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Aluminum (Al) coatings were deposited on 15CDV6 steel substrates using the electrophoretic deposition (EPD)
process and pure propan-2-ol solvent. Key parameters in EPD process are the followings: solvent, additives,
deposition conditions, electrical field, cell geometry. Herein, the influence of the applied electric field (0-60
ch’l) and the deposition time (0-20 min) was precisely studied as a function of the deposition rate. A uniform
and porous Al particle coating was targeted and obtained. Control of the deposit thickness with conservation of
the microstructure was possible over a large range of electric fields and deposition times. No thickness limitation
was observed in the investigated range of deposition times and electric fields without the need of any added ionic
species. Besides, voltage measurements showed that the electric field over the suspension during the EPD process
remains high, allowing continuous migration of Al particles to the coated electrode. Overall, the EPD process

turned out to be an efficient way to adjust the deposit thicknesses up to 200 pm.

1. Introduction

Electrophoretic deposition studies started to appear during the XIX
century. This process was first patented in 1933 by Harsanyi [1]. The
patent concerned the electrophoretic deposition of tungsten and
thorium oxide particles onto a platinum substrate.

Among all deposition techniques, the electrophoretic deposition
(EPD) process displays numerous advantages, such as a low operating
cost, relatively simple equipment and the ability to deposit uniformly
onto complex parts [2]. EPD is an efficient process for the elaboration of
homogeneous thickness and adjustable microstructure coatings on
conductive substrates [3]. EPD can be used with a wide variety of par-
ticles: ceramic [4], metallic [5], graphite [6], graphene [7], carbon
nanotube [8] and polymer particles [9].

In the literature, studies relative to metallic particle-based systems
have been less reported than ceramic particle-based systems [10,11].
However, metallic materials can offer additional properties, such as
magnetic, optical, electrical, catalytic, thermal, and mechanical prop-
erties [12-14]. Metallic particle deposits shaped by EPD reported in the
literature include several metals such as gold [15,16], silver [17],
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platinum [5], nickel [18], titanium [19], iron [18], niobium [20] and
aluminum [21]. Among these metal particles, aluminum (Al) particles
exhibit peculiar properties: atmospheric corrosion resistance, high
thermal and electrical conductivities, good mechanical properties for
structural applications, and optical properties associated with a low
density.

Many applications can take benefit of EPD deposition technique. The
literature reports studies on the EPD of Al powder on magnesium alloys
to enhance corrosion resistance [22,23] while maintaining a low density
for lightweight structures [24-26]. Other studies have focused on the
deposition of Al deposits to act as an intermediate catalyst carrier
coating [27,28]. The fabrication of hydrophobic materials for water—oil
separation by the EPD of Al nanoparticles on stainless steel mesh has
also been reported [29]. The preparation of energetic materials — often
referred to as nanothermites or metastable interstitial composites (MICs)
— is also a field of investigation. MICs are prepared either by codepo-
sition using EPD of Al nanoparticles with another type of nanoparticle,
such as ZnO [30], CuO [31], FesO3 [32] or MoOs [33], or by coating
nanostructures [34] with Al nanoparticles (composites). Investigations
on MIC preparation represent the main contribution of the last 10 years
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of publications of all publications relative to the EPD of Al particles.

From a “process” point of view, studies generally reported the use of
organic solvents for the preparation of Al powder suspensions (Fig. 1).
This kind of solvent is advantageous for the EPD process because a
significant voltage range can be investigated while avoiding water
electrolysis and bubble formation at the electrodes. Moreover, metals
such as Al present a high reactivity towards aqueous media. Thus, the
choice of alcohols as dispersing media turns out to be more suitable.
Indeed, even though the EPD of Al powder in alkaline aqueous media
without organic resins has been reported [26], it leads to significant
corrosion of the particles and important hydrogen development. These
parasite reactions lead to the formation of defects in the deposits.
Corrosion of the Al particles also induces a substantial increase in the
ionic concentration in the suspension, which is known to be detrimental
to the suspension stability and the EPD process. For these aforemen-
tioned reasons, organic solvents are preferred for such applications.
Among organic solvents, alcohol-based solvents, such as ethanol and
propan-2-ol, are widely reported in the literature, as shown in Fig. 1.

