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ABSTRACT – An investigation of static coefficient of 

friction (COF) for lubricated and unlubricated conditions 

for the case of the micro fiber fabrics as well as young 

and mature pistia leaves is discussed in this study. Two 

different types of oils namely palm oil and VG 68 

hydraulic oil were tested on the micro fiber fabrics and 

pistia of young and mature leaves. The morphological 

structures of the samples were observed using variable 

pressure scanning electron microscope (VP-SEM). 

Meanwhile, the static COF was examined by using 

aluminum surface of a horizontal inclined plane with the 

samples.  The static COF was calculated by using an 

Equation 1. It was found that pistia leaves have lower 

COF values than micro fiber fabrics and can mimicked to 

artificial technologies. 

 

1. INTRODUCTION 

Surface roughness or functional surfaces with micro 

textures of material with two contact surfaces condition 

getting much more attention in many applications either 

soft or hard material especially in fluid flow. But, so far 

very little attention has been paid on micro fiber fabrics 

and hairy structure of plant leaves like pistia leaves. 

Many successful attempts to develop advanced 

functional material or device by modifying surface 

texturing and by mimicking from nature behaviour in 

order to decrease the friction coefficient [1,2]. Numerous 

hypotheses and observations explain the influence of 

value of COF towards two contact surfaces [3,4].  

Various cleaning cloths have been disclosed in prior 

art as being useful for wiping off dirt and grime, to clean 

and polish. Rags, cloths, paper towels and textiles are 

used to wipe off dirty surfaces such as kitchen counter 

tops, floors, desks, hands or body after shower and cars. 

Textiles or fabrics are used in laboratories, factories or in 

car repair shops to wipe off grease, oils or chemical [5,6]. 

A fabric may define as a planar assembly of fibers, yarns 

or combination of these element. The particular fabric 

selected for a given application depends on the 

performance requirements imposed by the end use and 

the desired aesthetic characteristics of the end user with 

the consideration of cost and price.  

In this study, micro fiber polishing cloths were used 

due to behaviour of the cloths as absorbent applicator 

with oleophilicity characteristic. The cloths suitable for 

polishing a painted exterior surface of a car, boat, 

motorcycle, bicycle and the like. The performance of 

lubricated and unlubricated fabrics surfaces was 

compared to lubricated and unlubricated pistia leaves 

surfaces. 

The purpose of this study to see the effect of friction 

on fabrics as well as young and mature pistia leaves 

surface when oils applied on those surfaces. The different 

COF values between micro fiber fabrics and pistia leaves 

have compared.   

 

2. METHODOLOGY 

Two different maturity of pistia leaves were used 

which classified as young and mature leaves. The leaves 

were characterized based on size and colour of the leaf 

and two different textures of micro fiber fabrics. Two 

types of oil deployed were palm oil and hydraulic oil VG 

68  during experiments [7,8]. 

The morphological structure of two micro fiber 

fabrics and pistia leaves surfaces were carried out using 

a high-resolution VP-SEM SU5000 Hitachi model. The 

two micro fibers were coated with thin layer of gold on 

its surface using Auto Fined Coater of JEOL-JFC1600 

meanwhile the examination of the surface topography of 

pistia leaves surfaces were observed without any special 

coating needed on the specimen. Each sample was cut to 

size 5 mm x 5 mm and affixed to aluminum stubs with 

double sided adhesive tape.  

A bespoke apparatus for measuring the static 

coefficient of friction has been designed due to soft and 

fragile of samples which are fabrics and plant leaves 

surfaces. This experiment was carried out by following 

ASTM F1677 standards. Conditions on the samples 

surfaces with oil and without oil were investigated to 

examine the coefficient of friction. The COF values were 

calculated by using Equation (1). 

 

3. RESULTS AND DISCUSSION 

The morphologies of two different micro fiber 

fabrics and real leaves of pistia were observed. The two 

micro fiber fabrics have different structures as shown in  

Figure 1 (a) show knitting style of texture and 

Figure 1 (b) show unweaving method of fabric texture. 

The micro fiber fabrics exhibit a significant change in its 

morphology as seen in Figure 1 (b). Interestingly, young 

and mature pistia leaves shown different length of hairy 

structure on their surfaces. The hairy acrylic conical 

shape became longer with maturity [8]. A segmenting 

acrylic shape at the center of cell were observed. 

According to [8] the adaxial surface of pistia leaves are 

densely covered with complex multicellular hairs. 

Calculated results of COFs calculated using 

Equation (1) are presented in Figure 2. Based on the 

result as shown in Figure 2, COF value for unlubricated 

samples are higher than that of the lubricated samples in 

the range of 0.30 until 0.58. This is as expected due to 

relatively high friction occurred between aluminum 
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inclined plane and the samples. VG 68 hydraulic oil gave 

lower COF values than palm oil due to additive added in 

the oil for effective performance [9]. The range of the 

COF value of VG 68 hydraulic oil is from 0.22 to 0.38 

which is lower than those of palm oil for all cases of 

surfaces. Overall pistia leaves have good COF values 

than micro fiber fabric. This warran the potential of pistia 

leaves may mimicking their surface for polishing cloth 

application soon. 

The static coefficient of friction was calculated by 

using Equation (1) [10]; 

μ = tan θ             (1) 

 

  
(a) (b) 

  

  
 

(c) (d) 
4.  

Figure 1 VP-SEM images of (a) micro fiber fabric 1, (b) 

micro fiber fabric 2, (c) pistia young leaf and (d) pistia 

mature leaf. 

 
Figure 2 Static coefficient of friction of fabric 1, fabric 

2, young and mature pistia leaves. 

 

5. CONCLUSION 

This study is about biomimetic inspired structured 

surfaces for fluid flow application. Young and mature 

pistia leaves were used to investigate the property on 

oleophilicity characteristics. For comparison purposes, 

two different structures of commercial fabrics were also 

deployed. As for the lubricants, Palm oil and hydraulic 

VG 68 oil were used in this study. It was found that the 

COF value of pistia leaves were lower than micro fiber 

fabric with values ranging from 0.24 to 0.37 including 

cases in the absent of oil. Hydraulic VG68 oil has shown 

the lowest COF values than palm oil and required the 

smallest angle to drag down on the inclined plane. 
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