H51% 6 WRERMBSIRE Vol51,  No.6
2022 4 6/ RARE METAL MATERIALS AND ENGINEERING June 2022

=ER AT ENRUNBLENRANNF D

FES A

F, AWEE, KiZE

(M K2 MRRIES TR, WM #E 411105)

HOE: EdETEE. AR, B AEG AT g e, FIRSIIULNN g k& k47 R R0 E, T
SN ST Ak A &R MAR . BRI SREEE R, IR AT s S b BRI, %A

B 7R BEREE, WRUE . BT BRI R TR I RO A AR D

wE AT o AN A

RZ . WIENEE Sy R R R SRR RS R 2 . B TR B O, R S e R, SRR A
IR AN TR ROSE A, R R S RS N g, R R R S S N TR R )

KA SERZG G S DIIRMAH; wMsiE; WE

FEENHES: TG146.23 XHEFRIREE: A

X EHS: 1002-185X(2022)06-2090-07

AEMBER G eREREA IR A EE . T
JE A AR P B R A R U S 1) 0 1 RE AL T
JR B B W A A e 2 — T8 Bk 4 K R i 1
NANT A NLRT 0 BTN R E RS,
R f . AR PR L. FiE. AT
o BRI o i 7B S SR SRR N AR 4L A1) A 4 B
MR, AR S GAR LG, g ALK G & B AR
PEASE AN B A B FERACAZ ROSE, R e ¥ 70 T R At
AEME Ak E S, B2 BRI RN — R 50L&
FopT L gk esr e thRe s, & E T i,
RERFFEFR AT, — 550 T R gk A 4 7T bl i
(DA AN £ T AN R R ANV TR L AN 8
e U BR AL S SRAL LRI SR AT RS L L DL S FR) v AR
TPk URVEE LA RE -

REERATERNHLTES, Saemin—E
I, R A B AL SR REXS A AL B T2 2 AR UK,
PRI PT DI I — S R A PR T 2 O BB 4 I TS 2 21,
M — € M2 Sy 2 Ve R o [+ I RO B AR 9Bk &
i TR ASE BRI E, X T B ARG i B e 20
REAR DR E AR o — MR L T ] A BELAS 21 1 o v A
AR ERR AR EN, MU ST
HICRAET BER AR, ERRAERIE RN, 7
BUE MBI AT . BB E S BR & 4 [E AR AT H
UOE AR & R EE A . AR RO A b
FEE I AR B RS E AH (14 73 i Ak o

I 24 A Ak B T2 2 i D I A [ AT I 2R

%5 HEA: 2021-06-06
HEWME: EXREARREESE (51971190, 11872053)

FE o T Hs JIAE AL T FEFIAL 22 4 0 1 36 3 M B
Y5, MEMAYFREN —ANEEWTE. K
AT LA 235k 4 6 40 o 1 5 TD R A A1
(ME &, HET YR A58 . R T TR B A1)
(A ELAE AN AR S 4, A R B & P S, TRk
B 5T 0 BV R SR PB4 8 1
WA Hu M T T R R ) A B T b 4
J& Ti-6AI-4V & WAL MR, KB s
GG e mE R RS RN BIGIK g, AR SR
WA E T REHI L BT TCA & & M9REM T,
Zafari 2T T R0 D AR AR A SR A gk
iy, HIFEHEEZERMNHERD KA. Zhang
5 LT3 3ok s ] ¥ 4k B 1) 17 92 o) % (0 o e A R )
RTE KRB A S, R SR IR E &M%
FE, BEAE R IR OR, RETT ) A 1) A4 AR 43 Bk
K, 5 GPa &4 R AR L IRARM, Hiptsis
KA IA #) 34 GPa.

A TAELL Ti-7.5Nb-4Mo-2Sn AHF A 5, dEid 4%
il A 4 A BRAS 1 E  (F . 3 GPa. 5 GPa)5 i [H]
0.5\ 1. 2. 3h), fEFEEMIFX KA EH BHHR
A KB 1 2EAT AT I, REGE R B B KA S LR
G AR IR AL T — R R .

1 % I

FH 75 46 Ti (99.9999%) . Nb (99.95%) Mo (99.9%)-
Sn (99.99%) TENJEAM KL, Bl 42 5N TigesNbys-

EF N : AW, 2, 2000 4, WIEREMRARRES TRE%R, Wi WIE 411105, E-mail: 201805721108@smail.xtu.edu.cn



556 AW FEN B RS S MO AL SN AL K 30 1125 H « 2001 -
MosSn, &4 (JRTHD , ERAEY I E SIS HIP 3 N Ti-7.5Nb-4Mo0-2Sn &4 900 “C/0.5 h [# ¥

