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Aqueous solutions of xAl(NO3)3](1[x)Cr(NO3)3 were used for electrodeposition of ceramic

Al2O3—Cr2O3 alloy coatings on TiC, TiB2 and SiC substrates. Cell voltage and deposit

weight were studied as function of deposition duration, current density and electrolyte

composition. It was shown that the electrochemical parameters permit simple control of the

deposition process. Optimal current densities and deposition durations were determined

to obtain maximal deposit weights for different solutions and substrates. Deposits with

thicknesses up to 10 lm were formed. The green deposits revealed a crystalline nature for

compositions of x(0.3, and an amorphous nature for x*0.3, independent of the substrate

material. Voltage—electrolyte composition dependencies exhibited an ubiquitous minimum

at x+0.3 to 0.4 independent of substrate type and deposition duration. These minima were

attributed to the change in the electrical resistance of the deposit with composition and

degree of crystallinity.
1. Introduction
Recently, a great deal of interest has arisen in the field
of electrodeposition of ceramic films and coatings
[1—6]. Intensive research has been conducted on elec-
trodeposition of different ceramic coatings, including
monolithic oxides [1—4], as well as oxide compounds
[5—10]. Electrodeposition was also applied in order to
form nanostructured ceramics as well as nanomodulated
structures [11, 12]. In the cathodic electrodeposition
mode, metal ions are hydrolysed by electrogenerated
base to form oxide/hydroxide films on the cathodic
substrate. However, in all these investigations, metallic
or semiconducting substrates were used as substrate-
cathodes. Recently, the feasibility of electrodeposition
of oxides on non-oxide ceramic substrates has been
demonstrated, where aluminium, chromium and
zirconium oxide coatings were applied to TiC, TiB

2
and SiC substrates [13—15]. Non-oxide ceramics are
very attractive materials for high-temperature ap-
plications owing to their high-temperature strength.
Nevertheless, they are often chemically unstable at
high temperatures, especially when exposed to oxidiz-
ing atmospheres. Although some of the non-oxide
ceramics form a native protecting oxide scale (i.e. SiO

2
on SiC) under certain thermodynamic conditions, ap-
plication of non-native oxide coatings may improve
the oxidation resistance of the non-oxide ceramics.
Moreover, application of oxide alloys as well as com-
posite oxide coatings with desirable properties may
be advantageous. Thus problems associated with ther-
mal expansion mismatch between the coating and the
0022—2461 ( 1997 Chapman & Hall
substrate materials may be controlled by variation of
coating composition.

High electrical resistance is a major limiting factor
in the electrodeposition of oxide coatings with appro-
priate thicknesses needed for efficient oxidation
protection. Owing to the significant difference in the
electrical resistance of alumina and chromia [16],
alloys of these oxides offer the advantage of providing
a desired level of coating resistivity. Al

2
O

3
—Cr

2
O

3
alloys also exhibit increased hardness relative to
monolithic alumina [17, 18]. Nevertheless, the phys-
ical compatibility of the oxide components, as well as
their chemical affinities to the substrate material,
should also be considered for controlling coating
properties and performance.

The present paper reports the results of the electro-
chemical codeposition of alumina and chromia on
TiC, TiB

2
and SiC substrates. Factors controlling

the deposit characteristics were determined and the
formation mechanism of the oxide coatings via the
electrodeposition process was addressed.

2. Experimental procedure
Commercially pure Al(NO

3
)
3
· 9H

2
O and Cr(NO

3
)
3
·

9H
2
O were used as precursor materials. Aqueous solu-

tions of xAl(NO
3
)
3
#(1!x)Cr(NO

3
)
3

(x"0.1—0.9 in
steps of 0.1) of a total concentration of 0.1 M were
prepared. Ethyl alcohol (ethanol) was added as a wet-
ting agent in the proportion of deionized water to
ethanol of 2:1. The conductivity of the solutions was
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measured using a conductivity meter (El-Hamma In-
struments, model TH-2400).

