
Journal of the Korean Electrochemical Society
Vol. 6, No. 4, 2003, 250-254

250

†E-mail: naey1004@empal.com

.JDSP�$BQJMMBSZ�5VCF�O»j��Ï������Êr�.Ê;�î~�

�æzö�V��î¦�~�*Vz�'�ï&

¾ f '†

���·&�v &�ö

(2003j  8ú  25¢ 7> : 2003j  9ú  24¢ j�)

'T�+RKIZXUINKSOIGR�+\GR[GZOUT�UT�ZNK�)XK\OIK�)UXXUYOUT�UL�����9ZGOTRKYY�9ZKKR�

]OZN� <GXOGZOUT� UL� )XK\OIK� =OJK� H_� 3OIXU� )GVORRGX_� :[HOTM� 3KZNUJ

Eun-Young, Na†

Korea Maritime University
(Received August 25, 2003 : Accepted September 24, 2003)

. �

� ��º *Vz�' 
þG;b� ¾¢�Þê 430 Êr�.Ê; �þÞö �*'b� îj ;W�V
. ¦�Ï�f
1N H2SO4+ 0.1N NaCl *��j ÒÏ~&�, ' �þÞ~ î~ �V¢ �Ò~&
. *Vz�' ï&O»f
-600 mV/SCEöB ;OËb� +1,200 mV/SCEræ "Ò³ê 600 mV/hr� ÿ** ª��þj 
�~� ¦�**,
¦ÿ� *~&ê �~ ¦��ÿj ªC~&
. �Ò� ;** ª��þj 
�~� ¦ÿ� �* ** -200 mV/SCE
¢ ¢;~² �& � ê, îÚö ¦ÿ� *~&êf î¦� B��*j êG~&
. 
þO»ö ®Ú Micro
capillary tube(MCT)¢ �Ï� O»b� îÚ ' æ6~ **¢ î p�ö V� îÚ¦~ **;~(IR Drop)ö "
Ï~�, STS 430 Êr�.Ê; .³ö &� ª�ßW" �ê~æ�� î¦�~ B� ö�j '**~ �ÿ'~ &6ö
B �«~&
. 

Abstract : In this study, the IR drop theory was adopted to explain the initiation of crevice corrosion in the
framework of IR drop in crevice electrolyte. Furthermore, the electrochemical polarization was measured to study
the mechanism of crevice corrosion for type STS 430 stainless steel. Test method adopts under condition that the
size of specimen is 10Ü20Ü5 mm, in 1N H2SO4+0.1N NaCl solution, and the artificial crevice gap sizes are three
kinds, the Micro capillary tube size is inner diameter 0.04 mm, outer diameter 0.08 mm. Crevice corrosion is
measured under the applied voltage of passivation potential -200 mV/SCE, resulted from anodic potentio-dynamic
polarization to the external surface along the crevice. The potential difference was measured by depth profile by Micro
capillary tube which inserted in the crevice. The obtained results of this study showed that 1) As artificial crevice
gap size became narrow, the current density was increased, whereas no crevice corrosion was found in the crevice
gap size 3Ü0.5Ü16 mm in 1N H2SO4+0.1N NaCl solution at 20oC 2) potential of the crevice was about from
-220 to -358 mV, which is lower than that of external surface potential of -200 mV. The results so far confirmes
that the potential drop(so-called IR drop) in the crevice is one of the major mechanisms the process of crevice
corrosion for 430 stainless steel. 

