Functional Surfaces Modified with Gelatin and TIO, Nanoparticles
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The paper presents the obtaining of zinc and zinc composite coatings using electrochemical TiO,
nanoparticles as well as the determination of the influence of gelatin used as an additive on electrically co:
deposited layers. The obtained coatings were studied at the electronic scanning microscope (SEM) for
microstructure observation. A distinction was made between the pure zinc electro-deposed layer and the
influence of nano-TiO, on the morphology of zinc nanocomposite layers Zn/nano-TiO,, as well as the
determination of the degree of inclusion of nano particles of TiO, into the zinc matrix. It was confirmed that
with the introduction of nano-TiO,, both the roughness of the electro- -deposed layer and the micro hardness
of the electro-deposed layer s:gmf/cantly increased compared to the micro hardness of the pure zinc electro-
deposed layers confirming the existence and beneficial effects of nano-TiO, in electro-co-deposed nano-

composite layers.
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Zinc coatings and composite coatings have been used
and are widely used since ancient times as the most
advantageous methods of corrosion protection for ferrous
and non-ferrous materials. Especially electrodeposition is
one of the most conventional methods in the industry as
electrochemical coating method [1-5]. This method
presents some advantages: requires simple appliances,
does not require expensive reagents, and it presents great
efficiency in the sense that it can produce generous
quantity, excellent quality and with a large variety of
applicability of the resulting products [6, 7]. One of the
studied additives and, the most commonly used in the
electrodeposition process is gelatin [8-10]. It reduces the
adsorption of hydrogen ions used as an additive along with
the basic chloride and, of course, increases efficiency [11-
14]. A significant current and future interest is that of using
the electrodeposition process in order to obtain composite
materials and ceramic materials embedded in a metal
matrix. These types of ceramic particles can be: Al,O,,
Zr0,, TiO,, SiO,, all of them having a better corrosion
resistance than zinc [15-17]. In this case, when the
electrolyte solution contains particles that are in
suspension, itis highly probable a process of these particles
agglomeration due to their positive electric charge [18-
22]. This problem of particle agglomeration and
sedimentation having effects on deposed layer structure
can be solved by introducing gelatin into the electrolyte
solution [23-25]. The purpose of the research was to
improve the quality of the deposed layer aiming to decrease
the roughness of the co-deposited layer and to increase
the mechanical properties, especially the hardness [26-
30].

Experimental part

Experiments to obtain pure zinc coatings were
performed at room temperature. The composites required
an elevated temperature of about 50°C, precisely to dissolve
the gelatin used as additive. The test specimens were
made of carbon steel, 30mmx50mmx0.5mm, used as
cathode, and the anode consisted of 99.95% zinc pieces
with dimensions 30mmx50mmx5mm. Before being
subject to the electrodeposition process, the specimens
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were prepared by a special program starting with removal
of oxides by means of polishing with abrasive paper,
continuing with chemical attack with HCI for 2 min at room
temperature, rinsing with distilled water and drying in a
hot air stream. The electrodeposition conditions were as
follows: electrodeposition time of 10 min; the stirring rate
at which the magnetic stirrer was moving in the solution
agitation direction: 100 rpm to ensure an uniform dispersion
of the dispersed phases into the electrolyte; a current
density of 33.3 mA/cm? (denoted as 1, to facilitate the
following information), 66.6 mA/cm? (denoted as 2), 100
mA/cm? (denoted as 3) and 120 mA/cm? (denoted as 4).
Four types of layers were deposited, each using the same
basic electrolyte, but with some maodifications: Zn deposed
layer - I; Zn deposed layer but with gelatin into the basic
electrolyte II; Zn/TiO, co-deposed layer with TiO, into the
basic eIectronte III Zn/TiO, co-deposed layer with TiO,
and gelatin into the basic electrolyte V.

