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ABSTRACT

This thesis deals with measurement of liquid contact angle with different surface
roughness. The objective of this thesis is to measure the contact angle on different material of
solid surfaces and to measure the effect of surface roughness to the shape of liquid drop from
above view. Sessile drop method is used in this paper to determine the contact angle and drop
shape of a liquid. The result is trustful and easy to apply. With this method, the intersection of
three interface line and contact angle that state in Young’s equation can be achieved. This
method also has been shown to improve the contact angle measurement. The material used is
mild steel with four different roughness, 0.321um, 0.635um, 2.325um and 3.353um. The surface
roughness is very important to determine the contact angle. The increase the roughness of the
surface, the larger the contact angle meanwhile the wetting properties become lower. As a result,
liquid contact angle increased with increasing plate surface roughness and liquid dropped on

higher roughness presents smaller diameter with more edge curve.



ABSTRAK

Tesis ini berkaitan dengan pengukuran sudut permukaan cecair dengan kekasaran
permukaan yang berbeza. Objektif projek ini adalah untuk mengukur sudut permukaan pada
bahan yang berbeza dan untuk mengukur bentuk titisan cecair dari pandangan atas. Kaedah
sessile drop digunakan dalam kertas kerja ini untuk menentukan sudut kenalan dan titisan bentuk
cecair. Kaedah ini sangat mudah dan bacaan data yang diperolehi sangat tepat. Dengan kaedah
ini juga, persilangan garis tiga antara muka dan sudut permukaan cecair dalam persamaan Young
dapat dicapai. Kaedah ini juga telah ditunjukkan dapat meningkatkan ukuran sudut permukaan.
Bahan yang digunakan adalah empat keluli lembut yang berbeza kekasarannya, 0.321um,
0.635um, 2.325um dan 3.353um. Kekasaran permukaan sangat penting untuk menentukan sudut
permukaan cecair. Semakin besar peningkatan kekasaran permukaan, semakin besar sudut
permukaan cecair. Sementara sifat kebolehbasahan menjadi lebih rendah. Hasilnya, sudut
permukaan cecair meningkat dengan peningkatan kekasaran permukaan dan titikan cecair pada

kekasaran tinggi menyebabkan diameter lebih kecil dengan banyak lengkungngan.



CHAPTER 1

PROJECT BACKGROUND

11 INTRODUCTION

In our daily life, there are various phenomena of liquid droplet such as rain
droplet, fingering pattern and splashing on solid surface. In industrial field, it application
can be found in printing, adhesion, paints, textile processing, static dissipation, water and

stain repellency, laundering and fuel injecting [3,4].

In recent years, the studies of wettability have become very important and
interesting to study due to its application in producing hydrophilic surface and
hydrophobic surface materials. The study of wettability is including the measurement of
contact angle as the primary data. Contact angle can be defined as the angle with of a
small drop of liquid that cause it to meet the surface. According to the theory, the small
contact angle that mean bigger than 90° is correspond to low wettability and the surface
is unfavorable, while large contact angle smaller than 90° is correspond to high

wettability and the surface is favorable [4].

The contact angle of liquid droplet has some information about surface
properties, wettability and surface energy. Usually, contact angles consist of two types of

angle which are advancing and receding contact angle but contact angle hysteresis will



appear between two main of the contact angle that state before. Figure 1.1 shows that the
advancing and receding contact angle [2]. Figure 1.2 shows three balance phases of
contact angle; solid, liquid and vapor that founded by Thomas Young without surface

roughness consideration.

The surface roughness can be the major effect of the contact angle measurement.
There is also new method and equation proposed by Wanzel to make a correction factor
on rough surface which is known as Wanzel equation. He states that the surface
roughness may increase the interfacial area between the interfaces but he assumes that
there is no air trapping [1]. Then, another model is built, as known as Cassie and Baxter
model to measure contact angle on rough surface. However, this time a measurement on
the air trapping based on the droplet is considered and also following the Young’s
equation. Figure 1.3 shows the contact angle on different roughness as stated by Cassie

and Baxter.



advancing point X receding point

Figure 1.1: lllustration of advancing and receding angle from a droplet.

Source: [2]

Yapor

Figure 1.2: Young’s contact angle.

(b)

Figure 1.3: Description of contact angle on different roughness on (a) ideal

surface (b) roughness surface.



54

REFERENCES

. Zhang, Yilei, "The effect of surface roughness parameters on contact and wettability
of solid surfaces™” (2007). Retrospective Theses and Dissertations. Paper 15934,

. X.B. Zhou and J. Th. M. De Hosson (1995) “Influence of surface roughness on the

wetting angle”.

. Schuster, J. M., Schvezov, C. E., & Rosenberger, M. R. (2015). Influence of
Experimental Variables on the Measure of Contact Angle in Metals Using the

Sessile Drop Method. Procedia Materials Science, 8, 742-751.

Erbil, H. Y. (2014). The debate on the dependence of apparent contact angles on
drop contact area or three-phase contact line: A review. Surface Science Reports,

69(4), 325-365.

. Yuehua Yuan and T. Randall Lee, (2013), “Contact Angle and Wetting Properties”.

Das, A. K., & Das, P. K. (2010). Equilibrium shape and contact angle of sessile
drops of different volumes — Computation by SPH and its further improvement by
DI. Chemical Engineering Science, 65(13), 4027-4037.

doi:10.1016/j.ces.2010.03.043.



7.

10.

11.

12.

55

Kubiak, K. J., Wilson, M. C. T., Mathia, T. G., & Carval, P. (2011). Wettability
versus roughness of engineering surfaces. Wear, 271(3-4), 523-528.

doi:10.1016/j.wear.2010.03.029.

A. S. H. Moita and A. L. N. Moreira (2003). Influence of Surface Properties on the
Dynamic Behavior of Impacting Droplets. Instituto Superior Técnico, Dep. Mech.

Eng., Lisbon, PORTUGAL.

Jaroslaw Drelich, Emil Chibowski, Dennis Desheng Meng, & Konrad Terpilowski
(2011). Hydrophilic and Superhydrophilic Surfaces and Materials. Soft matter,

7(21), 9804-9828.

S. Banerjee (2008). Simple derivation of Young, Wenzel and Cassie-Baxter
equations and its interpretations — Surface Physics Division, Saha Insitute of

Nuclear Physics, 1/AF Bidhannagar, Kolkata 700 064, India, arXiv:0808.1460v1.

Grundke, K., Poschel, K., Synytska, A., Frenzel, R., Drechsler, A., Nitschke, M.,
Welzel, P. B. (2015). Experimental studies of contact angle hysteresis phenomena
on polymer surfaces — Toward the understanding and control of wettability for
different applications. Advances in Colloid and Interface Science, 222, 350-376.

doi:10.1016/j.cis.2014.10.012.

Chen, H. Tang, T., & Amirfazli, A. (2015). Effect of contact angle hysteresis on
breakage of a liquid bridge. The European Physical Journal Special Topics, 224(2),

277-288. doi:10.1140/epjst/e2015-02359-1.



56

13. Li C., Tang X., Ayello F., Cai J., Nesi¢ S., “Experimental Study on Water Wetting
and CO2 Corrosion in Oil-Water Two-Phase Flow”, NACE CORROSION/06,

Paper No. 06595, San Diego, CA, 2006.



