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Abstract | In 2002, our group and collaborators began initial investigations
on the use of rare-earth carboxylates as non-toxic and environment-
friendly corrosion inhibitors for mild steel. This was followed by a more
comprehensive study, reported in 2004 by Blin et al., in which a range
of such carboxylate compounds were investigated. This study identified
lanthanum 4-hydroxycinnamate, La(4-OHcin), as a promising compound.
In the review presented here our more recent investigations on mild steel
corrosion inhibitors with structures closely related to La(4-OHcin), are

presented.

In another study, Lee investigated the effect on corrosion of subtle
changestothe La(4-OHcin), structure. Seter et al. found that small structural
changes could have a major effect on the inhibition performance.

Nam et al.

investigated cerium,

lanthanum and praseodymium

4-hydroxycinnamate as corrosion inhibitors for mild steel in carbon dioxide
atmospheres in sodium chloride solution. In this particular situation,
Pr(4-OHcin), led to the largest reduction in corrosion current.

A totally organic complex, imidazolinium 4-hydroxycinnamate (Imn
4-OHcin) has been investigated with the aim of developing a compound
that can inhibit both corrosion and microbial growth. This compound was
found to inhibit mild steel corrosion across a wide pH range and was

particularly effective at a pH of 2.

We have also been investigating a rare-earth compound with an
alternative carboxylate structure to the cinnamate; 3-(4-methylbenzoyl)
propionate(mbp). This ligand differs from 4-hydroxycinnamate by having
a carbonyl group present, which may give an extra anchor point to a
metal surface when forming a barrier coating. A range of rare-earth
mbp complexes was investigated, with Nd(mbp), resulting in the largest
reduction in corrosion current density at a concentration of 0.125 mM.

1 Introduction

Due to a range of applications, mild steel
structures can corrode in such uses as pipelines
under a variety of conditions, such as neutral pH
in air or low pH in a CO, atmosphere. It is unlikely
that a single corrosion inhibitor will be ideal for
each of these applications. This means particular

compounds need to be developed for each unique
environment. For applications in which a range of
conditions may be encountered it is envisaged that
a blend of inhibitors may be the best approach to
minimize corrosion and extend the lifetimes of
such expensive infrastructure. In our laboratories
we have been developing a range of inhibitors
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Carboxylate compounds:
In this review we refer to
compounds containing the
carboxylate ion (RCOO") as
being carboxylates.

Chromates:

These are a class of very
effective corrosion inhibitors
containing the chromate
anion CrO7, for example
strontium chromate. Due

to the oxidizing power of
chromium in the +6 state
these compounds are all toxic
and carcinogenic.

Anodic reaction: This is the
oxidation half reaction at
the anode. For steel this is
typically: Fe — Fe**+2e".

Filiform corrosion: A form
corrosion that occurs under a
metal coating due to the local

change in conditions. Typically
thread like in appearance they
grow from a scratch or defect
to penetrate under the coating.
If allowed to progress filiform
corrosion leads to coating
delamination.

Cathodic reaction: This is the
reduction half reaction at the
cathode. In an aqueous, aerated
environment this is typically:
2H,0+ O,+ 4¢ — 40H-.
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based on carboxylate compounds that best suit
particular applications.

2 Carboxylate Compounds
Many traditionally used corrosion inhibitors for
mild steel included inorganic compounds such
as chromates and arsenates. We are now aware
of the dangers associated with many of these
compounds and researchers are seeking more
benign alternatives. Chromates historically have
been the most widely used corrosion inhibitors,
as they have proven effective at reducing both the
anodic and cathodic reaction rates in a variety
of applications and for a range of metal types.
In the search for more environment-friendly
alternatives, inorganic metal compounds, such
as cerium chloride and lanthanum chloride
were investigated as corrosion inhibitors for
aluminum and zinc."? These proved to be effective
at reducing the corrosion rate by inhibiting the
cathodic reactions. The rare earths react with the
OH- ions produced at the cathodic sites and form
a barrier coating that reduced the reaction rates
at these sites.”* Conversely, organic carboxylate
compounds at relatively high concentrations
had been found to inhibit corrosion by forming
a barrier coating, predominantly at the anodic
sites, thus reducing anodic reaction rates.* Various
carboxylate structures investigated are shown in
Figure 1. It was then proposed that, by combining
rare-earth metals with carboxylates, the resulting
compound may act as a corrosion inhibitor that
would match the chromate inhibitors’ ability of
reducing both the anodic and cathodic reaction
rates. Initial studies by Forsyth et al. on cerium
combined with three carboxylates—glycolate,
salicylate and anthranilate—found that not only
did they exhibit mixed inhibition, but for the
cerium salicylate there was a synergistic effect,
with corrosion rates reduced by more than that
using individual components.**