R G 15 BB S5 4AE . N T IRIE A &0 g 72
RS S ST, R AT, RS AG 1 IR, AR
[ JE, KHBEESL, mkxkEES 5 ). KA
259 THRAAFLHUKHI45 1) Ti-7.5Nb-4Mo-2Sn &4
AEAE, ZREN 3%, FEELHN 1 mm. FIHE
KACT) BN A FLAF B0 A SN T @10 mm {5
R#ET, AT X HERATH (XRD) T 4 AH M 52 A
o J 5 1 AR o 4 SRR RS il A8 A S o IR
T, BNE AR AT E AR E, 900 C LRI
0.5 h JaHUH R E A K £ =, &5 2k i A E
A o T 7S TR T L% 1 95 Ak B2 PR o 3 AT I
RAbE, ZEaEdEERE. RAMAERE 700 CH
ANFEE S (% . 3 GPa. 5 GPa). AN[AEEFE (0.5 1.
2. 3h) WFRUALEE,

K H P Riga Ku D/Max-2500PC X Hit £k fi7 5t
(XRD) XXt Fril £ 1) p BUAER & &M B4y AT RAE - 45
ANTE R ARE AT B R . SO ANR iy, G o B A A B
W R I BRI AR R L N 1HF:2H,NO4:10H,0 [ 42 fh
I, T e Fe B RECR AR AR EE A 2HF:1H,NO3:13H,0 1)
257, SR JSM-6700F 741 4 i 45 %o 8 b (RO RE b
BMAGUTESRAT S . K 2 A 2 0 B <
MFEMIZE ICREE, Hom# o 300 g, fREL AN 555 R
FHGAK IR A &5 <o R S PR B, 2 /7 500 mN,
R#E 10 min, XHFE ) J) R REHEAT R AL .

2 HR59H

2.1 Ti-7.5Nb-4Mo-2Sn g Sk & & #l &

Kl 1 2 Ti-7.5Nb-4Mo-2Sn & 4 [ 1% kb B )5 (1)
XRD Bl . MWEH ] LLE B % & 4 0 A B 5 1
BLH EAH 9 A, RSB ATT S A T (110) . (211) di
I, BAL0)AH AT S Ui o, 5 E AL, B(211)HH
fr bt i 55, Ul B (110) dh TH T M B A A AR Z
(11) & T 7 M B B A AR, XA T AL AR
AR TR E I AR EC R CRPARTE KD, IR
P AR & 1 S e T R R A b B S A
a”, R T 4 (020) .

2 A Ti-7.5Nb-4Mo-2Sn & 4 [ %5 kb 2 J5 () SEM
MR AT DL 2 B A S A RS 1 o Bk
AR, SRR SR, PR SRR ST 2958 100 pum,
HARFEANAR A I A K I A .

tH XRD Fll SEM &5 543 #r o] 1, d@id 900 °C &%
AbFE 30 min Hl& 12T B KA 4.

2.2 BEMMMEAES Ti-7.5Nb-4Mo-2Sn & B

HLR BRI

AEEEFN 700 CA[EE ) (. 3 GPa. 5 GPa) A4k
1 h 5 XRD K. 5[E A AP 5 ) XRD & % bb

5(110)

Intensity/a.u.

k2:;1"(020)

-

30 40 50 60
26/(°)

= L A(211)

80

Bl1 Ti-7.5Nb-4Mo-2Sn & 4x [ VA 4L #LJ5 1) XRD i
Fig.1 XRD pattern of Ti-7.5Nb-4Mo-2Sn alloy after solution

treatment

2 Ti-7.5Nb-4Mo-2Sn & 4 [l VA AL 31 5 (¥) SEM R J7
Fig.2 SEM image of Ti-7.5Nb-4Mo-2Sn alloy after solution

treatment

=)
i
S

5 g =

< g

= X

= STA 5 GPa \

= STA 3GPa

= . = -

—
STA normal pressure = L

1

40 60 80
26/(°)

K3 Ti-7.5Nb-4Mo-2Sn & < [ ¥ Ab F1L K AN 5] i 259 XRD
i
Fig.3 XRD patterns of Ti-7.5Nb-4Mo-2Sn alloys after solution

treatment and aging treatment under different pressures



- 2092 -

WA ERMELS TR

i 51 %

ALAEH, &47E 700 CHAL 1 h 5 : BT R B
BLpRAH, HOHATHSREE A Ak, Hr AT S i B AR AL
BN A 2 T (200) F1(211), UEBH B AHAI(200)F1
(211) Fh i B A AR EA . B AR (200)F1(211) 4 /= I
RS AT 5 9 BE L R IR 280 (AT S 5 R AR
Vi B R I AR BE 584k B A (200) A1 (21L) & T A % £ B
] o 5 Hs I 2R B T 8 T 9 (100) AT (110) ) o AH,
R T (110) a AHWE R . HAR B IRE o AR 5N B
2, WIEBR G, (020) 4R TH S KA o HHTE R T,
KRHET oM T WA, 5 KT 2 i 7
A a HHAT B AH. T 3 A1 5 GPa & RN UG, %
5 AR o FASRAEAE, RN RR 7 (021) S ) o”
., Ho"MEEd— P E ., Mt i, 5% EMLL,
BRI BT oM T AR E .