The EPD of Al powder is mostly carried out in ethanol media, as
shown in Fig. 1 [25,27,35]. Nevertheless, the direct EPD of Al particles
from a pure ethanol suspension is not possible [27], regardless of the
applied voltage value [36]. Therefore, the addition of a cosolvent
(acetylacetone [29], nitromethane) and/or ionic dispersants (poly-
electrolytes, salts, acids) is necessary to obtain an Al particle deposits.

To compare with, the use of propan-2-ol-based suspensions is less
referenced in the literature. Only a few studies mentioned the use of
propan-2-ol as a base solvent for the EPD of Al powder [37]. The use of
pure propan-2-ol, unlike pure ethanol, has been reported [36] to allow
deposition to occur. However, the addition of a cosolvent, such as
nitromethane [38], acetone [39], and acetylacetone [30], and/or
polyelectrolytes, such as polethyleneimine [30,33], is sometimes found.
However, to the best of our knowledge, no study evaluating the influ-
ence of the deposition time or the applied electric field on deposit
properties (thickness, porosity, etc.) has been performed in pure
propan-2-ol media. As no further addition of ionic dispersants is needed,
the use of pure propan-2-ol could be interesting in obtaining thick de-
posits. Indeed, the thickness limitation in the EPD process is generally
attributed to the presence of charging agents in the suspension leading
to a high potential drop at the deposition electrode [40].

In this study, the feasibility of EPD from pure propan-2-ol suspen-
sions without any other additives was evaluated. It has been shown that
Al coatings were obtained from pure propan-2-ol suspensions, following
a linear behavior with the increase of thickness as a function of the
deposition time and the applied electric field. The deposits are porous,
homogeneous and adherent with a voltage- and time-independent
microstructure.

Organic resin in Methanol
aqueous media 5%

13%
Ethanol
53%

Fig. 1. Pie chart representing partitioning of base solvents used in the literature
for EPD of Al powder.

Aqueous
3%

Others organic
solvents
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Acetone
13%
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10%
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2. Materials and methods
2.1. Materials

The substrate is a low-carbon 15CDV6 steel for which the composi-
tion is detailed in Table 1. Al powder (99.7%) with a spherical shape and
an average size of 2 pm was provided by Toyal Europe Company.
Propan-2-ol (ACS reagent >99.8%) was purchased from Sigma Aldrich
(59,300 reference number) and used as received. To prepare the sus-
pensions, Al powder was added to propan-2-ol, stirred for 30 min and
sonicated for 20 min to disperse the particles. The Al particle concen-
tration of the suspension was 10 g L—!.

2.2. Powder analysis

To determine the size distribution of the Al powder, direct obser-
vation of the powder was performed with a MEB-FEG FEI Quanta 250
system. The oxide layer on the surface of particles was observed using a
JEOL JEM 2100F-EDS TEM system. Specific surface measurements were
performed with the one-point Brunauer, Emmett and Teller (BET)
technique with nitrogen. Powder was degassed during 1 h at 90 °C then
2 h at 200 °C. The XRD pattern was acquired with an RX D4-Bruker-AXS
diffractometer.

2.3. EPD process

EPD was performed in a two plane and parallel electrode cell (Fig. 2)
with the substrate as the working cathode, a platinized titanium mesh as
the anode and a 1050 aluminum wire as a quasi-reference. Distance
between electrodes was kept constant to 30 mm. The coating area was a
30 mm diameter circle. The electrodes were adapted on a dip-coater
setup to precisely control the withdrawal speed (10 mm min~') of the
substrate from the suspension. The electrical supply was a Keithley
2611A SourceMeter system. Current response measurements were per-
formed with an Agilent U1253B 4 % - Digit OLED handheld digital
multimeter (1 measure per second).