Key words : IR Drop(Potential drop), Micro
capillary tube, Current density, Ferrite stainless
steel

1. B  �

¾¢�Þê Êr�.Ê;f çNöB �¾Ò¢ 
�~�ê Ú
�«O(Body centered cubic)��¢ æî�, 12Ê30% Crj �

F~º Fe-Crê �.�
.1) �Ò� Crïj Ã&�Ê� Ú�W,
&�W 5 Ï7W� ±jæ� ;ê& Ã&~�, &Ï� j" Ni
j ÒÏ~æ pbæ� ²Ò& &Z~
º Ë6� ®
. 6� J
Êr¾�Þê Êr�.Ê;f �N~ "zb ~ã~öB wK¦
���(SSC)ö 
Ö "6~¾ ¾¢�Þê Êr�.Ê;f ?f
~ãöB~ SSCö &� &�W� � ©b� rJ^ ®
.2-4) V
¢B ¶ÿN¦®, &;Ï *VV� 5 N>&�V �ö ��V
ræ � ²jï� 66 Ã&~� ®
.
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�Þ. .³" .³ 6º .³" j.³ Ò�ö �Ò~º îö
B �Vº î¦�f ¦� B��*, Ë² 5 �WB ¦�~ *
2³êf OË� ®��'�¢º ßû r^ö î¦� *çj �
�~V& 
Ö ÚJÞ öò jî¢ ôf �� �Köê ®�~
�, � ö�j j*® ��~æ á~� ®º 
;�
.5) z�¾
¾¢�Þê Êr�.Ê;~ ãÖ � >º& 66 Ã&~� ®
º�ê ®�~�, î¦� &N ��º �~ ìº 
;�
.
¢>'b� î¦�f îÚöB Ï�Ö²~ ~ö� ¦ÿ� *
~f &NB Öz>w" �;j ��Ú ê¯B
. {Öö ~�
îÏ�~ Ö²Ï*³ê& Ö²²Î³êö �~æ á~² >�
Ö²�.� B�~º îÖ²-ÖWzV�6,7)�B Ö²²Î>wf
î Ú¦öB ÖWÏ�öBº O2+ 4H+ + 4e-

� 2H2O, 7W�¾
r¢Ò Ï�öB O2 + 2H2O + 4e-

� 4OH-~ ~ö>wö V¢
Ö²& ²Î>Ú î Ú¦öBº Ö²& �;~² >�, pH&
Ã&>� ¦ÿ� bï ;Wj O�~² B
. îÚ~ Öz>w
f M� Mn+ + ne- b� �VöB Mf .³ö²�B Fe, Cr,
Ni, Mo ��
. · >wf *Ú'b� Mn+ + 2H2O�
M(OH)(n-1)++ H3O+~ >wj ~² B
. � >w� ê¯>�
î Ú¦öBº ·�N
~ ³ê& Ã&>� ��� ·�Nj 7
z~V *�B î �¦öB î Ú¦� r�N� �ÿ~² B
.
ò£ Ï�Ú¦ö Cl-� �Ò~� r�N 7öB ¢>'b�
Mobility& � Cl- �N� &Ë �Ò �ÿ~² B
. bï~ 2
Zº Cl-³ê~ 1.5-2.0V~ æ>'b� Ã&�
� Rangel �
� ��� :& ®
.8) �ÿ� Cl- �N� H3O+f Ö�~�
H+ + Cl-� HCl~ >wb� HCl� �W>Ú î Ú¦~ Ï�
f 66 ÖW� ;~² >� ��� >wb� ¦ÿ� bï�
�Ïj Ab� 2ZB
. �-² bï� 2Z>V �·~º V
*� î¦� FVV*b� rJæ� ®
.9,10) �Þ î¦� �þ
O»ö V¢ �� Ò*W� ^B& >� ®ÚB î¦� ê¯V
�¢ �«~º� ç�� ÚJæj <� ®º ©� *
�
. ß
®, *Òræ îÏ�~ z�' æzö ~� î¦� ê¯ V�ö
Bº ** ;~(IR Drop)��" �êB îÚ~ **;~ *ç
j >~�CO»" 
þ'b� Ã«� �� ��& �ÚöB
Lee. J. B., Baik. S. Y.�� BnB :º ®b¾ î~ �Vö
V� î¦�~ *Vz�' ï&ö &� ����º ¦�� 

;�
.11,12)

