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An inexpensive contact angle measurement system
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In this study, a new and cost-effective contact angle measurement system has been developed. As direct application of this easy-to-use
measuring system, the wettability behavior of acrylic polymers was analyzed by dropping a saline solution of 2.4 M on acrylic materials,
where contact angle measurements were made.
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1. Introduction

The wettability phenomenon is the act of spreading a liquid
over a solid material and is characterized by measuring the
angle formed between both substances, which is called the
contact angle (CA) [1]. According to the values of the contact
angle, if the liquid is water, the wetted material can be divided
into groups of materials that are called super-hydrophilic or
super-hydrophobic. If the degree of the contact angle is above
160◦ degrees, it is considered super-hydrophobic, and super-
hydrophilic, if less than 20◦. While super-hydrophobic ma-
terials have a high aversion to oil, they have the potential to
serve the purpose of oil/water separation layers as they re-
move water completely [2,3].

Contact angle measurement systems are needed to deter-
mine the wettability behavior of materials. However, contact
angle measurement systems are expensive and very complex
to use. In addition, special training is needed for their use.
Periodic maintenance and upgrade fees of such systems are
also quite high. In this study, in order to perform contact an-
gle measurements, a contact angle measurement system that
is easy to use and can be used in multidisciplinary studies has
been designed. Developing the software of the measurement
system, which is carried out at a low cost, according to the
existing systems and integration with other analysis software
is one of its most important advantages. In addition, the fact
that it is open to innovations and development in terms of
software and hardware makes the contact angle measurement
system more prominent than other measurement systems.

The wettability behavior of acrylic materials with salt wa-
ter was investigated in order to apply with the performed con-
tact angle measurement system. The use of acrylics, which
are required for the production of polymers, are quite wide
[4]. Acrylic has been extensively studied by researchers
for its excellent properties such as high electrical resis-
tance, good thermo-stability, lightness and good workabil-
ity [5]. These properties have led to the increasing use of
acrylics in various fields such as filtration, air purification

and rechargeable batteries. Acrylic is used in the cleaning
industry due to its antimicrobial properties as well as be-
ing a polymer-structured and hygienic material [6,7]. Multi-
functional acrylic materials are increasingly becoming more
popular in academic and industrial studies due to the man-
ufacture of super-hydrophobic films and coatings, liquid re-
pellence and other properties such as electrical conductivity
[8,9], magnetic activity [10], high-voltage applications [11],
transparency [12], strong substrate adhesion [13], mechanical
rigidity [14,15], frost prevention [16] and self-healing [17]
have increased the interest in these materials. By determin-
ing the contact angle in acrylic materials, they are directed to
many application areas.

2. Contact Angle and Wettability Behavior

2.1. Contact angle

The contact angle is critical in determining the wettability
behavior. This angle is determined by measuring the angle
formed between the liquid and the solid material. However,
the effect of the ambient air and gravity on this angle should
also be remembered. In fact, the contact angle can also be
defined as the angle formed by the materials in solid, liquid
and gas phases with the effect of gravity. The magnitude of
this angle depends on the relative size of the attraction forces
(cohesion forces) between the liquid’s own molecules and the
attraction forces (adhesion forces) between the liquid and the
solid. The greater the magnitude of the cohesion forces than
the adhesion forces, the greater the contact angle between the
liquid and the solid. In other words, a large contact angle in-
dicates that the liquid-solid gravitational forces are low, and
a small contact angle indicates that these forces are large.
Methods such as the half-angle, tangential, Young-Laplace,
ellipse, and polynomial methods are used in the calculation of
contact angles [18]. In this study, the half-angle method was
used in the measurement of the contact angle of the acrylic
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FIGURE 1. Schematic representation of contact angle measurement
using theθ/2 method.

materials. The half-angle method considers that the drop on
the solid surface is part of an ideal sphere and its cross-section
is a circle. When the vertical height formed by the drop on
the solid surface is taken ash and the base radius of the drop
asr, the contact angle can be calculated as shown in Eq. (1)
[19,20]. In Fig. 1, a schematic representation of the mea-
surement of the contact angle using the half-angle method is
presented.