All the depositions were performed in an electro-
chemical cell which was placed on a magnetic stirrer with
heating, inside of which was inserted a magnet in order to
keep the TiO, powder suspended, to ensure the gelatin
uniform distribution and to maintain the concentration of
the initial solution throughout the electro-deposition. Zinc
matrix composites are typically obtained from sulfate
solutions, but sometimes alkaline electrolytes with cyanide
and non-cyanide alkaline electrolytes can be used. Particles
that can be co-deposited in the zinc matrix are: silicon
carbide, silicon oxide, aluminum oxide, titanium dioxide,
cerium oxide, vanadium oxide, graphite. The dispersed
particles are introduced into the electrolyte solution at a
concentration of 10-200g/L. The particles are kept in
suspension by mechanical, chemical or ultrasonic stirring.
The particle size introduced into the electrolyte solution
varies between 0.01-100um. By introducing the different
particles into the electrolyte, together with the deposition
of the zinc some of these particles will be also deposed,
they will be inserted into the Zn matrix (leading to a
composite) and there will appear some modifications
regarding the structure of deposed layers with
consequences regarding their mechanical and physical
properties. Co-deposition of the dispersed phase cannot
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be treated as a phenomenon separate from the
electrodeposition process of the parent metal, which
constitutes the metal matrix. In practice, solutions
containing 150-300g/L ZnSO, . 7H,0, about 1-2 gram-

equivalents, are usually used. I-Ahgh zihc sulfate solutions at
medium current density give macro-crystalline deposits.
Other salts, as an addition to the zinc sulfate electrolyte,
usually sulfates, alkali metal chlorides, alkaline earth metals
or soluble salts are used. For example Na,SO,, (NH),SO,,

NaCl, NH,Cl, ALSO,. Sulfates and alkali metal chlorides are
introduced into the electrolyte in particular to increase
electrical conductivity, since solutions of zinc sulfate and
sulfates of bivalent metals (cadmium, nickel, copper, etc.)
do not have good electrical conductivity. Addition of sodium
sulfate between 10g/L and 100g/L in ZnSO, solution has
almost no influence on cathodic polarlzatlon alternatively,
the electrical conductivity of the solution
considerably increases, which affects favorably the
dispersion capacity of the electrolyte. In the electrolysis of
acid-zinc solutions, the value of anodic and cathodic
polarization also depends on the nature of the anion to
which the zinc or other cations introduced into the solution.
The electrolyte composition used to obtain pure zinc and
composite coatings is shown in table 1.

Table 1.
ELECTROLYTE COMPOSITION IN THE ELECTRODEPOSITION
PROCESS
ZnS04-TH20 200 g1
Nag50y 15 g1
ZnClh 35 g1
Gelatin Fgl
Particles 10 1
pH 4.85
Temperature 20-50°C
Current density | 33.3 — 120 mA/em”
Deposzition time | 10 min
Stirring rate 100 rpm

Results and discussions

After the electro-(co)-deposition of Zn and composite
layers the samples were analyzed to determine the layers
thickness considering that the entire deposed mass of
substance is uniform distributed on the surface and that
the deposed material density is the same. The last
assumption is not correct and the results were far from the
ones determined by direct measurement. For a more
significant determination of the layer thickness, the
samples were subjected to a metallographic microscope
(Reichert-Jung MeF3) investigation. The texture
determination of the surface was possible with the
microtopograph (STIL Micromesure station). For
characterization of pure zinc deposits and zinc composites,
structural and morphological characterization, but also to
note the degree of inclusion of TiO, particles, in the case of
composite coatings, the speumens were analyzed using
the SEM scanning microscope (SEM) the JEOL JSM-T220A
Scanning Microscope, both on the surface and transversally
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to determine the inclusion degree of the particles in the
layer. Depending on the results obtained, comparisons had
been made between the morphology of the pure zinc
surfaces and the morpholgy of composite layers obtained
atthe same electrolysis parameters (time, current density,
stirring rate, etc.). The Vickers microsurface tests of pure
zinc and zinc composite deposits were possible using a
LECA M-400-H1 hardness microtest tester with a 10KgF
load, a pyramidal diamond indenter, with a square base
line, the top having an angle of 136°.

