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A B S T R A C T

Two stainless steel anodes, AISI 420 and AISI 310, and pure iron were compared in an electrocoagulation study
for the simultaneous removal of phosphates, Orange II and Zinc ions from a synthetic wastewater at a current
density of 11.7 mA cm–2 and a surface area to volume ratio of 19.4 m–1. High removal efficiencies were observed
with AISI 420 and pure iron, reaching values between 88% and 99%, while significantly lower values, ap-
proximately 30%, were obtained with AISI 310. The AISI 310 performed well in the removal of Zn2+ due to its
removal as Zn(OH)2. The variations in the performance of the steel anodes were attributed to the lower chro-
mium content of the AISI 420, which gives less passive behaviour. This was supported using polarisation data,
where a 10–fold increase in the corrosion current was obtained for AISI 420 compared to AISI 310. Furthermore,
Cr(VI) was observed in the solution phase when AISI 310 was employed as the anode, illustrating the importance
of the alloying concentrations. While rust particles were seen during the non–continuous use of the iron anode,
they were not observed with the AISI 420 anode.

1. Introduction

In recent years, as environmental regulations concerning waste-
water become more stringent electrochemical technologies, particularly
electrocoagulation, have become increasingly important and have re-
ceived considerable attention [1–3]. In electrocoagulation, sacrificial
anodes are employed and these usually involve iron or aluminium. As
iron anodes are dissolved, Fe2+ ions are produced, while hydroxide
ions and hydrogen gas are generated at the cathode in the cell [1], Eq.
1. An increase in the OH– concentration causes an increase in the so-
lution pH and this results in the formation of various iron hydroxide
species, including the insoluble Fe(OH)2. Also, Fe3+ cations are elec-
trochemically generated when the anode reaches high potentials, while
in the presence of dissolved oxygen, the Fe2+ ions are oxidised to Fe3+

ions to give insoluble Fe(OH)3. It is generally accepted that the Fe3+

cations favour the coagulation–flocculation process [1].

H2O + 2e– → 2OH– + H2(g) (1)

Electrocoagulation has been used to remove a large number of
pollutants, including phosphates [4–6], nitrates [7], organic dye mo-
lecules [8,9], arsenic [7], chromium (VI) and fluoride [10] and heavy
metal ions [11]. The removal of these species has been explained in
terms of the adsorption of the pollutant on the iron hydrolysed

products, mainly Fe(OH)3, adsorption of the pollutant species onto
charged iron hydrolysis products, Fe(OH)n3–n, or the incorporation of
the pollutant ions in the iron hydroxide–containing precipitates and
hydrolysis products. The electrocoagulation process, and consequently
the rate of removal of the pollutant, depends on the experimental
conditions employed, including current density, the composition and
arrangement of anodes and cathodes, flow rate of contaminated water,
to concentration of the pollutant, the ionic nature and charge of the
dissolved pollutants and the conductivity, composition and pH of the
solution [1,12]. More recently, electrocoagulation has been employed
in the microbial decontamination of water [13], illustrating its poten-
tial applications in water disinfection.

Electrocoagulation is ideally suited to small–scale or localised water
treatment technologies and sometimes these are preferred to large–s-
cale centralised facilities and especially in developing countries, where
the supply of clean water is essential [14]. A localised plant has reduced
costs and energy consumption compared with larger infrastructures and
because of the low energy demand it can be coupled easily with a re-
newable energy source, such as solar or wind energy. Electrocoagula-
tion has the added advantage that the metal cations are introduced
in–situ rather than by external dosing, which is the case with chemical
coagulation, and this prevents secondary pollution. Moreover, electro-
coagulation is characterized by simple and easy to operate equipment,
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short operation times, none, or negligible amounts of chemicals and low
sludge production, compared to chemical coagulation.

Most of the electrocoagulation studies have focussed on iron and
aluminium anodes, however stainless steel anodes have been employed
in the removal of Cr(VI) [15], in the treatment of textile wastewaters
[16,17], naphthalene compounds [18] and nitrophenol [19]. While
pure iron is efficient in terms of anode dissolution and it is employed
widely in electrocoagulation applications, some limitations in its use
have been identified. For example, Chen and co–workers [20,21], and
other authors [22,23], have reported the development of a yellowish
colour at the end of the treatment, affecting the quality of the water.
This yellowish colour has been attributed to the presence of fine par-
ticles of rust.

