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BHWES . AXEEENERRE SRR NESHLRGEN, X H R AR A8 A s DL R S0 %
SR, #E5E R AR TE R o5 A DA S R SUE AR A B RNy R B 424 beta #f S5 & I Y alpha AH
IS, RN A AR AR, SRR TCKR R % alpha FHAE B (5] 98 10 A8 T (R Ve FH B JHGas 5 8 A 4 vh o} 240
B AR RIS M R . A R 25 SR AR BT SR beta SKG 482 AR, 20 TT%RIZRSH A7 beta @ 5T, 29 23%
LS A TE beta di N o St T REG AR NAR S HOPAN T 280 A0 LR AR B, I df 7 i AR AL,
FLRAREAR T d N B AR RS RIS, RS & S AR BT 7 AR A /), DR S 2 AL AR B0
B EEAE. Ao, R TR AN T IR RSO AR ARARIER, RIESGTHEE R, KT S
HEEREL, 2 88% RS AE AR A B IR IR AL, S 20 IR (1) 3 F i 2B I LRI (5 24 12%. R4l
¥R BT RINE ST, RIA SR RN RS A mEEEH, fEma SfliiRa
P RMIBE S o KT XA, HL o P R 1 o) ] 5 LU e iU, B IR I £ 790,810T, I 2GR
540-630C. Bl &I AR FEFFAR, sREEN I, (RN EE . 790T [HF+540T B2, A E&RIPihimiE
A 1400MPa, H.WijE &N 6.5%, 810T [EAFL L 540T I 2L, HimFEA 1400MPa, {H 2 Wi 5 1E i
CLF% )9 2.9%. 3L SE TR FT 2 RN 2500 i R alpha AH %2 KT 100nm, &4 193 CGEAR R ) KT 6%.
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R 4T iz T8 B SE & SR AR STk, mtERE . ARG & L HHI S H AR BB R R T .
SR, BRA S SN AL B T2 BUR, BUTA R T 2560 T 15 Rk sk, 14y 7 A=K
KGR TSN BIRER G & 0 R B B I B, R R SRR G SRR A B AL .
X IX—JCHR r) L, AN 4 e 5 N AME 22 RS o AERT 5 2B P 5 PR BK 6 6 R 2 A 48 S
Wit 7R R o+p BU4K &4 Ti-5Al-7.5V-0.5M0-0.5Zr-0.5Si (TC5751S). SZie 4k BB, 185 [ 15 iR 5
JEHIN, TC5751S & &A% ARFr i 7 HAR e i am B VO AC (PihrasfE: 1335430 MPa, JHfiRo8E: 1245430
MPa, WiZdfii2: 9.640.5%). BHFEIFIREF &, KAE as AT H08 I A S SURAE St om s ok ol
AL MDA IR S BRI REAL SR AL PR AR TR, AT TC5751S & 45 B 7R R [E PR T ¥4 T 3h 5 Py
WA IR, BRI R > T RGUFLIRTEAZAL &, AN T FRCKYIE ap IO RIGERIRAE as YITERT
HF BB, il TC5751S & & BYEAEA FIFEE IR T I T 2h7& FHRRAS . i M ERCK ap
FHAK as AH SREACAD B =T~ FETAL, A7 RORBE T AR SRR G e CK ap AH S5 40K as AHIY ZJ0RS2 R &,
SR G 42 25 1 BE T FA A 3 T 2 R R S 35 BRI o AR 5 972 HH P R 2L 3 0 0 R 42 S s Ay SIS IR v 1k BB K
G E MRS E SR TR .
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e AR FE S CatB) BR G 418 R IUAA RIS S B2 (ew), HEZFFAHE: D HHE/NJ7 (HCP)

o A <c+a>r A5 TR = (IR S DI 7 (CRSS) e LLIS . FEUIN THILRE I AR 2) IR o BT A/
FARTA LA AT (PBS) IR N AR RN A5, FRAREENE . TR, RS (90 N
O) MIFFMR S 22 I FIRERA S -2 M B B O R, IX B U5 2 (] B - 28 BAE A — 7
[ 34 in<c+a>f7 45 1) CRSS #fil| Hos, 59— 7 W35 58k o A% AL o/ FHA IRV . £ ik
HMERE,  AHIE T DA e e 98 B R R A BE 0 I RUS oIS Y, EXUR Ti-2.8Cr-4.5Zr-5.2A1-0.4N (wt.%) &4
HER H — S B B BT SR R ST e G- A BAE P A g e 0 IR ), 1A R AR s A
(LAGBs) A KA o #H Cap) AR NSRS B URAL o -9 K28 5 5 IR Btrans ZHEUR K. IX
TR AR5 & SR E IR (R EE~1532 MPa, FihismE~1869 MPa), s it 5@ s it v
TR I 5 B 53 E L], (R K E<cra>fidi N E & LAGBs KIS SLiiiG, 454 % % LAGBs
FITAIBRZ o'-NTNMs H (1) 3% SR S48, AT SEI R E 3 A B3 S 1B (eu ~10.2%)0 A TAE
R BRRAER & ST RE T — 250 %l XUy e 8] B i - 5 A ELAE A SR O S5 4, SRAS I 1= 5k
FE S5 KB ARIB M e T M RE A
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AR, FEREAE T 90K as AIHELH aWGB BHASFAIE5E5 . FRARALAS 75 B i FE e ) A sk 3L
B, M AIES Z R o MEIMNA HDI 5840 50 R M2 op TR E MALE R (Fphl 2 <cta>
KAHD as PIERAETLZE G ZE LI al (AT 2 WA TENLHIG G AR TAEN#E— SR AR B k&4
OB T2, SLPL R S R IC R B A — 2 S E N E.

C05-07
HRER A B RA R KRN AT A RIS B4 RLH
sRf, ROCER Y, EARAET, MR IR0, RGPS, R
L. PHAB MY R Uk ] 45 A ] 5 e S
2. PEAL AL KA E R AL
3. HEIR=HUHM AR T A IR AR
4. PHAL TP R 57 5 S TR T2 e

PA—FBi B B i ot SRES AT AN R, B P R4S, RAA T %6 SNBSS R
PR AT A ABh A FAS BHLUE] . @5T T Ti-5Al-7.5V-0.5M0-0.5Zr-0.5Si &4 i A Arrhenius < #4)
PR, I DRX AR E B HANLH . S5 A MM SR, KIS DRX 2 [F {7
E—EMEFRR, FEEDNTH 2OAER R, FEEREN TG, B RSER, AR Hokis
KIGI/N o B SASE RN, ARSI SR N E 3R, ARFR BN/« DRX 434 4E 890C/0.001
s-1 B RESEN. seAk, RI o B EMRERIER S @ E LSS FAE S (CDRX) HUHISEELN . 78 I
b, KSR (DMM) 5 DRX RN A S HAE S &, W8 THRM Z 4R T K. e

BRI T 240 870 - 884°C/0.004 - 0.015 57, FEIZIGH W IN L kA B E MR ER R . &
H I DRX ARF BRI REAC I ISR AL RR, A R SE I T 1% & AR & S0 8 5 M0 P B Fi4h
RN E LGSR T T2, fRREH TS AL T S IR ik -
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XK A G il AR T BI4E s, LA Ti-15Mo &80 8 61, B T & AR nEad 2 4 A 23Uk e i Ar
i, fRHsh&ME T Ti-16Mo A 4774 KEZEA, Ti-16Mo & 4 K48 SBT3 12 s L ) 3 B A2 W0 & e 4
Fgh . SRR T Ti-15Mo & & 4By DIy =28 Tof fLER T N B, SfLE B L4 m 2R, 7
517 s P Pt A e o o L ) R S G DT FRAIC . b4, XTEE T Ti-15Mo &4 M1 TA15, Ti-6432. TC21 &5
RG-SR, vhidi. SIAMEREMPUILTEGE, ot TGP, vhidi. B SRR R 48 sL bRl 52
JIRENFE, LSRN SRR I PR Re% A B R R, B PE PR T 1 5t
B B 7 AT AL
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SRR 5 5k Re . B, AR, BATHIIE R T ATSEAR 7 B A4 B BB I R R A ¥
i, M EAA 2 RS R RS KM L. B, 856 2P EMELEER, BATERCKRZ
ESCBLT —Ah A RO S5 . X RET R IO ROR REER BRI L S R L e R A e R . X2 T
] 23 PAAE B S MM I I 710, R EER ) Al S < BT TR TR BR AR, BT AT AT S, @
T AR LRI D REM BB A S Bt
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1. PHEMA BT LB A w
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SRS a2
peaner 1 i gt
1 LAk

