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B OE: R ES EFERIUS SRS AR & Ti-60Ta &4, HSEFiefs i (PREP) A % HHERIER K,
FExH A B R BEAT R K A HE . R SEM. XRD. TEM. DSC %573 #7 F-Boxt Ti-60Ta & 4078 g it [ it £ o i A1 AR 4T 4
BEAT THRSE. S5RFH, Ti-60Ta JUARFER Ti-60Ta &Sk RAHALREZ L bee LM g AN MARATER /N, PRodtE
A HE RN, o D REMMEZ, AR RGP ZT 1000 'C/60 min R B, AR T DR oD KAkR;
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TiTa &4 —Mif g kG4, BAMRFRENE.
R BPUR e  RER B E SRR A, TR AT A
REEE. Fi. LSRR EMERLA, FiaA
THERTTAMNTLE k. b, KHAEFMHENE &R
55 0 FE AN A, 1 R TR 2R A el B g oA )
SIS N BRAR P BE AR, JCHRZ B

Ta THRAKRG ST pHfEETTE, B TiTa &
S Ta SR & BANZ A S HARLL R B M RE R IR K,
1E TiTa &40 FEA B d, MR H pra PIAHA . &
TEM pHEEEINER Ta, TLHIH] TiTa &8 KA E
FE o AHEIAT AT AT DO IR P40 g AR E iR .
ifilAl— Ta & &K TiTa &4, EARREKAEZET,
Hri i) o A& E WA FN BT RS TR S ERS,
W IR o MESE B AR AN LR B AR, DR XA 4 1
R BB R RE. p HREGESEE SN Ti-60Ta
R, %) A& KANERY, AHNER
BAHEEAS Ty FAKK CaAHD, B fpoa ARSI FED,
PEKHT R AN o By Ffd, WA ik 1) 5
IR, LR E T o AT SR ST 20 A DU BT
tepil e . VBN R R B AR B KA &R S
1, B B ARG SR TV KT H SR A IX — 4 A,
Fetrm A4, Fedotov 2 ANMBIR T Ti-Ta (FiE
EL %) It E & EiR ORI S A R &R
X Ta Ju & L E 580N 10%I0, Ti-10Ta GeAHA M R A

%5 HEA: 2021-03-28
HEWME: EXREASHIAITER (2017YFB0305800)

o M, ARG BRSNS (hep)s (HJE, B Tat
RO RNT R, Ti-30Ta A& MG HI g AH, Hakgi
REGSLTT (bee)s 4 Ta &S 2 60%HKY, Ti-60Ta &
GG AR, RS AR RS . Margevicius 25 A
Xf Ti-28Ta & & MW 745 R, fE R KB T A o
FAATH o BT HH AR AR 2 00 A0 Ak 2 U 8 - o v 388
HH o M H S f—a" D KAAMAE, BfRms
SR TiTa &4 pAHEE EE, G480 BHERLT.
DR, AR5k 4% Ta & &8 60%01) Ti-60Ta & & AF AHT
FUXF R, T4 H AN G S IO 2 25 ) JUARE (R 7

B, EEAK Ti-60Ta A& M RAZ, HXt
Ti-60Ta & 4 75 Pk B[] ok 7% v B9 AH 2R B FE AN IR N
TE A% G0 1) ¥ Kk ik FE p HORE SR 15 A BRI A R0k R
(<10° K/s) D31, PREP ki by v 113 2 1] w3k
10°~10° K/, bk v ) ¥4 030 26 TT B 4 A BUAE W B
TiTa & & KA b B A LSRR IO 45 K FIAH 753 o
FrLL, AFFAIH SEM. XRD. TEM #1 DSC 2553 #1 F
Boxt Ti-60Ta £ < 75 PRIFUEE [ 25 148 T RO AH 2 i Fr A AZ £
EEHAT TS . 7E Ti-60Ta &4 K gk R ILIHE
LT "G RAAAE BT AL, AT AN, I
X R R AT 20 AT . SEEG 8 IR RN JE I AT d T A Ak
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A PHES: Ti-60Ta A 4 R o [ i 72 o iR AR AR BT 50 + 935«