Blin expanded on thisinitial study by evaluating
a range of rare-earth carboxylate compounds in
an effort to identify trends in structure that would

Carboxylate Compounds

lead to the most effective corrosion inhibition for
mild steel.® In 2004, Blin et al. published some of
the results from this study, with the major findings
summarized in Table 1.7

These rare-earth carboxylates reduce the
anodicreaction rate after initial sample immersion,
then, over time, increasingly reduce the cathodic
reaction rate.*’” Lanthanum 4-hydroxycinnamate
(La(4-OHcin),) exhibited a higher inhibition
efficiency than a chromate inhibitor and at a
quarter of the concentration.

Following on from the initial findings of Blin,
Lee studied” the corrosion-inhibiting properties
on mild steel of compounds very closely related
to La(4-OHcin),, some of which were reported
by Seter et al in 2015."? As can be seen in Table 1,
praseodymium  4-hydroxycinnamate,  Pr(4-
OHcin),, and La(4-OHcin),, consistently showed
the highest inhibition efficiency, while lanthanum
3-hydroxycinnamate was only slightly less
effective. However, cerium 4-hydroxycinnamate,
lanthanum 3-hydroxycinnamate and lanthanum
2-hydroxycinnamate did not perform well.

Blin® and Lee"” identified La(4-OHcin), as
a promising inhibitor and further studies were
conducted on this compound. Catubig et al.
incorporated 10 wt. % of the La(4-OHcin) into
a polyurethane-based coating and found that it
inhibited the initiation and propagation of both
coating delamination and filiform corrosion on
mild steel." This inhibition can clearly be seen
in Figure 2, which shows corrosion filaments
proceeding from the scribed surfaces of the control
and 10 wt % La(4-OHcin), samples after HCI
corrosion activation and 5 days in a high humidity
atmosphere. In this application, a mixed inhibitor
such as La(4-OHcin), is particularly effective, as
within the head of filaments that form there is an
anodic tip and a cathodic tail. A carboxylate film
shuts down the anodic reaction at the tip, while a
bimetallic film consisting mainly of lanthanum and
iron hydroxides shuts down the cathodic areas.

In many areas in which steel pipelines are
used, such as oil and gas and carbon capture

o HO e,
)
0 = 0
) 0
oH o 0

Salicylate
(4-OHcin)

4-Hydroxycinnamate

3-(4-methylbenzoyl)
propionic acid (mbp)

Figure 1:

Chemical structures of various carboxylates investigated.
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Table 1: Summary of results for carboxylate corrosion inhibitor compounds.

