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Table 1 Chemical composition of TC4 titanium alloy (w/%)
Ti Al Vv Fe C N H 0]
Bal. 5.8 41 008 002 0.01 0.009 0.12
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Fig.1 XRD patterns of samples after bronzing treatment

at different temperatures
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Fig.2 Cross-sectional SEM images of the boriding layer obtained at different temperatures: (a) 880 C, (b) 900 C, and (c) 950 C
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Fig.3 Cross-sectional SEM image (a) and EDS spectrum (b) of
the boriding layer obtained at 900 ‘C
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Table 2 Element content of different positions of the boriding
layer obtained at 900 “C in Fig.3a

Spectrum 1 Spectrum 2 Spectrum 3

wl%  at/% wl%  at!% wl% at/%
B K 30.86 66.43 19.44 51.73 4.91 17.83
Al K 028 0.24 033 034 7.09 10.33
Ti K 64.44 3131 7321 4396 79.89  65.57
V K 442 202 7.02 3.97 8.11 6.26
Sum 100 100 100 100 100 100
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Table 3 Surface micro hardness of the borided TC4 sample
obtained at different temperatures

Hardness, HV/MPa

Temperature/ 'C

880 6340
900 7120
950 6450
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3

<

)

k7]

8

=

- +

20 30 40 50 60 70 80 90
26/(9
4 900 C, 1.49V HLEMMIEH] 110 min 54 A EL M
XRD Eli
Fig.4 XRD pattern of the solid salt after electrolysis at 900 ‘C
for 110 min with the voltage of 1.49 V
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Fig.5 XRD pattern of the solid product after heating borax
to 400 and 910 C
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Fig.6 DSC-TG analysis of the pure borax (a) and the mixture
of 20% Na,CO; and 80% borax (b)
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Fig.7 Standard free energy change (AG®) of reaction (1) at

different temperatures
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Boriding of TC4 Titanium Alloy by Molten Salt Electrolysis

Wang Bixia, Cheng Liang, Tian Donghua, Ma Xingfei
(The Research Center for Metallurgical Engineering and Technology of Shaanxi Province,

Xi’an University of Architecture & Technology, Xi’an 710055, China)

Abstract: A method of boriding by molten salt electrolysis was applied for TC4 titanium alloy to improve the surface hardness. The
experiment was carried out with the voltage of 1.49 V, using a mixture of sodium tetraborate and sodium carbonate as the base ingredients
of molten electrolyte. The effects of boriding temperature on the microstructure of the boriding layer and the reaction mechanism were
studied. The mixture of sodium tetraborate and sodium carbonate with different composition was analyzed by DSC-TG. In addition, XRD
was used to characterize the chemical phase of the molten salt and the borides coating; SEM and EDS were applied to observe
microstructure and analyze the element content of the borides coating, respectively. Results show that a dense and uniform boriding layer is
obtained on the TC4 titanium alloy with the main composition of TiB, and TiB when the boriding temperature is 900 <C with process
duration of 110 min. The surface micro hardness of the boriding sample reaches to 7.1 GPa. Besides, NaBO; is detected in the electrolyte
after electrolysis; TiB: is firstly produced in the boriding layer and then TiB is formed beneath it.

Key words: molten salt electrolysis; boriding; TC4; TiB;
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