%46 & o6 ) W o R E i CH SRR ) Vol.46,No.6
20194 6 J Journal of Hunan University(Natural Sciences ) Jun.2019

XERS:1674-2974(2019)06-0001-06 DOI : 10.16339/j.cnki.hdxbzkb.2019.06.001

AR A BT E]XT TNM & &AW 23 20 F0 88 5 59 52 M)

AL INE R LR T AR LR L R F L AR 2
(LR R B R 5 T AR2ERE IR 00 410082 ;2. T DU B AR R , WivE T2 315000
3JARVAATIEL T 2B MR R, T 4R dilisk 515063)

 ZE:HR T TNM(Ti-Al-Nb-Mo) &4 #A 4 22 0 5 R LR ) AR 09 X IR
SRS SR 1270 CF R KJE, B30 T 800 CH&i& 500.,1000 F= 2 000 h.#] A X 5 & 474
(XRD).#2#5 & F 245 (SEM ) 2 4 & F B84 (TEM ) Ao B8 F i+ o4 T BA RF =%
1B K B R) 64 KF S 6 M A8 BRI SR RO 6 AL 2 R R A AR OK BT T 6 3 K (ot
) E R BB Rg b, @ I E S0 B, Aoy LR MBRA L R an B K R
IE S KRB, Bk AL LN oy BR TR B/, Foda. by T B, Bk ey s 2 K, L& K
849 @ 7T VA FLERAS A5 6435 ), BT A TNM A2 AR B I A = KR K AT 1A) 649 2E K ST A T4 3.

RHRIR] - 4K 4B A A AL TR R B ARVLLE A

FESE S TG14;TC15;TG166.5 LHRAREAD ;A

The effect of annealing duration on the microstructure

and hardness of TNM alloy
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Abstract : we focused on the inner correlation between heat treatment, microstructure and mechanical property
in TNM (Ti—Al-Nb-Mo ) alloy. The samples were firstly annealed at 1270 °C , then kept at 800 °C for 500, 1000 and
2000 hours , separately. Using X—ray diffraction (XRD ) ,scanning electron microscope (SEM ), transmission electron
microscope (TEM) and microhardness tester, the phases, microstructures and hardness of the samples bared varied
heat treatments were investigated. It was found that the boundaries of (a,+y) colonies were boarding when the
annealing duration increased;more B, and vy particles precipitated at colony boundaries and formed a cellular
structure. At the same time,more nano—scaled B, particles showed up in the single @, lamellae,inducing o./B./a,
structure and more interfaces. Therefore , the hardness of TNM alloy might be enhanced due to he formation of both 3,
particles, which are harder than the other two phases,and of o, /B, interface which can hind dislocation movements
additionally.
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WIS EAT 254 (AC) 3 55 2 2D J27E 800 CTRFAE it 43
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ARG o SAHNLR K TS50k 2 s, 4
BEL A Z HiTA 5 F Kroll 1270 A i 2 1T /A7 1 .
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Tab.1 The nominal compositions of the alloy(atom fraction )
%

Ti Al Nb Mo B

51.4 43.5 4 1 0.1

x2 G2BRANTZ

Tab.2 Annealing processes of alloy

R BATZ
1 1 270 °C/1 h/AC + 800 °C/500 h/FC
2 1 270 °C/1 h/AC + 800 °C/1 000 h/FC
3 1270 °C/1 h/AC + 800 °C/2 000 h/FC

1.2 #HFmilLKARE

K H Siemens D-5000 %! X B 2617 1L (XRD)
SRR S B A T AR ST 5 BROW At K 20 BT S 56 Hh R A
FIHE R 3BT (SEM) 4 FET Quanta 200, TAFHL
JE2R 20 kV ;385 5 L 2 345 (TEM ) Tecnai G2 F20
S-TWIN F&fis B, A 200 kV.HV-10007 {4 hifi i
ARSI SR TR A R I £, SER 4804 9.8 N,
JEIFE]A 15 s.

2 LWHERSITIR

2.1 TNM & £ KM xR K EEIR T

Kl 12 AR K E] 535024 500 h 1000 h Fil 2
000 h AL B XRD 3% & E 1 el LUE ) 7E 3
PR KT A SRS A au(TisAL (y(TiAl)
1 B,(Ti(AL) )AH.
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Fig.1 XRD patterns of the samples with different

second annealing durations
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Tab.3 Phase volume fraction of samples with

different second annealing durations %o
FEfh Y a B.
1 82.7 16.6 0.3
2 824 16.3 0.7
3 85.2 12.7 2.1

22 TNM A&HBRA LR R AR BT

2 AR 3 3 e AN TR UGB st a] R 454
FESH ) SEM % 2 a4, Bl —UCGE sta]
HIEL , (aty )2 AT kLA, U (anty ) 12
RSP B R B T ay B, SHIRL R
(] 4190 R AT T T G T e B AN [ A By
AH I

%

(a)500 h

(b)1 000 h

(c)2000h
B2 RE kR KB ARS8 SEM( =k b F 4 X,) B4
Fig.2 SEM (secondary electron mode ) images

of the samples with different second durations
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(a)500 h

(c)2 000 h
B3 REZkERK A A AR 69 SEM(F # 4t 8E X, ) B 1%
Fig.3 SEM (back scattered electron mode ) images

of the samples with different second durations
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R RLZ R B ST TR K TR B (anty ) S5 10 T
ZRFPPAS. BTy BRI K RE TR K
F, AR S HRE i AR st ] 500~2 000
h, DL F 56 B 1R A AL B AS B .

(c)SEM &% (d)TEM El
B4 BKEE A 500 h B AF S5 89 SEM(H #HAEX) B 1%
Ao B K H# TEM B 1%

Fig.4 SEM(back scattered electron mode ) images
of samples with annealing 500 h and its TEM images
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Fig.5 Interface spacing of the samples with different
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Fig.6  TEM images of the samples with

(¢) 1000 h

different second durations
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