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Electrochemical Corrosion Mechanism of TC4
in Liquid Propellant DT-3
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Abstract: In order to develop electrochemistry accelerated testing technology for propellant/metal materi-
als, it is necessary to master the corrosion characteristics of materials in the propellants. The electrochemical cor-
rosion behaviour and mechanism of titanium alloy TC4 in liquid propellant DT-3 were studied by electrochemi-
cal test and scanning electron microscopy (SEM) and photoelectron spectroscopy (XPS). The results show that
the corrosion current density of TC4 in DT-3 is about 95nA/cm” and the corrosion rate is about 0.8 wm/a, which
indicates that TC4 has good uniform corrosion resistance and long lifetime in DT-3. It also shows that there are
two different potential intervals for passivation of TC4 in DT-3. With the positive shift of potential, a three—lay-
er characteristic passive film is finally formed with TiO, film as the outer layer and Al,O, as the middle barrier
layer and TiO+T1,0, as the inner layer while it has a very positive pitting potential. Hydrazine and hydrazine ni-
trate, the main components of DT-3, have a synergistic effect on the rupture and dissolution process of passive
film of TC4.
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Fig. 1 Potentiodynamic polarization curves of TC4 in

different media
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Fig.2 SEM photos of surface of TC4 after testing of potentiodynamic polarization curves in different media
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Fig. 3 Nyquist diagram of TC4 in DT-3 at different

electrode potentials

Table 1 Fitting calculation results of EIS of TC4 in DT-3

Electrode potential/V R /Q R /MQ C/nF Error/%
-0.32 6.82 7.03 20.9 1.99
1 6.58 0.322 5.42 8.38
2 6.38 0.007 7.72 6.99
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Fig. 4 XPS spectrum of Ar" sputtering TC4 specimen with surface oxidation for 15min in air after mechanically polishing
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Fig. 6 XPS spectrum of Ar" sputtering TC4 specimen after anodic polarization to 1V for 1h in DT-3
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Table 2 Composition of titanium with different oxidation states in surface oxide film of TC4 under different oxidation

conditions
Oxidation conditions Sputtering depth Atomic percentage/%
Ti(0) Ti( 1) Ti(1l) Ti(IV)
Air oxidation The first layer 22.80 0 28.13 50.93
The first layer 0 0 0 100
v The second layer 41.5 58.5 0 0
The first layer 0 0 0 100
The second layer 0 0 0 100
2V The third layer 0 14.08 65.26 20.66
The fourth layer 0 47.79 44.54 7.67
The fifth layer 79.71 20.29 0 0
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