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FIB deposition locations of in situ TEM tensile
test. (a) zigzag IMC; (b) planar IMC

Fig. 1
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Fig. 2 FIB deposition locations of in situ TEM tensile
test. (a) bright field of zigzag IMC; (b) dark field of
zigzag IMC; (c) bright field of planar IMC; (d) dark
field of planar IMC
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Fig. 3 EDS line scan of IMC interface layer. (a) zigzag
IMC; (b) planar IMC
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Fig. 4 Phase identification of the jagged interface IMC
layer. (a) SAEA position; (b) position I; (c) posi-
tion II; (d) position IlI
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Fig. 5 Phase identification of the planar interface IMC layer. (a) SAEA position; (b) position I; (c) position II; (d) position

IIl; (e) position IV
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Fig. 6 The dislocation morphology changes during
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tion increase; (c) dislocation pile-up; (d) disloca-
tion limitation
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Fig. 7 Crack propagation of jagged sample during tra-
nsmission in-situ tensile process. (a) crack init-
iation; (b) crack extension; (c) crack propagation;
(d) completely broken
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Crack propagation of planar sample during
transmission in-situ tensile process. (a) crack
initiation; (b) crack extension; (c) crack propaga-
tion; (d) completely broken

Fig. 8

AR B A 1R PR S A 7 B A A
{37 B, TR R R L, S ek A A T S A
25, SRS (8%, ZLE0TT B U X 1 3
RE A BB E A, HLp Sk PR A %] 8b AL 8 T
TR AERLBLH IR J B TR B AR 11 4 X 3T R
P 42 B 432, B ALBCh 4R 4R AR
BRI SE PR, S 8 i A v, T I 0 4 o 4
FERM G R PESE 2 LR, HIE S IE 8d FTx,
AL AR W 2L K40, 5 IMC S 5 1) A
VAT YRR N E MOR B S, Hok R
GRIANI, 4 W 7375 5 S5 ek ot 2 Fe LA
AT S SR JE AL RN, R T IMC
3 30378 75 T LK R TC4 BEbE . R I, SRR T 20
T2 A= AE W55 3, F B0 5 22 LR — B

4
3 %%

(1) Bk/A8 3 Fh 4 )8 IMC FLim )2 gk 3 802
FIS N JZ 4R, P00 20 TiAl #HAT TiAl 4, H
o TIAL AHAE AL 802 A8 B, 7 s SE Ak T Bl
SN2 TiAl; AH.

(2) JEA TEM Fiffad B b, 7E0E 0 X AR & 4 i
L NFRAE G B A5 ZERRIE S R N 46, I 14
T BT R RB A R A A

(3) JA; TEM Frffad fg v, FU 2 A Ak
FER) 55 X, SRR ] T PE AR X BRI A
AL PR T2 7 L TS R B A T 4
AT DA S0 T2 X S P e R AL,

S 3k

[1] P, SKPERE, BILFIE, 55. TC4 $k/5052 47 5 Fh 4 R Ot SR
TZ2REmST [J]. BG5St 2R, 2019, 56(3): 205 — 212.
Sun Yiming, Zhang Zequn, Tan Caiwang, et al. Laser spot weld-
ing characteristics of dissimilar metals: TC4 titanium/5052 alu-
minum[J]. Lasers & Optoelectronics Progress, 2019, 56(3): 205 —
212.

[2] Jiang P, Chen R. Research on interfacial layer of laser-welded alu-
minum to titanium[J]. Materials Characterization, 2019, 154:
264 —268.

[3] BilJ, Lei Z L, Chen Y B, et al. Densification, microstructure and
mechanical properties of an Al-14.1Mg-0.47Si-0.31Sc-0.17Zr al-

loy printed by selective laser melting[J]. Materials Science and



28

%}?_

#

2

i %42 %

[10]

(1]

Engineering A, 2020, 774: 138931.

Guo S, Peng Y, Cui C, et al. Microstructure and mechanical char-
acterization of re-melted Ti-6Al-4V and Al-Mg-Si alloys butt
weld[J]. Vacuum, 2018, 154: 58 — 67.

