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Pitting corroson is a typica kind of the localized corrodons. The processof pitting corroson
is not only asociated with the compostion of aloy , structure, defects and surface conditions, but
a2 related closdy to the various environmental factors. The distribution of chloride ion concen
tration and pH at the interface of meta/ olution are one of the mogt important environmenta de-
terminants to the initiation and development of pitting corroson. In order to get further under-
standing the mechanism of pitting corroson, it is necessary to study the chemical environmentsin
micro area during the process of pitting corroson. [*°!

The measurementsfor the concentration of chloride ion andpH in the occluded area of pitting
corrodon have been wildly carried out in recent years. Micro probes are frequently used for deter-
mining the chemical speciesrelated to corrosoninsdepit , and other works are study the corroson
behaviors of metasin the simulated pit olutiont®?. There are quitefew reportson thein dtuim-
ageof G~ and pH at the interface of metal/ lution by usng scanning micro probes. Lint®! ob-
tained in gtu images for the localized corroson by developing scanning combination micro Cl~
probes. Using micro 1rO,/ Ir electrode, Lewandowski'® determined pH distribution in the two
dimengons during the corroson process of mild stedl in neutra lution.

It has been shown that afair linea relationship can be gained for the potentia regponse of
IrO, electrode to pH of ol utions® 1. However , if 1rO; probe isfar away from the reference
dectrode when imaging pH for localized corroson system, it will be difficult to measure accurate
pH distribution, due to the fact that the corroson potentia varies with different podtion on the
same surface and diffferent time during the corroson process. The measured potentia of 1rO;
dectrode, Emes, dways contains two variables: 1. the potential repponse to pH at different loca
tions, Eyn, and 2. the difference of corroson polentia at different postion ,A Ey, ,during the cor-
roson process. Therefore, we have:

Received 26 August , 1996 ; Project Supported by the Nationd Naturd Science Foundation of China



4 : pH pH - 373 -

Emess = EpH"'A Ecorr (1)

The more accurate pH image for localized corroson system can be measured if only A Eqyr is
compensated completely by combination of micro pH probe and micro reference electrode. In this
work , The attempts was made to develop a scanning combination micro pH electrode and to ex-
amine itsfeaghility for study localized corroson syssems. Thein stu pH image was measured and
the behavior of pitting propagation was characterized for 18/ 8 stainless sted in neutral NaCl ol u
tions.

The combination micro pH eectrode has two compartments: one serves as the pH senstive
probe, and the other acts as the reference electrode. A heavy-wall , two barrdled, 1.5/ 0.8 mm
(o.d. /i.d.) , 50mm long boroslicate glass capillary was pulled by a puller , under eectricaly
heating, into a pointed shape micropipette. The indde diameter for two tubes at tip is gpproxi-
mate 2% m regectively. A platinum wire (Goodfellow) with 2 m diameter and 25mm long was
connected with a copper wire of 0. 5mm diameter and 25mm long , and then wasinserted into one
of barrels. The epoxy raign was used to sea the ggp between platinum wire and indde glass tube,
and exposed platinum cross section at the tip. At the other end copper wire was seaed in the glass
barrel by slicone rubber adhesve. One of the two barrels wasfilled with 0. 1M Kd (agar) for
Luggin bridge at the tip and the 0.1 M K for filling olutionin the glasstube. Finally Ag/Ag
Cl electrode of 0.5 mm diameter and 60 mm long as a reference electrode was inserted into the a
glass tube, and the top was d< seded by

dlicone rubber adhedve to avoid the evgpo-
ration of KCl lution. A Pytex glass tube
Siticon

(i. d. 3mm, 50mm long) was used as a Rubber Holder

holder to connect , by molten wax ,two barrel
glass with pH probe and reference eectrode.
The preparation of the combination micro " l 2BEL ot Wire
electrode wasoperated with an optical micro- & Glass

— . Wi
scope.  The structure of the combination mi- AGAGCY” cu "Z sk B oxy
cro pH dectrode wasillustrated schematically 0.5M KCi 7] (AgaN) sy 1102
infigurel. 0.5m ke X! T pt wire

(Agar)

The preparations of I1rO, eectrode
have been extendvely studied in eectrolyss

industries and eectro-chromatic device.

