
� 47� � 1� ��������	                                Vol.47, No.1

2018�      1�                        RARE METAL MATERIALS AND ENGINEERING              January 2018

�����2017-01-10

���	����	
���51271146������	
��������2016JM5064������������ !"#$
%&'

()�


���*+,-.-1991�/-01-�2��3�45
� 67�8-�� �2 710065-E-mail: 13772072471@sina.cn

��������	
���������

���

1

����

1

��	


2

�� �

3

���

2

����

3

�� �

1

���

1

(1. �2��3�-�� �2 710065)

(2. 9���:;<�=>?@-'A BCD 841000)

(3. 9���'A�=>?@-'A EFGH 834000)

� ��IJ*K*L��MNOPQ��RS�SCC�TUVWXY-Z[\]^_�`X>a-�� TC4bc���

4def CO

2

gh9i��jkOl�mnopqrstTC4bcd*K*L CO

2

��gh9uvwxyzi{|}��~

����O SCCTU-d*� 220 �iK����|}��MN�k 0.0012 mm/aoTC4bcd CO

2

gh9i�ww_�

�|vs��_�-���Pk�wJ7����K��*-TC4 bci���^]��-w_^���-^_���i

�Q���Q�3-��Q���TU��-��MN�3��d*K CO

2

��gh9-TC4bci "^]O$�^]

¡*-¢uv£¤i�_O¥�_UQ-xd 180 �¦iw_^�*� 2328.2 Ω·cm

2

-uv£¤i{ CO

2

��TUo

����TC4bc�CO

2

�����MN�SCC�$�^]

�������TG146.2

+

3  ������A �����1002-185X(2018)01-0151-06

��������	
�����������

������������� !"#$���%&'

()*���+,-./*0123��456�78

6�9:;< 9000 m�2=>?;< 140 MPa�2=@

A;< 200 B�9CD;E>E@FG6�HI

[1]

�E

>E@/;E>E@6�JKLMN�OP��QA�

��)�FG6RSTU�4�VWXY�RSZM[

\]6�<)�^_�A`)�6abcd�efgh

`)��6aijkYlmEn��o�6apq^_

��rstukYmE�n��vwx �\]E>E

@/;E>E@6!yz{ CO

2

/H

2

S| Cl

-

�}~�6

�@A/>?���������
n��E�A��

���^��OCTG�� 

����{E���A/���E@��u�|`

�����u�����W 21 ������ 

[2-7]

�¡

¢£�� 80¤¥¦§�� 9:¨����]!"E>

E@/;E>E@©ªu��6�%+,-.��«^/

�^�!"6¬���®� 

[2]

���¯)°^®

±²|³´µ¶�%·°/¸°/¹º°^/,*{»

�¼´½µ|·�¾¿1À[Á`´������^

��ÂÃ�\]ÄÅ[&'(/Æ,*1���E>E

@6ÇÈ{É������^��������^�[

}~6¬ÊË¦���ÌW|���Í´½ÎÏ�Ð´

½Ñ<E@E>��ÒÓ|�Ô?���r�SCC�u

�ÕÖ×Ø�ÙÚÛÜÝÞ×ßà�Pá TC4

�Ti-6Al-4V������^�[ CO

2

ÊË¦���ÌW

|���Í�Ú§W�[E>E@/;E>E@6}~

ÊË¦���kâ5ã|Íäåæ� 

��������

×Ø� ç� TC4�110ksi�758 MPa�°è���

��^�éêëìW Φ88.9 mm×6.45 mm�ÜÝ�ß�í

îß5�WïAl6.0%�V4.2%�Fe0.04%�C0.01%�N0.01%�

O0.09%�E@E>ðñ��×òëìW 50 mm×10 

mm×3 mm�VóôõW 1200#Hö÷�øùúûA≤1.6 

µmü� SCC u�Þ×É�ýþ����×ò�ëìW

115 mm×15 mm×5 mm��ö÷��¨×òøù���

VE�ö÷�AW 600#�ó`�	
×ò���IÌü

ÛÜÝÞ××òÃÞ×ùùÁW 1.13 cm

2

���×

ò��AW 3 mm� 

����^E@E>��ÒÓÞ××Ø��W��

���}~����������@Aß�W 160�180�

200| 220 BüCO

2

ß>ß�W 3.84�4.16�4.48| 4.80 

MPaü×Ø�íW�����2=Hü×Ø��W 360 h�

��ø 1� 

����ÒÓ��� !Wï 



§152§                                           ¨v©45 67                                           � 47� 

