 17 I i Th 2 g T
REREATINR, JE5FIBS RN AL RE O LU BT . R R JER RAVK S & SEOSBA Ml S % R AR
FERRME, TE 1 kHz, 1 TN, HAFESN08 35W300 AR 1/10 A1 1/20; M80E TAEEREFURZE, JE& Kgik
A E B v 1 5 AR AR I 3 W] AR v T DG ARE A LA BRI, R T R HLEE S N IR R AR E HAE S s 2 RLAE
25000 rpm- MR G T, BAAIERFGUKTE FEOS K AL B BN AL N T 255 W 63 W, Bk
B T BT T 3 3 (52 3E ) K K BRI R BB SR R R M g, B AR S K 0 1Y) L A A R R A
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BIIR K TEN Gd-Al-Co-Fe )8 £ 4Tk P BB B
B, XF, FEE

WS D KRFEM R RS TR

ARSCHFTE T B AR K R BRI Gd-Al-Co-Fe 4 JRAFAERE A IERERIRE M . AT EE RR W, Gd FE4 R4 — K
WE A TEREAR PR EBEIR K IR IRE (50~110mA) T RIeIE SR a %S, 90mA B KA S8 A4 mivE R AE, &K
W52 um A 0.3816 AIAIEEALSERE Ms N 255.26 emu/g. Gd F: 4 J@ 41 4 AT AP RESE BB iR JC LI R R T o th S22 3
JEEaH . 18 ST SN T, 90mA 1B K58 £ 4RI i R AE-ASM 1% 12.77)/kg K, Bl & 4E-ASM. (10.33)/kg KD
FEE T 0.24 fiF, HIARCE RCP N 1123.150/kg, BRI &AL LESE S T 0.11 fif o MIRASHIEAR Ff BE A0 B, v i B LA L UL
R RAET T A s TR SRR, TR T A P ) XA [y, G P S R A I ) R TSORI R % 1) S PE 37 /), B0
HA KRR, BREHA B Bk, BERIEKE Gd 48 L4 A RIR R H1 A H AR SR At — Pk B4k -
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Gd36Tb20C020AI124 =if5TF F 4 R R B UL R AR IR R F &M R
FHEE, EANT, L4k

W RV Tl ok

I AR T 2% Gd36Tb20C020A124 Hilf & & P4, il & A4 N e AR A S . Z L4 B A L5 1A
e, HJEHLEE N 87 K, 1F 5T BALAMNG F R KM (-ASMmax) AliK 12.2 Jekg-1K-1; B4k, G408 HA 5ERIHIA R
X (77K) , DLEERHIAKE (RC ~ 724 Jkg-1. RCP ~ 939 Jekg-1) , X2 i1 T i Ik S £ 4 v i S5 /0 0 S 850 1 R 1
SERDVREL AL PO E Fe RE, I8 T EREAR R AR TR, HETT AR i T AP AR RERAEERE R S AS G5 MG A3 A L 1) V4 i IX
AGE, R T AR AT R PR X PR L R TE R AT 4R A R X R R A RS A R (AR R AN
TAERXEAL, A TR T 45T TR i semg, KA R AL ReRE X ST 42 IR AIGIR T 474t )5
TREMGEA, ERELERES, FEELRIFERS, R ARBRERSRN, 4/ RSHE TR KRS R 1
mEE), G T RRSHRE T B R, SEOORS R Z R KK, SRS 180K IR, /NRSH 2 (8]
frsE KT AR AR R
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Rk O A B R AR R 5 4 B Atk e (K RS
WHE, FHR
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AR SCHEIT T Rk b0 b BEG Bk AR dh A5 F KA RERUSZ W, SR T Th ARy 104 20 A 30 W kR O A0
Fe78Si9B13 i 25 R M BEAT A, Jfxf LR TSR . A INGE AL LU M RE SR S5 D7 THIREAT T AT A . o xh Ab H s
FoRIEIN SEM W, KL 10 W AT 56 R AU HESUE TR HOCBE AL ChIRIMTR, - DU RE i i SRl PR
P o BEEDIFAEEI (20 130 W), BOGHERUEARI N, B A BEACEB R ISR . XRD 4R BRE0E L 5
(K 2% ORaF T AR W ) S AR U 18 Sk, R UR W MTRO LA B 2 5 B A AE R IS AT . BT XRD {8 B Y
A, UK B W LA NS, A aUHES T AU B O A B 2 R HURHIEBE B A A NS . SAXS Hidli 4
S p(r) M2 AL ) 2o RS, LIRS AR RSN S . TEM 853U B R oA J5 , FERE SR T K
T AR R AN, B R, 5 SAXS Z5UH 8. AN, T ROt EE R BA —ERGEnX, S8
TR GRS IAEAE, G AT S B AT E T UK a-Fe(Si) AHAETE THOCAL BRI BT RE SR, BLAME 30 W AR ER I i
ORI T Fe-B HIIAFAE . W AE i VEREAOZRAE AT LA BLHOE AL BE 2 J5 A fh BOM TR . REVE AR E TR B & ds,
20 W i B BE S SR L 5 Y o
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B R Fe-Si-B@Ni—Cu-P £ ZI EE T AR H & K I B R Repf 5t

KAkE, BEEE, EER

PR REPEAS RLS SSAE B S S0 R, WL A WA R N BR E 20 s, P [ B2 B T A R R 5 TR ST B

AR EEREARNEELE, SMEFRmAREHES S, BG5S ME BRI 28 BB &
FAFIERIZAT, SLEGEMMEE, R AR@REBARANGEE, Fit, SFEARHE. B, 9. 58 M HBL ikhR
K IFAL L REFAEE o TN T 52 2% (0 AL RE R B8, 1) 7 0 JR i S M 1 v RO 7 AL A A el 46 D vk T B HL e IR AR
TR TR AR S I N T A . AR LA Fe—Si-B AR S BT M (M5 1K101) 938IE, @i (2B K I ik AE R T TR T )5
5. g8 E. SR Ni-Cu-P JEREZ, & T BRASHE/ S/ FRE SN S aai . & Lk
MBEATREZS, HlH T, MM Z 2 Fe Bk RIS &M EENMG), ZMRIREAL R RIPERE . =0 Sk
FH A BB B o AL ZEBERF RN S min, JEEE{CA 0.1 mm [ FNMG 7£ X i BX(8-12 GHz) M Bt B Wi sk e ik 42 dB,
B TARHER) 20 dB. HZAIE 10~100 REHT)E, FNMG [ HL 0BT Mtk BEOR FF R A7 i Fe e 1, A BB/ 3 . 1%
FNMG 17 (1 5 ik e R ZIATh TR R s 3%, @i SR UL - 3-SR 2 B4, EUIFE. i,
% OUNARFE. DAR RAFIBHBTVC LAV F R T, s U (R B RA BRI RE . IkAh, FNMG RILH R UF (1 vh i e,
7E 3.5 wt.%[) NaCLIAH, MXT 5 Fe-Si-B E 547, FNMG (S MEAIE N T ~ 0.35 V. FNMG it B A # T i #da s v
p2EvERE, HALRELN 800 K, HiFF5RfE KT 1.5 GPa, i TS HE T BEMM R RGN IR o [R5 4 i 2k ol
FEROTEHHEE, ASCGR1GH FNMG 2 2348 5 S & sl b morr B B s i R micscse B MRS, sy, R JE h
L AR E N 0 R MU L RSt AR e M, 7T PR T I FRL R A U A R SR e A R
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IEd A e BA R T AR T FRF R S5 A RHE TR B — ROV R B 222 Re, o it
PEy RAR AR S AT BE M D PR RE o (EAR A S A RO AR IE DUR KN TAEREAS 7 IZ R R TRER A o BE75 77 16 3 St
s < (0 B 5 00 T A SRR HL TR N RS OB o AN P 4 A AR 385 BT 1) [ BA B 5 R AE AR £ e O 5 00 77 T
FUERE, Wi ERE SRS KR REYERFSE . Hot 3D STENSIE UL Sl A HR R . 5 48 O
AREEEE, Y T EXS AR & S MEs ) LVERERIREN,  FF M7 2 OB HORAEAE 1 [ UL DR A7 o
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LR, WoErT, XIH

ialib N

ARSL A SR IR A BT 8 T v AR R S S R S R R B U R A S, o I T X8 A SR A . FROIR
RFERIK A REFANE B WAE 7%, JFRET Zra1Til4Cul2.5Ni10Be22.5 Fl ZiNiAlCu iRk S & 45 imsh A 7 A g
MIBETE, ERSL T IRAN K SRR A AR 7R . RS RN, BRI B AR B R R s K S
BRI SRR 5%, 1M H5 7 B 1wyt 18 R DL SR I A % . BINRBKFEBE & SR IR BE . Beidud B2 LA
BN SR S TGN . I 7E 1073K. 123K A1 1173K AN RIGEERE N AT R B EE 715, 04T 7 A RIGEE IR
XF Zr41Til4Cul2.5Ni10Be22.5 YRk S &G T RGBRE ST RIS o Xof B 11 T o 1)V [ i B2 U s, 22 P N < VRS A il 5 Y
Ti s B 8 1005K ¥ #1 B 633K BT I ] 9.23s, PR AE E N 40K/s, BRI A H#E RN 37K, &iT# it
Zr41Til4Cul2.5Ni10Be22.5 Bk ki & &M AA HE R . Xoray T 5 ZRPAMER S ER, ERRBEERE kS
A AR AL .
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W, T, ERRG
IR R

DIHIIN LARRMR IR S R EDGE RS G &M F 2. A SR E S UIHIN L3 24 b TAE £ 8]
BiHI DL AN . AT T RS S S s B I RAE, AR SCHE T SRR R SRR AT T D) MR EE RO B T VI ROG DI
73+ VIENRE TR RS 2 AN VIEIRHE R RN . SEIREs REW], EVIHIEEN 94~132m/min I, PAEFHCRYIE, HAE
R 2O H R GELLZE BREEM; MYIHBER BT 150m/min B, ZAPRYIEH#EZ mRYIE, YIE A BRI RA
TR, B BARTHIHEE 2 170m/min A1 188m/min, >R TELLESIEE N C BYIE MR C BYIE.
FRUTEIRA T, DIEl R8I S B B B A R BRI BB §BUB BB , JREp S ™ E
TIE B EHRA I S IS s V)1 R OG I G 5 ) 3 FE 4R AN B B AR e 3 i B2 A T Bk Bt Bk AL, A
S SR AV ANV XSS5 B 7K 30 74 R M B AR SR AR TR i & S RTIN T, 25 R, XA R # R A
RAMHITIH ARG, BARCK AR TR S, TR R ESUE AN ) A ECBCT 2008 K, R ¥ AU 4 Tl bt
AT EA BRIV F3F038 5 53 3 BRI T 29 20%F0 60%.
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YR HIBL Ho33.3Er33.3C033.3 S ifdE L A 4 45 M/ T R itk B
i, PLLLHE, KL

W IRV T R 2= R R 5 TR 24 B

AL TR S Al 1) 77 % Ho33.3Er33.3C033.3 Tl A & 404k, HEFRRMBHAMERE. Ho33.3Er33.3C033.3
EEAERERIRE(TCN 25K, 16 5T WAMAT, & &4 s KR (-ASMmax) A 14.96 J-kg-1'K-1 , mT4i%)8
Gd 4 4 -ASMmax (10.2 J-kg-1-K-1) . #idiES B4 (TEM) FMREMEERDS X S LATH &8 DR,
Ho33.3Er33.3C033.3 & & 4F 4k dh btk L AAFE D BEYPK SARSE M, TPk SR 5 3E AR &2 BAER, $m T 2F 4k
(1) g #1 BE Ho33.3Er33.3C033.3 Hf & & 4F4ihl A7 A & (RCO FIAHNTH A& (RCP) 2 A& H T 395.68]-kg-1 Fl
526.741kg-1, XL Z A S AP YELEACIR T H A i A R R R I 1 ARG RS (MCE), TR A IR R R AA LRI 1) 4 44
kARG R R R
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ETRENM BB TRETARS % Zr 236 BBABEE Al BE SAORL R HE 2247 AR
ZERY, ST, WEGR

RS AR A S T B

AR RS AR A B TR a A HI 4 T Ze JEAR GRS SR R IE S ARL, BT T Zr BEAR A URL (AR 5 B AR
b (0, 10%, 20%F1 30%) Xf 7056 =i 5min & &3 SR O EE MR 1 #AT ARIRE . FIH X STEATS (XRD)  #
AREHHT (DSC) .« FARiEL (SEM) FIEH B i (HRTEM) W EAMEIMY . HAGEM .. Fms RS
T oM. A BUBERE T Ze BEE SBUR AR R AR S b, EEMRHY SR BEAR] 99% LA b, I BLRESE SRR & S G I 128
Reiladh, J1%PEREMNAZE IR E, ERBURL & BN, FEE G RHIRE AT R 46 R IR R B AR, H R 4E YT T
e, AR BRETR T HCN 30%0), FRAGBIHETIE 15%. Mok, RS 7056 muis o & SIS TS, Mk
EESTY IR AT e I R T & LRSS
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BEREARR G &R RE X R M EAR AR AR ZE T 3C My BRI AT AT B A AT 5, (s
P R B SERE T B S A R 2 . RCRAREE R, AR B AR — TR M IR DB EOR,
FERH R B R A B TR, TR N i R B AR BB R T b, TR 0 [ 6 O 5 1) 3 o R R TSR B v i
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A A A L ) P AR A TR RS LU B AE iR AR R B T AR S A I, X A R T AT IO e i s
MR Bk, BRRME TR . AR S B REE SRR, EHTEREH N T4 X2 A E & LAFIE .
AR SEG BT EAT B R 1 B AR 45 B TR G B R, B SR R R SRS, AT T R RS WGRT R, R
REE AR/ BIRREA . A4S PIRREE 8 5% L2250 5em, IR . JGPe R £ B & BEX L i & k47 3%
fE, DSRBEMRN TZHAE. W RENRAE T ZHAEX#EEEME S RBRMEN 2um/min, RS 0.548um FPEE
0.104um, YEEEEM 89.2G ETF+E 468.4G.
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RBE R SRR R A& 5B A mT T
EHR, T, MR

e R E MR B

e AT APURIERE, PR AL R I BOR BRI 77, AH L SEBR R — B 32 RIS T RRE 1 fI 200K
PR AR Dy — FhOR R AT BE 0 D BB, AR & & 5 5 A JE A R R BOROB 52 BT % . BE Tk, AW eI+
Zr65A110Ni10Cul5 5 TAVATEE BT TN B, X HEAT LR IRSCIR I 7T . 45 RR W] —FH ml DLSCBL A M R . N T
RITSAR AL, BATRA M T BB (SEMD XTI AT SEMAREINLEE, 45 R IR 52 5 10 2 B S 28 g g
TRRFE, A8 0 X ik BT e IR ORFAE . R M PERE SR AR 73R (fib) ARGUAE BEIXIski] B 5 i 7 Wi (TEMD kA
BEAT TEM B, SRR IIMEIXIEAE AR TEEL008 2.5um (KPR Z, SEix rpia) Ea 8RR AR T SRLaifl, i 3F i BER
W PRAFAR S S5 A o o )2 2 B R B 2R AR AN GK R AR R OR 1, JF R R S B TR SR sl BLR TR W
XRS5 T3 e R 8 1 1 R P R A A LT BERE DL R SRR N SR . 200 B AR i S 5 A A
JEAT R LRI B A HLEE (et 0 TR A B R
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R A ST AT RELRE LK SAA FAIT AN 2 T
FRP W, BT

