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Table 1 Chemical composition of TA2 pure titanium (/%)

Fe N C (¢} H Ti

0.072 0.017 0.012 0.14 0.001 Balance

T2 1050 iR EFER S

Table 2 Chemical composition of 1050 pure aluminum (w/%)

Fe Cu Mg Zn Mn Si Al

<04 <0.05 <005 <0.07 <005 <025 Balance
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Fig.]1 Dimension (a) and photo (b) of titanium tube and aluminum core rod used in the experiment
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Fig.2 Schematic diagram of Exp-ECAP process (a) and the photo of die and tooling (b)
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Fig.3 SEM images (a—b) and EDS mappings (c—d) at the bonding interface of Ti/Al bimetallic composite rod: (c) Ti element distribution and

(d) Al element distribution
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Fig.4 EDS line scanning results at the bonding interface of Ti/Al

bimetallic composite rod in Fig.3b
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Table 3 Main element content of each phase at the bonding interface of Ti/Al bimetallic composite rod in Fig.3b

Position 1 2 3 4 5 6 7
Ti content/at% 98.31 80.52 65.58 48.10 33.01 20.05 2.37
Al content/at% 1.69 19.48 34.52 51.90 66.99 79.95 97.63
Atomic ratio 4.13 1.90 0.93 0.49 0.25 -
Possible phase Ti Ti+TizAl Ti+TiAl TiAl TiAl+Al TiAl+Al Al
10000 &, BRI — RV E - ERE S R B, B
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W , T ARSI AT TYAL FHT 2 PR T 13 U= i 72
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Fig.5 XRD pattern of Ti/Al bimetallic composite rod
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Fig.7 Schematic diagram of atomic diffusion reaction inside Ti/Al

bonding interface layer under ideal conditions



11

FEWEFESE: Exp-ECAP L 20 SREA X 526 b4 it i A2 KMk RE RS2

* 3125 -

IREERGERETT MY e, SLn )2 R REE M K. b i
NPT, TUTIAL FHEIAL TiAL ZH ) Al JR
AR — Mgk 241, MHARAE S AL A B Ti; Al TiAlL
A TiAL 5 & @ A, P A i i 2 e 30 P ] 7= 47)
Ti, Al FEEK. 48R T 78 50 R AE T HIUR S (1 AR 15 1L
T, mA&FEAERYN TiAl. BT A& FIE KR
FERBFRIA TR 5y, RULFTUEE R TVAL 456 HE+
GBS DRI A —, DRI ) S B E MK K hy
TisAl. TiAl 1 TiAls.

2.3 F@EBSD 44

NHEFT Exp-ECAP fill & EKE5 X 4 8 = A 4 AL 4
SURE A, X Ti/AL SIS A X ROW A 4T
EBSD 73471, 580K 8. Kl 8a Fianit EBSD 4 fii
FIrT I, Exp-ECAP T2 RIZIBI VIR G b FEAER . B0
JRF A YSRGS T SRR IIRSN )T, KRR XE JRmAEA 3R
57 RIFMIAEEE, T RZESSES:, 460 mhil
T TiAls Ti;AlL f TiAL S0 E SR &Y. X —45
RERTRVIAH 40 A —3. R, BT ARLKR
KIRFEAE (600 °CH HEFAIEE (2h) , #bdfE
A R I 1B ) AR AR SRR TR
RATBURSL, FHHAR R TR S 040 S 8T FHIA
FMAK . Itk 2Pl MR & R = & iy
BUZ R RN H 2 DA RIS, 456 St A BEn
HUARE AR TiAl N, &R DRS04
TisAl Al TiAl.

Kl 8b NEREE LG JE B A M 256 ST (1) EBSD fi74
FiE P, ATLAA H, Exp-ECAP RIZIBIYIA it fEd,
TRV 2 P& B MR 2 R IBOK, AT B T AN,
4 A T S B SR AL AR AR . R, SEdia

Total

Phase fraction
I Titanium (alpha) 0.526
[ Aluminum 0.428
[ TiAl 0.009
I AlTis 0.014
I TiAl 0.023

TR — (M FF) SRR 20 Ak SR B S K — S o [RDRF, ST
JZ MR AR T R R N AR, g S P 4
JE AR T BRI BYEAR T, i I K A A AR I ST 43 P
ghidh, AERCT KSR 4NN SR, BT RE L
KBRS, T EREREA, 0 8c fis.

WIHT AR, Exp-ECAP TZAERUH. BIY). $E%%
EMARAT —, ZRBMEER NRENEEE
BREM SEPR R A T IR BT AR R, bR R AR
TR NS . — 5T, PR S R AR T
AN G B A ik , 456 S L ik
KGR, WRT S ELE S, I TS EEN
BR AR T R AR A AL IR AR, A R T B A i 4 8 AR
oy B FR A A, RAENMME ST . BT, 1
Exp-ECAP T2 KHIBMWBIUMER T, KBS Ak
e R B T AR AL, N AR ARG D, A5 A
FHHAAFAERER IR, NI B A A R A% AR
BET AR BEJE R KIS — D3t E TR R
JEF R oSS e, BER T R THBCR AL TVAL A2
& J@ 8IS R AE AR A BN R R R 1 & R LAY, FEr
AL A PG SR T A SR A2, IR AR AR B A
] B 45 A R AS B B IR SS & S AR R 1 21 [ G
BEE .
2.4 RAGEEEE

ShE LR VPN XU S8 B G R % B 5 A ) O%
BEIEFR. AIUEET T Exp-ECAP L2 al SR 2L
P, XA & BAREE S B B A M AT BT VAR, 45
Rl 9 Fow.