In this study stainless steel anodes were employed with the intention
of avoiding this negative effect of rust. Two stainless steel alloys were
selected, AISI 420 and AISI 310. These differ in terms of the chromium
alloying concentration. The presence of chromium facilitates the for-
mation of a protective or passive film, that prevents or minimises the
formation of rust. However, this passive film will also limit the rate of
dissolution and the production of Fe2+ and Fe3+. Therefore, this study
was focussed on determining an appropriate chromium concentration
level that will limit the formation of rust but not inhibit significantly the
dissolution of the anode. Two stainless steel alloys were compared with
iron in the simultaneous removal of phosphates, Orange II and Zn2+

ions from two synthetic wastewaters. These synthetic samples were
chosen as they contain some of the ions most commonly found in
wastewater. The two solutions differ in the chloride concentration and
conductivity, and represent lower and elevated chloride levels that are
typically found in water samples. These are two important parameters
in electrocoagulation, as the solution conductivity and chloride con-
centration affect the rate of dissolution of the anode [1].

2. Experimental

All chemicals were supplied by Sigma–Aldrich®. The electro-
coagulation tests were carried out in two synthetic wastewaters, sww1
and sww2, Table 1, which were formulated from the OECD synthetic
sewage [24]. The iron and stainless steel alloys were supplied by
Goodfellow© with the following compositions: AISI 420 (13–14% Cr;
1% Mn; 1% Si; 0.3% C; and balance Fe) and AISI 310 (24–26% Cr;
19–22% Ni; 2% Mn; 1.5% Si; 0.25% C; balance Fe). The samples used in
the electrocoagulation tests were abraded with water lubricated
Buehler® silicon carbide paper (Grit P 320 to P 2500), washed with
deionised water and dried in a stream of air. The electrocoagulation
tests were carried out using a steel cathode (AISI 310) and Fe, AISI 310
or AISI 420 as the anode at room temperature. A schematic of the cell is
shown in Fig. 1, where a reference electrode was added to monitor the
potential of the cell. The distance between the anode and the cathode
was maintained at 1 cm. A constant current density of 11.7 mA cm–2

was used, the ratio of the surface area to the volume of solution, SA/V,
was 19.4 m–1 and the solution was agitated. Samples were taken and
allowed to settle for 15min. Then the supernatant was filtered with
Whatman™ filter paper (pore size 11 μm) and the solution was analysed
for the presence of phosphate, Orange II and Zn2+. All experiments
were repeated at least three times and this is indicated by the n value
provided in the figure captions.

A Unicam Thermo Spectronic® UV 540 double–beam spectrometer

was used to determine the concentrations of phosphate and Orange II.
The phosphate concentration was measured using the vanadomolybdo-
phosphoric acid colorimetric method [25] at 470 nm, while the Orange
II was monitored at 485 nm. The phosphate and Orange II concentra-
tions were obtained by solving the simultaneous linear equations given
in Eq. (2). Here, A470 and A485 are the absorbance values of the mixture
at 470 nm and 485 nm, ε p

470 and ε p
485 are the extinction coefficients of

phosphate at 470 and 485 nm computed from the spectrum of pure
phosphate. Likewise, ε o

470 and ε o
470 are the extinction coefficients of Or-

ange II at 470 nm and 485 nm computed from the spectrum of the
Orange II, while Cp and Co are the concentrations of phosphate and
Orange II, respectively.
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= +
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The concentrations of Zn2+ were obtained using atomic absorption
spectroscopy (AA) with a Perkin Elmer Analyst 200 AA spectrometer.
The standard solutions were prepared by dissolving metallic zinc in
HNO3.

The passive behaviour of the anodes was studied using polarisation
experiments in a three–electrode cell with a saturated calomel reference
electrode, a high surface area platinum wire and the iron or steel alloys
as the working electrode. The electrodes were prepared and set in a
Teflon® holder with epoxy resin. Electrical contact was made using a
copper wire, which was threaded to the base of the sample. The exposed
electrode surface was abraded on a Buehler® Metaserve grinder polisher
with water lubricated Buehler® SiC grinding papers to a 2500 grit finish
and then polished with successively finer grades of Buehler® MetaDi
monocrystalline diamond suspensions ranging from 30 to 1 μm on
Buehler® polishing microcloths. The electrodes were rinsed with deio-
nised water and ethanol, sonicated in a Branson 1510 ultrasonic bath
and dried in a stream of air. The electrodes were polarised from 300mV
below the corrosion potential, Ecorr, at 1.0 mV s–1. Optical micrographs
were recorded using an Olympus® B×51M microscope at different
magnifications in a dark–field mode. The micrographs were collected
with a CCD camera (Leica DFC 2280 digital camera) and Olympus® DP
version 3.2 software.

