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Abstract. The wetting and spreading of distilled water droplets on
abrasion-treated aluminum alloy AlMg 6 surfaces were studied. Using the
shadow method, the dependences of the dynamic contact angle and
hysteresis on the arithmetic mean of the profile deviation were obtained.
Based on the analysis of the height and hybrid 3D roughness parameters, a
relationship between the texture and spreading of the droplet is established.

1 Introduction
Wetting and spreading is central to many natural phenomena and industrial operations
such as coating, spray cooling, lubrication etc. [1-4]. Considerable amount of paper is
devoted to study liquid spreading along the smooth solid surface experimentally [5-7],
numerically [8, 9] and analytically [10]. However, the surface of a solid is not perfectly
smooth, but covered with irregularities of various shapes (pores, microcracks, local
deformations, etc.). One of the most important scientific direction is to study wetting of
engineering metal surfaces used in different industrial applications and liquid spreading
over them.
The influence of a relief of engineering rough surfaces (aluminium alloy, iron alloy,
copper, ceramic, plastic (poly-methylmethacrylate: PMMA) and titanium alloy) on wetting
were studied based on the two-dimensional roughness parameters [11, 12]. The lastmentioned characterize only chosen profile and do not allow to evaluate the change in the
relief along the surface in two coordinate directions. Another phenomenon influenced by
the surface roughness is the contact angle hysteresis (CAH) [13], which is the difference
between the advancing and receding dynamic contact angles (DCA). The CAH is possible
to use for estimating the state of a solid surface. The surface roughness and CAH were
found to effect significantly on the spreading of droplets with characteristic sizes of several
millimeters [14, 15]. There are studies of the surface wetting and influence of the CAH in
different gravity levels [16]. Thus, it is important to study spreading of a liquid droplet over
rough surfaces taking into account the value of the CAH, which can vary depending on the
roughness and irregularity locations.
The aim of the presented work is to establish connections between the texture of the
aluminum surface formed by abrasive processing and its wetting and spreading of the water
droplet.
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2 Methods and materials
Experimental studies of spreading and wetting have been conducted using the shadow
method [17, 18]. The volume (10 µl) and flow rate (5 µl/s) of distiled water droplet were
controlled.
Six AlMg6 aluminum alloy samples were used in the experiment. The samples are disks
(50 mm in diameter and 4 mm thick). The substrates were polished using diamond pastes
and abrasive felt wheels. Five samples were treated by abrasive discs (P2500, P1000, P800,
P600, P400), after polishing. Surface roughness parameters are determined on the obtained
3D surface images (Fig. 1) using the profilometric complex "Micro Measure 3D station".
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Fig. 1. 3D images of substrates. Untreated by abrasive discs: (a) Sample No 1 – polished. Treated by
abrasive discs: (b) Sample No 2 – P2500, (c) Sample No 3 – P1000, (d) Sample No 4 – P800,
(e) Sample No 5 – P600, (f) Sample No 6 – P400.

The profilometer works as follows. A light beam with a diameter of 2 µm illuminates
the surface with a frequency of 30 Hz, 100 Hz, 300 Hz or 1000 Hz. The frequency of light
pulses is selected depending on the intensity of the reflected light and the surface condition
(roughness, degree of gloss or blackness). A halogen lamp generates a beam of light. Then,
along the fiber-optic conductor, the beam passes into the sensor, where it is formed into a
ray. The height of the protrusions and depressions is determined from the difference
between the intensities of the incident and reflected light. The surface roughness is
calculated from the profile recorded on a segment of length. A three-dimensional image of
the surface is formed as a result of repeated, sequential sample surface movement under the
sensor. The analysis of the received profiles is performed using a computer program. It is
established that after the abrasive treatment a texture (Samples No 2-6) is formed by
chaotically located depressions and protrusions.

3 Results and discussion
Three-dimensional roughness characteristics were analyzed (Fig. 2). 3D surface parameters
are chosen to describe the surface texture. In contrast to the two-dimensional parameters
(Ra, Rz, etc.), they characterize by not the selected profile, but the surface. The following
parameters are selected: height (Ssk – skewness, Sku – kurtosis, Sa – arithmetic mean
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height, Sq – root mean square (RMS) height) and hybrid (Sdq – gradient of RMS, Sdr –
developed interracial area ratio).

Fig. 2. Roughness parameters.