Solution Conc. IE* Solution Conc. IE*
(ppm) n (%) (ppm) n (%)
Blin et al. 20047 Seter et al. 2015 (cont)
Na,Cr,0, 2000 87 La(4-OHcin)3 pH2.5 600 76
LaCl, 217 63 Pr(4-OHcin); pH2.5 600 52
CeCly 200 82 Ce(4-OHcin)z pH2.5 600 -18
Na(cinnamate) 250 82 La(3-OHcin); pH2.5 600 34
Na(4-MeOcin) 250 75 La(2-OHcin)z pH2.5 600 -27
Na(4-NO,cin) 250 83
Na(4-OHcin) 250 83 La(4-OHcin)s pH5.5 600 71
Y(cin)3 162 83 Pr(4-OHcin)z pH5.5 600 90
La(cin)3 200 83 Ce(4-OHcin)s pH5.5 600 76
La(4-OHcin)s 500 91 La(3-OHcin)s; pH5.5 600 81
La(4-MeOcin)3 191 88 La(2-OHcin)s pH5.5 600 38
La(4-NOxcin)s3 190 92
Ce(cin)s 180 77 Nam et al. 20148
Ce(4-OHcin)3 200 84 Pr(4-OHcin)sz CO; sat. 94
Ce(4-MeOcin)3 200 87 La(4-OHcin)3z CO; sat. 92
Nd(cin)3 150 83 Ce(3-0OHcin)3 CO; sat. 90
Gd(cin)3 160 86
Chong etal. 2016°
Seter et al. 201210 2-MeHImn Sal pH7 4mM 13
La(4-OHcin)3; pH8 600 98 2-MeHImn Gen pH7 4mM 49
La(4-OHcin)s pH5.5 600 71 2-MeHImn 4-OHcin pH7 4mM 84
La(4-OHcin)s pH2.5 600 68 | 2-MeHImn 4-OHcin pH2 4mM 72
La(4-OHcin)3 pH2.5 400 31 2-MeHImn 4-OHcin pH8 4mM 86
La(4-OHcin)s pH2.5 200 17
Somers etal. 20161
Seter et al. 201512 La(mbp)s 0.125mM 24
La(4-OHcin)s pH2.5 400 48 Nd(mbp )3 0.125mM 49
Pr(4-OHcin); pH2.5 400 -6 Y(mbp)s 0.125mM 16
Ce(4-OHcin)z pH2.5 400 -8 Ce(mbp)s 0.125mM 41
La(3-OHcin)s; pH2.5 400 38 Ce(mbp)s 0.250mM 62
La(2-OHcin)s pH2.5 400 -34 Ce(mbp); 0.400mM 73
La(4-OHcin)s pH5.5 400 86
Pr(4-OHcin)z pH5.5 400 81
Ce(4-OHcin)z pH5.5 400 10
La(3-OHcin)s pH5.5 400 71
La(Z-OHC1n)3 pH5.5 4(_)0_ _- 5 - - Corrosion current density,
*Inhibitor efficiency, IE, is defined as: i This is the current per
P : i hihi cm? that the metal would
= Leorr (control) — icorr (inhibitor) (@Y freely corrode at in the given

icorr(control) solution. It is extracted

experimentally from

where icorr is the corrosion current density quoted in each publication. " !
electrochemical testing.

carbonic acid accelerates corrosion and can lead
to rapid failure if proper precautions are not taken.
For protecting steel exposed to high CO, content,
Nam et al. assessed the ability of lanthanum,
10 mm : praseodymium and cerium 4-hydroxycinnamates
to inhibit corrosion in a CO, saturated, 0.01M
NaCl solution, with the Pr, La and Ce complexes
(CLICE RO CLEYCERRULECSEEEIIEEEREICE  showing inhibition efficiencies of 94,92 and 90%,  giecrochemical Impedance

SRleEVelel (e YR CEMIECTelele VeI NCEIESCN respectively.! Using electrochemical impedance  Spectroscopy (EIS): An
from J. Electrochem. Soc., 158, C353, (2011). spectroscopy to monitor the surface resistance electrochemical test method

' ' T o . o in which an AC signal of
Copyright 2011, The Electrochemical Society.™ with time, this study showed that this high level " an AC signal o

varying frequency is used to
of inhibition was due to the growth of a protective  probe the dielectric response
applications, there is a high CO, content which, surface film.*'* The EIS data for Pr(4-OHcin), of@material Typically used
. . . . . . . . in corrosion to model film
when combined with water that is often present, is shown in Figure 3. Previously, Blin et al. and . " @ @ anceona
leads to the formation of carbonic acid.” This Seter et al. had shown that in aerated, 0.01M  metal surface.