AR 2

AICRAB RIS E S SR, EEEEIT (QHA) ~, ERAMHFIT T HA R I 5t sl & Sk
% CoCrFeNiMn fll NbTaVWM (M=Mo. TD) [FHZEHM. M ERE. GLiim GOAFAT e, i T G605, il
TEHEMBMEVER . 76 208K F 1498K IR FETEE N, CoCrFeNiMn R &4 NEER FCC BMEZEH); 76 298K F] 2698K
IR BRI, NbTaVWM (M=Mo. Ti) REMEEAFGEN BCC BMN, &SRR ERENSF. MERENT R,
BEMREEFRER LT, Gibbs B BRI/, REFIZHHILBUR2Z 2B EER G IS E. REXNEET TR
SR R, BEEENAS, Ko CR WA M LR S AE A mgEs, MR . L CoCrFeNi
E4a N, 298K B, A4 b AL R H A (Co0.519Cr0.240Fe0.014Ni0.227)1a(Co0.160Cr0.253Fe0.329Ni0.258)3¢, Co i T la
MEEALE, Fe Wi T 3¢ mPFMEALE, Cr M N TWEMW S GG, T 1498K I, & &0 G288 A
(C00.422Cr0.124Fe0.194Ni0.260)1a(C00.193Cr0.294Fe0.269Ni0.247)3c, & Cr W&fimIa 3¢ fiFEALE LSS, HAhR R B T
TP L. AR — B S G SA IR FHEFERY, SRR T I T AL BOE AR N (SOF) FIME G5 (¥ ke ok #EBE L4514
(SQS ##, TG SAHKFANENE . SOF %8 TAESEhrIE N, & &7 7E &A% L) S A AFEmm v, 1 SQS #E7Y
AN FE R T LE T dio b L AR ), A5 R R AR BT W A B R BRI 7 o BRSBTS HE (5 0 2 SR S B A
KIS, YRR FREHE G SRR, EERET SR, SEEMmES, FRmssEmEz. T
CoCrFeNiM R =i &4, = FdEH st /2= PR HET K KA CoCrFeMnNi > CoCrFeNi > CoCrCuFeNi, X+ NbTaVWM %
BG4, SRR ) SRS HET R YA MONBTaVW > NbTaVW > NbTaTiVW. TG 507 AT AR & 4t Jy 2k e
BEEMEW . MR LA, SACE T RN, SRR, R RIS R RS, MRS SR TR
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BN, FHRE, BTk
BRI =

3E i B SRR R R A S R DR LR IR () S5 AT L R SR . B RN R M R AT ISR A ERE . AT
BNIFEAPERYE, R ER % X I T R HEE A . BT A RS R IR AL S M TR, DK e A 4
MBS SN AE RS SR, TR =i AR RS &M kD . A BT REW, HAENCERIFR T —%5
ARG &R, HEAMRBIAESTERAE I RLEA R . (HR, Rl v 46 A S s — B2/ MER A
MR . FAT15 % TIZrHfCuNi A& & S AR dh & S A RL LA TiZeHfBe(CuNi) s i SR AE b & S BHEAT 1A [F] N AR
BT (0.01, 0.05, 0.1, 0.5s-1) MYPPRREIRILG . S5 S22 BRI PR ARk I~ S5 R 255 41 il 5 1 A% T 26 [ 48 o il L 2
NPT, R Ul S AR S S SR EAT BRI R R U R B (mD) o JUHE TiZeHBeNi @ik dh & AR m (H
K] 0.056, X2 H ARG SARHRE TR m H. F, m GO0 S5AER G SBEEEARRE (T A EE
Ko BAMRFFRIERY, JESEEMN mES5HIYIEH XK/ (STZ volume) 2z t. ATATRA T A m i 4k di &
DRl “TRi M RO, Sk T B N ST A b 5 K DA R /NI B DI AR T X I, A LB s s DATE RS R, AT LA e AR T
Bk RE.
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RAFHEZXT TiZrHfCuNiBe FifidE FA S EGKEN TR ETLAT AR
HE, FFHIE, Bk

i Ay N3

AWFFELL TiZrHfCuNiBe miffidl i & B O R, A BIAUK SRR R i 3 5 & S VR TAT s X6 M A A
Y2 250 ] 10000uN/s-1. 1045 TiZrHfCuNiBe il it FE DL W B AP AR AR IR o (RIS AE AT -1 A2 2k A B, AR 5%
RIVECRANGI RS TR RS B AR R A AN X R Z R AR i o SR AT R AR . BkAh, I geito)
A B0 A% IR P 2 — MU RAKE R IR, S ENZ AR & S REEE RBABIDIAIEIX (STZ) Ko, AR 2B,
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WK S RERHIEIR RS & SH & SR
BAVE, A

HEE R

KM fluxing $24EA J-quenching BARML & (7715, BA TR % H ik 5T % 2mm K (FeCoNi)80(PB)20 ey i b4

AR E . VSM IIAZE SRR H BT B m i E S & 0B SRR 0.9 To Wil SRR R,  H Al s g
AR A e FAT 3000 MPa ()5 AR W58, LU 4% K 40 41
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ELA R BE AN Tt B 14 ) i A A

AR, T, AR

(iR [ 2

Ti Z = I S % 0F BT 7 BB s RE A AE e vk . HLAE T RCR A B A5 AT T FU O 5 A Ge i B R )
TLER ERFE AR AT TR BRI Ti 2R M RE B AR SO UT R AL R AR AR AE R . AEAE R S TSR
ol A R R AR A AR R R T TR R . l3d DSC. SEM A TEM W78 A BILBR A i A it o B v
RONEASEAS I BA e PR R P2 AN IE 7 i 17
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(Fe, Co, Ni, Cr, Mo) -B 3E BRI & & KRR . RARE YR I #HEREIBT AL
EF7 RIEAL FEERA
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ATHEF, FATEIhHIE T (Fe0.25C00.25Ni0.25Cr0.125M00.125)100-xBx (x=11-31 at%) & FIE A= aarel,
FTHAERE AR . R MR, A m BN MR R . BER R B, X
(Fe0.25C00.25Ni0.25Cr0.25)100-xBx fEiffi&r4:, Mo 4 & M Cr BeR IR EA RN B EE L AR /1. e AIRERE . BT
Mo JTCR I, FATREELERK B & &= X ] ] il % HIE S E 4%, DSC L RER B S EM 22%F 31 at% #EEMEE
SRS A BRI, TAEKRAE Mo JEE H(Fe0.25C00.25Ni0.25Cr0. 25)100-xBx milfi &4 A M 2 A liAE X . X}
(Fe0.25C00.25Ni0.25Cr0.125M00.125)100-xBx (x=11-31 at%)dEmS &40 X ST 4 R adrd, 1R R B3k
e T IEAL B MR B R R R R R & SR PR EFRIBEE SR, %A REWEE B M ERE, ERESMEIN TR T
TAEE R/, TR RLRAT SIS B R PR B, X 5 4 [CH FE 4 st AR R . thgh, S A6 ik i 2 5
RI: 4 BEEN 15 at%~20 at%, PSR Am(EEHE)>FCC+ Am; 7E4 B &8N 25 at%~27 at%, FEaiIsh
LIS fE Am—GTEH ) —M23B6.

D03-140

Nanocrystalline CoCrFeNiAl0.3 high-entropy alloy thin film coating by magnetron sputtering
R

YR

High-entropy CoCrFeNiAl0.3 alloy thin films were prepared by magnetron sputtering technique. The thin film surface was very
smooth and homogeneous. The synchrotron X-ray experiment confirmed that (111) type of texture existed in the thin film, and the
structure was face-centered cubic nanocrystals with a minor content of ordered NiAl-type body-centered cubic structures.
Interestingly, the elastic modulus of the thin film was nearly the same to the bulk single-crystal counterpart, however, the
nanohardness is about four times of the bulk single-crystal counterpart. It was found that the high hardness was due to the formation
of nanocrystal structure inside the thin films and the preferred growth orientation, which could be promising for applications in micro

fabrication and advanced coating technologies.

D03-141
FERE SRR EEF R T BRHNE &ML
Vi, ZriEdE

National Engineering Research Center of Near-net-shape Forming for Metallic Materials, South China University of Technology,

Guangzhou 510640, China

oy AR 8 2 SR Y A TBURL R 225 BLHOIR [ 4 G5 44 (RO AR SRR o SBHAE LT, A US4 A0 B0 A P 5 i [R] 2864 2 THI g
SRR ST RGP S S A TS, X B DR 36T LIR R IR RRe £ TN RFAE (R AR M BB B N B . AR
EVF, BUREACHLS R AR 1 2 B R e B R A T AR R, Pl R . WoERe . MR EL LRE I
To BRI, VRN AR T RE AR SR A SO LR ) B R &, R oK B i R 0 8 T BUR BUe & MR b e B4k
MRS . (E R BRI SIS EAM R, ERA SO Ao 7RI 5 A E . HA2, BUE TRk
A A I RO DX Y T U T O M AR IR N . IR, AR A SR R B TR AR e gl s s i Bk & &, gk
B SEEUEANG . SURJEAMS . AR, XA R I T L VA T SRR R G O] BT, A
W HT Stokes-Einstein /7 F£. Arrhenius /721 Frenkel #5%!, ##57 1 v] @ BALHES AR &S R g IR H 7 AR
MIERAELR, HEL T ERENEFT BABE M AN N ERTME. MR, 55 0%k6H &m0
Ti40.6Zr9.4Cu37.5Ni9.4Sn3.1 LA AR AL, EREEVEHI &[0 Tid0.6Zr9.4Cu37.5Ni9.4Sn3.1 IRt K BA H R E 79 BR H,
Y T I m O AR BUE (R . FERAE R, R T BUR BT FIERAE AL TR S A R B0 (L

punt
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BRI E NdTaV-(TiL AVEIB R & & X EE B0 & R HERERT R
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Meds S, IR YIS S S, BA R &R =R = IR, 1Ry il g MR B R i 82
T 776 RN I A A KRR FH SIS o 7 vl 4%, AR RIS MR 4% IR I i & e DN 2 . § U2 S AR RER
AN A AT, [FE 5 AR B B AT A, TR IR T A A R AR . B R YR 4 Rt AR A R —
FEAETT I, AT ) NS A A, RIS AT A R RSHARE, BRI TR R AN . AHE TR R
K& iEH % T BE RIFEEN NbTaV-(TLADE A 4 & NbTaV-(Ti, AD)+TiC Ak, NbTaVTi )i a4 BH 540
AN — B OAHZEHZR, TR4E0E AR 45 281 2 Wk 2.1Gpa AT 25%; AN TiC B, E4E0RE R &2 2.4GPa, 1E4E
IBVEIORER 15% 740 I Al A2 BRI R RE TR B OLAG, IR CRAFEIF PR SRE (1.67GPa) FIEM: (6%) , B
I, M AIR 4 NBTaV-(TLAD S A 6 & HE SR AT Oy — 26 RAF R ) 1 iR 5 iR kL
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HFUTLWITH S Cu RS &
TR, T, M

F R R 22 M AL 2 ) BRI T

Cu JUR I IMBE IS (L = i & A3 B2 W MR S B BARAR &, AT Cu JoR S IRkon 2= B SN 8 51
FdT, SBAL T A e RO e E AL IERE . BT 27 Cu Wi & S R LR A o . Dy, JRATE S I 24
TR AN FUREES R, WH T — RIRERAS . TR 5 AT BB ES J5i%, AROBIEER TR & e Cu b, JEIEAR SR
ARREE. Y BRI, Cu JUR SR ICR I BAFRIINE . ) #R R R A e AR AN Cu o
oG, M HEI T AR S IE . BIZIVEERF T Cu JTRI I RGHK A HRERIIERT, 85 1w B xd i feg ok 1k A
(KA, I IR A AR SR A TR S
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% £ 0 B FE AR R G SRR R T
FAL, HRUE, skEH

RIEH TR

£ Co-Cr-Fe-Ni-Al &l a &, ML AR T (BCOK o AHAH KAV R, HALUNLL Feu Cr ATEEK
SYHIJEFF BCCARFILL Niv ALY FZRS A 17 B2 Ao ARSI A A IX — I 5 10 R A= A 1 T 1R 2 fide T K BRI & 4 1 El
REFTEL, (HENED R BRI . ASCE T, WG SRR RTS8 B HAE R AR, WA T o
- TC HAH T [ A R8T SR 7 A I 2 AR 35 A2 B R R PR ER> Gij NocH) n By SRR & 1E B AR,
B &R RAEHED . ASTRHE A EJTVEIGE T 8 Co-Cr-Fe-Ni-Al REA &R K AE MRS MAIEE . FN, #
T — R A IR R LR Co2FeCrAl B A il & 4, 1% A 4 kg 451 BCC 19 o M EE AR R, HRE s>
fRALUNE & Fes Cr IR BCCHIAIE & Co AL B2 #.
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Y A kvASTEi): S VS
FEFE

(iR [ =

T B R R L e Q2T IR TS BI00E, JFRBUMOL R PR ITERE . £ M 48 BEAPLER 7 1T, 38 5 A IR R 7 75
GBI FRNNT . BARE SRR A R PR R =& S K S A AN RTE . AT LRI
FNTF IHTRBL, G T o R A TR F 0 o G RN o P A R R AR 0 A RIS T A AR I
o SRR, A TRUAE O et i A A i 5 2 A6 LA A (8 0t A 635 R, AT T DA ARORE R R AR s R PR R
BUNMIBLR . 0 Rt — 0 R il & e S LR B I 159 0 M el R SR 18 BRSNS B2k . i & e 0 2 L H
13T IR 1A AR R T M PR X e s 5 < VR R X 52
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e
IR R

