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An Investigation of Surface Texturing by Ultrasonic
Impingement of Micro-Particles
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Abstract—Surface topography plays a significant role in the
functional performance of engineered parts. It is important to have a
control on the surface geometry and understanding on the surface
details to get the desired performance. Hence, in the current research
contribution, a non-contact micro-texturing technique has been
explored and developed. The technique involves ultrasonic excitation
of a tool as a prime source of surface texturing for aluminum alloy
workpieces. The specimen surface is polished first and is then
immersed in a liquid bath containing 10% weight concentration of
Ti6Al4V grade 5 spherical powders. A submerged slurry jet is used
to recirculate the spherical powders under the ultrasonic horn which
is excited at an ultrasonic frequency and amplitude of 40 kHz and 70
um respectively. The distance between the horn and workpiece
surface was remained fixed at 200 um using a precision control stage.
Texturing effects were investigated for different process timings of 1,
3 and 5 s. Thereafter, the specimens were cleaned in an ultrasonic
bath for 5 mins to remove loose debris on the surface. The developed
surfaces are characterized by optical and contact surface profiler. The
optical microscopic images show a texture of circular spots on the
workpiece surface indented by titanium spherical balls. Waviness
patterns obtained from contact surface profiler supports the texturing
effect produced from the proposed technique. Furthermore, water
droplet tests were performed to show the efficacy of the proposed
technique to develop hydrophilic surfaces and to quantify the
texturing effect produced.

Keywords—Surface texturing, surface modification, topography,
ultrasonic.

I. INTRODUCTION

HE art of surface texturing for modifying the surface

properties of metals and non-metals has become an area of
interest in the recent years. Surface texturing is the process of
modifying the surface to alter its surface properties such as
wettability, surface tension, friction, wear and tribological
properties [1]. The textured surfaces as a whole are referred to
as functional surfaces. Many different techniques are available
to produce surface textures in the range of nanometer to
millimeter scale. As a result of texturing, many new surface
properties can be exploited and used for a variety of
applications.

The most common techniques used for surface texturing can
be categorized into the following divisions (a) Addition
methods, (b) Removal methods, (¢) Forming methods and (d)
Non-contact methods.

Some of the common methods adopted to alter the
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tribological properties of metals are by surface coating
processes. Addition methods mainly employ chemicals to be
coated on the specimen surface. The target surface is coated
with a hydrophilic or hydrophobic coating to alter the
wettability properties. An investigation on friction and wetting
effects by coating DLC (Diamond like carbon) on various
patterns and textured resulted in spalling off of coating upon
lubricating the surface unless the texture had perpendicular
grooves [2]. Electrodeposition of silver halide-based
photographic films was done to create microstructures suitable
for microfluidic applications [3]. Other texturing methods by
adding materials include catalytic plating [3], precipitation
coating [4], precursor deposition [5], patterned curing [6],
chemical printing [7] and coating of Nano and micro particles
[8]. The major drawback of these methods is that the produced
textures are not permanent and may get deteriorated upon
usage.

To overcome the drawbacks, permanent textures were
created by material removal techniques such as laser texturing
[9], laser honing [10], electric discharge texturing [11],
masking methods [12] and patterned erosion by sand blasting
[13] etc. However, the uniformity and regularity in the
geometry of the texture created by material removal
techniques is difficult to control. Due to the irregularities in
the texture, during lubrication and load bearing scenarios, the
textures tend to get eroded and lose their performance on a
longer run. Investigations on texturing effects using forming
methods such as sand blasting [14], embossing techniques
using patterned tools [2], vibro rollers [15] and molecular
migration [16] showed promising results and were reliable on
a longer run. This is due to the reason that there is no addition
or removal of any material from the surface but purely due to
plastic deformation and atomic dislocations.

