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Z o AT FAE I Ky ARG < B ) TR AIND & <6 L1 3R
PRFESKHEAT 800~900 CHRFF IR K ALFR, 43 HT IR e 4%
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B K AL BN Ek =IE A 650 °C R R M AR A
Wi, DA Je SR E G B R R VR B T, R AR
PR SR 5 71 PR R SR AL B AR AN S AR o

1 5%

AL Ti AINb &4 U&7 A Ti-22A1-24Nb-
0.5Mo(at%). & E&H L 3 IRE T HFE /S & (vacuum
arc remelting, VAR) J& #l] 45 it @40 mmx»450 mm Tl
He AR, B ALD Gas Atomizing Unit
EIGA 50/500 R34 %5 A5 4% b 5% F JC T i OB A 45
S Mk F 4L ¥ (electrode induction melting gas
atomization, EIGA) il % AR, A &Rk RKE
NBRRELE, SHR%. ARSI RE, £ QIH-21
R PR R b A 0 200 mm= 100 mmx 5 mm By oK
10 AR o SR AT AR AT 980 "C/2 h, FC H 28 #vik
L, 135 0, tO+B2 AHZH B S RS Z5 4, i 1.
RARANUAT BE . A AIH G A A3 3] 3 mm JF b
BAE, 1E ZD150-C &k B2 B 7 AR HL BBk AT’ T 3R
FdE, IREEINEEE 150 kV, BRI 2460 mA, 1E
FEHIL 55 mA, JREEEE 10 mm/s. S0 7 4% X K
HEAT X B TC R, ORIE FH T W0 AR e 4 Sk AR 4%
TS RIREER G ERE . R LT BT R SE
1B K AL P (post-weld heat treatment, PWHT), ik &b
HH IR 1.

B2%orain

B 1 Ti,AINb & & 280 5 46 B 2L

Fig.1 Origin microstructures of Ti,AINb alloy before welding

Fz1 TiLAIND E&BEEZINERRALETE
Tablel PWHT of weldmentsof TiAINDb alloy

No. Process
As-welded -
PWHT-800 800 C/2 h, AC
PWHT-850 850 C/2 h, AC
PWHT-900 900 C/2 h, AC

FEJE AR IR PR 3 BT R8T VT, LT
B G, KA Kroll ik5f] (HF:HNO;:H,0=5:10:85,
RFIEL) AT 2EIE % . 7F Stemi2000-C A0 I8 Bt
RTINS, #E S-3400N H1 4 HL 7 Sl B
(SEM) 1 TecnaiG220 &5 L T BBt (TEM) Lk
AT O A 23 W 1 TR 5 0 8% RTAH 45 R 4 b s AE
EPMA-1600 B! i 744 (EPMA) E#E47 50 R 245
5E; 1F D/Max-2500PC X HT£RATHHX (XRD) i
TV HIRAE, FITEE 20 BL 20°~90°, 393 EF
2°/min; {E FM-700e % 5. 4 FCAE 5 1 130 47 S8 i ol g
W&, %y 200 g, 15 BN E Y 10 s; 7£ AG-100kNG
RTRER N LR AT IR 650 °C i 4 A 1k A
R, PR T R4, RAE T TR AR B
OALE, WRE RS AR SN B A 2.

2 HRESH

2.1 BEEIENESR

Bl 3 AREESRS TR EMGIR, Rk
B 2B, FEDSELIMR . BEELH
J&4 X (fusion zone, FZ). #GEWiX (heat affected
zone, HAZ) FIEF#f X (base material, BM) 3 /M[X 15
M. FZ %) 1.7 mm, WA S 4k M 2 100,
HAZ TEfERS %, “FH% 0.8 mm. & 3b A 3¢ A FZ
ENEIVA NS E Y ON SR VAU X% (DN L 2 NPT
A ETTIE 100~300 pmeo AR & AR K7 7 2 B A 1L
4, W HAZ [a FZ oM, FZ OEfFED SRR
S, PR SRR SEEERE 100 wm, FUIR RS 4l g
P T 3 A O 5% B i S