WX ZrCu =06 E BRI S AE T AT, ARG T 75 REBURR N, EAR, A e R 48 S .
HEA, BETURBL AR R B R U 115 S R S AL 1 D 5 ERAARE A2 14 ol BT 1 R385 990
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FeCoCrNiMox =& & BT A EVLER K
K&, NEH, FE

R RHE R 2 o 5 B4 o

A E S TMETR, DM ITESEN 5%-35 at.%. FARRARAN, mifia a1 0 v B
AREBIAMEY), 2P0 R AE B A b T RUUHES =4 T REFR 00 R T 7 A 2058, AT A AT R 7= AR 2R o i J6 ol
fito FRIULARWE T AL ALY FeCoCINi & 4 Nk, WMMAF S &N Mo Jo&E, WFALLEHERKBREB T Mo ;mHRX
FeCoCrNiMox & & MAT NS . FeCoCrNiMox(x=0, 0.1, 0.3, 0.6)& @il i B yIA M bl 45 I B T k. S X ST 2R AT o
(XRD), & HBE(TEM) S 3% F B (SEM) A W B e HAHZE AR, WA G540 e 2 2R Bl Sl AW A it 282 S A e il ik 0 L 7S
AT A . BT, FeCoCrNiMox & &4 AR AEME M, Mo 8N 0.3, 0.6 I, & Mo e RN MM, JHHE%E
Mo &&IZ, MRS N. EAR A AT FeCoCrNiMox & 4234 e B AU IO B i e R . i T
Mo JEE HINT A5 H R 25 Mo X IR 4E4E H, FeCoCrNiMo0.3 & FeCoCrNiMo0.6 &4:7E 1MNaCl =4 R B g t, 1M
FeCoCrNi, FeCoCrNiMo0.1 A& M4 mitl. T Mo RS 5 A SMIEMIE, & Mo JLER G &Mt & i fe B S AL
F FeCoCrNi &4, H FeCoCrNiMo0.1 & & iltE i, R T 3161 AEE4N. SLibsh BB Mo o R £, (R HIAH
TR, it m a4 R e, 5 Mo Jo R 4B i 3] FeCoCrNi B4k, i ik e f A i o
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HRFE Y Fe ZERER SHOREIEOL 3D 1TED
T, GRAEAE, A

e N2

JEd A G 7 S R USRI TR L0ix ARk TR R RS R FE T 1 RO A e i B G A SR R 5 7 FH 1 DRk
VAR R SRR I OGIE X ME4(SLM) 3D HTENH ARG B JlE R & SR, BT & &R A 5 MR A
MJEF-4544, WOk 3D FTEIR BG4 53] ZHZRGE TR % ) Ve R S5 2 R I B v AN TS T . BT LR S, ANHR
LR . {H B ARG Fed3.7Co07.3Cr14.7Mo12.6C15.5B4.3Y1.9 (at.%, WiZi#tk 2.2 MPa m1/2) dE5& & A5
MR, WATTARLZSH FIEOE 3D 1. « A RM: FEaP AR SRR A LR T ZRER I ER. T
PRI IELEU™ A OB L 5 H A RO . AR A T A BROGIA 777%, KIAE SLM BB e, Ghig
CnfLIRD A B BRI EF RIE 4.1GPa, @1 Fe BAEMASMWIRMRE, WNER 7ML N TMHRHRELm 4, &
1133 7 Cu K CuNi &&AENE M. FfiBTEME (SEM) SHrR, BE 20%5 805 Cu FIFTEIRET H IS,
{BAEIRA 50%FR 5 Cu il CuNi M K JE R EE 4R . DTA 45 REH SLM BIEM & &R A ERAERES &, ATk
— SRR ISR, AR AR E S BT WAB(TEM)X AR MRS Cu RIS & LHAT T b, 4RE
DUESE A Cu (AR RIR A AE R B P AT A, IXRMATEIOE 3D 4TENH, Cu B MM AR TR 7 KA AT, TG T L 8L
FEA . B JERT AT RS T T 1R, R I W REIME SA 47 MPa m1/2, LG4l Fe AR M & &S TIF 20 . X
SRR A 4 10 T RE R A LA B S
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CuZr/Cu £/ AR E SRR FERRZ T ANEER TR S5KRTA
ERL HIK, AL
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BOHTRIT S B < B AR &/ AR K B2 ARLE (R A B i P TR I A DR e O 2k o SR, L BT AR T (P AL ) R 54
FEARAT) R A R R R — A SRR A AT AR B SR A el B T S S SCIR BT e, BRI CuZr/Cu AF R/ R 9K 2
EMETEA SRR A -PERER R . — T, AR 73 A5, W CuZe AR IR, HAR 1 A bR KL
5B RS e X e SORE A g OS5 RARWI &, AR T30 1 FAR UG K . T, T el e
PR RG2S T 45 SRR Wiz R A A AT v B M A AR 5 &, Horh AR 4K Cu BT £ i) HCP KA )2
FEERANAR fR g, Cu dh AL BCC BUAFPALHEAS, BLK CuZr RS HITEFF-A P a4 . FIRIBE & 73 LR i 4y
B BRI D PRAIRAL T CuZe/Cu JF S/ R GPR E AR RO ALAS, BIX 5 HARIX, By I X 4 Ja) i X 5
R BURRAE . DRIk, A TTAE AT AR T M 287K T CuZe/Cu E &/ SR PR G MR AR R 1) 28 T AL T (P BB L 1 R 45
FEARRRAE, NIRZHT B WAL AR S/ AR 9K SRR AR -
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Design of novel L12 precipitate strengthened high-entropy alloys based on the Al-Co-Cr-Fe-Nb-Ni
antonov stoichko, Detrois Martin, Tin Sammy

State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing

A series of non-equiatomic high-entropy alloys based on the Al-Co-Cr-Fe-Nb-Ni, with varying levels of Ni, Co, Nb, and Fe
were investigated in an effort to study the phase stability of the system and design alloys with microstructures similar to conventional
Ni-base superalloys. Initially, complex microstructures were obtained following exposure at 900°C, where precipitation of Laves,
NiAl y" and & phases was observed. Lowering the content of the Fe, Nb or Co prevented the formation of undesirable phases and
resulted in finer Y’ precipitates while lowering the Co content alone resulted in a higher number and density of the y* precipitates.
These results were compared to thermodynamic predictions using Thermo-Calc. The TCNi8 database was accurate with respect to
phase composition while TTNi8 provided good phase stability results. Varying the aging treatment allowed for control of the size and
distribution of the strengthening phase that formed during cooling. Results from the microstructural characterization and mechanical

property assessments of the y/y’ two-phase high-entropy alloys will be presented and discussed.
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75 BB K7 C00.2CrxFe0.7-xNi0.1 1 C00.2CryFe0.1Ni0.7-y &4 {5 f 2H 2 A0 i g
RKE, IMNE, TP

L EMRIRTR Y SRR E SZIE, WINKEMRIRY 5 TR, LM

AW T 8545 800 A1 1000°C 3Bk 30 K C00.2CrxFe0.7-xNi0.1 (x=0.1-0.6) F C00.2CryFe0.1Ni0.7-y (y=0.1-0.5)& 4
PR ARMBERE . %38 T Co02CrxFe0.7xNi0.1 A& bi%E Cr S &ML, &4 H BCC— FCC— FCC+BCC—
FCC+6—BCC+o Hl#4F . C00.2Cr0.2Fe0.5Ni0.1 & 4:2:31 800°C iRk 30 KJ5, M FCCHHHHTN T o4, T 1000°C i K,
A4 FCC M. & 425d 800 1 1000°C 3Bk J5, Co0.2Cr0.3Fe0.4Ni0.1 & 4:(f) (Fe, Cr)-BCC #HA7Z /i FeCr-o #, H.
BEE Cr SEMMIN, o M LZ; X Cr &8N 40 at%il, &4 W FCCto # % i, FCC+BCC+o = #3717 .
C00.2Cr0.6Fe0.1Ni0.1 & 4538k J§ BCC Al R, M & 4N o M. M4 T Co0.2CryFe0.1Ni0.7-y RE4K: Cr & &4 50
at% sk, HAh&4E&HN FCC B A, 2 1000°C Bk 30 KRG &4 MAHARKE KAETH. 800°C BKJF, BT
C00.2Cr0.4Fe0.1Ni0.3 &4 [¥) FCC tHH T 1 o AHZ Ak, HAh & & MAHE A KAEZN . 2857 Co0.2CrxFe0.7-xNi0.1 &
44 B BCCAHE B A FCC ARRY, &4 EE{E 0 324.4 HV TREE) 198.7 HV, 12 o AHHIL, B Cr &84 40 at %, &
SR H 185 HV I8INF] 429.6 HY, JFHBEE o ML, A& EZHA R, &KEHN 908.6 HV. 800 Fl 1000°C
1B K JF C00.2CrxFe0.7-xNi0.1 &4 1R KA 55129 1098.1 HV A1 922.9 HV. 24 Co0.2CryFe0.1Ni0.7-y &RA4: Cr & &/ T 50
at. %W, G424 FCCHAH, KL&EE&MMEEMN 127.6 HV ZEINF] 229.4 HV. 4 Cr &4 50 at%h, G&HHI o #H,
SO G 4 T P A IR E N E) 458.7 HV. HIBKJG o #HAEZ, 800°CIBKJ5, ZAAEMEE[ N 563.7 HV, 1 1000°C i&
KOG BT S AR, AT BRI, 23BN 279.4 HV Al 595.1 HV, X648 Bk Xt Co-Cr-Fe-Ni REZATLAE S
v MR
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IR E Laves Bt RAKE SR
THESR, bhaziE, EIR

A IR WIS AT &

14t Laves MLAKE Laves M &S FREBIENE, ATHERFEAENERE T HAR B ITE . 2R, AT
fErb, BATEIE Tl FeCoNiND0.5 KR E44EL, EMA I S0% AR EHISLTT Laves AHEIA At ey o 5 LA A AR
SR ERGE A o IXPETH MU BE SRR T 52 1) Laves AHAIEK M) FCC il - Hokk S 45 & 1 U 4ok RO 2 ok
ik EREEALT, JRARTNTF D FHE, XME SRR T 58 BFF SRR TR T8, SET#EE T 20%
(KT MIAE AN 3.5GPa IR IR Z . B, FRATE A 47 eI MBS B S IR R T IXFIE S Laves M0 & & rh 5%
N TAEALHLAR], o T — Bl WALEE RS AR AR I R 2N o AT T ARSI O i & e ik #%, JATA LA
PAF FEE RIS IE KR o X FEA & et th BB ARSR I S5 A RSSO TR
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AL TiB AU RS 6 A AL R 5T
ek bl

RT3

HORAR B & Hl 4 T2 SRR HIMONAL HFZE. RF. /5SS —BEEWNE P KERAT 2B Bk &
SRPIER AR . BRI, I I A T LT SRAF AN [R] RUBE o FE A R 00 B B 2 JRE 2551 W) 3 SOk B 46 1) 5
PItk. AT UL, DL TINbCuNIiAUSn & <E & NI G, RN G S A6+ [ &5 Be 25 75 128 H TR A8 B BURUBE S5 14 K
&%, BES—PUEERE S E SRS G . RAVME &M T 2B 85h il % Ti68.8Nb13.6Cu5.1Ni6(Al/Sn)6.5 3F
S AR, A DSC 5 &R R AL XRD 4047 Ti68.8Nb13.6Cu5. INiGAL6.5 55 Ti68.8Nb13.6Cu5. INi6Sn6.5 ok o 14 [ 25 e 44
DX [R] R AR FE o B PP R G 28 20 RAEAN [N FE AT “F [ A be 2, W78 2 VE R A R ZUR I, 1E PRIl AR I 28 [ 25 2
HIRE T AT REH SENEUA S S, HEHEXH (B-Ti+MTi2) S B XUNE (B4 i B-Tirian s K 4R
MTi2) %5#, HIWEAMRHHIIME, A, Ti68.8Nbl13.6Cu5.INICALS.5 HRk& 4w AR HRT . W o i I 54 3 35 43 i)y
1173MPa. 2409MPa 1 40.8%, Ti68.8Nb13.6Cu5.INi6Sn6.5 HAKE4E478 1346MPa. 2567MPa Fl 38.1%. #x)a, HEHEIH
P 1 Ti68.8Nb13.6Cu5.1Ni6Al6.5 & & AT A R, HINGFER B ;KIS F Ti68.3Nbl3.6Cus.1Ni6Al6.5B0.5 Fi
Ti67.8Nb13.6Cu5.1Ni6AI6.5B1 Piff& 4 iisy, BEHRZRIEA TiB MAN R EE W& &M A S I . FFRE,
B AR T & &k RARREREE 1. SRS HA B AU 1 RE R BL, (LS RGR TR, HONAL K
RS XA R X IR AL AT TiB S ZEk TiB deZiildlf%, BT TiB RS 5EIEMH, Ti68.3Nb13.6Cu5.1Ni6A16.5B0.5
BRAR i ARGESE . 5 ANEE S0 1297MPa. 2529MPa fl 36.5%, S5ANE B LR G4 ML, BAREMA I, H
SRR IR, A SIRE RIS S SR B2, RN A S EASRE T2, MUEkhess i W
B RO S0 — P R A S ISR B YERE, ST SEILE IR A S mmm b B in e 2R L

D03-154

B ST BB AR Ti 2N AR EAERE SR RS ST A
KT HG, AKRIERE, ZFIEH

RACKZERIRL 225 TREE B

ARSCERH T —FPE Ti B AR AE R AR B BT T i IBIEX AN T VAR T — RV EAA R N AR
Feem AR B APRE, 4 USRS N Tis50.32Zr33.92-0.6xCu4.56Ni2.12Be9.08Mo0.6x(x=0, 0.5, 1, 2, 4, 6, 10, icfE Mo-
M10). fEX—FRINEEMEH, Mo JTTHRJLFAMENVEER mAE T, B I B SRS T I R 45, RIS b A (R AR
IR BORIRSE LR AR SRR I oy J LT RFEAAS, ITTIAE N AR B A R & S A PRI B SR T B — D R % . SEPiX —
FRtE G RR A BIAS, B 7o st B, B EB AR SARR S, AR E SRR RS B
SR T HA W AEAE PR AR S B S ARMA R ULRRR IR TR Mo. BEFLZEIRRE, ORI R X 2 &4
BHAZEH, J15PERE L A TENHIRR S T g thsgmd . BEE R AR T Mo JTRINHAIARI I, BT B RETRMN S EZ
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s, EEMEHE S ER 2RI T EE AL IRIE R S M REGRAARUE E S A TENLHI AN F, X — RIVE SFE
AR PRI AR TUAIARARAZ R . % T MO-M2 AR 5448}, Bl h B R2 @ e R M & BRI, BOA (Bto 7
FD AT WA, MEGLREP WARAS K B AAERN )5 R S IRAHIAE, I HARARAE RN o ARAERE S IO AT L 1 bt DU AZ
A5, XS EX —RE SRR A RA I TR ER . O H, BEERLRART B AR TR RN, AT N
WHGESE, NS SR EA AN F R IRR AN T3, XFT M4-M10 AR RE SRR, BUs il B A2
SETLRBE, B CGR— B HD TRES, MBGIR B A E ZEE A R AT, X B A APRHI Rk 5 2 5
e, AR LS, ER N LRELRE /155, H AR R b IR R TR . XSS R T B AR A AR R R A AR R
EMEHNATE, SOt RARARMEEE R AR R E AR B TE TR 1 = 5