The concentrations of Fe2+ and Fe3+ were estimated using a stan-
dard addition method. Rotating disc voltammetry (RDV) measurements
were recorded with an EG&G, Model 636, rotating disc electrode

Table 1
Composition of the electrolyte solutions, sww1 and sww2, pH=5.0.

CaCl2.2H2O
g L–1

MgSO4.7H2O
g L–1

NaCl
g L–1

PO4–P
mg L–1

Orange II
mg L–1

Zn2+

mg L–1
κ
mS m–1

sww 1 0.4 0.2 0.7 500 50 100 3.7
sww 2 0.4 0.2 7.0 500 50 100 14.4

Fig. 1. Schematic illustrating the anode/cathode (WE/CE) electrocoagulation
cell employed with a reference electrode (RE).
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following a 45–min electrocoagulation period, which was recorded in a
simple 4.2mM NaCl solution with no pollutants with an initial pH of
5.0 and a current density at 11.0mA cm–2. The solution was then
acidified with 1.0M H2SO4 in order to have complete dissolution of the
iron flocs. All solutions were deoxygenated with nitrogen to prevent the
oxidation of Fe2+ to Fe3+. The RDV measurements were recorded at
10mV s–1 at a rotation speed of 3000 rpm between –0.20 V and 1.2 V vs

SCE.

3. Results and discussion

3.1. Removal of phosphates, Orange II and zinc ions

The residual concentrations of phosphate, PO4–P, plotted as a
function of the electrocoagulation period in sww1 and sww2, are
compared for pure iron, AISI 310 and AISI 420 electrodes in Fig. 2. It is
apparent that the removal efficiency of AISI 310 is considerably lower
than that observed with pure iron or AISI 420. The removal efficiency in
sww1, over a 60min period, was calculated as 92% for iron, 86% for
AISI 420 and 37% for AISI 310. Again, in sww2, the highest removal
efficiency is observed with pure iron and the AISI 420 electrodes. The
rate of removal of the phosphates, d[PO4–P]/dt, can be described by Eq.
(3) and the corresponding pseudo first–order plots are presented in Fig.
2(b) and (d). The linear plots show that the removal of the phosphates
follows first–order kinetics during the early stages of removal. The re-
moval efficiencies and pseudo first–order rate constants, k, are sum-
marised in Table 2, where it is evident that there is a significant var-
iation in the two stainless steel electrodes. The removal efficiencies for
the AISI 420 and iron electrodes are similar in sww1 and sww2, in-
dicating that the higher chloride concentration and the higher con-
ductivity of the sww2 solution has little effect on the dissolution of the
electrodes. The conductivity and chloride concentration have more
influence on the performance of AISI 310, with the rate constant

Fig. 2. Residual concentrations of PO4–P for ● AISI 310, ○ pure iron and ♦ AISI 420 electrodes plotted as a function of the electrocoagulation time in (a) sww1 and
(c) sww2 and the logarithm of the PO4–P concentration plotted as a function of time in (b) sww1 and (d) sww2.

Table 2
Removal efficiencies (η), at 60min for phosphate and 30min for orange II and
Zn2+, and rate constants (k) for iron, AISI 410 and AISI 310 in the removal of
phosphate, orange II and Zn2+.

Anode Pollutant sww1 sww2

η / % k / min–1 η / % k / min–1

Phosphate
Fe 92 0.076 92 0.076
SS420 86 0.060 88 0.064
SS310 37 0.011 42 0.020

Orange II
Fe 98 0.126 99 0.130
SS420 98 0.120 99 0.132
SS310 29 0.009 30 0.010

Zn2+

Fe 99 0.277 99 0.336
SS420 99 0.208 99 0.327
SS310 92 0.126 98 0.133
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increasing from 0.011min–1 to 0.020min–1 on replacing sww1 with
sww2.

