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Chapter

Reducing Emerging Contaminants
Ensuing from Rusting of Marine
Steel Installations
Karima Hanini, Sameh Boudiba and Merzoug Benahmed

Abstract
Marine steel installations are usually subject to biocorrosion due to their
immersing in seawater. Biocorrosion-causing microorganisms, such as bacteria
and fungi, often form biofilms on materials, inducing chemical changes in these
materials and in the surrounding liquid medium. The formed biofilms resulting
from this phenomenon are considered as emerging contaminants. In this work,
in addition to the realization of the electrodeposition of zinc on a steel in chloride
bath with various concentrations of Taxus baccata extracts as additives using a
direct courant supply, the study of the corrosion of the obtained substrates was
performed in seawater as an aggressive environment. The efficiency against
corrosion was evaluated by potentiodynamic polarizations and weight loss
measurements. The coated surface morphology was analyzed using brightness
meter, thickness meter and adhesion tests. The experimental results showed that
all tested extracts performed the quality of the zinc deposits and their efficiency
against corrosion indicating that coated samples in the presence of the extracts
were more resistant minimizing the emerging contaminants in seawater.
Keywords: Taxus baccata, biocorrosion, emerging contaminant, inhibition,
electrodeposition

1. Introduction
Emerging contaminants (ECs), also known as emerging organic contaminants
[1] and contaminants of emerging concerns (CECs) [2], are a group of natural
and synthetic chemicals with their transformation products occurring in water
bodies throughout the globe. Actually, these materials, which are also considered
as microorganisms (e.i. biofilm) present in the environment, are not monitored
and have a high potential of causing environmental damage in addition to be
suspected of detrimental effects on ecosystems and human health. It should be
noted that as reported in the literature, the exposure to environmental relevant
concentrations of ECs caused significant alterations in the microbial community
composition and function [3].
The biocorrosion, or microbiologically influenced corrosion (C.I.M), which
represent one of the biofilms source is an electrochemical phenomenon of dissolution of a metal affecting all industries, where microorganisms (in particular
bacteria) can develop [4]. To minimize the biocorrosion and therefore the emerging
contaminants, electrodeposition of zinc is usually used for marine steel installations
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protection, it is a suitable, fast and cost-effective way to improve the surface hardness, anti-corrosion properties and wear resistance…etc. [5]. The electrodeposition consists principally in the immersion of a steel as an electrode in a container
containing an electrolyte and a zinc as a counter electrode. The electrodeposition
electrolytes usually contain metal salts, species to increase electrolyte conductivity and additives, added to improve leveling metal and to optimize the properties
of the deposited metal (hardness, brightness, corrosion resistance, roughness,
porosity, grains size …..) [6]. The clear problem with these additives is that they
are all synthetic, toxic, high cost and they have a significant negative impact on
the environment, such as furfurale and thiourea [7–11]. To resolve this problem,
the new trend in the current research is focused on replacing synthetic additives
with less expensive, biodegradable and effective natural products such as extracts
obtained from natural products as Manihot esculenta [12], Saccharum officinarum,
Ananas comosus [13], Taxus baccata [14] and Daphne gnidium L. [15].
In this work, two main objectives are targeted. Firstly, we are focused on the
use of plant extracts obtained from a plant belonging to Algerian flora (Taxus
baccata), as additives in chloride baths for the zinc plating of a mild steel (E24–2).
Secondly, we will evaluate the effect of the addition of the investigated extracts as
additives, namely on the quality of the zinc deposit, on one hand and on the other
hand, on the resistance of the deposit against corrosion, therefore the decrease of
the emerging contaminants effect.

2. Emerging contaminants
Emerging contaminants are synthetic or naturally occurring chemicals or any
microorganisms that are not commonly monitored in the environment but have the
potential to penetrate in the environment and thereby causing known or suspected
adverse ecological and/or human health effects. These contaminants consist of
pesticides, pharmaceuticals, personal care compounds, industrial additives byproducts, food additives, water treatment by-products and nanomaterials including
metal oxides, zero-valent metals, quantum dots, dendrimers, composites and
nanosilver [16].
According to the previous definitions, the products resulting from steel corrosion in marine environment such as biofilms and iron oxides are considered as
emerging contaminants.