R

D03-P01

ET BB 5% EBARKE CrMnFeCoNi Fif & & NHR G SRt LR A
ES L= AT

Hh [ R ERE T e AR FT AT

KABOCAFGORANBE1E T35 70 5146 - CrMnFeCoNi miffi & 4. i XRD T &M, SEM MUy i <5
T BOS A J7 i1 4% 1) CrMnFeCoNi &8 & Sl AT SARGE A . ORI Iy 2P REROWE L. B TR 4SRRI HOt s
TR ¥ 1 75 V5] 46 19 CrMnFeCoNi il & &34 th 52— %) FCC [EVA MA@ i U WO UTAR T % 1 200 75 ¥ vl 4%
CrMnFeCoNi =i 6 £ < H IR i 15 55 il 5 (K0 LE )5 MW T 865 3& 9 CrMinFeCoNi iy i 15 < R, SO 8 AL TR il 46 1)
CrMnFeCoNi /i & e H TR A N5y, A SRR BB AR TR RE ) -

D03-P02

IR TR B FRTE R BE /1 B R SR B A AR A S O 161 R M BRSP4
R, R, K

AEFMEHR K MEREES TR AR

B R @ S — KA R . T B R RO S R R R A AR, AR 0 A7 R R R E AT S 4 MR AT
WS 2 —, WA AR SR B R AR S S . RS A S B ARG . KELF KR 5,
T2 RMR I 10 )1 kR . BEARZ AR S SH S 2 h, Co HAIE R & & B S iOTRAE . LLBRAE . SRR
TR, B3 T Btk BAREREMIRE (6 GPa) . (HERIEN Co EIUAIER A& &R LA /TBE AR (—BhF
2mm) , EFEEARG RGN, HEH REMEET0 B iR, A E RS T HAEAR AR Z R . A
AR T UM R OREAMIEREESH 0k i, @i EE&Hufa 31, M Co-Ta-B =R G L&A,
FAMRBA TR S HROT B, RAMBEEOPRIEEFEBAR, KB —RATHE S0 WE AR R R 5 45
HEEVERE . AR 12 PRS0 BRSO T D TSR AT ISR, M T 1% R UM R BE R R s ME A i, HAk T & 3k
B RAE 1 S 1R, IR T A S M Stk Re . SREVEREZ IR R PETCAE R, R RAS R ARG R
W Siv Al %5 B, ATLUE MRS Co Ml A S&MBIEREE )], AR AENmE., BT, Ha., EgHekt
SEJIFEVERE, TONZZEE Saa A R f & 0 DA S 555 7R 5T kA
D03-P03
FHIER A 44 Zra0HTI0Ti4Y1AI10Cu25N7Co2Fel BeBAL B S 4k 3h f1 2

ESUNLANE S
R AR 5 TR B

FoA TR Z G5 X SR ATS TR T B iR A ZrdOHF10Tid4Y 1A110Cu25N7Co2Fel BAE &4 (BMG)
B EA AR R B A BN 7% 1EL: DSC MZ R R T BRI #2845 I AN B (20 k/mind « A Moynihan
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Kissinger AR5 7 BB HGERE, [FFIH Kissinger. Ozawa 1 Boswell #8517 AL KIERE. R T 5%
ANGE B BOMIGT B 45 A . J8%F Zrd4OHF10Ti4Y 1AI10Cu25Ni7Co 2Fe 1 (5N 1Mt AT 1 iP5 . 3ET45E DSC ik,
Xf M Johnson-Mehl-Avrami /5 F#43 1) Avrami T8EGHAT T A58, BIFKEE, Zr40HF10Ti4Y 1AI10Cu25Ni7Co2Fel 3
e a A AT ARER I Sl BMG IARIE, XHAR—EXRMEGIESEGE, RARS MRS . A5
T Zr40Hf10Ti4Y1AI10Cu25Ni7Co2Fel JE &G & MBI BMBASN 1%, FELRUT: (1) %ELL DSC 451K,
REAE IR BT B N RO 3 N =, FIFH Lasocka AFERFAL T Tg STHRHER K R, HRH#E Moynihan 1 Kissinger A3, HH
AL 35 B it 23 BN 494259 KJ/mol 1 483+59 KJ/mol. (2) Zr40Hf10Ti4Y1A110Cu25Ni7Co2Fel Ak & & A B n#ik
RN N S AMEL, ST A n#as e 58— FEE — g G TS, H Kissinger 77 Rl v158 —F1 58 g R0
EALRE BN 275415 KJ/mol A1 274+9 KJ/mol, Ozawa 1 Boswell AREH] TAHBIEE R, (3) EIRSEL ST REF, 15
MBS, REIER 3 M BCC A, HiEKIEEIRFES] Tpd UL ER, BB ERSESM Zr2Cu.  (4) JH Angell 57
P EHIEESE m A 36.6, RMFTHFAIEREETIIATERRENMAEREGS. (5O EFRFMAT, HIELHE
SIS IR AN D IRALAL, 55— 5 AR 2 BRI B ) ) = 4 A= Kb i), 1 28 20 FR A% 26 18 I i) = 4k A K42 il
I HRIAE S — SO Berb el S D 32 5, 055 U AR AL P 58 B B 4 LB 54 S it s R AR B B 2 ke

D03-P04
KERILEN FeCBSiPCu ki & &4R BT A KR #E 14 BefE F HLEL BT 2
B, R, R

LR 2

BRIEAR i A SR HATERE S 3L alpha-Fe 0K LT MH VIR, Z TAEA A DSC. TEM K& VSM & FBLR ST TT 1
K<)/ C. B, Si Al P ILHM A Fe-Cu-(CBSIiP)AE i & & AR ENE . 99K f AT AR A VERE IV FHHLE . BT FE 3R],
X T alpha-Fe ATAEMMSEIER GE, KERITRIBMAER A XSG &M@ R TX1, A IEds & e
SEPE. BRI, BEE ARG R R A BARIN, 5 A an g Ar B ARG R B AR RS . C A1 B JLEXT TX2 L
FHROW, Si B R RO INALEE AN SR AL IEZHR A iR X RSB, P TR IS SE A AL [ R X R By, AT A P b B
H(TX2-TXD) 2Rk Beoh, HTREEN p EFHTH Fe M 3d =AM BAEMH, FIREETRIR
IMEAEAFIREE LI#E Fe-Cu-(CBSIP) AR & MM AN 52 E BS. [[R, KE®TRTENIEMEER BERFEL
e IR . AT U RE NS N B K AAE B 1 SO 53 S5 5 RE AR L Bk R R R A A R OT R SR A R 45 =, AT —
A HEBNBRIE AR SRR T S HT o

D03-P05
METTRABMNAS FeSiNbCuB RAEF UK £ SRR IR BT A
B, K%

ALH 2 R K

Fe BHIEMPUKMPH A S RILEGRBWOLGEE WG, SBMBRNEE ., WSRO, RARARSRE, K
TR T T s R A BEA TR . N T K Fe BAEMAUK A SRR BRI TSR, JF& & Bs. ik He
[ i e BB A R T R D S R K i G AR BT B . ARSEEGTE FeSiNbCuB &4 i 2kl b, T Zr.
P LRI RIIG SRS KA AT AR BRI ARG RS TSRS % &S558, TR A SR B 2 20 ) hl BCIE e 5
iy, Gl AL T AR B AERAR B E A% . SERCRA X FHEATHVXRD). ZRE#EA(DSC)FIRE)
FE T BESR T (VSM)SE AR X A Al FH b A i P T FO TR0 S5 A ARG RESEAT 1 AR AT SR & I RE RS Zr
AP & UGB JGR BRI A . BATRIA 0 1A Ze F1 1A PIEFHORIRINET, 280 b 3 545 20 4k S ok
mn e I RR AR B — e e, MRMRISREE R =, IS F] 7 1.32T. 1.30T, Fowi/i73 #l4 0.63A/m. 0.48A/m, JEH
S B ISR, AR Z 0 HAb R S R S AR A S F ) S RITE 15nm.

D03-P06
BB AR E AR AR R IR ARAT AT
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AR, g, HEk
2EMPE TR

DAEREEAE R AR NI AN R, T8I S 40 DL R IR 5286, 45 A N -RiAR i 4R SO 2458, bt
ZARL I BB AR AR G R AR AT N, G AR REE SEM SYK RS, @ RS/ R S AR R AR R AR 5%
F, T HAER RN . %A SEFREAR ) TR RIFLEE %R, HIBREEE 1000MPa, KA
2750MPa, ¥HEATE 25%, HAEBMEMBUR A4S IRAR RN BN TR . dIEXIECA BIORALD [RIAHL, TERNR
FEJ9 0-100nm Y, AERNRASSRM R ERIN AJENIREDY 100-200nm B, HARRRAARM FZEI N A+B A, HIE
NHTHIER G R RR I A B, RN ISR A0 B B MR NG 200nm I, 4B G808 FZR YN B B, HpE
FENEERARWE M, 5 B AR UAE BRG] BB AR AN . A I8 7 254411 B2 JIRARZHZY, 0-20nm YE AN C
REEYT, 30-60nm YEE N C BRIy A B, X A BRI B B8R, FEIE NGRS KT 60nm J&, HiviRl 2
RO B AR, JFH B BRI HE Gt BE NIRRT BT AR A . FEAR TR SR S PP RHI B VR AR 32 2 AR R A
AR, BEERE RGN Cu i ¥ 5O IATILIER, AAMBATIER B2, RN TRIP BOSAEAS Mk A &6 4 B 713 5 4F
fn BT U PR AE NI AR HAR R, A AR AR S EA BT DA I B . CEMRVRTE S, TRIP ROk TS HAZHS R A58, W 571
PRCE S AT A RS SR A — 3, SR P IR B B A R A TR

D03-P07
PR EE-EERERLEH LB RS CoCrFeNi (WOBEHE E&BRE
g, Fi

TR

FIFHHIIE A A =S S RIS 2 WC (10 wt.%- 30 wt.%)H) CoCrFeNi Bl & &M K. KA ESHIELRS L2/ Q235
HRFEHA T 1] 4 R AN ) 5 B WC ) CoCrFeNi Bl & &2 . it X BHRATHMN. ZRfE R, R SHIR BT s
YECRE T BRI BURIOHLA b2 TR, R SR INAF S & WC [¥] CoCrFeNi i & &R EMMALL. J12EbERe Rl
MR GEERINAN RS & WC(10 wt.%. 30 wt.%)IFHI 50 EHE CoCrFeNi Sii&EkR, #5F|#— FCC EEMAHS WC H
HARRAHL . F IR G & MR WC BINES & SR EEMEBOREUE, WA RIS AE, HEHEMEE
M RIFHGELE G . B NRRAT R, RZ R = N — FCC BAMARE WC AIFAL. SElaSmAMLt, B2
FAEERIBAA AN, RSB AN E B . BRI BRI, & 10 wt%. 30 wt.% WC IRINIERE B B il
FE, SRR 475 HV. 531 HY, 230 BMEIEE (4 160 HV) [ 3 581 3.3 fif. EARRIMTBEERSM T, Q235 M. & 10
Wt.%H1 30 wt.% WC ] CoCrFeNi i 2 0 HI4ERFAE 0.87. 037 F1 036, BZEEABEEMT N, WEMERE. £ 3.5 wt%
NaCl ¥, WM B BRI i, RIEBNMYE B (pass) « BORIEMEAL (Ecorr) RETEHIA
X[ (AE) FIEUNFEMGEA (reorr) , o1, & 10 wt.% WC IR Z M i ik R IR .

D03-P08
Fe42Ni41.3Si8B4P4Cu0.7 IF i 5 1B KT F2H ) L10-FeNi A AnfL AL 2
TBFERR, TEPEA, 4l

b Tk K2

TR BHENU . B AUS MRS R AW 2 N . # AR Sm-Co Nd-Fe-B 254 4 Hi T~ HAR R
MIPERBTE A T b A AROK LU, AR RS b 0 3R IR ™ B AR T AR DG P M R K TS K Jg . A /7 AH L10 FeNi fE
N—FIAREGF e R I LA RS S& R (~1.3x107 erg/em3) MIFERERR (~ 42 MGOe) HITERE A 423 T 2 %,
BT H A A T OHMRIER I ZR 52k BIR TR BRI (645 L10 FeNi & & MA G M—ERARRER. THEk
A AERIEBILNT Fe42Nid1.3Si8B4PACu0.7 JE & 1 AT 1R K153 7 &H —E & L10 FeNi 7 EA 700 Oe LA_EFMIFI1
WA, 4 L10 FeNi R EHOA ZCE Ut T — % BB MRAE . Rk, WEEREAR S IR K& L10 FeNi B 5T
TIRAAANE, X R LB 7T & R & e R BIE R TS 26 S Mo BT ES R T R Z RGN .
AW IE T 4 Fed2Nid1.3Si8B4P4Cu0.7 JE G & HEATIR K T2 &, WFAR T ZAEM AR R L10 FeNi (¥ sAHALER IR it ok
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BKTE (400°C, 6K) IR KJG A HM 13T 2 861 Oe. dHLHLERWF LB, Fed2Nid1.3Si8B4P4Cu0.7 JEfa
SEFHRS R 2R A AW B Ak, P s —B B Ak BT H 12 o-Fe, X L10 FeNi (& I LTIk, L10 FeNi [
R BRI B AR AR s b FE A . T Cu WS 51 19 8 BRARE S — S ALY BT 2 5 8k i B AR
PRARM S L R, [RIMTAF]T L10 FeNi (B th4h, ESAME HAERAE L10 FeNi 7E 320 °C LA 44748 [ A 2 & h
HEPERER) A1 FeNi MHERALAI#a%:, S IbdEM &M RERTE 400 °C (R ZE 12 REBIHFH /AR 861 Oc JGIH LW E T,
BRI — IR k. SR TP BOE R G IR E IR, CL2 A 0 45 M AR A BR FRD IS 18] P9 R A A A8 S

D03-P09
BRERRESNUE, %, RERBERSI
KA, EER

R B T B RHEOR S TARE T

BT 20 ZAER R, BRIEAEG A SRR, — KA RE BRI AR i & SO AR ARSI A7 R
ZHAMEAEA, AR, A B AR AR Sk BRSO IR A R R v R A B AR B & BT ROR Bk . 32 )L
R R EE ) B ARORBIR AN NG, A5 85 T AR A SR o AR R e KB 4 v R 7 R S A
hHTERES R, RIS RS EERA T RENE. R Y%EIER S &I K.