**;~ V�º ¦ÿ�zB �þÞ~ �¦ ��" �� �
Ò~º îÚ¦~ **Nö &�j v� ®
. ¯, ÚÆ� ��
~öB îÚ¦ãb� ß; �Òò¢ �ÿ� *~öBº �W î
¦�� B�� > ®�, �þÞ~ �¦ ��f �*® ¦ÿ�
ç�¢ Fæ�
º ©�
.
V¢B, � ��öBº ¾¢�Þê Êr�.Ê; 7 �" 6
6 � wÏ� {&>� ®º &Ú� î¦� �þ»~ Ò*Wö
^B& >� ®º STS 430 Êr�.Ê;j �� &ç Òò�
~&
. �r �þÞö �*'b� î~ �V¢ �Ò~� ;W
�Ê�, ¦� ~ã' "º �¶� ¢;Ï�öB ¦ÿ� î Ú¦
öB~ ;** æzö &� *Vz�'� V»j �Ï~� 


þj ¯~&
. ¯, ª�G;ö ~� î¦� B� �* 5 *~
&ê~ æz8j G;~�, îÚ¦ö Micro capillary tube
(MCT)¢ ã«~º O»j Û~� îÚ~ **N¢ êG~æ�
� **;~f �êB î¦�~ B�V�¢ �V~�¶ �
.

2. �þÞ B· 5 
þO»

� 
þö ÒÏ� �þÞf &� 10, ̂ � 20, vþ 5 mm~
¾¢�Þê STS 430 Êr�.Ê;b�B � z�' Wª" V
ê' Wîf Table 1" Table 2ö '' ¾æÞ
.
�þÞf ASTM G 5-87ö ~� ª��þÏb� �þÞ Ý
�ö ª��þÏ �ÖF� �ÒFj ãÏ 7��Î ê ö��
� .� b�~&
.13) �þÞ ��f Ò� #1,200ræ �î~
� �« Özr��¾(Al2O3) ªö� ã� �î~&b� �þç
* rzR� ^¿~� Fæªj B�~&
. �Ò� �þÞö
�*'b� 2/�&¢Ê(Plexiglass)¢ ÒÏ� B·B îj ¦
O~&�, î p�ö V� ** G;j *~� Úã 0.04 mm,
�ã 0.08 mm~ MCT¢ �þÞ îÚö ã«~&
. �r î~
�V &� 3 mm, p� 16 mmº ¢;® ~� �j 0.1 mm,
0.2 mm 5 0.5 mm ̂  «~� 
�² ~&
.
*Vz�' ï&O»f −600 mV/SCEöB ;OËb�

+1,200 mV/SCEræ "Ò³ê 600 mV/hr� ÿ** ª��þj

�~� ¦�**, ¦ÿ� *~&ê �~ ¦��ÿj ªC �
ê, ;** ª��þj 
�~� îÚö ¦ÿ� *~&êf î
¦� B� �*j êG~&
. �r ¦�Ï�f ��~ ¦ÿ�
z¢ *� 1N H2SO4¢ ÒÏ~&�, ¦ÿ�bïj 2Z~º �
�¶�N 7 Cl- �N� Î&
 0.1N NaCl ³ê¢ b�~&
.
�Ò� Ï�Ö²~ FZö V� ¦�~ B�æz¢ 
þ~V *
� &V 7ö �Âç�f N2(î²)&Ê¢ 150 cm3/min ³ê�
�þ 30ª*¦V �/~� �~ îVB ç�öB 
þj 
�
~&
. 
þË~º GamryÒ~ Potentiostat CMS-100 *Vz�
' ¦�G;�Ê�j ÒÏ~� 
�~&º� V&*�b� �
z���*�(Saturated calomel electrode, SCE)j ÒÏ~&�,
&�b�º ê²/(Carbon electrode)j ÒÏ~&
.14) Photo 1
f î¦� �þËjf �þÞ~ �;ê Òê�
.

