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Fig.1  Relationship of seawater depth to temperature, pH, salinity 

and oxygen content
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Fig.2  Activity of Cl
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 in 0.725 mol/L NaCl solution at different 

pressures
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Fig.3  Activity of dissolved oxygen at different pressures
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Fig.4  Equilibrium constants, ion product constants, and neutral 

pH values for ionization reactions of pure water at 

different pressures
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Fig.5  Cross-sectional pitting morphologies of X70 steels under 

different hydrostatic pressures stress σ=0.6σ

b

, after 

soaking in 3.5% NaCl solution for 200 h: (a) 0.1 MPa,   

(b) 5 MPa, and (c, d) 10 MPa

[38] 

 

�CH�_`������H�¦§C�9��Î�

¾�H���TU�¯��C����9�¯ÛÜÅ

MÓX�9��¯�)��qs�¯�¿Àtuno�

ËMSabH��s�¯¿À��9�O���ò:

ùv�¬���b?Ø¾¯�H��W\¯m¾��

�¯rùvH��I�Jò���SabH�F

[42-44]

�

C������H��´�Ti

3+

/Ti

4+

�9l£���k

��b ������ù¾Ï�����DE�!J�

���ÅO"mN@#7OP"mÄ$rªW���

­®�¾���¯�

[39,45,46]

��9��%O�&³'

(rËH�<=�W���)yKòCÅO¢*#O

���Ä$V�� SRB

[46]

�C]O�Æ~;�²�C

�qH�_`� SRBr�V¬���btu�©�¾

�+���TU� 

1.2.3  ������ 

�Ïò�,s���789/:�-ëù¾H�

<=�vm����ø�H�<=vm�°7�.J

N��/J�r;Ù

[47]

�0�12tu;FGH
p

�345JòK67
p89J��ë:;�)�-

ëÐÑLMÅ<45=>�
p���<?J�@2

U:tuïU:?1×r�WH�<=�.J2ª�

ìA

[48]

>?ÐÑ��U2BC; TC4 ELI�Å<45

Jò©�ËFGHI/
pÎ�89J67�A4�

� TC4 ELIr�0�Db��J�ýþø�U2BC

�ù«���EFG©<=_`H2�<=�I�_

a 

b 

c 

d 

20 µm 20 µm 

20 µm 

1 µm 

d

5

=9 µm 

d

0.1

=4 µm 

Crack  

d

10

=10 µm 

propagation 

σ 

σ  

σ 

σ 



<1094<                                      MN5OPQRST                                               & 49U 

B���JÛ�.J���K�Yang

[49]

>?ÐÑ��

U:L;FGH�]M45���ø�U:L�ù¾�

FGH45vm;Ù��ËM��NO�
p q�

����îPQÌ��RST�fr`U�����

Vt���)�-ëWX��ñG)*¿À;�YZ

[\67]¸� 

1.2.4  ��������� 

12K^��@:tuCH�<=_�yU:

`2ªø_P2b�Ba

[50]

�ËMFGH12�Ð

Ñ����7bcd12Ìebcd126ïfá

êëgh�eb/012 3 (]ß�)�FGHi

jcklUuMmîmn�o�)�ijËMFG

H�7bcd12Î�«p�ÐÑ

[51-53]

�>qFG

H�7bcd12rs�� 3 (tu�vw12t

uÌxy12tu6ï¾¯12tu�z{|}K

FGHC7b;�êë12�.�7b;�z{s

&~�_56����M�}`]ß|}�z{)

�56�à}�����

[54]

>?C 500Ì550Ì600 ��

300 MPa U:;Ë Ti-60 Î�7b12A4���1

22ªêëKz{|}-.�yz�����FG

HC7b;�122ª�.üêës&z{|}-

.

