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Abstract  

Although the excellent properties of borides have attracted the attention of the industry, their limited 
preparation process and difficult-to-remove impurities have prevented them from exerting their full 
effectiveness. However, it is very difficult to separate AlB12 and Al2O3 prepared by self-propagating high 
temperature synthesis. This study is the first time to separate the two by electrolysis process and observe 
their electrolytic behavior. The results show that Al2O3 is converted into micron-sized aluminum during the 
electrolysis process, while AlB12 still exists intact. This result provides a novel idea for the future purification 
of borides containing Al2O3 impurities. 
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Introduction 

Ceramic materials refer to a class of inorganic non-metallic materials made from natural or 

synthetic compounds through forming and high-temperature sintering (1-4). It has the advantages 

of high melting point, high hardness, high wear resistance, and oxidation resistance . It can be used 

as structural material and tool material (5-8). Due to ceramics also have some special properties, 

it can also be used as a functional material (9-12). 

As one of the modern high-tech ceramic materials, boride ceramics are used as hard tool 

materials, abrasives, alloy additives, wear-resistant and corrosion-resistant parts due to their high 

melting point, high hardness, high oxidation resistance and high wear resistance (13-17). This kind 
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of material has excellent electrical properties and has been highly valued as an inert electrode 

material and high temperature electrical material. 

Metal borides are interstitial phase compounds, and their chemical bond composition is 

relatively complex (18, 19). At the same time, they include one or more of MM metal bond, BB 

covalent bond and BM ionic bond. This determines that the boride has a variety of characteristics 

from the microscopic level. At present, the application of boride ceramic in the coating field are 

binary, ternary borides and multi-borides, etc.; the main preparation technologies include APS 

(atmospheric plasma spraying) (20), HVOF (supersonic flame spraying) (21), plasma cladding 

(22), laser cladding (23), argon arc cladding (24), induction cladding (25), vapor deposition (26), 

magnetron sputtering (27), etc. 

AlB12 has the same icosahedral B12 structure as B4C (15, 28, 29). This unique rigid and open 

boron atom frame structure determines that AlB12 has the characteristics of high melting point, low 

specific gravity, high hardness, and wear resistance. These characteristics are like those of B4C. 

The characteristics are extremely similar, which also makes it as broad as B4C in grinding and 

weaponry. AlB12 has very strong corrosion resistance, and only hot nitric acid can dissolve it. The 

high temperature resistance of AlB12 makes it possible to be used in military equipment such as 

rocket nozzles (7, 30). 

The preparation process of AlB12 mainly includes: (1) Thermal shock sintering using Al and 

B2O3 as raw materials (31); (2) Vacuum reaction sintering using Al and B as raw materials (32); 

(3) Molten salt assisted synthesis using KBF4 and aluminum as raw materials (33). These processes 

have obvious defects such as: complex process, expensive raw materials, extremely low output, 

and impurities. As a primary impurity and accompanying products, α-Al2O3 has stable chemical 

and physical properties and difficult to remove, making the purity of AlB12 unable to be improved. 
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In previous studies, it was found that AlB12 can be prepared by self-propagating reaction, 

but the accompanying existence of Al2O3 cannot be avoided and removed at all (7, 29, 30). Self-

propagating high-temperature synthesis (SHS), also known as combustion synthesis, uses the heat 

released by the combustion reaction of the original chemical reaction raw materials to make the 

chemical reaction process spontaneously and continuously, to obtain a new type of material 

synthesis method with a specified composition and structure product. 

Electrolytic aluminum is a high-temperature process that can consume large amounts of 

alumina (17, 34, 35). In the electrolytic cell, the melted cryolite is the solvent, the alumina is 

dissolved in it as the solute, the carbon body is used as the anode, and the aluminum liquid is used 

as the cathode. After a strong direct current is applied, it is carried out on the two poles of the 

electrolytic cell at 950 to 970 °C. Electrochemical reaction, aluminum liquid is obtained at the 

cathode, and gas is obtained at the anode, namely electrolysis. 

Reaction equation at cell:  

2𝐴𝑙2𝑂3 = 4𝐴𝑙 + 3𝑂2 

Reaction at anode： 

2𝑂2
− − 4𝑒− = 𝑂2 ↑ 

Reaction at cathode： 

𝐴𝑙3+ + 3𝑒− = 𝐴𝑙 

In this study, for the first time, the aluminum electrolysis process was used to observe the 

aluminum electrolysis behavior with AlB12/Al2O3 composite ceramic powder prepared by self-

propagating high temperature synthesis as the solute. 
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Figure 1 Experiment Setup of electrolytic cell 

Materials and Methodology   

The starting materials used in this research were Al powder (purity＞99% Al, average 

particle size 50 µm, provided by Dandong Chemical Research Institute, Dandong, China), B2O3 

powder  (purity＞99%, average particle size 96 µm, provided by Dandong Chemical Research 

Institute, Dandong, China). Analytical reagent cryolite (Na3AlF6, >99%) ,aluminum fluoride 

(AlF3, >99%), and calcium fluoride (CaF2, >99%) came from Xiya Reagent Company, Chengdu. 