Control 10 wt % La(4-OHcin),
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Nyquist plot: This is one way
of displaying the results from
an EIS experiment. It is a plot
of the real and imaginary part
of the impedance. Impedance
is similar to resistance, but also
takes into account any phase
shift in the dielectric response
of a material during an EIS
experiment.

Potentiodynamic
polarization: An
electrochemical technique

in which the potential of the
electrode is varied either side of
the freely corroding potential.
This technique can give
information on the anodic and
cathodic reaction rates and the

corrosion current density, i

corr®
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Figure 3: for mild steel in CO,~
saturated 0.01 M NaCl solutions containing 0.63
mM of Pr(4-OHcin),. Reproduced with permission

from J. Electrochem. Soc., 161, C527 (2014).
Copyright 2014, The Electrochemical Society.
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Figure 4: Potentiodynamic polarization curves
after 20 h for mild steel immersed in CO,-saturated
0.01 M NaCl solution at room temperature and with
praseodymium 4-hydroxycinnamate compound

concentrations from 0.00 to 0.63 mM. Reproduced
with permission from J. Electrochem. Soc., 161,
C527 (2014). Copyright 2014, The Electrochemical
Society.

NaCl solutions with RE(4-OHcin),, La and Pr
have lower corrosion rates than Ce.”'? The reason
for the different behavior of the RE metals is not
completely understood at present although the
solubility of the compound and the nature of
the species in solution plays a role, as discussed
below.

Additionally,thepotentiodynamicpolarization
results after 20 hours immersion showed that,
while the effect on the anodic reaction dynamics
was the greatest, the three compounds also
showed a significant reduction in the cathodic
reaction rate. Figure 4 gives an example of the
electrochemical behavior suggesting mixed
inhibition by these compounds.

Another aspect of corrosion that can result in
the rapid degradation of mild steel structures in
service is microbiologically influenced corrosion
(MIC).In the vast majority of operating conditions
bacterial colonies will form on a metal surface,
forming a biofilm under which they influence
the local conditions to suit their requirements,
such as acidic or anoxic. This localized change in
conditions can create local anodes or cathodes
and lead to aggressive corrosion. In an attempt
to reduce microbial colonization on a mild steel
surface a cation with antimicrobial properties,
imidazolinium,combined withacarboxylateanion,
was proposed.'” Similar to the process by which the
carboxylate initially protects and brings the rare
earth to the surface, the carboxylate would initially
protect the surface and bring the imidazolinium
to the surface. Here the imidazolinium could
disrupt the formation of a biofilm and reduce the
effects of MIC. Initially, 2-methylimidazolinium
(2-MeHImn) was combined with gentisate(2,5-
dihydroxybenzoate) (Gen), salicylate (Sal) and
4-OHcin.”® The effect of these compounds on
the corrosion of mild steel was then determined
(Table 1). Currently, the antimicrobial properties
of 2-MeHImn 4-OHcin are being determined,
however, its corrosion-inhibiting properties at a
range of pH have been investigated (Table 1).

For these compounds, as with the results
of Blin et al. and Seter et al., the [4-OHcin]
again exhibits the best corrosion rate reduction
of the carboxylates.”!? Interestingly, while the
performance at neutral pH is not as good as
that reported for La(4-OHcin), the 2-MeHImn
4-OHcin was able to maintain a high level of
corrosion protection over a wide pH range.

The electrochemical results (Table 1) were
obtained after 30 min of immersion. Over 24
h of immersion, the inhibition ability of the
2-MeHImn 4-OHcin at a pH of 2 was even greater,
as can be seen from the SEM image in Figure 5,
which shows the heavily corroded control sample
and the largely unaffected 2-MeHImn 4-OHcin
exposed sample.

