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Abstract _
A prepassivated platinum electrode was used in laboratory-based studies of mlcroblally
* influenced corrosion of Type 439 stainless steel. The platmum electrode served as an
indicator of changes in dissolved oxygen content at the platmumlbacter!a interface. Results
of electrochemical tests revealed thata double electrode system (metal under-study and
platinum) ean be used to lnvestlgate the ume effects of bactenal processes on the corrgsion

of materials,

lntroductlon g

The process of microbially influenced corrosion (MIC) mvolves a combmatxon of the
corrosion activities of matenals and the metabolic actwmes of bactena. Itis generally
understood that the same fundamental electrochemlcal reactlons are involved with MIC as
with classical localized corrosxon, except thnt microbial actlon promotes the corrosion
processes. In order to understand the MIC processes, itis 1mportant to evaluate the change
of dissolved oxygen content at the metal/biofilm interface. Oxygen content not only is
important to classical corrosion processes, but also is the preferred electron acceptor for
microbial respiration [1]. In the present studies, a prepasswated platinum electrode was
used to serve as an indicator of dissolved oxygen concentratlon at the platinum/biofilm
interface. Measurements of open-circuit potential of both a platmum electrode and a metal

specimen in the same test cell were conducted in batch soluhon thh and without bacteria,

Experimental Procedures
The platinum electrode consisted of & thin platinum foil in size 3.8 x 3.8 cm. A platinum

wire was spot welded onto the foil. The wire was inserted into a 3.2 mm glass tube sealed at



the tip close to the platinum foil, The eclectrode was prepusswaled in25% HNOj3 + 75% Ho0
solution at 50°C for 20 minutes,

In order to evaluate the possiblility of using this platinum electrode as a dissolved
oxygen content indicator, it was calibrated in a neutral solution containing 100 ppm chloride
ions by aeration with pure oxygen and subsequent purging with pure nitrogen. The open-
circuit potential changes of the platinum electrode was measured witlx adigital electrometer
(Keithley Instruments, Model 615}, and the changes of dissolved oxygen content of the
solution was measured with a portable dissolved oxygen meter (Leeds & Northrup Model
7932). _ ,

The Type 439 stainless steel {SS) used in this investi gation was in tlle as-received
wrought-annealed condition. The compositions of the 439 SS the single bacterial strain, and
the growth medium have been reported prev:ously [2] Therefore, only a brief descrlpuon
will be presented here, '

The 439 SS was mounted in Maraglass 655 epoxy (Alhed Products Co ). The exposed
surface was ground with 600 grit SiC paper, and as partofa procedure to avoid interface
crevice corrosion [3], then prepassivated in 50% HNO3 + 50% H30 solution at 50°C for 30
minutes. The metal/epoxy interface was coated with G lyptal 1201 Red Enamel (General
Eleetric Co.). Finally, the passive film at the exposed metal surface was removed with 600
grit SiC paper. : ' S _

A 600 ml] polyvinyl chloride (PVGC) test cell was employed which consisted of the
platinum electrode, a saturated Ag-AgCl reference electrode, agas bubbler, and air inlet
and outlet glass tubes with in-line 0.2 pum ﬁlters. The speclmen was mounted in the middle of
the vertical side wall with slhcone sealant. The entlre test cell was ethylene ox:de gas
sterilized. — RN ; -

A single bacteria strain, designated as ABF and e:xtracted't“rom a known MIC failure site

in an industrial fresh-water system, was used in the'present studies. The AGF bacteria was
characterized as a gram-negative, facultahvely anaerolnc, acnd produ cing, rod shape
bacteria. A synthetic fermenter enrichment medlum contauung dextrose and mineral salts
was used in these experiments. The medlum was sterlhzed by autoclawng at 121°C for
minutes. In the present studies, the bacterial solutlon consnsted of the sterilized medium
inoculated with AGF bacteria; whereas the contro! solution conststed of the sterilized
medium only, During a!l experiments, filter-sterilized air was contmuously bubbled through