fegiik & &I N, NEAR S 3 BOFE SETENT AR, 45135 052 ERe . AR FUE Ik R IR HOE
JEE (LPBF) #i4 1 Ti-0.4Ni (wt.%) i tbika <, MRNZEOR A R @A 2dmi Ni 5L 35175
Ni S AT A 9K 2 IR %5 G T 98 5 Hyik~1120 MPa,  JF4ERF~8.8 %I B EH R . AHT
FOILHEI R E I T T Ti2Ni A EAT AT RS T 2A PERE I . 45 5RR I, Ti2Ni ARt 78
BRI TEAZ . BEAt, AR CA T4 Ti2Ni AL I SRAF IR A0 oK 4% Ti2Ni ks, a2
& AT R RCR IR IRt ) A R RE . A Ul 4% LPBF T B LM A T 25k 15 1 HA LR T4 1k
REMY Ti-0.4Ni &4, 7 7 HcE Ni B A s Bka G H2WERE RS2 ML, S IT R m v RE I A )3
ERE ettt 7R
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EREE ) Fe JURAEMPRRMARIRE . IEmAINTHERE, R BRI AR . (HAE, 1EH AR
EF, Fe Jum MR G b HE M S BN TR AR P I B8, BEFNT5 i ) PERE . PRIBUAEH BE 8 A 2L
TR AT I R A L A, R R B R SR MR EEF Bz — ASCRAHEF R BRHE AT T
Ti-5Al-5Mo-5V-1Cr-1Fe(TC18)ll Ti-23Fe-3AI-3Mo-3V & & MR A S5 Pd e [ i 72, 45 & b =0 &7
IR TS G &% E S IE LEEE R A . 755 B 245 F, PiFh & SRR 20 20 5 2 i 25 5
B-Ti ffkifd i, Horf Ti-23Fe-3A1-3Mo-3V & 4 W& TiFe M7 A BEE 14 B FI4E T, Pikh & &R W14 B-Ti
A A K FE 38 DU R B I K, FE L, FE S U A% S PR B ] S5 A NIRRT e B BRI B . TS
TC18 &4 Mt EE A3 363 K (0.19 TL)H, 14 B-Ti M4 dh A Kl FE 4 K F) 40.0 m/s. 7F 388 K (0.24 TL)
WARET, WA Ti-23Fe-3A1-3Mo-3V &4 B-Ti E s B KE AN 6.6 mis, XKW Fe LRGN G &
BT B-Ti BB S AE KIS, X 56 S ARSI AR T BN BOR BN ¢ . Pus e a5 103 5 A
RSN T AR mAT, o A ZUs L SRR T A S S A, TS T A
TWOWL 72 PR e . PR EE [ 1) Ti-23Fe-3AI-3Mo-3V £ 4 F il B-Ti ZER 5 iR B AR 9K TiFe Hr Hi A
B G A GREE B EA 7.2 GPa. At AU G P EEE TC18 & &I SR & S HAI/ME o-Ti
JE R, LR A L AR R T 32%
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ERE SAE NS R U I SR S A AT RE, LSBT (W W Rl — B AR T I . IR AR SR ARG
AN OB R 2R 5 S (TWIP) N AAHASE S8 (TRIP) BN 5 AEER B K& &M it sRng
H, dE I N AR AR T AR AN S A E R, BERIHZR G &M TR S Y. SR, B
RS FEHL (1 BRI R 28 M AR T R R G P B A, IR B FE R0 (R R 2 FE 124 T I & & 1 se A
o ARTAELLTE B &k R~ ~100um [ Ti-12Mo Wifa B 4k & & MR A4S, REIRAT T ik k&4
Hh DLIR [V TR O J5L,  PASCE IR R B Z R G 8 ) B—o AR K IBYEAS TN I REmT . = A7 R
TIREF AR LW, Ti-12M0-0.040 544 30 RERMN MGG, o HEEERT T 30%, UESL T =R
Rod 2R A oo . EAERERNZ, N0 IR KE plo HAMTTEF IR, XEHZ o
SN BOBAHAR . (HJR4R s O S BB ML, BARI N =R 2034, Ti-12Mo-0.120
HEN o HBEHEEALE, BIRHMALEREY, Ti-12Mo-0.040 &&H e RAEN IR o D KA.
{332}<113>B. {112}<111>B [ {455}<522>B A& (Higm O SESMHINIHK oS KIEMHAES
{112}<111>B. {455}<522>B WIHAE G H4b, IR 208 & S AT £ 2GS Ti-12Mo-0.040
Ga&H, BT o MEEETE, HANJES o RIS TGS K Ti-12Mo-0.120 &4,
HAN o tHEEJFAZE, SHARRAT NS KEME 8 A FiER TR O - =ik 28053 o /H
AR AR TEML = [ N AESRER, Nt B nl A AR 2R 5 S IB I N ) P AR B ARG SR 4 7 3R
.
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BHEEEIBEIE o 4584 Ti-7.8A1-4M0-2Zr-0.3Si-0.2Fe B4k 2H 23 K Ak e b k) ) 2 i)
el L, Xk pR*2
1. RALRH
2. il @t T b

AT FCIRTT 7 A RSO IE B L2 M AL o KA 4 Ti-7.8A1-4Mo-22r-0.3Si-0.2Fe & il
U S AR IR PN R . B LS R, MR HIE RN 0.1°C/s I, AU B A0 IS
HAVRFE, WORSEH LR A o MR o ERATS. I o/o FETEAZWGE T 10.539[0001], o AHE
ARRIE R B A RE IR BN . SR EEZEN 1°C/s B, BRAAHSHER o RS HNZEI A o A
JERIILAPIRE, FHHER 24 T 609[11-20]. TR THEZM T, RARREIKS) RO AR PRIE SR 1 T
o WEALET R o R R e A K A S M TR B SR SN AR 0 o MR TE AR T B RIALE, it
TR o MR A 5% 8N A8 3 f AR 2 DU C (AR A% 6
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BETFAFT LD RESTT L RIEHZELE Ti-6Al-4V 5&FIRER SR B M
#AE*2, Tomonori Kitashima®, #B 4, e, EIEL°, B 2
1. OKJEHE TR TR Bt
2. Tt SEEEMEBUEEAR 53 & E LR O
3. HAENME T (NIMS)
4. KGR TR ELRE S TR
5. MKFALAL 57K

BRE e NP E B L BAT B 0 A B R AR A S AR, ™ IR T AN E R F R A
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R GUP N A AT AERAIR L T (77K X Ti-6Al-4V & &dtTRIZIBEIEARTY, &
UCRBL T AR & I — R A AR, BINI IR o875 B BRI o DY 5 5 IRK AL AZ . Jlid IR 5~ R
FEMSHIFAL S 55— MR HAER T o' —a" S RS R B TRV s S EA 15, HAAE—MA
ARG PR TR R TE, £ Ti-6Al-4V &R 7K RIERARI R o+a”
B RATOMAHL . ST S48 S0 R ITIZH B A RSB IE R G F LN A (~11%), Hid T 48K
ik a4, RN, ZHABA 506G AR RS JEREE . AL TEM SRy, e
iR B AT YA PR T R AL e R S RAL . RRK AR SR ORI L, TR o DU DT 5 IR
HEA oo B IRARH B R IR S RO RE ,  SE IR 2T I A RN SR AR I 7 A
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B TWIP S Ti-15Mo 4445 JA 5 55 e 51

R Y, /et

1. REH T R

i R 5T AR N KA SR IR K R e, BESR BB AR AR S Pl . SRR o AH L
ot RUFHER A 4 70 I A J2 1IAIG B 0% 57 2% A IRV AN i S 3 RS2 PR, Tr LA {3323 < 113> 4 475 R ¥R 1
(TWIP)ZLRLI B BLER A 4 S 3 H K (1) i A 23 R 8 35 R I TAEARAT R, o] DA B0 A 2298 57 #5493 IR R e 4R
MM, 955 8 {3323<113> 28 A 4T Ay B HNH I J&] 90 55 14 B8 AR 52 10l AN B o ASBF 90 0 {8323 < 113> 28 A= 7Y
Ti-15Mo & &7 1 AN A B AR N B JEE 55 T, H A T ARG R B AR AT T 3R 25 R A
BEE SN AR A 0.5% I3 1.5%, & 4 I8 55 75 fm i 69377 Jaljd b2 700 A, [R]NARNE R 55 A7 A £
N TCA 5411 5~8 f5 . MM ARIE N 0.5%0, &&RIMHBIEHFEITN; B NARNEA 0.75%~1.5%F ,
G RAEVIEIEA AL, b JE UG B 22 08, IR R AL R B I S AR (1) 34 I i 384K o CEDR A N #2644
T{332}<113>Z 4 . FEGHEMATY, MRS & SIEH AR IEFE . & Schmid #1232
AR AR PRAEAE A N B 2 AN W7 i A 2R A B AR AR T il v 5 B () IR AL R, A 2R P S i A7 K B A B AT AE T
TEIMNSHER o M, 2R4-BARAAT NAEIR T & S EIE PR IN B R A ok P28 R, 7= AR R4 1)
PEIAAEAL o [RIIY, 28 B R 7 A R A B bl PN 30 23 B e AR 2L, BTN g 8 Hh IR BELAS % 557 2 S () B
Ao RGURNAFIE R ERIALET . 280 LA BRI 15K o A8, B3R LR . R R iga
1 K2R A ELAS BT i S A i IR s, IR =) 0 A8 T i e SO R B A%, AE 2R 57 8T Jg

C05-17
Trifunctional nanoprecipitates ductilize and toughen a strong laminated metastable titanium alloy
G
1. PUZACE R

Metastability-engineering, e.g., transformation-induced plasticity (TRIP), can enhance the ductility of alloys,
however it often comes at the expense of relatively low vyield strength. Here, using ametastable
Ti-1Al-8.5Mo0-2.8Cr-2.7Zr (wt.%) alloy as a model material, we fabricate a heterogeneous laminated structure
decorated by multiple-morphological a-nanoprecipitates. The hard a nanoprecipitate in our alloy acts not only as a
strengthener to the material, but also as a local stress raiser to activate TRIP in the soft matrix for great uniform
elongation and as a promoter to trigger interfacial delamination toughening for superior fracture resistance. By
elaborately manipulating the activation sequence of lamellar-thickness-dependent deformation mechanisms in
Ti-1Al-8.5Mo0-2.8Cr-2.7Zr alloys, the yield strength of the present submicron-laminated alloy is twice that of
equiaxed-coarse grained alloys with the same composition, yet without sacrificing the large uniform elongation.
The desired mechanical properties enabled by this strategy combining the laminated metastable structure and
trifunctional nanoprecipitates provide new insights into designing ultra-strong and ductile materials with great
toughness.
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THUT R G A R ACRGEHR 1A SRR /) AR RE : IR AL SeIe R, TA7. CT20. TC4-DT
S el IR L AR, PR R 25 BT, RS SR R AR T 1 vl 2l ) 57 B A e A2 D IRl ) £
R 52 LV AR R b slIe i 7R W, AUERAEARIR P AR de it L AR, HAbR S &
B IE E FRAR I Py e 2 T S s ARIR T b i B BRAR A AR A S AR IR T 27 o BRI, P BB
DRSTIR N . SRS SRR A AV ERE IR U REAT e 8. AR PERERT FU i B B R 40 & i, HFHIRR
BEM NGRS SRR /) AR S A A R AR -
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1. bifgssi ket