Layer thickness

With the increase in the current density, the ion migration
rate also increases, resulting in the formation of fine-grained
coatings. This explains why an increase in the current
density determine an increase on growth rate of the
previously formed crystals until the cathode reaches a value
atwhich new crystals begin to appear. This density cannot
be increased indefinitely because it favors the formation
of acompact loose layer on the surface of the cathode and
the appearance of dendrites on the edges where the current
density is always higher compared to the rest of the surface.
If the current density is very high, there appears the risk of
hydrogen releasing, which causes a noticeable reduction
in the current efficiency. The thickness of the coated layers
was determined by cross-section, the introduction of the
samples into epoxy resin, to the MECAPRESS C hot pressing
machine and transversal observation of the layer using
optical microscopy figure 1 and figure 2.

The graph in figure 1 shows that the deposed or co-
deposed layer thickness depends on current density and
on the composition of the electrolyte. For lower current
density the thinnest layers are the ones deposed in gelatin
presence while at higher current density the thinnest layers
are the ones deposed with basic electrolyte. An explanation
could reside in the fact that raising the current density there
appears an increase on charge carriers mobility and, as
consequence, the increase of the deposed amount of
substance. The same graph shows that the highest
thickness is reached for co-deposed Zn with the electrolyte
containing TiO, and gelatin.

80 [—I:—II :m W]

L] [ 4= i o =
o (=] (=] (=] (=] o

Deposed layer thikness [jun]

Y
o

333 BEE 100 120
Current density [mAlem?]

Fig. 1. Layer thickness of electro-deposed layers (analysis
regarding the current density)

. Fig. 2. Layer thickness of electro-deposed layers
Zn deposed layers (up) and Zn/TiO, co-deposed
layers (down)
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In figure 2 the images captured from microscope are
presented. Because of the results already presented in
figure 1 we choose to present only Zn deposed layer
thickness at the four values of current density (the layer
with the lowest values of thickness) and the Zn co-deposed
layer with basic electrolyte containing TiO, and gelatin (the
layer with the higher values of thickness) and justto observe
some differences between the aspect of material of type |
(Zn deposed layer with basic electrolyte) and material of
type IV (Zn/TiO, co-deposed layer with TiO, and gelatin
electrolyte).

The effect of electrolyte modification on electro-deposed
layer roughness

The roughness is a measure of surface texture of
deposited zinc layers and for studied materials the
experimental results are shown in figure 3 and figure 4.
The higher the roughness, the more irregular the surface
is, and the faster it gets wear. The ruggedness of the
deposited layer varies with the current density leading to
co-deposited layers with particular mechanical properties.
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The addition of gelatin to the electrolyte solution had no
significant influence on the deposition of zinc (excepting
the regime denoted as 2), but it formed a film over the
deposited zinc clusters, which made the deposited layer
uniform in the form of grains. Thus, the addition of gelatin
to the electrolyte solution did not influence the thickness
of the deposited layer, nor its roughness. Gelatin addition
has led to significant changes in the mechanical properties
of the deposit. Previous results showed that the use of
gelatin in zinc coatings does not influence the mechanical
properties of the deposited coating. Thus, the use of gelatin
as an additive in obtaining the co-deposited composite
layers might be neutral regarding the mechanical properties
of co-deposed composite layers. Analysing figure 3 one
may notice that the highest values of rouhness are reched

for the IV denoted type of co-deposed layer meaning that
both TiO, and gelatin presence are determining a decrease
of Zn deposed layer uniformity. The Il type co-deposed
layer, on another hand, shows the lowest values of
roughness (except the highest avlue of current density)
meaning that the TiO, presence leads to a lower roughnes.

Morphology

The surface characterization, as well as, the analysis of
TiO, dispersed phase, were p053|ble by SEM (scanning
electronic microscopy) and by EDAX (X-ray analysis) of
the surface of deposed or co-deposed layers.

Figure 5 shows SEM images of randomly chosen areas
of the analyzed surface and reveal different morphological
aspects of surfaces especially in the case of the gelatin
presence into the electrolyte that is leading to a granular
aspect of surfaces. That could mean that using gelatin into
the electrolyte some larger structures acting as charge
carriers are formed contributing to TiO, and Zn transport to
cathode.

