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Abstract: The structure of Fe/Cu composite plate made under the special conditions of 
strong explosive shock was investigated by metallograph, TEM and HRTEM. Based on the 

important roles of the interfacial properties in the use of composite materials the main 
emphasis of investigation was put on the change of the interfacial structure. From the 
HRTEM image of an interfacial area and its electron diffraction pattern, it can be clearly seen 
that the structure near the interface has been nano-crystallized and even amorphized. The 
results indicate that because of the influences of high shock, high plastic deformation speed 
and instant temperature change resulted from the super-conventional condition of explosive 
shock, many significant changes occurred in the final composite structure. Besides the 
increase in dislocation density and twin grains structures, nano-crystal and even amorphous 
structure can also be observed near the composite interface. This result is of significance to 
manufacture some nano-structured composite material with special applications. 
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1. Introduction 
As an important method of producing composite materials, explosive composition is being 
used widely, especially in producing composite plates. Because the interface of explosive 
junction  is waveform and the bonded plates are all much thick in practice, junction 
interface’s wavelength and amplitude are usually big in size. Although some scholars have 
researched and reported on the structure change near interfacial area, because of the difficulty 
in sample preparation and test methods, the report on the structure change of thin area near 
interface is few. But this area’s structure is much more important to the properties of interface. 
In this paper different metal foils and proper explosive shock were selected, in the situation of 
the same plastic deformation speed in the sections along thickness, to realize small waveform 
junction that was similar with plane bond. Each bonded foil was prepared by mechanical 
method and chemical method, and then studied. 
 
2. Experimental  
Experimental materials were industrial pure Cu(200 150 0.25mm), Fe(200 150
0.10mm) and Al(200 150 1.6mm). They were jointed by explosive shock of ammonia 
dynamite. Samples were obtained in the middle of the plates where junction state is well, and 
then were investigated by metallograph, TEM and HRTEM. 

  



3. Result and discussion  
The macroscopic image after composition is shown in Figure 1. It can be seen that junction state is 

well. The junction interface of Cu and Fe is small waveform that is similar with plane bond. 

 

Figure 1 metallograph image of Cu/Fe/Al composite plate interface 
Figure 2 shows the structure image of Cu after composition and Figure 3 is that of Fe. As 
shown in the figures, it can be clearly seen that original big crystalline grains have broken into 
small parts with size of 100 nm by high-density dislocation. 

 

Figure 2 TEM image of Cu and its electron diffraction pattern after explosive composition 

 



Figure 3 TEM image of Fe and its electron diffraction pattern after explosive composition 
From these experimental results, it can be seen that under the situation of high shock, high      
plastic deformation speed and instant temperature change resulted from the 
super-conventional condition of explosive shock, the structure of metal foil materials can be 
changed into nano-crystal in certain thickness. 
HRTEM was used to observe the structure change of materials after explosive composition 
more clearly. Figure 4 and Figure 5 show the atom arrangement of Cu and Fe after explosive 
composition, respectively. As shown in the figures, most atoms show ordered small part 
arrangement, with size about 10 nm or smaller, and even amorphized structure also appears. 
The difference lies in that the change of Fe is more significant than Cu. It is suggested that 
during junction the thinner Fe foil was shocked by Cu foil and then put shock on base plate, 
finally resulted in its significant change in microscopic structure.   

 
Figure 4 HRTEM image of Cu after explosive composition 

    
Figure 5 HRTEM image of Fe after explosive composition 

 

4. Conclusion 
The technology of the explosive composition has almost extreme properties such as huge 
shock high-density plastic deformation and high deformation speed, instant temperature 
change, state of heat insulation and so on. They lead not only the dislocation density to 
increase greatly, move and pile but also the vacancy density to increase radically. When the 



composite metal plate is thin enough, it could be thought that these changes are consistent on 
the whole thickness section. The result shows that it is possible to obtain the nano-crystal 
structure film materials and nano-structured block materials by this method. The thickness 
and properties of the nano-crystal structure materials depend on the factors such as the 
intensity of explosive shock, the properties of the composite metals, etc. 
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