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Abstract. The contact line movement, advancing and receding, of the
distilled water droplet was studied on the polished and laser patterned
aluminum surfaces. The obtained dependences of the dynamic contact
angles on the contact line speed were fitted by the combined theory
consisting of molecular-kinetic and hydrodynamic theories. Results
obtained on laser patterned surface are found to fit better to the theory in
comparison with polished surface. The assumption was made that this
result is connected with the low contact angle hysteresis on the patterned
surface compared to the polished one. It means that combined theory does
not consider the contact angle hysteresis.

1 Introduction

Research [1-9] aimed at studying wetting, spreading, and phase transition of a droplet is
currently very relevant. It is connected with the extensive application of the obtained
results. Dynamic wetting phenomenon is widespread in the technology, for example, at
droplet cooling of surfaces [10], application of various coatings [11], inkjet printing [12],
oil extraction, lubrication, bonding and impregnating of various materials [13], growth of
biological crystals [14]. Insufficient understanding of the three-phase contact line properties
leads to deter the development of a number of technologies where rivulet flow [15], boiling
[16], and droplet irrigation [17] are implemented.

A droplet placed on a solid surface spreads, tends to take an equilibrium state. The
characteristics used to describe the spreading of droplets are dynamic contact angle, contact
line speed and contact diameter. The most significant of these is the dynamic contact angle
(DCA). There are several theories of spreading [18-20], in which DCA is mathematized as
a function of the contact line speed.

In this study the possibility of applying the combined theory of spreading (as the most
integrated, since it takes into account the adsorption and desorption of molecules, the forces
of viscous friction in the liquid) to describe the wetting and dewetting of polished and
micropatterned surfaces of aluminum substrates by liquid droplet was proved.
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This theory assumes that the equilibrium contact angle depends on the contact line

speed [18]:
3
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where 6, is the equilibrium contact angle, L is the characteristic capillary length, L

is the slip length, k, is the Boltzmann constant, 7' is the temperature, k, is the

equilibrium frequency of the random molecular displacements occurring within the three-
phase zone, and A is the average distance of each displacement.

This theory includes hydrodynamic [19] and molecular-kinetic [20] theories. From the
first theory it is known that the bulk viscous friction prevents the contact line motion. The
second theory supposes that the dependence of the dynamic contact angle on the contact
line speed is the result of molecular adsorption and desorption on the three-phase contact
line.

2 Experimental apparatus

Research was conducted on the experimental setup with shadow method implementation.
The principle of operation is described in detailed in [21-25]. To form advancing and
receding contact line, liquid was pumped in/out through an opening in the surface (Fig.1)
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Fig. 1. Scheme of pumping in/out liquid for droplet formation.

Two substrates made of aluminum were used in the experiment. Surface of the first
substrate was polished; the second was micro patterned by laser treatment. The energy in
the laser pulse was 1.0 mJ, pulsed frequency was 20 kHz, traverse speed was 500 mm/s.
The surfaces were studied on the profilometer “Micro Measure 3D station” (Fig. 2). The
roughness parameter was obtained for each substrate, Ra=0.0558 um and Ra=4.2096 pm,
respectively. Microstructures are shown in Fig.2.
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Fig. 2. Surfaces of substrates (x1000): (a) polished; (b) patterned.
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Liquid flow rate supplied by an electronic pump was varied in the following range: 0.05
mL/sec — 0.11 mL/sec. The random error was calculated from the results of experiments
repeated under the identical conditions. Thereafter, the mean values of the contact angle
and their standard deviations were calculated. The random measurement errors were mainly
due to the small deviations of flow rate during dosing the liquid through a silicone tube.

3 Results and discussion

The experimental data processing for the following comparison with theory [18] was
performed by least squares. To evaluate fitting of the experimental data to the theory the R-
squared coefficient was obtained. Defined parameters of the combined theory for polished
surface are listed in Table 1.

Parameters k° and A were obtained by approximation. The combine theory is found to
describe well the experimentally obtained values of &, on polished surface. It is explained
by the fact that this theory takes into account both the contact line friction and viscous
forces in the bulk of liquid.

Table 1. Parameters for polished surface.

DOI: 10.1051/matecconf/20179101026

Liquid flow rate, Measured equilibrium Calculated parameters
mL/sec contact angle 6, ,° 0, k°.10° Hz A,nm R?
0.05 96.5 91.6 0.47 3.02 0.758
0.07 92.8 90.4 4.69 2.73 0.650
0.09 85.3 80.5 0.86 2.98 0.634
0.11 99.0 96.7 1.80 4.85 0.765

Fitting of the combined theory was conducted simultaneously to the advancing and
receding lines both for polished and patterned surfaces. Dependences for polished surface

are presented in Fig.3.
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Fig. 3. DCA versus contact line speed on polished surface at different values of flow rate: (a) 0.05
mL/sec and 0.07 mL/sec; (b) 0.09 mL/sec and 0.11 mL/sec.

Resulting parameters of the combined theory for patterned surface are listed in Table 2.
Obtained dependences of the dynamic contact angle on the contact line speed are presented

in Fig.4.
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Fig. 4. DCA versus contact line speed on patterned surface at different values of flow rate: (a) 0.05
mL/sec and 0.07 mL/sec; (b) 0.09 mL/sec and 0.11 mL/sec.

Table 2. Parameters for laser patterned surface.

Liquid flow rate, Measured equilibrium Calculated parameters
mL/sec contact angle 6,,° 0, k°,10° Hz A,nm R>
0.05 71.9 69.7 132.8 1.59 0.975
0.07 80.2 74.2 4.71 1.75 0.965
0.09 75.8 76.2 394.0 1.07 0.980
0.11 78.9 713 534.3 1.02 0.989

According to the results of fitting, dependences of the advancing and receding dynamic
contact angle on the contact line speed obtained for patterned surface are found to fit better
with the theoretical dependence compared to the results obtained on polished surface. It is
connected due to the fact the dependence of combined theory (Eq. (1)) do not take into
account the contact angle hysteresis. For this reason, the best fitting is observed for
patterned surface with the lower hysteresis value (H<1.5°) compared to the polished surface
(H=5°). Thus, when the liquid flow rate equaled 0.05 mL/sec R-squared value for polished
surface was 0.758, for patterned — 0.975.
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