Ultrasonic manufacturing methods such as ultrasonic
turning [17], ultrasonic drilling of materials which have high
hardness [18], ultrasonic grinding [19] and ultrasonic surface
modification [20] are recently gaining more attention due to
their high precision and accuracy in achieving desired results.
Existing ultrasonic surface modification methods for
improving the tribological behavior of materials involves
excitation of a micro tipped ball by ultrasonic frequency. The
tool embosses the pattern on the target surface upon touching
and created a texturing effect. This technique leads to tool
wear and is limited to the design of an ultrasonic tool for
creating a dimple on the surface [21]. Non-contact ultrasonic
surface finishing techniques employ the use of cavitation
phenomenon to reduce the surface irregularities. Cavitation
bubbles upon collapse exert high pressure and temperature on
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the solid surface, resulting in micro pitting on the surface.
Cavitation on a solid surface with high initial roughness
characteristics has the capability to reduce the irregularities
and produce a smooth surface [22]. Therefore, in this
investigation, an attempt is made to develop a texturing
method using ultrasonic impingement of micro particles on the
target surface. Aluminium 6061-T4 is selected as the target
material for the texturing experiments. The target surface was
textured using spherical titanium micro particles by ultrasonic
excitation. Results are discussed based on the profile of the
texture created and variation achieved in surface wettability
properties.

II. EXPERIMENT METHODOLOGY

Ultrasonic texturing is performed on polycrystalline
aluminium alloy 6061-T4 specimens. Specimens were initially
cut using Excetek 850 wire cutting EDM machine. The wire
cut EDM surface is then polished until a mirror surface is
achieved. Mirror polishing was done to analyze the texture
created on the surface. To determine the geometrical profile of
the texture created, an optical microscope and contact
profilometer were used. Surface wettability analysis using
water droplet contact angle test was done before and after
texturing to support the results obtained.

A. Experimental Set-Up

The set-up used for ultrasonic texturing is shown in Fig. 1.
The setup consists of an ultrasonic generator (Dukane 4100
benchtop controller) of 40 kHz frequency with a horn at a
vibrating amplitude of 70 pm. The ultrasonic horn with a tip
diameter of 5 mm is made to vibrate using piezoelectric
transducer. The specimen (aluminium alloy 6061-T4 with a
diameter of 25 mm and thickness of 3 mm) is placed just
beneath the horn. The working distance between the horn tip
and the specimen surface was fixed at 200 um for all test
conditions using a precision control stage.

+—— Transducer

Boosler

Peristaltic
pump

Horn

Workpiece

Micro

Particle
Slurry Ultrasonic
(enerator

[ ]

Fig. 1 Schematic drawing of experimental setup

Spherical powders were suspended inside the fluid medium.
To maintain homogeneity in the mixture, a magnetic stirrer is

used to stir the micro slurry. The insertion depth of horn from
the slurry surface is fixed at 10 mm. A small nozzle injects the
slurry from the stirrer bath under the horn surface. The fluid is
continuously recirculated between the texturing bath and
stirrer bath using a peristaltic pump.

B. Experiment Procedure

The polished specimens were ultrasonically cleaned for 5
minutes to remove surface debris. Surface topography of the
specimens was then extracted using optical and confocal
microscopes. Water droplet contact angle analysis was also
performed to analyze the surface wettability. The specimens
were then carefully placed under the horn surface. Texturing
experiments were carried out as per experimental plan in
Table 1. The ultrasonic horn excitation was varied for 1, 3 and
5 seconds to create a texture on the specimen surface. Three
repetitions were performed in each experimental run to check
the consistency of texture created. After texturing, the surface
topography of the textured area was analyzed under an optical
microscope and water droplet contact angle measurements
were performed using contact angle testing machine. The
results are then compared, analyzed and discussed.

TABLEI
EXPERIMENTAL CONDITIONS

Experiment Parameters Values

Frequency 40 kHz

Amplitude 70 pm
Working fluid Spherical Ti-6A1-4V slurry

Temperature 25°C

Working distance 200 pm

Aluminium alloy 6061-T4
(diameter=25 mm,
thickness=3 mm)

1s;3s8;5s

Workpiece

Process time

III. RESULTS AND DISCUSSION

After experimentation, the specimens were then removed
and cleaned with ethanol solution to remove any dust remnant
present on the surface. The texturing results were analyzed
using an optical microscopy and contact profiler. The effect of
texturing on wettability properties was analyzed using water
droplet contact angle measurements. Finally, the texturing
profile was analyzed under a contact profilometer. Ultrasonic
texturing mechanism, profile of the texture created and
changes in tribological properties of the specimen are
discussed below.