R E A RS E SRR DIPEE B S E iR —. AT, ZEREVIM RIS
JEER R A, QB SN T — b Sk e 2 -7 S Ry AR AL St LA B 40 9K (TiB+TIC) RR
LR BB AR A S T, B AR SRR AL A R 25 5T, PO ST B =By
AN SR AR S = RS R AR ) S R FI(TIB+TIC)/ TCA Akl BFRUARIL, =BG MR L5 N2
FEARR S, E AR A ST GNDs B AR, AR A NASKR B RN, 4 i LAEAL g
HAHE ARG EX B A UMM BERCRE, FFREE Z R NAR, ISR PRI 4ER AR
ERENE. 74h, GE XK F R SRS AL/ BAE T <a>iF 185 HDI N 7735 5 RS ME LT <c+a>ii 72 1) 1)
FIVERT, DLRSEA X Hp BRI oK S A S T A S <ca> b, A RSEIL T AR T Uil o 7= AR AR A M i in L A4k,
RN o
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SR S IR TSR T B TiB/Ti-55531 2 &M BN A SEAL K 126 ae
kg, e BgeE
1. bigsiE K

FOY R AV BRI SRR S LR 3R, SRR B NI SR Bt T A SRR T R . ASCRART A
FEIRIZHI 4 T Ti-55531 2k & M FR RIS BN TiB/Ti-55531 B m ik 54k, WA T & RHEG
TR AR SR A B R g SRR s . S5 SRR, TESRRAE AR, s sk R ELE I TiB pRi T
MG ARE LB A FE &, RN EA NS SR, (R fhkidifh . AHECT Ti-55531 &4,
SR SRS 5 1 F P EREIR T, 2.5v0l. %TiB/Ti-55531 Hifu i & ik 5] 1505 MPa. & Zik 5] 5.2%.
X EEARE TS, SRR RS R DL IR A o AR . AHIT T TSR I SRR AR T 2 E4EREL T )
SEPERERISEAE b, AR T A RE LR, B REN LENHME.
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R B B A R AU R B ) MR BRI A S MM L2 —, HEEE IR T R R R R 8.2 . 104K
A<t 5N B SR T DL SR . WIEEA s M RE A B 5T, R AT I R rh B e 2R
FERATEER o ARG SRR B S SN o/ AH AR ALIE I SR AT 5 A2 SR 23 50l 51 NACK TiB b 25
TaN Y203 kL, £ HINERG eIk B S A AR IR G, ARSI R AR & e SR I RO A 2R 1%
JRAAN Py JE R I E5 K vt 2 B R AN SRS S SR IO BR & R, A HE IR AR OO RUBE 1 S AH 1) 25 RUEE
2 BB Y LR SN XU F 2 G R B AR 10 S TR A8 5 S 0 A AL R0, SEBILBRIE 52 R it o EE A
EBBINE ISR T, [ H v L o P AR AR R 4R T o AR el N R S A PR RE RIS AE
N REF TR SR A AT TR, JRENAREI A, ap SR TP EGE AL (cra) (LEE
LU AR IR DU S 25 A SRS K 57 5 A2 . (HDD B4k, SEFRfe it VARG & RIRE et AT 600°CN 1)
SREESRTE, HE TR as. WOKGL TiB SAZURIT/EA KL Y203 Foki i RIS /ERT,  BL& HDI [#584k
ROR . XEERIUGE R & e N PR RESR B T BTN Z%5 .
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ETREMETERFER e SHEEERN B e SN TRER
EUN R OT
L AER RS BT B

TEBAR TR THE R F B SR 5N, KA & MR PER & o I 20 45 M 350k SR8 ae i)
AR R, AHF T IE I WLAS 5 ST IR BN AR e S, 0T EAT T 40 PR & IR i SR HEAT — 2D RFAIE
ik, e TESEFREWE (Fml). a M FEIME (Fm29). % mEEdE (Fmd0) KIEike 7
7& (Fv43) Asgma s it i DU AN OB RHIE . JE TRHIEIL S A, AT T & &R sttt AT
BIEJE, RTINS R2 ik 0.96, FRIEIE A5 R SVEEE T 7 A R X PUA & &8 1 2 18] (1 5L
ik, SEILT AENFRAE 2 B AR ARG BoR G, B SIRIGIE, RIL Ga. B Ml Si HIn RN INGE
REER S A, RRINHIA T AR 135 GPa LA EHIEKkS 4, S1E4E TCA Sh& 4 A EL itk A
PR T 25 %L o BB R FTR A, B AR A A 1 s AR R M 2 AR A S T ) A A
T AH 02+ TiB 1 Ti5Si3, XL TAHRIAFE IR A S R BRI R

C05-24
I Rk TR L SRS AR IR POR D Rk R LR
FEYLPE Y, TSR Y TREER T, IR, PAE Y
1 LA RS

BRI L AR DU T vy TPk G S5 AR i, B2 S S R i DA B A W ey 7 S5 40
SR, BEE LA AIRIR IR B, RSG5 E 4 O 0T AR S A o = M RE PR bR R . IRk, FFRAK
FAS S I VR 4 DA SR A B s S ) B A RLE R SR R 2 A I I B P A T R R
Mo ARVR TR S 4 m K A B A 2R R o3 e 3R 2Rt I, 3@t 7E Ti-2.8Cr-5.2A1-4.5Zr &4 5|\ 2 wt.%
) Cu JoE, FEHIA A A AR D AR AR B RSP RNE A TEES I RO A2 A B A4
FRAR I 73 AR = R PHLAS A AR R I R T & &, R AT HR oK 2 Ti2Cu Bk 3k 7o R BT FLg K A
8%, mAMFES SSRGS 1397 MPa, 512 1462 MP, MIE{H%2) 10.7%. HULFE, A3
SER T T & & IO ZA- 77 5 R e AR TEN L AR R, BT TV G 28500 B IR BT HE AN RIS,
T ZA SRR, B 70SE RN H D A AR TAEBh 1@ s AR & S MO R B9 1 RS B S S A
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C05-25
R RS A SRBBERAT N
R A
L AEE RS HIR R

o+ RUAHER & &N T A ERE, AAEMBER. FISRSSIRNH 2. Hd, o MIEEM
AT, IR B AHSE MRS R IR, B T A a R . [ IO H 23 BB AT I K
BRHLAE], TR & &M HA MR E R EE, A GETHEIEHE T2, 2R3E T o HAERSI 046 K2R
YL, LUK o AHISAIA AR SRS 214, 454 T AR HE-XRD Fl TEM (IS5 HAR, A IRIHLI
AR B ST R B AR AT NIOPE R MLE . S5 R3R 0, BERA LW R Rk E] 21%, Ji Ao Fl
i MEAS B 43 54 906 MPa il 60 GPa. ZEZH4UE I B /1R o —oHiAE RHAEL S ME AR TLAFAE, e PR
% 53 GPa, JEARIEEFIGENRZ4518 775 MPa Hi1 23%. WA H A KB KA o HIHT R T R4 B AH
rgstaeEtt, 51N O9eKkes, fFIAEMMIEARTEM BORE O'—a A8, RITPIRFHARTAAE, SE8L Tk
B (64 GPa), m/EfRIEEE (1018 MPa) Alm¥aE (16%) KR IFULH.

C05-26
FEREFRSAEEIRIIL p SR &S BMALLBR
170 G
1. BT RS

TEMGM G IR EHER SRR T, CUTREZ B R ZPMARAEIER, W ER LRSI RIIEHR KA
MEEREFAEEZES, MMHBHEMWHE DT SERAB SN EMAR. KR EH XN
Ti-5AI-3Mo0-3V-2Cr-2Zr-1Nb-1Fe (Ti5321) i B A msm WAk & 42, SR FH B PR IR BE I AL 3 (CHT)
S AL A 3 DA AR TR A RE, BF T T BRIE CHT AREEXT Ti5321 &4 B LA (et o
BRAG) AR RERE R . RIBEE CHT AN, o FHIARF 22 BN 1 IRAEFR 5 1) 35.9%:4 7 14 fin 22
100 RAEIAJE Y 60.9%; o AHIVK BRI I @ W4, SEREMISHEIN, o MK 1 IXIEF )5 1)
9.9043.39 [£ % 100 RIEHN G [ 2.3740.87. £ CHT 1[iES o MBI, F2 Hia F 2N FIZ 1T RHL
IS EE S BN . RAMAL A ML Sk Re, BEE CHT LG, MRk e B, &
W RAGE IS A FER IR B KA S M B R AL T —FB T, JUHE TN AT AR T (0 1Y A il i 4
JE R

C05-27
3D ITEAEEFHIESF a M BT AR m/ER
g p
1. MK

Bt EHEUURBORBENS A2 P A R A AR T AR I AN S22 7 B8 i & RS R, AE R R S5 40
BRI Tz o0, OSSR RN SR, BRI B URRER & SR 25 5 AR TE R A
WP ARL, 755 S R I BEARSR L, SEMHOL BRI & & RISERRN o BEXHBOE ELRRUTAR
R AR BRI S R L, BRATTR GV 7T 13X SR I A a7 A 10 i AT DA B 48l e E R R A o
FEABH LS & TCA (Ti-6AI-AV) b i i BRI HTSE F, 8 R R TC R A INIE AL O B RTTR
RGBT, RIS S R VE IR TTSRE  BEAh, SRAIES G T B AVR £ 3G U5 VA FIAE T LAAE AN 232
MRS RIS, AL TCA ML ZISE M I e vk Be .
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C05-28
o AT E S o LR p k& SZHAT NI REYIE
FXEE T, BRI Y, BREEZ, EOR, M
1. PEAE Tk K2
2. [E 5 A A p gt 7 B

Whs B k& &R EENM AR, HIrEe 5 EENHEAMH (o MR o #D FLSUIE S DI
Ko Horr, o AT HIE AT AE ST G 40 B 1) (RN ORAF R AP IBYE, T oo AH U 48 FAE T 3R AR B o AH T
o SR, FEmARETRBOEFEF, o AEFESHIRE B AN o M, ML RE M H AR RE
A KRR T o M) o MFTELE], (BT P # A A LU WAR B 2K& & 15 MR
WAk Z KRG T A TAELL Ti-12Mo-1Al (Wt.%) R &S AT %, 3R/ T HAE =FAFER ST
AR TEAT N, o B NS B o M : (D) B a Ml G D& o #1F GiD & oM. i, mipiE
B oM, MEHT o HEEEERIK. £1 a HADE o MRS, AR FENRENHE, BIF
B RN o KRN RN HIEE. T o HRET, o HEBSE (D BT 65%, WS 4Es),
FEUBVEASIY = R, A 4RI AR = ) IR (Y'S >1250 MPa) {H WL LE i e RAIK (ETF <2.5%)
FEHZ T, D& a Ml (F<15%) BEFHK (535%) o MR DEL AMUE R FAABIE R, &
WoE /> BB JE K o B IRAE . XL P RSP 504k, R EHIE R, A
AR o AHSUR RN . Kk, &40 ETF BERmE~11%, RN EFET 1000 MPa i) YS. i
EE o MRS, o AR BmiiA 48.07%, B IR I A2 AL A S 2 32 BLR BRAE fobr a3, BLAEBE 2 2 v
AL REEEM YS B/ E o HPIREIEEIRTT (23 MPa), {H ETF FMZE 4.79%. 4 EFHR, o HHH
TEE o MR AR B EKG &M TAT A RAE RIER, RITH ISR E & TR E H SRt TR B .

