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Table 1 Test conditions of corrosion resistance and electrochemical performance of titanium tubing

Test condition Corrosion rate test SCC test Electrochemical test
220 160 180 200 200 30 60 90 180
4.8 3.84 4.16 4.48 4.48 1.76 2.24 2.72 4.16

Total pressure/MPa

Composition/g-L"

Applied stress/MPa -
Test duration/h 360

10 (inlet Ny)

NaHCO0s5:0.26; Na>S04:0.636; CaCl»:23.06; MgCl,:2.221; NaCl:173.958; KCI:12.646; pH:7.19

682.2 -
720 -

FT2 AREHT TC4HEER CO, BHRERITHELR

Table 2 CO; corrosion rate of TC4 alloy under different corrosion conditions

Temperature/  Areas of specimen/  Mass before Mass after Mass loss/ Corrosion rate/ Uniform corrosion
ass loss

C mm’ corrosion/g corrosion/g & mm-a’ rate/mm-a’’
1332.83 5.9480 5.9479 0.0001 0.0004

160 0.0004
1392.61 6.3864 6.3863 0.0001 0.0004
1387.01 6.1266 6.1265 0.0001 0.0004

180 0.0004
1401.99 6.4926 6.4925 0.0001 0.0004
1364.11 5.9736 5.9735 0.0001 0.0004

200 0.0004
1374.62 6.0782 6.0781 0.0001 0.0004
1403.36 6.4500 6.4496 0.0004 0.0015

220 0.0012
1409.09 6.4365 6.4363 0.0002 0.0008
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Fig.1 Comparative analysis of CO, corrosion rate of TC4 alloy at

different temperatures
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Fig.2 Specimen surface micro-morphologies of TC4 alloy at different temperatures: (a) 160 °C, (b) 180 C, (¢) 200 C, and (d) 220 C



“ 154 -

Mty @A RS TRE

a7 3%

3 TC4A B Gl AR I AO0L S T T3
Fig.3 Specimen cross-section micro-morphologies of TC4 alloy at different temperatures: (a) 160 C, (b) 180 °C, (c) 200 °C, and (d) 220 C
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Fig.4 Corrosion morphologies of four point bent SCC specimen of TC4 alloys after 720 h test duration: (a) surface macro-morphologies

and (b) surface micro-morphologies
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Fig.5 Polarization curves of TC4 alloy at different temperatures
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Table 3 Electrochemical parameters of TC4 alloy at different

temperatures
Temp./C  Eeo/mV  Low/Acem™  by/V-dec!  bo/V-dec!
30 -507 1.00x107 - 0.0461
60 -587 1.08x107 - 0.0992
90 —626 2.02x107 - 0.1130
180 —687 4.15%10° - 0.1057
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Fig.6 Cyclic polarization curves of TC4 alloy at 60 and 180 C
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Fig.7 EIS plots (a) and equivalent circuit (b) of TC4 alloy at

different temperatures

F4 TRBESHT TC45KEEH EIS HIANER
Table 4 Fitted results of EIS measured at different temperatures for TC4 alloy

Temperature/C RJ/Q-cm’ Cy/F-cm™ n-Cq R/Q-cm? RJ/Q-cm® C/F-cm™ n-C R/Q-cm’
30 0.3805 5.709%107 0.8 0.1612 1x10*! 3.824x10°¢ 1 1x10*!
60 0.3774 1.432x107 1 16.3 1.968x10° 1.091x10™ 0.7212 1.968x10°
90 0.3399 1.201x107 1 12.8 1.014x10° 1.525x10™ 0.6968 1.014x10°
180 2.782 0.001727 0.5455 111.2 2217 0.01189 0.6143 2328.2
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Corrosion Resistance of Titanium Alloy OCTG in Severe Environment

Gao Wenping', Lv Xianghong', Xie Junfeng®, Ji Ling’, Zhao Mifeng?, Liang Jianjun’, Liang Wei', Zhao Guoxian'
(1. Xi’an Shiyou University, Xi’an 710065, China)
(2. Petrochina Tarim Oilfield Company, Kuerle 841000, China)
(3. Petrochina Xinjiang Oilfield Company, Karamay 834000, China)

Abstract: The corrosion behavior and corrosion mechanism of TC4 titanium alloy OCTG in severe CO, environment were studied with high
temperature and high pressure and stress corrosion cracking (SCC) test, as well as electrochemical in-situ measurement techniques. The results
show TC4 titanium alloy possesses the excellent resistance to uniform corrosion, local corrosion and SCC in high temperature and high pressure
CO; corrosion environment, and its uniform corrosion rate is only 0.0012 mm/a at the temperature up to 220 °C. The anodic polarization curves of
TC4 titanium alloy have the obvious passivation zone in CO, environment, and the corrosion reaction is controlled by anodic process. With
temperature increasing, the corrosion potential and polarization resistance of TC4 titanium alloy decrease, which indicate that the thermodynamic
driving force of the electrochemical corrosion increases, while the dynamic resistance decreases; thus the corrosion rate of TC4 titanium alloy
increases. However, the protective potential and pitting potential of TC4 titanium alloy are higher enough in high temperature CO, corrosion
environment, and the polarization resistance is up to 2328.2 Q-cm” at 180 °C, which still give TC4 titanium alloy the good passivation and
re-passivation ability and the superior resistance to CO, corrosion at high temperature.

Key words: TC4 titanium alloy; CO; corrosion; corrosion rate; SCC; pitting potential
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