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ABSTRACT 

Uncontrolled production of fat, oil, & grease (FOG) in wastewater continues to increase each year as the number 

of restaurants increases. As wastes disposed directly into the drainage system, FOG may build up around the plumbing 

system of the wastewater system facility. Efficient development of the grease trap will reduce the impact of the problem 

and prevent the FOG contaminant in the sewage system. This research aimed to investigate the effect of surface roughness 

on oil skimming efficiency for the grease trap. Materials for oil skimmer were selected and characterized using water 

contact angle analysis, ImageJ software, scanning electron microscope (SEM), and profilometer. Materials were roughened 

by using 150 grid abrasive paper. It was found that roughness strongly influenced the wettability of the selected materials 

due to the air trap and its geometrical structure. The results revealed that acrylic skimmer is the most efficient compared to 

aluminium, paraffin, and polystyrene. 

 
Keywords: surface roughness, oil skimmer, oil-water separation, retention time, wettability. 

 

INTRODUCTION 

Food service establishments (FSE) produce a 

great amount of fat, oil, and grease (FOG) because they 

involved with the processes from collecting waste to waste 

treatment. Major factor contributes to the increasing 

number of FOG are people eating habits and increasing 

number of food outlets [1, 2]. Large industries such as 

palm oil mills also contribute to the increment of FOG in 

Malaysia. Based on the Malaysian Palm Oil Board 

(MPOB), the total plantation area of oil palm was 4, 487, 

957 hectares in 2008 [3]. Untreated oil waste that came 

from FSE and large industries discharges to sewer lines 

reacts with the calcium in wastewater. Waste deposition 

reacts through saponification reaction that leads to the 

formation of the calcium-based fatty acid salts. The FOG 

deposits physical properties include metallic soaps 

consisting of (saturated) fatty acids and calcium [4-6]. The 

theory has been proved by He et al. [7] in an experiment 

using the same conditions as sewer lines. The most 

popular method to remove FOG used by FSE is using 

grease trap [8-10]. Oils often have a lower density than 

water, which is the reason that oil will float on water when 

the mix is allowed to settle for some time (also called 

retention time). Upper layer in wastewater contains 

floatable deposits such as FOG, and the middle layer 

usually filled with organic matter and the bottom layer 

consists of food particles [11, 12]. FOG components enter 

the sewer system in two different ways; directly release 

into sewer or grease trap failure. Grease trap failure means 

the grease trap cannot separate water and oil effectively.  

This phenome is due to the imbalance of pressure and flow 

between two compartments. The efficiency of skimmer in 

separating oil and water is still questionable. Thus, this 

paper will introduce a newly designed oil skimmer which 

is expected to increase the efficiency of the skimming 

process with better oil-water separation percentage.  

 

METHODOLOGY 

House of quality is applied to convert customer 

requirement into a proper plan, prioritizing steps from 

many options which the most important to the customer 

and do the realistic plan in connecting engineering element 

and product requirement [13-15]. A morphological chart is 

then used to generate ideas and concepts through visual 

selection [16-19]. Later, the Pugh method is used to 

evaluate and decide the best concepts generated by 

morphological chart [20, 21]. The material selection of 

these project is based on the wettability properties. 

Material characterization is then done by using water 

contact angle analysis, scanning electron microscope, and 

profilometer (Surftest SJ-410). 

 

 
 

Figure-1. Measuring method using surftest SJ-410 for 

(a) Aluminium (b) Paraffin. 
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RESULTS AND DISCUSSIONS 

In most scenario, the factors that affect the 

wettability are surface porosity and roughness, as well as 

heterogeneity. Greater wetting propensity produces lower 

the contact angle or the surface tension. If the contact 

angle between a fluid and a solid is less than 90°, the 

liquid is damp and distributed over the substrate and the 

phenomena is called hydrophilic. Meanwhile, if the 

contact angle is higher than 90°, the fluid may sit as a bead 

on the top of the surface and known as hydrophobic. Same 

goes for surface characteristics such as the roughness or 

topography. The contact angle of all tested materials is 

presented in Table-1. 

 

Table-1. Water contact angle value. 
 