TiC, TiB
2

and SiC bars of 3 mm]3 mm]50 mm
were used as substrates; their electrical resistivities
were measured to be 5]10~5, 2]10~5 and 7 ) cm,
respectively. Prior to electrodeposition, the substrates
were mechanically polished with 600 grit SiC abrasive
paper, washed with distilled water, rinsed with ethanol
in an ultrasonic bath and dried in air.

The electrochemical cell included the cathodic sub-
strate centred between two parallel platinum counter-
electrodes. Electrodeposition was performed by use
of a power supply (Lambda, model LLS 7120). Cell
voltage and current were measured with amper-volt-
ohm-meters. Experiments were performed at 10 °C
within a cooling bath (Frika, model KT 06-43). Cath-
odic deposits were obtained over a 20 mm length of
the bars, at constant current densities (c.d.) ranging
from 5—40 mAcm~2. Deposition durations were up to
40 min. The deposits were dried in air at room temper-
ature and characterized using a scanning electron
microscope (Jeol, model JSM-840) equipped with an
X-ray energy dispersive spectroscopy (EDS). The
phase content of the deposits was determined with an
X-ray diffractometer (Philips, model PW-1820) oper-
ated at 40 kV and 40 mA using monochromatized
CuKa radiation and a scanning speed of 0.4 °min. The
deposit weight was determined by weighing the speci-
mens before and after deposition, with an accuracy of
$0.05 mg.

3. Results
3.1. Electrodeposition on TiC substrates
The initial pH and the conductivity of the solutions
are important factors which control the deposition
process, and were measured prior to electrodeposi-
tion. The initial pH increased with x from pH"2.5
for x"0 to pH"2.9 for x"1.0. No appreciable
changes in the solutions’ conductivity (7.2]10~3 to
7.6]10~3S cm~1) were observed with composition
(x"0—1.0, respectively).

The process has been studied at different current
densities and deposition durations. Fig. 1 shows the
cell voltage during the deposition process at 5, 20 and
40 mAcm~2 for an aluminium-rich solution (x"0.9).
At higher current densities, the voltage increased with
time to reach a maximum at shorter durations. The
voltage reached a maximum after &2 and 6 min for
current densities of 40 and 20 mAcm~2, respectively.
At a lower current density of 5 mAcm~2, the voltage
increase was moderate, and the plateau was reached
after a relatively long duration (36 min). In addition,
at 40 mAcm~2 the voltage continuously decreased
after the maximum, to a saturation level.

Fig. 2 shows the deposit weight versus current den-
sity for chromium-rich (x"0.1) and aluminium-rich
(x"0.9) solutions, at a deposition duration of 5 min.
The deposit weight increased with current density to
show a maximum. Further increase in c.d. beyond the
maximum led to spalling of the deposit and its sedi-
mentation on the bottom of the bath. Although a
second increase in deposit weight was observed at
5206
Figure 3 Deposit weight versus deposition duration for TiC sub-
strates in chromium-rich (h, x"0.1) and aluminium-rich (d,
x"0.9) solutions; c.d. 5 mAcm~2.

Figure 2 Deposit weight versus current density for TiC substrates
in chromium-rich (h, x"0.1) and aluminium-rich (d, x"0.9)
solutions; deposition duration 5 min.

Figure 1 Cell voltage versus deposition duration for 0.1 M alumi-
nium-rich solution (x"0.9) on TiC substrates at current densities
of (j) 5, (m) 20 and (d) 40 mA cm~2.

25 mAcm~2 in the aluminium-rich solution, the cur-
rent density of 5 mAcm~2 was selected for further
experiments. This current density was selected because
it allowed a smoother coating morphology with less
spallation to be obtained.

Deposit weight versus deposition duration for
chromium-rich and aluminium-rich solutions at
5 mAcm~2 are shown in Fig. 3. As expected, deposit
weight increased continuously with deposition



duration. However, at durations higher than
15—20 min, the deposit spalling resulted in a decrease
of the deposit weight. In order to prevent deposit
spallation, the deposition durations were limited to
15 min.