The TiO, ceramic particles have been preferentially
deposited placed together with the zinc deposits in layers
with thickness greater than pure zinc or zinc deposed with
gelatin into the electrolyte. Zinc grains grow, and when
two grains of zinc are bonded they capture ceramic
particles of TiO,, and those that have not been included
are pushedto the grain boundary, randomly distributed, as
a result of zinc matrix formation. This phenomenon leads
(asitwas presented above) to better mechanical properties
of co-deposed layers. Particle dispersion was possible with
the addition of gelatin. This is used and further promoted
as an additive in the electrodeposition of ceramic particles,
in order to disperse them and keep them suspended in the
electrolyte solution with magnetic stirrer.

It is easily to notice that gelatin presence into the
electrolyte leads to a granular aspect of layers surfaces
and these granules are growing together with the increase
in current density. Also it might be noticed the fact that Zn/
TiO, co-deposition leads to morphological changes from
randomly distributed symmetrical structures in the Zn
deposition to acicular structures in the case of Zn/TiO, co-
deposition.

Regarding the atomic species distributions, zinc was
investigated in the case of I-type and Il-type materials (fig.
6) and Zn, Ti and O were studied for the other two materials
- lIl and IV- (fig. 7). Regarding the Zn distribution it is
noticeable that this seems to not be influenced (at the
lowest value of current density) by the gelatin presence
but, increasing the current density its contribution becomes
significant (especially for the third value of the current
density-the 3 regime). Anyway the gelatin presence does
not influence on the distribution of Zn on the deposed layer
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Fig. 4. Deposed and co-
deposed layers surfaces
analysis (roughness)
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(it is not noticeable the appearance of aggregates). From
figure 7 it is observable the fact that the presence of both
TiO, and gelatin (at the highest current density value) leads
to the best concentration and uniform distribution of Zn.
The highest concentration of TiO, is reached in the case of
lll-type material at the highesyt current density value
meaning that the gelatin presence is blocking, in some
way, the co-deposition of TiO, together with the zinc.

Micro hardness
As stated, added gelatin has contributed to the
improvement of mechanical properties, especially
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Fig. 5. Surface morphology by means
of SEM

Fig. 6. Zn distribution by EDAX means
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ig. 7. Zn, Ti and O distributions on the electro-co-deposited layers by EDAX

hardness. Micro hardness of the biphasic composite layer
deposited improves with the introduction of TiO, particles,
as it may be noticed in fig. 8. In fact the micro-hardness of
layers increases with the current density and by adding
some components on the electrolyte. The presence of
gelatin leads to a more compact layer of Zn while the
micro-hardness of co-deposed layers is explanable by the
presence of TiO, partciles into the composite layer.

Conclusions
The study aimed to obtain by electrochemical method
coatings of composite materials with Zn matrix and TiO,
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dispersed particles in order to obtain better coatings from
mechanical point of view. To prove the asumption that the
presence of TiO, improves the mechanical properties some
relevant parameters had been analyzed - layer thickness,
rouhness, micro-hardness and, also structural analysis had
been developed.

The electrolysis regime used was the following: 33.3mA/
cm?, 66.6mA/cm?, 100mA/cm?, 120mA/cm?, temperature:
~50°C for Zn/ gelatin coatings and 20°C-25°C for the others,
the agitation rate of the electrolyte 100rpm, concentration
of TiO, particles in solution of 10g/L and 5g/L, respectively,
for gelzatin.

The critical factors that influence the quality of
composite coatings are: electrolyte composition,
electrolysis conditions (current density, deposition time,
temperature, agitation mode). Using (EDAX), we were
capable to determine both the qualitative and quantitative
presence of TiO, and gelatin particles both on the surface
and the obtained composite layer.

The presence of gelatin into the electrolyte leads to a
manifest modification of morpholgy but is not affecting
the Zn concentration and uniform distribution on the
deposed layer. The presence of TiO, particles into the co-
deposed layer leads to an improvement of micro-hardness
and favourize an increase on Zn concentration into the co-
deposed layer at higher values of current density.
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