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A Study on the Corrosion Behavior and Characteristics of Passive Films on
Pure Fe, Cr and Mo with pH Change in Cl- Ion Containing Environments

Yu-Taek Jeon and Yong-Soo Park
Department of Metallurgical Engineering, Yonsei University,
134 Shinchon-dong, Seodaemun-ku, Seoul, 120-749, Korea

The corrosion behavior and characteristics of passive films formed on pure Fe,
Cr and Mo in 3.5wt% NaCl solution with variations in pH were studied. Anodic
polarization measurement shows that Mo was passivated without an active nose,
and shows transpassivation behavior in acid and neutral solutions. But Mo does not
possess passive regions and dissolves easily in alkaline solutions. No molybdate
{MoO,?") ions were observed on the passive film of the Mo in an acid solution.
The ratio of Mo 3p spectrum area to 3d spectrum area ranges from 0.44 to 0.49.
Therefore, it is expected that the Mo 3p spectrum will take the N 1s spectrum
area as much as 45% of Mo 3d spectrum area. According to the analysis of Mo 3p
spectrum, the binding energy of metallic Mo is 393.8¢V and the binding energies
of Mo*t and Mo®" are 395.7eV and 397.8e¢V, respectively. Furthermore, the
absence of Cl™ ions in the passive film of Mo tells that Mo oxide films is stable
with respect to the corrosion attack of Cl~ ions. Although stable passive films
were formed on Cr exposed to acidic and neutral solutions, the passive film was
easily depassivated in alkaline solutions at low potentials. Cr was found to exist on
the surface mostly as Cr,O;3;. But in alkaline solutions Cr(OH); were observed on
the surface and showed tendencies similar to that of stainless steels. Fe was easily
corroded in acidic and neutral solutions and did not show a passive region. Never-
theless, at pH of 13, stable passive regions were found at low potentials. Fe was
found to exist as Fe;O, on the surface with FeO coexisting in the inner layer of
the passive film. Also, large amounts of Cl~ ions were found in the passive film.
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Fig. 1. Anodic polarization curves of pure Mo in 3.
5wt% NaCl solution with pH variations at 35°C.
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Table 1. The Binding energy of the chemical spe-
cies

Chemical Species Binding Energy Index

(eV) No.
Fe 706.8 1
Fe 2p Fe+2? 709.2 2
Fe+3 710.8 3
Cr 574.1 1
Cry04 576.3 2
Cr 2p Cr(OH)s 577.0 3
CrO; 578.1 4
CrO% 579.3 5
Mo 5/2d 2277 1
Mo 3/2d 230.9 2
MoO(OH); 5/2d 230.2 5
Mo 3d MoO(OH); 3/2d 233.4 6
Mo0,%- 5/2d 231.9 3
Mo0,?- 3/2d 235.1 4
Mo0O, 5/2d 229.1 7
MoO, 3/2d 232.3 8
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Fig. 2. Variable angle XPS spectra obtained from the passive film formed on the passivated Mo in 3.5wt%

NaCl solution for 30 minutes.
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Fig. 3. Mo 3d photoelectron spectrum and 3p photoelectron spectrum recorded after sputtering passivated
Mo(pH1, 3.5wt% NaCl at 0V for 30 minutes) for 10 minutes. Spectra were taken at take off angle of 45°.

7] W 2ol AdE o) odl AAHAA L Mo,
= 1087 298y Tz FHs Ae ¢
4 dd. oy =A% Mo 3p ~HEY ZAx

i}

AHEA F4 Mool 3 =7} 393.8eVol A
59 MoO,9] AU AE 395.7eVe|drh
°o)F AFANUAE o] &3 Mo 3P 2" EH
&l curve fittingdt A3 Mot MoO,o] ¥ =
Wy Ragol 7zt 865% % 13.5%°1%0h EFL
Mo 3d 2¥EYe EXAAE 86.9%% 13.1%
E e olEe AP YA E o] &3 curve
fitting 297} M2 2 AdXTL & + AR