B2 e s

Fig.2 Schematic of the tensile sample
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K3 TiAINb J e L i R M H R
Fig.3 Macrostructure of the weldments of powder metallurgy Ti,AINbD alloy
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Wi N EE. IBET, WE 4a, FZ RHEEEWAER
Al TR EWE. 4 PWHT-850 iB k)5, K 4b,
FZ i Al TR S E 2040, BB Al TR S
IR RN, AR RS T SRR /N . AL TG
FRFRSBN, BT BT BFREEd R
BAMA LM, BT FZd Al TCEAMEUT L, F
F— e AW (il 3b FE 3¢), &Rk Al JT
RO mWMEh. 4850 C/2h iR k)G, Al TR
DA B 78 20 4 5, o L P S o T 7T AL G 2R Dl AT RT
DAL, ahbiE] Al TG & 8 2% e IKORAELE, 16 BB A
I3 AT R
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Fig.4 Element distribution in the weldments under different

conditions: (a) as-welded and (b) PWHT-850

2.3 IRERESEEARS T

Bl 5 o0 AN SR A AU [ 0 5 1B KA IR B 1 3k
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WS, AR KR N AR R R A . g BT,
AT, FZHHg— B2 Mk, fR54 800~900 C
B G, FZ HH O+B2 FHAL .
2.4 IRIEESEMAR
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WAL . BEAST, WE 6a, FZ R EHEE
FHZER, TR SR BN R ARAETE . X FZ X4k
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RET FZ F R — B2 M. &mfs TEM W, i
6b, B2 H A 4S5 IR A S N AELE

28 800~900 CHR/FIBKALH S, 1 6d~K 6e,
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Fig.5 XRD patterns of the weldments under different conditions
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Fig.6 Microstructures of FZ in the weldments: (a) SEM image under as-welded condition, (b) TEM image under as-welded condition,

(c) SAED pattern of FZ in Fig.6b, (d-f) SEM images under PWHT-800, PWHT-850 and PWHT-900 conditions

50 PWHT-800
PWHT-850
| PWHT-9004 2

Volume Fraction/vol%
Size/um

Volume fraction Length Width
K7 MR R R KGR EER O FH RS
Fig.7 Variation of the volume fraction, length and width of O

phase at different PWHT temperatures
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SID KRR B R GRS, K B 3

% XRD FIR R85 R, 455 Ti, AINb & 4 4H
AR AT, BT T AR R R A R R AR A (R A
PEREE R FZ d AR A L—B2 AHERARAS, [ A28
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O MHHEFRAS B2 AHHHT HTE il O+B2 M AH 4544 . O
AN B2 #H 22 Burgers A7 A0 R FREI1™, O M EMR R
I DA 52 f FE R B2 M A XCHEA T, BT
DX IR 1 4 URFAIE

2.5 IRIEELENEESH

B8 43 T3l Dy i 285 R 8 5 3B KRS AR e e S 1 S Al
FE B WA, AR Sk AR B 35y e )
TR 3 A, HARERI N : FZRREFE /A5, HAZ
R BE A3 AR EOR, VR (E R IAEHAZ S IE FZ I AL
E. HAZW, WM (HV) & TFZ41147~196 MPa,
W6 BE B FZEE B3 n, A R 48 A1 U EBMAL .

SRS TR G IR KA IR L 10 BM B ket i 7
SN, FHIZ) 3136 MPa. FZ o S AoRg B 22 ) K,
BET, FZ P ELN 3430 MPa, PWHT-800
WIS, FZ TR m, P28 4018 MPa,
PWHT-850 1 PWHT-900 4b ¥ j5 , FZ H~F ¥ 5 15 43 531
F% 2 2] 3626 F1 3479 MPa. H23:8k B 5 B
AR R K, HBET, FZ b B2 Mk, —J
M, RELESAIREEET, T B2 HULRMK
RS AW . DAL ERIE, A7 AE [ VA A RN,
F—JH, AN EBUERT B2 MHRE —E =ML
BT (Uil 6b) , B ANIEE IR RN, A AT AR
AF FZ BT BM 4. 1EEE K4 )G,
ER AN SR AL AN A A ORI TS, H B2 AH AT T
/NREL O AH, B8 AHSRALSCR R, 15 FZ h i
R B B, BB AR IR R TR, O AR ST i 1
Ko A ROR RS, AR T A
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Fig.8 Microhardness across the weldments under different conditions: (a) as-welded, (b) PWHT-800, (c) PWHT-850 and (d) PWHT-900

2.6 JRIEIESLRIMIERE
R2NBEEMIEFIRB K EEE LN ERM
650 C Hr A MERE MR B s . wE2pTR, TRy
) B TR AE, IR R AT B Sk AL, 9FF AN B HE
RBE RN, AW IS S T =
TRPLAFR;, RS W T FZEHAZAL . B AR I
N BB, IR LR IUN B 0 R 0 A
Y, SepEn. BERKAHEE, BEELER

R2 EBERER

YU 5 P AN IR W A A, PR o B A OB KR
T MR, R KRB L850 CHF, R IR
W, 650 CrylBifHn, BET, Sk
FEARIS JE I iy, RIS RN EFZAL ey, &1 i o
JEBAG . RIFIBKAEH G, 1B S b I 5 5 K 9
PESIS B R, IR KIEES &, PihissEix
Wb, MIEKIREFFE900 CHE, Hrfiid ke k&
FTBMA .