Θ = 2 tan−1

(
h

r

)
. (1)

Today, many contact angle approaches [21,22] have been
heavily inspired by Young’s equation for determining surface
energy. Although these approaches differ logically and con-
ceptually, they share some basic assumptions. All of these
approaches are based on the validity of Young’s experimen-
tal surface energy and contact angle equation. Some of these
studies suggested that pure liquids should always be used,
but active ingredient solutions or liquid mixtures should not
be used as they would cause complications. In these studies,
the authors stated that care should be taken to avoid physi-
cal or chemical reactions between the wet solid surface and
the dropped liquid. They also emphasized the importance
of the liquid surface tension of the liquids used being higher
than the solid surface tension. The contact angle value is ex-
pressed in hysteresis as the time-dependent change of the liq-
uid from the drop on the solid surface. In addition, advancing
and receding contact angle values do occur. The contact an-
gleθ0, in terms of the advancing and receding contact angles,
θA andθR, respectively, on a completely smooth surface was
calculated by Tadmor and shown in Eq. (2) [23].

θ0 = cos−1

(
ΓA · cos θA + ΓR · cos θR

ΓA + ΓR

)
, (2)

whereΓA andΓB values are expressed as:

ΓA =


 3

√
sin3θA

2− 3 · cos θA + cos3θA


 ,

and

ΓR =


 3

√
sin3θR

2− 3 · cos θR + cos3θR


 .

The validity of Young’s equation requires solid surfaces
to be hard, smooth and homogeneous.

2.2. Wettability behaviors

Wettability behavior is a technical term first defined by Young
[24,25]. The contact angle between the surface of the mate-
rial and the liquid drop is the most significant factor explain-
ing the wettability behavior of the material. When the liquid
drop is dropped onto the material, the molecules in the inte-
rior of the liquid draw each other from all directions. On the
surface where it is dropped, the energies called surface ten-
sion ensure that it continues to maintain its spherical shape.

Surface energy and surface tension are the context of ex-
plaining the same phenomena for different physical reasons.
It would be more accurate to use the expression surface ten-
sion for liquids and surface energy for solids. While the con-
tact angle is being formed, surface tensions are occurring.
There are three types: Liquid-Air (γLV ), Solid-Liquid (γSL)
and Solid-Air (γSV ). The contact angle and surface tensions
of a drop are shown in Fig. 2.

A relationship between the contact angle and surface ten-
sions is given in Eq. (3). This equation also forms the basis
of wettability behavior and takes the name of Young’s Equa-
tion [25].

γSV = γSL + γLV · cos θ. (3)

The wettability characteristics of the solid materials
emerge based on the value of the contact angle formed with
the liquid dropped on the solid material. If the contact angle
value is below90◦ the solid material exhibits

FIGURE 2. Contact angle and surface tensions of the sessile drop.
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FIGURE 3. The representation of the wetting behavior based on the value of the contact angles.

FIGURE 4. Block diagram of the contact angle measuring system.

hydrophilic properties and hydrophobically if it is above90◦

[26]. When the value of the contact angle is exactly zero,
there is full wetting and if it is180◦, it is understood that
there is no wetting behavior. In Fig. 3, the conditions of the
wetting behavior based on the value of the contact angles are
shown.

3. Contact angle measurements systems

Systems that make contact angle measurements consist of
hardware and software in the market and are sold for around
$5,000-30,000. In addition, special training is required to use
these systems. Due to the high price of the system, we de-
signed and developed a contact angle measurement system
within our own facilities. The cost of the designed and im-
plemented system is approximately $400. The block diagram
of the system is shown in Fig. 4. The operation of the mea-
suring system is clearly explained in blocks.

The measuring system consists of two parts, including
software and hardware. The hardware section consists of
lighting, a digital microscope, a syringe, a sample placement
platform, mechanical apparatus for the distance-height ad-
justment of the materials and a laptop computer. Specific
mechanical parts were manufactured using a 3D printer. It is
given in Fig. 5 a schematic representation of the contact angle
measuring system. Figure 6 depicts the setup for the system.