3. 
þÖ" 5 �V

3.1. ÿ** ª��þ
STS 430Êr�.Ê;j 1N H2SO4+0.1N NaCl Ï�öB î
Vç�f jîVç�� ª��þÖ" ÿ** ª��Ff Fig.
1" ?
. � Ö"¢ ;Ò~� Table 3ö ¾æÞ
. ¯, îV~
æ pf ç�& îVB Ï�ö j� ªê*~&ê(icirt)8" ¦
ÿ� *~&ê(ip)8f 6²~&b¾, ¦�**(Ecor)8" ��*
*(Eb)8 5 ¦ÿ� ** �· �*f îVf îV~æ pf
ç�öB � N�& ìî
. �r Ï�Ö² ³êº Ï�Ö²G
;V� G;� Ö" &V 7ö �ÂB Ï� 7öº Ï�Ö²³

Table 1. Chemical composition of specimen. (wt.%)

Chemical composition Cr C Mn N Ni Mo P S Si Fe

STS 430 16.46 0.055 0.50 0.017 0.32 0.0024 0.035 0.004 0.36 Balance

Table 2. Mechanical properties of specimen. 

Mechanical property Yield strength (MPa) Tensile strength (MPa) Elongation(%) Hardness(Hv) 

STS 430 280 560 38 195
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ê& 7.89 ppm�îb�, îVç�öBº 2.33 ppmb� G;>
î
.

3.2. ;** ª��þ
¦�Ï� 1N H2SO4+0.1N NaCl~ îVFZö &êì� ¦
ÿ� �*~ **� ¢;** -200mV/SCE ¢ �&� ê, î
~ �V¢ &� 3 mm, p� 16 mm� ¢;® Fæ~�, �j
0.1 mm, 0.2 mm 5 0.5 mm� æz�Ê�B ;** ª��þj

�~� �*æzö V� îÚ~ *~ æz¢ G;~&
. �
Ò� ;** ª��þ� ¦�Ï�f &V 7ö �ÂB îV~
æ pf ç��
. V¢B î~ �Vö V� ;** ª��þ
Ö"º Fig. 2f ?
. ��� î~ �Vö V� î¦� B��
*" îÚöB B�~º �& *~&ê 8j �Ò~� Table 4
ö ¾æÞ
.

Fig. 1. Comparison between aerated & deaerated conditions for
STS 430 in 1N H2SO4+0.1N NaCl.

Photo 1. Experimental apparatus and specimen mounted of crevice corrosion test. 

Fig. 2. Current density-time curve for crevice corrosion of STS 430 in 1N H2SO4+0.1N NaCl at 20°C with various crevice sizes.

Table 3. Anodic polarization data for aerated £¶ deaerated conditions in 1N H2SO4+0.1N NaCl for STS 430.

Condition
Corrosion potential

(mV/SCE)
Critical current density

(mA/cm2)
Passivation current density

(mA/cm2)
Break downpotential

(mV/SCE)

Aerated -531 6.31 0.03 924

Deaerated -539 25.12 0.06 921

Table 4. Potentiostatic test data for current density-time of STS 430 in 1N H2SO4+0.1N NaCl with variation of crevice size.

Data 0.1 mm 0.2 mm 0.5 mm

Crevice corrosion initiation time (sec) 905 1,408 -

Maximum current density (mA/cm2) 5.50 1.87 Passivation condition
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Table 4öB î¦� B��*j ÚÚ�� 0.1 mm, 0.2 mm~
ãÖ ' 905.(15ª), 1,408.(23ª)öB î¦�� B�~&
.
>�, 0.5 mm~ ãÖ�þV* 32,000.(9�*)Úö *~~ /Ï
� æz& B�~æ p~
. ¯, î¦�� B�~º ªê î �
V 8f 0.2Ê0.5 mm Ò�ªj r > ®î
. �Ò�, îÚöB
B�~º �& *~&ê8j ÚÚ�� 0.1 mm, 0.2 mm~ ãÖ
' 5.50, 1.87 mA/cm2&b¾ 0.5 mmöBº ¦ÿ� *~&ê8
j Fæ~&
. 
�f ?� î~ �V& 'j ãÖ îÚ¦f î�¦º Cl-�
N³êN, Ï�Ö²³êN �~ ³�*æ& ;W>Ú î¦��
B�� ©�
.6,7) >�, î� Ú¶ ;ê Ã&~º ãÖ îÚ¦
f î�¦& Ï�~ �N�¾ Ö² �� ¾ �ÿ~� ³êN�
& 6²�ö V¢ î¦�� B�~æ pº ©b� ÒòB
.