RSB IZIZL =R 650 °C 1L 1EaE

Table2 Room temperature and 650 °C tensile properties of the weldments

Ultimate tensile

Test temperature No. strength, oy/MPa Elongation, 6/% Failure location Note
BM 997 10.5 -
As-welded 1009 14.8 FzZ
Room temperature PWHT-800 880 1.5 Fz
PWHT-850 963 3 FZ(2), HAZ(1)
PWHT-900 974 5 FZ(2), HAZ(1)
BM 717 20.3 -
As-welded 534 - Fz Brittle failure
650 C PWHT-800 620 5 FZ(2), HAZ(1)
PWHT-850 630 3 FZ
PWHT-900 701 8 BM

Note: (1) data in the table is the average of three groups data; (2) the brittle fracture occurred in all the as-welded tensile specimens at

650 C; (3) FZ(2) and HAZ(1) mean two samples fractured in the FZ and one samples fractured in the HAZ, respectively
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MmN, ZASRLRT OGN, W mhERE
WEINTRING BT

P10 5 25 AN [] il 8 A 3 oK A 3L i O 4
LR BE650 Crlfr il S, AT, WEEE R
i i AR A I B FEFZ A A A6 G 1 BT 24, B 1 A 3 o P

10a, FHMAWTGEBIR, SRR, &FOFE
RKEFRNE CERFLR) . Z£PWHT-8004k
M5, WwE10b, FZALM SR B ETIREAL, FffE
WM R, BALROBEARK. &
PWHT-8504b# 5, P 10c, & k=i vt ] B
O, W AL I SR, T T B S T el A
MBEBAGMERME, FE—ZTHENDE. &
PWHT-9004b ¥ 5, 10d, #8488 LRk AT
BEAE, W 1257 T .
SERBEELEMALS MR MR &1, S
T, FZ A B2 M4, BT B2 M NSy

B9 AR Sl e = IR B Ao BT T3
Fig.9 Highly magnified tensile fractographs of FZ at room temperature under different conditions: (a) as-welded and (b) PWHT-850

Bl 10 et Sk iR 650 °C ferifi b 7 11T 50
Fig.10 Highly magnified tensile fractographs at 650 “C under different conditions: (a) as-welded, (b) PWHT-800, (c¢) PWHT-850, and
(d) PWHT-900
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Influence of Annealing on Microstructure and Tensile Properties of Electron Beam
Weldment of Powder Metallurgy Ti,AINb Alloy

Yin Xuchen'?, Chen Zhiyong’, Wang Qingjiang’, Liu Jianrong®, Li Wenhui', Deng Hao”, Luo Hengjun’
(1. College of Aeronautics and Astronautics, Taiyuan University of Technology, Taiyuan 030024, China)
(2. China National Erzhong Group Deyang Wanhang Die Forging Co., Ltd, Deyang 618000, China)
(3. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Annealing treatment in the temperature range of 800-900 °C was applied to the electron beam weldments of powder metallurgy
Ti,AIND alloys to investigate its influence on microstructure and tensile properties at room temperature and 650 °C. The results show that
there are coarse columnar and equiaxed B2 grains in the fusion zone (FZ) in the as-welded weldments. Transformation from B2 phase to
O+B2 phase occurs in the FZ during the post-weld annealing treatments. The morphology of the O phase is characterized as the
basket-weave structure and the size of the O phase plate increases with the increase in the annealing temperature. The microhardness of
the FZ of the as-welded weldments is higher than that in the base metal (BM). After the annealing treatments, the microhardness in the FZ
increases significantly, which gradually decreases with the increase in annealing temperature. At room temperature, all tensile specimens
are fractured at the FZ. The tensile strength of the as-welded weldments is close to that of the BM and local large plastic deformation
occurs in the FZ. However, the strength and ductility of the weldments decrease slightly after the post-weld annealing treatment. At 650 °C,
most of the tensile specimens are fractured at the FZ. The as-welded weldments are failured at the FZ, suggesting the brittle intergranular
fracture. After the annealing treatments, there is an apparent improvement in strength of the FZ in the weldments. With the annealing
temperature increasing up to 900 °C, the failure locations are shifted from the FZ to the BM.
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