
{ 30 L { 6 ( Vol.30 No.6

2010 � 12 0 Journal of Chinese Society for Corrosion and Protection Dec. 2010

YX.[# p�
U8W CO2 {�K7/Q\�0G=��#L gqf 1 nh 2

(1. tXV�b%3=kXU 0` 430074; 2. tXV�bvb"vFb- 0` 430074)X P : ��vb��dw*:�P3iyk (ATR-FTIR) �qiEq0V�Æ N80 =43� pH O
(4.9�6.9 d 7.4) q CO2 �dgzB{Xq}Z['d	f�kl5[+�0V�4x pH O;Æ���q�Uu�%1�?�4� pH ;�0V�Æo���q�Uu�%1�?��4iEqX% pH O�Y��X�Q�U-Z℄Pqo���, M℄
�qF�}Z�43� pH O;3�q65f��_o}Z�":o+
J�3�qEsu��k�Bw7iq0V�%k43� pH OqB{X}Z['qC
^���� : �rv
 0V� pH }Z N80 =[<
"� : TG174 >B~3& : A >Y}� : 1005–4537�2010Æ06–0475–06

1 ,M3�,�zB:8��byW$$^�2�!�p HCO−

3 ��!A�AzWp CO2 rK|T�9�2=9n���� CO2 ,YD1p.�℄DS�G�vX�7(9np*	e���G|Y�pt� [1]�T�l8�u�E	~	~/Cdjpua℄V�y�vT�l8�u�$jWw�x�3�*	Mp54�℄�w~��yt$jW^�D|P��p��1V��N39n*	Mp�℄}!8�u��SCG54�!�A54p��u��SS�54 [2]�CO2 ,Y|Y���W3^�gp��'b|Y��hf^��℄qp��~b|Y�phDD0N�
N80	<T���8�Rm�#hD�I�(f$j4Mp/U~t&�)|Y����ua��

ATR-FTIR �phDp/U~� pH p(u N80<|Yt�p�G���D/U~ N80 < CO2 ,Ypt��e�
2 2O��
2.1 1N:��1N�$�ua<j� 500 mL pI���9�0g��t&+`����:J��t&9$���Et��.+ : 2010-10-09��E) : Y m>Wd�;I� (50471062) ia℄Z�� : |?v�"�1976 �T�GQV�/�jF�K(7s/\�!q�&4>l;J℄Z : |?v�E-mail: luzhaoling@mail.hust.edu.cn

��8� N80 <�)uaK$& (mass%): C 0.38∼

0.45, Si 0.15∼0.35, Mn 1.55∼1.85, P≤0.025, S≤0.025,

Cr<0.20, Ni<0.20, Cu<0.20, Mo 0.15∼0.25, Fe  o.��8�zqtK'd�Et	
& 0.785 cm2�Et��^��LQa��/y�\18�-�V��*[9m!��℄kAz& CO2 �
3%NaCl Az�� NaHCO3 �3Az pH N$,&
4.9�6.9 � 7.4�3>Z�ua<jL-�Az� CO2

6 h �M���JAz pH `l.��
2.2 ��H�4H�u4Ppf |∆E| .& 20∼70 mV p�u4&, ��H�u4p��Z&_t��n�����p�E��℄#hD$,3O}�+�Eoc����u�+�-50 mV vs Eocn��u�+ (+50

mV vs Eoc) :<n EIS &���p6 N80 ��3O}�+�n�����\Op_t�E��uapR (EIS) 8� IM6e 9����3 CO2�p 3% fyAzW�# 1 h m�$,3O}�+����u�n��u�+:>Z<j�$�4$
10 mHz∼100 kHz�8� Zview �uapR&�$2G,>Z�fnlD�p�ua9u���+�u8� Corrtest G,�K��+�%�-0.15 V∼+0.15

V(D�O}�+)�K�}�& 0.3 mV/s�
2.3 �5�(F'	A

N80< (1 cm×1 cm×0.1 cm)$,3Z�Az3�! 80 mg/L /U~p CO2 � 3% fyAzW�# 24 h m�3 N2 ,#�o:���qp8djy�1T8, �V83js*	54p2V�=m3S� N2 p96+W96 24 h�8�2hx�j�S



