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3 d��pH C{(��$Zrw=(^+UNQUC4M\��;;'t�$1�MN5S[W72�ghIt/V8g
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2 %9��Ew=Dm1Ehl;1En=l��
��kN�<`EtQwE��GY,|Pl�.e φ1.0 cm �!GZqE��4�g���ÆgT~*��M'��C4UN�hQ^U83\k�+Tt�V[;� 117.3 g/L Na+1.69 g/L Ca2+
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Fig.1 Cyclic voltammograms for titanium in bittern

solution containing different concentrations of

CO2−
3 · Scan rate: 20 mV/s
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Fig.2 Corrosion mass-loss curves of titanium with

different concentrations of CO2−
3 in bittern so-

lution after 30 days immersion at 30 �
Table 1 Corrosion electrochemical parameters for titanium in bittern containing different concentrations

of CO2−
3 at 30 � · Scan rate: 20 mV/s

concentration Ipa Ipc |Ipa/Ipc| Epa Epc |∆E|

/g·L−1 /µA·cm−2 /µA·cm−2 /mV /mV /mV

0 2.90 -2.81 1.03 3 -70 73

3.0 3.72 -2.30 1.62 -116 -215 99

10.0 6.65 -4.88 1.48 -135 -223 88
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Fig.3 Corrosion images without (a) and with 5.0 g/L

(b) CO2−
3 in bittern solution for titanium after

30 days immersion at 30 �
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Fig.4 Cyclic voltammograms for titanium in bittern

solution under the different values of pH. Scan

rate �20 mV/sf+��� 5
2>W~�6 *��℄6M.�fd+T pH C�/5k�==�) Ipa ���==�) Ipc �u$C�YC/}�2 |Ipa/Ipc| �Cq(/}5YCkÆ 1.00�� 5a
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Fig.5 Potential curves for titanium in different pH

values of bittern solution at 30�.�a�I-pH;(b)

E-pH
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Fig.6 The mass-loss curves of titanium in different

pH values of bittern solution at 30 �YC=�1Kw=Dm�UC4M\/z�v� 7Q�C4G<q~
e�m�N9�
3.3 ,��=1w=Dm(9���-�[����6?� 8�~{xe(9� CO2−
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Fig.7 Corrosion images of titanium in different pH

values of bittern after 30 days immersion at

30 � (a) pH7.2 ;(b) pH9.2
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Fig.8 Cyclic voltammograms for titanium in bittern

solution without (a) and (b) with 10.0 g/L

CO2−
3 at different temperatures .Scan rate: 20

mV/s
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Fig.9 Corrosion mass loss curves of titanium in bit-

tern solution at different temperatures after 30

days immersion

Fig.10 Corrosion images of titanium in bittern solu-

tion at different temperatures after 30 days im-

mersion (a) 30 �; (b) 80 �/VGD
�W72�ghIDm1EC4G< (� 10)�~?��,RWK zC45s1KWK zU+TUNC4M\=��Xp��$C4`6��;o4��,R1����/}1�`6q/},Hw���
C4`�1)-Gt2fd���,RC4L%NYCIC$WK z��ÆM5z�C4L%NIC��wR�t$ z�ÆM/z�f��_)C4L%N�	�$C4`6��;7$L���
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Fig.11 Corrosion mass-loss curves for titanium in bit-

tern solution after different time of immersion
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Fig.12 Cyclic voltammograms for titanium in bittern

solution under different scan rates at 30 �
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80 �2�aC4'� Vp v+ 50 �2�}1Kfd���,RWK z�C4^�5s�
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2>Ip − v1/2 �6� Ep-lnv �6 *�℄6M~Of+){�G`�$}6M��$�WK Tin+ � Ti A7��$1��9~^�){�$1�H�u��$1E���pN�K [13∼15]��$1�w^Q_y���O~{Xp{-_= [16,17] /t��VBO#�1 3�

|Ep − Ep/2| =
1.875RT

αnαF
(3)

Ep = E0′

−
RT

αnαF

[

0.780+ln
(D1/2

k0

)

+ln
(αnαFν

RT

)1/2]

(4)�� Ep-lnv �6℄6Mf+Xp_=�4
~{
etE6� -RT/2αnαF/
 αnα���_yBO
�OC� 0.33�1 3 QOC 0.35  *7��$�9~^�$1�Q O2 ���+O D��
Ip − v1/2 B6f+�=�)_=

Table 2 Corrosion electrochemical parameters for titanium in bittern under different scan rates at 30 �
scan rate Ipa Ipc |Ipa/Ipc| Epa Epc |∆E|

/mV·s−1 /µA·cm−2 /µA·cm−2 /mV /mV /mV

5 0.98 -0.88 1.11 12 -54 66

10 1.52 -1.55 0.98 7 -95 102

20 2.90 -2.81 1.03 3 -141 144

50 4.89 -5.43 0.90 -3 -200 197
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Fig.13 Plots of Ipc − v1/2 (a) and (b)Epc-lnv