Materials Left Right Average 
Sum of Water 

Contact Angle (°) 

Smooth Aluminium 

67.70 69.80 68.75 
 

68.74 
67.30 70.20 68.75 

68.30 69.10 68.70 

Rough Aluminium 

110.4 112.7 111.55 
 

110.42 
109.1 109.8 109.45 

107.3 113.2 110.25 

Smooth Paraffin 

104.9 106.5 105.7 
 

105.19 
104.2 105.3 104.8 

103.9 106.3 105.1 

Rough Paraffin 

119.1 117.7 118.4 
 

117.48 
119.6 115.3 117.5 

117.6 115.6 116.6 

Smooth Acrylic 

68.1 69.3 68.70 
 

68.1 
66.3 68.2 67.25 

67.5 69.2 68.35 

Rough Acrylic 

61.5 65.3 63.4 
 

63.25 
60.3 67.5 63.9 

59.8 65.1 62.5 

Smooth Polystyrene 

71.1 73.2 72.15 
 

71.9 
70.4 72.2 71.30 

70.7 73.8 72.25 

Rough Polystyrene 

87.6 86.1 86.85 
 

86.67 
88.9 86.9 87.9 

85.1 85.4 85.25 
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Figure-2. Pipette distance between the substrate. 

 

As the first experiment to study the surface 

roughness-dependence of contact angle, this experiment 

was able to test the surface roughness-dependence factors. 

The resistivity of distilled water is 18.2 MΩ-cm to match 

that of the droplet to be added later. Initially, the distilled 

water was left out for 10 minutes to equalize the 

temperature between the surrounding and distilled water. 

After the substrate was placed, the droplet of distilled 

water was added on top of the substrate. Nevertheless, 

there is a tradeoff, moving the pipette away from the 

substrate often meant that the droplet looks smaller and it 

leads to greater doubt in water contact angle results. As a 

result, it was found that approximately 1.2 cm between the 

pipette and substrate can maximize droplet size thus 

preventing condensation as shown in Figure-2. 

Image processing was done using ImageJ 

software to highlight the process involved by dragging a 

line between the edge of the water droplet for both right 

and left side. It allows the image to be processed into data. 

The picture is then cropped to eliminate any reflection 

from the substrate and tilted to the position where the 

substrate at the bottom of the screen. The effect of 

roughness on wetting properties was analyzed by using 

contact angle measurement for different material and 

roughness. The image in Table-2 shows the contact angle 

value, two seconds after distilled water was dropped. The 

result shows that rough surface produced higher 

hydrophobicity than a smooth surface. The highest 

hydrophobic material was recorded for rough paraffin 

surface which is 117.48°. It was followed by the rough 

aluminium surface which produces 110.42° of water 

contact angle. Meanwhile, polystyrene and acrylic exhibits 

hydrophobicity presented the contact angle of less than 

90°. Although all surfaces been rough by the same 

sandpaper, there is a material that produced a big gap 

between the rough and smooth surface. The aluminium 

surface produced a water contact angle of 68.75° and after 

the surface roughing process, the contact angle becomes 

110.42°. This condition makes the aluminium surface has 

the biggest gap different which is 41.67°. Surface energy 

is the factor that affected the differences in contact angle 

between four types of specimens. Surface energy is the 

molecules on a solid substrate are affected by unbalanced 

molecular forces and therefore have additional energy in 

comparison to the molecules inside the solid. According to 

[22-24], surfaces with high surface energy will try to 

lower their energy by adsorbing low energy materials such 

as hydrocarbons. The surface energy showed in Table-2 

are based on observation done by James [25]. From the 

finding, it shows in Table-2 that paraffin wax has low 

surface tension and high hydrophobicity among other 

specimens before roughness process occur. From the 

result, the hydrophobicity behaviours of paraffin surface 

can benefit used to repel water in certain applications. 

Surface energy for polystyrene and paraffin are less than 

40 mJ m¯², meanwhile, aluminium and acrylic recorded 41 

mJ m¯² and 169 mJ m¯² for the surface energy. The lower 

surface energy of materials attributes to the higher contact 

angle. 
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Table-2. Water contact angle image and surface energy. 
 

Specimens Smooth Surface Rough Surface Surface Energy 

Aluminium 

  

169 mJ m¯² 

Paraffin 

 
 

23 mJ m¯² 

Acrylic 

 

 

41 mJ m¯² 

Polystyrene 

 
 

33 mJ m¯² 

 

The scanning electron microscope (SEM) was 

used to characterize the morphology of the aluminium, 

paraffin, polystyrene and acrylic particles at 500X 

magnifications as shown in Table-3. After cutting and 

roughing of different material pieces, samples of the 

materials were taken individually for each block, and then 

the image was obtained separately for each sample. Table-

3(A) shows that aluminium original smooth surface while 

it was cleaned, while Table-3(B) shows that rough surface 

of the aluminium. It can be seen that the smooth 

aluminium surface have less scratch when zooming at 

500X magnifications. After the roughing process, the 

aluminium surface has significant different roughness as 

the surface have larger cross-section scratch. By referring 

to the theory of Cassie-Baxter model, the peak and valley 

of the rough surface are more than the smooth surface, 

resulting in an increment of contact angle due to lack of air 

trap between the water and contact surfaces. This could be 

explained by Wenzel and Cassie-Baxter theory that 

elaborate the phenomena of a water droplet on a rough 

surface [26]. From SEM images of paraffin surface in 

Table-3(E) & (F), the smooth surface produces the highest 

water contact angle. 

