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Table 1 Heat treatment of studies for TNTZF alloy
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Fig. 1 Hardness aging time curves of TNTZF alloy
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Fig. 2 XRD patterns of TNTZF alloy after single aging (a)

and duplex aging (b)

FHHN: p—ota"+p—a"+f—o+p.
EZEEETNRE pEA S, MBI K
AHIE N, nTUAFENEARE 1 B AHE ) Kk oy
K oo MIEREEARNT 3% JURAAE R 2% BB SE AR T
(9, 6B JS 0 20 R P m DA A R HE e 1) S A A
ST AT o AU . A 2 T Iy R i SR (1
TMKIR N 0>a'>a>p>a"", KNI g RKS
S IR I ORI AY, SR SRS A @ B a MR ROAT B AL,
e HIE T A A o ML R IT W . & A4
FEARIRL L T TR, K o AH, SRR DTk,
JIT LA 1 o i B i 2l PR XS T iy o o 255 1] S
K, BEMEKEKRE o—ad"—a B o—a B2 o
MBI, IS B 4 0 R Dk, AR B
I ARSI, o MFEATH R, o AHIBUR BRI %,
WO S PR DTRR IR 22 (904 o A, BT DA S I bl i
PRI Rr HBEIN RO RS K, o MR SR T 4R
KRGS SRR T AR TR, B A Sl
IRFIRR RS, LA 4 S I HH SRR AE

2.3 WRBIHX & SR T R

M 2(a)ff] XRD & H 0] F G SR o #H,
N TP UF A, X ILHEAT AT AR
fEo B 3 s 42 400 °C. 20 min B2 %01 TEM
B IGEIX L FATAERE ] 3(a) i LA HE 400 °C
20 min PRI RG, AT HIUECIRT o A7, RSF
IEF] 50 nm 247 AEERIR co AT H PR 5] B4 ]
PRI 1) 1R # FE I 120, MHEATIGE B 14T 5 A6 RE
3(b)HAMIESX — . %45 RS XRD #7145 B AH
W14

Kl 4 frosoh 550 CHLZUN AL 4 h 51 o 4] TEM
W15 . B 4(@) sk o AR S A e p 5T,
SEPRERIE, KBEZh 0.3~0.8 pm, 7 1M B R
V L= (& 4(b)). (400 °C/1 h+550 °C)XUZk I %4
4 h J51 o 41 TEM W78 LI 5. K5 ol ges)—
FRAS AT~ BRI R 1) o AHTE S, BR 2 AR BRIR o AH
5742 A8 A E R P Sl i Ti1023 A& HE T
NAS IS RAT L. BRI TN o/p ARIAI
JEUE B N AR R 7 AR IR TOAR o e i N S
By o Sl BBk o AHBITBOR R (LI 5(b),
(c)), FT LAV A A5 20 30 A S A 1R 22 i 4RI o AHAR L
SPATHS R — N SRR AE K, RI— AN KT o AHAR,
HRGTH A ESI IR 2, @i 5 pm FHEHT A
AT o KPP BRI o AHAE HA XU e 35R i o



26 4558 9

VEH K, 2. UM RO Ti-25Nb-10Ta-1Zr-0.2Fe B2 B4k 4 B 23 5 Jy 24 Ve RE v 55 ma 1915

B3 TNTZF &4 400 °‘C. 20 min SRZEI 3G TEM {41

DL ATS LR

B

[

o 2>

. e O®M).

Fig. 3 Bright field images of TNTZF alloy single aged at 400 “C for 20 min (a) and corresponding SAD pattern (b)
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Fig. 4 Bright field images of TNTZF alloy single aged at 550 “C for 4 h: (a) Low magnification; (b) High magnification

WArAE, FLREERE B BUR RN 1A I RE S, JERT R
WRIEHTIT XRD a8, AN XU N R
BrBL 400 CARIRIN BN o JFURIME, FeAR R Ik
oy @B R ALIEPPAT R, JFBEE SR BN
RO PBETF i, 1 IAA o 1) o AHEEAR, B DR IN T S <
o ARTFHIRKOR: BH B KA o — TR MR I 7 B K
(o ML, S IRAK 1) a AHEEAZ IEPAT AR RIS
o AERAT KK PrEL, £EK S(c)Frn 2RI R
WaMif%, ARCEKRRAEE R, THKIFRH
RAEAE e B 1 s, UM 2R it e A4
FEFGIN R B i, ESE AP 2(0) s AHZH K Ui
PRI 3 W A E, HE R pro T HRRE
MR 24K) TEM BI85 A . BBk o A
R, Hbedez, PrCABeIRIK o ARXHIESERE
AR A o XM RIS o A, RN
WA T AR, P DA R0 5 4 S i

D0 58 52 LE PR 2N ) S

2.4 WRBHEE N F RN

N T HE— D VP XU R A 4 D) 2 T RE I 5
Wi, S6F A A EIGH A RE ST T h k. B 6 B
A DRI PR R K R B IR ) (1 A
fhath, MTLAEH, BHRRL R, PR RS 4
[ A R PR AN N, Bubr i se BT S R
s XU BA 4 S R e PR S T, P
R R S8 0 5 PR . B (R SR BB 5 U B 28K
PERESH LA BUR R LI ZE 5], EJE W R L
PR G A A SR S PERER I, FLIN )
SRR, AHNHbR> T REVERE,  BESE L R S B
PEHRATRE . mAUE SR . B T 2250400 C,
1 h)+(550 ‘C, 2 h), MIGEIPRREIR S 845
MPa, FRPEAEEE N 65 GPa, HKFN 14.3%, %



1916 ATt m AR 2016 % 9 A
5 TNTZF &4 WM 3400 C. 1
h)+(550 ‘C. 4 h)) F{¥) TEM #{§%

Fig. 5 Bright field micrograph of TNTZF
alloy duplex aged at (400 C, 1 h)+(550 C,
4 h)): (a) Low magnification; (b), (c) High
magnification
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Effects of duplex aging on microstructure and
mechanical properties of Ti-25Nb-10Ta-1Zr-0.2Fe alloy

XU Yan-fei' 2, WEN Jing' 2, XIAO Yi-feng" 2, WANG Zhang"?, YANG Wen-hao' %,
YI Dan-qing’, LIU Hui-qun®, WU Liang" % QIAN Jin-wen"?

(1. School of Mechanical Engineering, Xiangtan University, Xiangtan 411105, China;
2. Key Laboratory of Welding Robot and Application Technology of Hunan Province,
Xiangtan University, Xiangtan 411105, China;
3. School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects duplex aging on the microstructure and mechanical properties of Ti-25Nb-10Ta-1Zr-0.2Fe titanium
alloy were studied by XRD. TEM. microhardness and tensile test analysis methods. The results indicate that the hardness
curve of duplex aging is on the tops of the curve of single aging, and shows the double-peak feature. Ladder-shaped a
composed of lath « in the matrix is observed after duplex aging which leads to the increase of hardness. The precipitation
sequence during single (550 C) and duplex ((400 C, 1 h)+550 C) is determined as: f—f+o"—f+a and
S—pro—pra"—pf+a, respectively. The optimum aging process is (400 °C, 1 h)+(550 °C, 2 h)), in this condition, the
elastic modulus, tensile strength and elongation of the alloy are 65 GPa. 845 MPa and 14.3%, respectively, the alloy has
excellent comprehensive performance.
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