Table 3 Value of αnα for the irreversible reaction

scan rate Ep Ep/2 αnα average

/ mV·s−1 /mV /mV αnα

5 -54 88 0.34

10 -95 82 0.28 0.35

20 -141 -6 0.33

50 -200 -89 0.44
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Fig.14 Nyquist plots for titanium in bittern solution

with different concentrations of CO2−
3 after 3

hours immersion at 30 �
Ip = (2.99 × 105)(αnα)1/2Ac0D1/2ν1/2 (5)/
 D=5.34×10−7cm2/s (30 �)�w=Dm(9�+Tz+-� Nyquist � (�

14) Eek�$(Rm�℄4�!�yu;WK1�H��$��K1���WKNH�M

-1 0 1 2 3 4 5
1

2

3

4

5
 

log f / Hz

lo
g 

|Z
| /

 
cm

2

-80

-60

-40

-20

0

20

40

60(a)

 / 
o

-1 0 1 2 3 4 5
0

1

2

3

4

5
 

(b)

log f / Hz

lo
g|
Z|

 / 
cm

2

-80

-60

-40

-20

0

20

40

 / 
o

0 1 2 3 4 5
2

3

4

5

 

 

log f / Hz

lo
g|
Z|

 /
cm

2

-80

-60

-40

-20

0

20

40

60

80(c)

 / 
o

Fig.15 Bode plots for titanium in bittern solution

with different concentrations of CO2−
3

(a)0 g/L; (b)3.0 g/L; (c)10.0 g/L after 3 hours

immersion at 30 �N�(�m��6℄6Mf+1�H�u���K1���WK z/�uRE���_y�l{(H���K��;�fd CO2−
3 d��/}Rm��yBi/}WK�u�l/}��m�B6�E6YC/}WK���K/z�w=Dm(9�+Tz+-� Bode � (� 15)2>(�m"�Qm"�y(�VL}�7J=1Ky(�V27PO [18,19]�N� Nyquist � (�
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Fig.16 Equivalent circuit model used for titanium in

bittern solution�_y�l7$L}�){fd CO2−
3 d��/}tlyC7�/5WKw=�$1EG[�wH!��'�N [20]WK zUC4M\/z���9��+TUN$w=%'�C4�;�}d(K^*Ly�p$+T\Jk��;��:.1\=#�uQ�bMxz�� H2S Æ
wR+T pH C�\;+TQ� Ca2+�Mg2+ *[Y�%v�j�+T�q�v)K�w=K^Zz%'(+TQ�Zq�e;tC4J�
��B~K��t$�w=K^Zz%'�:.C
�n�){(83K^*LQ̂ +T�[�;��8;�:.���:��aT,R+;�u5�#��nb^�s:%Nfd*L�aT\Jq�YC14e�5�}��nb^�s:%N-�7��Bu�

4 ���1
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3 d�/}w=Dm�UC4M\/z�f pH C�/5w=Dm�UC4M\/z�f^i27�/Rw=Dm�UC4M\/=�
/z�^i27� 7 d 2aC4'�o}�f���,Rw=Dm(^+Q�UC4M\-G��2
w=�$( 30 �+TUNQ��$1��9~^�tC41�1H��$��K�H�u���K��_yBOC� 0.35+TQ O2 ���+O� 5.34×10−7cm2/s��3
(K^Z}Qe��:.�;�/5�+TQ� CO2−

3 d�{(t pH C�59�+[w=K^%'C4�X*���$�RyK^Z}Qy(�w=%'aVC4"x��vtj4E4T\5���}�.0
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INFLUENCE OF TWO-ALKALI METHOD ON CORROSION

BEHAVIOR FOR TITANIUM IN BITTERN SOLUTION

GONG Min, JIANG Wei, ZOU Zhen, CHEN Jian, LIANG Gang

(College of Materials and Chemical Engineering, Sichuan University of Science and Engineering,

Zigong 643000)

Abstract: The influence of the resistance to corrosion behavior was studied for industrial titanium in bittern

solution under the different concentrations of CO2−
3 and the different values of pH and the different temperatures

by electrochemical method and electrochemical impedance spectra and the weight loss in coupon tests in this

paper. Electrode process was discussed and impedance was analyzed. The corrosion images were observed

by metallurgical microscope after the mass loss tests. The results showed that the resistance to corrosion

enhanced obviously for the metal system decreased gradually with increasing the concentration of CO2−
3 and

increasing the pH value, and decreased with rising up temperature. The resistance to corrosion enhanced first

and then decreased oppositely with increasing the immersion time and the value of Vp was the biggest after 7

days immersion for titanium in bittern solution. The electrode reaction was irreversible and controlled by both

activation polarization and diffusiveness for titanium in bittern medium.

Key words: bittern, two-alkali method, corrosion, optical microscope, electrode reaction