− = −d P
dt

k P[PO ] [PO ]4
4

x
(3)

The residual concentrations of Orange II in the sww2 solution,
plotted as a function of the electrocoagulation time, are shown for pure
iron, AISI 310 and AISI 420 in Fig. 3(a), while the removal efficiencies
and rate constants are summarised in Table 2. The corresponding
pseudo first–order plots are shown in the inset. After 30min, the ob-
served concentrations of Orange II are 0.5, 0.7 and 34mg L–1 for pure
iron, AISI 420 and AISI 310, respectively. Again, the removal of Orange
II is efficient with pure iron and AISI 420, while poor removal is seen
with AISI 310. The removal efficiencies calculated following a 30min
electrocoagulation period are similar in the sww1 and sww2 solutions,
however the rate constants are higher in the sww2 solution, indicating
that the variations in the conductivity and chloride concentration have
some influence on the removal of Orange II, Table 2. Similar plots are
shown in Fig. 3(b) for the removal of Zn2+ ions, where the residual
concentration of Zn2+ is plotted as a function of the electrocoagulation
time and the corresponding logarithmic plots are presented in the inset.
The removal of Zn2+ ions is fully attained in 30min for all three
electrodes. However, the rate of removal is somewhat slower with the
AISI 310 electrode, Table 2.

The formation of rust was observed at the iron electrode when it was
immersed under open–circuit conditions and this resulted in the for-
mation of a yellowish colour in the treated synthetic wastewater, in
good agreement with previous reports [20–23]. This was not observed
with the AISI 420 or AISI 310 anodes.

3.2. Polarisation behavior of iron and stainless steel anodes in sww1 and
sww2

The electrochemical behaviour of AISI 310, AISI 420 and pure iron
was studied using polarisation tests in the multicomponent media,
sww1 and sww2. Representative polarisation plots, together with the
corresponding micrographs, are shown in Fig. 4 for AISI 310, in Fig. 5
for AISI 420 and in Fig. 6 for pure iron. It is clear that the composition
of the solution has a significant effect on the initiation, propagation and
repassivation of pits in the case of AISI 310. In sww1, a passive current
density of approximately 2.0× 10–6 A cm–2 is seen and this extends to
high potentials to give an extended passivation region. The corrosion
current was computed using the Tafel equation as 1.1×10–6 A cm–2. As
the chloride concentration is increased in sww2, breakdown of the

passive film is seen at about 0.15 V vs. SCE. The surface morphology is
shown in Fig. 4(b) and (c), where the micrographs were recorded fol-
lowing the polarisation plots. Pits reaching diameters of approximately
37 μm are evident in sww1, while a higher density of pits, reaching
diameters of about 50 μm are observed in sww2, consistent with more
dissolution in sww2. This enhanced dissolution in sww2 is apparent in
the removal of Orange II and the phosphates, Table 2, where the rate
constants and efficiencies are higher in sww2 when the AISI 310 anode
is employed.

The polarisation behavior of AISI 420, Fig. 5, is very different. The
corrosion current is higher, at 1.0× 10–5 A cm–2. Furthermore, dis-
solution is seen at potentials that are only slightly higher than the
corrosion potential, Ecorr, between –0.61 V and –0.40 V vs. SCE, in-
dicating that the passive film has relatively poor protective properties.
The breakdown potential, corresponding to the onset of pitting attack,
is seen at –0.088 V vs. SCE in sww2 and at a slightly higher potential of
0.112 V vs. SCE in sww1, where the chloride concentration is lower.
Irregular–shaped pits are evident at the end of the polarisation cycle.
The polarisation curves shown for pure iron, Fig. 6, show no evidence of
passive film formation with dissolution at potentials close to Ecorr. The
corrosion currents, are nearly identical at 3.1× 10–5 A cm–2 in sww1
and 2.9×10–5 A cm–2 in sww2. The accompanying micrographs show
little evidence of large pits, with more general–like dissolution observed
in both solutions. This is consistent with the data presented in Table 2,
where there is little change in the rate constants when the sww1 and
sww2 solutions are compared.

On comparing the polarisation curves to the removal efficiencies
and rate constants, Figs. 2, and 3 and Table 2, it is clear that poor
removal is associated with the formation of a passive film that limits
dissolution and this is particularly apparent with AISI 310. The removal
of phosphates will depend on the rate of dissolution of the anodes and
the production of Fe2+ and Fe3+, where Fe2+ is oxidised to Fe3+ [26].
Good removal of Zn2+ is seen with both steel alloys and this suggests
that the main removal mechanism is the precipitation of Zn(OH)2 due
to the increase in the solution pH at the cathode in the cell. As the
Orange II has an anionic SO3– group, there may be some complexation
between the dye and Zn2+ ions. However, as the Zn2+ ions are removed
as Zn(OH)2, due to the availability of the OH– ions generated at the
cathode, the shift in equilibrium should favour the un-complexed dye
molecule. As a result, the Orange II will be involved in electrostatic
interactions with the Fe(OH)n3–n species facilitating its removal by
surface complexation and adsorption. In addition, Patel et al. [27] at-
tributed the removal of azo dyes to the cleavage of the azo bond,