476 WW,Y!�oa� 30L476 WW,Y!�oa� 30L476 WW,Y!�oa� 30L&��ATR-FTIR, VERTEX 70, BrukerhD|Y�54-m9n*	pY�V7�
3 �ÆT9%
3.1 ��-D� 1 f N80 <32� pH Np CO2 � 3%fyAz�! 80 mg/L /U~pAzW<np�u5C�̂ �X�QU�3hDp�� pH N:�/U~p!FN^��n���\Op,Y}��K/w�{Æ/U~f}[��℄p?P CO2 |Y��A[hD4Z! Kuznetsov t [3] pjk4�D}R�
3.2 EIS 	A

3.2.1 _l pHre^ios` EISam � 2f N80 <32� pH NZ�AzWp EIS &��3
pH=4.9 W��=� 2a pR&��_J\O.*L
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Fig.1 Polarization curves of N80 steel in CO2-saturated

3% brine solution without and with 80 mg/L lauric

acid at 50	 (a) pH=4.9, (b) pH=6.9, (c) pH=7.4

�~Xp Warburg _J�E�hT�l3℄ pH :����p_J\OEEf��p�\O [4];EZ8��Bp Warburg _J',`�f�D!g<y�����Sp��\O��℄8�� 3a ptP�}`>Z�f�n��u�+:pR&Vp?$�pDRn��w$�U�p"E~Xp;Rn�Asp;Rn�E"�&!n���W$D1p5�4\O�O [5]�D�ptP�}�� 3b >Z�s�3O}�+:ppR&f��n�\Opvf�3?$w$�QAlnADRn�W$�QAl}A;Rn�?$�pDRn!x�?�b|�p�O�w$�pDRn;Rm�z!��*	W$D1p5�4\O�O��uatP�}�� 3c *b�
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Fig.2 EIS spectra for N80 steel in CO2-saturated 3%

brine solution without lauric acid at different pH

value (a) pH=4.9, (b) pH=6.9, (c) pH=7.4



6 ( {>uu : 0V�4 CO2 �dgzB{X}Z['d	fiE 4776 ( {>uu : 0V�4 CO2 �dgzB{X}Z['d	fiE 4776 ( {>uu : 0V�4 CO2 �dgzB{X}Z['d	fiE 477�hAz pH p8!�3��n�O}�+:p�ua�&��#M�L�xDR�E, ?$�pDRn^.(n'%�A[�LX�!39n*	^.YKpI)"ND��O [6]�D�p�ua\O8��
3d ptP�}>Z�s�3��ptP�}WN8�I�$�$JZ&pED+', (CPE1)[7]�)Wp Rs fAz�p�Rt f�b��p�Cdl f*E9nAz8	p�b$dpx�?�D�L f!,YW$D1p5�4\O�*p�;�R1 f9n*	YK�o�p��p�W f!_J\O�Op',�32� pH N:8�D�ptP�}>Z�f�_t;W7p�ua9ut�* 1�^�fp4ZX�Ql�3O}�+:px�?�DN�Az pHNp8!^./w���x�?�D!9n*	YK�pl�K�$ [4]�x�?�Dp/w{Æp3? pH NzB:9n*	YKp0lp,YD1��℄��3���u�+n��u�+:p�f4Z{X�QU�����p�b��p�Az pH Np8!�/w��D�pn���p�b��p;�Az pH Np8!^.8!�3�hDp pH N:�3�qp CO2 �AzW9n���Sp��E: [2] n���_t&�

Fe − 2e → Fe2+ (1)�����Azp pHNp(u��S(u�� pH<5, _tp8�u�f H2CO3:

H2CO3(ads) + e → H(ads) + HCO−

3(ads) (2)i pH>6.8, HCO−

3 djf CO2 _3p_tYa���=E:p��t&_tp8�u�:

HCO3 + e → H(ads) + CO2−
3 (3)3w pH N:���_tp8�u��H2CO3p_J\OEEf��p�\O��℄HA����p\O6M�����p}���hAz pH Np8!�,YD139n*	I�0bpKL0J��W��3? pH N:_tp8�u�f?!�p

