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Analysis of Microstructure and Interface of Aluminum-Titanium Alloy Electron Beam
Welded Joints
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2. College of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

[ABSTRACT] A heterojunction of 7075 aluminum alloy and TC4 titanium alloy was obtained by vacuum electron beam
technique. The macroscopic morphology, microstructure and element distribution of the welded joints were observed
by metallographic microscope, scanning electron microscope and energy spectrum analyzer. The formation process of
intermetallic compounds in the transition layer and its influencing factors were also analyzed. The test results show that
the microstructure of the aluminum alloy side of the fusion zone is dominated by columnar crystals and equiaxed grains,
and a small amount of fine—grained structure is formed. The a—phase and o' phase of the needle—like or lamellar phase
are precipitated on the titanium alloy side. Since the free energy of TiAl; is the smallest, the main component of the
intermetallic compound formed at the interface between the aluminum weld and the titanium weld is TiAl;. The insufficient
diffusion of elements leads to the formation of a small amount of intermediate phases such as TiAl and TiAl,, and increases
with the heat input. The intermetallic compound layer gradually thickens, but the type of the compound does not change.
The test results provide reference for the study of welding interface of aluminum—titanium dissimilar alloy.
Keywords: Electron beam welding; Aluminum-—titanium dissimilar alloy; Intermetallic compound; Microstructure;
Interface composition
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A RLERA 7075 8A6 41 TC4 $KE4:,7075 47
A4 RS2 100mm x 50mm x 3mm, TC4 k&4 R ~F
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Table 1 Main chemical composition of TC4 titanium alloy %

Al v Fe © N (6] H Ti

=)

5.8 42 0.08 0.04 0.2 0.27 0.001 Ay
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Table 2 Main chemical composition of 7075 aluminum alloy %

Zn Cu Mg Si Cr Ti Fe Mn Al
583 | 1.42 | 237 | 005 | 022 | 0.03 | 0.07 | 030 A
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Fig.1 Schematic diagram of electron beam welding of titanium/

aluminum dissimilar alloy
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Fig.2 Cross—sectional morphology of titanium/aluminum dissimilar
alloy electron beam welded joints

20194655628 M 16M] - it RERAR 75



,—‘i. N »
E:I:%Iﬁx RESEARCH

B3 (b) WEKG MGG L AR BT,
TCA KA SN o+ B BIBAHER A4, i TP X Z 3
A HIEEE B AR AT ATNG o SHERIAA . BH
AR ARG ) DX SR R R . SREEIS A X
BUHLR B AHALA, ROoR BRI o FREER L
I A X Z IR L, o MZREER B M, B
AR A2 P R HIBE I, 7 o AU B AR
SEEPRER R o AL
23 FERSHH

K 4 FiR KR — e A A R Y. Sujata 5T
SR BRRNER Z [E) AR i 2 R OB 20 4 ) Rl ik &
Y, £k Ti,Al, TLAlL TiAl, TiAL, TiAl,. I FEE 4
IR LR S M RS SRR A AR, & R sk
G4 AR A 4 el [ R 5 % 2 LUK & 4 ol BE A o
HAAE—MAK, Wk 3 PR, 78 0~1660 C i JE
LN, TiAlL 1 H B RE RN, L )2 4 8 ik &
P BN TIALY R TR e A
B AR, B A AR BT BE ST — 28 TiAL, S5
PR

R TR A R 25 b, R 2 v JELk D
HE— 2 ORI, 530 P 2061 T EDS 4081, 5 (a)
28 T R AR 4.50/mm B ¥ X fE R LR A B
KL B S (b)) ML EsEdR LS R 32 R L0 3um.
B 6 Rt P X S s B, 4 I o s R H
FIS (a).(b) ATl fERL I 29, R 53R 717
FEH Y HLFE (B O 2 RRAE AL P 2 o, FRRE
HY RGO H BT R RIS . R 6 FiFk
4 AL R B AP AT R IR T H A RN
79% o BRICER 290 19% . BRMIIR 2% Th 5 27% ARG R,
68% MIEKICE . 40MIAR4EH 1A 0.33% ke %, 98%
RERTCE o XS T T AR R RNV H)
B KA A I 50 1668°C , 488 4 I 15, 660°C.
HIRES R G & L AR &7 T IR
HAMAMBRTRE Y ARRE M85 FRA K
PrEES R SRR T O KR RS R
I, o P J A R R D o AR o 1 L8] ARk 1
JEF AR E E A3 b7 ek U )2 s bR ) 4R TR AL A 9 =
FR TiAly, BRILZ AMAA — S oA AR A Bl 1Y

K7 (a) B AR 8.51/mm B} i JE X ik
P E L E 7 (b) MR R, o2 R
250 20pum. P 8 (a) M A3 Nt etk 4 & ) 4k
S EDS HIALERL K 8 (b) AFALE R, T
R, AR TS 4 T 457 R IS 1) 5 S At/ NS A
Eb, B [ R K K R R i B H A £, P L
P AR K, 4 AL A 4 P 4 O IR 0k — 28 A KA

76 WisshEEEA - 20194 625 5 1610]

(b)Bkirax

El3 SARSRME SR FRIERELERAR

Fig.3 Microstructure of titanium/aluminum dissimilar alloy

electron beam welded joint
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Fig.4 Titanium/aluminum binary alloy equilibrium phase diagram

£3 Ti,Al. TiAl, TiAL#IE BB
Table 3 Free energy of Ti;Al, TiAl, TiAl;

lazsy] A aE

Ti;Al | —29633.6+6.70801T
TiAl | —37445.1+16.79376T
TiAly | —40349.6+10.36525T
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Fig.5 Heat input amount of 4.5 J/mm EDS line energy spectrum
diagram and results
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Fig.6 EDS point energy spectrum diagram 4.5J/mm
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Table 4 EDS point energy spectrum scan results 4.5J/mm

TP bR 45 e 1 TEE] 2 TR 3 T 4
Al 78.24 79.70 27.43 97.98

Ti 20.29 18.89 68.44 0.33

\% 0.89 0.78 3.28 —
Mn — — — 0.34
Cu 0.58 0.63 0.85 1.35
PG 100.00 100.00 100.00 100.00
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Fig.7 Heat input amount of 8.5 J/mm EDS line energy spectrum

diagram and results
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Fig.8 Schematic Diagram and results of EDS line scanning of
rod—shaped tissue
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E9 EDSmEEEAMTEE 8.5)/mm
Fig.9 Schematic Diagram of EDS point energy spectrum scanning
8.5J/mm

RS EDSHRGIEFMHIEAR 8.5)/mm
Table 5 EDS point energy spectrum scan data results 8.5J/mm

T EIR &R 12 TR 13
Al 71.37 69.80
Ti 27.18 28.49
A 1.09 1.15
Cu 0.36 0.56
B 100.00 100.00
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Fig.10 Zn element diffusion results
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