Fig. 3. Residual concentrations for● AISI 310,○ pure iron and ♦ AISI 420 plotted as a function of the electrocoagulation time in sww2 in (a) Orange II and (b) Zn2+

(n=3). Inset shows the corresponding logarithmic plots.
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brought about by the Fe2+ ions released from the electrode which act as
a reducing agent. As the AISI 310 anode is more passive it will adopt
higher potentials in order to deliver the required current and conse-
quently Fe3+ ions are likely to be generated, giving rise to particularly
poor removal as cleavage of the azo bond in not achieved. While a
passive film is formed with AISI 420, the relatively high passive current
density of 3× 10–5 A cm–2 and the early onset of dissolution as the
breakdown potential is reached gives the AISI 420 alloy removal effi-
ciencies that come close to the values obtained with the pure iron
system, while limiting the formation of rust.

3.3. Anode dissolution and release of chromium

As shown in Fig. 4 for the AISI 310 system, the current begins to
increase at potentials above 0.90 V vs. SCE and this may be connected
with trans–passive dissolution and the transformation of Cr(III) to the
thermodynamically favoured soluble species, HCrO4

–, Cr(VI), giving
rise to secondary pollution. Indeed, the presence of Cr(VI) was detected
following the electrocoagulation treatment. Fig. 7 shows the UV–Vis
spectrum of a representative sample. The coagulants and any sludge
were removed and the solution was acidified to convert all the re-
maining chromium to the soluble chromium species, Cr(VI). The two
characteristic absorption peaks for Cr(VI) at 260 nm and 370 nm are
clearly evident [28], indicating its presence in the treated solutions. No
Cr(VI) was detected following the electrocoagulation studies with AISI

420. This alloy also contains chromium however the more active dis-
solution will remove any Cr(VI) generated. Several studies have been
reported on the removal of chromium by electrocoagulation [15,29].
The reduction of Cr(VI) to Cr(III) is facilitated by the generated ferrous
ions, Eq. 4, and then the Cr(III) is removed as Cr(OH)3. Due to the low
concentration of Fe2+ ions dissolved from the AISI 310 anode, the
hexavalent chromium, Cr(VI), remains in both synthetic wastewaters,
however if any Cr(VI) is released with the AISI 420 anode, this is re-
moved as a sufficient concentration of Fe2+ is generated. Furthermore,
as AISI 420 is less passive and dissolves more readily, dissolution is
achieved at lower anode potentials and the alloying chromium is lar-
gely maintained in the solid state.

+ + → + +− + + + +CrO 8H 3Fe Cr 3Fe 4H O4
2 2 3 3

2 (4)

3.4. Dissolution and the generation of Fe(II) and Fe(III)

The standard reduction potentials for the Fe3+|Fe and Fe2+|Fe
couples are −0.04 V and −0.44 V vs. SHE, respectively. These ther-
modynamic values predict that the Fe2+ ions are formed at lower ap-
plied potentials, while the Fe3+ ions are generated at higher potentials.
In order to determine if the oxidation state of the electrogenerated iron
species is linked with the variations in the performance of the two steel
alloys, the concentrations of Fe2+ and Fe3+ obtained on electro-
coagulation were estimated. The concentrations of the Fe2+ and Fe3+

Fig. 4. (a) Polarisation curves for AISI 310 electrode in ––– sww 1 and – – – sww 2 at 1 mV s–1 and micrographs of AISI 310 in (b) sww2 and (c) sww1.

Fig. 5. (a) Polarisation curves for AISI 420 in ––– sww 1 and – – – sww 2 at 1mV s–1 and micrographs recorded in (b) sww2 and (c) sww1.
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ions dissolved from the steel anodes were monitored using rotating disc
voltammetry. In Fig. 8(a) a rotating disc voltammogram is shown at a
rotation rate of 3000 rpm for the solution obtained following electro-
coagulation with AISI 420 in a simple 4.2 mM NaCl solution, without
the addition of pollutants (dashed trace). All solutions were thoroughly
deoxygenated and maintained under an atmosphere of nitrogen to
prevent the oxidation of Fe2+ to Fe3+. This voltammogram is compared
to the data obtained on addition of Fe2+ and Fe3+ to the solution,
where the arrows indicate the direction of increasing concentrations.
Oxidation of Fe2+ to Fe3+ is evident between 0.90 V and 1.2 V vs. SCE,
while the reduction of Fe3+ to Fe2+ occurs at about –0.20 V vs. SCE.
Well defined limiting currents are seen. The concentrations of the Fe2+

