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Table 1  Corrosion test conditions 

Corrosion 

medium 

Phosphate completion fluid 1.4 g/mL; pH value 

11.1; deoxygenation time 0.5 h 

Temperature/q 180 

Pressure/MPa 10*inlet N

2

- 

Test duration/h 720 
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Table 2  Results of uniform corrosion rate of TC4 titanium alloy in high pH completion fluid 

No. 

Mass before corrosion/ 

g 

Mass after corrosion/ 

g 

Mass loss/ 

g 

Area of specimens/ 

mm

2

 

Corrosion rate/ 

mm·a

-1 

Uniform corrosion rate/ 

mm·a

-1

 

1 5.9741 5.7475 0.2266 1367.68 0.4480 

2 5.9638 5.7462 0.2176 1343.43 0.4379 

0.4429 
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Fig.2  Surface (a) and cross-section corrosion (b) morphologies 

of TC4 alloys (before corrosion product is removed) 
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Fig.3  Back scattered electron image (a) and EDS element mappings (b~d) of TC4 alloys corrosion product layer:  

(b) K, (c) P, and (d) Ti 
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Fig.4  XRD pattern of TC4 alloys corrosion product scale 
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Fig.5  Polarization curves of TC4 alloys in high pH completion 

fluid at different temperatures 
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Table 3  Electrochemical parameters of TC4 alloys in high pH 

completion fluid at different temperatures 

Temp./q E

corr

(SHE)/mV I

corr

/A·cm

-2

 b

a

/V·dec

-1

 b

c
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60 -385 5.09×10

-7

 - 0.2764 

120 -513 9.39×10

-6

 - 0.2019 

180 -806 9.28×10

-5

 - 0.0637 
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uHG� 

Fig.6  EIS plots (a) and equivalent circuit (b) of TC4 alloys in  

high pH completion fluid 
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Table 4  Fitted results for EIS of TC4 alloys measured in high pH completion fluid at different temperatures 
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Fig.7  Equilibrium interfacial models of different alkaline solution/TiO
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 passivation film: (a) 1 OH, (b) 2 OH, and (c) 3 OH
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Fig.8  Equilibrium interfacial models of solution/TiO
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passivation film at different temperatures (with 3 OH
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 ions): (a) 60 5,  

(b) 120 5, and (c) 180 5 
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Table 5  Interfacial bonding energy [kcal/mol·(0.1 nm)

-2

] of  

 TiO

2

 passivation film in alkaline solutions  

Temp.6 

5 

1 OH

-

 2 OH

-

 3 OH

-

 

60 -7.21 -8.37 -9.01 

120 - - -9.18 

180 - - -9.62 
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Table 6  Calculated enthalpy change of reactions formula (3)  

and (5)  

Reaction formula Formula(3) Formula(5) 

Reaction enthalpy/ 

kcal·mol

-1

 

-0.4349 -2.0826 
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Abstract: Based on corrosion rate and in-situ electrochemical tests under high temperature and pressure, and combined with the Molecular 

Dynamic simulation and First-principle calculations, the corrosion behavior of titanium alloy (TC4) oil tube in high pH completion fluid 

was clarified, and the thermodynamic stability of passive film was also investigated. The results show that the corrosion of TC4 alloy is 

serious in the high pH completion fluid at 180 °C, and the uniform corrosion rate is as high as 0.4429 mm/a. The corrosion of TC4 in the 

high pH completion fluid is dominated as an anodic reaction controlled process. If temperature increases, the corrosion potential, the 

resistance of corrosion scale film and the polarization resistance will dramatically decrease, and the thermodynamic driving will be 

enhanced, while the dynamic resistance will be reduced. So, the corrosion current of TC4 will be significantly increased. The Ti-O bonds in 

the TiO

2

 passive film tends to break in the alkaline solution. With the increase of temperature and alkalinity, the interfacial binding energy 

between TiO

2

 and solution increases; therefore, the thermodynamic stability of passive film decreases. In alkaline potassium pyrophosphate 

solution, TiO

2

 passive film can react with K

2

HPO

4

 and K

3

PO

4

 to form porous KTiOPO

4

 corrosion scale; however, the thermodynamic 

reaction tendency between TiO

2

 and K

3

PO

4

 is more preferable. 
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