C05-29
S FRALMGPEK o HITHIBFERF B-C ShE-S5R- B R RHLFHBTR
B L2, BREEARL S, WY, YRR Y SkegR S, FMR S, gk
1. RALRH
2. W E Bl B 4 JE A T BT

WA B LG SR LR B E MR, R R B R BB A 2 A 5 5. A NS T
PR RMERE SR H T R sk, SEILEAR B KA o S 1 B RIS TG 8 PRE T 1) EE EE Bk K
AHFE T HEL T ZAE B-C Bk A & I NAEXI L, S8 XUSI R EE T2, (23R AEGK o AHEIHT
e RATBMEERIMBN RIS JIFIERE, PUhiwR T2 737k 2] 1525 MPa Hil 11.94%. 5%
WM BAELL, TR BE R TR R, AR BN SR, BEL R IR RO
KELHE MM EEEG, AR T IRE o MR, W T X, S8l 7 s%E. 4
INOIRAE o A Ao BEAh, Wi RE R A/NRAE o A B SRR IR R AR T, DL S5 B AU Ly B
PIREHASAE A, SLFRI T & 20 e 1) 5s- 2 DU .

C05-30
o' 5 [RARAEZS K FEB 3 R FIIR T =35 Ti0 4k & &R ¥t
Bk, EEAL et Pt
1. PEIE Tk

Ti80 th&<erh THUomp e, MR, R A I )2 B i A A DML R XS Tiso
R R PR VL RCIR T S A R . A S XU VA A B T 55 o A Cap)s FTJZE o]
Cal) AT oy RARARZLRSCI) = AR, e 00 [ P+ I AR BT IS S80I X o AR 0 R o St
HERR ARSI, RIT o S RRARAE KL I 1AV EREI N . BEANETETT T Coptalta’) =ZHGUEK
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I FE AR RR AR AR AT N . G5 R Captolta’) =SSR R E A S ER 264 F CRIEHR~16.9 %)
Ry KR4 TiB0 k& &M (FIPiHEAE~1091 MPa), [EIN T ol MXF o/ HHEAESIEH, o AH{H
FIE R = A ARG T e IMETEAR A, JERK 63.26 F[-1055-3] it il 35 (AR 44 18] FL1f 5% 5. XU [E 15+
IR A PR 25 SRR o/ FHAE 400 °C f 550 CC A2 A TE A4 iR I A o/dec #H, 7E 800 °CII 58453 N
as/B &5, A 550 °CR R ZH £ nT SEIsE - S ) Rl B sy, Hpihu o ~991 MPa, S I %~19.3 %,
B ZRIEF~6.7 Yoo HAL T IR FEACTIE T AR REER) o/o'dec AH A2 B SRR AL, T 2B 1 IR T a/or
FHTAVAIE 57 (1) 28 1 W 1R

C05-31
B SR F AT Ti-Co-Al &8 =T RA NI S R
AL B B
L Pl Tk

AR R A SR RPRA PR, AR AR K S R E S AR S VIR G,
BEIE 26 AT 5 = oA G AR 2 [ IR SR IRME B IR AN T o R FH FELRGEVF BOR SEBL T Ti7T3C020A17 & 4 iR
APUREEE, AT T ROIERESN G & S n B R RS RN, e T S-S R R R .
B AE R E A AR R TP AR IR R AEVIAE TR A K. LR L — TiCo + BT 5= ol MHEZ L +
TiCo + (BTi) — Ti2Co. 4iL7AEEH 40 K B hN % 240 K i, #7145 (BT &b B A4 Ko i a8t K, ki
TE S HRH KA i 3 A2 9 A IR S 2, [ I 3 o 48 B 8O 520 R A AR Co Jom & & i 11.7%35 i =
14.1%. HREBEREINE 1RGN 73N S ALl R . AW AE BT R E A = ot i AR il 1%
o () R AL SR T Ti2Co AL AR R, Ti2Co A AR R /> Bt ¥4 1 e Mk st [H]INF Ti2Co 0,5
AF EERE 0 2 R UDIR A K AR AR B T AR L S = e S AR 2 R AL 1 . R TR SRR T SR
W SHA A MPRERILFEER T, G820 mITs i, ERERF4T, by A TR &
ARG T HATd R A X R R, FF B & A Co Jo 2 I BN s Ak S5 8L b A) Ti2Co L ERAH
SR Ay R N . i A N 240 K IF, A& MPTRIm AR 710 MPa, 5 HUE RS 41
L HE Tk 280%.

C05-32
BT & T ST Bk 2 gk A SR R A RS A
SROTRIY, FARBEY, ZEgokt, ERED EHET HBEL BEE, KER°
1. LR
2. HEJbH TR
3. GRS =

AHIE TN AT SR T R TT R B AR R S5 Ve RE e AT R T . ik i AL #% (High pressure
torsion, HPT)AbFH, Ry 4 LB 40 S Huk TAL Al TA2 A1k, 25432 XRD. EBSD LA K& TEM 5% #4y
T B, X HPT AR i 72 o Al SR R oW 2 ZRARRAE S AR PR AT T RGARTT, Ik — 041X Lo 2 21
FHIE S 408K 00 1 R RE L R BR AT o TR RS R o, 24 HPT AR JRIA R 15 BB, PRk R B 41,
TERLT %1 80 nm IS4 . TEARTENII, ZE TRV, TAL Al TA2 RILHAF MBS, FE
TAL SFEREEE SR T B R . FRRE B I BB 3R T d R b . o MHSEA . PSR R AR AL DL K 2R s b 3t
FEEFEISE R . HHEEIEEY, 4 HPT 435, TAL A TA2 3kE A8 IRGREE 2 SR TF T 255% F1 141%.
e AR R FE PR T 5 HPT S e v JB R 110 O A B5E o SR/ 1 B R R DIAR G, HLAER ISP o AHZRBLH AR
e AU
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C05-33
YRHE TR RISk A& & R AETUAT A R S 4 A
i K
RSy P

R SRR A e e AR S ks A SCHRALRE, SRTTD, RMEIBER R, Bah B i B s, 1%
gikeEmamttm, Pirfdrie /12, AU EIF RG2S e o ek & e om0 ik R 557 T 1Y) 2%
GERIT ST AT U SR A6 2 BT R o B AR & B B RV TE LI 7E , T B 1 S IR BB FE At #VAR T i T8 1
B ST SRR R T SRR S TR B OB Rt 7 R AL, TFRE Tk & e R I SR
PiEoHr, e Ta &R AFREM IR TAT N, RHEAIEN ). NG, S50, XARRR
FETT AT T T, ARSI R R At 7Rt , DAL 1 AR o e iR & < P A AR T
2.

C05-34
BT RBEURBLINHA Ti-55531 & 486 B4 K HA B A (¥ 1 %
WIS, REE Y
1 SRS MRS &b
2. FATEERT RS MHUAS T AR B

AR T T SR I By (HFEIQ) ALFEXT Ti-55531 &4 BE 4 4imAr . FHE M At M AR ML K
oM. S5 RK B HFEIQ /5 FIRT AU A 1 BB (B R4 21 SR AR BAH TR BN os Fr 2
M, TR A . HIFRILE RN, HFEIQ MM B EE T &4l , HFEIQ-5.6s
IRFE IR BT R /)0 1158.08 MPa ( EL A4 4215 8.75%) o (B 159 =12, IX Fham #2515 48 Jg 1 (~9.63%)
FHIE R, FRAF B A I B - VE P R A P o o P 2 pead ok P AL ) () LART 0 LA A5 SR AN B 754k Hiti]
RGN R, TS SR . B S BT SR, fEWILRRTEM B, as/Br FTFE T RELH,
BEA RSN, A R M AP R BTN, os RN PE ARSI AR, R RASE . Hod, 22
mn AL 2 8] FRAH B A AT g 2 30 as/Br S 1B A= GRS T 25 H . 28T, BEFE HFEIQ I [ 3G n 5.7
s, HT as FZ0HA, SRS BEER N, ERE8ERD . APFCRH HFEIQ ALER 72 4 Tis5531 &
SRR L, SCIR A -BE MV RIARAL, MR BT iR T EE AR .

C05-35
TR HARTY kA S AR I A i
SE A
1. BRAE RS
C05-36

TR BUAEEN TWIP Bek& SRR
Bz, /et

1 RIEH TR

BATPAEG R (TWIP) RN B R G G rE A R bl P AR 3 1 {332} < 113> 7R i, KT 2L
KHRISIGEARZ L RAF RIS AR AE 77+ e B4 I s Y 1 DL s g b s MR A RS, O AR
BRI S R SR, HAT TWIP BB & it EESR A Mo &8s, W IREEM d BT & et
%, BAEEE ERE LIRS EE&wt, EMRERR LR A EITR 5B IERIEHLEI KN ERE. [T
FORI, B RER G & ATE R ASAH AR AN F73F5 R AT 5 € S IS e 7 A BY D) 4L SR
Rt Rl e, I HiX s Ry DUy € B B OR PP . DL, AR E 25 B B3 TWIP N & 4 1)
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BB dia, i RiaE (E1000. PUFBIIME (C) MBIYIEE (G111), RKit=st. Wit Ht
E4e, IR Sy RS IR S A SR AE AT FE BN 3355 A PR AN A N T, DARR 7t 3 TR e B
BLE R TWIP BUK G &M AT SRR, =G & EAAIE RIMORALZ N B AHA =7 24516 () F4iF5
Koo tl, BYEARH TR L{332}<113>25 4 F, ) R I H B35 1 TWIP RSB A1 57 (074 I T s 28 e i
PERE. BhAh, =R A S RINARREAT MR, R TR AL KR {3323<113> 25 i T S B 3 &
Hall-Petch 58I I 775 Ak . =Rl TWIP LKA 40 I 178 0 B0AIE 1 3 -5 i B s vk () T AT
MEHEY, FEEA BTk as£miit.