HCO−

3 dj�pH>6.8�98%HCO−

3��℄��{(\Oppj^.(N�A!�����uapRp�f4ZD}R��`l� Fe2+ 3,YD1�Wp_J\Opj7��3? pH NpzB:YKp�$0R���℄^nn���ppj>}4�?��svX�^3n��u�+:�fp�b��pp^.8!n��J�
3.2.2 _l pH rkdpbjios` EISam� 4 f N80 <32� pH Np CO2 � 3% fyA

Fig.3 Equivalent circuits used to represent the electro-

chemical process of N80 steel in CO2-saturated 3%

brine solution without lauric acid at different pH

value

Table 1 Fitting parameters for N80 steel in CO2-saturated

3% brine solution without lauric acid at different

pH value

pH potential (vs to Eoc) Rt Cdl-T / Cdl-P

/mV /Ω (µF·cm−2)

-50 758 436 0.77

4.9 0 150 536 0.76

+50 55 321 0.81

-50 379 695 0.72

6.9 0 219 507 0.74

+50 106 395 0.77

-50 312 328 0.74

7.4 0 241 437 0.74

+50 143 419 0.75zW�!/U~m�$,3O}�+����u�n��u�+:<np EIS &��� 5 ptP�}���s2�2^:p�ua\O�3tP�}W~=8�I�$�$JZ&pED+', (CPE)�)Wp
Rs fAz�p�Rt f�b��p�Cdl f*E9nAz8	p�b$dpx�?�D�CPE-T �
R1 *b39n*	YKp54�p�D�p�8�"C℄sN�N��ftP�}nlD�p�ua9ut�* 2 W���9np,Y�zbNof!�b��ppjuKI$�CH!�:W� [8] O�|Y�9n,Yp�n���\Ot�9up���g�Z�AzW�fp�b��p3|Y�_3:
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Fig.4 EIS spectra for N80 steel in CO2-saturated 3%

brine solution with lauric acid at different pH value

(a) pH=4.9, 80 mg/L; (b) pH=6.9, 80 mg/L; (c)

pH=7.4, 80 mg/L

Fig.5 Equivalent circuits used to represent the electro-

chemical process of N80 steel in CO2-saturated 3%

brine solution with lauric acid at different pH valuep�n�\Op�b��p�$,��U2� pHN:|Y�p!F,Y���n�\Opt�9u (+* 2)�̂ jk4ZX�QU|Y�3w pH N: (pH=4.9), ����pt�9ub�n�pt�9u�3? pH N:�|Y�n���pt�9u++b���pt�9u���DB.nAuo��3hDpW$ pH N�pH=6.9�/U~

�n�pt�9u$0D?�L�\	e�p�E�^�M4ZX��&�/U~ N80<3w pHNn���54X|Y���3? pHN7n�n�54X|Y��3Wt pHN/U~7*�&�fX|Y��A[4ZX�p(�$2E:�3w pH N:�}�	��9np*	L�℄A6e��y}�	��/U~3w pHN:p54�j$0.��℄/U~$jX��W3��n����℄}M�P54�|Y�$jp54}�	/wp9np�℄A6�y}�	/U~39n*	YKp�$j54?�^n8�u���l`9n*	�)|,Y���0w pH NW�����8�u�ppjf��*	�ua��p[T4℄�/U~p�P54^n����pj8!D!Æ>��℄�/U~��p�Tt�*�p$n�D!Æ>��hAz
pH Np8!�39n*	MO`YKp,YD1pH
��y��|Y�X�!n�A6��SKp9Sdjt��SK�A1�AR�A1M2H
3,Y\OO`py�.39nM<�4h�!,YD1pH
�}*K�_t�\�T,Y\Opn�\O�*l|Yt��
3.3 ATR-FTIR 	A�ep*	$2�p�N�Ih�O�9n*	08?pV7�)Wp FTIR �p�KHy���9n*	M54p,YD154|Y�p&<�hD [3]��8�d� ATR 4,pv)9�O�pD8!p<jpw��̂ n FTIR�pg��8	Mp��hD [9]�3#hDW�8�p ATR-FTIR �p`p6/U~3 CO2 �fyAzW3 N80<*	p54Z&�� 6f3 N80<32� pH Np CO2 �fyAzW�# 24 h m<np9�Oj�&��&�M
CH3–  –CH2– ��~Xp C-H J2JR�D�({Æp3�� pHN:�/U~NX��Py5439n*	�i/U~$j�*�dp$je�_3W���0Gp	m^n –COOH p54(3HA&�M5mhH���3� 6a P-40Hp5m(.���0.p C–H 5m.�{Æp30wp pH N:�/U~$j�#Mf�*�dp$je�5439n*	��hAz pH Np8!�̂ &�MX�QU�P-45m(p.�^.!.�K&HA&�Mz}.p5m)�D�y(pD.�7(Hph���M4Zv{Æp/U~$jp5me��Sp(u�!wp pH NzB:p54e�2��3? pH N:/U~b5$��de�pdje�&_���|Y�p|Y�jhbO�M~a�|Y�!,Y�,:9n*	L$pDrt
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Table 2 Fitting parameters for N80 steel in CO2-saturated 3% brine solution with lauric acid at different pH