The hardware parts of the contact angle measuring sys-
tem are given below.

1. Digital microscope distance adjustment mechanism.

2. Lighting focus adjustment mechanism.

3. Digital microscope right-left adjustment mechanism.

4. Adjustment mechanism of specimen placing platform.

5. Height adjustment mechanism of syringe.

6. Specimen.

7. Illumination.

8. Syringe.

9. Droplet.

10. Laptop.

11. Digital microscope.

The software section, however, is the section where im-
ages of the droplet contact angle taken with the help of a dig-
ital microscope are processed using basic image processing
techniques and the contact angle values are calculated and the
results are reported. The image of the droplet on the sample
is taken with a digital microscope and transferred to the com-
puter. Before taking the image, the distance and height set-
tings of the lighting and the digital microscope are adjusted
to get the sharpest image. The droplet images taken are ex-
amined and the contact angle is cleared from shadows and
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FIGURE 5. Schematic representation of the contact angle measure-
ment system.

FIGURE 6. Contact angle measurement system.

reflections for proper measurement. Contact angle measure-
ment is performed from the clearest cleared image.

In order to carry out the analysis and presentation of
graphical results of measurements, a piece of software was
developed. With the software, the contact angle can be

analyzed with respect to some parameters (time, distance,
droplet volume, droplet height, etc.). Also in this section,
there is a user interface created usingMATLAB. The control
of the contact angle measurement system and obtaining the
analysis data was carried out through the interface created.
The user interface of the contact angle measurement system
is presented in Fig. 7. The system was created in a flexible
way to enable being used in all multidisciplinary studies. In
addition, it has an ergonomic design that can be used easily
in chemistry, physics and materials laboratories.

It is easier to use than other measuring systems. There
is no need for a special training. Most measurement sys-
tems do not have features such as analysis and graphing. In
the measurement system we have implemented, program ad-
dition and deletion operations can be performed if desired.
This feature reveals the ability of such systems to modernize
themselves when needs and purposes change. Otherwise, the
system will not be used for many years.

3.1. Preparation of acrylic samples and performing con-
tact angle measurements

Acrylic samples to be measured contact angle were prepared
in the dimensions of5 × 25 × 40 mm3. A 2.4 M (molarity)
saline solution was used to analyse the wettability behavior of
acrylic materials with saline (NaCl solution). Pure water was
used as water when preparing the saline solution. Conduc-
tivity values of the solutions produced were measured with
the help of SG78 - (SevenGo Duo pro pH/Ion/Conductivity
Meter, Mettler Toledo). In this study, 2.4 M saline solution

FIGURE 7. User interface view of the contact angle measurement system.
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with conductivity of167.9 mS/cm was used as droplet liquid.
Surface roughness values of acrylic samples of which contact
angles to be measured were measured using a Ra Mitutoyo
SJ-410 brand profilemeter. The average surface roughness of
the acrylic samples was measured asRa = 0.012 µm. This
value means that the roughness value of the surface of the
acrylic sample is very small.

Before measuring contact angle values, the contact sur-
face of the samples must be clean. This was done with
99measurement, as well as rinsed with pure water and dried.
Only when the temperature of the sample reached room tem-
perature, it was placed in the measurement system without
human touch. A Celestron 44308 digital microscope was
used to obtain the contact angle images of the acrylic mate-
rial and saline solution sample. In the image processing part
of the contact angle measurement system, the images taken
from the experimental platform with a digital microscope
were brought into the form to be measured by using soft-
ware and image processing techniques prepared inMATLAB.
The so-called sessile drop method was used when calculat-
ing the contact angle. Reflections and nonsense regions were
removed from the droplet images. Following the determina-
tion of the baseline, right, left and top end points of droplet
on the acrylic surface, the contact angle was calculated us-
ing image processing techniques and half-angle method. The
half-angle method considers the sessile drop as the half of an
ideal sphere. As a result, the contact angle was calculated
with the help of this method, based on the height of the drop
and the radius of the base.