K 4 24 Ti-7.5Nb-4Mo-2Sn & 47 700 ‘C AR [A JE /1
(%M. 3 GPa. 5 GPa) THf&k 1 h J5/ SEM Hi v . M
SEM & Fy 7R mr LB B B A @ BT A, SBA
B EEARRE . B 4a BT DL R I RS 7E d 5 Ab b
HYH/NE a A W 4b FTLLE 3 GPa ki UG
FEH T I AR AR 10 T B o AR S & AL TR Y,
Al 52— J7 A E SR KL A AT S 2 AN dioRL 2 TR) 38 4 43
i, RAEEIHEMSR: ANE 4c WTLUEHE 5 GPa
i R UG WA EDIR I S IR o MR, 5B 4b
XA L B 5 GPa B UG5 KA o AHEA 2 LE 3
GPa B 35 I 5 R4k o"#H 2, HAKMSEEK, M
AT EEAS SRL N, (R A 3 GPa I U5 I 5 IR A4
T BT

g LRk, 43t 900 CEEAHE 05 h JFH
Ti-7.5Nb-4Mo-2Sn & 4 1F 700 CHI G ACFER, BEEE
JTRIER, O IR AR T 3 2 B BPAT R — e
FRES AT, B R AR 5 IR AR BT . X 2 B TR

I 77 R e 5 5 ERAR AR AR R B AT 5T BT SR FH 1
e R B RSE PR B AR TE k(R  En Ah g, oA
JIEARK, MEBTEAE G N IER T R 7. S g7
AT DAHR i S IR AR AR T M, B4k AR S IR AR 25 i
FEM AL E SRR, AT D KA R,
2.3 SEMEEX Ti-7.5Nb-4Mo-2Sn &4 E14A

EN=ORA

P54 Ti-7.5Nb-4Mo-2Sn % 4: 700 ‘C A JE /1 (7
J£. 3 GPa. 5GPa) AN[FIWS[A] (0.5, 1. 2. 3h) BUE
(1) XRD Bl . Ay, I 22 5 [ 3 Ak 21 = AR 1 S A2
(1) B AR o AR A5y M, T B AT I B — i
By WU — AR R R . B Ba S 1 xR,
B 250 J5 o T D9 (020) 9 55 G AR o A 19 497 S5 5 55 2 1 8%
i, XATRERNND RAE o 7ER R RAE T 0k, B
IR M B E K, ERRL L h )G o 5845 fif, R BT
H T o e THECES AR L ERRSE , WA 2 R O,
KK AEET B et R Z WA E - BE N 24
[ RIEK, ARG R A R, BTt o AHAT o #H.
IS 20T Bt A R 25T R) PRI K, o A 2 S 38 i sk (1
s, Lhi R oM 2500 5 B F s
#, 2 WAL a"fc%, WK 5a fis. 3 GPa B R Tl
FHIF RN M B IE K, o FHIZHTIGEIN, o AH 5 J6 3005
G MEES, 2 h BF AR, WK 5b Fias. 5 GPa
B 20 i 5 B S TR R K, o AH R 3G 3, oM
B RES, RN T o M, WE Sc B,

K 6a;~6d, N Ti-7.5Nb-4Mo0-2Sn & &
700 CH L T B AR KA (050 1. 2. 3 h) FH
SEM MR /7. HHIE 6 7] LA H o B 200 dn At BT
TUNNBRDIR 5 =M o M. B2 05N 5, HAED
= A MMIA AT o M, B Lh G HE L,
g 2h G ES Lh BRI Y, MR 3h )G

Kl 4 Ti-7.5Nb-4Mo-2Sn & & AEAFEEJIF 700 CHI % 1 h J5 /) SEM [ A
Fig.4 SEM images of Ti-7.5Nb-4Mo-2Sn alloys after aging at 700 °‘C for 1 h under different pressures: (a) normal pressure, (b) 3 GPa,
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Microstructure Evolution and Dynamic Analysis of g Titanium Alloy During High
Pressure Aging

Shi Lizhen, Fu Li, Lin Jianguo, Zhang Dechuang
(School of Materials Science and Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: g titanium alloy was prepared by vacuum melting, cold deformation, and solution treatment. A six-anvil high press was used to
perform high-pressure aging treatment on pg-titanium alloy, and the effects of high-pressure aging parameters on the microstructure,
microhardness and elastic modulus of f titanium alloy were studied, and the aging kinetics were analyzed. It is found that the effects of
aging pressure and time on microstructure, hardness and elastic modulus are significant. With the increase of pressure and time, the
precipitation of a phase and martensite phase increases. The pressure and time of high-pressure aging have significant effects on the
modulus of microhardness and elasticity. As the pressure increases, the microhardness first decreases and then increases, and the elastic
modulus increases; as time increases, Vickers hardness first increases and then decreases, and elastic modulus increases first, then
decreases and then increases.

Key words: high pressure aging; # titanium alloy; martensite phase; elastic modulus; hardness
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