A. Ultrasonic Texturing Mechanism

Ultrasonic texturing is performed by exciting the micro
titanium spheres using an ultrasonic horn. The time step of
ultrasonic texturing is shown in Fig. 2. As ultrasonic
frequency is applied, the horn vibrates at a certain amplitude
and excites the micro titanium spheres. Due to this excitation,
the spherical balls indent the elastic half-space below them
(Fig. 2 (a)). The titanium spheres indent the surface (Fig. 2
(b)) at a very high force, leaving a texture (Fig. 2 (c) and Fig.
2 (d)) almost close to a hemispherical curvature in the range of
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Fig. 2 (a) Excitation of ultrasonic horn, (b) Ultrasonic hammering on the specimen, (c) Micro particle escape from the surface and (d)
Hemispherical texture left over by the micro particle

Surface

scratches

(b)

Fig. 4 (a) Optical microscope image of EDM cut surface and (b) Polished surface

The indentation created by micro titanium spheres is in
relation to Hertz indentation theory as shown in Fig. 3. The
relation between the radius of spherical titanium powders (R),
the contact area of radius (a) and depth (d) of indentation
produced on the surface is given by (1) [23]:

a=+vRd (M

Apart from ultrasonic excitation, the titanium spheres also
get accelerated towards the surface due to microbubble
generation. These micro bubbles are known as cavities
generated in a fluid due to ultrasonic horn vibration. These
bubbles, upon collapse, emit high pressure to its surroundings.
This collapse pressure, in turn, accelerates the titanium

spheres to indent the surface and produce a texturing effect.
The relation between the force applied (F), Young’s modulus
(E), Poisson’s ratio (v) the radius of spherical titanium
powders (R) and depth of indentation (d) is given by (2) [23]:

B 4ER1/2d3/2 (2)
T 31-0)
Thus, the force (F) represents the summation of forces acting
on the titanium spheres due to ultrasonic excitation and bubble
collapse. This force can be controlled by varying the
amplitude of vibration depending on Young’s modulus of the
specimen.
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B. Qualitative Analysis of Ultrasonic Texture

Optical microscope microscopic images of the specimens
before texturing are shown in Fig. 4. After electric discharge
machining, the specimen surface had many irregularities with
scratches in random orientation as shown in Fig. 4 (a). The
specimens were polished to make the surface homogenous as
shown in Fig. 4 (b). Texturing experiments were carried out as
per experimental plan in Table I. After texturing for 1 s, it is
evident from the image shown in Fig. 5 that there is significant
change in the surface topography. Impingement of micro
particles created random hemispherical indentations on the
surface. Increasing the process time to 3 and 5 s shows that the
number of indentation created on the surface increases as in
Figs. 6 and 7 respectively.

Hemispherical
indentations

Hemispherical
indentations
T o o e RIS

Fig. 6 Specimen surface after texturing for 3 s

A contact profilometer with a stylus of arm length 60 mm
with a 2 pm diamond tip with 70° cone angle is used to scan
the textured surface. The measurement data were filtered using
a cut-off value of 0.025 mm to remove the high frequency
roughness data. The resulting waviness patterns are shown in
Figs. 8, 9 and 10, respectively.

Multiple
indentations
on same spot

Fig. 7 Specimen surface after texturing for 5 s

0.2 0.4 0.6 0.8 mm

Fig. 9 Waviness pattern after texturing — 3 s

pm
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Fig. 10 Waviness pattern after texturing — 5 s