D03-P10

Al ZEEREEE TSI R ERMBER B E RN
e, ik

AL AR K

AL AR — T R R A S, AR AR AL T 23 S X0 H 2 R 2 A R R P AR A AR K
T R A AR R BRI K BRBEIS ey Bl AR S, R — iR R R RS i g A k. H AT
T /E T B A AT MnO2. NiO. Co304 54 @A), ASLIEsE 7 oA & VR0 1 S S A BHE e e 5
Ko EATERSEAA) B R BURA LR TAEUN B, FRATEL ALNi-Mn-Y JE& &S RT0RIER, R & & S0k Hl &
THAIGPKZ AL NiMn &4, @5 KMnO4 SAbb 3, £33 7L Ni N SHE S, HAYRZ LM S rERE At
VI ARl IR B OB IR W], Niv Mn J5T EBE OB AL 2 B ORI, 24 Ni: Mn
MIEEIREE A 4:1 B, HEARAARELE AR TTIA 293F/g (2M Li2SO4 HfFRD »

DO03-P11

SR a MR R KL
WA, EER

o B B T R T

N T RS A BRI A A AN, Angell $2HE T MG MBS . R RV G WS R & R BES B SIRAT N, OB
W SMEEA I, (HFSRAE SR /AMAR R . BAMTRBLED H#(La0.5Ce0.5)65A110C025-xCux (x= 0, 5, 10,
15, 20, 25)FHC R MR LL B 38 1R RAVBIETE e 1, I HB R B IE i 7 AR OB . FRA 1@ i ks 2 I
N ARE RN (Flash DSC) #2507 T 120 S0 A0 X R BB AT . SEIG R I IZAR R M B i IR B (Tg)
W% Cu SN P, il (m)Zel )5k, 4 x=10 I, m=63.6 AFIHRA(E, HME S PR G I Z RA7FE K
R, RUZAE RN PRI YT . Z TAE NGB0 B st B Wa B AR A 18] 1 9% R UL B R % 42 s BB st 78 AT
FRAL T HEA

D03-P12

T R B R G W OO o M o T
BIRE, M, SR

F K
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FHECERAR R & R, XU i & 8 B SN S (0 0 2 v Be o 3RATTR A ELVR B2 W e AR 52 B U AR ) 46 L AR [R] B
JZEJE ) CoCrCuFeNi/Al /U3 J7 BAH i & &, SR )58 Id 550 °C 1B KALEE, Al ¥ #1% CoCrCuFeNi &, {Ff3#55
T S 5 MR AR A A ST K, TSR AZ RIS BA T O 5 RO ST MR 9K 22 UM R & 4. TEM 5 XRD 45 650K,
BKJR B EGEZRGE S, TYER RS KRN 40 nm;  FFH 90K 5 IR RAL A 5 UM m R & 4 i 1 f1 22 kg
gEIRRW], B RE RN, PR A S 7.5 GPa HNF 8.5 GPa, XM TXMEM AL, REMEEAIE 10.6
GPa, BHFEEHR KL 25%. 0T, AU SLI7 SR S5 0AE 5T Ak DA [ V5 5 A /2 5 500 B 4 v 1) AL ZE SR L

D03-P13

AR SR BT FFT R Fe-Si-B-P-Zr IERFK B S EMMRRTITT
E1ANNE: SGFR

AL R

FEIA AT S, SRR R — PO 2 N 20 2 I RRIR B A RE . BRI A S — PR L R
IORBVRBEARL, BAIREIU) . @ e, mbbEa . (RIFE . SRR VA SO0 AT IE . an SRR Bk AR Ak i S L 9K
BHNHTHRES. B E SO, RESFR TR N mRdk A E R ety R R, B A
T EEEVMEME DG R, BT ARSI RAE I ER, E F RN e AR AR R T R, B8
B E AR R E RS, BRI, TRR SRR SR E I AR AR S & &, BONIE SR AR, a7 BT R A &
TR L . DR R B AN AR SR BRE 1 R Rk B AR AR RS 4. i, AREH SR8, Kk
H T — PR A S AR A R BRI AR IR BLEE JI I Fe-Si-B-P-Zr LMK G4, BRATHE S EIRE S 80%
RFH%0O b, FANAEES Fe-Si-B RAMER EMA Py Zr X ERIBEMBRENW TR, BT
Fe80B13Si3P3Zrl Ml Fe81B13Si2P3Zrl XA AEM &4, MATHIIGF R4 09 40um A1 35um, TRFNEELSREE 43 )ik 2]
1.68T 1 1.66T.

D03-P14

HERYRES SRR Bt S 6%

R, MK

R REOEMRRL S 5 TR R MR 5 B RO [ X S =

AR BB AN A IR 8550 %6 T AICoCrFeTi0.5Nix (x=0.5, 1, 1.5, 2) REM&4E, A X-HLATH.
FRAE FRiEEL. EDS TN T B2 Sl & S ARGE M . TESURI Ry EAT RAE . R T RE 1 F B0 a7
A G R EREEA T IR . S5 R R ZE S S AL Ni S EBEVIHDE. 4 x<I i, EE 40 bee AHE
& (beel+bee2 5H9) A, 4 x>1.5 0, GE&MEMALRZHAZE bectfoe # (becl+bec2+ee GitE)) [V IRARL, HAF
AR A IR A SRR A LA, I HAES ST R T WRM e R MW, B E S ALRI NI, S E X8 E % Cr #
Feo JJPERUIATA: Ni S EFEIFEX MR REm, B NI SRR, &80 8RR IZHN, 1064 M
ZHIEmM, o AlCoCrFeTi0.5Ni2 HIJEARGREE . WrZ4am B FI ¥ B A8 73 A F 1.66GPa. 2.29Gpa Ml 9%, FILH KU1 T
FER B T

D03-P15

HX B 3D FTHI Zr B3R5 & S 12 o R IR AR & O By L
T, R, RREH

e N2

HWot 3D ITEERS GRS, b rgRER 1T 0 R 2 OB AR A S5 R AN TR RE R R BB . HH0L 3D
FTENAL &4 R Rl A A 2 B J it bR v AP AN e, W DUGEEAT SRR SR . A AR Sr 7k XKoL (SLM) e =4
WA AR TR, RARAAFNE (Volume of Fluid, VOF) , SEIL T AHHOEH G AEAESM AL HAE P =4[
RIMBAT RGBS, MRS THO6 3D FTEIE R A R BE[E 470, ZREW]: ERREREE T, dTHhAREEL.
BRACTE R ANESE R AR, B RE B RN, BRI e 4, BRACILGIH R, B T B R R ST FLER R &

52



KEALZ AR, T R R R T, RIPFTER S, AL ESILOE . AR TERM X Ze 2R & b AR T
SLM Jij¥, X B AT (K 3 J SR AT RAL, 25 RS HAUAE R 5

D03-P16

Si & &%t CrMnFeCoNiSix & & fIT50M A S B f5
i, TR

AR T K5

AR XRD. SEM. EDS. TEM. EAiPEREMNRAA BRI, RAEITT Si & &N CrMnFeCoNiSix il &
EIFEA . AR TESURER A Re . 45 KR BEE Si & MM, foc AR, bec HEZ, GHHHAE—
1 fec FE ARG B L HAGK fectbee AT . A LIH Cr. Fe Fl Co FZAFLET fec MHH, Niv SifR#TT bee
Si S EAGESERMMER. BE Si S =M, &40 8 MR SR 2 EF A, 2 x=0.7, 8RR L
FEHEGE R EBKAE, 4924 1004MPa Fl 384HV .

D03-P17

Fe-Co-Ni-Cr-Mn R FH & &R R
XA, KM, R

SRR PN

FARRE R MR R — AN EESH, T FCC REME 4, ML Zaae ] LIsoB s B AR TE AL, 2ok
IR S, fR R AN TR . A SR A& 5 T BB W E Y RALHE AT T NiCoCr, FeCoNiCr,
FeCoNiCrMn, (FeCoNiCr)94Mn6, (FeCoNiCr)86Mn14 Il Fe20Co15Ni25Cr20Mn20 7~ Fft Fe-Co-Ni-Cr-Mn R E & 4 (1245 g,
RIZAE R G 4 R RS A BT Z UM NI GR WZE RS UIAEDE, SR EE AR o MRk B v] LLA SRR & 4
EEEEE. 4, MEBHEREEN G S, BRI &SR ICHRARIR AT AR T % s A8 %22 & 58 21 H 5
B, F R E R R R . AR TR B TR N B =B & S R L], m B R B AR R a6
HEREIIR B Sl & SR T — N RN IR,

D03-P18
TR 2 JRCH DR RN
WA, B

JE st TR

ARSCIEHL T S HA FCC 4584 CoCrFeNi il & & N FEMF TN G, PP HAE 5x10-5~6.5%103s-1 B B A8 H 30 [l P 1)
AR AR R T R RE, DMRRHARTEALE]. [, DL GS2.5 Ml & &Mt A R, RIC T AURITTERDN R & S A NAT N
g, phah, CAILRI AR BCC 458 HINDZTI B & &M BCCHB RIGLKITIEHTRIL A2-3 HIE& &N AT R, Xt
BCC £ el & 46 (18R 22 0 AT A HEAT S AT 98 AU I, CoCrFeNi fanlii & 4 2l A5 Ik i A% e Us Ik ) 28 AR i T
HAE R N AR X AR T EENE AL SE, 7i4h, ZE&ahA e 8 5 72848, WA RIS R B Ee 7).

D03-P19

Gd ZIREEHE & LMKIBHRERTIA
ERE, BEL, EF9E

R B T B RHEOR S TR T

Gd FEAF 5 A B T REA AN« BRI R 1) 283 e i O )2 W T IR T (H2 T Gd ZEdEd & s
BRI AR T T2 R B ubm 8, AT R T — &5 GAAIMM=Co, Ni)&JEML, FHTR T Huiae.
# Gd RN, AadEREAR I T B, 7 ST AMNRA T, SRR 2 MEE, HRHIE
98K AL 258K Ak, HEMIAR(E ST M 4.20kg-1K-1 F1 5.20kg-1K-1 , g5 250K, @i it 513 54 mm e #1468 J1mT A
B3] 890Jkg-1. IXF Gd HEAR 5G4 B A LM f oD RHE s O RER AS AN AT RHECBE IR AR TR X, BT HR R A
SRR A A R
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D03-P20

Ni JTERAINXT FeBSiNbP AL B & STERRE ST BRI BRAI ) £ itk RE HORE M
sk, BT, SRR

IR KRR TR B

AL RGHIT T Ni TR B INNF Fe78-xNixB14.28i2.75P2.75Nb2.3 (x = 0, 7.8, 15.6, 23.4, 31.2 1 39 at%) Pkl f A 411
WS RRE T BRI RE AN )RR I sE I o R 2R B AVU(DSCN & & E S BT &, 45 RRW, @i im
Ni JGE, S&ERNNFEEEERIRE, WREARRE Te M\ 780 KIRHIEIKE 710 K, AKX 58 ATx (Tx-Tg)M 30
K EFFZ 45 Ko Ni GRET2HN 39 %, XFRT ATx R RMER, Gl HB5e s 2 i 345 16 L EAE N 2 mm 3R &k
o FIRARBIRE S REETT (VSMD FIER B-H AU & & MR LRI R B, AR GRS Ni &8RS 1.39
TP 0.88 T, Hrmi/i 1.7 A/m FEKE 0.7 A/m, WIEEHEL TN 17300 3G K3 208005 8 A 78 i 44 R 1) /1 22 1M e &
M, Hx =139, BIAEHS N Fe39Ni39B14.2Si2.75P2.75Nb2.3 I, ZA &M= IREABIHERNZILT] 7.8 %, ARG, &
P 58 3 RTS8 1 4373 9 2860 MPa. 3360 MPa il 2535 MPa. f#fiH5E (SEM) M8 R4 JoAf dh IR TS, RINAE
JEARFEHRT £ EBYRT MBI G X BT RIS (XPS) X R &4 SR MHL FPIRESZ AR, Ni
RN R B 2 7 M & -4 JE e, T IR &SR TG MM, WA T E&418 . HFaxi
TR AN Ni 763 AT DA & e R ORAR SR Re 7). R R PE RE AR R S IR R AR SR Fe ZERAR A&

D03-P21

Ho RN} FeNbB S < & 38 5 74 v IX 18 s e PR AR
X, AEZR, FkiR2

R K FAMRIRL 5 TRE B

Fe7INb6B23 dEdh & & 1R R, BA Fe BIERELERPREMME (4850 MPa) , H=EIRBEHBE A
1.6 %o #R1M, FeNbB & & RITAWMMXIAEA, HKIERELNA 1.5 mm, HAHRE 7R ZMNH. R GELE
FeNbB JEfi & & M iR B 70 R Ho, JFAR R RIS Y B 7RIS AU [X (8] 1) FeHoNbB JE &4 . AT
Fo TR INAG 170 Ho X FeNbB 43 )& B (I ¥y Al X ) #via e v AEAR TR RLRE . BEE R EERE MR . R 2
AREREIML (DSC) it HAZEERE, SREWIER Ho JURBN TR S & 4 103 AT X 1R) B #0881 R 35 35 % R R
71, Fe66HoSNb6B23 JE &t & & 1 VA X A E] 90 K, IFFEARIE 3 mm. FIHIRSIFEMBLRRTT (VSMD) FIE B-H
ACCA B AR ] B 5 B ) 5 B WL S0 & S L= MR RE S 5 VERE TR, %6 4 R BAA OIS IR Be A = R
F15EERE, HARARER R RE N 0.45-1.09 T, W70 B N4 FORE 40 %l 3.15-4.65 GPa Al 1090-1040 kg/mm2. Ub4h, AFiE
JEAESE R,  Fe66HoSNbOB23 4 J B 71 1 ¥4 VBUAR X 18] & L T 54 (1 AR IBVEAR T B 70 o 38 I A it E AT 3R ORI TN 44
SEFLR I, Ho-Nb 2 M IEIRA M FIR FHIEC SR & S AWM EARL S, W iZe S /R RIS LR
TV VB X T — A E B A