C05-37
B Bk A& S TLEH o HARBILFEKNE FREPR
e b, At
1. RIEE T R

T o MHAR B BURG SAE R KIS R R AE ) — MR T U1, XG4 122 Re A A B3 s,
TGS TRFFEN R B2 5. H T 2 TG o AHAENLEE {111} T _EJE-FI<111>B J7 W 1)
Wk, SR, BT KSR R E AR, T o RN SISEFS GRS A MRS, SEOLRE
WRVEIANTE 2. teah, B TR Ra RV R R e T b T RE e T AL, A R 5 RO 3 Fa
TRt 75 Bt — D A, Rk, ABFFCR S —EEE 73 /1% (AIMD) BRI MR R %
E S B (HAADF-STEM) HARTEJET R WL T B &Y Ti-Mo &4 L o MRS @it
AIMD 4L, IR T LA o AR ZN SRR . REPUEAHIFE+ Honeycutt-Anderson X 15K
FEEEBEIRFE A, R T BN o AR, 50 ER, L o ARG FER A 700 K, HH
7 700-500 K i VO ) B BE iRk . kA, AIMD 45 AR, HRREdREe: Ti 57 R B R R i
Fr¥ R, X5 HAADF-STEM Ml 25 R —2, BIEH o AR T7E7T Mo XTE . MHLFJZTRE, <111>B
J7 1) AR Mo-Ti 8805 7 Mo J5i 7 Ji [ RS a5 M M Bake . AR, BR55 0 Ti-Ti g4t 1 Ti Ji+ & S
BAEHIERG . P T RIVE R S 3T B o FIFETT Mo XTE RIS . Bl 54 RABURE T X #4
o MNP BEE, W0y B BLERG &b Hoe WARAH AR LA B Fe e it 1 582 I E R .

C05-38
Y203 %} TAL5 A& X Bt 4R A /1 %= M Re IR i
=R, s
1. BEMIKE

AU ER B % T TAL5-xY203 B & AR (x=0.1. 0.4. 0.7. 1 wt%), FIH SLM SIEHI& T
TA15-xY203 &4, 454 OM. LSCM. SEM. EBSD. TEM ZRMEH A RGWI 5 T Y203 gk ki & & .
SLM fil| & T2 #AbHE T ZX TA15-XY203 & 4 KB ZIR J1 25 RE RIS . SRS 8 fE SLM il % T2
ZHH P=220 W, V=1050 mm/s, D=0.12 mm (VED=58.2 J/mm3). 7EME#& T, Y203 it i FEE i A%
FAMHEER, 4 o F R A 2.94 pm ZH46 3] 2.18 pm. & 408 IR SR EE (YS)RIH R 8 B (UTS)BE Y203 & &
FeIEIERDN, GEREAS Y203 M4 GRS, W FENMALRERK R, ERKET, G487
Y203 #I] o B A FSTHE, o FrE S0 1.183 pm /N3] 0.487 um, JEIA B AH A 8.32 pum /N
6.88 um. TA15-0.1Y203 A &Il 4 f A R ECm A A T 3R - 9B PP (UTS 255 14.7%, JEMR(EL)IR &
11.4%) . BEIB JCIREE BTN o AR SF AN 2.18 pum B8 2 2.42 um, 546 B AHAN 6.73 pm B4 % 8.22 um, 7E 500~600C
IBKE4E) UTS M 1244 MPa #2153 1339 MPa.

C05-39
P Ti-575 & BARM =R AR K B H R TEAT AN LR
/Z]%R‘[E‘ 17 @%ﬁé 1’ E‘fﬁ% l’ ;”U[I 2’3’ g&’%‘hﬁ] 1’ Zlﬁf‘l) 1y %iﬁt*l
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L PHAE TP R =2 U i A [ 2R e S
2. PEAL TP KA E R I A
3. HIR=HUBM BB A IR AR

ATAEWER T Hi T ot+B £k & 4 Ti-5A1-7.5V-0.5Si-0.25Fe-0.20 (Ti-575 &4 ) FEUER: A B b AR JE i
FE M R IT5h 5 Ak FUE . I % VA I AL T2, 76 Ti-575 &4l i =S E U ZH 41,
ik — B AT TR AR S HEJE AL EBSD 3 bT. SEIGSE RN, —ISHLUN 2 A SR AR T AL 35 LA
RN T T FERARTEAIN, £ =85 ZHLA NSRRI RIT5), Schmid -1 Hilg 545
IR F LRI A RBEAT N BN RGN, =SSN ZALERITNENRE ER: =AY
HHEAS o SRR I 2 SRS R AR EGE, Rl o SRV AR R R RAR s 1 R L
WA — T RITS AT, (MR o FEBIG A0 o 20, SFEURER %, ##iiE T
FR, SRS, =SHS RN R ZHRE ST AT EGE ). A TAERR T B R B
B Ti-575 G @R TAT AL, @ Pk & & B A B Rt 7 E Nt T .

C05-40
VP85 19 2 AL =50 R AR & B msm B v R 0N
e <t
1 PO SSE RS

WFs B k&4 P HCP 450 o MUTIEYD, 1E RN IEEh RS, RO AR LR RUR . SR, H
] A 1A PRAS T AL A 5 50 S Ak 1) JR R B AR S, SO R 4 5 P - ZE P i R (R AR o
X TAES, {8 Ti-4.5A1-4.5M0-7V-1.5Cr-1.5Zr (Wt.%) & &AFNERIRHRL, B Tiet B2 RE
MZ LN o AH=SHRER, H ISR B NAZ I, o A A R ERL R (K e ,
PAEKEE o/B AHSEIHIAL 1) RS AZEVE AR AR Btk U s S L] (SAPMS) 8 K Z A, Ik ag
FHH ) <a>F<c+a> UM AR AL, FRAR or AR IHET 245 . 99K Z2 1 HCP 2| FCC A2, PAAERIR
os M BB EFEFIBIY . o AHH BB 0SSR PENL SR 2R T AR RS, X mT DU G 550 HE BT V) S )
(CRSS) Kfftke. o, iBIdAHN R REOE ETHEDIE R, #T or 1 os HRACHLE RS0 2 5
ZRRE S T B AT 1550/1614 MPa 1] i i IR/ A% BR Pz 56 B AN ~8.7 % ¥ 4iE JE VE ¥ =35 10 RS W AR & I BEAR
JI5PERE, SR TR - A R MR

C05-41
FRETRBUNBREBRES
AAZR PR
1. KR
C05-42
EERRRAREE S
£ fe e+

L AL EHIR K

B EERAIREE. wemi . I RNPTEMIESRr s, SR HE T ARSI U e A A
JEAWLH e SR TS . BT FLHISEARIE T 2RI & S ) O e B R k. iRk
HEAINTE 0. RGO P AR EEEES R, AP iEE G et B RRE TR Sk
BT, il B RA I e R A AR DU E AR & &, JFRAIRTT TR & & ilin- L
Z-HGTERE N OGNE, Oufhlig s PEREBR R A i A PRSI HE
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C05-43
ERA&is REENT AR R M 2 SR BE Tl 25 B IR BIH L 5T
PR Y SEGE %, WY, DO Mk
1 MGRIE TR GRIID
2. ARG R TR

SFRIA LI AR ST S A« AR RN B AT 5 T I T AEAL SEHL ], DR R
QO BT R R PR B e R A DI TR AR B TR g AR, SR, RS HE TR < AT HR AR A LU 3
a2 22 RUBE W [R] S AL S WO A 73 T i 2 Bk . AR T R G 2 T AR BR AR TR 4% L WO il BORAE
A s R R L CRe T AR A A D (it SRms S0 % il is ) 2 RERAERAR 5
R TTE, HEE RE RA HRTE Eh )22 S AL, B SRS O S A M R A A HL T S ol )
RO RN, IT R i REER &< BT HE R AL AR A

C05-44
B BRI RIS S HHIE K 1 AR
SN
RE TN

A RBIE I B ARG SRR R I SR A SR IE, (HR ML BB 3300ppm B, SEEEELIEME, A
ARG TATE GUEH 0.22~0.77 wit%) XPFRiG4: TCA J1# GRS TEALHIKIRZ M . 8 P i 4
N T S HAE T, EiZA S EEN, BRI E TCA Ll T 985MPa~1222MPa FIHTHE 55 5 A1 23%~6%
IIEAER, FTH 7 5 FE A IE PR AH T 2 RS, WA RIS A S 20N 0.22 w9l , R I /125 M REK IR
TR AR OUHRPIRBAED ISR GIER, XA BT IR% hep 4514 ¢ By MM AR . %5
HILF] 0.42 Wil , EIRTR IR IR B A5 A N T ALET, (RRCKAN a-B-o JEARTUM S RESE T R4
&, MIMMEER G SR R I EBYE. MRS & — PN 0.61 wt%h), FRER o-B-a ML,
BT B 24, SRS L P RE4EREL) 18% Y8 . 17 24 505 & B TFE] 0.77 wioeht, {7455 M
8.87x10"m 21 & FEMIL F 3.54%10"m2, FEIB M FEICE] 6%, LEAb, BEHE & E M 0.22 W%t inE] 0.77 wt%,
T T BRAL RN o LN 43.39%3 N2 66.9%, 1 o7 £85 5 A0 ¥ EL A5 ) A 25.6%F4 A% 21 12.4%, i U A it b B
A5 N 8 Il R 5 B E A ) LT R R AN AR

CO05-45
O RAHE AR A& S rh o )i R A LT 7T
TR 12, Ak e
1. @R R
2. THdbf (@t b

REAER & RIS K 722 R S LB R R 7, B2 00 T i) /AP ERE Z BRI 20 1 HAE
e i ARG AU RIS o ABIE FEAT XS Ti-Al-V-Fe-Mo RARBABR & <, I 28 [F Vi A BRI FE 5 v A 2 il
o U ERAIGS UG, RIT 1 S o BT N AAT . SRR SEHA LU Wy 62.5