By drawing the deposit weight versus the transfer-
red charge to the cathode, and using the data for
constant deposition duration (Fig. 2) and current den-
sity (Fig. 3) experiments, one can determine a master
curve for deposition conditions, as shown in Fig. 4.
Thus, for a given transferred charge, it is possible to
estimate the accumulated deposit weight on the cath-
ode, within the domain of continuous coating. This
master curve also indicates the value of the transferred
charge (&4 C) above which the coating may spal
either due to high c.d.s (constant duration curve) or
long deposition durations (constant c.d.). Increase in
c.d. is expected to cause uniform evolution of molecu-
lar hydrogen at the cathode surfaces, which in turn
breaks up the deposit. Nevertheless, at lower current
densities and longer deposition durations, deposit
thickening may be a limiting factor for the charge
transfer towards the growing oxide front. Thus, any
defect within the deposit may act as a rapid passage
for the charge transfer. Such regions will be associated
with high local current densities which again enable
formation of molecular hydrogen and consequent
spalling of the deposit, even though with less damage
due to their localized nature.

As was shown above, the cell voltage changes dur-
ing electrodeposition due to the oxy-hydroxide de-
posit build-up, which basically has a non-conductive
character. Fig. 5 shows the cell voltage versus electro-
lyte composition at constant deposition durations.
These curves exhibit the effect of deposit composition
on the cell voltage. For a given c.d., the cell voltage
was almost similar for all electrolyte compositions at
the begining of the electrodeposition process (i.e.
2 min curve in Fig. 5). However, the cell voltage
changed in a different manner for each composition
during the process. For all the curves, minima were
observed for a composition of x+0.4. Generally, the
voltage increased with deposition duration. However,
higher voltages were recorded with time for alumi-
nium-rich solutions (x<0.4) rather than for chro-
mium-rich solutions (x;0.4).

These differences in the cell voltage may be at-
tributed to different deposition rates of the two oxide
constituents from the solution. This point was checked
by plotting the deposit weight as a function of electro-
lyte composition at constant deposition duration
(15 min) and current density (5 mAcm~2) as shown in
Fig. 6. The deposit weight was found to decrease
linearly with increase in x. This may indicate a more
efficient deposition of the chromium component of the
deposit. Nevertheless, the cell voltage is not influenced
by the deposition rate of the two oxide constituents
from the solution.

X-ray diffraction (XRD) spectra from the as-dried
deposits on TiC substrates are shown in Fig. 7. The
XRD spectra for electrolyte compositions between
x"0.1 and 0.3 showed well-defined peaks of the cry-
stalline hydrated chromium oxide (Cr(OH)

3
· 3H

2
O;
Figure 4 Deposit weight versus charge transferred to the cathode.
The data in the continuous coating regime represent the master
curve for electrodeposition on TiC substrates in a chromium-rich
solution. x"0.1.

Figure 5 Cell voltage versus electrolyte composition at constant
deposition durations of (j) 2, (n) 5, (r) 7, (h), 10, (m) 13 and (s)
15 min for TiC substrates at 5 mA cm~2.

Figure 6 Deposit weight on TiC substrate versus electrolyte com-
position at constant deposition duration of 15 min and current
density of 5 mAcm~2.

JCPDS 16-817) in addition to the peaks from the TiC
substrate (peaks marked ‘‘s’’). The relative intensities
of the peaks from the deposit decreased with increase
in x. For electrolyte compositions above x"0.3 no
evidence for crystalline deposits was found. The pres-
ent XRD results are in good agreement with the pre-
vious findings upon which pure components have
shown either an amorphous nature (aluminium oxide)
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Figure 7 X-ray diffraction spectra of as-deposited coatings on TiC
substrate, obtained from different electrolyte compositions: (a)
x"0.1; (b) x"0.2; (c) x"0.3; (d) x"0.4; (e) x"0.5; (f) x"0.9;
(o) substrate peaks.

