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* Bacterial Foodborne Pathogens and Mycology (BFP)
* Bioenergy (BER)

* Bio-Oils (BOR)

* Crop Bioprotection Research (CBP)

» Functional Foods (FFR)

* Renewable Product Technology (RPT)

e Plant Polymer Research (PPL)

Where the future is
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Electroactive biopolymers

» Chemical sensors
» Biological sensors

» Anticorrosion
» Energy devices
» Photochemistry

» Solarenergy

» Environmental sensitivity

Chelation

Catalysis
Enzyme immobilization

Polymer-drug conjugates
Artificial muscles & nerves

Drug targeting & delivery

Circuit components
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The Hall Effectoccurswhen a magnetic
fieldacts upon a currentcreating stress
i.e. voltage which can be measured. This
allowsan estimation of chargedensity and
chargemobilityina material.
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Corrosion

° Naturally occurring electrochemical process (oxidation)
* Multi-billion dollar issue world-wide

* NIST estimates that up to 25% of an industrial
(infrastructure) budget deals with preventing or

remediating corrosion

e Current control methods involve VOCs or toxic substances

or expensive applications

Bennett, LH; Kruger, J; Parker, RL; Passaglia, E; Reimann, C; Ruff, AW; Yakowitz, H;
Berman, EB. 1996; Economic effects of metallic corrosion in the United States;
National Institute of Standards and Technology: Washington, DC




Biofilms

* Biofilms may contain polysaccharides, proteins, fatty
acids, and dead/live cells

* Biofilms from microbial populationsare infamous for
accelerating corrosion when colonized on metal
substrates

BUT...

* Some biofilms were noted to actually inhibit corrosion

Unusual and unexpected

* Microbial influenced corrosion happens all the time
when bacterial adhere strongly to metal surfaces by
the biofilm composed of exopolymers. Corrosion, in
many instances, is accelerated.

* However, some do not. The exopolymer (mostly
polysaccharide) of Leuconostoc mesenteroides seem to
be unique.
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Bacterial exo-polysaccharides

¢ Leuconostoc mesenteroides subsp. dextranicum, subsp.
Mesenteroides

¢ gram-positive, nonpathogenic, anaerobic bacteria

¢ Important for food hygiene because they cause slime on high sugar
foodsand are salt-tolerant

* Grown in cell free culture
 Purified by successive ethanol/water precipitationsand dialysis

¢ 25different strains and 2 fractions based on solubility

* The exopolysaccharide (or slime) is commonly referred to as
“dextran”

¢ Reported here: EPS1, EPS2, and EPS3
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Anti corrosion behavior is strain-specific!

Asimilarly structured and prepared EPS (Bs12) had
immediate flash corrosion during drying and
substantial rust formation in a few days

Bi355N EPS cast out of aqueous solution onto SAE
1010 steel showed no corrosion activity .

Experimental

e Electrochemical Impedance Spectroscopy
e Parstat2273 (Princeton Applied Research)
¢ Gamry PTC1 Paint Cell (triple electrode setup)
¢ PowerCORRsoftware

¢ ACvoltage of i1omV for a frequency range of 100 kHz to

10 mHz

* 5% w/vNaCl and 0.5sM H,SO4

* SAE 1010 low carbon steel
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EIS data
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Corrosion rate for dextrans
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Even after the main coating
Finkenstadt, V.L., Cote, G.L., Willett, ].L. 20n. Corrosion protection of low-carbon steel using has peeled away

exopolysaccharide coatings from Leuconostoc mesenteroides. Biotechnology Letters. 3310031100,

Coating appears to be active rather than passive in nature N anosca I e Coat| n gs

0.05 mm

Cast film from solution (mg)

50 um
Zoneof “inhibition” around
biobased-anticorrosive EPS
coating. Bi498L was cast onto
SAE 1010 steel then the sample
was exposed to a corrosive
environment.

Spray coating (ng)




Film deposition from a dilute solution

* Homogeneous, well

adsorbed film weighing

~720 ng/cm?

7200

ol

220 440
Time (min)

11/6/2014

2: Amplitude

35.0 pm

2: Amplitude

25.0 pm

Future:

* Detailed analysis to elucidate the protection
mechanism

 Film characterization
e Structure

. Dif’fusiorx1
o Interfacial phenomena

¢ Thermodynamics
o Adhesion X
¢ Durability

* Spray technology for water-based applications
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