the solutions. Consequently. dissolved oxygen was always avmlable w:thm the bulk

solutions. . .
Measurements of the open-circuit potential of the platinun_: electrode, Ky, and the open-

circuit corrosion potential of 439 8S, E¢yr, were conducted in batch growth medium with



and without the AGF bacteria for 72 hours. The data were collected at 10 minutes time
intervals by a multichannet computer system. After the tests, the specimen surfaces were

evaluated by light microescopy. _ -

Resulis _

The results of the measurements of Ep versus dnssolved oxygen content are shown in
Figure 1. The results indicated that Ep(provides a usefui semi-quantitative indication of
dissolved oxygen concentration. As the oxygen content increased, the Ep increased.

The variation of E,,.. for 439 SS in the bacterial solution during 72 hours exposure is
shown in Figure 2. It sequentially underwent a sharp increase, then remained relatively
stable (designated as an "incubation” for bactenal attack), then underwent alarge
reduction, and finally underwent aslow increase, As shown in Flgure 3, there was virtually
nochange in E.,,, as a function of time for 439 88 in the stenle soluhon.

The correspondent changes in Epiin the bactenal solutmn, also shown in Figure 2, gave
hints that when Eq, of the 439 §S increased sharply. the interfacial oxygen content
underwent a large reduction, which in turn mdlcated alarge increase in bacterial growth
{2]. The subsequent stable regions of these two curves were followed by alarge reduction in
Ecorr of the 439 SS and an increase in Ept. In no case did Ept change substantially in control
solutions, as shown in Figure 3; which indicated that the vanatlon of Ept in bactenal K

solutions (Figure 2) were indeed due to bactenal action, . -

Dlscussnon ;

Platinum is not inert to the uptake of oxygen as mlght be thought [4]. In an oxygen-
enriched aqueous solution, platinum adsorbs oxygen and, at a given temperature, oxidizes
[51. Platinum adsorbs oxygen ir the form of an e!ectromeally conducting film about a
monolayer thick [6,7). When this monolayer of oxygen is co:ﬁpleted itisideally expected
that the platinum electrode can reach the theoretical oxygen potentlal This would be
entirely dependent on the degree of completeness of the oxygen layer on the platinum
surface, which is difficult to achieve at ambient temperature [7]. However, the theoretical
reversible oxygen- -electrode potential has rarely been estabhshed on platinum [8]. Factors
contribuing to this include mcomplete adsorption of oxygen to the surface, the slow kinetics
of the oxygen reaction, and the presence ef any oxidiiable species in the solution.

The prepassivation treatment of the platinum electrode in the present study (25% HNO,,
50°C, 30 minutes) is thought to have created a complete platinﬁrﬁ oxide layer covering the
entire surface. Therefore, the prepassivated platinum electrode is rather a platinum-oxide

electrode. In oxygen-containing aqueous solutions, the'oxygen reaction such as the one



below or others, must occur to some degree:

0, +4H" + 4e = 2H,0
The equilibrium potential for the above oxygen reaction as given by the Nernst equation is:

E = 1.229 + 0.015 log a, - 0.059 pH
2

where E is in volts relative to the standard hydrogen electrode (SHE) and A9, is the activity
of the dissolved oxygen. Fu rthermore, the platinum/platin um-oxide reaction may also take
place to some degree, Therefore, a mixed potential might bé expected. On the other hand,
oxygen reduction can be profoundly affected when ihe level of s_d:_ne organic impurities is

extremely small, on the order of 107 mole/liter [9). At potenﬁalé intherange of 0.1 t0 0.6 V
(SHE), residual impurities from the solutidn; mostlj organic, réédily adsorb at the platinum
surface[10). This effectis especially relevant to the present stud y since the bacterial and
control solutions contained organic species. For this possible reason, ahd others including
imcomplete platin um-oxide coverage, slow kineties of oxygen .ré'_actions.' .and oxidizable