[13, 14] or crystalline character (chromium oxide)
[15].

The deposition parameters had a profound effect on
coating morphology. As was pointed out above, low
current density (5 mAcm~2) as well as deposition
duration (15 min) have been selected in order to pre-
vent spallation of the deposit (which is caused by the
gas evolution and low adhesion). Fig. 8 shows the
morphology of the as-dried coatings with different
compositions. In all deposits, microcracks were ob-
served after drying, which can be attributed to the
drying shrinkage. The microcracks resulted in
cracked-mud morphology of the deposits. (Prelimi-
nary supercritical drying experiments using the
acetone/CO

2
system, resulted in reduction of the

microcracking extent, but did not prevent it totally).
Table I summarizes the EDS chemical composition

results of the as-dried coatings together with composi-
tion of the corresponding solutions, from which they
were electrodeposited. In the coatings deposited from
aluminium-rich solutions (x"0.9), the aluminium
and chromium contents were nearly similar to those in
the starting solutions. For the equiatomic solutions
(x"0.5), the chromium content in the deposit was
higher by a few per cent than the aluminium content.
It can be concluded that deposition rate for the chro-
mium component is higher than that of the aluminium
component. It is believed that, for this reason, alumi-
nium was not detected in the coatings deposited from
chromium-rich solutions (x"0.1).
5208
Figure 8 SEM images of green deposits on TiC substrates for
c.d."5 mAcm~2 and deposition duration of 15 min using different
electrolyte compositions: (a) x"0.1; (b) x"0.5 and (c) x"0.9.

TABLE I Comparative results of the aluminium and chromium
contents! in the solutions and in their corresponding deposits

Solution (at %) Deposit (at %)

Al Cr Al Cr

90 10 88.6—90.7 9.3—11.4
50 50 43.4—47.5 52.5—56.6
10 90 0 100.0

!Al#Cr"100%.

The compositional homogeneity of the as-deposited
coatings was investigated by elemental mapping with
EDS with appropriate statistical treatment (digimap).
These analyses were performed on green coating



Figure 9 EDS digimaps of (a) aluminium and (b) chromium as the
coating elements, and (c) titanium as the substrate element.

mination of composition dependencies on voltage at
different stages of the electrodeposition revealed the
presence of a minimum near the composition of
x"0.3—0.4 (Fig. 11). The deposit weight was also
studied as a function of electrolyte composition at
a fixed c.d. of 5 mAcm~2 and deposition duration of
15 min. These results, which are shown in Fig. 12,
indicate a decrease in deposit weight with increase in
aluminium content of the electrolyte. It is noteworthy
that these deposit weights are very close to those
obtained by electrodeposition on TiC substrates at the
same experimental conditions. XRD spectra of the
islands of about 30 lm diameter; the point step corre-
sponded to the spatial resolution of the technique
(probe size) of about 0.76 lm, with 200 ms acquisition
time per point. The digitized mapping of aluminium
and chromium as the coating elements and titanium
as a substrate element are shown in Fig. 9. These
digimaps indicated a uniform composition within the
alumina—chromia deposits in the micrometre size
range. In order to study the effect of coating thickness
on the digimap patterns, the latter were subjected to
EDS point analyses at different locations on the de-
posit. Similar results were found for five different anal-
ysis points with a standard deviation of $1.42 (2%
accuracy) which is a typical s.d. for EDS results of
homogeneous materials.