D03-P22
A B AL FEST CrMnFeNi2A10.25Tix 751G S TOoM 2H 27 Fe 4t BE g2 1
E, phE, BER

AR Tk 2

e 4 PR OW 25 A R ME DA R ) 2R R, SRR FLAE PR S N IR o ASCR I B A BIUE A & TS
CrMnFeNi2A10.25Tix (X=0.1,0.2,0.3) ®f&4:, A TAR Ti mHRSELEHIR AL (700°C, 12h A1 24h) X & 444U
PEREMISZN . I RORFEAT 4 mm x 4 mm x 6 mm (#7551 3 mm x 6 mm (¥ EAEPIRPEIRS 4351 FH I 805 oM 4. 43 1 0 52
MUEZEHEREIIIR . SN RS G4 R ARG /i8I XRD #EHT 040, MO4LZ. AR5 N5y SEM A TEM X
oA o HUBRIE BE 20N T AR PEREAIRE AL, 45 AORE A Ak B TEM IR A HARSTEAT Ay SEIREE R, #E
CrMnFeNi2Al10.25Ti0.1 &4 N — FCC 451, A& Ti JmENIRIN, (27 FCC2 Ml (Ni3(ALT)) MIZERk, JFHFEE Ti &
BN, HARFU ORI N . Ni3(ALTOAFIHT H R/ E A, {8 CrMnFeNi2A10.25Tix il & 4 1 % I 46 Ji AR5 52 0
BN, B Tio.1 KA 232.77 MPa 802 T Ti0.3 AT 609.12 MPa, EMAEEEtRE 186 Hv (Ti0.1) H{0%| T 340 Hv
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(Ti0.3) . T2 Tix &&FE 700 oC MR 12h 5, @©TE&&ROALRMALEL K D& NiAl (B2) MR FoH4e e ik i
[EH T BERE, SMEIL 1.212 GPa, 1.456 GPafl11.993 GPa. & 4:ft4k 24h Ja AL RS 12h BAEAS K. DL 145

R, HBARME ST PEAHL, £ iR EME R R0 HE, mEESNHRALUEERE, HaeRoR
JE bR v H ) S ke

D03-P23
Cu JTERENINRT FeCoBSiNb A& BB AL /7. BB MK uEE RS m
e, FAEfE, BT

KK BB 5 TR 2R

FeCoBSiNb Hfd 4 J& 5% 15 LA 8 o 1) I 240 7 DA AR B R A vk e, AT s IR R 4R LR, PRI T 3 —2B R A
ARSCES RN Cu TCER KA SRR I A M A SR % FeCoBSIND HRAA 4 J& 3R (¥ BB AR T e A IR IR e .
TR V2 £ T (Fe0.5C00.5)72-xB20Si4Nb4Cux (x =0, 0.3, 0.4, 0.7 Fl 1 at%)HRIA 4SR5 58, KA X HLATH(XRD). ZxR
P EHU(DSC) B B-HAL KGR B EB(SEM). Lz i1 /7 68 1 B M55 RGBT 7T T35 4% Cu nixt
GBI AL )] BRI UL SRR RIS . 25 5R I, Cu Ju s MR IN BE PR 2 1 15 L W46 1K AH M (Fe,C0)23B6 %] a-
(Fe,CotHIELAE, 0.3 %1 Cu JLEMINET, &&MAREEL LIRSS, HIEREATIA 4 mm. RE Cu
TOE AN I T BB RENE AT RS, (HE S ERBHAE 04 %IREE 3.7 %, HWZGRERFFE 4 GPa bl k. Cut®k
ISR T R BIESAR ISR AL S, R EARDL a-(Fe,Co)dli%, N2 HBVIHIERR Mt T RIUEZ S, JFHA
PHAS BV MY R, HREERE . ZRMENERZEY LR, B T 64808 TIEee

D03-P24

—FH R B R KRR RAT R ALTE PR R B AL
R, 5kiE

AL IR K

LMK = U R — Rl LA A S AR ) 4% B A7 T P AR BRI VR 32 3 7 S Lz i . b, UK LR 2 P2 e R
VRGN . BRI, Bk A /K ) LB T RE 1 P AR 25% R i AE S IR AR vy, L PR AR S N 1 i v
B b, BRI B mbT A RV K B AR AR, b S A i i R, B B MRIE R . H AT AT A AR
BHOWEE 2 Z g T3t 88 LA IS8 K OLE Y. RuO2 Al TrO2 2 S pT 6T, B IRAR T U B
Pro B H T X BTG B 57, ARAEE Tl Bl AT ORI o Hodb, i 4 s B L A e B A o Hh R B A v 1Y
Fra s, BANTEUE AR, mohiEsR, foether. AR MRBRS LS, 23 7T 2 kE. ST, BIUFR T —F
HA B R B R o 2 A77) 58 S S AL TR B A ri AR — Ak, A AR i T T AU P . 7E IM KOH i,
SFF 10mA-cm-2 BLJLE BE, M A ATIA 310mV, H I Tafel RIZATKE 45 mV-dec-1. Ak, FEHFEEE 10 mA cm-
21100 mA cm-2 (926 R, 5 OERIEMEZE /DT DAZERF 24 h, HIEA U BIEER. IR, A CRIER
ARIEAEAL TR AT LAE g — Pl B0 v (A6 5 M AR A e

D03-P25

R A B R AR VA & R BB K L KR B R %
HGRAK, IR, FALZ

LR R

&R B KT P G5 RE T BULR 2 B AL 2 R R b it A 2 T A7 AE SR 0 DX, R TN BRORT < a8 3 v 6 1) 1
FERLFHHEAT THFSC, P ekl daith . KPHAE B AR . FAL B AR R 25 . 4 B30 P BEL 1) — A L YA AAE gk 2 3L
HLPEIR S REOTIEAT 47, BRIEART ST IEEL Zr57Cul5.4Nil2.6A110NbS. Cu66Zr34 MiANEBImsiA &, 2Bl Al X
Bl IEFREEA N T O 4 B B EE Y B BHIR R %, ZrS7Cul5.4Ni12.6A110NbS 4 8 Bk 3 B A 7 11 H BELIR B R 50
ERAAIX 700K SHER SO FE, BE S ORAR S I, A4 Iz N, HPHIE S R BB AR IE . fERR AR AR
s B AR A7 PR BELIRL R R ORI A IE P BELELFE R B SE R T, M AR UL E) 0.64454 B, £33 7 HFHJLPAAE
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M RBFER G ARE, XU T8 I 4% 1 b AR 35 B 42 e B ) PR R P R B RIATIN . B Ze A1 Cu 5 O SR 2
s Cu66Zr34 & B A AL RE P Ze e R AR, SSIRAR AR AN 2002, Cu AR AR S A . dh A4l
) &5 B R T B B UL A, RO AR R A A B AN — R R PRI AR . R R A IR IR R HUK) Cu
ANA e HE 2 R B R AR AR R A S Ze02 B FIMERT R, JERE0N 20pm (AL 7E 1.9K-300K i B2V Bl 9 B AT JLPA4E
5E ¥ FELBELEL(TCR=0), 1 158 38 3o 0 5 4k S A 5 S50 2 128 10 777 2t v DA 42 < s B3 11 v BELIR P2 AR e ) ot P B 1k
ARSI RAT T8 € F LB (TCR=0) ) <6 8 3508 55 R0 ¥ 98 <6 33308 1) I8 Y ATUR A — ol i) JEL B o g a2 ke 3¢
PESAAL T EL Cu66Zr34 <5 Jm PR (KA 20 B L 2 2 AL PEL &% . 8 Fht L 25 % R A A0 AT — S PR S P 5% o

D03-P26

Wt 3D HT 6P A 38 AT T R ST A bPRL BT R
R, WP,

PR K

X WOEIE(SLM)3D 4T EREEAR Al & B A TR PUA R & 4Rt T —Fh 28 757, B7E 3D fTEnd b, =
R 2 S50 3D HTENAR S A S AL . AR — R, EAR AR, FRATEFAPINESE —ARBURL AL BT 1 Zr HEfA
FH & ARG AR AT 3D FTEISEEG. f58h XRD. DSC. XRT. SEM. TEM Fl it GERIGHL R GEHI 7L 1 3D 4T EIRE 45
FFItkRE. S5 REH: 3D TSP HAEREERT 90%, BUEEIAT] 99.75%, WiZsEE AL 1.9GPa, BN AN 2%,
B = AU eI R B, 3D 4TRSS S WA Kq {iAF]) 60MParm1/2, BEKTH585FEM (Kg= 73 MPam1/2) , iX
R HATRIER 3D ITENAE S A MR E . FFA R, FIMESE AR BUR (M AE A6 4R 3D 4T ENTE G 36 2 A bR g 1) B 2 5
o RO — D7 I FELAS T BT D) PRI g, 3 — D7 Rt T IR BBV GG, A ST TR PIE R iR m . TR N
WOt 3D 9T Bl mr s s BIAE i 5 < S A A SR T — N R

D03-P27
HIEE CeNi ~ L& & EAM %

W, ki, Fhbedt

BB T AL KRR B & AR SR AT R 7T T

BT SRIRGE — R EHE, I T MK CeNi —n A @R TIRAS (EAM) o iR TR R HEm th fid &
& WAL AR BT AR AL S aRE. MU AR RE R LU B BRI 7 RE . CelNil A 7REME: . #bk W Bz
IR AL EURFERE b, WAL T IRIE R ) Ce8ONI20 FIBHETE HLRE I MBS RFIE . Ce80NI20 <5 )& BN A SR 541
REIHAE Y& RAF, ELin Ni OBOR A F AR IR AN B 3 B0 4.

DO03-P28
V5S4 ZrTiHIND0.5X0.5(Mo, Ta)BMEEHS53A /1R
BTAR, FEMEE, MR XX

JeRtrT e X AL T T oK

NS = B SEBNS MBS N OAOITL, EH R, KGR ERE HRA — 2 BN, ([ERESI S MBI T RA
—EMIN A ME . ASCETI ) HHAE L E RS T 456 B F RS T ZeTiHIND0.5X0.5 (Mo, Ta) MMEEM &4, HH
P HA G RIRAE . SLIREERRY, PG &M BCC 450, ZEREAALHEEIT 40%. N#dss 6816 S-1 %44 T,
ZrTiHfNb0.5Mo0.5 [ ARG 2971MPa, AL 75%, {ESIAMEGM T EA RGN . SRR, fham
56 A0 T BT R T B A5G AU IS A BT YN R B A S R RE R R, HAR S PEBUONVCEL B S & B T B TR AR
A6J1, BN JIF IR BIBOR HE Tt o
D03-P29
F T JRAL SEI VLA 72 B Fi T T A BEL 70 2500 A o 5 2 3R T i R e 45 ) J% 1 B R P
ZRIL, R, PR
WG RV D R LR 5 TR S B
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$Em Co 3B HABAHIRLN. (Giant Magnetio-impedance, GMI)E Sl 22 my A PHATHE RS, 78 SERR iy R AL e B v B
BAEEI SR . IERAIX (< 10 MHz)IniE MW E B, AR m e B itk ee, HFEES(10-1000 MHz)
WG FE AL Sk ZIRA RGN FL . ARG LR Y], BRSO R R e S AR I A S DI R . FMAE
i B L IAUAE R R AR 2 R T S5 4 R S 284k, R R SRTG mth Al GMI L AR R SRR R 2 — o A SCPRa ik,
T Co69.25Fe4.25Si13B11.5Zr2(~52+2 mm) E@FHBTBN ISR ZZ@E L 140mA & T, #2778 RUR A I
St 77 % . W Ry 200 MHz, JEHIVERE S8 AN AN 2.5 Oe, DT AR M S TR 4 Oe, TEAR
BHRAEH 9min J5, EREHPUBUN LB PTE~1000%, HEUE 2004 R4 iR KA B S BB ELE R 3 5. FHpitkae el &
SR, SRR TSIt M i SR B TR A ) B s 5 A AR B P IR E ) R AR o IR R R, W S T 4 A AR (Y [ B 4
PHHTERE WAL, LB T — o 2L R 45 Sk 22 P RS S FH 1 R A A TS TR T B 9 5 72

D03-P30

AL R A € R AT NIRRT
SR P S
AR K MEREES TR

Al BIEGESRASE. KBE. mdett. RIFFMERE. RSt SR 8, 7EIEPE RS M AR T
HRAT Z MM AR (ARETRSRER, Al FAERESE A B FHRER PRI 574 R i . X
SR JE hE o DA s L, T ROMOK R ST B Ak, B AR AR S O ST B Sk, S EEER A SR AW R R
KR T ALNI-Y REPIETERAE I AER S 4, DA 3.5%wt.NaCl VAN AR, KA 3h B FH AR MR AL 3 B R 6 Al
BEAE A S0 s AT AT A o G A T B A FOE AT R A, 2 5 iR AE, RA] Rigaku D/max 2500
X BHERTHML (XRD) XHFESBEAT S5 70 Hr; R ISM-7500F 3% % S48 7 S48 (SEMD 6 HL 85 i 3 3k 47 WL 52 A1
ST RAFH 0 X-FRREE (EDX) HEHTHLA70Hr; SR JEOL JEM2100F & S ¥ At (TEMD X A&
BHATIEE T . AR TS SRR, Al SRR S S VIHEHER (TafeD XERIH A ERBMMISR, BARENLXH,
BEA DX IR Bl R B PRGBS R Tk AR 2 P R AR SR, R A T

D03-P31

Sm-Co-B RiFREENTER. &R ARRHMERE
Wi, FRF,

RIEB T RERRRL A 5 TR

SmCo FA AW PH FL KR 5 1r) S VR v i LR PR S AE AR, AR Dy s PR R BEA B R T i Ag. (R Nd-Fe-B
REGHML, AR Sm-Co FFAKHIM BT T o AR RIR RS H ALK M B EBO AL —, B AP
G RARRD, SREIRE R FTIRG & H KA 5] A4 M, T3] R UFKBITERE. Sm-Co &4 AR TE
BRBEFTAR, BRI SRR, MELAIRAS Rk VRS . AR TAERUE ARG 40K B LMEE Sm-Co &4 W3R R REE 77,
PR ESR % H Sm-Co-B RIEME S, HARGZRE T ZREGEWARTIE. 4RUWAS LR, s8R 1MW, Tk
Sm-Co-B A& AT {E 2.5-15 at. % Sm, 50-82.5 at. % Co, 15-35at. % B HISER/AMTERIE K TSRS, ZAGEEAFRAENIGEEN,
HeEFALIREAE 836 K LA E. Sm-Co-B AEfh&4 BYHIME, 43E LA FE G Al TR T AR & K AR B0 AL UG K, T
NIRRT, HF Co65Sm10B25 A 4:7E 1000 K £ 600 s #AKLEE 5% T H1 SmCo3+ Sm2Col7 Al SmCo12B6 4 sM R A2 21,
HAF /13 810 kA/mo BEAb, BAVEXTAEGR SRy HAbERLS S 445 [ LR VE R (5 RIEAT T W .