The most recent investigations by our group
again made some subtle changes to the 4-OHcin
carboxylate and evaluated its corrosion inhibition
when combined with a number of rare-earth
metals."! In this research 3-(4-methylbenzoyl)
propionate(mbp) (structure shown in Figure 1)
was used to synthesise complexes with the rare
earths, Ce, La, Nd and Y, to form RE(mbp),
compounds.'® This particular ligand was chosen
as modelling has suggested that the presence
of the carbonyl group could result in an extra
attachment point for the ligand to bond with the
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b) 4mM 2-MeHIm 40OHcin

Figure 5: SEM images of mild steel surface immersed for 24 hours at pH 2 in 0.01M NaCl: a) control, and

b) 4 mM 2-MeHImn 4-OHcin. Adapted with permission from ACS Sustainable Chem. Eng. 2016. Copyright
2016 American Chemical Society.

mild steel surface.”® This particular ligand was
commercially available from Ciba as an organic
corrosion inhibitor, Irgacor 4190.

These RE(mbp), complexes had a lower
solubility than RE(4-OHcin), complexes in the
0.01M NaCl solutions, with 0.40 mM close to their
upper limit. However, even at this concentration,
Ce(mbp), exhibited good inhibition performance,
with an IE value of 73% (Table 1).

3 Speciation

The presence of the rare earth and the carboxylate
in the one compound is important as it results in
particular complexes and speciation in solution
that lead to the formation of a unique protective
film.>!° The mechanism proposed for the formation
of this film is shown in Figure 6, where a complex,
heterogeneous film forms on the steel surface.
This film consists of a bimetallic compound that
incorporates the Fe ions from the steel substrate and
the RE bridged by the carboxylate ligand, in addition
to RE hydroxide that forms at highly active cathodic
sites where OH™ ions are liberated from the oxygen
reduction reaction. This complex surface film leads
to the protection of the surface, suppressing both
anodic and cathodic reactions on steel.

To further investigate the speciation of these
compounds in solution a study was undertaken
to correlate the speciation of La(4-OHcin), with
corrosion behaviour at pH levels of 2.5,5.5and 8.0 in
0.01M NaCl." Using electrospray mass spectroscopy
it was found that the spectra from La(4-OHcin), in
the NaCl solution consisted predominantly of five
different species; LaCl,”, La(4-OHcin)Cl,, La(4-
OHcin),Cl,", La(4-OHcin),Cl™ and La(4-OHcin),".
Ateach pH level and concentration of La(4-OHcin),
the proportions of these species varied, which
appeared to strongly correlate with the corrosion

inhibition performance observed. For instance, with
600 ppm of La(4-OHcin), the association of the La
gradually shifted from being mostly associated with
4-OHcin to being mostly associated with Cl anion,
as the pH was reduced from 8.0 to 2.5 (Figure 7).
Correspondingly, the inhibition efficiency also
reduced as the pH reduced (Table 1). Interestingly,
at a pH of 2.5, with the amount of La(4-OHcin),
reduced there was disproportionally less La(4-
OHcin), species in solution as compared to [LaCl,]".
This was accompanied by a marked decrease in
inhibition efficiency (Table 1). Atlow pH, lanthanum
chlorides are the predominant species but as
pH and/or concentration increases, lanthanum
complexes increasingly form. NMR chemical
spectroscopy of'*La supports this observation
further. As confirmed by inhibition efficiencies,
the presence of these rare-earth and the carboxylate
complexes leads to a higher level of protection
than the individual carboxylate anion or [LaCl,]
anion. These results confirm the importance of the
rare earth being complexed with the carboxylate.
When this complex persists in solution, the two
components are incorporated into a protective
surface film leading to a decreased corrosion
tendency of the mild steel, even in aggressive
chloride environments.

The structures of the 2-, 3- and
4-hydroxycinnamate investigated by Lee are
shown in Figure 8. The large differences in
corrosion inhibition were again due to the changes
in speciation in solution.'> Whilst these structural
changes are very subtle, the change of rare earth
to cerium resulted in increased solubility, while
the 2- and 3-hydroxycinnamate led to changes
in the steric effects. These property changes then
alter the bonding of the carboxylate to the rare
earth and the steel surface.
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Figure 7: Mass spectrum of 600 ppm La(4-OHCin), as a function of pH where (a) is solution at pH 2.5,
(b) pH 5.5, and (c) pH 8.0. Reproduced with permission from J. Electrochem. Soc., 159, C181 (2012).
Copyright 2012, The Electrochemical Society.