value

pH potential (vs to Ecorr) /mV Rt /Ω Cdl-T /µF·cm−2 Cdl-P fa or fc

-50 20476 993 0.68 27

4.9 0 6789 1440 0.67 45

+50 1024 889 0.44 16

-50 47786 722 0.58 126

6.9 0 20601 924 0.59 94

+50 12503 302 0.36 118

-50 23841 54 0.45 76

7.4 0 26216 68 0.54 109

+50 294820 80 0.53 2061

4000 3500 3000 2500 2000 1500 1000 500
0.06

0.12

0.18

0.24

4000 3500 3000 2500 2000 1500 1000 500

0.15

0.30

0.45

4000 3500 3000 2500 2000 1500 1000 500
0.04

0.06

0.08

14
20

29
11

29
78

(c)

 

 

A
TR

 U
ni

ts

 

14
6316
9228
48

29
14(a)

wavenumber /cm-1

 

 

A
TR

 U
ni

ts

15
95 14
1129
19

29
72(b)

 
 

A
TR

 U
ni

ts

Fig.6 ATR-FTIR spectra of lauric acid adsorbed on the

surface of N80 steel immersed in CO2-saturated

3% brine solution at different pH value

(a) pH=4.9, 80 mg/L; (b) pH=6.9, 80 mg/L;

(c) pH=7.4, 80 mg/L� [10]�|Y�_3e�p2�^n|Y�!9n*	�Sp2�pDrt���sv6hp/U~$j32� pHNpAzW|YZ&_3B	p(��
4 �%

(1) /U~3w pH N:����p�Tt�$0Æ>�3? pH :�/U~n���p�Tt�$0Æ>��3hDpW$ pH N�L\	�p�E�X��W�P�T,Y\Op�n����
(2) |Y�32� pH N:2�p54e��̂n|Y�!9n*	I�2�pDrt��j�Av6hp/U~$j32� pH NpAzW|YZ&pB	℄��!�C
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INHIBITION PERFORMANCE AND MECHANISM OF LAURIC

ACID IN CO2 SATURATED NaCl SOLUTION

LU Zhaoling1, GUO Xingpeng2

(1. Analysis and Testing Center, Huazhong University of Science & Technology, Wuhan 430074;

2. School of Chemistry & Chemical Technology, Wuhan 430074)

Abstract: The inhibition performance of lauric acid on N80 steel in CO2 saturated NaCl solution at different

pH values (4.9, 6.9 and 7.4 respectively) were investigated using electrochemical methods and the attenuated

total reflection Fourier-transform infrared (ATR-FTIR). The results showed that lauric acid has more obvious

inhibition ability to the cathode process in the lower pH value. While at higher pH value, the inhibition effect is

more obvious to the anode process. At the middle pH value, it showed the transition-state characteristics and

has the inhibition effect both to anode and cathode processes. The different adsorption state of the inhibitor at

various pH values has different interaction with the metal surface which explains the difference of the inhibition

performance in the test environments.

Key words: carbon dioxide, lauric acid, pH, inhibition, N80 steel
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