3.2. Electrodeposition on TiB2 substrates
Electrodeposition experiments on TiB

2
substrates

were performed at a c.d. of 5 mAcm~2 and deposition
durations up to 16 min. The experimental results were
very similar to those obtained for TiC substrates.
Deposit weight was found to increase with deposition
duration to a saturation value; a typical dependence
is shown in Fig. 10. The change in cell voltages
was found again to be composition dependent. Exa-
green deposits having different compositions are
shown in Fig. 13. Well-defined crystalline peaks were
recorded from deposits with compositions of x"0.1
and 0.2, in addition to the peaks from the TiB

2
sub-

strate (peaks marked ‘‘s’’). No evidence for crystalline
phases was found in the XRD spectra of the deposits
prepared from solutions with x'0.3. These crystallo-
graphic findings are in agreement with those found for
the coatings deposited on to TiC substrates. The mor-
phology of the coatings on TiB

2
substrates was also

similar to that observed on the TiC substrates.

3.3. Electrodeposition on SiC substrates
Electrodeposition experiments were conducted in or-
der to find the proper deposition conditions for the
SiC substrates, because these substrates have a higher
electrical resistivity relative to that of TiC and TiB

2
.

Based on these experiments, a c.d. of 10 mAcm~2 and
deposition durations up to 5 min were found to yield
continuous deposits without spallation. Fig. 14 shows
a typical dependence of deposit weight on deposition
duration. Deposit weight increased to a maximum
above which spallation occurred. The net deposit
weight was higher than that obtained on TiC and
TiB

2
substrates, indicating that thicker coatings may

form on SiC substrates. Again, deposit weight de-
creased linearly with increase in aluminium content, x,
of the electrolyte (Fig. 15) similar to the trends found
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Figure 10 Deposit weight versus deposition duration for TiB
2

sub-
strates at 5 mA cm~2 and x"0.1.

Figure 11 Cell voltage versus electrolyte composition at constant
deposition durations of (s) 2, (m) 5, (h) 8, (r) 10, (n) 13, (j) 15 min
for TiB

2
substrates, at 5 mA cm~2.

Figure 12 Deposit weight on TiB
2

substrates versus electrolyte
composition at 5 mAcm~2 and 15 min.

for TiC and TiB
2

substrates. As expected, the increase
in cell voltage differed for different electrolyte com-
positions. Cell voltage versus electrolyte composition
is shown in Fig. 16 and the dependencies resemble that
observed for TiC and TiB

2
substrates (Figs 5 and 11,

respectively) with the ubiquitous minimum at a com-
position of about x"0.3. However, another two min-
ima may also be observed at x"0.6 and x"0.8; the
5210
Figure 13 X-ray diffraction spectra of as-deposited coatings on
TiB

2
substrates, obtained from different electrolyte compositions:

(a) x"0.1; (b) x"0.2; (c) x"0.3; (d) x"0.4; (e) x"0.5; (f) x"0.9;
(o) substrate peaks.

Figure 14 Deposit weight versus deposition duration for SiC sub-
strates at 10 mA cm~2 and x"0.1.

latter disappeared during stages of the deposition.
However, owing to the lack of resolution in the com-
position axis, the existence of the latter maximum is
uncertain. The X-ray diffraction spectrum (not shown
here) revealed the green coatings with compositions
x)0.3 to be crystalline. These points will be further
discussed below.

4. Discussion
The formation mechanism of ceramic coatings via the
cathodic process was described in recent publications



Figure 15 Deposit weight versus electrolyte composition using SiC
substrates, at 10 mAcm~2 and 5 min.

Figure 16 Cell voltage versus electrolyte composition at constant
deposition durations of (s) 1, (m) 2, (h) 3, (r) 4 and (n) 5 for SiC
substrates, at 10 mAcm~2.