3.3. Micro capillary tube O»ö ~� îÚ **G;
î¦�� B�� î~ �V 0.1 mm, 0.2 mmöB î¦� B
�ö�j �«~�¶ �^� Micro capillary tube¢ �Ï� î
Úö ã«~º O»b�, î ç¦�¦V î p�ö V� **æ
z¢ G;~&
. � êG� Ö"8j Table 5ö ¾æÞ
.
Table 5~ Ö"8j ¦Æ~� î~ p�ö V� **;~¢ G
;� > ®î
. 
þ Ö" 7 �& **N�¢ �� î~ �
V &� 3 mm, � 0.1 mm 5 p� 16 mm~ ãÖ¢ ÚÚ�
�, î �ç¦º �&**� -200 mV/SCE& �þÞ ��b�
¦V 1 mm� ãÖ -225 mV/SCE� **& ;~>V �·~&
�, 9 mm� ãÖ -358 mV/SCEræ **;~& ¢ÚÒ
. >�
9 mm �~ 13 mmræ �~ -358 mV/SCE¢ ¾æ¾ �&
158mV **& Ôjr
. 
�f ?� �¦�& **& ¦ÿ��* ** -200 mV/SCE�
� ¦�� B�� > ®º ªê**N(IR*)º �² 20 mV �
ç� >Ú¢ ~º ©j r > ®
. 6� îÚ¦~ **& î
«��
 ;~>î�, � ;~B ** �*� ª��F~ �W
� �*ö ¹�² >Ú ¦�� B�~² B ©b� 6�B
.

��� îÚ **;~ ö�f Ï� ÚöB ß; �ÏW �N
("� Cl-" H+)~ �ÿj �Ë~� �¦'� îÚ z�j æz
�B, ¦ÿ� bï� 2Z>î�, �� �N
~ �ÿö V� î
Ú¦f î�¦f~ **N�& B�~�, îÚ¦ Ï�öB~ *
*& î�¦�
 ;~Nb�� ¢ÚÂ ©b� ÒòB
. 
6� ¦� ~ã' �¶� ¦�Ï�" Nêº ¢;® ~�, î
~ �Vòj �Ò~� 
þ� Ö", î~ �Vö V� **;~
8f î~ �V& 'j>�, î~ p�& pj>� **;~ 8
f 
æº ãËj �&
. V¢B î¦� B�ö ®Ú 7º�
�¶º î~ V~ ��� î~ �" p�� ©b� 6�B
.
�Ò� î �Vö V¢ î¦� B� �*� "6~² 'Ëj
Aº ©j r > ®î
.
�Þ **;~ö ~� ¦ÿ� 2ZV�º Pickering"

Frankenthal �ö ~� îÚ¦öB �N«(Fe2+, FeOH+, H+,
OH-, Na+ �Ò� Cl-�)f {Ö, *V' �ÿ, z�>wö æV
¢ A² >Ú î «�f î :�öB **N& B�~� ¦ÿ
� bïf 2Z>�, î¦�� B� � ©�¢� ��', >�
' Î�çb� **;~ V�¢ Bn~� ~&
.15) 6�
Pickeringf Æê�.~ **& ªê**N �ç(IR�∆φ*)b�
;~>� *~&êº /Ï® Ã&~� îj æò .³f ¦�
� ôjê
� ��'b� ��~&
.16) ��¾ � ��º î
Ï�~ z�' æzö ~� î¦� B���öBº J«~V 

¦~&~, î :�" î «� Ò�~ ¸f **N¢ MCT¢ �
Ï� î�Ú O»b� îÚ~ **;~¢ ç7 êG~� î¦
� B� ö�j ;W4;ï'� *Vz�' O»b� ��j 

Ã� > ®î�, î~ �Vö V� î¦� B� V�¢ îÚ¦
f î�¦f~ '**N�(IR Drop)'� �«~&
.