 

 

 

 

 

 

 

 

(A) 

68.75° 
(B) 

110.42° 

(C) 
105.19° 

(D) 

(F) 

117.48° 

(E) 

63.25° 68.1° 

(G) 

71.9° 

(H) 

86.67° 



                                VOL. 16, NO. 17, SEPTEMBER 2021                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                     1746 

Table-3. Scanning electron microscope image before and after roughing process. 
 

Specimens Smooth Surface Rough surface 

Aluminium 

 

 

Acrylic 

 

 

Paraffin 

 

 

Polystyrene 

 
 

 

Based on Table-3(E) and 3(G), the smooth 

surface for paraffin and polystyrene have a tiny air pocket 

or air trap. This explained why both smooth material 

surface has the highest water contact angle than other 

materials. The smallest water contact angle came from a 

smooth acrylic surface. By referring to the SEM image of 

the smooth acrylic surface, the surface is flat with lesser 

scratch compared to others. The surface roughness testing 

was carried out by using ISO 1997 standard. Based on the 

selected ISO 1997, the stylus probe was pulled for 5 mm 

in each sample. The results obtained in this study 

demonstrate the surface morphology of three materials 

against the arithmetical mean deviation (Ra) (Figure-3). 

Paraffin has the highest value for smooth and rough 

(A) (B) 

(D) (C) 

(E) (F) 

(G) (H) 
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surface compared to aluminium and acrylic. This result 

complies with the methodology used to obtain specimens 

roughness. Wetting is well proven to rely on surface 

morphology. The effect of roughness on the wetting 

properties was measured using water contact angle. 

Lowest contact angle but good wetting properties can be 

observed for the smooth acrylic surface with a contact 

angle of 63.25° as shown in table 2(E). It can be visualized 

that surface roughness was minimum when acrylic was 

used as the skimmer. Surface roughness was found 

minimum at the acrylic surface which has a value of 0.009 

nm. The second smooth surface was shown by the 

aluminium surface which is 0.062. By referring to Figure-

3, the smooth surface of paraffin there is only one obvious 

peak that produces 1.998 nm of Ra. The rough surface of 

paraffin showed the 3.49 nm of Ra which indicate the 

highest peak among other rough surfaces. The reason 

behind the paraffin behaviour was to a major extent. It is 

the product of the crystallizing forces proceeding to the 

plane layer, edges, and corners of crystals with a lot of 

holes and fissure due to the high degree of imperfection. 

Once a liquid droplet comes ito contact with a smooth 

homogeneous solid surface, the droplet creates a uniquely 

defined equilibrium contact angle on top of a surface 

which is known as Young’s relation. On the other 

example, ‘if the same droplet is in interaction with a rough 

surface with a proper combination of surface texture and 

solid surface energy, the fluids may not completely 

penetrate the surface texture, but instead ' bead-up ' to 

create a composite (solid–liquid–air) interface’ [27]. The 

behaviours of the contact angle can be explained by using 

the Wenzel and Cassie-Baxter model. Cassie-Baxter 

model describes the relation of contact angle and surface 

roughness with air trap and the model can be expressed as 

Equation (1). 

From the 2D profile of rough paraffin as shown 

in Figure-4, the increase of P-V causes the roughness of 

the surface to increase. But when the increase of D and W 

caused the contact angle to decrease due to less air trap 

between the surface thus allowing the liquid to penetrate 

easily between the P-V as depicted in Wenzel and Cassie-

Baxter model. Compared to the smooth paraffin surface, 

the P-V less than the rough surface structure hence caused 

the contact angle to decrease due to lack of air trap 

between the water and contact surfaces. The experiment 

for retention time was conducted by preparing 3000 ml of 

water and 200 ml of oil. The mixture poured into the 

grease trap. There were 8 samples prepared that acts as oil 

skimmer. The sample divided into two groups that present 

a smooth and rough surface area of skimmers. The results 

have taken based on the volume mixture of oil and water 

after whole skimming process. The skimming process was 

set to 120 seconds as the skimmer start to collect oil from 

the container. 

 

 
 

Figure-3. Average surface roughness. 

 

 
 

Figure-4. Surface roughness of rough paraffin surface. 

 

 
 

Figure-5. Surface roughness of smooth paraffin surface. 

 

 
 

Figure-6. Surface roughness of rough  

aluminium surface. 

 

 
 

Figure-7. Surface roughness of smooth  

aluminium surface. 

 

 
 

Figure-8. Surface roughness of rough acrylic surface. 

