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Fig.1 Sketch map for explosive welding by center priming
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Table 1 Factors and levels of heat treatment

Level 1 2 3 4
Holding temperature, T/°C 500 540 580 620
Holding time, t/h 1 2 4 6

Rate of temperature, v/'C h* 30 60 90 120
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Table 2 Orthogonal test procedure of heat treatment

Process No. T/C t/h vi'C ht
1 500 1 30
2 500 2 60
3 500 4 90
4 500 6 120
5 540 1 60
6 540 2 30
7 540 4 120
8 540 6 90
9 580 1 90

10 580 2 120
11 580 4 30
12 580 6 60
13 620 1 120
14 620 2 90
15 620 4 60
16 620 6 30
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Fig.3 Residual stress test points
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Fig.4 Residual stress trend of Q345R and TA2
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Table 3 Analysis of variance for indexes

Bonding strength

Residual stress of Q345R

Residual stress of TA2

Factor
ss p p ss p
T 5615.655 0.000506 22290.410 0.001736 380709.100 0.000347
3505.885 0.001837 786.274 0.594547 8522.598 0.548374
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v 465.996 0.154875 1553.609 0.344676 4858.268 0.731123
Residual 370.272 2305.198 21949.410
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Fig.5 Factors-indexes curves: (a) bonding strength, (b) residual stress of Q345R, and (c) residual stress of TA2
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Fig.7 Microhardness near the bonding interface
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Fig.8 Microstructures of clad plate interface: (a) Zr702, (b) TA2, and (c) Q345R
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Fig.9 Fracture morphologies of bonding test: (a) macroscopic fracture surface, (b) transition area, (c) trough fracture surface, and

(d) crest fracture surface
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Effect of Heat Treatment on Bonding Property of Explosive-Welded
Zirconium-Titanium-Steel Clad Plate

Qiu Weiguang®, Zhang Bojun®?, Ye Cheng? Zhou Binbin', Zhou Changyu*
(1. Nanjing Tech University, Nanjing 211816, China)
(2. Nanjing Boiler and Pressure Vessel Inspection Institute, Nanjing 210028, China)

Abstract: In order to obtain the optimal heat treatment condition of explosive-welded zirconium-titanium-steel clad plate, the effects of
holding temperature, holding time and temperature rate on bonding strength and residual stress of clad plate were studied by an orthogonal
test method. The results show that the clad plate can get the best combination of bonding strength and residual stress under the condition
of holding temperature 540 <C, holding time 1 h and temperature rate 60 <C/h. When the holding temperature is too higher or the holding
time is too longer, the bonding strength of explosive-welded zirconium-titanium-steel clad plate will decrease. Besides, the microhardness
of bonding interface was measured and the microstructures and the fracture morphology were observed under the optimal heat treatment
condition. The analysis shows that the fine grain zone is formed near the bonding interface and its microhardness is higher. The fracture
appearance of bonding test is a mixture of ductile and cleavage fracture.

Key words: zirconium-titanium-steel clad plate; heat treatment; bonding strength; orthogonal test method
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