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Abstract  

Ceramic-metal composite materials prepared by the metal infiltration process have become the topic 
of intense research. The interface reaction between ceramic and metal has an important impact on the 
mechanical properties of composite materials. This article, for the first time, studies the interface reaction 
between BN and Al. Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were 
both employed to study interface reaction. Studies have shown that there is an intermediate transition 
interface between metal and ceramic. The interface reaction between Al and BN produces AlN, and there is 
no close connection among AlN particles. The grain size of AlN is about 1~2μm. The rate order is: Al element 
> B element > N element. 
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Introduction 

Ceramic materials are a class of inorganic, non-metallic materials made by melting and high-
temperature sintering (1-3). It has the advantages of having a high melting point (4, 5), substantial 
hardness (6-8), high wear resistance (9, 10), and oxidation resistance (11). The chemical bonds of 
ceramic materials are mostly ionic and covalent bonds. Consequently, its strength, hardness, elastic 
modulus, abrasion resistance, corrosion resistance, and heat resistance are superior to metals (12-
15).  

Composite materials are also called cermets. It is a new type of material that can enhance 
transportation capacity and energy conversion (16-19). Cermet combines the advantages of the 
main components of ceramics and metals, including the hardness of ceramics, high temperature 
stability, and the workability and ductility of metals (20-22). 

The preparation methods of cermet composite materials include powder metallurgy, thermal 
spraying, vapor deposition, chemical deposition, self-propagating, sol-gel, and metal infiltration 
(23-28). The metal infiltration method first uses the capillary force of the porous ceramic preform, 
using powder sintering to suck molten metal into the ceramic preform. The method is simple and 
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easy to operate, and the composite material has good uniformity (29). In the metal infiltration 
process carried out at high temperature, the interface between the metal and the ceramic material 
tends to have a fierce interfacial reaction, which destroys the mechanical properties of the 
composite material (30). Therefore, the research on the interface and the interface reaction 
becomes particularly essential. 

Boron nitride has good heat resistance, thermal stability, thermal conductivity, and high-
temperature dielectric strength (31-33). It is an ideal heat dissipation material and high-temperature 
insulating ceramic material. Its boron content reaches 43.6%, which is very promising as a neutron 
shielding material. In previous studies, in an effort to improve its toughness and other defects, the 
Al-BN composite was prepared at 1100 degrees using a metal infiltration process, and to improve 
the interface wettability between BN and Al, different contents of TiB2 are added to BN (31). 

This article discusses the BN-Al interface and analyzes the microstructure of the interface 
reaction. 

 

 

Figure 1 Schematic diagram of melt infiltration 

Materials and Methodology   
The BN-Al composite material with TiB2 added is prepared by vacuum infiltration. The 

amount of TiB2 added is 20 %, an approach different from those used in previous research (16, 
31). The details of the fresh interface were investigated using a scanning electron microscope 
(SEM, ULTRA PLUS). In addition, energy dispersive spectroscopy (EDS) was used for 
composition analysis. Finally, a transmission electron microscope (TEM, TECNAI G220) was 
used to observe the interface between metal and composite material of BN-based boron-containing 
composite material, and it was also used to perform energy spectrum (EDS) analysis of component 
phase. 

Results and Discussion 

Figure 2 shows the contact interface between the metal and the preform of the BN-based 
boron-containing composite, prepared by the metal infiltration method. It shows that the contact 
interface is divided into three layers, and the boundary between the layers is clear. The thickness 
of the intermediate layer is about 100μm. The first layer has pores, and the third layer has no pores, 
indicating the level of metal infiltration, and the composite material prepared through the use of 
this method is very compact. 
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            Figure 2 Interface image of melt infiltration 

Figure 3 is a scaled-up photo of the metal infiltration interface and energy spectrum analysis. 
The analysis shows that there is AlN in the second layer, and AlN, TiB2 and AlB12 in the third 
layer. During the metal infiltration process, elemental aluminum is found in the first layer and in 
the third layer. The boundary between layers is clear, with no elemental aluminum. It can be seen 
from the morphology between the three layers that the color of the first layer is relatively 
consistent, and no obvious abnormal substances are present. The micro morphology of the third 
layer is basically the same as that in Figure 2. In contrast, the second layer is a transition zone 
between the first layer and the third layers, where the elemental metal Al is mixed with the BN-
based composite material, and Al is slightly present in the third layer. 
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Figure 3 Interface image of melt infiltration and EDS analysis 
Figure 4 is a scan photo of the energy spectrum of the metal infiltration interface. The 

elemental analysis line scan shows that the Al element diffuses significantly in the direction of 
metal infiltration, the peak of Al element tends to weaken along the direction of metal infiltration, 
while the Ti element, N element, and B element are slightly present in the first layer. Additionally, 
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there are relatively more B elements, and the element distribution between layers is extremely 
obvious. It can also be seen from the Figure 4 that there are B and N elements in the Al melt. Their 
presence shows that the B and N elements diffuse into the Al melt, and the order of the diffusion 
rate is as follows: The Al element, B element, and N element are consistent with the information 
on the mutual diffusion of Al and BN found in the current research literature. In contrast, hardly 
any diffusion occurs with the Ti element. 

 

Figure 4 EDS line scanning of melt infiltration interface 
The interface reaction between BN and Al is as follows: 

                12BN(s)+Al(l) AlN(s)+B(Al)+αAlB (s)→                                          (1) 

                 ( 1148.2 0.22 ,G Tθ∆ = − + 273 933K T K< < ) 

                  ( 1320.1 0.4 ,G Tθ∆ = − + 933 1473K T K< < ) 

The metal impregnation temperature in this test is 1373K (1100° C), and its standard Gibbs 
free energy is Gθ∆ = -770.9 kJ·mol-1, indicating that the reaction equation (1) can occur at this 
temperature. 
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Figure 5 Reaction diffuse model of melt infiltration interface 
Figure 5 shows the reaction diffusion model of the metal infiltration interface drawn by 

simulating the actual diffusion phenomenon. Among them, the infiltration effect of Al into the 
preform is significant, and the basic position of TiB2 remains unchanged. In addition to the 
interface reaction with Al, BN also diffuses into the Al melt. 

 

Figure 6 TEM images of BN matrix composites: (A) TEM morphology; (B) TEM morphology; (C) Diffraction 
pattern of AlN; (D) TEM morphology. 

TEM is used to observe the microscopic morphology of BN-based, boron-containing 
composite materials and identify their basic phase composition. Figure 6 (a), (b) and (d) are TEM 
pictures of BN-based, boron-containing composite materials, clearly showing that the TiB2 
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sintering phenomenon is obvious, the TiB2 crystal boundary is clear, the AlN produced is relatively 
independent, and there is no tight connection between the particles. The grain size of the AlN is 
about 1~2μm, which is the same as Lee indicated about the BN/Al interface. Figure 6(c) shows the 
diffraction pattern of AlN. Through analysis of the spots, it is apparent that it is the diffraction 
pattern of AlN, and the crystal ribbon axis is [0001]. 

Summary 

This paper studies the interface reaction between BN and Al. It can be seen from the interface 
morphology of the metal infiltration that there is an obvious delamination. The infiltration effect 
of Al into the preform is significant, the basic position of TiB2 remains unchanged, and BN, in 
addition to the interface reaction with Al, also diffuses into the Al melt. 
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