3. Corrosion
Corrosion is the spontaneous destruction of metals and alloys caused by chemical,
biochemical and electrochemical interactions between materials and their environments. These environments can be humidity, oxygen, inorganic and organic acids,
high pressures, temperature, chlorides, etc. During corrosion, metals tend to convert
to more thermodynamically stable compounds [17].

4. Zinc electroplating
Zinc electroplating provides corrosion resistance by acting as a barrier and
sacrificial coating. Because zinc is more reactive that steel, the zinc coating corrodes
first, protecting the steel substrate. The rate of corrosion of zinc is at least 10 times
slower than that of steel, thus a thin coating of zinc can protect steel for long time.
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Electroplating is an electrochemical process, which takes place according to a
certain number of elementary stages of electrolytic crystallization leading to the
reduction of the dissolved species M+n into metal atoms M, and to the incorporation of these atoms into the crystal lattice of the substrate. In general, for a coating,
we have to make the cathode the object to be coated, the anode is then made of the
metal, which we want to coat and the electrolyte will contain a solution of a salt of
this metal. Species to increase electrolyte conductivity and additives are added to
improve leveling metal and to optimize the properties of the deposited metal [11].

5. Additives
The development of coatings requires when using a direct current, the addition
in small quantities of certain organic or inorganic additives to the electrolysis bath.
These additives will modify the mechanisms of electrodeposition by selectively
affecting the rate of germination and/or growth of deposited species. The use of
additives in electrolysis baths is expressed by a reduction in surface roughness, an
increase in hardness and an improvement in both deposits gloss and morphology [6].

6. Experimental
6.1 Plant extracts
The stems and leaves of Taxus baccata were harvested in April 2016 in Babor
(altitude 2000 m), in little kabylia (northern end of the wilaya of Sétif, in Algeria).
The aerial parts were cut into small pieces, they were then subjected to an extraction procedure by maceration in a lukewarm methanol–water mixture (7/3:V/V) for
24 hours. This operation was repeated three times. The various recovered fractions
were then combined and evaporated under reduced pressure at a temperature
below 70° C until a syrupy residue was obtained. The latter phase was taken up by
boiling water, decanting for one nights to eliminate the chlorophyll. The filtered
mixture was subjected to liquid–liquid extraction using several solvents separately
in a sequence of increasing polarity, starting from dichloromethane (MDE), ethyl
acetate (EAE) and n-butanol (BE), where the organic phase was recovered for each
solvent. The latter solutions were evaporated to dryness using a rotary evaporator to
obtain the desired extracts [18].
6.2 Materials
The tests were carried out on a mild steel of grade E24–2, having a chemical
composition in % by weight (C, 0.17; Mn, 0.6; P, 0.035; S, 0.035; Si, 0.04; Al, 0.02
to 0.05; N, 0.01; Fe remaining). Plates of 2 cm x 6 cm x 0.1 cm in dimension were
coated with epoxy resin leaving a single exposure surface. The substrates were
plated with a pure zinc (99.91%). Prior to each experiment, the surfaces of all
samples were mechanically abraded using different types of silicon carbide emery
paper, cleaned with acetone, rinsed with distilled water then dried with air.
6.3 Electrodeposition bath
The chloride solution for the coating was a mixture of ZnCl2 (65 g/l), KCl
(200 g/l), H3BO3 (20 g/l) and different concentrations of Taxus baccata extracts
(1 g/l to 1.6 g/l) [19].
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6.4 Experimental conditions
All experiments were carried out in an aerated medium, pH = 5 and current of
0.04 A. The steel sample represents the anode of the electrochemical cell, while
the zinc plate represents the cathode leaving a distance of 1 cm between them. The
zinc plating of the steel was carried out for 30 min, with gentle stirring, by partially
immersing the steel sample and the zinc electrode in the chloride bath. To determine the weight of deposited zinc on surfaces, all substrates were weighed before
and after electroplating. At the end of the process, the samples were removed from
the bath, cleaned with distilled water and air dried [14].
6.5 Quality of the deposited zinc layer
The thickness of the deposited zinc layer was measured with an Elektro-Physik
(eXacto) apparatus and the adhesion of the coated zinc to the substrate was examined by the ASTM D3359 method [20]. For the adhesion test, an “X” was etched
on the film and an attached adhesive tape was applied to the samples, and then
removed strongly. This test is macroscopic and more qualitative. The gloss of the
zinc deposits was measured using a Poly Gloss meter with a large beam of white
light at a measuring angles of 20°, 60° and 85°. Calibration was performed automatically using a highly polished black standard built into the gloss meter. The final
gloss values were the average of three measurements taken for each coating.
6.6 Potentiodynamic polarization measurements
Potentiodynamic polarization measurements were performed in seawater with
the coated samples as working electrode, a platinum rod as counter electrode and a
saturated calomel electrode (SCE) as a reference electrode. A controlled computer
(Voltalab PGZ 301) instrument with Voltamaster 4 software was employed for this
purpose. The measurements were applied in the potential range of ±1500 mV at a
sweep rate of 1 mV/s.
6.7 Gravimetric measurements
To evaluate the corrosion resistance of the electrodeposited substrates, weight
loss measurements were made. Each sample coated in chloride baths containing different concentrations of the extracts was partially immersed in seawater (corrosive
medium). Measurements were collected every five days for a month and the Eq. (1)
was used to determine the corrosion rate [21]:
CR =