Jem= BOWAHL (47.6 Jcm3 FIAHEALZAH) TCA &4 (50 Jcm3 20 HHRTF T 31%F1 25%. 4235y
Mridw, XGSHLAFE G a AR, EERAER, a0k B R SR R ~F . i 20K

FELE T JE B =ik 58.7 %2R B L . Ry AP R HAE U P ae R, S EGARER G A2
I E G 58 1 RE R PUE— X R A TGS H A dr e R oL 3D RO FUR I, e B 2R
At 7AEE AR AERS, 1 B A TR R, SR T SRR EIIRRE ). BN, o AR
2R ST R BRI HER RS S B R 1T2RS AR AE K S A 8 2 [8] A AR AL, dar
T Fe. Mo Jua -5 A48 7 AR i AR A 2 TR AR SR IR -
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C05-46
MAH LR VAFE LI Ti-5321-0 A& 3R 1 R 2
LHE, mH T e Yot
L AE AR K
2. RHLSER =

FRREF (O ND 51N F IR 2 [ s Ak 5vs B AT KRR T AR B2k & &0 IR, (HIE 5 FEpE
WU R E L, SEORME-BMMECIGAL . AP, Ti-5321 makilifa B k& & makal, wilHl& T
Ti5321-0.350 &<, B ORALVRTE S I3RS 1 B B otp XUMHZHEA. Horp, BAXUHAEZH LK)
Ti5321-0.350 & & R ML A 7 1) J1 22 e Re: B RS FE TS 1060 MPa [ [RI, SBIEIIRFFAE 23.3%, MHET B
AR T — 5 DA b, S TR AL R A A AR S S A e iR B VU T . R T LA R AP A S AN
TEM ERIEH A, RGWF 17X Ti5321-0.350 #& Lt fEH o #H5 B HIATEAT N, HExR T HAL
RS IAVE SRR 7R TR N ARV N, B MR A Boo'— o IYGHE K D RAKARAS, RSN T 5 BT
(35 SJ VAR TR 775 10 o AHINIE IS 5 Bl<c+a>TE B R BB PEASTE . ST 1E o AHAN B AH TR ) 22 b 40 AT
ST R AT T A TGRS 55 5 -SE VU [F) (P AR AR S D] o 0% 90 485 18 R F D) BR iR - 180 T A 2 s i
PIMEER G S B T8 S B AR LA

C05-47
PAEERTBOEIBTTAR Ti-55531 & &M LR KM 7
BOLAE A, M, AR, R
1 iR e e S MAEOR e E E R s s, TR, #ide #:iX 430070
2. PUGRETMIFEAWIL S Hmsein s, s TR, widt 2t 430070

WOGIAE TR (Laser melting deposition, LMD) $iAR/E Ny —Fp P B n T 757k, nTH T EE A%
PhEtERe R SR, BT ke B FRE T RIAFEAE, LMD %% Ti-55531 (Ti-5AI-5Mo-5V-3Cr-1Zr) &
SAEHA R PR TR BAH, &ad EBSD 3, B AH G LT 99%. X% LMD il ) Ti-55531 £k
G AT /B BB AU (/B-STA), BIRUEE WG 7 R A LA A Z 400°C+75 ¥ 1A H)
77 O RFERR IR, IF BTSRRI A #1757 30 F #R B 5 1) Ti-55531 256 & oM 40 24347 RAEFN 04T
MECAFE SEM EGKIL, LMD Ti-55531 i FFZH 23 pH AR S A Al 2 B HEA1, EIATR. 17T o/B-STA
RFFHLUFAERE o M, H XRD B A H I R A SUELE . 7 ok, St kb 35 AN 7 304 F1AE
1) SEM 5 EBSD G &I, FEE A HBRP N, o MFPFRSZREE R, B AHLGIZHT K. BRI
Ab B[R] VA A T N R RO 21, AT DLIE— 20 T A o AH 19-F-35) )RS5 Ti-55531 £K & 4 71 2= M BRI 52
SIS R S B R AR AR AR — B R R T R

C05-48
TC18 &R /I TR poo HMALRER
A

1 EEHITORY

B—ou FE AR LR K Ho Ay 4 e A RN g B (KM AR o ASHIF 90 SR A5 B T 2 R 1) 4% 7 HAGT0017B B I
1) TC18 k& AR i ZHEY, WS[001]B J7IAI7E 750°C R 43 il jita i 5.5MPa Fil 11MPa [tk R 8 /g, BFFL T
X B—oa AHAR RIS . 259K, 5.5MPa W1, HI-FHE[001]8 7 [l jta in Fe 2 7 £ {E 5 [0011B File4s, (i
#E V7. V8. V11 # V12 BARRITE K, A8k 8 | PR iE g, FE, 2 4E VBIVE. VIIV10 A& A LA %
TEANTH, XA BT DB AR R AR G . N G INZE 11IMPa B, X — BN EE,
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C05-49
SR B RV B I A I Ti-6Al-4V SKE4&
MBS, B, Tt et
1. R

This work reports the use of a novel strategy, high magnetic field (HMF, 3T) heat treatment (HT), to modify
the microstructure of Ti—6Al-4V (Ti64) alloy fabricated by laser-powder bed fusion (L-PBF) to improve
mechanical properties. Applying an HMF-HT to L-PBF Ti64 at 800-900 °C increased the sub-grain boundaries in
the a-phase from ~7% to ~21%. The distribution of high kernel average misorientation (KAM) values is
consistent with the distribution of the sub-grain boundaries in the a-phase. This finding was further supported by
analysis using the modified Williamson-Hall approach and transmission electron microscopy (TEM)
characterization. HMF-HT accelerated the coarsening and globularization of the a-phase, resulting in thick a-laths
(3.40 um) and the formation of globular a-phase particles. The HMF-HT at 900 °C further increased the p-phase
volume fraction from6.5% to 13.4% with a larger lattice parameter of 3.2143 A due to the resulting lower average
V content(confirmed by TEM analysis). In addition, the HMF-HT rendered the a-variants to better align with the
<11-20>adirection, where the prismatic and basal slips in the <11-20>a direction are the easiest slip modes to
activate in the a-variants. These combined effects enhanced the tensile ductility of Ti64 to 15.4 +1.3%. HMF-HT
can be used to effectively tune the microstructure and mechanical properties of L-PBF a-f titanium alloys.

C05-50
KeEBREBRRARBREHR B- R RN S BRIGILIE
KA, SRR, it FEe Wit BEE S Wi, KEE’
1. PR TR
2. FAGERML AR A PR A F]
3. TMIKE

BEEATENIR . MG R mod i M AR A e, PR i Bk & SR e . 2B St
filt 2V B SR H BN 2SR . AR SCER X IAELAS Ti55531 Bk& 4, SRAkm I 535 5 &R 1R LA
SCHUVER & 1) R RIE AAC B, BETH Sl R G ais R R A, RGUTTT 7 - B T 2% B
LR o MM AT A R AV ERERIE ML . B TERI, Rkt f b7 i PG B ARG &, 3RS
Sum ZGEAN B dikL, ELEREAE L SR 2 RN ROE B AR R o MR R AL 55 RUZJRIR
FIRAE GRS (1450MPa) RAARIIENE (13%) 4ld, HALR REBTEVLEC I K T AN[F
AR AR SRR B 208 ORI oK ROBEAN 3 6 1 % I R A8 S BB AT N 5 9ok RO L 5
JoR S5 AL S SRAC RO AR B A E o 3 e B PP O AL 0] 9 B R DR ], Sy T ) B g s Al 2
G EE RS BETCRCR P2 AR A S RIA LR LAk B AL IR BT SR

C05-51
Rt LR AR T 2R iR R A Bk Y /) A P e
DTN 7 SN S
L IR

ai i AR T HA BRI Z H RE AT O AL 07 S, DL FRRRIR IR A8 K 2R i F T4 v 10 i 1 T e
A (AP AN PR RE . SR, B TR R R I TR A RN T B R R e B HN T & )8
AT LNE HE N T ARV RRD R, GBI PR AL IR K e A AR AL, FEAUER IR T BAT KR AL
T 51 3 AR B AR RS b AoRE, AT SR BE  pk m DR] Sl A 4 PRI i 2R T ™ EE A R R AR T 2R A
R85 it R PR 25 AR 2 T (1 DI R AT AR RN 7 SR s 1AM T LT b AR A AT AR AR A, SN
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I/ JBE s P B T KA B R R AR R A A, AN RIS 1 AR SR E L 229 ST SE A SR AN T
WEALRE Sy, B 1RSI & . DL ESSRERN], A TR M TR AN T R, i R TR
P FL R SR R A T AR R AR T B i 2V BE, X9k, B BESEAPRIR Atk e AU S it 1 s .

C05-52
TC4 Sk X e 2 U8 2 Mk A 72 o ROV 4L 88 A A
HASE, skIE Y s, Rook s, EmEAT
1. PEREFRHON

TCA KA SR HAR R ILE A TEREE T 1 M TS IR 0. B SUEH LML & &l T HALR 1
SR-SEPEVCEC M A2 B0 . ASCEE N TC4 A& TERE SR & NEHL, S miBhiifsst, mias
GBS AN . EEEMHXOESLEIR K, HAGONHM/NMIFELS RER (~0.5um) 5
KEVAETE GkE (~8um) H I NIEH L iR P 2h TR, BUEH ZA7E 750°C-850°C 510-3/5~5>10-4/s
SAF R DL ABYEME, 7F 750°C-1X10-3/s T ZE{H 3Rk 875%. M N AR KN, MO LUR B &A1k
UG LH LB EAL N ST 2 2um), WIUE B BUAURI5RIE (<0001>//IND) ©# 591k, mATLHE
FEOLHA) . IXANZH AR B B T AT R T A B B EA RN AT oo FHAR =ML
HERIVE o b Bh &S P45 i S TS sl AR it SokiguAk, T AR5 S A AR i — B4Rtk T A A
AT S SRR L A 59080

C05-53
BEBEES TRIP NI : FARBRIKE ST BB
MRIRRA Y, MIEE Y BRI, At Euk 't ZgkEl, s
S e B N

R FFEE T — P TARTASE T R BAH LAL R TRIP RN = i Bl s M TRIP 4K A 4 % v 5kng,
il B R R AN L2 R . 25 R, FLAIRIRE S AR B A B R &k R
JHEE TRIP 208, BERE 7 A4 ERGEE (1250 MPa), 4% 71548 TRIP 4k& 4 KHEE SIM - (R /)
P3G IAARARAR) SR B IR R R . hAh, S IRAAR-r 5 AH AR AL T —Fhah S st il (54
GSEEL TR SR BR - YE MR . R, 25 A R ACEE AR I S B AR AR ME R A T 2 s R R R T
R GER G G T T RO, B PR T WG RAS,  [RI a1 R T R FH B e AT 1 o IX PR T SR
FIFH T AR SRS EMAUZE TRIP 208, SCEl 7B HIMERE, m s AT o vEa RO &
PEAE TR LA o

C05-54
i S RRLIR 4 R IS ILE RS p21S A R 0T
Wi T
L ARE AR PRV R A b TR

WA B21S BRG 4 PR FL J IR it BE AN R AN S A A 652 IR, A2 S B AR T I B Bkl ERARVN AN Si R
ARSI E M 12 Re, (BRGNS, s R R ) S8, Si & & RFR HI#E<0.5
wt.%.