D03-P32
 Zn TR B REE G SNH & 5k
e, sk

ALER 2 AR K2

R A SR Z M TR . A lIE A Al AL T E R A R e —, BAAREE R AN R
AN

MZrerthfg. Zn TRAFRBEBEETNELZICR, ATRFRSHBG SR, RN BA R RGN )5 ik
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fit. EABEFARBINEESE, ZIn S BEMBKMETE 8 W%, AL RABHRFEHA, &4 Zn & EREE 30.77
Wi%. ASEEGRIFRISN N Al85-xSil3ZnxCu2 (x=6-16) &4, FFAF P E B & il & T R AR AR . MRS
SR FE MO 45 ) ALST A AlZn MHEEHRG &4 R R IRIBE B 425MPa, 125 %] 770MPa; Wi g% B
1110MPa &% 1620MPa, Jf B BA &k 4% AR A 30% M3 PEAR T, 4k RS i1 160HY 3255 250Hy; 25 i s
% B 780MPa $ i 1] 940MPa. Zn JCER IR, W& 4 MO 4 MR 254 M e BA B R 52 .

D03-P33
VAR Lo o/ R i YK 2 R IR B AR R~ 24
P, EE

VB 22 S R 2 4 TR A o R o B S

ERPIEEATR R W RIS A, B L AW R AE AR S R BR ] 1 AR SR TAER A -
RS R, I BT Y) R AN R, AR AR R R R 2 3 T DA BT U K R R, K
B AR ARV SR R AEAISRAORT T AR, 3 3o o) 25 S5 8 ) P - o 22 2 BB AT LA R 4 ) A o o B D70 RO A
AN F& o XA G AOHIHE S AN AR BB R IR oG, REL T W AR RN fE DME IR T b, e M
T 5 EERBE FOL R R, R E P dIp e, SO ELl, s e SRs AR R KRR, S n —RIEE . EXmAmt
FOITEN, SRR R AR B 2 B85 T2 5 A SO T AR, U e DS AR AR 70 B R X SR G P RE AR AL B i
PRUNTEZ JR I R AR B oK, AR B el BEfE AR SEROITESE N, s AN BE BT RUSH OB 0 P4 8 (1 DTk . AR PR
R & AR HOE D, BEEORFER) CuTa/Cu 2K, RGBT T CuTa/Cu £ R EAIAME RS RN,  thshilid s
Cu R EL, BT T Cu JZIEEAHFEARE S BRI (192 JZREI J o Ege . 2 A, B iAE CuTa &/ MHOREH,
WEIT T SRR, PR R AR MO8 . S5 RERW],  ARSE R I LG22 2 151 70 2k e 7 22 e 1 ) L AT 2 J3E PSR 3R 3t
FlPeE, s AR, EMEIMAR Cu JZEEAF, tamillsee NN thoh, A mas i g,
Cu JZ B FEAFINT, WA AB A FRTEASH Lo Kk, PEARSE IR B d /AR 2 2 b, s Res i 2= b, A
JE B R RN S I S5 44 = FE R U

D03-P34

BB T-Regh & CuZr AL ORI SRR E B AR BN S5 1R R BT AT
AR, TR, EHE

PN SRR

AR TR, RATE IS SR TG4 T CuzZrAl 65 & 45000, F R R S B T Re gt il 4 7 AR 2
B CuZrAl ARG SRR G EMEL, SEMBRAERSNBELE. T8 T Z AR S DUk BE A1 K
it . Hegh G G R FCC-ALL AI3Zr F1 CuAL2 MHZH M. CuZrAl Foki L A R ZRAT HTEZE Al ik, BT
Al FIl Cu JEFFEREAAFNIG 58 AR R B 1, bedt G B G MBI EA RIGFIO AT G . SRS B FRai ] &l Al
AL, EEMRIEARRN SRS, J RIS TE B R BN MR ARG . SRR RIS
45 A A SRt . o, 20 vol.%1 CuZrAl 3586 5 51 A MRIE BT — 52 Y0 R0 T 1 [ Bl 3 2 300 H g o 1) S PR s
(290 HV). =1 AR EE (408 Mpa) R 450 (459 MPa) o MhAl, B A&FHRENG KRR BA S (TR o A 58 1)
BLIX .

D03-P35
Fe B3R & & &8 GTRBOBH H] & AR RERT 7T
AR, 5K

ALER R K

B AR BOR N T8 R LR R R e, R 2 M A R R, Wt 98 . WRCRE 9 1Y
WA L. Fe ZEARRBRAIBILE .. §eRETFHEEA PR T HI L BA 57 e e i se, =S R,
F A REAL SR, ARMIHR ], Fe SEARMAGEMTS, B, M%), DILRAIRR IR hYEsE. thoh, ARik
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KEA KRBT IR TR, XA FIF IR, 1 H AT DK GHz #5% BH A . X R IERAs S8R
I B BURAR 25 A B R AF IR PUIC AL P JR IR . Rk, Fe SRR E A MRHT BN — IR BT SR BRI o ARSCR
FHERBE VL 4% 7 kA 88/FePCBCu JES & & &M KL, it XRD, SEM, TEM Z5RAE T AES LSRR K VSM,
R HTOCIRR TR SRR RE A S RSG5 SO BRRE T 20 3015 SR i 7E AN [ 5 I e P o o o
ARG MORIES. Gk, SRR . R R A RO R M B IR PR SR B, A BRI 8%, BREE
IR A 8h i, BTl 4% ) FePCBCW/ A1 5 B & MR BLH AR 55 (W M. DTG Sy 2.57mm I, A4 R B K S S RE -
72.98 dB, VLHEL/EEN 2.25mm i, B4R RS HFE N-68.87dB, 2B B (RL<-10 dB) A% 6.64 GHz.

D03-P36
BotREBEUHZEERSERE
R, R, 9kiE
LRI S IR K

B A e B AT T HEP KRR T P H AR P MRS, B IR I 722k RE . W ERAL 22 VE RE L 5 S 6 AN R (R 2
FATUSANVE ] o R U 5] 5 A2 1) 26 A i B S B 2 BRI BOE I v BEHOG ARFR T BEAT P 4y, A1 A 2
AR G S EAT 2%, FTRAIRA R S s, Rl . RO R I E A BT By, X & R IEEAT PUE AL |
PROUEE A2, AR FISEAARN S bl VAR S @R R W T & AEREREE . RICRE . BOLLHES Ho R i
AR R R . S &R AR RAE S MRl iSO BB SRS R R 2 TR S R 2 o A el AR T R e
Juis, SRR Z TR P S EE R . WOBKE AN R L Ko S AR L S AN PR U R T
JE BT R R R AT B . I R R ik S RO, S AR DX A R T s SRR LR, & R T R
DX F v BN LR ER, 2 A Sk AR IL R AT RIS T R T AR 5 )2 S GG . SRATA ROTIEBHLL 1O B R h & &R )2
—REVRBERLIRFE R A, FERT AR ER IS 4 B AR R E AR DO — G X AT TS, 228, RATBOCRIELECAR, ATLL
KERXAFE R AR WG GO, MR, PR 2 ol fE AR & S . BotRImE L
BRI RARR Aoy FIRKBIE LRI L, BA R R AR

D03-P37
AL A S EMNAR S ILEI R
FdE, Kk

AL S R K

TR R AACH, RN S TSRS 2 GUAT /) N AT R, KRB ILEIRAZE] 1)z Rk, Mk
FeA TR R R A RO S K 2 LR B T B R R i A S R TR AL T, R T R PR
TR BRI Z LA . B, CldEESUrEnE T 2MkZe)E, me, ), 0, 5. Hlxss
ERIKE G, HTACM 2] VAR B, R AUR 2 LR R, e, 23] 7 Eokikz
MG, LT, 8 L& S IERI &KL LR M AE . X2 F VB AV B ESEIE IR, X 2 3 20 5
R R HAE VAL IO R AS Bt S4B gt A TTOME LA oK 2 SR IR P 9 T S S R 8 e 28 AN R 1 5t S
Him R S SR s gk 2 LB, T30 R AP R B O JB B R B S FEf &, R R
W, BARTRENSSNE, JFEAGERT . SR, SEEN RS SMaTRA. 8T BERMER, EREFs
BRI BT LR, WATERE Mg-Ni-La JE5&SOVATIRK, (NH4)2S04 W HUANIE i, FIR & el e b i
AR B S, IFAERE S IR R R 3 9K 2 AL R . AR 2 LR AR S R R LR T B SR 3 S) Rl e 42 = ¢
P, HEA R A S tEse.

D03-P38

BRIk A &R EL A Ti-Zr-Cu-Co-Al & IE /90K BEFRHITE R 5 68
BER, @A, X

R R A
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KBS Z BT RS MRS, AR E R 2 R AR R, (EIUVA SRR S G B2 IS TR Cu F Ni,
IR 55 Ti RSN S B EY, SBHESHAERRNEME. Bk, Bt FEk & 4 mm ) id e i Hr A okt
EPRIA B0 33k 70 MR e Xt TR Mk & S ET IR PRI e A vl St O R . AR TTAE R4 TMK Cu & &1 Ti-Zr-
Cu-Co-Al Ef/ANK A4, W T HIE LA AIERE . HTZRESEAREAERERAES, KB ARTEFBART R
Fobl 8 N R R 4Spm WP, AENERRERT DU (B VS T SRR R4 b BARMZRE S Cu =A%, (HIHMH
LARERAL, v 1150K~1175K, MHTAFE Ti-6A1-4V &40 ] DU SRR TH B R RENER. KM Ti-Zr-
Cu-Co-Al HE /PR S EPRHE 1223K/900s 75 5564 N R4S N Ti-6A1-4V A4 33LJER T 2R, H o-Tiv B-Ti Az
B CoTi2 M. K% REKIE: S/aK AT R B WD T Ti-6A1-4V A&k it & B & & &, ik
PR L) 5 B AN TR 40 )3k 546+30MPa Hl 3.60£0.45)/cm2, B S i TSR F B FUERIE AT BHIT S5 A0 AT AR Sk ) 24k
feo A TAEEX R R i e B BT N BT T 7L

D03-P39
E R E R FeSiBNbCu 40K & & &K T Z Mgt gE 5L
Bk, E%E, WEm
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Chiral Metallic glass nanolattice structure with Negative Poisson’s Ratio and Improved Mechanical Properties
Z. Chen

School of Physical Science and Technology, China University of Mining and Technology

Metallic glasses (MGs) possess many great physical and mechanical properties such as high strength and hardness, but
catastrophic brittleness exhibited in most metallic glasses is one of the obstacles restricting their application.[1] Motivated by
improving elastic deformation capability of MGs, a porous nanolattice structure has been designed with negative Poisson’s ratio.
This research suggested that MGs with specific chiral nanolattice structure can exhibit superior mechanical properties such as large
ductility and elasticity. Moreover, mechanical properties are drastically affected by the structure and size of this porous nanolattice,
such as length and thickness of ligaments. MD simulation of Large-scale Atomic/Molecular Massively Parallel Simulation
(LAMMPS) was used in this study. Cu50Zr50 MGs simulated was generated by conventional quenching method.[2] Several chiral
nanolattice structure with different nanolattice parameters are constructed to study the changing of mechanical properties. The three-
dimensional dimensions of the structures are 1071(Lx) x 1200(Ly) x 23(Lz) A3, containing about 0.9 ~ 1.5 million atoms. Tensile
loading was loaded along the y-axis at a strain rate of 10-8 at 5S0K.Improved ductility and higher strength are observed for the
structures with thinner and longer ligaments or thinner ring nodes. It is shown that the deformation progress consists of two
obviously different stages: elastic deformation stage and failure stage. Moreover, it is also revealed that the deformation mechanism
is dominated by the rotation of nodes and extension of ligaments during elastic deformation while the main factor causing failure is
due to large-scale deformation in joint between nodes and ligaments. Meanwhile, the rotation of nodes leads to the emergence of
negative Poisson’s ratio, accompanied with improved mechanical properties. This study introduces a potential solution to break the
limitation of brittleness for MGs, and provides useful guidance to the design of MG structure with large elastic deformation

capability.
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Coupling of phase transformation and deformation in a TRIP-reinforced BMG composite
N

AERRHEOR

The coupling of metastable austenite crystal phase and amorphous matrix phase in a TRIP-reinforced amorphous composite is
investigated via Digtal Image Corrolation (DIC). The majoy study are evolution and distrbution of local strain between crystal phase
and amorphous phase, the metastable austenite crystal phase carrys more local shear strain than that of amophous phase during the
deformation of martensitic transformation, which relaxed the concentration in phase boundry and delayed the rapid extension of
shear band. In the subsequent deformation progression, the mismatch in mechanical properties between martensitic phase after

transformation and amorphous matrix brings out generation and evolution of shear band gradually.
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Formation, structure and properties of biocompatible TiZrHfNbTa high-entropy alloys
Wi

JERRHEOR

In this poster, we carefully investigated mechanical, surface and magnetic biocompatibility of TiZrHfNbTa high-entropy alloys
(HEAs) in which all five constituents are non-toxic and allergy-free. Several novel HEAs with a low Young’s modulus (57 GPa,

almost half that of conventional biomedical titanium alloys), a good balance of high strength and ductility, and ultra-low magnetic
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susceptibility (1.71x10-6 cm3.g-1, similar to that of pure Zr) were successfully developed. Our analysis reveals that phase formation
and Young’s modulus are closely related to the valence electron concentration in the current HEA system. The low Young’s modulus
can be obtained by controlling the valence electron concentration around 4.18 and simultaneously maintaining the body-centered
cubic (BCC) structure. The yield strength of the currently developed HEAs with single BCC or hexagonal-close-packed (HCP)
structure can be well evaluated by treating these HEAs as pseudo-binary solid solutions, and the large modulus misfit was found to

be mainly responsible for the high yield strength.
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Rare-earth high-entropy alloys with giant magnetocaloric effect
FIEH

