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Fig.1 Schematic diagram of composite plate
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Table1 Chemical composition of 1060 pure aluminum (w/%)

Si Fe Cu Mn Mg 2Zn \Y Ti Al Bal.
0.25 0.35 0.05 0.03 0.03 0.05 0.05 0.03 >99.60 0.03

2 Tl&hk TA2 {LFRSY
Table 2 Chemical composition of industrial pure titanium TA2
(/%)
Fe c N o} H Ti Bal.
030 0.08 0.03 0015 0.25 0.10-0.40

Remainder

%3 MRIRA CCSB LEMH
Table 3 Chemical composition of CCSB for ship plate (/%)

C Si Mn P S Fe Bal.

<21 <0.35 0.80-1.20 <0.035 <0.035 Remainder 0.10-0.40

x4 EREARSMWANF 18
Table 4 Mechanical properties of each part of composite plate at

room temperature

Plate  owW/MPa ao,/MPa Elongation/% Shrinkage/% Impact
energy/J

1060Al1 =75 =35

TA2 441 373 20 40

CCSB 400-520 =235 =22 =27

x5 EAMALETZESH

Table5 Heat treatment process parameters of composite plate

TIC 25 200 250 300 350 400

t/h - 2 2 2 2 2
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Fig.2 Schematic diagram of the pull-off sample
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Fig.3 Schematic diagram of tensile specimen
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Fig.4 Schematic diagram of sheared specimen
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Fig.5 SEM morphologies of bonding interface area of composite plate: (a) integral bonding interface of composite plate; (b) 1060AlI/TA2

bonding interface and vortex zone; (c) TA2/CCSB bonding interface and vortex zone

TERNE I B R v 4 S8 TR Bl 1 AN X 5 7 A i i 2 Bk
F, K 6a s 1060AI/TA2 454G Fhi el 283 . 18
Wi AL KR T RIZL AR TR, — 1) TA2 &g N
F|'7 1060AI fryEA4r, JiEin 5 1060AI [ 51 b A7 7E 40
ANIITRIRR s FEIEA RO E, AFAER/NIIFLIR . 47N
(] BR AN LI 2 FE AR I RE A7 4R T 3 — 28 R vl RE TR 1k
Roy)g, RayEdkE— Ly R, ElRE GRS HIT

2, WA R, FFES A& E
I, fE1E 1060Al il TA2 IR TEAIENL, TRz iEt
Bro IR ITE e A5 A S AR B AR T =, S
Wi FLZH S ST R 2 R . FE R R AR TR 4
LU A ARE S AL 25 5 JE LR I , 520 77 2P R
{EL [ B30 ANBCIR ST I AE7E, RS e i ik A%
e, AT = 5 A ST A P 45 o P R 9B 1



- 3100 -

WA R MRS TR

%52 %

1060Al

\ortex region

K6 1060AITA2/CCSB 454 St Hiiein 414 50
Fig.6 Vortex structure morphologies of 1060Al/TA2/CCSB bonding interface: (a) 1060Al/TA2 vortex region and (b) TA2/CCSB vortex region
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Fig.7 Morphologies of the bonding interface near the vortex of 1060Al/TA2/CCSB composite plate at annealing temperatures of 25 ‘C (a, a') and
400 C (b, b
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Fig.8 OM microstructures of bonding interface area of composite plate under different conditions: (a, c, ) explosive state and (b, d, f) annealed at 400 C
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Fig.9 Strength changes of composite plates under explosion state and different heat treatment temperatures: (a) pull-off strength and

(b) shear strength
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Fig.10 Shear fracture morphologies of 1060Al/TA2/CCSB
explosive welded composite plate: (a) 1060AlI/TA2 and
(b) TA2/CCSB
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Fig.11 Tensile stress-strain curves of 1060Al/TA/CCSB explosive

composite plate at room temperature
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Fig.13 SEM tensile fracture morphologies of 1060Al/TA2/CCSB explosive composite plate: (a-c) low amplification and (d-f) high amplification
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Effect of Annealing Temperature on Microstructure and Mechanical Properties of
Bonding Interface of 1060AIl/TA2/CCSB Explosive Composite Plate

Song Kangkai', Zhang Conghui*?, Li Nannan®, Song Congbin®, Zhu Lei®, Wang Bo*, Wang Xiaoshuang®, Hao Ke*
(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: The microstructure and mechanical properties of 1060AI/TA2/CCSB explosive composite plate binding interface at different annealing
temperatures were studied. The results show that the composite plate exhibits a continuous and uniform distribution of waves at binding interface,
and there are defects such as swirls, melting blocks, surface microcracks and adiabatic shear strips (ASB). Cutting test and microhardness testing
were conducted on the composite plate, pulling breakage occurs at the 1060AI/TA2 interface, and the shear strength of the 1060AI/TA2 interface is
lower than that of the TA2/CCSB interface. The existence of the wavy interface of the composite plate hinders the necklace process during the
stretching process, and improves the plasticity of the composite plate. As the annealing temperature rises to 400 °C, the binding interface responds
and the working hardening effect is eliminated, so that the interface hardness decreases. The ASB disappears and converts into an equal shaft alpha
grain, and the defect decreases. The melting block at the interface is dissolved, which makes the structure of the composite plate more uniform and
obtain good comprehensive performance.
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