%2654 8 1)
Volume 26 Number 8

TEERERFR

The Chinese Journal of Nonferrous Metals

2016 48 H

XEHmS: 1004-0609(2016)-08-1624-08

y-TIAl £ 5 EIKEM M EBER FIREITA

August 2016

ko', £ ol RFEY TR0, HmedF!
(1. g K% B HURYRE, K9 410083;
2. PRI MERES TREZERL, Kb 410083;
3. FERY MRS RE AR E, Kb 410083)

8 ZE: RANUNEREE 5 3RS 55 3 T-HR 45 (SPS)EOR il % Ti-45A1-TNb-0.3W(FE/R 734, %) & 4. FIH XRD.
SEM A TEM S5 43§17 V06 BRBE Ab BT JE A AR ISR AR K SPS B4 1A 1) B AL 2R G5 # b A T SR AN 4347 5
FHHFTUZBRES & 4K SPS HEAE SR (i fe . 45 R3RW: R EAb TIALND JE& & KRS BRI S, Bikr=E X
WY WEHEWTRING, B AR TRk BRES BRI B AHNE R o I p AHIEZ . TIAL-ND 45
SIREERTE 520 CHLITMAPOE SPS B b id 78, 7F 1000 “CE AT HEATA R 52 4808, MLE 500 C e, BREEK
PEAEPAKIN G %, ABURAR IR, X B S EREE A B 5 R oK PO K m S 5 R i [ i FE G 56, TIALND 3%
B4 BRI SPS Begi R ZULE y AHFT o AHFY ERIKIBUAHAE LR, T H BB bR B4R &, oo AH ST B TS 0 s BRI

AEBRJE, KR SPS BEESIRT oofy Fi 2 S5 RITE 2 B .

KEEIR: p-TIAL SR EERIERY; RS ES Thegy; SeEil; BRdEgl M

FEYZES: TG146.2

HRFRERD: A

p-TiAl JE5 4 BB m Mo . s A DL
M RAF PGS . PUAERESE, B — R AR
(R 22 LR R S 28 B i e 5 R AR 21 i e 25
BT (SPOE A —FRBI B Kk KR axbe g iR, B
fhedhmi A AR PRI & S35,
SRR AR A1 8B RL, [FIRF, SPS Begh sk
7P A R A HAR AN I B ) R RSB AR T, DL R
IF1) e A ik e P S R N = 2 R i, Sk o
PRI EREE T, AR TR g i i i R0, (H
H AT ¢ SPS B4 BRI A o0 2, A
ANEE X SPS B4k S A ML ELIEAT R FT I STkt AR
L

KT p-TiAl A SRR SPS #il#% . TILEAF
1 y-TiAl JE&ER R IH&, B RS2 A KR T
31, GUYON PRI £ W], Ak »-TiAl Ja5
SxAT SPS e 4l ik P vp i Sl i My AR 1] [ 2y 512
PSS HERL, B 0 208 A 1D R 2 AR S AR T R S
1M A8 FE ML 5 0k K Jsaf 20 21 45 #0 f5 5% . JABBAR
SIS 52 G4 A e IFITBIE Y, SPS b FE
Hh TR B0 AN T B S R 1) 9 AR T oK 58 I .

WANG 26T A, FERESEIE R 1000 CH,
4L TIAI-Nb K AR 2 8] () EHE 2 L 3= 22 SPS
FUE LI, WA TR IKCEAEH]: e 1200 Ched
I, YR PEAR TR S SR, [R] A AR R R 75 =
P T J S A AR 2 T IR K A R T 380 A i R Yk
7. COURET “5WmE 5T R, Ky A JFUUA IR R ~F
XT3 SPS BUEAAT LA HELE M.

HHT, A REREES »-TiAl &4 K1 SPS Bedhiqr
NI AR . BREEAE ) — R B P& S R
IR, REMEIRTT MR T AE FLAURI 4N/ AR, i
TR ARBEEERIIA . AR RS S B
(BRI, XTIAO SR HIRUUER B AN L A% 28 T 4
TR T Ti-47%Al G4&MBessiTh, Wi kI
1000 ‘CHeghing, H SPS Ledi A S It A5 HiR (1 48 b 21
Z1(4) 100~250 nm). GUYON Z5UN%f LLBFIT S AL F
I EEREE Ti-48Al-2Cr-2Nb ¥} K1) SPS st sty
SRR HUBERES R K 1) SPS e &l SO il 5
TSR R 1) SPS begt BUR il 5 o A SCIER LA
e p-TIAL FE A SR TN 5, S ERES AL BT f5
G S ARMATRIE, RGEWTTERENAEAH SPS i

EEWHE: HXRARREELES BN H (51301204); Heg K0 ARG 4 R H 0950 5 5 FR(201513); i pg K20 58 AL QB 0 H S2F5(2016)

Ig¥s BHE: 2015-11-10; 1&iTHHA: 2016-05-05

BIEEE: T A&, AlEd%, fit; Hif: 0731-88877495; E-mail: wangyan@csu.edu.cn



526 & 8 I ik, A p-TIAL SR SRR BOREE B TRRLAT 1625

JE& N AN AR G, o T et
TF PRI BR P A0 BHXT £ by AT A5 T R A5 AT A

.