Deposition time was varied from 0 to 20 min for a constant electric
value of 10 Vem L. Applied electric field was set from 0 to 60 Vem ™! for
a 10 min deposit duration.

2.4. Voltage measurement with a quasi-reference

The voltage measured between the deposition electrode and the
1050A quasi-reference electrode was recorded with a 1010E Gamry
potentiostat interface, where the input impedance was greater than 10'2
Q. The quasi-reference electrode was placed 2 mm from the deposition
electrode. The method is schematized in Fig. 3.

Assuming that neither electrode exhibits polarization resistance and
that no voltage drop occurs at the counterelectrode, the cell applied
voltage is described by the following expression as a function of the
measured voltage:

Uapp =Upes + U:u:p (1)

where Uy, is the applied voltage (V), Unes is the measured voltage be-
tween the deposition electrode (V) and Uy, is the voltage drop over the
corresponding suspension section.

2.5. Suspension characterizations

Conductivity measurements were performed with a Mettler Toledo
Seven2Go Pro S7 conductivity meter with the conductivity probe “InLab
742-1SM”, especially for low conductivity range measurements. Zeta
potential and electrophoretic mobility measurements were performed
with a Nanosizer ZS 90 Malvern setup.
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Table 1
Chemical composition of 15CDV6 steel (range in weight %).
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Fig. 2. Schematic representation of the experimental deposition setup.
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Fig. 3. Schematic representation of the voltage measurement between the
deposition electrode (steel) and the quasi-reference electrode (1050A).

2.6. Deposit microstructure characterization

Microstructural observations were performed with scanning electron
microscopy with a field emission gun (SEM-FEG): MEB/FIB Helios 600i
—EDS. Thicknesses of the deposit were measured from SEM cross-section
observations.

Epoxy resin impregnation was performed under pressure in the de-
posits to make a contrast agent for porosity determination. Samples were
polished by using the Ar™ ion beam of a cross-section polisher device
(JEOL IB-19510 CP). Porosity measurements were performed by SEM
image analysis with ImageJ software.

3. Results and discussion
3.1. Al particle analysis

The XRD pattern of the commercial powder used for this study is
presented in Fig. 4 (A). All the peaks are indexed as the Al phase (JCPDS
04-0787 card).

As observed in Fig. 4 (B), the Al powder exhibits a volume distri-
bution corresponding to a mean diameter of approximately 2 pm. A dy50
of 1.8 pm is calculated. The specific surface area measured from gas
sorption analysis using the BET model is 1.9 + 0.1 m? g"\. This value is in
good agreement with the value of 1.8 m? g'! obtained for a 5 pm Al
powder according to Yang et al. [27]. The surface of Al is naturally
covered by a native oxide layer [41]. The thickness of the native oxide
layer on the particle surface was measured by TEM observation (Fig. 5).

As presented in Fig. 5, the Al particles are composed of two different
parts, a core and a surface oxide layer. The Al core is homogenous and
displays atomic planes, proving its crystalline structure. The surface
layer, attributed to natural aluminum oxide, is 3 nm thick. This mea-
surement is consistent with the 2-5 nm thickness range reported by
Bocanegra [42] for different Al powder types. From the TEM image, the
oxide layer could be amorphous, as it is generally reported in the liter-
ature that Al is naturally covered by an amorphous oxide layer at low
temperature [43,44].

