#54%  H 1 wEERMIEIE Vol.54, No.1
20254 1A RARE METAL MATERIALS AND ENGINEERING Jan. 2025

DOI: 10.12442/j.issn.1002-185X.20230683

T/AIEEE &SRB RRH SRk T RE

é/%ﬁ/%blza gxé;lﬁabl» ilf‘ﬂkﬁ'] b2, :g\——‘:E-é%3,

ERE

OB, BAEET, BAKY, BAL,
E S

1. PEAE AL R 2 5 AR [ 3R s s s, Bt P22 710072)
Q. PEMAAERARA TS C TR W W%H 471023)
(3. KRJFFTRZ MRl S T2, (g KE 030024)

# OE. RHESHREERE T TVAUMEZZE8, OSSR TUTIAL/ALZ L B H5 . R R b 5 R KR S5
Xof Fe e U B R AR AT AT 9 S KT BEHEAT S . S5 IR, 15 min R SR D TRENE AT TIAL 20, I AL Y
PIEASTERE 1. HAWEIRARTEN, RO B L, FISHAE TIAL Rt — g e, 52 aAE 600 CRERILH 135% [
K HR N 45% I PRIKE 26 . BB BRGETEIX I, TiEM ALZ S RAEBRAIRERA, RSN R, TVAL T 2R
o TIALJRBERE SR, A BORHE I 3 ALR AR T RTINS -

KA TVAIME)ZE G TiAlL: FHi; SRMKIE
FEESES: TB331 XEAARIRAS: A

NXEHRE: 1002-185X(2025)01-0218-06

R RAT AT 700 °C LA 125 o7 i 40 76 B A 11 1) 75 R
BRI Y)Y BT, MR 2 R FH NI B e iR 4
& BHE R, 5 5l A, P E AT AR
R RE . PR, 38 D) 75 R T Y 8 o PR B Ni
HE il A SR 1 AT SR RE S OCR EEE R (. THAL
A4l T R LR & PR LT U AR
[P ER 2 1 R Bl A A A& 700 °C DA 3R 1) vy R 45 44
PRI (H BT TiAl 42 )& A4k G ) AR i 14 , 3k DLR
U B - FL - BRI G 5 1 A5 TR SR A 1) v B
Rt PR 7 LA A 2 R AR ) S H

BT, KR 3 K %% Huang!™ 5 IS0 26 h 4D
FARSIOISE S T Ni(Tiy/Al B )2 56 &N S Ni(Ti)AL &
J T RERL -  J E , BD - DANI(TI) S ALSEC A JE R R, 26
TEHHES B R ITEE S 45 NIT)/ALE EE
G R AR IR Y 1453 Ni(Ti)/Al il S )= B
FpE, ARG Ak S B T E— @A RN RER R
THiR A% Ni(Ti)y/Al 2 7 KA 8 AE B NTALER TiAl 4 )& (6]
A, W JEA 15 NiALSE TIALE B 4. %5708
S mIY , Ja Bt ” B ) L%, 486 N TyAL T & )= 5 &
MR ALE S, NiAL B TAL 43 & (R AL A 0 AR OTE JS - NIALER
TIAL < Ja& [ 40 & 10 A6 B AN P IR 3R] 775 b 4
X e P NAL 5%, TAL 4 8 18] 46 & W B B v T — VO
[ s 19, 388 B, AL v ek B 1T 3 S50 ) A 2L 23 e Ak

ks HEA:2024-01-01
EEUH . F5% ARPFERS (52074231, 52274396)

TI/AL B 2 B2 A R 4 18R 1 5 2 B ) 1 i
TiAL & 7% W BERL A B SR ORAE . 120705, AW T LA
Ti §E A0 AL§E 9 JERA R, 8 35023 #A U J7 V) 6 T/ AL L
BRE A KA A LA SIS BT TVAL S R R &
R R A TEAT 9 5 SR AR AR SEER WF7E Ti/AL B )2 B
AR AIARTE AL RE 5 I 1) B R A AR A T R v i 4 A5 A2
LI JZ [E) AT B LA