N 1s 29 =g AN Mo 3p;, &
HeF AgduAEs 43r GE dedMe
eV Zol7} Ur] dEd F Hdid B o
287} stsdeh. 23y Mozt Mot Abs}
Ael 9] binding energys N 1so] RAHET 3
7} o) Not Movt #H7i2 #8359 ol Mo
3p 29 EYH N 1s 2¥ERo] FHHH A
A} oA Moo Asideld] wE bind-
ing energy& A3 HrsisL N 1s 28 EH
% Mo9] 43tEe] Eniut sldgsex #Hrtst
o] FojFjotut N 1s 2 EH2| curve fittingo)
7b%3tch. pH 13 pH 7 £ddA EF& A
T Moo uto dis FAF ~¥WEHD} 108

o

area of Mo 3p peak

Table 2. Ratio of —r - Vo 3d peak
ent take off angles

with differ-

10°  45°  75°

pH1 0.48 0.44 0.44
pH7 0.44 049 049
after sputtering for 10min 0.45

2HEY & dojd AdEH dsldg Mo
3p 29 EYT Mo3d 2"€EHS] &g Al
B Table 29} Z+o] 0.44~0.494}0]¢] g Z=
tl wlebd Mo 3d 2¥EY WA oF 45% A
7} Nl1s 9=z 7]o3l7] &l ol & 2 g
Hoo] o]FojAel & Aoz WAHTL

Fig. 4= Mo® 7} #&=9d pH 7, 0.1Ve]
Zh8A0A RFd A2 Mo 3p A¥WEFH £
MZAsgtolth, ENAM Mo* e ZAFA s}
397.8eVY o} Fig. 29] Mo 3d 29 EYH &AM
A dolxl Mo ol ES HWH & wxg
A27E 2& & AU olgF Mo 3p 2¥E
Holl Mol d3EEe] AFANUAE FHE oK
= 234 2ag A9Ee] F2 Mo 3d 2¥E
Hel] B§ Zoly 3p AHEHY & A
AE A9 g7l dEolth. =F dFxEeiv
AHEE AW A gl ztolzt A7) s #el o]
Fo d7E N9 Mog 4§ zH el =7



e @7 5to)A pHel Aol BE Fe, Cr, Mo9] ¥4 AF 5 %5 mo 4o B 97 283

= 10 deg 8000 45 deg 75 deg
4000 7000 7000
6000
3500 6000
5000 5000
© 3000 S
4000 4000
250 .
’ 000 300 &\
2000 2000 2000
1500 1000 1000
404 402 400 398 396 394 392 390 388 404 402 400 398 396 394 392 390 388 404 402 400 398 396 394 392 1390 388

Binding Energy (ev)

Binding Energy (ev)

Binding Energy (ev)

Fig. 4. Mo 3P spectra recorded after pasivation in pH7, 3.5wt% NaCl at 0.1V for 30 minutes.
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Fig. 6. Anodic polarization curves of pure Mo in 3.
5wt% NaCl solution with pH variations at 35C.
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Fig. 7. Variable angle XPS spectra obtained from the passive fim formed on passivated Cr in 3.5wt% NaCl solu-
tion at 35°C for 30 minutes(pH 1 : OmV, pH 7 : 100mV, pH 13 : 100mV).
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Fig. 8. Cl 2p spectra observed on passivated Cr in
3.5wt% NaCl solutions at pH 1 with different take
off angles.
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Fig. 9. Anodic polarization curves of pure Fe in
3.5wt% NaCl solution with pH variations at 35C.
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Fig. 10. Variable angle XPS spectra obtained from the passive film formed on passivated Fe in pH 13, 3.5

wt% NaCl solution at -300mV for 30 minutes.
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Fig. 11. Cl 2p spectra observed on passivated Fe
in 3.5wt% NaCl solutions at pH 13 under different
take off angles.
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