AH A IE IS G A SRR TIX 3, N 0.9wt9elEE, 4 A SRR EAAEE R T,
il 25 1 BA 5 0 2S5 (HLS) B B21S-Si A4 e ZIESIL T WOR S5 M A X 4 ). SR AR PR H 24
10nm (R GKZARTELMIRTIRAR, 1 S &M I MALSE L2 ¥ 700nm 4046 % 230nm; Bl (55 T 20
N T VES RS R, JF R S R AT S5 R A R S R IR G R . AR JE B HLS
B21S-Si & 4RI BRI J) 2= e, H5RE B21S A &AL, JEARGREE A S 1035MPa(iE s T 10%), %)
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FEAH LB 12%(HE s T 8 ).

SEA T T A BT AR M B R (SEM-DIC) AN &5 — 1 JR FR 5 22 R R A3 7 T — Rk i)
BN AL R ARIE S (HDD M35 7 R B, RS REE XOE g8, &
1E J5 FASTE AR B, 1355 1 o AHAR o IXFROW 5 A6 B IR TEAL IR [FIFE . v vd AR AR SR R T
(HDD ik =5 7 R B, B /R (R 22 OB #2515 3)), I & AE 5 AR TR 18 R )15 3 o AR,
ROV 2544 5 TREAR T AL A BRI AR LA F A S IR AR B Ak & 4 rb K A7 AR 5 i - 2 Jo P 7 el B

R T OBg AR, LR M RE S AR R A 2 i R N B R .

C05-55
Simultaneously achieving strength-ductility in additive-manufactured Ti6Al4V alloy via ultrasonic surface
rolling process
Changgao Zhou', Dan Liu**
1. National & Local Joint Engineering Laboratory for High-Performance Metal Structure Materials and Advanced
Manufacturing Technology, Guizhou University, 550025, Guiyang, China

Additively manufactured alloys have a great potential in engineering field, but there still have many issues to
be addressed, i.e., the reliability, strength-ductility trade-off of manufactured parts. In this study, a treatment called
ultrasonic surface rolling process (USRP) was utilized to achieve superior strength and ductility in the Ti6AlI4V
alloy prepared via electron beam melting (EBM). The treated additive-manufactured alloy obtained various
gradient microstructures and excellent surface quality, as well as its mechanical properties were significantly
improved. Especially, the USRP-3 specimen exhibited a high elongation of 17.140.9% and a good ultimate tensile
strength of 104345.0 MPa, which were both higher than those of untreated specimen; the fine laminated structure
with a preferred orientation of () direction and gradient structure promoted the hardening capacity and provided
the rich dislocations sources, taking a better strength-ductility combination. In addition, the surface microhardness
of the multi-pass processed specimen was markedly enhanced. However, excessive USRP treatment would induce
micro-cracks in the nano-composite layer, resulting in a significant reduction in ductility. Therefore, appropriate
USRP treatment is expected to expand the application range of additive-manufactured metallic materials.

C05-56
BOLB BB R B 4k SN 5L
et
1. FiEHE TR

FTF IR A SIS 45 &, 8T Ti-6A1-4V Al Ti-3AI-8V-6Cr-4AMo-4Zr &4 RIR G,
T HM R B kA4 Ti-4.9A1-6.0V-2.9Cr-2.1M0-2.0Zr, K HOGIEE IFA(DLD) T Z: #0451 ialkE, @it
XRD. EBSD 1 TEM W7t | G400t B AHX A b B 5 ) =i R 46 2 TE LGl . G558, BEAEE &
LA B A, FRIEAAN UL B IR NAEER . DEMNIIFER Boo M. MAFER B—o D KA
(o"'SIMFHASHBEATAR T BfifG, — WA o 'SIMp F)ZERERR, il s 0o 224 2 5457,
77T o"SIMp F 2 Z [H 1) B HEARGRSLIE T IR AN 77375 K K o"SIMs 8T, o”SIMs T FlE 3555
N, BERFIZERF o"SIMp FJE2Z 18], K& o'SIM IS5 T B dlki, FFERKE B/a"SIM S, 774
A RGO TR E R, S80GSR w1 RARREAG2

19



[ M 8L K 2 2025 CO5. FhREER &k

C05-57
TR B SHARFER KBRS S A
KO, HKEREY, HEF Y WiLE!
1 PHLEFPHIF

ERA GtR BB I O B AR T A ARAIE £S5 A 1 BE R RIS, I 24 30%, BRI A2 40%, |32 i T
R ZL R 4%, B BB ARG SR8 & X . SR, 50 TCA ZAL Gk & S A7 A8 B R
HELE R (~920°0), B ARARSE [ . AT HIAHIX TMP T2 s SR il £ HE P35 i kRS ~2um ) TC4
RS Eb, BE K TCA BB RIRIEE R 750°C. #t—1, 45ia 2 HEM SN 53040
SE YU TR, FER T HTAL Ti-Al-V-Mo-Fe-Si RGBT &4, HERIFIEGES TCA MY, B
PE R IR AT 2 PR 200°C o8 & 4 7E 650°C510-4 N AR K54 T, W e 2B 2 ik 2150%, £E 700°C-
110-3 MAREZSEAE R, Wi 2B 3 ik 2430%, N AT S

C05-58
TR EHEEC A Ti-6411 &ESHGNEUT AT
ESVen
1. PEALA B Tk

C05-59
MEEWX TIAI-Zr &S BET NS IR RIR
Xij kot

1. SR

TiAl &4 (1) 2= iR BB VAR SR R AN 2 R ) AR S MU S R e 4 IR AN LR O, oo sttt S
ARG S A T2 R B B8R . Zr JTREA L Nb TR EGEERER, ReERdes TiAl
G EiREE S PG LIRS, & Nb SIS ERRE . AR, Zr mRm BN 1 TiAl &40k
[ EA%, A ETEhh y HITER, BEA RURTE TIAl & &45558 J1%H R, Zr S 2 LA SE TIAI &N =EE
J15ERE S BTG N R, 2Zr & PR SR HIA R . EIsERE E, KA Cro Mn. Fe S
WL RS Zr TR FEE X Ti-46A1-2Zr-2X & & 1§17 5 7124 Re e, W58 K3 Cry Mn T &
TEMLT TIAl G &M R RS F T ZEIEE, BT y AR M, et TaPKREESIE R, A 8dTt
TiAl &4 5RFLRE 7. 1T Fe JTURIE T MEOIR 3 AHIIMTH, XTEEA J154 RS TSR AW Cry Mn Tt % .

C05-60
FIFH 2 RSB T BESAE AR & BA BRI EREBR I E SRR LI A S KSR E
TR T, Rk
1. Kz R

i 2 A B TR R AR AR AR G e B TR RN AR A I AR R R IREE I MoS2 K
FERRPETRIZ o IX P R (O A5 KA MoS2 2 T8 78 2 RS 4 L AZ AN Y DIREAR - AT PR EF R AE 1
M E e BN A AR 3 o MIFTR — AL, EES AR E sR IR 2 BRI T 50.29%, 171 BE #5 i I [a] 01 b
MoS2/TiO2 JEK | 160%. IXIGMFFTIH W] 11Xl £k i) o BE AR o (A2 AR AT AR AR A 33 AL o

CO05-61
Ti2AINb & &5LHIB IR P HR SR WEE
EJEI‘D 1’ %ﬁ% 1’ gjﬁ‘:&i%a g&%‘hﬁ 1’ %R‘I‘ﬁ 1’ %iﬁt*l
1. PEAL Tk KA i [ 45 A [ 5% B e S =
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2. PEAL TV KA E R I A

A TAEREF T Ti-22A1-24Nb-0.5Mo (Ti2AINb &%) fEAFEFLH] T2 N AH08T 4709, 208 7 %L
SRR SRS, R T ELE T2 S BMA AR MRS R B LR S L T,
FIH SEM FRAE Ti2AINb & & 5Lk 72 o 7 # W [FE AR 1) 2 A0 S0 A 72 5 58 AR AT, it —
AT XRD 5 EBSD 43#r. SEIGEEREM: & 4LE 1100°CH[AELHIFEH O HARWIEM, M EEh
B2 AHAN a2 AL, FEFLHI A EEA IR AR (I A SR BUR R A R ORI AL, B R AR 2R 5 B R AR
JiR RAE T e i LA S AR S AR 1Y) B2 A @R KL R AU e PR 45 8, iR B AN 22 . & 47 980°C
SR FLH A SR a2 AHRIAAIEL: FFEHR, FLilid #4252 21K B ) R B AR AR FAEAS 4 o2 AHFD O
VM T R, B R 2R RS AS K. T AE 980°CHe 5L 5,  H T LI FE 1 KR gk W AR A
BEKRK B2 SR, AR T BN SR kL, HALHI A SR L, AR 1S
EAVAEEItR SRR