1 £ W

A S8 FH AR 60 wm 5 A TV 2l £k 95 44 (4l
J£ N 99.95%) A1 50 um JE [ Mk 445 95 A (4l N
99.9%), e Ti {6 5 AL AR FLA . B 1A TI/ALY
BIEEAWH SRR, B R T AL A T
% 160 mmx> 160 mm 77 5, 3543 7 F 9 RV 7« £ T VR
HFETETE. TG, EE6 2 TisEM 5 2 Al B 5LH 7
A2 B HES G BT H A SN 0.05 Palf) ZT80-21Y A B =
IMERAE R HITRERE A, REEA LN 1E
20 MPa JE 73 F LA 10 C/min f3E R THE % 630 °C , (iR AR
JE 15~120 min, B3P 20 2 =05 B 45 TVAL S 2 &
HR

K H UTM4304 HL7 /7 e IR L TVAL S 22 &
W23 HIAE %35 . 200,400 F1T 600 C 4644 R i3t 47 Wi 2447 i 5
I WA AR IHE R N 1107 s X TVALM S 25 SR AE
FRA600 CHAT T AR BRI . BIEEX

YEE I 220, 55, 1987 4 A, iR PR Tl A4 BE R [ 5 R 530 3, BV PH°4: 710072, E-mail : libobo0816@126.com



1 W

N TUAVE)Z 2 A B A h 5 KR e +219 ¢

Ti foil
Cut, clean

Al foil Ti/Al

laminated foils

Furnace cooling
Unload

Graphite mold,

630 °C/20 MPa
= .

_—
% Alternately stacking\/

Hot pressing

= —
S
Ti/Al laminated sheet

Ti/Al
laminated sheet

1 TV/AVE 2 AR &

Fig.1 Preparation principle of Ti/Al micro-laminated composite sheet
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Fig.2 Microstructures of the Ti/Al composite sheets after hot pressing reaction for 15 min (a), 30 min (b), 60 min (c), and 120 min (d)
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Table 1 Thickness of each layer of Ti/Al composite sheets with

different reaction time (um)

Reaction time/min Ti layer Al layer TiAl, layer
15 59.5 45.5 0.45
30 57.0 435 1.00
60 56.0 42.0 1.70
120 54.5 40.0 3.00
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Fig.3 Engineering stress-engineering strain curves of Ti/Al composite sheets at different temperatures for different time: (a) 15 min, (b) 30 min,

(c) 60 min, and (d) 120 min
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Fig.4 Cross-section microstructures of the 15 min hot-pressed sample after 5% (a), 10% (b), 15% (c), and 25% (d) deformation at room temperature
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Fig.5 Cross-section microstructures of the 15 min hot-pressed sample after 10% (a), 40% (b), 70% (c), and 100% (d) deformation at 600 °C
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Fig.6 Gas loading route (a), shell cross section (b), and wall thickness distribution (c) of the freely bulged spherical shell
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Fig.7 Cross-section microstructures at the top (a), middle (b), and bottom (c) regions of the spherical shell
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Table 2 Thickness of Ti, Al, and TiAl, layers at different positions
of the spherical shell (um)

Position Ti Al TiAl,
Top (0°) 36.4 27.7 -
Middle (45°) 38.1 30.9 0.54
Bottom (90°) 47.8 42.7 0.49
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Uniaxial Tensile and Bulging Properties of Ti/Al Micro-laminated Composite Sheet

Li Bobo'”?, Fan Jiangkun', Xu Yali'?, Huang Zhenghao’, Lin Peng’, Gao Fuyang'?, Tao Huifa’, Li Jinshan',
Wang Fei’, Wang Zhe’
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’ an 710072, China)
(2. Luoyang Ship Material Research Institute, Luoyang 471023, China)
(3. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Ti/Al micro-laminated composite sheet with alternate arrangement of Ti/TiAl,/Al laminate microstructure was fabricated through
vacuum hot-pressing method. The uniaxial tensile deformation behavior at high temperature and the bulging formability were investigated by
uniaxial tensile experiment and gas bulging experiment, respectively. The results show that the composite sheet hot pressed for 15 min exhibits
better plastic deformation behavior because the hard and brittle TiAl, layer is thin. When the composite is deformed at elevated temperatures, the
cracks of the composite sheet are blunted, which inhibits the propagation of cracks in TiAl, layer, so the elongation and limiting bulging rate at
600 °C reach 135% and 45%, respectively. At the top region of the bulged spherical shell, the Ti layer and Al layer both undergo severe deformation
and are necked, the Ti/Al interface is wavy, the TiAl, layer breaks into islands, with Al layer filling their gaps, and no cracks are formed.

Key words: Ti/Al micro-laminated composite sheet; TiAL; interface; gas bulging
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