3.2. EPD conditions and characteristics

The zeta potential of Al particles in a propan-2-ol suspension esti-
mated from a zetameter instrument is 34 + 20 mV. The standard devi-
ation is relatively high, which is inherent to the propan-2-ol medium.
Indeed, propan-2-ol suspensions exhibit low relative dielectric permit-
tivity involving very low surface charges. The zeta potential of Al in
propan-2-ol suspensions is inconsistent in the literature. The only result
comes from Zhu et al. [33]: a zeta potential value of approximately 5 mV
was measured for 50 nm Al particles dispersed in pure propan-2-ol [33].
As the chemical surface similarities of the two different Al powders
cannot be confirmed, it is difficult to determine the difference in values.
Moreover, the limited accuracy of zeta potential determination in
propan-2-ol-based suspensions is arguable because of their poor con-
ductivity (<0.1 pSem™! in a 10 g L'! Al suspension). Therefore, only the
signs of the zeta potentials are similar. Herein, a positive value indicates
that EPD should occur at the cathode electrode.

The electric field and time are the two main parameters controlling
the EPD process. At a 10 min duration, Al coatings exhibit good uni-
formity and cover a wide range of electric fields, from 5 to 60 Vem™!. On
the other hand, at 10 Vem ™, the deposits are homogenous for a wide
range of deposition times, from 3 to 20 min.

As presented in Fig. 6 (A), the surface deposit morphology is even
and composed of a wide range of Al particle sizes, corresponding to the
powder size distribution. Therefore, deposition of particles of fairly
different sizes can be achieved concomitantly by using a propan-2-ol
suspension. Cross-sections of deposits prepared by FIB ablation (Fig. 6
(B)) show a homogeneous and relatively porous coating. The cross-
sectional observation shows that the deposit levels differ from the
initial topography of the substrate, even if the contact between Al par-
ticles and steel is observed.

The aim of this work is to study the influence of EPD process pa-
rameters, such as deposition time and applied electric field, on the
deposition kinetics and coating morphology.
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Fig. 4. (A) XRD pattern of commercial Al powder, (B) volume distribution of Al particles. Analysis performed on 981 particles.

follows a linear-like shape from 10 to 80 pm. The slope extracted from
the linear fit is 4.4 pm min’’.

No thickness limitation was observed within the time range studied.
Consequently, the critical time, corresponding to the moment when the
deposition rate starts to decrease, appears to be higher than the longer
deposition time tested (i.e., 20 min). The deposition rate decrease is
generally attributed to either the depletion of particles in the suspension
close to the deposited electrode [45] or to an increase in the electrical
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Fig. 5. TEM image of a 57 nm Al particle.
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morphology Deposition time, t (min)

Fig. 7. Evolution of deposit thickness as a function of the deposition time for an
applied electric field fixed at 10 Vem™'. “95% CI” represents the 95% Confi-
dence Interval extracted from the linear fit.

The deposition time was set from 3 to 20 min. The evolution of the
deposit thickness versus time is reported in Fig. 7 for a constant electric
field value of 10 Vem ™. From 3 to 20 min, the thickness increases and

Fig. 6. (A) Surface and (B) cross-section of the Al coating deposited at 10 Vem™ in 10 min from the propan-2-ol suspension.
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resistivity of the deposit [46]. This latter point is associated with a
decrease in the electric field in the suspension limiting particle
migration.

The critical time for deposition can be defined as the duration for
which the deposition rate starts to decrease. Table 2 gives an overview of
the critical time determined for the deposition of Al particles in ethanol-
based suspensions with the addition of aluminum chloride salt. In this
configuration, the critical time is generally shorter than 2 min for Al
particles.

As previously indicated, the EPD of Al particles is not possible from a
pure ethanol suspension, and the addition of a metallic salt such as
aluminum chloride is often reported [24,28,35]. The dissolution of ionic
species involves an increase in the suspension conductivity and the
deposition rate. Regarding deposition performed in pure propan-2-ol,
the deposition rate was lower than that in ethanol suspensions. How-
ever, the areal deposit mass reached (11 mgem™2) is significantly higher
and could hypothetically be even higher for deposition times longer than
20 min. The low areal deposit mass of the AlCl3 ethanol suspension
could be attributed to the higher potential drop at the deposition elec-
trode, which rapidly limits the EPD process. A larger potential drop at
the deposition electrode implies a very low electric field across the
suspension, which prevents particle migration to the substrate.

