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explosive composite plate (b)
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Table 1 Optima parameters of the explosion welding
window at each interface for the five-layer

composite plate

Interface ve/m s Vp/mst  BI(9
Ni/SUS304 2636 842.9 18.4
TA1/Ni 2741 885.9 18.6
1060AI/TAL 2605 810.5 17.7
5083AI1/1060Al 2559 707.9 14.9

Note: Vc-velocity of collision point, Vp-velocity of flyer plate

impact, g-collision angle
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Fig.3 Interface micrographs of five-layer explosion composite plate: (a) 5083AI/1060Al interface, (b) 1060AI/TAL interface,

(c) TAL/Ni interface, and (d) Ni/SUS304 interface

1-compound plate, 2-metal deformation streamline, 3-interface, 4-base plate, 5-metal melt on both sides near the interface,

6-vortex melting block, A-metal melt flow direction
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Fig.4 Schematic of the causes and process of explosive welding vortex melting block: (a) deformation of the interface of the

base-clad plate, (b) melting of the interface of the base-clad plate, (c) movement of the melt of the base-clad plate, and

(d) formation of the vortex region
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Fig.5 Interface microstructure of five-layer composite plate in exploded state and annealed state: (a, b) 5083AI/1060Al interface,
(c, d) 1060AI/TAL interface, (e, f) TAL/Ni interface, and (g, h) Ni/SUS304 interface
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Fig.6 Phase diagram of exploded state (a), SEM images of annealed state (b, c), and XRD pattern of annealed state (d) for

5083AI1/1060Al interface
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Fig.7 Statistical diagram of phase composition in exploded state (a) and XRD patterns of exploded state and annealed state (b) for

1060AI/TAL interface
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Fig.8 Statistical diagram of the phase composition in the explosive state (a), XRD patterns of the explosive and annealed states (b),

and SEM images and EDS analysis results of exploded and annealed states (c, d) for TA1/Ni interface
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Table 2 Gibbs free energy of reaction between phases

Reaction formula Gibbs free energy/J mol™ Temperature/K
3 AG(T)=-193407.105+10265.775T 0% _1314.602T —9.194 x107T? 298.15-1166
Ti+3Ni=TiNi
? AG(T) =-150758.606 +58.608T —7.487 x10°T?+22.191T InT 1166-1729
AG(T)=-187169.905+10265.775T °° — 2689.298T —1.522x10?T? —72.270T InT 298.15-1166
2Ti+Ni=Ti,Ni
AG (T) =-91514.589 + 57.124T —7.434x10°T? -27.888T InT 1166-1729
AG(T)=-123930.097 +10265.775T °° —1297.619T —7.883x107°T? —53.011T InT 298.15-1166
Ti+Ni=TiNi
AG (T ) =—845502.439 + 75.592T + 2.06 x10°T? -30.82T InT 1166-1513

x3 HRFAEEEKE

Table 3 Increment of titanium-nickel interface energy
(mJI/m?)
Phases TiNi Ti,Ni TiNis
Increment 741.582 730.953 727.05

TAL #hsk, BKEM TALNI Bh BB S, Hi)
AU IR AT IR BN . X R RN TALNI S i 164k
JZ (B 8)— B EFHES 7 Wi 4 ) 1] S i 4 i,
BT REM Ti-Ni R&EEEAEWME. FR, H
Kl 8 nfALZLE], £ 550 ‘CiB-k, TAL/Ni FtH 1
205 FLIR PR 7 3 BT 75 B g 1),
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Fig.9 Tensile shear strength curves of five-layer explosive
composite panels in exploded state (a) and annealed

state (b)
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Annealing Microstructure Evolution and Mechanical Properties of the
5083AIl/1060AI/TAL/Ni/SUS304 Five-Layer Explosive Composite Plate

Song Congbin', Zhang Conghui®?, Zhu Wenguang®, Li Nannan®, Zhu Lei®, He Xiaomei®, Zha Yongchao®
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. The International Joint Research Center for Value-added Metallurgy and Processing of Non-ferrous Metals,
Xi’an 710055, China)
(3. Xi’an Tianli Clad Metal Materials Co., Ltd, Xi’an 710201, China)

Abstract: In order to improve the quality of explosive welding of 5083Al and 304 stainless steel and improve the thermal
insulation effect, 1060Al, TA1 and Ni were used as interlayer materials to prepare a five-layer explosive composite plate with
thermal conductivity gradient. In order to eliminate the residual stress after explosive welding and reduce defects such as adiabatic
shear bands and micro-cracks, the five-layer explosive composite plate was annealed at 550 <C for 60 min. The effect of annealing
on its microstructure evolution and mechanical properties was studied by SEM, EBSD and universal testing machine. The results
show that the four welding interfaces of the five-layer explosive composite plate are all corrugated, and there are defects such as
micro-cracks, pores, adiabatic shear bands and vortex areas at the interfaces. After annealing, the four welding interfaces are
recrystallized to different degrees, and the defects such as microcracks and adiabatic shear bands are effectively improved. p phase
and Al-Ti intermetallics are increased in amount in the 5083AI/1060AI/TAI interfaces. On the basis of the original TiNiz melting
layer, a new TiNi melting layer and a new Ti;Ni melting layer appear in the TAI/Ni interface. The tensile and shear strengths of the
interface are decreased, but they are still far higher than the requirements of the corresponding national standards; the pull-off
samples are fractured and separated at the 5083AI1/1060Al interface.
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