Interestingly, even in the CO, saturated solution
in which Nam et al. reported the inhibition
behaviour of different RE carboxylate compounds,
it is likely that different speciation in solution
might exist.® However, even in this case, the results
indicated similar behaviour to that in the chloride-
contaminated solutions in which Ce was the worst
performing of the same RE(4-OHcin), compounds,
with Pr showing the lowest corrosion rate.

Furthermore, Deacon et al. compared the speciation
and corrosion performance of La(4-OHcin), to La
3-(4-hydroxyphenyl)propionate.? The propionate
structure differs from the cinnamate in that it has
no carbon double bond on its aliphatic chain. They
found that the propionate complex showed no
useful corrosion inhibition. It was also found that
this complex readily dissociated in solution, which
results in the absence of any synergy between
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Figure 8: Chemical structures for 2-, 3- and 4-hydroxycinnamate.

the rare earth and the carboxylate as a corrosion
inhibitor.

There is still much to understand about
the structure-function relationships in these
carboxylate-based inhibitor compounds, with
scope toimprove their protective properties further
for steel in various corrosive environments.

4 Conclusion

The development of corrosion inhibitors based on
carboxylate complexes has shown that subtle changes
in the structure can lead to major changes in their
ability to protect mild steel surfaces. For instance,
changing the position of the hydroxy group on the
hydroxycinnamate anion resulted in significant
changes in the corrosion inhibition. Similarly, a
change in rare-earth metal or the organic cation can
also affect a compound’s performance. This means
that a corrosion inhibitor that performs well in a
particular chemical environmentmaynotnecessarily
perform to the same level if that environment is
changed. For example, as the pH of the environment
is changed, the relative performance of the inhibitor
compounds can change depending on the solubility
and speciation. The speciation of these complexes in
solution is important and more work to determine
the effect of different rare-earth metals as well
as organic cations in particular environments is
required, so that these compounds can be optimized
for a specific purpose. Furthermore, there is a need
to understand the solubility and leaching of these
inhibitor compounds from polymer coatings, as
many applications will involve the incorporation of
such compounds in paint coatings.

Received 12 August 2016.

References

1. B.R.W. Hinton, D.R. Arnott and N.E. Ryan, Inhibition
of aluminum alloy corrosion by cerous cations. Metals
forum,7,211-217 (1984).

2.  B.R.W. Hinton and L. Wilson, The corrosion inhibition
of zinc with cerous chloride. Corros. Sci., 29, 967-975,
977-985 (1989).

3. M. Forsyth, M. Seter, B. Hinton, G. Deacon and P. Junk,
New ‘Green’ Corrosion Inhibitors Based on Rare Earth
Compounds. Aust. J. Chem., 64, 812-819 (2011).

4.

10.

11.

12.

13.

14.

M. Forsyth, C.M. Forsyth, K. Wilson, T. Behrsing and
G.B. Deacon, ATR characterisation of synergistic corrosion
inhibition of mild steel surfaces by cerium salicylate.
Corros. Sci., 44, 2651-2656 (2002).

M. Forsyth, K. Wilson, T. Behrsing, C. Forsyth, G.B. Deacon
and A. Phanasgoankar, Effectiveness of rare-earth metal
compounds as corrosion inhibitors for steel. Corros., 58,
953-960 (2002).

FE Blin, Rare earth metal cinnamate compounds for
corrosion inhibition of mild steel: efficiency and
mechanisms. Thesis (Ph.D.) Monash University, Australia
(2005).

E Blin, S.G. Leary, K. Wilson, G.B. Deacon, P.C. Junk and
M. Forsyth, Corrosion mitigation of mild steel by new
rare earth cinnamate compounds. J. Appl. Electrochem.,
34,591-599 (2004).

N.D.Nam, M. Mathesh, B. Hinton, M.J.Y. Tan and M. Forsyth,
Rare earth 4-hydroxycinnamate compounds as carbon
dioxide corrosion inhibitors for steel in sodium chloride
solution. J Electrochem. Soc., 161, C527-C534 (2014).

