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Table 1  Chemical composition of CP-Ti (ω/%) 

Ti Fe C N O H Si 

Bal. 0.3 0.08 0.03 0.25 0.015 0.15 
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Fig.1  Cyclic voltammogram curves of the tungsten electrode in 

melts at 1193 K: (a) 100%Na
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Fig.2  Standard free energy change of titanium boronizing 

reactions 
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± 3  XY,Z[QW@A 1 hwx>? XRD�± 

Fig.3  XRD patterns of samples after bronzing treatment for 1 h 

at different current densities 
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± 4  XY,Z[QW@Awx�? SEM½¾ 

Fig.4  Cross-sectional SEM images of samples after bronzing treatment at different current densities:  

    (a) 250 A/m
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± 5  920 �@]�? EDSyz 

Fig.5  EDS analysis of the cross section of the boride layer  

obtained at 920 � 

 

 

 

 

 

 

 

 

 

 

± 6  ± 52 920 �@]�? EDS���{|y¿ 

Fig.6  EDS element line scanning of titanium and boron along 

the cross section of the boride layer obtained at 920 � in 

Fig.5 
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Fig.7  Dependence of thickness on the current density for TiB
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± 8  A=Â�_± 

Fig.8  Titanium-boron phase diagram 

 

 

 

 

 

 

 

 

 

± 9  @AwxÃÄ¡T�? SEM½¾ 

Fig.9  Cross-sectional SEM image of the boronized samples after 

chemical corrosion/boronizing in 250 A/m
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Effects of Current Density on TiB

2

/TiB Layer by Molten Salt Electrolysis  

in Na

2

B

4

O

7

-CaCl

2

 Melt 

 

Wang Bixia, Ma Xingfei, Li Dou, Li Jianxin, Liu Huan 

(Shaanxi Engineering Research Center of Metallurgy, Xi’an University of Architecture & Technology, Xi’an 710055, China) 

 

Abstract: A molten salt electrolysis method was applied for boronizing of titanium. The experiment was carried out at 920 °C for 1 h, 

using borax as the source of boron and calcium chloride as supporting electrolyte. The effects of current density on the microstructure and 

the thickness of the TiB

2

/TiB layer were investigated and the electrochemical behavior of the ions on the cathode was studied by Cyclic 

Voltammetry. XRD, SEM and EDS were applied to analyze the phase composition, microstructure and morphology, element content of the 

borides layer, respectively. The results show that the bronzing layer is composed of TiB

2

 and TiB; the thickness of the TiB

2 

layer changes 

nonlinearly with the increase of the current density, which can reach 4.5 µm when the current density is 500 A/m

2

. The cathodic reaction is 

mainly the reduction of sodium ion, then boron is reduced by sodium atom from B

2

O

3

 which is derived from the oxidation of borax, and 

finally the boride layer is formed by the diffusion of B atoms into titanium substrate at high temperature. 

Key words: molten salt electrolysis; boronizing, TiB

2

; cyclic voltammetry 
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