To understand the absence of thickness limitations, the measurement
of the voltage between the deposition electrode and a quasi-reference
electrode was performed.

Fig. 8 presents the voltage drop over the 2.8 cm suspension section
Ususp divided by the applied voltage as a function of the deposition time.
The voltage drop over the suspension starts to decrease from approxi-
mately 96% of the applied voltage for short deposition times. The
voltage ratio decreases slowly with time to reach a value of 85% after 10
min. The potential drop over the suspension tends to remain relatively
constant for a longer time. This result proves that the applied voltage is
almost entirely located in the suspension part. Consequently, the Al
particles can continuously migrate from the suspension toward the
deposition electrode. The deposit can grow continually as long as there
is no significant particle depletion in the suspension. This explains why
no decrease in the deposition rate is observed over time, as shown in
Fig. 7.

The high electric field over the suspension also means that no or a
low potential drop at the substrate electrode is present. Indeed, the ex-
istence of a potential drop at the deposition electrode has been
mentioned in the literature [47] for different systems. The potential drop
is generally related to the nature of the suspension medium and notably
to the presence of dissolved ionic species [48]. For instance, Anné et al.
[48] reported a larger potential drop with the presence of charging
additives in an ethanol-based suspension of Al;O3 compared to a

Table 2
Critical time in ethanol-based suspensions reported in the literature.
This Kuwano Yang [28]
study [35]
Medium Propan-2-  Ethanol Ethanol
ol
Metallic salt nature AlCl3 AlCl3-6H,0
Metallic salt concentration - 2.5 0.5
(mM)
Al particle shape Spherical
Al particle size (pm) 2 - 2
Al particle concentration 10
(L")
Applied electric field (Vem™) 10 43 20 30 40
t critical (min) >20 1 2 1.7 1.3
Thickness (pm) >80 - 20.2 322 516
Deposition rate (ummin ') 4 - 10 19 40
Porosity (%) 53 - 37.8 49.4 56.9
Areal deposit mass (mgem™2) >11 7 3.4 4.4 6
Mass rate per electric field 0.9 2.7 1.4 1.5 1.9

(pgem'V7ls™h
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Fig. 8. Voltage drop across the suspension divided by the applied voltage (%)
as a function of the deposition time. Applied voltage is 30 V (E = 10 Vem ™ 1).

methyethylketone — butylamine suspension without the addition of ionic
dispersants. Therefore, for the AlCl3-6H20 ethanol-based suspensions
reported in the literature (Table 2), the presence of dissolved ions in the
suspension leads to the existence of a potential drop at the deposition
electrode [47]. In this case, the ratio between suspension resistance and
deposit resistance tends to be low [40]. Several models have tried to
explain the origin of the potential drop at the deposition electrode by
considering the presence of ionic species in the suspension: the Van
Tassel ion depletion model [49] and interparticle interactions in the
deposit model [50] are generally found. Regardless of the precise origin
of the deposit potential drop, in the case of a suspension containing ionic
species, the electric field over the suspension rapidly decreases, limiting
the migration of Al particles. This explains the rapid mass limitations (i.
e., short critical time <2 min) observed in the AlCl3-6H50 ethanol-based
systems reported in the literature (Table 2). In contrast, the absence of
added ions in the propan-2-ol suspension does not create a potential
drop at the deposition electrode and allows us to keep a very high
electric field strength in the suspension. By ensuring continuous
migration of Al particles to the deposition electrode, the use of a pure
propan-2-ol suspension appears to be interesting to obtain a
high-thickness deposit.