A.L. Chong, J.I. Mardel, M. Forsyth, D.R. MacFarlane
and A.E. Somers, Synergistic corrosion inhibition of mild
steel in aqueous chloride solutions by an imidazolinium
carboxylate salt. ACS Sustainable Chem. Eng., (2016).

M. Seter, B. Hinton and M. Forsyth, Understanding
speciation of lanthanum 4-hydroxy cinnamate and
its impact on the corrosion inhibition mechanism for
AS1020 steel. J. Electrochem. Soc., 159, C181-C189 (2012).
A.E. Somers, G. Talbi, C. deBruin-Dickason, S. Hanf,
M. Forsyth, G.B. Deacon, P.C. Junk and B. Hinton
In Green rare earth compounds as corrosion inhibitors
for steel, Submitted to: Corrosion and Prevention
2016, Auckland, New Zealand, 13th—16th of November,
2016.

M. Seter, G.M.A. Girard, W.W. Lee, G. Deacon, P. Junk,
B. Hinton and M. Forsyth, The influence of organic
structure and rare earth metal cation on the corrosion
efficiency observed on AS1020 steel compared with
La(4-OHCin),. AIMS Mat. Sci., 2, 1-15 (2015).

W.W. Lee. Rare earth hydroxycinnamates and
hydroxycinnamate-derivative complexes as corrosion
inhibitors. Thesis (Ph.D.) Monash University, Australia,
(2010).

R. Catubig, M. Seter, W. Neil, M. Forsyth and B. Hinton,
Effectsof corrosioninhibitingpigmentlanthanum4-hydroxy
cinnamate on the filiform corrosion of coated steel.
J. Electrochem. Soc., 158, C353—C358 (2011).

Journal of the Indian Institute of Science IVOL 96:4 | Oct.—Dec. 2016 | journal.iisc.ernet.in

291



292

A.E. Somers, G.B. Deacon, B.R.W. Hinton, D.R. MacFarlane, P.C. Junk, M.Y.J. Tan and M. Forsyth

15.

16.

17.

18.

R. Wan, Advanced Well Completion Engineering,
Chapter 11: Oil and Gas Well Corrosion and Corrosion
Prevention, 3rd ed., Elsevier Inc.: Oxford, (2011).

N.D. Nam, A. Somers, M. Mathesh, M. Seter, B. Hinton, M.
Forsyth and M.Y.J. Tan, The behaviour of praseodymium
4-hydroxycinnamate as an inhibitor for carbon dioxide
corrosion and oxygen corrosion of steel in NaCl solutions.
Corros. Sci., 80, 128—138 (2014).

M. Seter, M.]. Thomson, J. Stoimenovski, D.R. MacFarlane
and M. Forsyth, Dual active ionic liquids and organic salts
for inhibition of microbially influenced corrosion. Cherm.
Commun., 48, 5983-5985 (2012).

A.L. Chong, M. Forsyth and D.R. MacFarlane, Novel

imidazolinium ionic liquids and organic salts. Electrochim.

19.

20.

21.

C.N. deBruin-Dickason, G.B. Deacon, C.M. Forsyth,
S. Hanf, O.B. Heilmann, B.RW. Hinton, P.C. Junk,
AE. Somers, Y.Q. Tan and D.R. Turner, Synthesis
and Structures of Rare Earth 3-(4’-Methylbenzoyl)-
propanoate Complexes—New Corrosion Inhibitors. Aust.
J. Chem. Just accepted.

M. Frey, S.G. Harris, .M. Holmes, D.A. Nation, S. Parsons,
P.A. Tasker, S.J. Teat and R.E.P. Winpenny, Modeling surface
engineering: Use of polymetallic iron cages and computer
graphics to understand the mode of action of a corrosion
inhibitor. Angew. Chem. Int. Ed., 37, 3246-3248 (1998).
G.B. Deacon, P.C. Junk, W.W. Lee, M. Forsyth and J. Wang,
Rare earth 3-(4’-hydroxyphenyl)propionate complexes.
New J. Chem., 39, 7688-7695 (2015).