[14, 15, 19, 20] and the corresponding chemical reac-
tions which underly the deposition process were dis-
cussed. The deposit build-up is based on dissociation
of the metal nitrate and its hydrolysis via hydroxyl
generated at the cathodic substrate. Hydrolysis of the
metal cations is expected to form metal—oxygen poly-
anions, the composition of which depends on the pH
of the solution as well as the electronegativities of the
aqueous solution and the hydrolysed precursor. Fur-
ther migration of these polyanions to the cathode
surface is facilitated by electrophoresis. At this stage,
deposition of the polyanions is basically governed by
the wettability and electrical conductivity of the cath-
odic substrate. However, once a continuous layer is
formed on the cathode, its further growth depends on
the deposit properties (conductivity, density, thick-
ness) rather than the substrate properties. In this re-
spect, if the salt anions have a strong complexing
ability, they may be incorporated within the structure
or be adsorbed on the surface of the polyanion species.
This will cause random arrangement of the latter at
the growing deposit surface, and thus lead to an
amorphous deposit. Nevertheless, anions with poor
complexing ability may not be incorporated in the
structure but only be adsorbed on the polyanion sur-
faces, and be released during the rearrangement of
those polyanions that reach the cathodic surfaces. In
such a case, crystalline hydroxide or water-adsorbed
oxide deposits may result. With respect to our recent
results [13—15] and the present findings, it seems that
the nitrate ions have strong complexing ability with
aluminium cations but a weak complexing ability with
the chromium cations. Therefore, while chromium-
rich deposits were found to be crystalline, aluminium-
rich deposits were amorphous.

For experiments performed in the galvanostatic re-
gime, the cell voltage is an important characteristic of
the deposition process. As a first approximation, at
constant current, i, the cell voltage, », can be ex-
pressed as

» " »
0
# iR

4
# iR

$
(1)

where »
0

is constant for a given solution and elec-
trode, R

4
and R

$
are the resistances of the solution and

the deposit, respectively. Chromium and aluminium
oxides differ in their electrical resistivities by several
orders of magnitude (107 and 1014) cm, respectively).
Although the resistivities of their corresponding oxy-
hydroxides (the actual deposit compositions) are not
known, they are expected still to be far higher than
those of the cathode substrates. During the deposition
process, R

$
increases with the deposit thickness, re-

sulting in an increase of the voltage drop, iR
$
, across

the deposit. Thus, cell voltage will increase with time
during deposition (Figs 1, 5, 11 and 16) and its behav-
iour is influenced by the deposition rate, which in turn
is expected to increase with current density (Fig. 1).
The cell voltage is also sensitive to defects within the
coating which may appear at high deposit thicknesses
owing to local breakdown or deposit spallation
[2, 14].

Adhesion of the deposit to the substrate is one of the
major factors controlling the maximum mass to be
deposited. The maximum deposit weight may be esti-
mated from the master curve (Fig. 4). Substrates with
high electrical conductivity and which are inert to
hydrogen bonds (such as platinum) will exhibit poor
adhesion of the deposit, and will lead to sedimentation
of a powdery precipitate. Increase in the covalency of
the substrate material from TiB

2
PTiCPSiC is ex-

pected to enhance their tendency to form hydrogen
bonds with the deposit. This postulation is in agree-
ment with the higher deposit weights formed at similar
electrochemical conditions on SiC relative to those
formed on TiB

2
and TiC substrates.

Other factors that control the deposit weight are
electrical conductivity of the deposit and current den-
sity. The higher the electrical conductivity of the
deposit, the higher is its tendency for electrocrystalliz-
ation during the electrodeposition and thicker deposi-
ts can be formed. The lower is the current density, the
lower is the deposition rate, and denser deposits will
be formed. These expectations are in agreement with
Switzers’ work [1] on electrochemical synthesis of
ceric oxide powders as well as with our recent works
[13—15].

Another inherent problem in the deposition process
is the gas evolution, which also initiates formation
of defects within the deposit. Deposit spallation and
local breakdown result in local decrease of the deposit
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electrical resistance. This in turn will induce high local
current densities which facilitate water hydrolysis and
evolution of molecular hydrogen at the cathode surfa-
ces. As a result, the cell voltage decreases, and so does
the corresponding maximum of the voltage—depos-
ition duration curve (Fig. 1) that may be related to this
process. At deposition durations beyond the max-
imum, deposit continues to form, but the deposition
rate in the undamaged areas is significantly lower. In
contrast, c.d.s and deposition rates are much higher in
defected regions. This effect is expected to speed up the
restoration of the spalled regions. However, with lapse
of time, when the surface density of the defected
regions increases, the deposit thickness becomes non-
uniform.