w
At

(1)

w: average weight loss.
A: total area of one mild steel specimen.
t: immersion time.

7. Results and discussion
7.1 Quality of electrodeposited zinc
The quality of the electrodeposited zinc was observed through the deposit
parameters as the brightness, the strength adhesion and the thickness. The obtained
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results are presented in Table 1 for MDE, Table 2 for EAE and Table 3 for BE.
Where: + adhesion is strong, ++ adhesion is very strong.
Via Tables 1–3 we noted that there is an increase in the deposited mass, thickness and adhesion when increasing the concentration of MDE (1.6 g/l). However,
for EAE and BE, these parameters reached a maximum value at 1.2 g/l and then
decreased, indicating that the better deposit (nucleation and growth) is found in
these concentrations. The obtained results may be related to two considerations:
the first one is that the adsorption of additives on the surface, leads to a partial
coating of the steel, thus blocking the active sites and causing a decrease in the
nucleation rate. The second consideration is that the additive will complex with one
of the electroactive species in the solution, therefore the step of dissociation of the
complex introduces a new kinetic constant before the redox reaction of the electroactive species at the electrode surface [22]. Furthermore, and according to ASTM
D 523 [23] regulations, we observed that the deposits obtained with the addition of
the extracts were matt. However, when adding different concentrations (1.2; 1.4 and
1.6 g/l) of BE, the deposits were semi-gloss. In addition, all measured thicknesses
were in agreement with ASTM A879 and ASTM B633 [24].
7.2 Potentiodynamic polarization measurement
The corrosion resistance of the electrodeposited mild steel was tested in seawater at 298 K to evaluate the effect of adding extracts to the chloride baths. The
electrochemical parameters such as Ecorr, icorr and CR are collected in Table 4 for
MDE, Table 5 for EAE and Table 6 for BE.
From Tables 4–6, it can be seen that the addition of the investigated extracts as
additives gave rise to significant decreases in current densities as well as the corrosion
rate compared to the sample obtained without extracts addition. This indicates that
the studied extracts strongly modified the quality of the deposit producing coatings
more resistant to corrosion and therefore lessening the formation of biofilms, which
represent one of emerging contaminants. It is also noted that the dependence of the
C (g/l)

Mass deposited (g)

Thickness (μm)

Adhesion

Brightness (GU)

Without extracts

0.0423

15

+

Matt 05.30

1

0.0248

8.67

+

Matt 14.15

1.2

0.0395

13.92

+

Matt 02.30

1.4

0.0424

15.12

++

Matt 01.75

1.6

0.0481

17.15

++

Matt 19.10

Table 1.
Mass, thickness, brightness and strength adhesion of the deposited zinc layer in the presence of MDE.

C (g/l)

Mass deposited (g)

Thickness (μm)

Adhesion

Brightness (GU)

Without extracts

0.0423

15

+

Matt 05.30

1

0.0450

15.99

++

Matt 08.60

1.2

0.0551

19.60

++

Matt 14.65

1.4

0.0477

16.20

++

Matt 19.40

1.6

0.0366

12.11

+

Matt 09.70

Table 2.
Mass, thickness, brightness and strength adhesion of the deposited zinc layer in the presence of EAE.
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Cencentration (g/l)

Mass deposited (g)

Thickness (μm)

Adhesion

Brightness (GU)

Without extracts

0.0423

15

+

Matt 05.30

1

0.0467

16.10

++

Matt 13.40

1.2

0.0685

24.83

++

Semi bright 32.85

1.4

0.0405

14.36

++

Semi bright 31.45

1.6

0.0393

13.40

+

Semi bright 31.75

Table 3.
Mass, thickness, brightness and strength adhesion of the deposited zinc layer in the presence of BE.