AR AR R T FLHHEE S ELH 5 105 Ti2AIND A & 4140 % SR 2L, A Ti2AIND & 4 (A EE
FJ 28 B US4 T A

C05-62
JE AL B OEE X AR Ti-6AI1-4V &g SR FE A RN mRT 5T
gk 5L
1. Bl TR

BT U I SIS 45 &, 8T Ti-6A1-4V Al Ti-3AI-8V-6Cr-AMo-4Zr &4 RIR &, W
T HRE B KA 4 Ti-4.9A1-6.0V-2.9Cr-2.1M0-2.0Zr, K FHEOe A IR (DLD) T4 T FE, @il
XRD. EBSD # TEM 7t | G &4eid B AHX A b BE S I =i R 48 2 TE AL . G553, RSG5
SHUAELE B M, HEEEAEN UL B RN AEEERE . DENTIER oo . RER Boa D KA
(o"SIMM AT AT M5, —J7 P14 o'SIMp HEEEHK, JHEMH#ER N0 ZEES 5B,
A —J7TH o"SIMp FJEZ A1) B FEARAR LB IERE AN /13 & 1K o'SIMs 281, oSIMs R ~F & B 1555
N, BERFIZERF o”SIMp FJE2 22 18], K& oSIM [IE 8 E T B dlki, FFERRKE B/a"SIM M, 774
A RGO TSR AEH, S80GSR w1 N ARG 2

C05-63
ORIATREE X S S0 CT A A Sb TR R
Fipet
SR

BEE TR G RN . AR T LM N, e (RIRAN B A B 7 S i A o
PE XS SRR R R R A R SREE T R AR ARG AT R . B B R AR T, ONTTE
Al A R AR P SE AN TR R A i () R SIS TR T X SRR E R R ENLTE % (CT) #
AR, G MAOR G S 5 S AU, T SEOL R R e () = 4ETo R iR o G I B et
By RIRAESR e R CGRn/ RGeS W 57D, MR- IR G RS, SIS IRAE . BRI
CLR Ay 87 WHARSE R IR 00N Mtk RE 5 e RS SR I JRAE CT itR o Al IR A 858 X 4 Aok
JGAL CT B B RRIIWEAR,  FF ARSI S S5 MM RHE IRBE T 00 T B TS PE AN 22 4

21



[ M 8L K 2 2025 CO5. FhREER &k

Bk

C05-P01
BEAEAKTBREESEANKEII Ti-Fe-O MRIERATUMIER
EET

1 bR TR R B

RITARE SRR AR (Fe) I (O) XM o + B Ti A&&iA JIHIFEE TR MR,
B E et SRIERERAER (FAST) MEELEAR (HR) MgiE, o 7 —RFAA HOHURIERER
Ti-Fe-O 7y WEFTRIHMIEMCR A 1 BAT A o i S8 Bk (Fe203) ROV RTIRIA, Al 58 v il 21120
PRAER . DRSO RIS SR, AT 0.71wt% 1) Fe203, miAEFIFE
i 1012 MPa O RHLAEREE, T HA MR (4 31%). BRE ARt 7 B-Ti MK
RUIEL FFAE 7RI o Cop) Ti Sk, [N O fiedt FEPIRIRY o M Cas) M. Ti-Fe-O &4
FEGRA R R AR B-Ti AR 73 BRI A 94 o el 2, 7E Ti-0.71 wt%% Fe203 FE i iM% 3] 1 as
ZEFATN, XA TR A BT JEE . X LRI A F BRI A B AR BT HIR A . Rt RERER iR At
T MEITE, NG SRR AT TR IER . AR S PR RN S e TS, JF
DR T N PR AT T TE 7%

C05-P02
HIMTTER TALL & SMIMHLR K 772 M A IR AT 5
EHAL KOBT REE S, HAEF
1. PEREFRHON

AL TALL G a AT S, X HURF AL T AL RIAR AR P P Ty 202 R E IR KR BN TALL &
ST 2 VE R IR e e - 25 SR B, LI TALL &S M H 5], SR RS d~8 pm.
£ 910 °C/1h-FC+580 °C/8h-AC LB G, FAFLAARIBAE M A Sbr R A 7KK FERREL IR 2 3 72
B ELBI R SO PR SR TR B RIRAZALE, 1S TALL SE AL AR R
B DA MRS A, RIS, B h A Al s AL, I VA SR AR AL B SR A = R SR AL 0T 5 < B 1) DR R
B, ArHE SR AR BB A R RGN A TTRRTE R, SR PG R L AL AR B R 9 R T R e 68 MIPa

C05-PO3
p R LRN B H ERRTUAT AR BT 5
TR, BEE, e, DRt
L AL TR K
2. RHILSER=

BinGe (-TIAD BAMEE. mam. RN ISRl AWM S 08— e &3l
Lt Atk HAT, BRER G M R EIE R S 55iE T2, AR & . THARE R TR & i I #
IR T2 W] DA BR G e, PR eAs, X AR & e i IR A A2 7 B B2 o AT
Hl& A AR B RETTRAC RS E, WHITEAERAEIIAR (Cleeble), NG EAEA FlRZ
AR AR R AT T IARIAT N, S5 G RAE AT A & EROHA i, RIT B R m R ik ia & AR TE
AT ORI LA . SEERZE AR, Mo JeERINH IR LA s & b B AR 4, PR & e AR BTT -
FEF—BIEARATE T, H—d N Nb JTR G SR EIE 20% K AT, EE4 Mo TRl & &AL
BIE T0%N AT, BG5S RS T AR AT R )
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Instability of Omega phase induces synchronously improved strength and plasticity of metastable
p-titanium alloys
Chang Mi, shuzhi zhang™*, xinyu zhang®, riping liu*
1. Yanshan University

Metastable B-Titanium alloys combine excellent work-hardenability and good plasticity due to phase
transformation induced plasticity (TRIP) and/or twinning induced plasticity (TWIP) effects, but exhibit poor yield
strength. While isothermal w-phase (wiso) precipitation effectively strengthens these alloys, it typically
compromises their plasticity. This study develops a strategy to harness w-phase precipitation for simultaneously
enhancing tensile strength and maintaining plasticity in metastable J titanium alloys. Experimental results reveal
that w-phase particles significantly improve yield strength while initiating localized necking through dislocation
channel formation. This necking facilitates the rapid multiplication of dislocations in the strain-localization area,
leading to forest dislocation hardening. Additionally, there is extra work hardening due to the interaction of
dislocations with stress-induced twins and o" martensites. This dual work-hardening mechanism restrains and
stabilizes premature necking. Continuous interactions between w-phase particles and lattice defects (dislocations,
twins, o" martensites), coupled with subsequent hardening from dislocation-defect interplay, induce two distinct
necking events prior to final fracture. Each necking stage triggers corresponding hardening responses that
progressively regulate deformation behavior. Consequently, an exceptional strength-ductility synergy is achieved,
resulting in a 680 MPa yield strength and 51.77% elongation after 150°C aging. This work provides an
instability-control strategy that coordinates forest hardening with dislocation-twin/a" martensites interaction
hardening, thereby synchronously improving strength and plasticity (SISP) of metastable {3 titanium alloys.

TURREC

C05-PO01
Ti2AIND A % FAH 4 BB 72
FRt, R 2, R
1. E R R 4 B AT 7T T
2. ERZFERE AT G IRA AL, B8 EXY
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FEA TG, VRIS 75 1000°CLAT, BEE B HORE IBEE, it AE & = A3 BLS RS 1
N, M SR AR R IR, 4E ECRE R I R
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Thermal distortion evolution and residual stress characteristics of Ti-6Al-4 V alloy by laser-directed energy
deposition: In-situ monitoring, contour method, and XRD
Ruixin Wang®, Chaoyue Chen™*, Ruixin Zhao®, Zhongming Ren*
1. Shanghai University

Thermal distortion and residual stress are major issues affecting dimensional accuracy and mechanical
properties in laser additive manufacturing (LAM). This study investigates the evolution of thermal distortion and
the formation mechanism of residual stress in Ti-6Al-4V alloy during laser-directed energy deposition (L-DED).
An in-situ monitoring system recorded the distortion and temperature histories of the sample during deposition.
Residual stress in various regions and directions of the final thin-wall was analyzed using the contour method and
XRD. The results show that during each layer deposition, the interaction between tensile and compressive stresses
causes the free end of the substrate to initially bend downward and subsequently upward. Different linear energy
densities (EI) lead to varying distortion modes of the substrate. For El values between 75 and 150 J/ mm, substrate
distortion height increases with deposition layers. For El values between 150 and 300 J/mm, it first increases and
then decreases. By combining in-situ monitoring data with residual stress results, this study clarifies the evolution
of thermal distortion, the mechanism of residual stress formation, and their relationship during L-DED. Samples
with greater distortion tend to exhibit lower residual stress. The distortion of Ehigh samples is 0.73 mm greater
than that of Elow samples, yet their maximum residual stress is 82.8 MPa lower. The higher cooling rate in the
deposition region creates local tensile stress, while compressive stress forms in the surrounding region. As
deposition progresses, the region of maximum tensile stress shifts upward along the building direction until
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complete. This study provides new insights into the evolution of thermal distortion and the mechanisms of
residual stress formation in LAM, contributing to the control and reduction of residual stress.

C05-PO04
Machine Learning-Driven Design Optimization of High-Strength Titanium Alloys for Petroleum Industry
Applications
Yuze Ji*, Peng Wang*?, Shi-ging Wang®, Jia-kuan Ren? Li-juan Zhu?, Xin-yan Liu?
1. Xi'an Shiyou University, School of Materials Science and Engineering, Xian 710065, China
2. National Key Laboratory of Oil and Gas Drilling and Transportation Equipment, CNPC Tubular Goods
Research Institute, Xi'an, Shanxi, 710077, China

High-strength titanium alloys (HSTAs) have great application potential in ultra deep drilling due to their
exceptional strength-to-weight ratio and good fatigue resistance. However, the contradiction in strength and
toughness control remains the bottleneck restricting its application. This study proposes an innovative approach
combining machine learning and genetic algorithms to optimize the composition and heat-treating process design
of HSTAs, achieving a balance of superior yield strength (YS) and impact toughness (ak). A modified greedy
algorithm was employed for feature selection, efficiently identifying key variables from high-dimensional datasets.
Through 200 random partitions of the data set, 121 performance prediction models were screened out, and were
further used to comprehensively calculate the predicted results. Coupled with a dual-objective genetic algorithm,
the target performances with the YS>890MPa and the ak >48J/cm2 were set to optimize the composition and
process parameters. Finally, a new HSTAs with the YS>900MPa and the ak >50J/cm2 was designed and verified
by experiment successfully, exhibiting a great alloy cost advantage. This data-driven material design framework
provides an efficient pathway for accelerating the design of titanium alloys.
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