Profile data of a single indentation created are extracted
from the waviness patterns. Therefore, this profile corresponds
to the geometric outline of a single indentation and not the

geometric profiles developed after texturing for 1, 3 and 5 s
are shown in Figs. 11, 12 and 13 respectively are found to
correlate with the theory of Hertz contact indentation. Regular
indentation profiles were created on the specimen surface.
These profiles resulting from ultrasonic texturing alter the
surface properties of the material. It can be noticed from Figs.
8-10 that the number of indentations has increased as the
process time increases. Further increasing the process time
resulted in multiple indentations at the same location (i.e.,
more than one indentation at a location). These multiple
indentations on the same location created an irregularity in the
hemispherical waviness profile of the texture generated. In
addition, static contact angle (6) measurements using Sessile
drop technique was performed using an optical goniometer to
determine the variation in surface wettability properties due to
texturing. Contact angle is one of the common ways to
measure the wettability of a surface or material. Wetting refers
to the property of a fluid to spread out on a solid surface or the
ability of liquids to form boundary surfaces with solid states.

waviness
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indentation produced. Therefore,

the

Length =72 pm Pt=1.12 pm Scale =2 ym
Ml PSPPI BPEPEPEE BT ETEPES BRSSPSR BT EPENEPE SPEPEr AT ENEPETErE A

0.8
06
0.4
02

0.2
0.4
0.6
.8

"' 25 % a5 40 45 sa s e 65 Toum
Fig. 11 Profile of single indentation — Texturing 1 s

Length = 107 pm Pt=0827 pm Scale =1 pm

0.3 4
0.2 4
01

0.1 4
0.2 1
0.3 4
0.4 4
0.5 4
0.6 4

R >

]| — I I
. — | [

um A

20

a0 40 50 80 70 80 00 100 ym
Fig. 12 Profile of single indentation — Texturing 3 s
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Fig. 14 Contact angle of EDM cut Aluminium 6061 T4 surface; o
left = 113.0°, o right = 113.0°

Fig. 15 Contact angle of polished surface

Fig. 16 Contact angle of textured surface: e left = 90.8°, o right =
91.1°

More specifically, a contact angle less than 90° indicates
that wetting of the surface is favorable, and the fluid will
spread over a large area on the surface; while contact angles
greater than 90° generally mean that wetting of the surface is
unfavorable so the fluid will minimize its contact with the
surface. It was found that the contact angle of water on EDM
surface was 113.0° as shown in Fig. 14 and has hydrophobic
characteristics. EDM surfaces are usually heterogeneous and
the hydrophobic domains in the surface will restrict the motion

of water droplet from spreading further resulting in an increase
in contact angle. This effect arises due to the roughness
present in the surface. Hence after polishing the surface
becomes homogenous and a contact angle of 90.8° as shown
in Fig. 15 was observed. Thus, after texturing, the barrier for
water droplet to spread on the surface decreases due to
insufficient boundaries. Finally, after texturing a contact angle
of 78.7° as shown in Fig. 16 was observed denoting that the
surface exhibits hydrophilic characteristics rather than
hydrophobic characteristics. The hydrophilic property is due
to the texture produced on the surface. The micro
hemispherical indentation in the texture further reduces the
irregularities in the surface. This reduction in irregularity, in
turn, reduces the micro-barriers that restrict the motion of
water droplet leading to large variation in macroscopic contact
angle. Therefore, it is evident that a permanent hydrophilic
surface property can be achieved by ultrasonic texturing for
nanofluidic transportation and surface that require self-
cleaning.

IV. CoNCLUSION

The paper presents an investigation on a novel surface
texturing technique using ultrasonic impingement of
microparticles. Through ultrsonic horn excitation and
cavitation mechanism, smooth and regular hemispherical
profiles were achieved on the surface. The hemispherical
profile generated was purely due to plastic deformation.
Therefore, there is no removal of material from the specimen
surface. The diameter of the hemispherical indentations
produced on the surface is directly related to the size of the
micro particles used for impingement. The profile of the
texture created alters the surface wettability properties.
Surface wettability results show that the wettability property
increases by about 30.4% from the initial values. It is also
found that the surface texturing achieved makes the surface
permanently hydrophilic. This permanent property change is
due to the micro hemispherical indentation pattern produced.
This technique can be employed in applications that require
hydrophilic surfaces such as cooling fins, nanofluidic that
require a micro hydrophilic path for smooth liquid
transportation and components that require self-cleaning
surfaces to prevent contamination. Future work on ultrasonic
texturing to produce uniform textures on the surface and
texturing in micro scale will even enhance the surface
wettability properties that can be used for a wider range of
applications.
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