M 9a 7T DL H , BRER UG 8 B G R R A2 BT D)
TR RARAT, R LT R AR P AR IR R 45 &

e, | e
Titanium  Aluminum TiAl; 117 AlTis TiAl

110

K8 EREREJR A4S £ S X EBSD 4525

Fig.8 EBSD results at the bonding zone of Ti/Al bimetallic composite rod: (a) phase map, (b) diffraction pattern quality map, and (c) orientation

imaging map
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Fig.9 Shear test results of Ti/Al bimetallic composite specimen: (a) shear force-displacement curves and (b) shear strength
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Fig.10 SEM images of the fracture surface of Ti-Al bimetallic shear specimen: (a) Ti side and (b) Al side
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Table 4 EDS analysis of characteristic points at the shear fracture surface of Ti/Al bimetallic rod in Fig.10 (at%)
Position of Ti side Position of Al side
Element
1 2 3 4 5 6 7 8 9 10
Ti 44.87 48.20 45.26 46.88 46.77 97.67 98.56 57.77 67.84 56.31
Al 55.13 51.80 54.74 53.12 53.23 2.33 1.44 42.23 32.16 43.69
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Influence of Exp-ECAP Process on the Interface Microstructure and Properties of Ti/Al
Bimetallic Composite Rods

Wang Xiaoxi', Zhang Xiang?, Zhang Fei'?, Xia Xiaolei'
(1. School of Mechanical and Electrical Engineering, Xuzhou University of Technology, Xuzhou 221018, China)
(2. Jiangsu XCMG Construction Machinery Research Institute Co., Ltd, Xuzhou 221004, China)
(3. School of Materials Science and Engineering, Yancheng Institute of Technology, Yancheng 224051, China)

Abstract: A novel process, expansion-equal channel angular pressing (Exp-ECAP) which couples multiple forms of deformation such as
upsetting, shearing, and extrusion into one was proposed. Ti/Al bimetallic composite rod was fabricated by a single pass of Exp-ECAP process at
450 °C combined with post annealing heat treatment. The interface microstructure and bonding properties of Ti/Al bimetallic composite rod were
investigated using SEM, EDS, XRD, EBSD and shear test. The results show that under the severe shear stress of Exp-ECAP process and the
high-temperature annealing conditions, the Ti/Al bimetallic composite rod achieves good interfacial bonding quality, and a metallurgical bonding
layer of approximately 1.27 pum thickness forms through mutual diffusion of the titanium and aluminum matrix elements. New phases generated in
the bonding interface layer are mainly intermetallic compound TiAl, and there are a small amount of inhomogeneous distributed TizAl (near the Ti
side) and TiAl; (near the Al side). Moreover, a large number of equiaxed ultrafine grains are obtained in the Ti/Al interface bonding layer through
phase transformation reactions and partial recrystallization, and the grains grow randomly without obvious preferred orientation. The shear
strength of Ti/Al bimetallic composite rod is about 66.29 MPa, and shear failure mainly occurs in the TiAl phase layer, exhibiting brittle fracture
characteristics.

Key words: expansion-equal channel angular pressing (Exp-ECAP); titanium aluminum bimetallic; interface microstructure; bonding properties

Corresponding author: Wang Xiaoxi, Ph. D., Professor, School of Mechanical and Electrical Engineering, Xuzhou University of Technology,
Xuzhou 221018, P. R. China, Tel: 0086-561-83105075, E-mail: xiaoxil 19@vip.163.com


https://www.tandfonline.com/doi/full/10.1080/21663831.2022.2029779
https://webofscience-clarivate-cn-s.webvpn.cumt.edu.cn:8118/wos/alldb/full-record/WOS:000329833000005
https://webofscience-clarivate-cn-s.webvpn.cumt.edu.cn:8118/wos/alldb/full-record/WOS:000329833000005
https://webofscience.clarivate.cn/wos/alldb/full-record/WOS:000409149700030
https://webofscience.clarivate.cn/wos/alldb/full-record/WOS:000409149700030
https://kns.cnki.net/kcms2/article/abstract?v=nouGVBS_tgecudoSPwp23ha8A9GgNp32zdjc2vMKvUGQXr8cNUQYFfL7oZFaT5N2S5wdQp3EjmioDkhwIsNynmjsWz19MJB8BvHHrIBiHebX4sJCamMSDYSC_EQxb1sz7Nume51YhzVTN-qDQW4hZQ==&uniplatform=NZKPT&language=CHS
http://www.rmme.ac.cn/rmme/article/abstract/E20230024
http://www.rmme.ac.cn/rmme/article/abstract/E20230024
mailto:xiaoxi119@vip.163.com