KR AN 0 Sl dn etk — e R IR G195, &
JEHI . B ARERIUA R 950 CHR. k%
B FEIMLELRY, BAGIFSESN 75 mm i1 Ti-60Ta
HabE, A RN 40.25%, A& RN 0.11%. ¥ Ti-60
Ta A& RIFES R Fhel i (PREP) ik I
BT Ak CnlE 1 B, kA 18 000 r/min,
285 R [E R Ti-60Ta & 48 AR . F 201 20k
Ti-60Ta &<V 10 mm><10 mm>10 mm HIEkE, ¥
Ti-60Ta PoAE A FH 22 B B RO BT 348, SR G 3t
SRAPREAT I, AR B 1 TR P BB B S A K
W R, P 4 e DR i A AR ot P N K AR R AT ¥
H I 2 frs), HAEERIR Y 1000 C, {RiE 60 min.

FIF Bruker D8 Advance Phaser X SFZRATSHMCR
TiTa & &Yk R HM RV & & EFITRIE. FIH
JEOL JSM6460 474 Hi 7 R fBi WL 5% TiTa A &1 25l
M., HIEEE THR(FIB. FEI Helios NanoLab XUt )

Electrode

Fixed
tungsten
electrode

1 EE TR R EA R A

Fig.1 Schematic diagram of the atomization of plasma rotating

electrodes
Heating unit
4 1000 °C/60 min
Ti-60Ta ::> ; =

Muffle furnace

K2 Ti-60Ta SoFEE S BESH =R JOR & B
Fig.2 Schematic diagram of high temperature quenching of Ti-60Ta

block-like sample sealed in vacuum glass
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Ut HL T SR A A AR (R AROUR 5 F AN 25 AT R AE . SR
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2.1 Ti-60Ta & EMLELR

BRHA SRR HBES A, HEMAS S AR
AR EEAHK . Ti-60Ta & 47 950 CHURHER, =¥
R, HEMAZ Oy IA SRS (& 3a B,
HARP Y RSFLE 50 um 247, b SHEMWRT L, Pyl
DB S AR SRR T (i Sebmid i), I HIE RN oD
Ak, B 3b fish Ti-60Ta & 4 M8 BU I .
IS X Lo 25, R B AHIE 78 ) 46 I BB & S 41 2k
SyREARYIS], EART Ti A Ta ISR M AH ZE R OK T
TR BB R AN ]

£ PREP Z5 Ak fill #y ik 78 o, FC ¥ 0 2 5 0k
10*~10° K/s, MyRMIES S A HERZEYIM <. @it
PN PREP HA 1 # AS A 742 (150~180 pm.
65~90 um. <38 um)Ti-60Ta & & K (12 1 K& A AT
SEM 5o tr. Bl 4 s AR FERAE Ti-60Ta & &k K
RMEFIAT R SEM SR . KR B MH RS 8
THI ¥4 B 2H 2R B [

K3 Ti-60Ta < AR HEGAH K& B HUN BT
Fig.3 OM (a) and back scattering electron (b) images of Ti-60Ta

original block-like sample
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PREP #3 A S0 1) 24 23 B S e T & 4 Ik [ IR 25
WARIL T B R R A S g mAK ORI W 4a
Bz, KRR K (150~180 um)AUAE 2% 1H 7 A R BN
VSR AE IR (1 MOR B B S 4, X 2 AR B k& 4
Fr AR SR, B ZUIR . B ab 2 HoR R
BRI ARG A AR AT A0 2 IR A o R A 2
FEXS R, B CAHZAAA B9 B S, TR b e
DX I B S A i . AP 4c F0 4d s, BT
AR BN, B A R F T 4L AL, AR
B YH R T AR /N . W] e RN AF FTOR, AR
RSN <38 pum, BORE R EAR 6N, i3

Surface
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RIGAHEEE =32, BEEEFERMR, Dl TWEE
] 51 2 ) R TSR IR R AN B S, AT 72 AR B T i 3R
o SR, JRSFRCORBURL 174 E 38 AR B, A3
PRARER K, Vo R[] B TR, 25 50 3 ot [ WA 4 2
Sty NI AR KRR R R DG R 2% .

