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Abstract

Inconel 600 has been designed to heat resistance. It is used in the chemistry industry,
food industry and, of course, in the production of electric energy, among others.

The goal of this project was to decrease the costs in the equipments and pipes
deterioration by prolonging their lifetime, controlling and preventing their deterioration
by means of appropriated and programmed maintenance, but above all knowing the
mechanism and kinetic of corrosion that affects them.

We used polarization curves to evaluate the effect of wild culture isolated from a
traditional thermoelectric plant located northern Mexico.

The studied culture was isolated by enrichment cultures in two phases, in a selective
medium for sulfate-reductive bacteria in environmental temperature. It was selected for
being thermo resistant and promising the largest influence in the corrosion rate.

Inconel 600 keeps a multiple protection control until week 7, then it becomes an anodic
protection control and later it becomes unstable to these cultures.
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Introduction
Inconel 600 is a chromium-nickel alloy, not magnetic, with excellent mechanical

properties and versatile in the work, which can be used in an extensive
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temperature range from frozen temperatures to 1093 °C [1]. The high content of
Ni enables it to be resistant under reduction conditions of organic and inorganic
compounds, as well as in alkaline solutions [2]. The content of chromium gives a
higher resistance to pure Ni than to sulphur compounds and other oxidizing
agents [3].

The application of these alloys is very wide, mainly in chemistry, petrochemistry
and nuclear industries, specifically in thermal container turbines, vapor
generator, etc. [4, 5].

Nothing escapes to nature’s revenge, to maintain the metals in
thermodynamically stable compounds, most of all with the intervention of the
microorganisms that are able to adapt to all range of temperatures, pH, pressure,

nourishment concentration [6, 7], etc.

Experimental development

The studied culture was isolated in an culture media that contains (g/L) 0.06 of
MgCl,, 0.06 of CaCl,, 1.0 of NaCl, 0.5 KH,PO,, 7.00 of (NH4),SO,4. 7H,0, 0.01
of Fe(NO4)(SO,),. 6 H,0, 0.3 of sodium citrate, 1.00 of yeast extract and 4.00 of
sodium lactate [8]. It was incubated in an environment impregnated of pyrogallic
acid, to limit the environmental oxygen; its inoculate came from material wastes
and of different periods of the production process of electric energy in the
traditional thermoelectric plant (Table 1) [9].

The selection of the studied culture was done in two stages: the first one based on
thermo resistance (30 minutes in a boiling water bath), the second one based on
the corrosion rate [10].

The independent variables level wws established before this, where the
incubation temperature that sped up the corrosion was 80 °C, with a bacterial
concentration of 10° UFC/mL from the isolated culture in the interior base of the
heater or steam raiser. The inoculums dispersed at a concentration of 10°
UFC/mL are the ones that present the biggest influence to corrosion. The

response is increased with respect to temperature and incubation time.
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The corrosion rate was determined by polarization curves, with a scanning of
+ 600 mV at a scanning speed of 60 mV/s, in an electrochemical cell of three
electrodes. A calomel reference electrode, a graphite auxiliary electrode, and a
work electrode were used [11].

The corrosion kinetic is performed in alloy, incubating during 4, 6, 7, 8, and 11
weeks the work electrodes inoculated.

The experimental unit was formed with 70 mL of electrolyte (water from the
process of the thermoelectric plant) and a work electrode that consisted in one-
cm-long segment of each of the alloys with an electric contact, encapsulated in
commercial resin, filed, and mirror polished with alumina of 0.05 um [12].

The corrosion rate was quantized in an electrochemical cell of three electrodes
with a volume of 500 mL of electrolyte, with a graphite auxiliary electrode, with
a calomel reference electrode fitted out with a Luigui bridge, and with the work
electrode previously incubated under the corresponding treatment applied to the
experimental unit.

The polarization curves were determined to a scanning speed of 60 mV/s, with a
scanning of + 600 mV from the cell potential.

The chemical composition of the exposed surface of the work electrodes is
analyzed by EDAX under the scanning electron microscope, without taking off

the acquired adhesion in each of the essays.