Acta, 159, 219-226 (2015).

Anthony Somers is a Research Fellow in
the Institute for Frontier Materials (IFM) at
Deakin University where he completed his
PhD in 2014. His current research areas are
in oil miscible ionic liquid lubricants and
corrosion inhibitors for steels. He is particularly interested
in the surface interactions of these salts with metal surfaces
in the areas of lubrication and corrosion inhibition.

Glen Deacon is an Emeritus Professor of
Chemistry in the School of Chemistry,
Monash University. He is internationally
recognised for four decades of work in
rare earth chemistry, particularly highly
reactive organo metallics, organoamidea and aryloxides.
He has a major interest rare earth corrosion inhibitors.
He is also involved in heavy metal main group, alkaline
earth, and precious metal chemistry including platinum
anticancer agents, and polyfluoroaromatic compounds.
He has extensive collaborations with rare earth chemists in
Germany and the USA.

Bruce Hinton Professor Hinton graduated
with Honours from the University of
Queensland, Department of Mining and
Metallurgical Engineering in 1968. In 1969 he
joined the Defence Science and Technology
Organization (DSTO) Melbourne Australia where he
remained for 42 years. In 1980, he completed a PhD in
corrosion engineering at University of Manchester UK.
His research career at DSTO covered the fields of corrosion
inhibition, stress corrosion cracking, and hydrogen
embrittlement and corrosion fatigue. At DSTO, he was also
a consultant to the Australian Army, Navy and Air Force on
the prevention of corrosion on military aircraft. He retired
from DSTO in 2010 after 20 years as Head of the Corrosion
Control Group. These days in an honorary capacity as
an Adjunct Professor in the Corrosion Groups at both
Monash and Deakin Universities Melbourne, he mentors
and supervises post graduate students.

A

Doug MacFarlane  Professor  Doug
MacFarlane leads the Monash Ionic Liquids
Group at Monash University. He is currently
the holder of an Australian Research Council
" Laureate Fellowship. He is also the Theme
Leader of the Energy Program in the ARC Centre of
Excellence in Electromaterials Science (ACES). His
group focuses on a range of aspects of ionic liquids and
their application in the energy sciences and sustainable
chemistry.

Peter Junk is the Nevitt Professor of Chemistry
at James Cook University. His main research
interests are in rare earth and main group
organometallic, organoamido and aryloxo
chemistry, but has applied interests in X-ray
imaging and corrosion inhibition. He has published in
excess of 380 publications and reviews and he is the 2016
recipient of the Burrows award, the premier award for
Inorganic Chemistry in the Royal Australian Chemical
Institute.

.

Mike Yongjun Tan is a Professor in Applied

Electrochemistry and Corrosion Technologies

at Deakin University in Australia. He is also

a Research Program Leader of the Energy

Pipeline Cooperative Research  Centre.
Dr. Tan’s principle teaching and research interests
are in corrosion science and engineering and their
applications for enhancing the reliability and durability
of civil and industrial infrastructures. He contributed to
electrochemical methods for corrosion testing, monitoring
and prediction and corrosion inhibitor and anti-corrosion
coating research. He is the author of some 150 publications
and a book entitled ‘Heterogeneous Electrode Processes
and Localised Corrosion’ (2012 John Wiley & Sons).

Maria Forsyth is an Australian Laureate
Fellow, an Alfred Deakin Professorial Fellow
at Deakin University, as well as the Associate
Director in the ARC Centre of Excellence in
Electromaterials Science (ACES) where she
leads the research effort in metal-air batteries. Her research
area informs the broad field of electromaterials science
with application to both corrosion and energy related
technologies. Professor Forsyth is a co-author of over
360 journal publications. She has delivered more than 25
invited and plenary talks in the past 5 years and currently
has more than 11000 citations.

Journal of the Indian Institute of Science IVOL 96:4 | Oct.—Dec. 2016 | journal.iisc.ernet.in