Fig. 9 (A) and (B) present cross-section SEM images of coatings ob-
tained for EPD carried out for 5 and 15 min, respectively, in propan-2-ol
at 10 Vem ™. The increase in deposition time leads to an increase in the
deposit thickness. The morphologies of these two deposits are also
interesting and appear to be similar, with a wide range of particle sizes
within the coatings, corresponding to the powder size distribution. This
tendency is confirmed by the porosity measurements presented in
Fig. 10. The curve shows that the porosities of the coatings are similar,
with a range of 50-60% for all deposition times at 10 Vem ™. No specific
gradient of porosity was observed in the deposit thickness, demon-
strating that the microstructure of the coating was homogenous from the
substrate/deposit interface up to the outer surface of the coating.

Based on the results previously presented, some major conclusions
can be drawn. The EPD of Al powder from the pure propan-2-ol sus-
pension appears to be a technique that can finely control the deposit
thickness, with maximum thicknesses ranging up to 100 pm. The
microstructure organization and porosity rate seem to be independent of
the deposition time. The use of the propan-2-ol suspension can lead to a
higher areal deposit mass than the use of ethanol-based suspensions. The
high thickness reachable is associated with the absence of a potential
drop at the deposition electrode.
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Substrate

Fig. 9. Cross-section of the Al coating deposited for (A) 5 min and (B) 15 min at 10 Vem™! from the pure propan-2-ol suspension, prepared with a cross-section

polisher machine.
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Fig. 10. Evolution of the coating porosity as a function of the deposition time
at 10 Vem™! in pure propan-2-ol. “95% CI” represents the 95% Confidence
Interval extracted from the average.

3.4. Influence of the applied electric field on the deposition kinetics and
coating morphology

The electric field influence has been studied in a range from 5 to 60
Vem ™! and for a 10 min deposit duration. The evolution of the deposit
thickness as a function of the applied electric field is shown in Fig. 11.
The thickness of the deposit linearly increases with the applied electric
field in a range up to 60 Vem ™ *. The corresponding thickness varies from
20 to 200 pm. This behavior is generally mentioned in the literature as it
follows the Hamaker relationship [51].

As shown in Fig. 12, the porosity of deposits remains constant for all
applied electric field values in the range of 5-60 Vem™!. This highlights
that the porosity of deposits is independent of the electric field value for
the pure propan-2-ol system. The porosity values presented in Fig. 12 are
on the same order of magnitude as the porosity range displayed in
Fig. 10. This demonstrates that the deposit porosity does not signifi-
cantly depend on the deposition time and the applied electric field.

Fig. 13 (A) and (B) present the SEM cross-section images of the
coatings deposited at 10 and 30 Vem™! for 10 min, respectively. From
these microstructural observations, the porosities are similar for those
two electric fields. Moreover, the porosity distribution appears to be
homogenous in the deposit thickness, and no agglomeration phenome-
non is visible. These results are different from those reported in Table 2,
which show that porosity is greatly influenced by the electric field for
AlCl3-6H20 ethanol-based systems. Indeed, the higher the applied
electric field is, the more porous the coatings according to L. Yang et al.

Substrate
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Fig. 11. Evolution of coating thickness as a function of applied electric field for

a deposition time of 10 min “95% CI” represents the 95% Confidence Interval
extracted from the linear fit.
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Fig. 12. Evolution of coating porosity as a function of applied electric field.
“95% CI” represents the 95% Confidence Interval extracted from the average.
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Substrate

polisher machine. Image used for porosity measurement.

[28].

Different authors attributed the increase in porosity rate to the too
rapid migration of particles under a high voltage field, which leads to
inhomogeneous deposits [28,52,53]. Even if the electrophoretic
mobility of Al particles in pure propan-2-ol is lower (0.9 pmemV~1s™1)
than that of AlCl3-6H50 ethanol particles (1.5 pmcmV’ls’l) [28], this
cannot explain why the porosity obtained from the pure propan-2-ol
suspension is constant from 5 to 60 Vem™! while the porosity in-
creases with electric fields for the AlCl3-6H,0 ethanol systems. An in-
crease in the electric field value leads to a growing electrochemical
reaction rate [49]. These parasite reactions could induce a uniform
decrease in the deposit and lead to local suspension destabilization
caused by pH variation involving agglomeration phenomena. The
presence of ionic species from AlCl3-6H0 could strongly affect the
deposition process at high electric field values. Furthermore, as the
conductivity of the AICl3-6H20 ethanol-based suspension is higher than
that of pure propan-2-ol, higher local heating from the Joule effect in the
ethanol-based suspension could also explain the increase in deposit
heterogeneity with an electric field.