[52,55]

��@�<��

[56]

>?ÐÑ TC18 �7b1

2Jò��122ª�.sbm¿Àtu�C 350�

400 ��12U:ÕÖoM 2�FGH122ªêë

s&z{�}-.�C 450 ��12U:ÕÖTM

3�FGH122ªêës&z{|}-.��@�

C7bÅU:��;�12s&îzæç�¿À�

bm�7�îz"mù«�æç³´���7�ò

p�©�=>©7�òßÅ�ò�æç

[57]

�  

���ø�Ë�������-��FGH.�

� q���s&���C����;��� q�

�rs&�h�����tu�&rs&789/:

�tu�C789/:�tu;�<=r�V/01

22ª� q
p�r�V�x���e�©�¿À

�� q�89Jï£uYZ�)�-ëËFGH�

eb12Î���ÐÑ�eb12`7b12��Q

«�Ä��7b;z{5� Mîzæç�|}�£

�z{�6�à¡��©�<=:¢�V122ª£

�Ceb;�#$�æç°¤-ë�òp�£�|}

#$Î��)�eb;�12rs��¥�vw12

tu6ïxy12tu�z{�}6ï¦§c¨�K

-.eb12�V��.� 

Peng

[58]

T©C�Åb��U:9ª;Ë«FG

HÎ�Ïcd12A4��B«FGHCeb;�¬

¾U:9ªÅM­Nvm_�"�r�Vn�JÛ�

122ª�Oberson

[59]

>?ËCebÆ~;� α-FG

H12A4��12êë2ª�.Kz{�}N_P

:®�¦§�¯°á

[60]

Ëeb; Ti-6Al-3Nb-2Zr-1Mo

N TC4FGHÎ�Ï7//012���.�ÐÑ�

�B12?Ø¥�C
¯12Nxy12tu�ýþ

�CÒU�U:±C�½@¾U:ÅMFGH�U:

±C_�r�B12²N�Ba��_FGH�12

2ªp³qo�½¬¾U:7MU:±C_��FG

Hr�Bxy12tu�FGH�122ªp6�(

^��¯�ù¾�ìA

[61]

Ë´yNµ¶·¸� TC4 

ELI FGHÎ�Ï��U:9ª;�/012A4�

& TC4 ELIËU:�Qv�wxJ�ø�U:ù«�

FGH�RS©12�¹ 1tu�º&¹ 2tu��

6�´y·¸ TC4 ELIFGH12�¼� TEM»¼�

©� 6aÌ6b56JÛ½�C12��FGH�z{�

¾¿�z{ZmÅ�U:Ã�CÀIÄ$�� 6cÌ6d

K¬¾ 695 MPa�0.7R

pc0.2

�U:;� TEM»¼�5

6�Bµ?12¼�FGH�z{ZmÛÜù«�z

{¡�s&~��ýÁ¨CÒÂÃ�� 6eÌ6f�K¬

¾ 893 MPa�0.9R

pc0.2

�U:;� TEM»¼�z{Z

mn 695 MPaU:;�ÄÅù«��_@¾U:7M

U:±C��Æ]ß�z{�}ÇC@¾U:�tu

;c���12)�56�àÎ�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  VWXY TC4 ELIZ�[F TEM\] 

Fig.6  TEM images of duplex-TC4 ELI alloy before (a, b) and 

after (c~f) creep at 695 MPa (c, d) and 893 MPa (e, f)
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Fig.7  Equilibrium electrode potentials of some electrode 

reactions at different pressures

[21]

 

CPO

2

+2H

2

O+4e

-

=4OH

-

 

DO O

2

+2H

2

O+4e

-

=4OH

-

 

Fe=Fe

2+

+2e

-

 

Al=Al

3+

+3e

-

 

2H

+

+2e

-

=H

2

 

p/p

θ

 

∆
φ

e

/
m
V
 



�1096�                                      ���������                                               � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  �������� �!"#�
������ 

Fig.8  Exchange current densities of certain electrode reactions at 

different pressures
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Abstract: This paper reviewed the research results of titanium alloys in deep ocean corrosive environment. The present research status of 

titanium alloys in the deep ocean environments was summarized from corrosive characteristics of the deep oceans and corrosion modes 

such as the stress cracking corrosion and low-frequency fatigue corrosion. The failures and leakages of the titanium alloys for the 

applications in the deep ocean environments caused by high hydrostatic pressure from above the seawaters is of importance for the 

applications of the deep sea stations. On the other hand, corresponding electrode reactions of titanium alloy in deep oceans are dramatically 

affected by the high hydrostatic pressures. The application of integrated materials calculations and simulations in the fields of metallic 

corrosion and the testing equipments for simulating the specific corrosion condition in the deep oceans were introduced. At the same time, 

the main problems and future development of corrosion researches of titanium alloy in the deep ocean environments were summarized and 

analyzed.  
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