The steps used in the self-propagating process to synthesize AlB12/Al2O3 ceramic powder 

are as follows: (1) Weigh a certain amount (45 wt.% Al and 55 wt.% B2O3) of the original material 

powder, place it in the ball milling tank, and mix the ball mill for 2 hours. (2) Intercept the 

resistance wire and connect it to the two poles of the self-propagating device and place the material 

under Ar with one end close to the resistance wire. (3) Start the ignition device and slowly increase 

the current. When the pointer fluctuates sharply, reduce the current and keep the current increasing 

steadily. Finally, the resistance wire will reach a molten state when the material is induced to burn, 

and the current is turned off. (4) The reaction product is pulverized and sieved with 160 meshes, 

and samples under the sieve are sampled for detection and analysis. 
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Add 15% of its mass of AlF3 to cryolite Na3AlF6 (3NaF: AlF3) so that the molecular ratio of 

NaF to AlF3 in the cryolite is less than 3:1 and greater than 2.1:1, and then add 10% of its mass to 

CaF2, 800 g electrolyte material is placed in the electrolytic cell, the material of the electrolytic 

cell is high-purity graphite, the temperature of the electrolytic cell is 20~100 °C higher than the 

melting point of the electrolyte mixture; add 10 g AlB12/Al2O3 mixed powder into the electrolytic 

cell and mix it evenly, Obtain the molten mixed electrolyte, insert a high-purity graphite cylinder 

as the anode into the electrolytic cell, and energize the electrolytic cell. The electrolysis voltage is 

8 V, the electrolysis current is 20 A, the current density is 0.5 A/cm2, the electrolysis time is 4 h, 

every 25 min then add 10 g AlB12/Al2O3 mixed powder to the electrolytic cell. During the 

electrolysis process, the electrolysis product located at the cathode is taken out and analyzed and 

studied. 

The phase analysis of the synthesized powder was carried out using an X-ray diffractometer 

(XRD, X’Pert Pro MRD, Netherlands) with a Philips diffractometer using Cu Ka. The 

microstructure of the electrolysis product and elements analysis were investigated using a scanning 

electron microscope with EDS detector (SEM, S-3400N, Japan).  

Results and Discussion 

Figure 2 is the X-ray diffraction pattern of Al and B2O3 prepared under argon conditions. 

Note that AlB12 and Al2O3 are synthesized by SHS process. In the previous research, the high 

temperature process will promote the conversion of alumina phase into Alpha-alumina (α-Al2O3) 

which has excellent chemical and physical stability.  

In the self-propagating reaction, the following chemical reactions mainly occur: 

2 3 12 2 313Al+6B O AlB +6Al O→  
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Figure 2 XRD patterns of fabrication AlB12/Al2O3 

Figure 3 shows the photo of the electrolysis product and the energy spectrum of the element 

of Al, B, and O. The energy spectrum of aluminum element shows that there is a large amount of 

aluminum element in a specific area. The gradual enrichment of Al element indicates that Al is 

formed, and Al2O3 is transforming to Al. In the area with B element, there is mostly Al element 

but no O element. , Indicating that AlB12 is in Al. Such element distribution shows that after the 

electrolysis process, Al2O3 changes to aluminum, but AlB12 still remains alone without any change. 
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Figure 3 Image of electrolysis product (A) and EDS mapping analysis: (B) Al, (C) B, (D)O. 

Figure 4 shows the aluminum in the electrolysis product. The shape of the entire aluminum 

is spherical. The large aluminum ball is composed of many micron-scales spherical aluminum, as 

it is shown in the SEM image of Figure 4 (B). The diameter of the nano-scale aluminum ball is 

30~80 µm. The scale of Al is in the micron level, which may be due to the presence of AlB12, 

which makes the composite ceramic powder increase the resistance effect during the electrolysis 

process, making the electrolysis behavior not continuous. Moreover, the presence of aluminum 

indicates that the AlB12/Al2O3 composite ceramic powder has aluminum electrolysis during the 

electrolysis process, and α-Al2O3 has been transformed into Al. This experimental phenomenon 

indicates that the composite ceramic powder of AlB12/Al2O3 can be electrolyzed. 
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Figure 4 Image of Aluminum and EDS analysis: (A) Al image, (B) zoom in (A) area, (C) Al spectrum 

Summary  

For the first time, AlB12/Al2O3 powder was synthesized by self-propagating high 

temperature, and electrolysis was conducted on it. The research results show that AlB12/Al2O3 

composite ceramic powder was successfully prepared by SHS. After electrolysis, micron-sized Al 

balls appeared, and AlB12 still exists in electrolysis product. This research provides novel ideas for 

the future preparation of high-purity AlB12 through the aluminum electrolysis process, which may 

be extended to other ceramic powders which associated with Al2O3. 
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