and Fe3+ ions following the electrocoagulation experiment were mea-
sured by the standard addition method [30]. Serial increments of the
standard (Fe2+ or Fe3+), Vs, were added to a constant volume, Vx, of
the solution. The linear response is expressed by Eq. 5, where Vx and Vs

are the volumes and Cx and Cs are the concentrations of the unknown
and the standard, respectively, N is the multiple units of addition, k is a
proportionality constant and IL is the limiting current. By plotting, the
entire left hand side of Eq. 5, as Y, as a function of N a straight line
relationship with an intercept, b, and a slope, m, is obtained, and the
unknown concentration, Cx, is calculated using Eq. 6.

+ = +V NV I kV C kV C N( )x s L x x s s (5)

=C bV C
mVx

s s

x (6)

A typical standard addition plot for Fe2+ is presented in Fig. 8(b)
indicating good linearity. In Table 3 the concentrations of Fe2+ and
Fe3+ obtained are shown and compared to the theoretical total ion
concentration. The theoretical iron concentrations were computed
using Faraday’s law by considering a two– or three–electron transfer

Fig. 6. (a) Potentiodynamic polarisation curves recorded at 1mV s–1 for pure iron electrode in ––– sww1 and – – – sww2 and micrographs recorded in (b) sww2 and
(c) sww1.

Fig. 7. UV–Vis spectrum recorded in sww2 following a 30–min electro-
coagulation period using AISI 310 as the anode.

Fig. 8. (a) Rotating disc voltammograms recorded at 10mV s–1 and 3000 rpm
with the addition of increasing Fe2+ and Fe3+ concentrations, (b) standard
addition plot for Fe2+ where Y = (Vx +NVs)IL.
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reaction. Taking into account the composition of the stainless steel
electrode, the amount of iron is expressed by Eq. 7.

⎜ ⎟= ⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

m It
F

W
Z

fFe
Fe

Fe
Fe (7)

In this analysis, mFe is the mass of iron, I is the current, t is the time,
F is Faraday’s constant, WFe is the atomic weight of iron, ZFe is the
valence of iron (Z= 2 or Z= 3) and fFe is the mass fraction of iron in
the alloy. By comparing the concentrations obtained using the experi-
mental and theoretical analyses, Table 3, it is clear that good agreement
is achieved using the Fe2+ species. Furthermore, a higher concentration
of Fe2+ compared to Fe3+ is obtained experimentally. This suggests
that Fe2+ ions are mainly produced on oxidation of the AISI 420
electrode. A similar analysis was performed with AISI310, however in
this case, a much lower FeTOT value was obtained, estimated at 4.8mM
and most of the iron was present as Fe3+, with Fe2+ at 0.5mM and
Fe3+ at 4.3 mM. The generation of lower amounts of dissolved iron is
consistent with the poor removal efficiencies evident in Figs. 2 and 3,
the polarisation data presented in Fig. 4 where AISI 310 is easily pas-
sivated, while the presence of Cr(VI) in solution can be explained in
terms of the low concentration of Fe2+. Furthermore, the low con-
centration of Fe2+ generated on dissolution of AISI 310 is consistent
with the participation of Fe2+ in the reduction of azo dye molecules
[27].

4. Conclusions

The results of this study show that AISI 420, a stainless steel alloy
with 13–14% Cr as an alloying component, dissolves to give relatively
high concentrations of Fe2+. It has good efficiencies for the removal of
phosphates, an organic dye molecule and Zn2+ ions and comes close to
the efficiencies of pure iron, while limiting the formation of rust.
However, on increasing the chromium content with the AISI 310 alloy,
the removal efficiency was reduced considerably, the anode adopted
higher potentials to give the required current and this in turn gave rise
to trans–passive dissolution and secondary pollution by Cr(VI). This
comparison clearly illustrates that the composition of steel alloys and in
particular the chromium concentrations, are particularly relevant in
electrocoagulation.

While AISI 420 compares well with pure iron, it is more expensive
than iron. However, it is widely used in the oil and gas production
industry and it is considerably cheaper than the highly corrosion re-
sistant steel alloys. Given that it is stable and not consumed when the
electrocoagulation unit is not in use, then it should function longer than
iron, bringing the final costs closer. The simple schematic shown in
Fig. 1, can be easily scaled up to include multiple anodes/cathodes that
facilitate the flow of water through the unit, making it suitable for
small-scale water treatment facilities.
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