 



                                VOL. 16, NO. 17, SEPTEMBER 2021                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                     1748 

 
 

Figure-9. Surface roughness of smooth acrylic surface. 

cos 𝜃𝑤 =   𝑅𝑓 cos 𝜃𝑜 − 𝑓𝐿𝐴(𝑅𝑓 cos 𝜃𝑜 + 1)(1) 

 

Table-4. Oil-water skimming process (smooth surface). 
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Aluminium 23.5 140 22.0 138 24.0 137 

Acrylic 28.5 142 26.5 141 27.5 145 

Paraffin 85.5 119 78.5 118 80.0 120 

Polystyrene 58.3 116 54.0 117 56.5 115 

 

Table-5. Oil-water skimming process in %  

(smooth surface). 
 

M
a

te
r
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l 

1st Test 

(%) 

2nd Test 

(%) 

3rd Test 

(%) 

Average 

(%) 

W
a
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a
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O
il
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a
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O
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W
a
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O
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A
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m
in
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0.8 69.8 0.7 69.0 0.8 68.3 0.76 69.0 

A
cr

y
li

c 

1.0 71.0 0.9 70.3 0.9 72.3 0.91 71.0 

P
ar

af
fi

n
 

2.9 59.5 2.6 58.5 2.7 60.0 2.71 59.0 

P
o

ly
st

y
re

n
e 

1.9 57.8 1.8 58.0 1.9 57.3 1.87 58.0 

 

 
 

Figure-10. Efficiency of skimmer for smooth material. 

 

Based on Table-5, it can be seen that paraffin has 

the lowest efficiency as the skimmer collect the most 

water in the container. The number of collected water for 

paraffin skimmer is 2.71% or the 81.3-litre average of 

water. The lowest percentage of water that collected was 

collected from the aluminium material skimmer. This 

behaviour of this result is because aluminium has a higher 

surface roughness (Ra) than the acrylic. The most efficient 

skimmer for a smooth surface is made from acrylic. 

Results shown in Table-5, indicate that average of 

collected oil for an acrylic skimmer is the higher than 

other skimmers with aluminium is the second best. The 

different value between both materials are really small as 

the oil can be collected by using acrylic is 71% and 69% 

for the aluminium skimmer. Aluminium has minimum 

value compared to the acrylic. Acrylic is a better choice 

among other material because of the reliability and 

cheaper cost.  From the observation for polystyrene 

material, it not suitable because polystyrene surface easily 

to scratch when contact with other abrasive materials. 

Based on Table-6, the acrylic material produced a 

higher efficiency, with aluminium again drop to second 

place for a rough surface. For acrylic skimmer, the average 

oil percentage after skimming process can up to 75% and 

the oil that mix in the same beaker only 0.75% or 22.5 ml. 

The aluminium skimmer also has good efficiency as the 

result not far from the acrylic skimmer. The aluminium 

skimmer collected 72% of oil in the container. It was just 

3% different from the acrylic skimmer. The water that 

mixes in the beaker shows that 0.78% meanwhile 0.75% 

for the acrylic. 

 

 
 

Figure-11. Efficiency of skimmer for rough material. 
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Table-6. Oil-water skimming process in %  

(rough surface). 
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1st Test 
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2nd Test 
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3rd Test 

(%) 

Average 
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0.8 72 0.8 71 0.8 72 0.8 72 

A
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c 

0.7 75 0.7 74 0.8 76 0.8 75 

P
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n
 

2.9 70 2.8 68 2.9 69 2.8 69 

P
o
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st

y
re

n
e 

2.0 60 2.1 63 2.1 61 2.1 61 

 

CONCLUSIONS 

Material selection is the most important process 

as the skimmer materials must have the ability to repel as 

much water from the container and able to absorb more 

oil.  The material that has been chosen and fabricated for 

the project are aluminium, acrylic, polystyrene and 

paraffin. They were characterized by using water contact 

angle, scanning electron microscopic (SEM), and 

profilometer. Surface roughness testing revealed that as 

the roughness (Ra) increases, it could lead to the 

increasing number of water contact angle. From the 

experiment, rough material surface produced a high-water 

contact angle compared to the smooth surface. Rough 

paraffin surface generated the highest water contact angle 

which is 117.48˚ and followed by rough aluminium 

surface. The water contact angle increases as the number 

of surface energy decrease. The rough surface of acrylic 

showed the most efficient skimming efficiency compared 

to aluminium, polystyrene and paraffin. It collected 

approximately 75% oil and 0.8% water in the container for 

120 seconds. The second-best skimmer is using 

aluminium. From the observation, aluminium skimmer 

collected approximately 72% oil and 0.8% of water. 
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