AERTRHEOR

In this poster, we report the development of rare-earth high-entropy alloys (RE-HEA) with multiple principle elements
randomly distributed on a single hexagonal close-packed (HCP) lattice. Our work demonstrated that it is the entropy, rather than
other atomic factors such as enthalpy, atomic size and electronegativity, that dictates phase formation in the current rare-earth alloy
system. The high configuration entropy stabilized the crystalline structure from phase transformation during cooling, whereas a
second-order magnetic phase transition occurred at its Neel temperature. The quinary RE-HEA exhibited a small magnetic hysteresis
and the largest refrigerant capacity (about 627 J kg—1 at the 5T magnetic field) reported to date, along with respectable mechanical
properties. Our analysis indicates that the strong chemical disorder resulted from the high configuration entropy makes magnetic
ordering in the HEA difficult, thus giving rise to a sluggish magnetic phase transition and enhanced magnetocaloric effect. Our
findings evidenced that RE-HEAs have great potential to be used as magnetic refrigerants and the alloy-design concept of HEAs can

be employed to develop novel high-performance magnetocaloric materials.
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B)6 AHMIHT o BRI E — AT ARIR L Tx1. 58— BGRIGIE(E IR Tpl. 55 SR (IR B Tp2 Fid v AR X 58 fE
ATx B ST MR, REERE 7~10 Ko B RFER I ATx 735008 71 K 64 K. B Kissinger /7 243 B R K5 —
FEE RGN B R MBS B8 Eal A1 Ea2 43704 455.4 kJ/mol 1 494.5 kI/mol, %77 () Eal A1 Ea2 4354 485.6 kJ/mol
F1 487 .4 kI/mol.
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HEWE, Sy BIZE 1000W. 1200W A1 1400W L3R F 45 H CrMnFeCoNi ki & e . 38t XRD #75F SARJE R g 24
LT F B CrMnFeCoNi =i & &S5 . PO 2G50 L Dy S e BE AT TH AL . PR REW: L AF T ZSH05M4
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m A AT A (M=Ru. Mo Zr. La. YD , FFTUMME T3 & W & G 3R 2 BURE 77 (5200 LKA 272 8 Tkt B Al A
SANERERIANT . S5 RRW], M Mo Ru Ml Zr JUE AT R B 0 A0 AT S MERE A P B s, 10 Las Y fEPEREFFAIR. JE
T TR I e R LA AR AR O AT SRR R B A IR R B BT . FeNiBRu JFf & &, AL R G 9 r AL BR AR, Rk
65mV. [FIIF, A2 AL B AT i) AR AR A R R AR, BAT RAFROREUEVE o SR BRERIE AR it 15 A B2 1) 4% LA /K )
S R RE FH AR BT 42 F A o
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DM F& & A — B AR DU — C RS A e RS, IR i AL E D Boo T i M g
H T i SV G R A IR RO AR AL R DA R RS R AN SN A T A G A S R AL, BT A& R
SREE TRk T IR S A 2 AR A PR, X A LA R B AR T R O T R AR K . AR SRR
FE 2 B A B 45 T Ti0.25CrFeCoNiCu. Ti0.5CrFeCoNiCu. Ti0.75CrFeCoNiCu. Til.0CrFeCoNiCu PUFi A R I &
&, R R, AR FHEREE A, —AAEREE AT SRS RAERE O T 1 VYRR b R . R Ak
SCIGHE AT T DUR A R A 4 1E 0.5mol/L H2SO4 ¥ A I bk B, 2 70 R M. BRI RO T 3o f) DU P A 28 o A0 5 4 8 1
BACTREREER), 4 x=0.25,0.5IF, BHHA G MR ARSI RS mUh, BAESMEEZERNBR, % x=0.75,1.0 B A5 41
TRk, (Hia T2, Hb x=0.5 I, REREEH—414 93HRB, AFEN KN SSHRB. BH#E Ti FaLMEIMN, PRk
R A R #R R & . Ti0.25CrFeCoNiCu. Ti0.5CrFeCoNiCu. Ti0.75CrFeCoNiCu. Til.0CrFeCoNiCu PUF {4k & &
4 4 AE 0.5mol/L H2SO4 ¥ (TR A 72 8 W A4 Ti Jn R W DR E & & i B bk ge, i LSS Ti oR & &
PR, B A T B IR, B A TR R RSB S . K T S SR R R LR L PRI, AR BR B (1 — 4L e L A
BN T BRBE A IR . 2 x=0.25 PR i MEIE A, x=0.5 I 2254 AW G, A R BREE (8 e A 2H-0.241V, BR
JEE L (1 J e LA M -0.383V T A M TR RS B T U & S R o R bl AR A, PR AR K SE A AL ml, TR
FRAME I 2 [R5 A 0RL, AR SRR S, | T 98T AR T N F SR b 0 3 B0 R — B e, e 7 3 Y A e ) R AR T I S e
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HE B 751 M 2.5%1017 ions/cm?2 F] 1.0x1018 ions/cm2 (DPA i KAH 4514 21.5 dpa F1 86 dpa) , A4Kl &AM B2-CuZr A1 F
B19’-CuZr Ml B33-CuZr MHEIFEAS, [N, “F353 moHRE i th it 5 4 IR A s p 3 g 3 0, HLAE s iR RFIE S APRER T &
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PEJRIERIBETE o DR ISR SEIG A SRR, BRI R AN, AORHE & DX A BRI s T S DX T S R
PR A B B R IR RN, HE TR IR R R R E LA R T B AR . DL B SRR Het B THIRS
Cud8Zr48Al4 BRARAE R & SRR H A1 i KA (10 8 B CH S80S0 8 25 DX 1 ) ER AR B AL RN, R T A€ 10 ) A1k RE . IX
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%, EFEFE. EHBM. EERMESUISREA T R AT R . b Ze Sl A &l T H B B BE T R 77 FIAR T
KRB Z 2] T T2 00 BAdE A SRS Te WA EW ARG P AT IR iy sEH, 455
BEE S AR A B, MMM RS2 KA. RILIER S &S sl 128 50, X FIRA
T RRAR A S 1 RERE MR AR L, R b A I R i A SR AR Ve R AT BT B AR S o AR SR R AR R 2
il % 1 (Zr46.3Cu43.4A18.3Nb2)95HSS dE &4, RARZHMENITOSO R 7RSSR BTN, FIH
Johnson-Mehl-Avrami (JMA) 7 #2047 17 HEFR SN 15 . 4REH, (Zr46.3Cud3.4A18.3Nb2)9SHTS EME &AL 733 K~
753 KRGS RGN RES,  Avrami F50 n BEE SRR B2 S g wiE o, HAEUE B 733K 1 2.39, HB9KF] 753K
B 2.73, R a0 R A B B (0 T A% R B T ) S 2 T R I TEAZ S RHLISCAC . B n (784K, TEAZ IR R
KR ARAE T . T Arrhenius A THEAF RSP LIS REN 545.8 kI/mol. @bAbIHUTE BE 5 45 LR R 2% )
PR
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Minor addition Nb induced microstructure evolution and multiplication of shear bands in Cu-Zr-Ti based bulk metallic glasses
iRt M7, KRKZ%E

(S HMINE S

Starting from the brittle Cu55.5Zr37Ti7.5 bulk metallic glass (BMQG), the effect of Nb addition on the mechanical properties is
systematically investigated. Monolithic BMG was successfully fabricated in the present of (Cu55.5Zr37Ti7.5)100—xNbx (x = 0, 4
and 10 at. %) alloy with a diameter of 3 mm. The Nb additions significantly increase the plasticity of the respective alloys. The
(Cu55.5Zr37Ti7.5)90Nb10 alloy is found to have the largest plastic strain in compression of around 6 % while the Nb-free
Cu55.5Zr37Ti7.5 BMG exhibits values of 0%. The plasticity enhancement is attributed to the minor addition Nb induced

microstructure evolution, resulting in the multiplication of shear bands during deformation.
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ARICIERCHE. Nby Ta. Tiv Zr. W R Mo LRUCE NERL, 2R RERECIIBCEL, R AE BRI A MR 75725
51 % HENbTaTiZrW I HINbTaTiZrWMo BRI A= & 4. KA XRD. SEM F EDS &5 5 V254 H 05 & & RO MOM 4L SR 1iE
BEAT RAE, [ WX & 4 i B R DA R = R AN e i HE RS R AR TR RE AT R AT . BE AU AS R R W HINDTaTiZeW #
HfNbTaTiZrtWMo & & ¥ AWML BCC M, HUWEI A KR . HINDTaTiZrW & 4 1) W il 4 I BE 4B
525HV, HINbTaTiZrWMo A 564HV . HINbTaTiZrW & 4 [ % IR & 46 J8 RSB N 1550MPa, Wi R NN 26%-.
HINbTaTiZrWMo &4 IJERIEE N 1636MPa, (HIMIERBIACH 15%. WG SBRIHEREEAIR . Eili 545
LKW, HINLTaTiZrWMo & &M miRtEfe S . ZE&4TE 1100°C N R4 RS A[iA %] 670Mpa, T HfNbTaTiZrW
G &AUH 356MPa. {H B R4 R )- AR fI 2R AT R H, PR GS 6E IR S RS R R .

D03-PO-12
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H£T Ni2MnGa & 80 B SUsrt, 3 1575 55 DU T 3R AR Skl ol & e A G TR RN S im A AR IR E o SRIBUG AR Sl 12
A% Fe 5751 Ni-Mn-Ga £14E, F4EEARAE 30~50mm, K 5~10cm, REDGH, BA W RAIZEMENE. FIEEY, Fe
R YERHANM G A BERIEW, BE%E Fe FIIMAGRRST AR/, Fe &3] 7L ERRIIER], KA & &
RIMETE. Fe HIBASCBL T MBS S A B FEAE, 43950 o 1 S B M 55 PR S 5 s B PR AR R 5 ER AR ) 8 ol 2
G HILAAENR ST AN TM R S5 . EF4E S IR R DL - OiE, B Fe S EMIEMNE &R, AT Hume-
rothery B 734 1 FRARAR ARG B T vt U T IR LT e A1 AR A 4 P 3 L TR/ PR AR 25 2R
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TRIZ IR ALGHEAT T 70, IR T 42 ) S0 iR A BE R P B o 5 SRR, SR 78 K 77 12 7T LA 6 vy
FEREENEGRZE, WENPKRBRCR IR SR OE. R2 5EREONGEIER, A RIFIE G ENE. &
JAE RDTR TR A AR RE 2 IR RO N AEIBC AR, Uk N AR ik 5 A K ) A [0 2001 PR R 6 B T B 1 e ) 2 LA
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K — 1 JR PR V2 SRR BT 7T AIxCoCrFeNiMn(x=0-2) i i & 4 AL B fs - G MR R AN 1724 Mk B o LA A T
Muffin-Tin RIS 25 & H T AU LU 4 BT 25 B 28 — M IR LR R (EMTO-CPA) iHH & mig S5, stk s, £l
PR 2 AR R S8 SR B A A B — R SR R A A VASP B RIS SRR LA, SR AU, AR (A 2
PEFIHERATE . 45 RRW], Al TGRS BIIGIN— € E LM R as M HAR e tE . A mTh g R A FUE, R
AlxCoCrFeNiMn(x=0-2) =i & & 7E 1= %M TR FREAAAEM . LAERT PN AlXCoCrFeNiMn(x=0-2) & i & & 32—
AT AT PEARE o
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GRi. X5, A
I e N

2 Si JLEMA FCC 4544 CoCrCu0.5FeNi =& &)5, &BELEMIM S T M. 4 CoCrCu0.5FeNiSix =il &4 1)
SiFEARNTHT 425a%0, A&FHEHIMEYME. SEOTHLSREY, 1 Q£3.09, 5> 1.57, AS >14J/K-mol, AHmix £ -
8.003kJ/mol, VEC £ 8.36, Fll A £5.7 B, CoCrCu0.5FeNiSix i/ &4+ 2 AL APHH. CoCrCu0.5FeNiSix il & 4x 85
B Si S 2L BT, XU Si BAT IR AR . CoCrCu0.5FeNiSi0.2 & & H A AL /4 MERE: MRPRER
£ 1200MP JERGEEE 900MPa, RIRSAE is 34%. ZrHTRMI, 2 SiIMAE/NT 4.25at%0), &4t FCC AL, H
SEALHLE E N AR, 124 Si AR KT ST 4.25%0, A4 HILEYH, B FCCHEAIARA RN & 4Rk
MU A [ B A RIRT 5k . AR T4 S P AHTE A S 18R 30 0 A, BT LABR AL R A B

D03-PO-16
AR B S E Cu2CrFeNiAl KR
PR, KR, TEE R

R LB

FIF s &R R, KA E A EIUEETH% 7 EHAN 6mm FIFEHR &4 Cu2CrFeNiAl, #5880 4 4 b S8 f B
sir T 0 (D2 T IR SR B 4 ™ LA TR AR S . WA ST T 6% A MR I J5 B AL LA 200°C-950°C
VIR AR, TIKE R RS A 2 (K R L AR N HOIR ok, K IR U A e S E — R HATIR A2, R R
ANPOIR A ADIRH A e A R . BEER KR &, JORSER M. B KEE SRR RREENRT . B2
JE i) Cu2CrFeNiAl 44 700°CiR K MR i, R EERGRKRIERE (HD) 23708 428.3HV Al 5.05GPa. JRIAHSH
& B SRR RE AN GKAE E 42 518 307.6HV A 2.08GPa. T H, BB &&RIFMEE (B) &, WA 126.1GPa. Fibl, LA
H/E 5 &4 R B M fe . 418 KR SIA 950°CHT, A A RHEE 2RI, AP fa e U 24 1) 45 ol K AL B AT L
A R I B 4 A LRSS R T BR AN S BT 4 2
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ARG T PRIEAEN AT, Al JTGEN CoCrFeNi &4k 2 MM A 5 Re M . BRI 7 ikhl & T
AlxCoCrFeNi Hi&4iR)2, Hi x 4514 0.3,05,0.6,1.0,2.0. iflid XRD, SEM, WMEEESIRTE, AXRSEHAT
R A SRR A SR . SIS R, x=03 M 0.5 I, LN — WO 5K, SR,
x=0.6 B, HGUNHOILTT SO SL T FIRARGE R, SRR . x=1.0 F1 2.0 i, [HOSLH7H%, AP ARGAL
T SE RO RR G5, SRR W R R . ATCIESE, fEPUEWR AR T, Al JTRAEW L AlxCoCrFeNi /&
WA SRZENRORGE, MR T & 8.
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ARSI FL S BRI T I 4 T AR BE R 1) CoCrFeNiAl =il &r4:, A Gleeble-3500 #ABEAEHLEAT T #4
JEARSes:, FERR SRR FN, BTSSR a7 S e RN 0.7 AN TE, JFda
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1000°C) , TEMN LA B TR AERRCR () [HER, HKEN 48%, SR EMALNB SN ELS AN 5481
AFENI TR FER I RIEI TIXIE (T<<1000°C) , 78 I 2 i WLgE 8 B it =4 .
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