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Table 1 Corrosion test conditions

Corrosion  Phosphate completion fluid 1.4 g/mL; pH value
medium 11.1; deoxygenation time 0.5 h
Temperature/'C 180
Pressure/MPa 10 Cinlet N»)
Test duration/h 720

BT B TIO, () U ST AL 28
Fig.1 Initial interfacial models of alkaline solution/TiO;: (a) 1 OH", (b) 2 OH’, and (c¢) 3 OH"



© 2328 -

Mty @A RS TR

49 %

D) 5 T A A A TR e N (ol i 25 3 1T A AR R R
RIS
222 ZpHALBRER 3 IRR b 4K E 4L IR R 1 T 4
% — M B it E

T EA# H Materials Studio {4 o5& 143 5 72 bR HE
® (DFT) f¥] DMol3 #itk, N H GGA-PBEZ i, 7
BT A S BE TiO, 76 1 pH (B IR 3h %
I HIT S 590 1D e o, 1T T SR DG4k 25 ROV R AR

3 HERESH

3.1 BRI M
R 2 ) TCA KA A i pH B BETR #h 5 M H 1Y
B AR AR R W, TC4 BR iy

A0 b R A 0.4429 mm/a, B M NACE SP
0775-2013 AR #fE"1, L3550 S8 RS 1 A W™ 55/ ol
TC4 BR& 478 pH (H SE I BB vk e e 2= .

Bl 2 S8 5 TCA BK A 4R R 1 2R T R0 R 48 1
OB S GEVERT) . MBI, 765 pH {EH B
M e P, WA R R AR 30 pm.
NN = . TC4 R e w41 F I
f pH H B 12 b o€ R R ikl S 7 L ] 3 4 TC4
BRA A B ok = W ) EDS Ju R AT 45 R . vl LA
Fil, TCA RGPk s 4 K. Py Ti %t
7, G X BT g R (LK 4), TC4 4k
Hate i pH E IR £h 58 I IR 8 ik A 9
B AT (KTIOPO,) -

R 2 TC4k & EAEBpHIET HRIE HIME T rI 1 5 [F MR R

Table 2 Results of uniform corrosion rate of TC4 titanium alloy in high pH completion fluid

Mass before corrosion/ Mass after corrosion/ Mass loss/  Area of specimens/ ~ Corrosion rate/  Uniform corrosion rate/
No.
g g g mm® mm-a” mm-a’
1 5.9741 5.7475 0.2266 1367.68 0.4480
0.4429
2 5.9638 5.7462 0.2176 1343.43 0.4379
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Corrosion product scale
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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./C  Eeco(SHE)mMV  ILow/A-cm™  by/V-dec"  bo/V-dec

60 -385 5.09x107 0.2764
120 -513 9.39x10° 0.2019
180 -806 9.28x107 0.0637
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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

Ry/ Cal Ry R/ Cu/ Ru/ R,/
Temp'/ﬂc 2 2 2 2 2 2 2
Q-cm F-cm Q-cm F-cm™ Q-cm F-cm Q-cm Q-cm
60 1.10 4.92x107° 120 7.47x107° 4.01x10* 1.16x10™* 52.4 4.03x10*
120 1.80 5.15%107? 93.4 1.82x107 1.27x10° 8.09x10™ 20.4 1.38x10°
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Fig.7 Equilibrium interfacial models of different alkaline solution/TiO, passivation film: (a) 1 OH, (b) 2 OH, and (c) 3 OH"
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Fig.8 Equilibrium interfacial models of solution/TiO, passivation film at different temperatures (with 3 OH ions): (a) 60 C,
(b) 120 C, and (¢) 180 C
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Table 5 Interfacial bonding energy [kcal/mol-(0.1 nm)~?] of Table 6 Calculated enthalpy change of reactions formula (3)
TiO; passivation film in alkaline solutions and (5)
Ter%p'/ 1 OH 2 OH 3 OH Reaction formula Formula(3) Formula(5)
721 _8. -9.01 Reaction enthalpy/
60 7 8.37 9:0 ¥ -0.4349 -2.0826
120 . . 9.18 keal'mol
180 - - -9.62
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Corrosion Behavior of Titanium Alloy in High pH Value Completion Fluid

Lv Xianghongl, Liu Lele!, Li Jian!, Yu Haobo?, Xie Junfeng3
(1. Xi’an Shiyou University, Xi’an 710065, China)
(2. China University of Petroleum-Beijing, Beijing 102249, China)
(3. Petroleum Engineering Institute, PetroChina Tarim Oilfield Company, Kuerle 841000, China)

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, passive film tends to break in the alkaline solution. With the increase of temperature and alkalinity, the interfacial binding energy
between TiO, and solution increases; therefore, the thermodynamic stability of passive film decreases. In alkaline potassium pyrophosphate
solution, TiO, passive film can react with K;HPO4 and K;PO4 to form porous KTiOPO4 corrosion scale; however, the thermodynamic
reaction tendency between TiO, and K5PO, is more preferable.

Key words: high pH value completion fluid; titanium alloy; corrosion behavior; passivation film; thermodynamic stability
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