As a possible explanation of the minima observed in
the voltage—electrolyte composition curves (Figs 5, 11
and 16) we will consider the change in the electrical
resistance of the deposit due to the composition and
the degree of crystallinity. No appreciable variations
in the conductivity of the starting solution were
observed with composition. Moreover, the minima
became more pronounced with increase in coating
thickness. In addition, no shifting of the minima was
observed with composition. A possible link emerges
between the minima in the voltage—composition
curves and the X-ray data. X-ray results showed that
the as-deposited coatings were amorphous for com-
positions with x*0.3, or include an amorphous
phase together with a crystalline phase for x(0.3.
Because digimap results showed a homogeneous com-
position throughout the deposits, the latter could be
considered as homogeneous mixtures of aluminium
and chromium oxy-hydroxides. (These mixtures may
act as precursor for the oxide solid solutions.) This is
in accordance with the complete and mutual solid
solubility of the chromium and aluminium oxides
[21]. Moreover, it is well documented that the electri-
cal resistivity of these solid-solution oxides may be
varied with composition of the binary solid solutions
[16]. Assuming a similar behaviour in the electrical
conductivity of the mixed oxy-hydroxides, the increase
in the chromium content of the deposit is believed to
increase its electrical conductivity (most probably of
ionic character). Therefore, the cell voltage decreases
with increase in the chromium content. However,
above a certain deposit composition (x+0.3—0.4)
crystallization of either the solid solution or the chro-
mium-containing component of the deposit should
decrease its ionic conductivity. Therefore, the cell volt-
age will increase again with composition towards the
chromium-rich side of the composition range. In addi-
tion, Ristic et al. [22] reported on the presence of
a crystalline phase in addition to the solid-solution
phase, at the chromium-rich side of the alumina—
chromia system.

It is important to note that the deposits obtained
from a pure chromium nitrate solution showed a cry-
stalline structure of the chromium hydroxide. This is
in contrast to the results of Indira and Kamath [23]
according to which cathodic deposits obtained from
chromium nitrate solutions were found to be X-ray
amorphous. They also reported the formation of cry-
5212
stalline aluminium hydroxide (bayerite) in contrast to
our findings. These differences can be attributed to
different experimental conditions such as the electro-
lyte concentration (0.3M versus 0.1 M), temperature
(25 versus 10 °C) and current density (65 versus
5 mAcm~2). In this regard, recent results on electro-
deposition from lead nitrate [20] have shown that
deposits with different compositions can be obtained
by varying the electrolyte concentration. From
codeposition experiments in the alumina—chromia
system performed in the present work it has been
concluded that certain regions of crystallinity exist for
the deposit (with x(0.3). Indira et al. [24] found that
in the nickel-based binary systems with aluminium,
chromium, manganese and iron, the amorphicity of
one component imposed amorphicity to the complex
hydroxide. Our findings indicate that this rule does
not hold for the alumina—chromia system.

Another point to refer to is the deposit morphology.
In the present work, short deposition durations were
applied in order to prevent deposit spallation and to
optimize the deposit morphology (thickness homo-
geneity, low surface roughness, etc.). However, micro-
cracks were observed in the deposit after drying (Fig.
8), which can be attributed to the drying shrinkage. In
order to protect the non-oxide ceramic substrate at
elevated temperatures, it is important to prevent
formation of microcracks and other defects within the
coatings. Deposit microcracking associated with dry-
ing shrinkage is a common problem in the wet chem-
ical methods, once thick coatings are formed. Results
of supercritical drying experiments on sol—gel derived
coatings [25] indicate that this method is ineffective in
avoiding microcrack formation in relatively thick
coatings. More promising are decreasing current den-
sity as well as increasing bath temperature [26] which
lead to denser green coatings with a lower probability
for microcracking.
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