I Ti-60Ta JRAGHFERIR R 1) LA 20 B,
R AR A EE M g, BT ARSI A%, i
JERAEPRE VA 20 T B AR N B0, WO SR S K

Cross-section

4 PREP #|4 MIASFRIAZ Ti-60Ta & 42k A 36 1 SR 2k i 45 4y

Fig.4 Surface morphologies and cross-sectional structures of Ti-60Ta alloy powder with different particle sizes prepared by PREP
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2.2 Ti-60Ta FE&HETHR

Kl 5 & Ti-60Ta & & 5455 F1 PREP AN A RiAE Ky
K XRD B Wl 5 Fiow, JRAGHRE 3 Bl kO
J7 (bee 4589 111 B MU R JRUGHAE £ 1000 C/60 min
KA G, ML TR o G IRAK. PREP # K #) XRD
WERR B, B OR BAAHE A AEAR KRR FE - HRk TR (1)
KN, BERIIE AR (150~178 pm) R I X858 p M. 7F
(89~124 pm)Mkitt, 7 pAHZ AN, AR T /DE o
L [ARAH o Bl K ARLAR B — 2080/, FERLBE <38 pum
MARBRL A, o5 [IRAAHIA 2, H 04 50 B 0 5
WK, FANEHELE o HEH. X2ERN, £ TiTa &
G, M pARSEAR K B A I K, B S
FRIERE o"#H. 7E PREP fillBrdfEd, BT& @ iammg
K A R (10%~10° KUS)ME, A B ARIEAS A o AHIKIEFE
Wedmshl, p A NRZ RN oA oD KADT, [H]
W, pAHRRECR Ta SR — el fE, imsil
] M 1) o M i AR 08190 ir DL, AR 7 r ] 4% 1) Ti-60Ta
HEMARFLLBHANE, HEH D E o5 M . Ti-60Ta
B4 RIEHREZ T 1000 “C/60 min VK ALFE, AHXT T E
URRRIORERE, Y REEE R, FrUAHHIL T D& ot
FOMAAH, AHRAT T R A HE T &, HARER
T B AR, L o B PG I A 0 AR A4 01 &2
A TG YL, IR B BN AR UL GBR = 174 AT %)
AR TP BB 21 o SRR, T B AR

Nk IR UE XRD B M s R, A Fi R H R AR
B FIB. FEI Helios NanoLab ¥UGHE, % Ti-60Ta ¥
REERBEAT T V)R 4% 0 S B RE T, IR RS S B
PR A ML AT T b . B 6a 6b 43l EoR T kiR

I 1

P M v \ 4 L
l ® a
v
o Original blockisample ¢ o
°

S . .
3 Block sample quenched at 10Q) ‘C/60 min
s le grehed o 10
'g 150~178 um powder A
= 89~124 um powder v
o¥Y M
® <38 um powder
o WS .. ¢ oA
1 1 1 1 1 1 1 1 1 1 1
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20(9

B 5 ARREAEEZRT Ti-60Ta &4 M X 5T
Fig.5 X-ray diffraction patterns of Ti-60Ta alloy at different cooling

rates

<38 pm [ Ti-60Ta 40431 TEM &AL X 71754
(SAED){Ef:. MKl 6a FTLAE i, Ti-60Ta ¥y A HITOM &5
PSRRI 1 um AERI R . A BN, & 6a
HHERIR S Ik oA, 7EK 6b H i SAED %51, #ik
P T m S, T 6b Hp I S ORLAE BE A E N B OAH .
SAED 1e4F (Kl 6b) 518 5 HAHM 1) XRD 4558 — 2. iX %
BF I PO o PR e [ ok P2 R AR S 7 B S . SR
KRR S AR T Ti-60Ta HUR& SRS RA
RS, e, DIRAE o MR BB p
N, ARSI Lo DR o B 5 NECE 91K
B JUHMCKRBURS:, R, AR H, B 6a SRk
A& o5 £ /T 50 nm, BHE/NF Ti-60Ta Bk & 4 i)
o Ak, EIRAR o BRI EELE 1 pum BAR .