4. Experimental results

With the help of the interface created, images can be taken
from the droplet left on the surface at desired time intervals.
In the interface system, the image is obtained at any time with
the help of a digital microscope after entering information
such as the name of the sample, the number of seconds after
the droplet is dropped and the drop volume, etc. When the
drop image is displayed on the screen, the necessary opera-
tions for measurement can be performed by using the buttons
for clipping, point selection, calculation and image process-
ing. Three points are determined on the image of the drop and
the contact angle is calculated. Reports can also be extracted
from the interface system. These images can be analysed us-
ing basic image processing techniques. All values measured
can be stored in memory and used at any time.

After the acrylic sample was prepared and the necessary
cleaning process was performed, it was placed in the contact
angle measurement system without human touch. A 2.4 M
saline solution was dropped onto the sample in a volume of
20 microliters with the help of a syringe on the system. After
2,4 M saline was dropped on the acrylic sample, contact an-
gle measurements were carried out at 30 s, 240 s, 480 s, 720
s, 960 s, and 1200 s intervals. These measurements

FIGURE 8. The bar graph of contact angle values measured after
30 seconds by dropping 2.4 Molar saline to the acrylic sample.

FIGURE 9. Contact angle value (for 30 seconds).

were repeated 10 times for each drop. The graph of the con-
tact angle measurement values made for the waiting period
of 30 seconds is shown in Fig. 8.

When 10 different measurements were performed for 30
seconds and averaged, the contact angle value was obtained
asθCA(30 s) = 67.3801◦. The contact angle for 30 seconds
is shown in Fig. 9.

Similarly, bar graphs of contact angle measurement val-
ues made for each waiting time were drawn and are shown in
Fig. 10.

When the measurements were completed and when the
average of the measurements made for each waiting period
was taken, the contact angle values given in Table I were
achieved.

TABLE I. Contact angles for 30 s, 240 s, 480 s, 720 s, 960 s and
1200 s waiting times when 20 microliters of 2.4 M saline water
is dropped on acrylic material:t = Waiting Time (s),θCA =
Contact Angle(◦)

t θCA

30 67,3801◦

240 64,3046◦

480 61,5683◦

720 59,8443◦

960 56,9913◦

1200 53,4594◦

Rev. Mex. Fis.68021001
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FIGURE 10. Contact angle bar graphs (for 240 s, 480 s, 720 s, 960
s and 1200 s).

FIGURE 11. Determining the volume, height and baseline values
of the drops usingAUTOCAD.

FIGURE 12. The contact angle and volume values of the drops
based on waiting times.

The image of each drop obtained according to the waiting
times was analyzed withAUTOCAD. and the volume, height
and baseline lines were calculated. These images and values
are given in Fig. 11.

In Fig. 12, average contact angle and drop volume val-
ues are calculated for each waiting time and shown in a bar
graph. From close inspection of Fig. 12, it is seen that there
is a decrease in the contact angle values and the volume of
the drop based on the waiting times.

Rev. Mex. Fis.68021001
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5. Conclusion

A contact angle measurement system has been developed to
be used in many industrial, educational and scientific fields.
As an application of the system, measurements of the wetta-
bility of acrylic materials with a saline solution were carried
out. The contact angles of the acrylic samples with a 2.4 M
saline solution were measured at different time intervals. De-
pending on the contact angle values, acrylic materials exhibit
hydrophilic characters in the case of dropping saline on the
surface. When the image of the drop shapes after each de-
termined waiting time was analyzed, it was determined that
they are symmetrical with respect to the height.

The contact angle measurement system has been created
at a very affordable cost and has the flexibility to be used
easily in many multidisciplinary studies. In particular, one
of the most important advantages of the system is its ability
to be updated and integrated with other software. Additional
advantages include the ease of use, as it is straightforward for
the user to conduct the experiments and analyze the extracted
data, and its low cost.

In the future, it is thought to contribute to many engineer-
ing disciplines such as metallurgy and materials engineering,
surface engineering, electrical electronic engineering, textile
engineering, and chemical engineering.
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