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Fig.1 Morphologies of Ti-47Al powder at different stages of
DBM: (a) BM1 for 6 h and (b) BM2 for 6 h
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Fig.2 XRD patterns for Ti-47Al powder at different stages of
DBM: (a) BM1 for 6 h, (b) heat treatment (700 °C, 2 h),
and (c) BM2 for 6 h

AN, MPARMSE Kl TiAlL ALTi. Ti;Al &340
Ti fHA M, ALMH LA WE 2 ¢ s, £
AERBEJE B R ) XRD B3 E O 2 A2 0] 1 Ti U
FALTL W, Frf3¥ oK 3222t TiAl A Ti; Al AHZH .
E D ERBRJG R AR ) XRD B RE ) TiAl WA TisAl
VAR AR B, IX UL R IR R RS C B9k L,
M4 XRD &3 TiAl F1 TisAl AH ()06 55 48 H] Scherrer
A, TR TE TIAL R Tis AL AH B9~F 24 5ok R ~F kg
4 13.2 A1 6.3 nm.

Kl 3 A XOE EREE S FEASRIBY B ) Ti-47A1 By A (1)
SERIEAGIE R o [ 3a D EREE 6 h #p K BT 15 5O
W . TTLUE W, 2 RE 1R AR BURLA IR . MRS
Wrsd, HWORL A EE C R Ti(AD ALTI) 2 E S 451

CSEh'E Ti M, B E ALAD, afifs —em
Bysgbes B 3b AP EKEE 6 h Ja AR #(700°C,
2 &M PRI RS . aTLUE I, — 2850k
HER T A AR TiAlL ALTiv Ti;Al AHRIUY K, &
/b TiAH, oW a; B 3c h ZABRE 6 h fy K
WHEBET R IR o &0t — B BREE 6 h, 1J LA OB K RUkE
(R0 A B P9 38 45 1 TR 1) 504k o

B3 UD R SRR AN [ B I Ti-47 AL B oK 10 25 M AL i R

Fig.3 Microstructures evolution of Ti-47Al powder at different

stages of DBM: (a) BM1 for 6 h, (b) heat treatment
(700 ‘C, 2h), and (c) BM2 for 6 h

Kl 4 S BUE ERBE I R AN RIBY B Ti-47 AL B oK i)
DTA ik, Kl 41 a h—BERE 6 h B A IN#E] 800
TG vTEUE S PRSI I IR T80 e 9y e % 3
Al /N FRIAS B B 1 S U, s N SE A B 650 C o X N
A 5 P T S B A7 - 310~420 °C I 425~505 °C, 3t
B MEEE BT AR T RN B K TiAl. ALTi, 5
2 ANEAEE BT Ti AR ALTI VR TiAl K Ti F
TiAl VB TisAl 38 . I8 5= m Kl 2



* 688 Mty e m A RS TRE

%38 %5

Hb TR 700 °C AL HE TR B O K I XRD Z3 At
ESZ. fE Al 8 660 CIN CANTEAE 3 S N I, 43
HIRy R ALEIN#E] 660 CURERE R Al L& V584,
JEI ALTiv TiAl, fER AR IN#AE] 650~800 CHF, 1%
WA ALTiv TiAlL TisAlL A1 Ti MR — D EKEE 6 h
Jo B PR ERRY K (0 DTA 08T (B 4 b)), REI
TR IS AT, R EREE 6 h oM RIT A K
AAE 700 °C LA RN LA AE AL B SE i B 4 R
¢ A B ERBE SR R DTA 2047, Won T 1 ME 580~
670 °CIH] PR B o XA AU AT AT B 2 B AR B ) Ti
HUTIAL OV BN K i 7 &5 DT 3 -

S
B
8]
%D 2 h heat treatment
; cBM2for6h
§ /\\
2
S 9
= /\\
1
T .

200 300 400 500 600 700 800
Temperature/ C

4 RUL BRI RS A B B Ti-47A1 KK (¥ DTA 26
Fig.4 DTA curves of Ti-47Al powder at different stages of DBM
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Fig.5 Morphologies of Ti-45A1-2Cr-2Nb-1B-0.5Ta powder at
different stage of DBM: (a) BM1 for 6 h and (b) BM2
for 6 h
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Fig.6 XRD patterns for Ti-45A1-2Cr-2Nb-1B-0.5Ta powder at
different stages of DBM: (a) BM1 for 6 h, (b) Heat
treatment (700 °C, 2 h), and (c) BM2 for 6 h
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Fig.7 Microstructures evolution of Ti-45A1-2Cr-2Nb-1B-0.5Ta

powder at different stages of DBM: (a) BM1 for 6 h,
(b) heat treatment (700 °C, 2 h), and (¢) BM2 for 6 h
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Fig.8 DTA curves of Ti-45A1-2Cr-2Nb-1B-0.5Ta powder at
different stages of DBM
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Investigation on Nanocrystalline TiAl Based Powders Prepared
by Double-steps Ball Milling

Yu Hongbao'?, Chen Yuyong', D.L. Zhang®
(1. Harbin Institute of Technology, Harbin 150001, China)
(2. University of Waikato, Hamilton 3105, New Zealand)

(3. Institute of Shanxi Astronauties Electromechanical Device, Jinzhong 030800, China)

Abstract: Nanocrystalline Ti-Al composite powders with composition of Ti-47Al (at%) and Ti-45A1-2Cr-2Nb-1B-0.5Ta (at%) were
prepared by double-steps balll milling (ball milling+heat treatment+ball milling) using elemental powders. The as prepared and heat
treated powders were analyzed and characterized by means of X-ray diffraction (XRD), scanning electron microscopy (SEM), energy
dispersive spectroscopy (EDS), differential thermal analysis (DTA) and particle-size distribution analyzer. The results demonstrated that
high-quality composite powders with low contaminant, uniform size distribution and homogeneous elements dispersion could be obtained
by the double-steps ball milling. The composite Ti/Al powders prepared by primary ball milling (6 h) were uniform. Tiz;Al. Ti. Al;Ti and
TiAl phases were found after heat treatment (700 °C, 2 h) while Al phase disappeared. The fined grain size and particle size were further
reduced by subsequent ball milling.

Key words: double-steps ball milling; high energy ball milling; nanostructure; y-TiAl based alloys
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