KAEF R AR EE BN, R A HE RS, B
KNSR, AR SR BEZ . oS KAARAHE T
A R L SR [RUARY A VA A1 ik R b 5t 5 A PR e A 7 AR A
Ny, RJFHT oo MR, HTALEE 2 /il
AL, NATREEER, BT LA S AL o Ty IR AR S A
KH&SEZ . XRS5 AR ARTE B AR MBI
B L ARIER2, BE—2B N, AR R Y
g ng R Ay, TSR S IR AR . Rk, oS

6 RIfE<<38 um Ti-60Ta ¥ KM TEM BAIE X H-7 AT 56 TEAE
Fig.6 TEM image (a) and SAED pattern (b) of Ti-60Ta powder with

particle size of <38 um
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Temperature/C
K7 Ti-60Ta # 74 (40~65 um)ff] DSC HiZk
Fig.7 DSC curves of Ti-60Ta powder (40~65 pm)

PRAA A )2 I 5 0K PRI/ N T 386 0
2.3 DSC #HTIRE

TiTa & 40 S sk A0 88 k2 DL 5 R A4 AR AR AN
PO AR AR A At ), IR B2 15K TiTa 645 KMk
FFEAZ . 18] 7 J2& Ti-60Ta #7 K (40~65 pm) fI#AAN e KIS )
DSC ifizk. M DSC ik bANSE TR . 1E TiTa
BEAHTRP KA A-M MR, 5 RARIGEA
TLE (M) 390 C, 25 3RIR (M) 2 253°C, f e I AEL IR
JE(Mp)# 340 C. TiTa & HEEREY, K4 M-A S
RO G AR, BRI A5 I (A2 421 °C, 45
TR (AL 593 °C, WA B2 (Ag) 2 540 C.

HHUAR) Ti-30Ta & &AHLL, Ti-60Ta #3 K 1) B KA
DA AR 3, FBE PRI T R4 240 °C o X2 N, Ta TTRTEARS
SHRFaE p A4St ER, Ti-60Ta HI¥m Ta il LAFE
18 5 PR AR B R A B M, 1 FLAE 98 1Y) Ta Ju K AT LA
il 5 AR HAE, FTLAYE Ti-60Ta e A5 Wi g2 3
AR, FR, AR EI TS RAER KRG %
55 R, XA BB KA o AR AR
5222380 4 Ti-30Nb-3Pd £ 4 tiiiE 7 5L 45 24,

3 & it

1) Ti-60Ta JE A HAE AN Ti-60Ta & 40 A M 4 il 32
PA bee Z5H41 B AN, B oRRIARER /)N, R DR
[ Jok F A R Ak s, U o T IR AHR S, B AHEK
Ao JRIRHREZ L 1000 °C/60 min FK, KT DE o
LR, (HRARNT TR AR A HE N S, HA R
FRGLIEA A, FrA o Dy IAAIE I A # AR A4 B 4

2) EAHEREE N Ti-60Ta A4k A, WELs|
BRER o By KA, B8 K208 50 nm, o B [ AR S
T AL, BAITE T .

3) M EM pMIETTER Ta WAE(E, fif Ti-60Ta
R AR I B IR W E IR S Bk & S EL R T R 4
240 C.
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Research on Phase Transformation of Ti-60Ta Alloy During Rapid Solidification

Zhao Shaoyang, Yin Jing’ou, Wang Liging, Shen Lei, Tan Ping, Li Zengfeng
(State Key Laboratory of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The Ti-60Ta alloy bars were prepared by vacuum arc smelting and then hot forging process. The bulk samples of Ti-60Ta alloy were cut
from the bars, and some of them were quenched in the water. The spherical powders of Ti-60Ta alloy were prepared by plasma rotating electrode
process (PREP). The microstructure and phase transition process were characterized by SEM, XRD, TEM, DSC and so on. It is revealed that both
of the bulk samples and powders are mainly composed of -Ti with bcc structure. With the decrease of powder size, the cooling rate increases
during the rapid solidification process, and the a" martensite phase content increases while the -Ti content decreases. The bulk samples were kept
at 1000 °C for 60 min and then quenched in the water, resulting in a small amount of o martensite phase. The results of TEM and SAED reveal
that the lath a" martensite phase with a width of 50 nm forms in the powders after rapid solidification, and the " martensite phase mainly
precipitates at grain boundaries.

Key words: PREP atomized powder; titanium tantalum alloy; rapid solidification; g phase; a" martensite
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