Abstract #1718, 224th ECS Meeting, © 2013 The Electrochemical Society

Adsorption Behavior of Polyphenolic Proteins ontiglid
Strength Steel (HY80) and 5083 Aluminum Alloys
Lu Han and Douglas C. Hansen
University of Dayton Research Institute
300 College Park
Dayton, Ohio 45469

Introduction
“Flash rusting” is the corrosion activity which ars on
metal surfaces under certain environmental comnwitio
(i.e. high relative humidity) during the amount tixihe
after a metal surface is being cleaned and befaneva
protective surface treatment can be applied. Thenis
influenced by the moisture condition at the expessite
(high relative humidity) and environmental contaarits
(chlorides and sulfates) that contribute to coating
deterioration when they are not completely removed
during the surface preparation before recoatingthia
case, the secondary surface preparation for steel i
required to return steel surface to a “light” flasinst
condition. Therefore, an environmentally friendly
corrosion inhibitor system concerning the releafe o
hazardous materials is apparently needed.
Biopolymers containing chemical groups involvedttie
formation of adhesive bonds to various substratesn¢
made or natural) can be easily found from organigms
nature. The biopolymers utilized by organisms in a
process known as quinone tanning contain a unique
catecholic amino acid, namely 3, 4-dihydroxyphelnyl-
alanine (L-dopa). It has the ability to chelatecouple to
the metallic ions or metal oxides that are presarthe
metal-solution interface. The formation of an indmé
metallo-polymer complex by metal ion bridging ak th
surface that acts as a stabilizer of the oxiderlayan
inhibit the process of corrosion. This peculiar aaifity
could be utilized as an environmentally friendigst rust
inhibitor when applied to high strength steels ihuamid
environment. In the present work, five L-dopa conitay

centrifuge tubes for 1h at room temperature witiation
end over end, prior to adding the measured volufiibeo
adsorbate to yield the given bulk solution concaidn.
Isotherm measurements were made at time points®, 1
15, 30, 60 and 120 min. Triplicate samples were
monitored using the Bradford assay. The amount of
adsorbates present in the bulk solution was cdkxdlas a
function of time. The experiment was conducted % 3
NaCl under the pH of 7.8 to approximate the chipiigh
strength of seawater. Bovine Serum Albumin (BSAJ an
L-Dopa were used as the comparison to MeFP 1 throug
5 onto HY80 and AI5083 powder.

Results and Discussion
Table 1 lists the adsorption isotherm measuremfmmts
BSA and L-Dopa onto HY80 and AI5083 obtained from
individual concentration data. Based on the cotimla
coefficient values in Table 1, the relationshiplireear
except for HY80/L-Dopa. Experiments will be padial
repeated (e.g. L-Dopa/HY80, which has a low valfie o
r?). Initial adsorption measurements were made withou
substrates, which show that there was no significan
adsorption of the adsorbates onto the inner suidad¢be
tubes in the control measurements.
A representative plot of the adsorption data shgasd
agreement with the adsorption model (Figure 3). The
calculation of the resulting the values of max nembf
adsorption sites for BSA and L-Dopa onto HY80 and
AI5083 powder show that the adsorption behaviothef
two adsorbates on the 2 metal surfaces are ditferen
However, more data points are needed to deterrhihe i
adsorption behavior can be adequately describethdy
Langmuir theory of adsorption. Adsorption measunetsie
data of MeFP will be presented and discussed.

Table 1. Adsorption Parameters Calculated from
Adsorption Isotherms of Each Adsorbate onto Metal
Powder.

proteins were isolated from the foot of the comnidure
mussel, Mytilus edulis, named Mytilus edulis Foot
Protein 1 through 5 (MeFP 1 through 5) with a widege

of molecular weights from 6-120kDa (Figure 1).

The goal of this study is to determine the biopaym

adsorption behavior of the various L-dopa contagnin

proteins isolated from the blue mussel and ascidiam

the high strength alloy steel (HY80) powder and5083
aluminum alloy (AI5083) powder. This work will prests
and compare the effects of different concentratiohs
biopolymer on the surface of the metal substrates.

Figure 1. Blue Mussel Figure 2. Experimsgitup
Materials and M ethods
Adsorption behavior of the adsorbates onto higangth
steel (HY80) and the 5083 aluminum alloy was
determined based on the Langmuir Isotherm model (Eq
[1]). The Bradford protein assay was used to detieet
solution concentration of non-adsorbed protein aittoer
alloy. Langmuir isotherm calculations were made to
determine the adsorption behavior based on the
differences of between the original concentratiotirae
zero and the concentration at each time point. The
experiment was set up as shown in Figure 2. Substra
were equilibrated with buffers in autoclaved 2.0-ml

Linearization [Max number of | Affinity
correlation [adsorption sites| constant,
Metal | Adsorbate | coefficient, r | N (mol/nf) K (mol™)
AI5083 | BSA 0.944 49463 x 0 | 5.41x10"
Al5083 | L-Dopa 0.851 8.796 x 16 1.431x16°
HY80 BSA 0.96 1.6155x 10 | -7.642 x 10"
HY80 L-Dopa 0.1801 1.23x 70 4.808 x 10°
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Figure 3. Adsorption measurement of L-Dopa adsorbed
on AI5083 over time. Squares are control bulk sotut
concentrations of L-Dopa only; diamonds are bulk
solution concentrations with powder in suspension.
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