. Speciesin the solution, th.e potential of the p__repassfvated plati:iii'm in f.he__ sterile-medium
(control) solution and the calibration solution could not be explained in terms of a single
oxygen reaciion. Nevérthéle_ss. results from ihe presé_nt reéeaf&h, as shown in Figure 1,
indicated that chdnges in Egyin the calibrati'on..s.olutiqn. were la'rg.e'éno.ugh to provide a
useful semi-quantitative indication of the sensitivity of Ep; to oiigen concentration. Similar
résults have been reported in the literature[1 1]; Basé_d on the. _t_héoretical oxygen reaction,

- Ep¢ should also increase as the.pH decreases. A lin.earﬁrelation.l;e_tween E,cand the pH in
agqueous solution at constantdi.ssolved-oxyge.h.concehtration ha.s been demonstrated [12).
Therefore, it can be expected that the prépéssivated platinum eigctrode can serve as an
indicator of changesin either. di.ssolved oxygen concentration oripH cha:_lges. ' S

When a metal is immerééd in a bacterial solution, '.two reactipi_ls must be considered: first,
the corrosion process starts immediately i_ifter exposure of thé_ éﬁrface; and second, the
bacteria quickly adhere to the metal surfacerdué to th‘q‘enrichecil&_ nutrition condition, Itis
believed that the metabolic acti vities of the bacteria employed m _th_e ;;resent study resulted
in local depletion of ¢xygen and local acidification at the inten_-fa(.:e,-whi.ch in turn led to

changes in the corrosion behavior of 439 SS. These reactiop: effects were reflected in the

results of the electrochemical Ime.asurements. LA ; _
The Egq,., values of 439 SS shown in Figures 2 and 3 indicated__that the bacterial activities

promoted the corrosion processes of the stainless steel, The larg'e reduction in E ., after the




incubation time is belived to have been due to passive film breakdown caused by local
differential acration cells and local acidification [12]. Pits were found.on the surface of the
439 88 after 72 hours exposure in the bacterial solution (¥igure 4). It was also found that the
bulk bacterial solution had undergone a large reduction in pH (from 7.0 to 4.2). The rapid
increase in Ey, after the incubation period is believed to be an indication of this pH change
at the interface where the pH would be lower than in the bulk solution.

Although it would have been at risk during the course of the stud y to have assu med a
priori that the bacterial action on the platinum surface would be similar to that on the 439 SS
surface, the fact that the potential changes were correspondentin time for both Epiand E o\
in both solutions (with and without bacteria) led the authors to believe that the assumption
was reasonable. Therefore, it is believed that the platinum e!ectro_de can be used as an
indicator for changes in oxygen content end_ pH atthe metal/bacteria interface of another
material exposed to the same solution. Coosequentlf. it should be useful in conjunction with
other electrochemical measurements (and in parﬁcuiar, Eco,.,- of the metal or alloy of
concern) for monitoring and understanding MIC processes. A useful extension of these
principles could involve measurements of the potentxal dd‘ference between the alloy under

study and the platinum e!ectrode.

Summary and Conclusions _

1. Experimental results indicated that the open-circuit potent.iai of e prepassivated
platinum electrode, Ey, can serve as an indicator of the changes m dissolved oxygen
concentration due to bacterial metabolie processes at the platinum/biofilm interface.

2, Changes correspondent in time for E"“ and the open-circuit corrosion potential, E;qpp,
of Type 439 stainless steel in bacterial solutlons indicated that Ept could be used to
reasonably follow the biofilm metabolic processes on the stamless steel.

3. Virtually no changes in Epg or Ecorr were observed in sterxle (control) solutions.

4, The open-circuit corrosmn poten tial of Type 439 stamless steel in bacterial solution
during 72 hour i lmmmersmn tests underwent several large changes. These changes
corresponded to the processes of bactenal growth, changes of local environment
induced by the bacterial action, and the corrosion effects at the metal surface.

5. By use of a double electrode system {metal electrode and platm um electrode), one can
study the time effects of bacteria on the corrosion behavmr of materlals by

simulataneously measuring E o, and Ep. This approach would appear to bea useful

procedure in mon 1tormg MIC attack at mdustnal sxtes.
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