Chen X, Lei Z L, Chen Y B, et al. Effect of laser beam oscillating
on laser welding-brazing of Ti/Al dissimilar metals[J]. Materials,
2019, 12: 4165.

Li Peng, Lei Zhenglong, Zhang Xinrui, et al. Effects of laser
power on the interfacial intermetallic compounds and mechanical
properties of dual-spot laser welded-brazed Ti/Al butt joint[J].
Optics & Laser Technology, 2020, 124: 105987.

Lei Zhenglong, Li Peng, Zhang Xinrui, et al. Microstructure and
mechanical properties of welding-brazing of Ti/Al butt joints with
laser melting deposition layer additive[J]. Journal of Manufactur-
ing Processes, 2019, 38: 411 —421.

Xia Hongbo, Tao Wang, Li Liqun, et al. Effect of laser beam
models on laser welding-brazing Al to steel[J]. Optics & Laser
Technology, 2020, 122: 105845.

Alexander V, Igor V, Anatoliy O, et al. Effect of the aluminum al-
loy composition (Al-Cu-Li or Al-Mg-Li) on structure and mech-
anical properties of dissimilar laser welds with the Ti-Al-V
alloy[J]. Optics & Laser Technology, 2020, 126: 106135.

Wang Z W, Shen J Q, Hu S S, et al. Investigation of welding
crack in laser welding-brazing welded TC4/6061 and TC4/2024
dissimilar butt joints[J]. Journal of Manufacturing Processes,
2020, 60: 54 — 60.

TR, 5255, R, S BR/ER ORI R O 2L Iy 24 1k
fig [J. P EEOE, 2018, 45(11): 102 — 110.

Guo Shun, Peng Yong, Zhu Jun, et al. Microstructure and mech-
anical properties of laser welded Ti/Al alloys[J]. Chinese Journal

of Lasers, 2018, 45(11): 102 — 110.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Chen S H, Li L Q, Chen Y B, et al. Joining mechanism of Ti/Al
dissimilar alloys during laser welding-brazing process[J]. Journal
of Alloys and Compounds, 2011, 509(3): 891 — 898.

KGR, REME, W, 55 ORI F X B8R R A G S O
e L SVR P BE OS2 R [T]. K224 4], 2013, 34(1): 105 —
108,118.

Song Zhihua, Wu Aiping, Yao Wei, et al. Effect of laser offset on
microstructure and mechanical properties of Ti/Al dissimilar joint
by laser welding[J]. Transactions of the China Welding Institu-
tion, 2013, 34(1): 105 — 108,118.

Chen X, Lei Z L, Chen Y B, et al. Microstructure and tensile
properties of Ti/Al dissimilar joint by laser welding-brazing at
subatmospheric pressure[J]. Journal of Manufacturing Processes,
2020, 56: 19 — 27.

Li X Q, Andrew M M. Precise measurement of activation para-
meters for individual dislocation nucleation during in situ TEM
tensile testing of single crystal nickel[J]. Scripta Materialia, 2021,
197: 113764.

Cai Z P, Cui X F, Liu E B, et al. Fracture behavior of high-en-
tropy alloy coating by in-situ TEM tensile testing[J]. Journal of
Alloys and Compounds, 2017, 729: 897 — 902.

Frédéric M, Daniel C, Marc L, et al. In situ TEM observations of
reverse dislocation motion upon unloading in tensile-deformed
UFG aluminium[J]. Acta Materialia, 2012, 60(8): 3402 — 3414.
Nie AM, BuY Q, Huang Y C, ef al. Direct observation of room-
temperature dislocation plasticity in diamond[J]. Matter, 2020,

2(5): 1222 — 1232.

E—EE: VR, T, BhRREER; FENFRABENEOE
I3 5% 4% ; Email: chenxi_laser@hit.edu.cn.
BIEEE: 28, WL, JHW; Email: jiangmeng@hit.edu.cn.

(4wig: ®WLD



	0 序言
	1 试验方法
	2 试验结果与分析
	2.1 FIB试样沉积位置
	2.2 FIB试样形貌
	2.3 IMC成分分析
	2.4 原位TEM拉伸断裂行为

	3 结论