Hectrodeposdtion of IrO; on aplatinum tip  Fg. 1 Schematic structure of combination micro pH
was applied in this work. The typica lu eectrode
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tion composition of electroedposition™! is :

IrCls 1.5¢g/l, H,O, (30 wt%) 1 ml/l, (COOH), 2H,O 5 ¢/l, pH 10.5, adjusted by
K2COsz. (COOH), 2H,0 is a complex compound of eectrodeposition for finer plating and to
avoid from precipiation of IrCl3 inthe olution. Additionof H,O, inthe lution may keep high-
er rate for the processof electroplating. The lution was prepared by chemica pure reagents and
triply digtillate water , and aged for one day before gpplication. The electrodepostion of IrO, was
carriedout at 1.0 V (vs. SCE) for 30 min controlled by a micro current potentiostat. A IrO;
coating with dark blue on the platinum tip asapH sensor can be obtai ned for the combination mi-
cro electrode. A linear calibration curve was obtained for the combination micro electrode in the
lutions with different pH. It was shown that the 70mV/pH curve dope is agreement with the
theoretica condderation.

The experiments were carried out usng commercial 18/ 8 stainless sted with a compostion: (
C0.091. §0.85,P0.041, Mn 1.38. Cr 18.40, Ni 9.55 ,wt %) . The gecimens were fabri-
cated as a cylinder of 6 mm diameter and 20 mm high , and seded in a Teflon holder epoxy. The
testing surface of sample was mechanically
polished to afind with 0.5u m dia

mond paste. After polishing, the PreAmplifier |
secimens were degreased with

methanol and cleaned severa times sm:,’:;:',';“;’,’,':,?,g
with triply distilled water. The Microelectrode
fecimens were oonnected to a Scanning pH-Probe Reference Probe

Teflon container through a screw. E

The gpecimen was ingaled onto the P I LE Potentiostat
scanning stage of the measuring sys 4 : > ]

tem™ with face wpward. After  ‘comeer SPESMCR

carefully adjusting the tip of micro
pH eectrode to be very dosdy (ap-
proximately 104 m) to the specimen Fg.2 Arrangement of the measuring system for imaging pH at
surface with an optical microsoope, the interface of metal/ olution
the tet olutions of 0. 1 M Nad
was added into the cell with a sy-
ringe. The eectrode potential of the gpecimen was controlled at 0.3 V (vs. Ag/ Agdl) by a micro
current potentiostat. Patinum wire was arranged in circles concentric with the gecimen as a
counter electrode to maintain an uniform polarization current on surface. The lutionsin the cell
were exposed to air at room temperature throughout the experiments.

Figure 3 isapH image on the surface of 18/ 8 stainless steel in 3 % NaCl lution when pit-

ting corroson occurring at 0.3 V potential (vs. Ag/ Agd). It isindicated that an acid chemica
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environment at the vicinity of pit is setup , due to the pitting corroson. The pH value at pit locar
tion isnearly 2 pH unit lower than that in the other location of passve surface. It wasobserved in
the experiments that there was a uniform pH distribution at the interface of meta/ lution, when
no active pitting corroson happened on the surface of sainless stedl. If the anodic polarization was
dismantled, the occurred pitting corroson ceased and pH image tended to become uniform quick-
ly. With the development of pitting corroson, thepH value of lution at vicinity of active pit de-
creased dowly (Fig.3 a,b).

Fig.3 pHimageon the surface of 18/ 8 s.sin 3 % NaC slution when pitting

corrodon occurring at 0.3 V potentid , at different time, (@) 5 min, (b) 10 min.
When pitting corroson is hgppening on the surface of stainless sed in neutral NaCl lution, the
corroson reactions including meta disolution and reduction of disolved O, carry on at anodic
and cathodic area regectively , and the hydrolyss reaction of the metal ions accompany around in

anodic zone:
Me—_Me"* + ne (D
Me"" + nH,O0 —-Me(OH),+ nH? (2
_32-'02 + H,O + 2e — - 20H" (3