Results and discussion

14 cultures were isolated, from which 8 were thermo resistant (first selection
phase). The culture isolated from the steam raiser bottom (B8) presented the
greater corrosion effect (Table 1) during the second selection phase.

Inconel 600 keeps a multiple protection control until week 7, and then it becomes
an anodic protection control at week 8, and becomes unstable at week 11 (Fig. 1).
The alloy shows a greater amount of adherences on the surface (Fig. 2, 3). This
can be related to corrosive effect, considering that the adherences are originated
by corrosion products, as well as by exopolymers and other metabolites in the

culture.
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Table 1. Origin and corrosion speed of multiple wild thermo resistant cultures.

Corrosion rate

culture
origin / mm year”
B1 Lagoon wastewater 2.00E-03
B2 Lagoon wastewater 9.67E-04
B3 Canal wastewater 1.18E-03
B4 Cooling tower panels 2.05E-02
B5 Lagoon waste water 1.12E-03
B6 Lagoon waste water 1.07E-03
B7 Steam raiser soil pipes 2.17E-03
B8 Steam raiser inner bottom 1.71E-01

This consideration is reinforced when analyzing the elementary chemical
composition (Tables 2, Fig. 4), determined by EDAX in the alloy, including the
biofilm. An increase in the carbon content (C) and the presence of sulphur (S)

and phosphorus (P) can be related to the presence of biologic material.

Table 2. Elementary chemical nominal composition of inconel 600 and in the surfaces
of the work electrodes incubated with the selected culture.

% in weight
Element . Weeks of incubation
Nominal
0 4 8
CK 0.8 2.59 8.89 16.31
OK 2.31 18.95 37.66
Si K 0.2 0.52 0.87 6.46
PK 2.77 1.42
Mn K 0.5 0.5 0.00 0.00
SK 2.68 443
CakK 4.8 6.43
CrK 15.5 13.61 10.42 3.62
Fe K 8 6.99 4.99 1.46
Ni K 76 63.06 38.82 10.8

All metabolites such as proteins, polysaccharides, organic acids, lipids,

exopolymers, enzymes and even cell components have carbon, sulphur,
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phosphorus and other metallic oligoelements such as Fe, K, Cu, Na, etc., which
are necessary as cofactors in the metabolic routes.

There is a higher increase in the carbon content, where visually an amount of
incrustations and a corrosion speed are found; it happens likewise with oxygen,
phosphorus and sulphur, which can be related to corrosion residues and to the
presence of biologic material.

A relative decrease is observed in the contents of Ni, Fe and Cr, which can be
considered as dissolution of these elements into the environment, induced by the

presence of the culture on the exposition surface.
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Figure 1. Polarization curves in inconel Figure 2. elementary chemical
600 at different incubation periods with compositions by EDAX in the alloy
culture BS. incubated 8 weeks.
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Figure 3. Photomicrograph taken by the Figure 4. Photomicrograph taken by the
scanning electron microscope, of inconel scanning electron microscope, of inconel
600, incubated with culture B8 for 8 600, incubated with culture B8 for 4
weeks, 100X. weeks, 100X.

Corrosion rate is increased in 2 exponential units (Table 3).
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Table 3. Corrosion kinetics induced by culture B8 in a studied alloy.

Incubation Corrosion rate
/weeks /mm year'1
4 1.08E-3
6 2.28E-3
7 3.6E-3
8 5.76E-3
9 8.55E-3
11 1.69E-1

Conclusions

B4 and B8 were the semi-selected cultures with a stronger influence on corrosion

in the studied super alloys, which were respectively isolated from the cooling

tower panels and the steam raiser’s heat shaft. It was decided to work with B8

due to the inoculum’s origin.

B8 has a stronger influence on corrosion when found dispersed in the electrolyte

at a concentration of 10® UFC/mL.

Inconel 600 is susceptible to this culture. The tendency of corrosion rate is

exponentially increased with respect to time, about 2 units.
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