The absence of added ions in propan-2-ol is interesting for several
reasons. First, it prevents the formation of a potential drop at the
deposition electrode. The voltage across the suspension is close to the
applied voltage. Consequently, the Al particles can continuously migrate
from the suspension to the deposition electrode, and it is possible to
obtain a very thick deposit. The unique limitation seems to be the par-
ticle concentration in the suspension. Second, the absence of charging
agents allows the microstructure to be independent of the applied
electric field. Therefore, the use of a pure propan-2-ol suspension is
interesting in reducing the preparation time. Indeed, for a constant
deposition time, the applied electric field increases with the deposit
thickness, and the same porosity range is maintained.

3.5. Evaluation of the EPD process

An effective way to combine deposition results obtained in this
study, either by varying the deposition time or the electric field, is to
calculate the charge passed during deposition. The surface passed
charge can be easily calculated by integrating the current density as a
function of the time curves. Consequently, deposit thickness has been
plotted as a function of the passed charge for all deposition experiments
presented in this work (Fig. 14).

Regardless of the deposition time and the electric field values used,
Fig. 14 clearly shows that the deposit thickness increases linearly with
the passed charge, as predicted in the Hamaker model [51]. The line-
arity of this curve plotted using all the deposition experiments presented
in this work ensures that the EPD of Al particles from pure propan-2-ol
suspensions is a robust and reliable technique. It also shows that as the
microstructure is independent of the process parameters, the desired
deposit thickness is reachable either by adjusting the deposition time or
the applied electric field. This specificity allows for the EPD of Al par-
ticles from a pure propan-2-ol suspension, an adaptable and versatile
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Substrate

Fig. 13. Cross-section of the Al coating deposited at (A) 10 Vem ™! and (B) 30 Vem ™! for 10 min from the pure propan-2-ol suspension, prepared with a cross-section
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Fig. 14. Evolution of the deposit thickness as a function of the passed charge
for all deposition experiments performed in this study. “95% CI” represents the
95% Confidence Interval extracted from the linear fit.

process.
4. Conclusions and perspectives

The EPD of Al particles from pure propan-2-ol suspensions onto steel
plates has been performed, which is quite innovative. Uniform deposits
with good coverage are obtained over a wide range of deposition times
and applied electric fields. A key point is that no thickness limitation is
observed in the investigated range of EPD parameters. Voltage mea-
surements performed with a quasi-reference during the EPD process
show that the voltage drop over the suspension remains high (over 85%
of the applied voltage), even for long deposition times, allowing
continuous migration from the suspension to the deposition electrode.
Consequently, for this propan-2-ol suspension composition, without the
addition of ionic species, the deposition electrode presents very little
potential drop, leading to a very thick deposit. These results differ from
those of AlCl3-6H20 ethanol-based systems previously reported in the
literature, which present rapid thickness limitations due to a higher
potential drop at the deposition electrode because of the presence of
ionic species. Even if the deposition rate is lower than that of those
systems, the areal deposited mass obtained from pure propan-2-ol is
higher, and a thickness up to 200 pm could be achieved from a long
deposition time and a high applied electric field. The porosity rate of all
the deposits obtained with a wide range of deposition times and applied
fields remains constant from 50 to 60%. This demonstrates that the EPD
of Al powder from pure propan-2-ol allows precise control of the coating
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thickness without a significant microstructure change. This means that
the desired thickness can be reached either by varying the deposition
time or the electric field. This feature makes this EPD process adaptable
and versatile.
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