corr

365000∆g

v

γtS

=                           �1� 

"¦�v

corr

W����ÒÓ�mm/aü∆gW×òðñ�gü

γW� #A�g/cm

3

�TC4W 4.5 g/cm

3

�ütW×Ø�

��düSW×òøùÁ�mm

2

� 

����^[E@E>}~ÊË¦�� SCC u�

ÕÖ×Ø�@A| CO

2

ß>ß�W 200 B| 4.48 MPa�

×Ø�íW�����2=H�$gÔ?W 90%YS

min

�V%&'�A��� 682.2 MPa�×Ø��W 720 h��

ø 1�� 

����^[}~ÊË¦�ÛÜÝ(uÞ×���

×Ø�í)¢�@Aß�W 30�60�90| 180 BüCO

2

ß>ß�W 1.76�2.24�2.72| 4.16 MPa��ø 1��

`Ü�*Þî�+,ÛqW–500 mV�Ag/AgCl Û`�

-�].��Ûq��ó/ÛqW+1600 mV�Ag/AgCl

Û`�-�].��Ûq��01ÒAW 0.3333 mV/sü

2Ê`Ü�*Þ×�+,ÛqW–500 mV�Ag/AgCl Û

`�-�].��Ûq��34ÛqW+1600 mV�Ag/AgCl

Û`�-�].��Ûq��34Û5W 1 mA�01Ò

ÓW 20 mV/süÛÜÝ6�Þ×�7Ó89ï5 mHz∼100 

kHz�6�Þî:;<=W 10 mV>?@� 

����^E@E>��ÒÓÞ×�� SCC u�

ÕÖ×Øijç� TFCZ5-35/250 �A?BCDÔE�

C276ýþ��F�üÛÜÝÞ×É� AMETEK±²�

273AGÛqH|M5210I-J)d�ÙKÛ`ç�) 

ùÁL�Û`�M�Û`W Ag/AgClÛ`� 

������	�

���������	
����

ø 2|N 1W TC4���[J)���2=H CO

2

ÊË¦�����ÒÓ��OP���ÒÓ���ß

à�QÚRY��@ASE�CO

2

ß>�)�TC4 ��

���ÒÓTÜJ)�[U£@AÞ×3���VW`

%���ÒÓ�[EC 220 B� CO

2

��ÊË¦���

ÒÓXW 0.0012 mm/a�MY NACE SP 0775-2013Z[

[7]

�����\A�é]�[}~�2=H CO

2

ÊË¦�

TC4���XW^_��� 

N 2|N 3ß�W`ab×òøù�cdù_e�

�fg�`ahWíîß5 4%� NaOH ßàijh�

@AW 40 B�;k@`a 50 min��\NQ��[ 160

D 220 B@A89��TC4 ��������`�^

_�×òøùôõ	lm[�nop�TUqp��l

r�TC4���[}~E@E> CO

2

ÊË¦�{`�s

t������|qp��u�� 

������ SCC� 

N 4W 720 h×Øb�TC4�����ýþ�� SCC

×ò�øù���ùue�_e�10v�fg�\NQ

��¶{×ò�p��Kr�noøù�pYM78]

wÔ? ��_erx�TC4���[E@E>2=H

CO

2

��ÊË¦�{���� SCCu�� 

 

 !""#$�%&'()*+,-./*+012345"

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 10 (inlet N

2

) 

Composition/g·L

-1

 NaHCO

3

:0.26; Na

2

SO

4

:0.636; CaCl

2

:23.06; MgCl

2

:2.221; NaCl:173.958; KCl:12.646; pH:7.19 

Applied stress/MPa -  682.2  - 

Test duration/h 360  720  - 
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Table 2  CO

2

 corrosion rate of TC4 alloy under different corrosion conditions 

Temperature/ 

� 

Areas of specimen/ 

mm

2

 

Mass before 

corrosion/g 

Mass after 

corrosion/g 

Mass loss/g 

Corrosion rate/ 

mm·a

-1

 

Uniform corrosion 

rate/mm·a

-1

 

1332.83 5.9480 5.9479 0.0001 0.0004 

160 

1392.61 6.3864 6.3863 0.0001 0.0004 

0.0004 

1387.01 6.1266 6.1265 0.0001 0.0004 

180 

1401.99 6.4926 6.4925 0.0001 0.0004 

0.0004 

1364.11 5.9736 5.9735 0.0001 0.0004 

200 

1374.62 6.0782 6.0781 0.0001 0.0004 

0.0004 

1403.36 6.4500 6.4496 0.0004 0.0015 

220 

1409.09 6.4365 6.4363 0.0002 0.0008 

0.0012 
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Fig.1  Comparative analysis of CO

2 

corrosion rate of TC4 alloy at 

different temperatures 
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« 2  TC4bcX°r±²³��´µ 

Fig.2  Specimen surface micro-morphologies of TC4 alloy at different temperatures: (a) 160 �, (b) 180 �, (c) 200 �, and (d) 220 � 
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« 3  TC4bcX°¶·±²³��´µ 

Fig.3  Specimen cross-section micro-morphologies of TC4 alloy at different temperatures: (a) 160 �, (b) 180 �, (c) 200 �, and (d) 220 � 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

« 4  720 hXY¸ TC4bc¹$º� SCCX°i��´µ 

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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« 5  ¬K���� TC4bciw_�� 

Fig.5  Polarization curves of TC4 alloy at different temperatures 
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Table 3  Electrochemical parameters of TC4 alloy at different 

temperatures 
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« 6  TC4bcd 60O 180 �i»gw_�� 

Fig.6  Cyclic polarization curves of TC4 alloy at 60 and 180 � 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

« 7  ¬K���� TC4bci EIS«¼½xª¾^¿ 

Fig.7  EIS plots (a) and equivalent circuit (b) of TC4 alloy at 

different temperatures 
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Table 4  Fitted results of EIS measured at different temperatures for TC4 alloy 
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Abstract: The corrosion behavior and corrosion mechanism of TC4 titanium alloy OCTG in severe CO

2

 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

2

 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

2

 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

2

 corrosion 

environment, and the polarization resistance is up to 2328.2 Ω·cm

2

 at 180 °C, which still give TC4 titanium alloy the good passivation and 

re-passivation ability and the superior resistance to CO

2

 corrosion at high temperature. 

Key words: TC4 titanium alloy; CO

2

 corrosion; corrosion rate; SCC; pitting potential 
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