The parameters Sa and Sq are an indication of the general amplitude properties of the
surface. It does not allowing to distinguish between pits and peaks. However it is
convenient to compare surfaces obtained by one processing method. According to the
obtained results, the polished surface is characterized by Sq and Sa parameters whose
values are less than on abrasive-treated surfaces. It has also been established that after
processing aluminum surfaces by abrasive disks with a larger grain, the parameters Sq and
Sa become larger.
The skewness Ssk and kurtosis Sku characterize the heights symmetry of the
irregularities with respect to the median plane. Samples No 1 and 6 are characterize by
Ssk = -0.0221 and -0.00823, respectively. It means that the distribution of unevenness
heights of the nanometer scale is close to the symmetrical form. For samples No 3, 4
Ssk = -0.13, the surface is characterized by pits. Positive values of the parameter Ssk
(samples No 2 and 5) illustrate that high irregularities are arranged on the surface relative to
shallow depressions.
The polished sample is characterized by Sku = 3.03, irregularities have a symmetrical
distribution. For samples 2-6, the values of Sku are more than 3. The last-mentioned shows
that the tops of the borders are higher than the Gaussian distribution (the peaked texture).
The relative change of surface area in its studied area relative to the nominal area Sdr.
Sdr = 0.009 % corresponds to the polished sample. For samples 2-6, the value of Sdr grows,
since the spatial complexity of the texture increases.
Gradient of RMS Sdq is used mainly to assess the quality of wearing surface, surfaces
with special requirements for their wetting by various liquids, characteristics analysis of
reflecting surface and appearance (shine). The parameter Sdq can be considered a measure
of surface smoothness, which agrees with the results: for the smoothest (polished)
Sdq = 0.009, for the roughest one is 0.109.
The effect of roughness on the surfaces wetting properties is analyzed. Fig. 3 shows the
dependences of the static contact angle, the advancing and receding DCA, the hysteresis of
the contact angle on the arithmetic mean height.
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Fig. 3. Dependences of static contact angle θs, advancing θOA and receding θOR DCA, hysteresis of the
contact angle ∆θ on the arithmetic mean height.

It is seen from Fig. 3 that with growth in the surface roughness estimated by the
parameter Sa, the static contact angle decreases (agrees with the Wenzel-Derjaguin
equation (cos θ = r cos θ 0 ) [19]). According to this relation, if the liquid wets the material,
an increase in the roughness coefficient causes a decrease in the macro-contact angle.
However, for surfaces 3 and 4, the parameters Sa and the static angles differ insignificantly,
which lies within the confidence interval.
Based on the results of the conducted studies of the spreading and flow-out process,
hysteresis of the contact angle, the advancing and receding DCA are determined. The
pinning of contact line is registered, it follows that the hysteresis of the contact angle on all
surfaces is not zero. The roughness leads to the appearance of metastable equilibrium of the
system. Macro-contact angles on a rough surface depend on the direction of the liquid flow,
since the position of the wetting line in a state of metastable equilibrium is different for
advancing and receding. Therefore, the roughness is one of the main causes of wetting
hysteresis. It is found that the contact angle hysteresis grows with increasing Sa.
For samples 2-6, the static contact angles do not lie in the interval of advancing and
receding DCA ( θ OR ≤ θ ≤ θ OА ), except polished. According to the molecular-kinetic theory
[20], when a droplet is placed on surface, it reaches an equilibrium state when all of its
kinetic energy is dissipated. If the hard surface is rough enough, i.e. the frictional forces in
the displacement of the contact line are large, and then the entire kinetic energy of the drop
dissipates to a thermodynamic equilibrium state. Therefore, pinning of the contact line on
the irregularities will occur, which will lead to a larger contact angle than expected. Most
likely, this explains why the obtained static angles are greater than the limiting upcoming
DCA and do not fall within the ranges θ OR ≤ θ ≤ θ OА for all rough surfaces.

4 Conclusion
Three-dimensional roughness characteristics were analyzed. 3D surface parameters are
chosen to describe the surface texture. Dependences of static, dynamic contact angles and
hysteresis are obtained when a drop of distilled water spreads on abrasive-treated aluminum
surfaces. With an increase in the parameter Sa, the static contact angle decreases, which
agrees with the Wenzel-Deryagin equation [19]. The contact angle hysteresis increases with
the growth of surface roughness (arithmetical mean height Sa). Static contact angles do not
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lie in the range of advancing and receding DCAs, i.e. the expression θ OR ≤ θ ≤ θ OА is not
valid for all surfaces except polished.
The reported study was supported by RFBR, research project No. 18-38-00315 mol_a.
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