3.4. î¦� �þ ê ��;� &V 
430 Êr�.Ê; îÚöB B�� ¦�ç�¢ î~ �Vö
V¢ Photo 2ö ¾æÞ
. �r î~ �V 0.1 mmf 0.2 mm~
ãÖ î¦� B���~ ;�º î «�& î :��
 ¦��

Table 5. Potential(mV/SCE) distribution with crevice depth from the opening of crevice for STS 430 in 1N H2SO4+0.1N NaCl with various
crevice sizes.

Depth
(mm)Size

(mm)
0 1 2 3 4 5 6 7 8 9 10 11 12 13

Max.IR 
Drop 

0.1 -200 -225 -242 -260 -284 -302 -319 -340 -355 -358 -358 -358 -358 -358 158mV

0.2 -200 -220 -237 -259 -278 -300 -312 -324 -328 -330 -330 -330 -330 -330 130mV

Photo 2. Surface of crevice corrosion specimen in 1N H2SO4+0.1N NaCl for STS 430 with various crevice size.
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�� ãËj �&
. >� î~ �V 0.5 mm~ ãÖ ¦�� B
�>æ p~
. Photo 3f î �V 0.1 mm� �þÞ Òêb�
(a)º .>b� .�B �þÞ~ �� (b)º î¦� ¦*¢ «
Ú6 ®º ;çb� G�öB R' (c)º �þÞ~ î¦�B p
� G;j *� G�öB R'� Òê�
. V¢B î¦�B �
þÞ~ �& p�º î«� ��b�¦V 1 mm ;ê� êG>
î
. 

4. Ö �

Micro capillary tube O»j �Ï� î~ �Vö V� ¾¢
�Þê Êr�.Ê; î¦�j ;** ª��þ" MCTO»ö
~� *Vz�' G�öB �V� Ö" 
r" ?f Ö�j á
j > ®î
. 

1. Ï�~ îV�¦ö V� Ö" îVB ãÖ& îV~æ p
f ãÖö j� icrit(ªê *~&ê)8" ip(¦ÿ � *~&ê)8
f Ã&~&b¾, Ecor(¦�**)8" Eb(��**)8 5 ¦ÿ�
** �· �* 8f � N�& ìî
.

2. î� §j>� î¦�� B�~º �*� �»>�, *~
&ê8f Ã&~&
. ��¾ î~ �V 0.5 mm ãÖ î¦��
B�>æ p~
. ¯, î¦�� B�~º ªê î �Vº 0.2Ê
0.5 mm Ò�ªj > ®î
. 

3. �þÞ ��ö ¦ÿ� �*� -200 mV/SCE **¢ �&
~�ê ¢; �* ê îÚöB ¦ÿ�bï� 2Z>î
. ��
� î¦� B�ö &~� î�¦�¦V îp�ö V� ** æ
z¢ G;� Ö", ªê**N 20 mV �ç� >� îÚ¦º �
W� �*ö ¹�² >Ú *~&ê& Ã&~�B ¦�� / Ï
® Ã&~&
. V¢B îÚ .³~ ¦�¦*º **;~ö ~
� �W'�ö ¹�² >Ú ¦�� Ã&>º ©j r > ®î

. 

4. îÚ �& **;~ 8f î~ �V 0.1 mm, 0.2 mm�
ãÖ ' 158 mV, 130 mV� ¾æÒb�, î� § j>� **
;~ 8f Ã&~&
. 6�, ;** ª��þÖ" îÚöB �
*ê, *~&ê æz�6" îÚ p� *~ê **N æz�6
f ¢~~&
. 
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Photo 3. The front and lateral facet of crevice corrosion in 1N H2SO4+0.1N NaCl at 20oC for STS 430 with, crevice size 3ÝÝ0.1ÝÝ16 mm.