C (g/l)

-Ecorr (V/SCE)

icorr (mAcm−2)

CR (mm/y)

Without extract

/

923.8

0.6514

9.791

With extract

1

1064.4

0.4653

5.442

1.2

1176.4

0.3220

4.840

1.4

1095.3

0.1427

2.145

1.6

1136.4

0.1411

1.650

MDE extract

Table 4.
Polarization parameters for corrosion of electroplated mild steel without and with different concentrations of
MDE at 293 K.

C (g/l)

-Ecorr (V/SCE)

icorr (mAcm−2)

CR (mm/y)

Without extract

/

923.8

0.6514

9.791

With extract

1

787.8

0.000967

0.01131

1.2

159.2

0.000184

0.002158

1.4

699.2

0.000347

0.005219

1.6

618

0.005706

0.06674

EAE extract

Table 5.
Polarization parameters for corrosion of electroplated mild steel without and with different concentrations of
EAE at 293 K.

density of the corrosion current and the additive concentration in the electroplating
bath was not linear, probably due to the fact that in each electroplating process there is
an optimum additive concentration, whereby the deposit quality is the best [25].
7.3 Gravimetric measurements
Figure 1 shows the corrosion rate curves of the mild steel in the absence and in
the presence of optimal concentrations of Taxue baccata extracts used as additives
during their immersion in seawater for one month.
Table 7 gathers the values of the corrosion rate in the absence and in the presence of optimal concentrations of Taxue baccata extracts tested separately as
additives in zinc baths.
The examination of Table 7 and Figure 1 displayed a better corrosion resistance
for all plated samples in the presence of optimal concentration of extracts as additives than those plated in their absences. Furthermore, the plated sample without
additives recorded a corrosion rate value of 0.0052 (mg cm−2 h−1) during one month
of immersion time in seawater. In contrary, the corrosion rate values for plated
specimens with additives were in the range of 0.0025 and 0.0018 mg cm−2 h−1.
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C (g/l)

-Ecorr (V/SCE)

icorr (mAcm−2)

CR (mm/y)

Without extract

/

923.8

0.6514

9.791

With extract

1

1107.6

0.2283

3.431

1.2

1076.4

0.1287

1.933

1.4

1143.6

0.2631

3.955

1.6

1124

0.3574

5.371

BE extract

Table 6.
Polarization parameters for corrosion of electroplated mild steel without and with different concentrations of
BE at 293 K.

Figure 1.
Variation of the corrosion rate versus exposure time for unplated and zinc plated mild steel samples without
and with optimal concentration of MDE, EAE and BE.

Substrate

C (g/l)

Time
(Days)

5

10

15

20

25

30

Unplated

/

0.015

0.0077

0.0054

0.0057

0.0059

0.0056

Blank

/

CR (mg/
cm2.h)

0.0072

0.0061

0.0052

0.0054

0.0053

0.0052

Plated with
MDE

1.6

0.0039

0.0043

0.003

0.0026

0.0028

0.0025

Plated with
EAE

1.2

0.0035

0.003

0.0026

0.003

0.0027

0.0023

Plated with
BE

1.2

0.0033

0.0024

0.002

0.0019

0.0021

0.0018

Table 7.
Corrosion parameters obtained from weight loss measurements of the electroplated mild steel using optimal
concentrations of MDE, EAE and BE.

The obtained values of corrosion rate for the specimen plated in the presence of 1.6
g/l of MDE and 1.2 g/l of EAE and BE were lower than the others. This ascertainment is in good agreement with that obtained from potential polarization.

8. Conclusion
As part of the challenge against emerging contaminants, the use of three extracts
obtained from Taxus baccata as additives in electrdeposition of zinc was evaluated.
The obtained results leads to the following points:
7
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1. Electroplating results showed that all extracts can be used as wetting and
leveling additives.
2. In addition to being wetting and leveling the BE can also be regarded as
brighteners at a well-defined concentration.
3. Samples coated in the presence of different concentrations of Taxus baccata
extracts, in particular the EAE, exhibited a higher corrosion resistance than
that coated in their absence, and therefore they can minimize the emerging
contaminants in seawater.
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