1 I8

S A B SR R 4 s Ti-45A1-7Nb-
0.3W(BEIRHL, %), BrARKIEEN 74~150 pm. K<
A B SRR BT S Re ER S AL B, BRI AR . X
75~150 pm K LF G SRR 50 gv AFRRARE AR
Bk 250 g, HERRIEL N 5:1, RN EEREEFEALT AR
BREEHL I TE/K £ BRI s BREE MR FH A 84777 2,
1217 30 min {5 1E 15 min, 12178344 200 r/min, EKEE
ISR A 5 by BREE SRR AR T o SPS SEEG /1% [H FCT
A7 1) HP D 25/3 BUSC A B R g gk AT, Rk
BER R 60 g BENAME AT S5 1 h gk AT he4h, SPS il
FE 43 5k 1000 . 1100« 1200 C, Tl # R 4
100 ‘C/min, {RIFETE]} 10 min, JE#E4 40 MPa. %
ZERAFIH SPS e 4 LI AT 204 d 40 mm X 10 mm.

FIFH D/max 2550VB-+7 X 5 2R A7 50 BRES H oK

® -
kY

“Za

B 1 ARFEPRA p-TiAl ZES S8 K K SEM 4

IAH T HEAT 43T, SRATARE K, 585, F98 A o)ie
Fil 4 20°~90°, Kk 0.02 (°). #JFH Quanta FEG 250
T RSN IR B4 B AR (SEM) 23 0] BR BB B R
(TS LA SR AR B AE AR O A 2L AT 8% . %7
BimEA N UL TR RN 1.0 nm, U HLT
1% H% N 2.5 nm. 1545 H TECNAI G2 20 S-Twin 74
S LB RGEIAT e A AR TUIX 43T, TEM I i ok
20~200 kV.o KK BERP LUK Ze U1 FI) i )= B2 R 0.5
mm [T THBE S 80 um LUK, 4R 5 K FH XUk
WA TEM FEih, ol H B s 5% e SR

35%IFE T BEFT 60% HBE(AF 0 HO TR A XTI
WRELE N—25~30 C. HLECN 25 Vo Ry RBeLi 1R
J5E R FH B FE K A /K vl 12, FLBRJE#E Quadrasorb
SI=3MP 44> (7)) 3 3l LR 10 S ALBRE 43 B A B IAE o

2 FHRE5HM

2.1 p-TiAl £EEH R R ABLERK
K 1 s S SR ER S p-TiAL & 48 K [ SEM
%. HE 1O, SR L R ERR B ER

Fig. 1 SEM images of y-TiAl based alloy powders with different states: (a), (b) Gas-atomized state; (c), (d) Ball-milled state
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Fig. 2 XRD patterns of y-TiAl based alloy powders with

different states
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Fig. 3 SPS sintering curves of y-TiAl based ball-milled alloy
powders at different sintering temperatures: (a) 1200 C; (b)
1100 C; (c) 1000 C
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Fig. 4 XRD patterns of p-TiAl based ball-milled alloy

powders after SPS sintered at different sintering temperatures
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Fig. 5 SEM-BSE images of y-TiAl based ball-milled alloy
powders after SPS sintered at different sintering temperatures:

(a) 1000 °C; (b) 1100 °C; (c) 1200 C
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Fig. 6 TEM images of y-TiAl based ball-milled alloy powders
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Precipitate and substructure; (c) Dissolution of phase boundary
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Spark plasma sintering behavior of
ball-milled y-TiAl based alloy powders

ZHANG Chi', WANG Yan', ZHAO Shou-xin?, WANG Jia-wen®, CHEN Yu-qing'

(1. School of Aeronautics and Astronautics, Central South University, Changsha 410083, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
3. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Ti-45A1-7Nb-0.3W alloy (mole fraction, %) was fabricated by mechanical milling and spark plasma sintering
(SPS) technique. Using XRD, SEM, TEM methods, the morphology and phase constitution of alloy powders before and
after milling as well as the microstructures of SPS sintered specimens were observed and analyzed. The densification
course of the ball-milled alloy powders was also investigated. The results show that, after mechanical milling, serious
plastic deformation and brittle fracture occur in the gas-atomized TiAl-Nb alloy powders, leading to the obvious decrease
of'its particle size. ff phase in the microstructure of the powders disappears, the amount of & phases decreases and that of y
phases increases. For the ball-milled TiAl-Nb based alloy powders, the starting temperature of rapid SPS densification is
520 C, and a theoretical density can be obtained at the temperature of about 1000 ‘C. When heated below 500 ‘C, the
sintering thermal expansion of the ball-milled powders disappears, and the shrink of the bulk becomes obviously, which
are mainly related to the recovery process caused by lots of defects after ball-milling. The SPS sintered bulk of TiAl-Nb
based alloy made of ball-milled powders shows a duplex microstructure composed of y phase and a, phase. The content
of a, phases increases with the sintering temperature increasing. After ball-milling process, the formation of a,/y lamellar
structure in the sintered body is inhibited.

Key words: y-TiAl based ball-milled alloy powder; spark plasma sintering; densification; microstructure; phase

transformation
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