For 18/ 8 austenitic stainless sted , disolved meta ions are mainly Fe** , Cr** and Ni%*.
The hydrolyd's reactions of these metal ions make the pH value of local slution in vicinity of an-
ode, pitting podtion, obvioudy reduction. Because of higher hydrolyss constant of cr* and
Ni?* disolved from stainless stedl , and difficulty of mass transer in the occluded geometrical
condition, the pH of olution insde pit may drop to aslow as 1-2!%!. The accumulation of H*
from hydrolyssof metal ions consume by the both ways of evgporation of H, and diffuson to
bulk olution through the pit mouth. That iswhy lower pH in vicinity of pit can be sensed when
micro pH probe scanning over the surface of meta. Although reduction of O, may produce aka
line production at cathodic area, the pH of slution remain constant due to much larger area and
free mass trander in the cathodic area.
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The scanning combination micro pH eectrode is not only able to indicate accurate location of
active pitting corroson, but < able to monitor the process of pitting development. After loca
breakdown of pasdve film of stainless sted , the pitting corroson initiates and nucleate to form
metastable micro pittting. The metastable micro pittting may ceases to be repasdvation or contin-
ues growth to form a visble pitting corroson, depending on the condition of micro chemical envi-
ronment in anodic zone. Thein dtupH image can be used to characterize the dynamic processfor
pitting corroson, which related to the nature of hydrolyss reaction of meta ion in anodic occluded
area, geometrical condition of pits and extentsof pitting propagation.

The combination micro pH electrode composed of IrO,/ Pt pH probe and AgCl/ Ag(KCl) ref-
erence probe was desgned and fabricated for thefirst timefor the study of localized corrodon sys
tem. The combination IrO,/ Pt micro pH electrode isof linear relationship between the potentia
regponse and the measured pH of olutions, andisabletoin dtuimagepH distribution at interface
of metal/ solution by scanning the probe over the surface. The scanning combination IrO,/ Pt mi-
cro pH dectrode can become apromidng technique for in Stu studying the mechanism of dynamic
processfor the pitting corroson.

Key words  Micro-combination 1rO,/ Pt electrode, pH Imaging , locaized corrosion.

Acknowledgment Financid support for the Natura Science Foundation of China
and Natural Sciences and Engineering Research Council of Canada are gratef ully acknowledged.

References

1 Sklaska Smidowska Z. Atting initiation. Advances in Localized Corrcsion, H. S. Issacset d. ed, NACE,
1987:41

2 dveed R. present sateof understanding of the breakdown of passvity and repassvation. Passivity of metals,
The Hectrochemicd societty, Inc, 1978:285

3 Boehni H, Hunkder F. Growth kinetics and stability of localized corroson processes. Advances in L ocalized
Corresion, H. S. Isaacset d. ed, NACE, 1987:69

4 Hisamatsu Y. Htting corrodon of gtainless stedsin chloride lution. Passivity and its breakdown on iron and
iron base alloys, 1976:99

5 Boehni H, Suter T, Schreyer A. Micro-and nanotechniques to study localized corroson. Electrochi mica Acta,
1995, 40:1361

6 Turnbull A. Chemistry within localized corrodon cavities. Advancesin Localized Corrosion. H. S. Isaacset a.
ed, NACE, 1987:359

7 Lin Changjian( ). In Stu measurement of the O oconcentrationin in two dimendon of meta surfaces.
Proceedings of the 12th International Corrasion Congress, Houston, (3B) 1993:2045

8 Lewandowski Z et d. Satid digtribution of pH at mild sted surfaces usng an Iridium oxide microdectrode.
Microbiologically influenced Corrcsion Testing, ASTM SPT 1232, J. R. Kearns and B. J. Little, ed,
ASTM , 1994 :61

9 BurkeL D et d. Preparation of oxidized iridium eectrode and the variation of itspotentid with pH. J. Elec
troanal. Chem. 1984, 163:117

10 VanHoudt P, Lewandowski Z. Iridium oxide pH microeectrode. Biotechnology and Biocengineering, 1992,
40:601

11 Yamanaka K. Anodicaly dectrodeposted iridium oxide films (AEIROF) from akaline lutions for dec
trochromic diglay devices. Japanese Journal of Applied Physics, 1989, 28:632

12 Lin Changjian( ). The measurement of potentia and current dendty distribution on meta surface and its
gpplication in locaized corrodon. Ph. D. Theds, Part 1, Xiamen Univ. 1985



